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Major focus of book

This book addresses charts, graphs, maps, diagrams, and tables used in all areas;
however, its major focus is on their uses for operational purposes.

To many people, information graphics are the images frequently used in presentations at
formal meetings or the stylized charts and graphs used in newspapers and magazines.
Many are used for these purposes; however, for every chart, graph, map, diagram, or
table used in a presentation or publication, there are thousands that are utilized for what
are called operational purposes. Information graphics for operational purposes are used
by millions of people on a daily basis for such things as improving their efficiency and
effectiveness, improving quality, solving problems, planning, teaching, training,
monitoring processes, studying the geographic distribution of data, looking for trends and
relationships, reviewing the status of projects, developing ideas, writing reports,
analyzing census data, studying sales results, and tracking home finances. With the need
to cope with increased amounts of data and at the same time increase quality and
productivity, charts, graphs, and maps are being used more and more in operational
situations. Fortunately, as a result of developments in computer equipment and software,
most of the popular charts and graphs used on a daily basis can be generated rapidly,
easily, and with little or no special training.

This single volume is the first book to focus on the needs of the millions of individuals
who currently use or would like to use information graphics for their operational needs. It
is of particular value to those who might generate their charts and graphs on computers.
The book brings together the necessary information on charts, graphs, maps, diagrams,
and tables so individuals can rapidly discover the wide range of information graphics that
is available, how they are being used, how to construct them, and how to interpret them.



Organization and major contents

The contents of this book are organized for ease of use. Towards this goal:

- Entries are alphabetized using the letter by letter system in which spaces, hyphens,
commas, etc., between words in the major headings are ignored.

- Although the major headings of Chart, Graph, Map, Diagram, and Table are each listed in
their proper alphabetical location, the individual graphics and features that make up these
major categories also have their own headings in the master alphabetical listing.

- Specific applications are described and illustrated to relate the theoretical to the practical.
- Entries are accompanied by one or more graphic examples (frequently annotated) that

complement the written descriptions.
- Terminology applicable to specific graphics are explained in the text, shown on the

example, or both.
- General terminology such as Variable, Fill, Legend, Matrix, Polygon, Plane, Coordinate,

etc., are discussed under their individual headings.
- For the convenience of the reader, some information is repeated under multiple headings.

The following additional features have been incorporated.

When an information graphic has a single name but might be classified
several different ways, the major write-up is included under one of the
headings and cross-referenced under the others. For example, the main
write-up for polar graph (right) is under Polar Graph but it is referenced
under Graph, Circular Graph, and Point Graph.

When an information graphic is commonly referred to by several different
names, the major write-up is shown under only one of the headings. The other
names are included at their proper alphabetical locations along with a short
description, an example, and a reference as to where the major write-up is
listed. For example, various users refer to the chart at the right by nine
different names. The major description is included under Pie Chart, with only
thumbnail descriptions under the other eight headings.
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Polar graph

20 o1210-VS

Sometimes referred to as:
Pie chart
Cake chart
Circle diagram
Circle graph
Circular percentage chart
Divide circle
Sectogram
Sector chart
Segmented chart

- In cases where the same name is used to describe entirely different information graphics, each situation is handled on an
individual basis. An example is shown below in which each of the graphics is sometimes referred to as a bar chart. In this
particular case, Ul infuormation graphics are 20 -t dc
different enough that each is given its own 5 c State A

write-up. Each is cross-referenced B -tate

appropriately, although all are not referenced State C

to one another. Superscripts are assigned in A State D
cases WHVIC Ulu VAMSe L t ateIxa aeamiei IS Ume UUC -'91 92 `93 ''94 ''9 0 20 40 as s0 to '92 '93 94 95

most frequently used for multiple graphics. Column graph Bar graph Bar chart' Bar chart 2

- When a topic is related to an entry or it would be beneficial for the reader to be aware of a related topic, the related topic is
noted in the write-up.
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With so many different information graphics used in such diverse
applications, it is sometimes helpful to group them into families or
categories. For example, it is useful to know which graphs are used to study
data distribution or to look for correlations. It is helpful to know which
graphs present percent-of-the-whole data most efficiently or what types of
graphs are used to determine probabilities. In the area of maps, it is useful to
know that most maps that are used as charts fall into six major categories, the
four major ones being statistical, descriptive, flow, and topographic. The
sections that discuss the various groupings of information graphics are in
addition to the sections that discuss the specifics of the various graphics.

A %3 lauL Uru IUAJI Uvu9"AM

Most information graphics software programs have construction details designed
into them. For instance, the initial decisions are made largely by the software
manufacturer regarding line size, tick marks, grid lines, scales, type of text, etc.
Many programs give the operator the option of changing these, and as people
become more proficient they often generate their own unique graphics. If the
graphic is being made by hand, all the construction decisions must be made by
the person generating the information graphic. Sections of this book are devoted
to a discussion of each of the major construction features.
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Organization and major contents (continued)
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Certain methods of presenting data have been found to frequently mislead the
viewer. Many times these methods are used because the person making the graphic
is unaware of the hazard or does not know an alternative. These misleading design
features, such as broken scales and perspective views, are discussed under their
individual headings such as Scales and Perspective Projection, as well as under
certain specific types of graphs and maps.

The most up-to-date developments in information graphics

Many advances have been made in the area of information graphics, both as a
result of creative individuals such as W.S. Cleveland, E.R. Tufte, and J.W.
Tukey as well as many excellent software developers. In some cases an
entirely new information graphic has been invented, such as the box graph. In
other cases it might be a component, such as a framed rectangle symbol, or a
concept, such as the data-ink ratio. Because previously there has been no
vehicle to bring these developments to the attention of the vast majority of
users, many of the new designs and techniques are largely underutilized.

Information graphics available as a result of new software

There are a number of information graphics that have been around for
many years, but because there was no efficient way to generate them,
they have not been widely used. With the development of powerful
desktop computer software, these graphical tools are now
economically available to anyone interested. These charts are
discussed in the context of all of the other charts with no special
category assigned to them. Three examples are shown here.

PERT chart used for planning and tracking major programs

Information graphics used in many different fields

In some cases information graphics developed in one field can be
directly applied in other fields. In other cases, a slight modification
might make the graphic useful, or in still other cases, a specific
information graphic may not work but the idea of how the chart
elements are used might trigger a completely new chart design. One
of the purposes for including application-specific information
graphics is to serve as a catalyst in the transfer of graphic ideas from
one field to another.

Interrelationships of complex information graphics

Features such
k as perspective

views that might
mislead the viewer

are pointed out.

70 -

soil U . i X

40 Fl Aj

20-

Grouped box graph for displaying
the distribution of sets of data

Framed
rectangles
for
encoding
quantitative
information
into maps

Examples of some of the most recent
developments in information graphics

Time --

Candlestick chart used for
recording the price of stocks,
commodities, etc.

Pareto chart for analyzing
quality situationsI
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In most cases a brief explanation plus an example is all that is
required for readers to understand how a chart or graph is
constructed and functions. In a few cases it is not obvious how
a particular graph or map is generated or how two or more
graphs or maps relate. In these cases a more detailed
explanation is sometimes given, as shown at the right. Taking
the time to study these more detailed explanations is not
necessary for an understanding of the basic graphs or maps.
Such explanations can be skipped without detracting from the
main content of the section.
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.Abscissa

-Abscissa Axis

Abstract Graph

Abstract Map

The distance a data point is located from zero along the horizontal axis of a graph.

A technical name for the horizontal or X-axis on a two-dimensional graph.

Sometimes referred to as a diagram. An abstract
graph typically has no scales, tick marks, or grid
lines and is used primarily to investigate,
illustrate, and convey ideas and concepts rather
than specific values. A break-even graph, shown
at right, is one of the better-known examples of
an abstract graph. This graph illustrates some of
the basic concepts associated with sales, costs,
and profits without using numeric values.

A map that conveys a focused but limited
amount of specific information such as
location, direction, relationships, time, or
information by area with little concern for
the presence or accuracy of information
outside its focus. For instance, in the
example at the right, the distances on the
map show equal driving times between
locations. Most of the actual ground
distances are distorted. Abstract maps
generally convey one or at most a few sets
of facts, ideas, concepts, etc. Many distorted
maps, strip maps, cartograms, and
diagrammatic maps qualify as abstract maps.

12

0a

Break-even graph I

Break even
pont

HIVolume that
IO 1 must be sold

i to make a
profit

Loss/

/ I
Units sold (volume)

Example of an abstract graph

Profit -

Variable
costs

cFixed

as

An abstract map indicating points of equal
driving time from a central location, taking
into consideration type of roads, terrain,
congestion, etc. Most of the actual ground
distances are distorted.

Also referred to as a population pyramid. A
specific application of a pyramid graph or two-
way histogram for studying a population by age
and sex. Age intervals are plotted on the vertical
axis and the number of males and females in each
age interval on the horizontal axis. See
Population Pyramid.

75 * -
70. 74
65. 09

65.6
4,50.54

46 40.4

36 -.3
s0.34
25.29
2 .24
15.19

11.15

10 8 6 4 2 0 2 4 6 8 10

Number of females Number of males
Age and sex pyramid

Sometimes referred to as a nomograph, nomogram, or calculation 101 20 10
1118 -9

graph. An alignment graph is designed to solve an equation -V 6 87 - ' - 14 -7
involving three or more variables. Such graphs consist of three or 6 - -. -6

more scales arranged so that a straight line crossing all the scales 4 K 8 -
3 6 3

intersects the scales at values that satisfy the equation. The graph at 2 4 - 2
1 2 1

the right satisfies the equation A + B = C (e.g., 8 on scale A plus 5 0 A c0 BL

on scale B equals 13 on scale C). See Nomograph. Alignment graph

A term used to describe how text is formatted. There are five major types of alignment: the
four shown below plus alignment on the decimal point. See Text.

Aligned flush left Aligned flush right Centered
Sometimes referred to as Sometimes referred to as Sometimes referred to as
justified left and/or ragged justified right and/or ragged right and left.
right. When text is aligned ragged left. When text is Uniform spacings are
left, the left edges of all aligned rght, the right used between words and
lines are even. The right edges of all lines are even letters. Excess space is
edge of each line is The lef edge of each line distributed equally at the
determined by determined determined by the full two ends of each line.
words, partialords,,parti aords, partial words, and Generally used only with
spacincings in tle l. spacings in the line a few lines of text.

Sometimes referred to as a quantitative, numeric, value, or
interval scale. An amount scale consists of numbers organized
in an ordered sequence with meaningful and uniform spacing E

S
between them. Quantitative variables are typically measured S
along amount scales. See Scale. P

Justified
Sometimes referred to as
flush right and left. Text
that is justified normally
has the right and left
edges aligned. This is
accomplished by varying
the space sizes between
words and letters and the
frequent use of hyphens.

0 1 2 3 4 5
Example of a linear amount
cale. Other types of amount
scales include logarithmic,
probability, and power.

Age and Sex Pyramid

Alignment Graph

Alignment of Text

Amount Scale
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Analytical Chart/Graph The term refers to the way a chart or graph is used rather than a specific format. As the
name implies, analytical charts are used to analyze information rather than for such
purposes as reference, monitoring, presenting, entertainment, or advertising. An analytical
chart might be a simple scatter graph or a complex conceptual diagram. Such charts are
often helpful when studying information for relationships, similarities, correlations,
patterns, trends, etc.

Analytical Table Sometimes referred to as a statistical or Number of students with given combination of scores
Total 3 8 13 22 21 20 | 14 10 4 3 1 119

summary table. This type of table IS used 100= 1 1I

primarily for analyzing information, as 80% -- 2 4 1 1 1

opposed to referencing, scheduling, 70 = 3 4-3 4 1 = 16
860% _ _1 4 6 6 4 2 1 22_

advertising, etc. There are always two or 0% _ 1 6 6 4 2 1 - -i- 20

more variables and the data in the body are 240 4 2 2 321 19

normally numeric. Information is generally 2 1 -3 232 112
110% 1 12

arranged, ranked, or sorted to make 0% 2 . 4 - % % % - To=- l

relationships, trends, comparisons, Score on test B

distributions, or anomalies stand out. Example of an analytical table

Ancillary Map Sometimes referred to as an inset or supplementary
map. If viewers are not familiar with the area shown
on a detailed map, a small ancillary map is often used
to help orient them. For example, the larger map at
right shows a hypothetical area in northern Georgia. If
shown only the detailed map, most people would not
know what state it was located in, whether it was in
the northern, southern, eastern, or western portion of
the state, and what was close to it that they might
recognize. An ancillary map, shown in the upper

ngnt-nand corner uI Uie ind11 Inlp, Suppies dnswC[s Ancillary map used in conjunction
to most of these questions. with a larger map

Angular (Polar) Scale Angular scales are used with circular
graphs. They typically are arranged with
equal distances and equal numbers of
degrees between the major tick marks
(major values). The number of degrees is
normally an even fraction of 360 degrees,
such as 1/24 (150), 1/12 (300), 1/6 (600),
or 1/4 (900). The labels might be shown as
degrees or radians. See Polar Graph. 90m

Example of an angular or polar scale

Area Band Graph Sometimes referred to as a band, range, or silhouette graph. See Range Symbols and Graphs.

Area Bar Graph In an area bar graph, the widths of the bars are proportional to some measure or character-
100/

91 80%-

0

E 40%-
0
0

CL 20%-

Mo.I

, istic of the data element(s) represented by the bars. For
example, if the bars are Total .

displaying the profitability equals

of various product lines, the L4250
width of the bars might
indicate what percentage of 200

the total sales the various r 150

products represent. Bar
widths can be displayed D 10c
alnnor the vertical axis in

% 5% 16% 15% 20% -5 %- ----- --- a0
Percent profitability terms of percents (left) or

Simple area bar graph showing units (right). The concept
___- rwA{+:In --- Al-n ^ He e - - O

es

y sales

oduct A

oduct B

oduct C

product D

meio proiIdullity o1 eaun pruucl can be used with a simple 09% 20% 40% 60% 80% 100%
on the horizontal axis with the
width of the bars proportional bar graph (left) or a stacked Percent domestic, export,
to the percent the product line bar graph (right). See Bar and Intercompany sales
represents of total sales. Graph. Unit scale on vertical axis

8

F



Sometimes referred to as a proportional area chart. A variation of a proportional chart used
for communicating differences in size, quantity, value, etc., by drawing data graphics in the
same proportions as the things they represent. For example, if the sales of A are twice as
big as the sales of B, the area of the data graphic for A would be twice as big as the area of

the data graphic for B. Area
charts may be used to display
actual values (left) or
percents-of-the-whole (right).
Pie charts are the most

.. :v-1. . -- ..- : I-
The area of The area of circle A is widely usea vacation ror Column Pie chart
column A is twice twice that of circle B presenting percent-of-the- chart
that of column B Two variations of area

Two variations of area charts showing whole data. Area charts can charts used to present
the relative size or value of two things also be used to compare the percent-of-the-whole data
-_m thinn- at -illirl -nns in -tim Qri___ * Rn * i

3a111% tiliiiia aLt I1UILIjFI.. Ji111 III Llilt. kLI611tJ. - OLIIlA.. IL la

difficult to accurately estimate values using area charts,
the actual values are generally shown on or adjacent to
the data graphics. * The areas of data graphics, which can
be any shape (right and below), are not meant to convey
exact data but simply to give the viewer some visual 1990

indication of the Area charts used to depict changes
relative sizes of the in the value of something, such as
items they represent. coffee consumption, over time.
Area charts are used almost exclusively for commun-

28 i Aication purposes. They are seldom used for analytical

Area Column Graph

Irregularly shaped area charts purposes. See Proportional Chart and Pie Chart.

A variation of column graphs in which the width of the columns have significance. In the
area column graph, the widths of the columns are proportional to some measure or
characteristic of the data elements represented by the columns. For example, if the columns
are displaying the profitability of various product lines, the width of the columns might

25 . I indicate what percent- -,,oov/

20

al 15

& 10

5

0

age of total sales the X8
various products Eo%

represent. Column d 60%

widths can be display- = 40%

ed in terms of percents
(left) or units (right). . 20%

There may be a scale OE 0%

on the horizontal axis 50 100 150 200 250- - ~Units sold I
percent or total saues or a scale may be Total units sold of A, B, C, & D equals 250

Simple area column graph with a
percent scale on horizontal axis. provided in a legend. Stacked area column graph with a

In still other cases, the unit scale on the horizontal axis
values might be noted directly on the graph. If the values along the horizontal axis are
cumulative, the columns are generally joined so there are no unaccounted-for spaces. For
a) example, if all of the columns add up to a certain
fin - . . H- - ... - .. - .

240 " R UM
value, such as 100%, or if the sum of all of the

| e values along the horizontal axis is important, no
Io. m sfpacs %re left hptwpPn rnciomns SnwrPe can hp

i L a H I I .... .... ebetwee the cl nm- n- fthe. -kl s9--- n
< n | 1 1 1-1-l1l ued between the columns if the values aqre not

: Cu
a2

0(U
ora

o 5 10 cumulative, the total is unimportant, and a scale is
Legend Cmltvtettli nmotnadasaei

part of the legend (example at left). Sometimes
the widths and as

Class interval
The histogram is probably the
most widely used application
of an area column graph. In a
histogram, as the width of a
column is expanded to cover a
broader class interval, the
height is adjusted accordingly.

9

N A I u r| oup t. uroup U heights of the
Z Group B columns are 2
An area column graph with spaces between D
columns. In this type of graph the values related such that c1o
along the horizontal axis are not cumulative, as one varies, the v,/
the total is unimportant, and the scale is other varies also. U

-O i n a I - - -ny5) -UA

For example, in a
histogram, if the width of a column is increased to
encompass a broader class interval, the height of the column
is adjusted accordingly (example at right). In these cases the
area of the column is a truer measure of the thing being
represented than either the height or width. The concept of
using the width of columns to convey additional information
is generally applied only to simple and stacked column
graphs, including 100% stacked graphs. See Column Graph.

Area Chart

I
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An area graph can be considered as much a 16-

process or technique as a basic graph type t12-

since area graphs are generated by filling 10-
the areas between lines generated on other 6-

types of graphs. For instance, when only 4-

one data series is involved, filling the area 2
0

between the data curve and the horizontal '91 '92 93 '94 '95 mpetngrn mpeaaga
,simple tine graph Simple area graphaxis, as shown at right, converts the line A simple area graph is a line graph with the area

graph to an area graph. Area graphs are filled between the data curve and the horizontal axis.
generally not used to convey specific values. Instead, they are most frequently used to show
trends and relationships, to identify and/or add emphasis to specific information by virtue
of the boldness of the shading or color, or to show parts-of-the-whole.

Curves used with area graphs

As with line rranhs- 10 a1I

there are three basic 8

types of curves used 6

to generate area
graphs - segmented,
stepped, and 2

smooth. An area o

8

8

4

2

C
graph is sometimes Segmented curve Stepped curve Smooth curve
referred to by the Three basic types of lines used to generate area graphs
type of line used to generate the graph. For example, an area graph generated by a
stepped curve might be called a stepped area graph. The line and/or symbols representing
the data points may or may not be shown.

Simple area graphs - (area graphs with a single data series)

Sometimes referred to as a filled line, surface graph, or silhouetted graph. A simple area
graph typically has a quantitative scale on the vertical axis and a category, quantitative,
or sequence scale 10 I I I I I I 110 I 10
on the horizontal 8 -

axis. Examples of 6 -

all three are
4-

shown at the
right. With the 2 -

category scale, a 0
data noint is

18 d I 84
6-

4.-

2-

- -

6 -

4 -

2-

0-
B 95 96 u I 4 V d 1. U 14

--- --r tialegory scale Seciuence scale Quantitative scale
located directly Three major types of scales used on the
above every label horizontal axis of simple area graphs
(category) on the horizontal scale. All categories must be shown on the scale for the viewer
to properly interpret the graph. With sequence and quantitative scales, the data points may
or may not be located above the labels. In fact, many sequence and quantitative graphs can
be interpreted even if only the beginning and ending values are labeled. Positive and
negative values can be plotted on all quantitative scales as shown below.

Category scale Sequence scale Quantitative scales
Positive and negative values plotted on simple area graphs
with the three major types of scales on the horizontal axes

10
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Area Graph (continued) Area graphs with multiple data series
The examples below indicate the major variations possible when plotting multiple data
series on an area graph. Line and surface graphs are included to illustrate the relationships
between the three types of graphs. The same data is plotted on all of the examples. The
stacked variation of area graphs are the most widely used. The two-dimensional, grouped
area graph is used much less frequently and can cause misinterpretation since many people
automatically associate the stacked
variation with area graphs. - On a to
three-axis graph, when the area 8

between curves is filled, as opposed 6
to the areas between the curves and 4

the axis, the graph is generally 2
- --- - 0*

referred to as a surface graph. See '94 9S 96 W7 98

Surface Graph 1. Two-dimensional linenrn.n - r raf-rranc

I
Two-dimensional area graphs

I
Three-dimensional line, area, and surface graphs

20-

94 95 96 97 98
Grouped area graph

In grouped area graphs,
the bottoms of all the data
series touch the horizontal
axis. Thus the top of each
filled area represents the
actual values of a single
data series. If any of the
data series intersect or if
the data graphics are not
arranged in the proper
sequence, portions or all
of one or more data series
may be hidden.

* Grouped area graphs
are not often used, largely
because many people
assume that area graphs
are always stacked. In fact
some software programs
do not offer grouped area
graphs as an option.

94 9 96 % 7 9 3
Stacked area graph

In stacked area graphs -
probably the most widely
used variation of area
graphs - each data series
is added to the one below
it. Only the bottom data
series touches the
horizontal axis. The top of
the upper data series
represents the total of all
the data series plotted.
Stacked area graphs are
sometimes referred to as
multiple-strata, stratum,
strata, divided area, layer,
subdivided area, or
subdivided surface graphs.

1O%.

80%-

60%-

40%-

W
at
se

series C
4.956 Data series B

96 97 sData series A

Three-dimensional line graph
hen a two-dimensional line graph is converted to
three-axis, three-dimensional line graph, the data
tries are distributed uniformly along the third axis.

I C

a
6

4

2

0

Three-dimensional Three-dimensional
grouped area graph surface graph

When the areas below the When the areas between
lines representing the data the lines representing the
series are filled vertically data series are filled along
along the Z-axis, the result the X and Y axes, the
is a three-dimensional, result is a three-
grouped area graph. dimensional surface graph.

20%

01%
S4 95 96 97 95

100% stacked area graph
Same as above except
each data series is shown
as a percent of the whole.

0

8
5

4

2

0

Three-dimensional surface
graph with sides filled

When the areas below the lines representing the
data series on the exposed edges of the graph are
filled, the resulting surfaces are referred to as sides
or skirts. The sides are the equivalent of two-dimen-
sional area graphs for the data series on the edges.

11
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Area Graph (continued) Grouped area graph - (multiple data series all referenced from the same zero axis)
Sometimes referred to as an overlapped or multiple area graph. In grouped area graphs the
data graphics representing each of the multiple data series are placed one behind the other.
With grouped area graphs, the values on the vertical axis for all data series are referenced
from a common zero baseline axis, generally the horizontal axis. As a result, the values for

-eh, Aat_ c-ri- ri h- -oA A.,--+I., f -o
c4%,ll UaLa sVnds %,all u .aU UUtlUy lILl o -

the graph, as with grouped line graphs. A 8

comparison of a grouped line graph and a
grouped area graph is shown at right.
Grouped area graphs sometimes cause 4

confusion because there is no easy way to 2-

differentiate between a grouped and a-
'91 '92 93 '94 '95 '91 '92 '93 '94stacked area graph. In addition, many Grouped line graph for Grouped area graph

people think of area graphs as always being reference generated by filling the
areas under the curves ostacked. In grouped area graphs, the shaded the grouped line graph.

areas between curves represent differences, Comparison of a grouped line graph and
not actual values of the data series. a grouped area graph

n5

on

Intersecting data series
When data series intersect on a grouped area graph, there is no sequence of data graphics
that will assure full visibility of the curves of all data series. The examples below show
techniques that are sometimes used to convey information about hidden curves.

'91 '92 '93 94 9su5 O JW V Lme moibi. bLsadInItIV.oLWU 1115O11VUb lb W mina 4 sepalate

Two-dimensional grouped graph for each data series. This adds to the clarity of the individual
;^ ... - curves but makes it more difficult to make comparisons.
ImeI grapnl lor rFerencelu. I lit
data used in this graph is the
same data used in all of the
examples at the right.

nree-oimensional grouped area grapes can
sometimes make each of the data series more
visible. They have the disadvantage of making it
more difficult to quantify information directly from
the graph. Grid lines on the data graphics can
help somewhat in this respect.

s c
Examples of techniques used to overcome the problem of hidden data curves.

Methods for reducing the confusion associated with grouped area graphs
Grouped area graphs sometimes cause confusion because the viewer cannot determine
whether the areas for the data series extend down to the zero axis. Shown below are two
methods for partially overcoming this problem by slightly exposing the data graphics in the
back, thus letting the viewer see that all data graphics extend down to the zero axis.

'91 '92 '93 '94 '95 '91 '92 '93 '94 '9
Standard grouped area Each data graphic shifted
graph for comparison slightly with respect to the others12

'91 '92 '93 '94 '95
Each data graphic shown
with a slightly different width

6



Area Graph (continued) Grouped area graph (continued)
Variations of data and scales

Shown below are examples of five major variations of scales and data used with grouped
area graphs. These variations are of most interest/concern when the graphs are being
generated on a computer.

All data series
use common
values on the
horizontal axis

All data points
have unique
values on the
vertical and
horizontal
axes.
Sometimes
called a paired
area graph.

Category scale on
horizontal axis l

10 I I 1
a -

6 -

2 -

0 .

Not applicable

On area graphs with
category scales on the
horizontal axis, all data
series use the same
categories

7 eunce scale on
horlzntal axis

22 41 'i I l I

15 -

10 -

5 -

O--
- J:10 3:20 3:30 3:40 3:50

25o :e : 1 ;

1s -

10 -

5 -

0-
13:lU 3zu IX.J 3W40 .:3u

Quantitative scale on
horizontal axis

100%. . . I

80%-

60%-

40%-

20%-

0%-
0 200 400 6W W0

'0% I I | i i I I . I

U 0 ZW 4kw 0w Vl

60%

40%

20%

0%'

Five variations of types of data and types of scales used on grouped area graphs
Three-dimensional grouped area graphs

The examples at right
demonstrate how the width 10\ 10- \
of the data graphics 6-6

representing the data series 4-44

on three-dimensional graphs 2i 2x 2

can be varied to improve 0- 0- 0
readability and/or
appearance. In addition to Examples of various widths of data graphics
being a potential solution for hidden data, grouped three-dimensional area graphs are
sometimes used to give additional insight into complex data series. In the example below,
the combination of the two-dimensional line graph and the three-dimensional area graph
help the viewer more rapidly become oriented as to how the three data series relate.

Illustration showing how a three-dimensional grouped area graph in conjunction
with a two-dimensional line graph can sometimes help orient the viewer.

Negative values with grouped area graphs
Grouped area graphs can handle negative values somewhat better than stacked area graphs
but they still have the problem of all or portions of data curves being hidden by the data
series towards the front. Shown below are two- and three-dimensional sample graphs of
two data series, one of which has negative values. The same data is also shown on a
grouped line graph at the left for reference.

I Data senes B - I I Data series B - . I
30

20

10

0

.10

-20

-30
I u-a1 enes u V I

Grouped line graph for reference 2-D grouped area graph 3-D grouped area graph
Examples of negative values plotted on grouped area graphs. 13



Area Graph (continued) Stacked area graph - (multiple data series positioned on top of one another)
Sometimes referred to as a layer, strata, multiple-strata, stratum, divided area, subdivided
area, or subdivided surface graph. The stacked area graph is the most widely used variation
of area graph. It is similar to a linked stacked column graph. For comparison, examples of a
linked stacked column graph and two types of stacked area graphs are shown below. In all
three graphs, the data series are stacked on top of one another such that the tops of the
columns and the top curve on the area graphs represent the total of all the data series shown
on the graph. In each example, only the bottom data series is referenced from or touches the
horizontal axis. Each of the other data series on the graph are referenced from the data
series immediately below it. One can think of a stacked area graph as a stacked column
graph with the areas between the columns filled.

20 -

oI I "K i
94 95 96 97 '94 '95 Y96 '97 98 '94 '95 96 '7 '98

Linked stacked column graph Stacked area graph Stacked stepped area graph
Comparison of a linked stacked column and a stacked area graph

In an area graph with multiple data series, but no indication as to what type it is, it is fairly
safe to assume it is a stacked area graph. The stacked area graph is often used to show

I- t:. :- of- str Ad .- it. It. -
relative sizes oi me components mat make up me
whole. For example, stacked area graphs are
frequently used to show how many dollars of sales
each product line contributes to the overall dollar
sales of a company and how the overall sales dollars
have trended. Such a graph also gives a rough idea
as to how the sales of the individual product lines
have performed over time. When approximations are
all that are needed, stacked area graphs are usually
adequate. When accuracy is desired, this type of
graph is generally not used, particularly when the
values fluctuate significantly and/or the slopes of the
curves are steep. For instance, the top graph in the
box at the right gives an indication as to what data
series A and the sum of data series A and B look
like, but gives little or no insight into the
performance of data series B by itself (bottom of box
at right). In this example, reversing the relative
positions of A and B in the stacked graph would not
improve the situation. In other cases, reversing the
relative positions of the components can
significantly improve the readability of the
information - as shown in the example below.

40 40

30 30

20

10

0

20-

10

0l

Sometimes the most important data
series is placed on the bottom. In
other cases the selection is based on
which variable is the most stable or

J F M A M J J A S O N J F M A M J J A S O N what will make the overall graph
Two stacked area graphs showing the same two data most meaningful. There are no
series. In the graph on the left, A is stacked on top of
B. In the graph on the right, B is stacked on top of A, restrictions as to the relative
illustrating the major impact the relative position of the positions of the data series on the
data series can sometimes have. stacked area graph. The vertical

scale of a stacked area graph typically is linear, starts at zero (no shortening of the scale), is
continuous (no breaks), incorporates only positive values, and has an upper value equal to
or greater than the largest value plotted on the graph.14
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Stacked area graph (continued)

100% stacked area graph

An important variation of the stacked area graph is the 100% stacked area graph which
displays percent-of-the-whole data. With this type of graph, instead of plotting the actual
values for each data series, the percents that the values represent of the total of all the
data series are plotted. For example, if the total sales for a company were $16 million
and the sales for a product line in a given year were $4 million, 25% would be plotted
for that product line instead of $4 million. In this type of graph, the sum of all the
components, which is represented by the top curve, is always 100%. An example of a
100% stacked graph is shown A-
here along with examples of
grouped and stacked area
graphs using the same data for 16

comparison. 14

12

10 102 Value of data 8

series 66-~: 3v^AnA+

- .- - L 2 100%,-

I -. ' Ia value Or oala I iI

80% -
'alue of
ata
eries C

60% -

40% -
'alue of
ata
eries R

4 - II I seriesB 4-I I 20%

2 - a-uof data 2

Series A 0

yValue of
E data
Series A 0%

T

Percent
data
series C
is of the
whole

Percent
data
series B
is of the
whole

i ox data
series A
is of the
whole

A B C D E A B C D E E D C B A
Grouped area graph Stacked area graph 100% stacked area graph

Comparison of grouped, stacked, and 100% stacked area graphs

Negative values with stacked area graphs

Technically, both positive and negative values can be plotted on the vertical axis of a
stacked area graph. Practically, it is seldom done because the data graphics that result can
be very difficult to interpret. The examples below show the combining of two simple data
series into a stacked area graph. Only one of the series has
negative numbers. With effort, one can interpret the resulting
graphs at the right; however, with a different type of graph the 20-

information could be interpreted much easier and faster. 10-

30 30o
Data series A | Data series B

20 - 20{

10t- +10 A A=
*0ol I -'°1 \1 1

-10- -110 V '

-20 -20

Examples illustrating the difficulty of interpreting stacked area

0*

-10-

Data series A and B
stacked with data
series A on the bottom

30

20

10

graphs made up of one or more data series with negative o
numbers. The two simple area graphs above show the two
data series used to generate the stacked area graphs at right. -10

In the upper stacked area graph, data series A is on the -20
bottom and B on the top. In the lower example, the positions
are reversed.

Three-dimensional stacked area graph
Iw/ U- *1U -UUr-aA1c etarl5-rU aa - r -h-
1 WV- gnlU UUrct-axla 3Laur,', MMr graINIS

might be displayed as three-dimensional 12

(right). The two-axis variation is used 10

primarily for its aesthetic value. Depth 8

may or may not be added to the data 6

graphics in the three-axis graph. There 4

is no limit on the number of variables 2

that can be stacked in such graphs: 0
IQ5 0 OR W; OA

however, more than three segments Two axes Three axes
generally becomes confusing. Three-dimensional stacked area graphs

15
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Range and high-low type area graphs

- mange or Danau grnpu

When the area between the lines
representing the upper and lower values
on a graph is filled in, the result is
called a range, silhouette, area band, or
band graph.

- High-low graph
When a line representing some variation of
midvalues is shown in conjunction with
upper and lower values, the result is
sometimes called a high-low graph. The
upper and lower values might represent
maximum and minimum, plus and minus 1,
2, or 3 standard deviations, confidence
limits, etc. The midvalues might represent
averages, medians, fitted curves, etc.

Envelope
A specialized variation of a high-low graph is
record stock prices. The upper and lower ends
symbols designate the highest and lowest pric
stock for the period represented. The midvalu
generally the closing or average price for theI
In this example, the area between the high ani
values is filled. The filled area is sometimes r
to as an envelope.

10 10
1 Upper values Upper values

Midvalues 6- Midvalues
6- 6-

4- 4-

2- 2-
Lower values Lower values

0 0 l I I
A B C D E A B C D E

Line graph for reference Area high-low graph

Examples of high-low graphs

a

Open-high-low graph or bar
chart with the range of prices
indicated hv the shadead area

Error bars
Another way of showing a range or set of
nnner and lower values nn an areta nranh is 8 I l 8 lIFF----------w*-V-----

to incorporate symbols such as error bars 6-

into the area graph itself. With this
technique, as well as most of the others, I
one can designate both an upper and lower 2-
limit, or just one or the other. For example, O

61

2-j

if the graph displays expected values and '91 '92 '93 '94 '95 '91 '92 '93 '94 '95

values that are not to be exceeded, only the Error bars can baegraph sHometromes used to
upper half of the symbols might be to designate a range of indicate only an upper

shwninth eamleatvalues or a set of upper limit, tolerance,displayed, as shown in the example at and lower limits, expectation, etc.
right.

Difference and deviation area graph
Area graphs are occasionally used to show differences or deviations. There are four major
variations for this application. In a gross deviation graph, one color or pattern indicates
positive values or deviations, and another color indicates negative values or deviations. A
net deviation graph plots the difference between the two. A third type plots both gross and
ng

8

6

4

2

-1

-2

16
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Area Graph (continued) Stepped area graph

Stepped area graphs are sometimes used to differentiate various data
series more clearly, to highlight differences or comparisons rather
than trends, and to emphasize the nature of the data such as abrupt
changes and then constant values - for example, prices, interest rates,
plant capacity, etc., that change abruptly and then remain level for a
period of time. The example at right clearly illustrates when the price
changed, by how much, and how long each price was in effect.

Width of horizontal portions of curve

A B C D E
With a category scale
on the horizontal axis,
the widths of the
horizontal portions of
the curve are as wide
as the space allocated
to each category.

8%

6%

4%

2%

0%
2u 3U 40

With a quantitative or
sequential scale on
the horizontal axis,
the horizontal portion
of the curve extends
from data point to
data point.

Stepped area graph

When a category scale is used on the X-axis,
the horizontal portions of a stepped area curve
are as wide as the space allotted to each
category. When a sequential or quantitative
scale is used on the X-axis, the horizontal
portions of the curve extend from point to
point regardless of how near or far apart the
points are. Plot symbols may or may not be
used to designate the data points. Examples
are shown at the left.

Location of plotting symbols
The locations of plotting symbols on stepped area graphs are sometimes used to convey
additional information about the data. For example, symbols located in the centers of the
horizontal portions of a curve may indicate the values are averages over a period of time.
Symbols at the left or right of the horizontal portions may emphasize that actions or
processes start or stop at those points, causing the curve to move to a new level. If the
symbols are on the left ends of the horizontal portions of the curve,
the- Earh is sometimnes, -ns . snw -oos"-' -'v -go ... .>U19--w V-1

referred to as left stepped 8%-

graph. If the symbols are 6%-

on the right ends we have 4%-

a right stepped graph, and 2%-

in the center, a center 0%

8%- 8%-

6% 6%L

4% 4- 0 %

2%- 2%-

0% 0%- _II
20 30 40 20 30 40 20 30 40

stepped graph Left stepped area graph Center stepped area graph Right stepped area graph
Examples of left, center, and right stepped area graphs

Stepped versus segmented curve
Depending on the nature of the data and what one
attempting to accomplish with the graph, an area
stepped graph can sometimes highlight difference!
and similarities more dramatically that an area
graph using segmented lines. In the illustration at
the right, both graphs are of the grouped type and
both have the same data plotted on them. The
segmented version on the left tends to give a bette
impression as to how the two series compare, whi]
the stepped graph accentuates the differences and
similarities.

Orientation of area graphs

The curves on area graphs almost always
progress from left to right. Although it is
technically possible to have them run up and
down, it is only occasionally done, probably
because area graphs are so firmly associated
with time series - and time series typically
progress from left to right. The examples at
right display the same data plotted both ways.
Generally, viewers feel most comfortable with
the example on the far right.

is
7.
6

5.5
4.

3.
2-
1*
0.

Area graph displaying Area graph displaying
r two data series using two data series using

segmented line curves stepped line curves
le A comparison of grouped area graphs

using segmented and stepped line curves.
The same data is plotted on both graphs.

'9.
16 I

14
12

10

8
6
4

2
0

U Z 4 6 B 10 1Z 14 16 '91 '92 '93 '94 '9

Unconventional Conventional orientation
orientation where the with areas running left to
areas run up and down right
Comparison of area graphs in which the areas
have horizontal and vertical orientations 17
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Other graphs where key information is designated by filling the area between lines
Midnight

10PM 2AM

8PM

6PM (
4PM

WAM

06AM

8AM

kAM

Radar/spider graph where Profile graph where three- Circular area graphs have the
each filled area represents dimensional data is plotted/ area within the data line filled
a different entity

Ages 13 V 4
&below Agesl4 0Ves019 Ages 20

t19 & above

Slices graph in which three-
dimensional scatter graph data
is grouped into planes

analyzed incrementally along
the X- or Y-axis

20-
Shaded area is region

- of all feasible solutions
CI \
e
ilo
C I

6

0-
lo 2'0

Variable 1
Graphs where areas are
filled as part of a problem-
solving process such as
graphical linear programming

Three-dimensional surface
graphs have the areas
between data series filled

Variations of grid lines and drop lines on area graphs
There are a number of different ways that grid lines and drop lines can be used to assist the
viewer in reading an area graph. Shown here are four of the more widely used variations.
The ability to accurately determine values without cluttering the graph with grid and drop
lines is one of the challenges in generating an area graph. See Grid Lines.

16 1 1 l I -
14 -
12 -

10 -

8 -
6 -

2-

0-

When grid lines are
shown, the frequently
are placed behind the
data graphics.

Missing or irregular d

16 1 1
14
121

81-

6
4-

2-
0 -

16 1 j l

11 92 93 S4 19

When drop lines are
used in conjunction with
grid lines, the vertical
grid lines are generally
omitted.

14 -

12 -
10 -

8-
6-
4-

2-
0 -

5 '91 92 '93 S4 96

In order to present the
values more accurately,
horizontal grid lines are
sometimes brought to
the front.

For accuracy and/or
appearance, grid lines
are sometimes placed
only on the data
graphics.

Area graphs are often used to plot sequential data,
particularly time series. It is generally recommended that
there be no breaks in a time scale, since breaks can distort
the pattern or trend of the data. Even though data might be
irregular and in some cases missing, the time scale is
generally continuous and uniform. Shown here are several
alternatives for calling missing data to the viewer's
attention.

IOUl 1-0U) 0) 10-I .211 ' I V U -. I Wu.O C 'u rI II 11 10 QI 1 ;I4U I') dl IJCIVI 111
used to indicate missing data. makes a bold statement that

data is missing.
18

JFMAMJJASONCDJFMAMJJASOND

1996 1997
The presence or absence of
plotting symbols indicates where
actual data elements were used.
I I

A gap in the curve is sometimes
used.

'
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E
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Area Graph (continued)
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Area Graph (continued)

Although the actual value designated by an area graph is determined by the upper edge of
the shaded or filled area, many people at first glance associate the height or area of the
shaded or filled area with its value. For that reason, the following general guidelines are
offered regarding the vertical quantitative scale on area graphs.

- Include zero unless it is clearly identified otherwise.
- Locate zero where the horizontal axis crosses the vertical axis.
- Have positive values increase upward and negative values downward.
- Make scales continuous (no breaks) unless clearly identified otherwise.
- The upper scale value should be larger than any value plotted on the graph.
- The lower scale value should be smaller than any value plotted on the graph.
- Use only linear scales (i.e., don't use nonlinear scales such as logarithmic).

There are exceptions to these guidelines.
- With range and difference graphs, the scale sometimes does not

start at zero because the shaded or filled area does not extend to the zero axis.
- With simple and overlapped area graphs, the scales are sometimes broken,

expanded, and/or cropped to make changes and differences more visible.
Several methods for accomplishing this are shown below.

,An , An .

10-

85

80

.75

15
10
5
0

For reference, the scale I nese three examples expand the scale and Then take a section out or
starts at zero on this the middle (sometimes referred to as a scale break) to keep the size of
example. Because of the the graph the same. If the viewer overlooks the scale break, the
large actual values and presence of the zero on the vertical axis can be misleading. The center
small differences, the example tends to make the scale break most obvious.
variations from year to year
are difficult to estimate.

86

84

82.

80-
90 VI '92 '93 '94 '95 '90

An alternative to a Mak
scale break is to port
eliminate the lower unei
portion of the scale attei
and start at some that
value just under the of th
lowest value being miss
plotted. However, the
viewer may overlook S
the fact that the lower
portion of the scale is typ
missing and reach a
conclusion based on axi
the height or area of the
the data graphic, wi
instead of the value at
the top of the shaded car
or filled area. sca

toi
mu

100 100

-m I A

60-

40 -

20j-

O- -

-80

-60

-40

-20

0

'90 '91 '92 '93 '94 '9

'91 92 93 94 Y9

ing the lower
ion of the graph
/en helps call
ition to the fact
the lower portion
e scale is
;ing.

The use of two graphs of the same data, as shown
here, is sometimes employed. One graph incorpor-
ates a zero axis so the viewer can put the values in
perspective. The enlarged graph (right) showing
just the area with the data points lets the viewer
see the detailed variations between data elements.

cales are generally located on the left side and bottom. There
oically is only one scale on the horizontal axis. On the vertical
s the norm is one scale; however, it is not uncommon to repeat
e quantitative scale on the right side, particularly if the graph is
Je and grid lines are not used. Two different quantitative scales
n be used but seldom are. If there are two different quantitative
ales and both do not apply to all data series, care must be taken
identify which scale applies to which data series. Examples of
iltiple quantitative scales are shown below.

1W
80-

eeo-

i 40-

20-

0 -

(2

C

Identical scales on two sides Two scales specifying
entirely different things on
a grouped area graph.

19

Scales on area graphs
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Curve fitting on area graphs

Curve fitting can be applied to area
graphs, just as to line graphs. There are
several different types of curves that may
be fitted, such as linear, polynomial, or
exponential. Examples of linear and
polynomial fitted curves are shown at the
n;aht See crve' pittina.

- . Two types of fitted curves applied to area graphs

Displaying actual values on area graphs
When it is advantageous to have the viewer know exact values, the values are sometimes
included on the graph. Three common variations are shown below.

94'95 6 7 8 94 95 96 97 s9 94 s9 96 '97 98
Values shown above the Values shown below the Values shown on the data
data points data points points
Methods for displaying data point labels on the data graphics of area graphs

Curve, line, and symbol variations

Variations and combinations of types of lines and symbols are sometimes used to
distinguish data series from one another, emphasize certain aspects of the graph, encode
additional information, or improve the appearance of the graph. Four examples of ways of
displaying lines and symbols are shown below.

Methods for displaying data curves and symbols on area graphs

Variations of the frame and ends of the data areas

15

10

5

-] Sometimes when no grid lines are shown it is difficult for
the viewer to determine whether the top portion of an area
graph is background or another data series.

- One way of avoiding this is to omit
/ the top and right side of the graph frame.

oAYr
*94 95 96 S.

All four sides ol
graph frame sh

151

10

5

- Another method is to leave a space between
./ the start and finish (left and right sides) of the

7 th data graphic and the graph frame.
the

own - A third method incorporates both
of the first two options.

is Is

11

94 95 96 97 98 94 W s96 97 98

Top and right side of Space inserted on both
graph frame removed sides of the data graphic

20

Iq .1 s Vf Vs
Top and left side of graph
frame removed and space
inserted on both sides of
the data graphic

Area Graph (continued)
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Area Graph (continued)

Arithmetic Graph

Arithmetic Scale

Arrow Diagram

Attribute Data Control
Chart

Attribute Information

Area graph icons
Miniature (I" square or less) area graphs, frequently without titles, labels, tick marks, or
grid lines, are sometimes called icons, profiles, or symbols. Area graph icons can be used as
symbols on graphs, charts, and maps or grouped together to compare multiple entities with
regards to three or more variables. For instance, the example below compares ten desktop
computers with regards to eight different characteristics. A template, as shown in the
legend, is used when generating the icons to assure that the same characteristic is always in
the same location on every icon and that the same scale is used for all icons. A copy of the
template is generally shown in a legend adjacent to the display. Since values and units of
measure can vary significantly plus the fact that
some variables might be qualitative while others are n Mf Aj

quantitative, a common scale of 0 to 1.0 is generally A B B Ban B r
used for all variables. The highest value or rating in BrandA BrandB BrandC BrandD B

each variable is assigned the value of 1.0. The lowest
value or rating is assigned some value less than 1.0 A i |
(often zero). Other than legibility, there is no limit to Brand F Brand G Brand H Brand I Brand J

the number of variables that can be included in each
icon. There also is no limit as to how many icons can
be included in the same display. The data graphic
may or may not be filled and drop lines may or may
not be used. Icons used in this way are sometimes
referred to as icon comparison displays. See Icon Category / characteristic H -Price

and Icon Comparison Display. Example of an icon comparison display

An arithmetic graph is one that has linear scales on one or more of its quantitative axes.

Many times referred to as a linear scale. An arithmetic scale is arranged such that the
distance and value between any two major tick marks (major values) is always the same for
a given scale. For example, the distance between any two major tick marks might be one
inch and represent ten units of measure (e.g., 10 gallons, 10 houses, etc.) The distance
between any two minor tick marks might be one-tenth of an inch and represent one unit of
measure (e.g., 1 gallon, 1 house, etc.). On an arithmetic scale, these two criteria would
apply at any point along the entire length of the scale, as in the example below.

o 1 2 3 4 5 6 7 5 9 10 1 12 13 14 15 I 1 17 19 20 21 22 23 24 25 28 27 28 2 310

Equal distances and equal amounts
Example of an arithmetic (linear) scale.

A term sometimes used to refer to one or both of the major graphical techniques for
planning and tracking large programs and projects. One of the techniques is called PERT
and the other is called Critical Path Method (CPM). Both techniques are discussed under
their individual headings. The example below gives an indication as to why the term "arrow
diagram" was coined. See PERT Chart and Critical Path Method.

Basic PERT chart showing activities (arrows) and events (nodes)

A large number of quality control charts are categorized as attribute data charts because of
the type of data plotted on them. Attribute data is generally discrete data that can be
counted but not measured. Typical examples are quantity of acceptable parts, percent that
pass a no-go gauge, number of scratches, defects per unit, etc. See Control Charts.

Attribute information is the term given to the characteristic data added to a base map to
generate all statistical maps and many descriptive maps. For example, a base map might
show the boundaries of all counties in a state. Attribute data would be encoded onto the
map to show such information as the population of each county, the number of houses in
each county, the crops raised, the dollar sales, the crime rates, etc. Attribute information
tends to be variable, while information on the base map tends to be more constant. See Base
Map.

id
A - Hard disk capacity
B - Installed RAM
C -Expandable RAM
D -Speed
E - Monitor resolution
F - Monitor size

G -Accessories
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Axis, Graph This section discusses axes as used on graphs. Axes for maps are discussed under Map. An
axis is a line that serves many functions including providing the reference from which
coordinates are measured, orienting the graph and all of the elements on it, acting as a
vehicle along which tick marks and scales are displayed, and forming a frame around the
graph. Axes are referred to by several different terms. The major ones are discussed here.

Zero base line axis for quantitative scales

Zero base line axes on rectangular graphs:
- Serve as reference lines from which quantitative values are measured in order to

establish the proper location of data points
- Define the origin of the graph ze

- Form the traditional two-dimensional quadrants (example in
at right) and three-dimensional octrants

- Form thLII.. Ui flnA. - f-a n-nrDu--unm.n inanl anlvki * Pantens!
- UIVill. U-C uVl Fmlll~a V. U-v- .... .... v.... alll0i kvvC ri. Origin 1

- Run perpendicular to quantitative axes 2

- Exist whether or not they are actually drawn on a graph #3r 1.3 u4

- In three-dimensional graphs, the zero base line axes are actually Illustration of quadrants
planes formed by the two axes that are perpendicular to a quantitative axis. For
example, the X and Y base line axes form the plane from which quantitative values are
measured along the Z-axis.

DatA nfint 7 valiue nf
data point

4
3
2

0
Ox

The plane formed by the X and Y
zero base line axes from which
. VaIUes and FnmeasureU

Graph with one zero Graph with two zero Graph with a plane formed
base line axis base line axes by two zero base line axes

Location of zero base line axis on graph

The zero base line for the Y-axis might be located at the bottom of the graph, at the top,
or somewhere in between. If the zero for the Y-axis scale is outside of the graph, the zero
base line axis will also be outside of the graph and therefore not shown. The same
principle apply to the X- and Z-axes. For illustration, four of the more common situations
for the Y-axis zero base line are shown below.

A B C D E A B CID E
0 --------- ---

Zero base line axis Zero base line axis Zero base line axis located Zero base line axis located
located at bottom located at top between top and bottom outside of graph

Possible locations for the horizontal zero base line axes. The
same principles also apply to the vertical zero base line axis.

Relationship of zero base line axis and label axis
Although many times the zero base line axis serves as the label axis also, this is not a
requirement. The zero base A A C D E

line axis is independent of 1

the location of the labels, as 6

illustrated in the three 4

examples at the right, all of 2

which display the same data. o
A B G D EIn these examples, there are Horizontal label axis Horizontal label axis at No horizontal label

three variations of label axes at the bottom the top axis
but the zero base line axis The zero base line axis is Independent of the label axis. Three

variations of horizontal label axes are shown. In each case the
remains unchanged. zero base line axis remains located at the bottom of the graph.
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Axis, Graph (continued) Scale or label axes
An axis is sometimes referred to by the type of scale it has on it. For example, if an axis
has a quantitative scale on it, the axis might be referred to as a quantitative axis. Alternate
terms such as value, interval, numeric, or amount might be used instead of quantitative.
Other scale terms commonly used are category and sequential, or variations of these two
(see Scales). Examples of the three major classifications of scales are shown below.

0 0.2 0.4 0.6 0.8 1 Brown Eaton Smith Jones 1991 1992 1993 1994
Linear scale Salesperson Year

1 10 100 1000 UnitA UnitB UnitC UnitD 1 2 3 4 5 6 7
Logarithmic Business unit Order in which samples were collected

Axes with scales such as these might Axes with scales such as these might Axes with scales such as these might
be referred to as quantitative axes. be referred to as category axes. be referred to as sequence axes.

Axes classified by the type of scale shown on them
In some situations, instead of referring to an axis by the specific type of scale on it, such
as quantitative axis, category axis, or sequence axis, a broader term such as scale axis or
label axis is sometimes used. * Lines on which scales are displayed (normally the lines
bounding the graph) are sometimes referred to as scale lines. Scale axes or scale lines on
rectangular graphs are almost always parallel to their zero base line axis.

Letter designations for axes
Use of the letters X, Y, and Z to designate axes is widely accepted. In two-dimensional
graphs it is almost universal that Y designates the vertical axis and X the horizontal axis.
In three-axis graphs, Z is widely accepted as the designation for the vertical axis. Which
of the other two axes of a three-axis graph are designated X and Y varies depending on
the application, the software, and/or the individual preparing the graph.

Two-axis graph
10-

8 -
The vertical axis is
generally designated 6
as the Y-axis in a two- 4
axis graph

2-
0-

The horizontal axis is
generally designated
as the X-axis in a two-
axis graph.

An example of how the letter designations
of X and Y are assigned to the axes of a
two-axis graph.

Three-axis graph
Which of these axes is designated X and Y
depends on the application, the software,
and/or the individual preparing the graph.

The vertical axis is 15
generally
designated as the
Z-axis in a three- 10
axis graph.

5

0

1 0 -'6
An example of how the 15
letter designations of X,Y, and Z are
assigned to the axes of a three-axis graph.

Axes designated by direction drawn
In rectangular graphs the axes are
sometimes referred to by the
direction in which they are drawn.
In one- and two-axis graphs it is
common to refer to axes as
vertical and horizontal. In three-
axis graphs, the term vertical axis
is also widely used; however, the
term horizontal axis is seldom
used since most three-
dimensional graphs are shown
tilted and consequently there are
generally no horizontal axes.

10

referred

Three-axis graphTwo-axis graph

Axes names that describe the direction they are drawn

Abscissa and ordinate axes

In two-dimensional graphs the vertical or Y-
axis is sometimes referred to as the ordinate
axis and the horizontal or X-axis as the
abscissa axis.

axis
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Axes designated by position on graph

- Axes are sometimes referenced by their
position on the graph. On two-dimensional
graphs it is common to refer to the upper and
lower horizontal axes or the right and left
vertical axes as shown in the example at the
right.

- On three-dimensional graphs it is common to
refer to the left and right vertical, or Z axes and
the upper (top) and lower (bottom) X and Y
axes. On three-dimensional graphs, caution
should be exercised when referring to the X
and Y axes as right or left, since they reverse
their relative positions from top to bottom. In
the example at right, the upper X label axis is to
the right of the upper Y label axis, while at the
bottom, the relative positions are reversed.

- With the increasing ability to rotate graphs 360°
in almost any direction, the use of terms such as
vertical, horizontal, top, bottom, right, and left
become less and less precise.

Upper (top) X or horizontal axis

A B IC D E
.R, 8
W

.2 -

04

0 >.2

a,

40% *T

30% c,
I- e

020% >

0)10% >

0% o%
A B TC D E

Lower (bottom) X or horizontal axis
Two-dimensional graph illustrating how axes
are sometimes named based on location

0

0

0

.-

0a

9I

X is on the left of Y at the bottom
Three-dimensional graph illustrating
how the relative positions of the X and Y
label axes reverse from top to bottom

Axes referred to by the title or units of measure of the scale
It is not uncommon for an axis to be referred to by the title or units of measure of the
scale on the axis. For example, if a graph shows sales in units along the horizontal axis
and dollars of profit along the vertical axis, it is not unusual to have the horizontal axis
referred to as the units or sales axis and the vertical axis as the dollars or profit axis.

Reference axis
Sometimes referred to as a reference line or shifted reference axis. If it is desirable to see
fluctuations around a given value as well as the actual values of the data, a reference axis
can be used, as shown below. In such graphs, the data points are plotted from the zero
base line axis according to their actual values. Short drop lines, bars, or columns are then
drawn to a reference axis. When the additional axis is used in this manner, the graph
functions as a combination of a standard graph showing actual values and a deviation
graph showing differences between the actual values and some reference value.

20- Data points represent actual
values as measured from

15 the zero base line axis
1513 -Drop lines/length of bars Russia

10 .represent the differences
between the actual values Europe
and the reference axis/value

-6 Reference axis i
Mexico

0 Zero base line axis
A B C D E Canada

rvamnI0Q of reference myax
0 2 4 6 8 10

Axis versus frame Lines without tick marks and/or
labels are sometimes referred to as

Some individiials and snftware axes, scale lines, or frame lines
developers refer to all lines around a
graph as axes. Others call them scale
lines or frame lines and still others
use a combination of all of them.
The differences in terminology
apply whether or not the lines have
tick marks and/or labels.

C;

-8
-6
.4
-2

. 0o

Axis, Graph (continued)

-A - -,I- l.~~w.wAB
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Axis, Graph (continued) Number of scale axes or scale lines on rectangular graphs
There are no limitations on the number or location of scale axes, label axes, scale lines,
frame lines, etc., that can be used with a given graph. Several variations of three-
dimensional graph configurations are illustrated below utilizing different numbers and
locations of axes/lines. The number and location of the axes is generally a function of such
things as type and amount of data, purpose of the graph, software used, and observations
one is attempting to make.

Examples of a few of the many possible combinations of axes, scale lines, or
frame lines that might be used with three-dimensional rectangular graphs

Circular graph axes
Lines with quantitative scales radiating from the centers of circular graphs are generally
referred to as radial axes. The radial axis at the zero point on the circular axis is a zero base
line axis (sometimes referred to as polar axis when degrees are measured on the circular
scale). The line around the circumference of the circle is referred to as the circular axis or
polar axis. There are two variations of three-dimensional circular graphs. One, referred to
as cylindrical, uses a vertical Z-axis as the third axis along which values are measured. The
other variation, referred to as spherical, has a Z-axis for reference purposes but also
incorporates a second circular axis along which the third variable is measured in degrees.
Examples of axes on four variations of circular graphs are shown below.

Data point
10% 270' Radial axis

ao<% 10% 300 Z-axis

;A / 210' 330'Z

15 Z
70% 0

70 C D 150 * 3' 8 0

sos' 50%Radial axis70
o 2140 300'

Circular axis Circular or polar axis Circular or polar axis

One-axis circle graph Two-axis polar graph Three-axis cylindrical
polar graph

Three-axis spherical
polar graph

Trilinear graph axes
The three primary axes of a trilinear graph are the three
lines that run from the vertexes to the bases opposite
them (altitudes). The primary axes form right angles with
the bases. The three lines that form the outside of the
triangle are generally used as scale or label axes. The
scale values on the label axes are projections of the
values measured on the primary axes. The label axes are
generally referred to by their position such as right, left,
bottom (also referred to as horizontal), their title, or X,Y,
and Z. There are no guidelines as to which letter should
be assigned to which axis.

Bottom or horizontal scale axis
Examples of the two sets of
axes on a trilinear graph

A specialized scatter graph designed to assist in the
interpretation of three-dimensional data. One of the primary
functions of this type of graph is to display patterns of data
points; therefore, scales are many times omitted. Sides are also
omitted and the floor is frequently positioned somewhere within
the cloud of data points, many times at the vertical midpoint.
The location of the vertical axis is chosen so as to highlight
particular characteristics of specific data. Axis scatter graphs are
especially helpful in conjunction with the ability to rotate the
graph.

Vertical axis positioned to
highlight Qharacteristics of data

Axis scatter graph
with reference plane
through data points

Axis Scatter Graph
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Axonometric Projection
(View)

When a graph or map with data on three axes is shown in three-
dimensional form, an axonometric projection or view is generally
used. In this type of view, the graph, map, or other object is tilted

a. A aL.t.AtI -i th. iwr ce thfl - i t#h 5 UI""t lU- -[EM 'i Ul -l;W; "s~ "" t *Up Uv l
bottom and two sides as shown at the right.
Two-axis graphs are sometimes shown in
axonometric view, as illustrated at the left,
but the special view yields no additional
information over a standard two-
dimensional or oblique view. * Although
not a necessity, depth is

AAn.~ti {11A tr Art.
Axonometric view of a ' UUU IA \ata
two-axis graph. Some- graphics for category type
times referred to as data to improve appearance.
three-dimensional. (illustration at the right)
* When axonometric views are used for
analytical purposes, the direction of rotation can
have an effect on the readability of the data. If .11,
the high points on a graph or map are concen-
trated on one side or if it is important for the

ad(
Data graphics or

Eat -~ I_-S -lA
rrnave ua

1(

viewer to see particular data, the
chart may need to be rotated in a
direction that will best display the
most important characteristics.
For instance, the two examples
at left show maps of the same
data with the same degrees of tilt

Two maps of the same data with two different orientations. and rotation. The difference
The one on the left is most frequently used. between the two is that they are

rotated in opposite directions. More features of the smaller peak on the east side are visible
in the example on the left than in the example on the right. * With three-axis charts, the
amount of tilt and rotation can also have an effect on the readability of the chart. For
example, when the values on the Z-axis are relatively small, a slight amount of tilt might be
adequate. When there are many high peaks or values relatively close together, a greater
amount of tilt is advisable so the data graphics in the front do not obscure the ones in the
back. Examples of several different combinations of tilt and rotation are shown below.
Users of these charts should note that when the degrees of rotation and/or tilt approach zero
or a multiple of 900, some of the advantages of an axonometric view are lost. Varying either
the tilt or the rotation without
varying both will result in
charts that are difficult to
interpret. * An isometric
projection is a variation of
axonometric projection in
which the angles between
each pair of axes is 1200. See
example below.

Z-axis

I Deorees Of rotation
_0 0 30 ;60 V

1 T 1 . T. . T -

eijjjj LA1e
I I I I I /1_ I I

3oXAs7
b1 1. I I I I IIs a l _ _ I - - r-

0 60RIhtt1Ž

An isometric view of something is
an axonometric view in which the
angles between each pair of axes
Is 1200

See Projection2 for a
comparison of graphs and
maps generated using oblique

2) Aand axonometric projections.

-1,11 m I

eOiflJ X
Axonometric views of the same three-dimensional area
graph with varying amounts of rotation and tilt

(Degrees of rotation and tilt are based on an arbitrary set of reference
angles. A different set of reference angles would result in different numbers
of degrees but the appearance of the graphs would be the same.)

An axonometric view of a
three-dimensional graph with
data plotted on three axes

hout depth depth
Jded added
i axonometric views may or
pth added. They frequently do.



Background

Back Plane

Background is the material shown behind the major elements of a chart.
It might be the area behind and around a graph, map, diagram, or table,
or the area on a larger chart on which one or more other information
graphics are mounted or superimposed. Reasons for using backgrounds
include improving the appearance, reducing eye strain on the
viewer, subtly conveying additional information, enhancing Backgrounds
the material being presented, setting a mood, or helping to orient the
viewer. There is a large variety of backgrounds to choose from including
transparent, white, solid colors or fills, gradient colors or fills, pictures,
patterns, and text. See examples at right.

Sometimes referred to as a wall. Back planes are the vertical planes on three-dimensional
graphs formed by the Z-axis (vertical axis) and the X and Y axes. Grid lines for one or more
of the axes are many Vertical or Z-axis Back planes are
times displayed on sometimes given
the back planes. the appearantkeso
Back planes are

smtmsgiven the plnsGrid lines can beBcplnsomretim Baanes -, displayed on back

appearance oforwlspae
having thickness for
aesthetic purposes. X and Y axes

Back planes on three-dimensional graphs

Ballantine Diagram Also referred to as a Venn diagram or set diagram. Ballantine diagrams are used to describe
the relationship between two
or more sets of things or bits
of information by the relative
positioning of geometric
shapes (normally circles). See
It-n YN--ra

Circle B represents 100 buyers of
red cars

The area in which the two circles
intersect represents 25 buyers
who bought red brand X cars

Circle A represents 175 buyers of
V tI11 L..a Lakil. -brand X cars

Ballantine diagram

Sometimes called a silhouetted, area band, or range graph. A band
graph displays spreads, ranges, or differences. Often the midvalue
is displayed within the band as shown at right. An example of a
midvalue might be the average water pressure each day. In that
case the upper and lower boundaries of the band represent the
high and low pressure readings for the same days. The band may
or may not be filled. When midvalues are shown, the graph is
sometimes called a high-low graph.

8-

6-

4-

2-,

0 -

\ Lower
values of the band

u '91 '92 '93 '94
Band or high-low graph

Sometimes called cycle, deck, tier, or phase. The major interval on a logarithmic scale.

Sometimes a series of symbols are shown on a bar
graph to designate reference points or points of
comparison for each of the bars. The reference points
might designate such things as budget, plan, last year's
value, or specification values. By means of the
symbols, the viewer can easily make comparisons
between the actual values (as shown by the ends of the
bars) and some other set of values designated by the
symbols. Any symbol that crisply identifies the
reference value can be used. Bar and symbol graphs
typically have only one data series represented by
horizontal rectangles. Multiple sets of symbols can be
used on the same graph to indicate two or more sets of
reference values. Symbols are seldom used with
grouped or stacked type graphs.

Symbols typically designate individual
reference or comparison values for each bar.
The reference values might be such things as
budget, last years value, specification, etc.

A A
V B

B V c

0 1 2 3 4 5 6 0 1 2 3 4 5 6

Bar and symbol graphs

A variation of the proportional area chart family. In a bar chart,
the size of each bar is proportional to the value it represents. Bar
charts do not have scales, grid lines, or tick marks. The value
that each bar represents is shown on or adjacent to the data
graphic. The major purpose of the graphical portion of a bar
chart is to visually orient the viewer to the relative sizes of the
various elements of a data series. With a quantitative scale on
the horizontal axis, the graphic is frequently called a bar graph.
See Bar Graph and Proportional Chart.

Item A M

Item B

Item C

Item D

Item E -x

Bar chart where the sizes of
the bars are proportional to
the values they represent 27

Band Graph

Bank

Bar and Symbol Graph

Ili

Bar Chart'



Bar Chart2

Both vertical and
horizontal grid lines are ,

frequently used

Price and net asset
value are among N

the most common 9
titles

Vertical axis labels are
nenaraltv in dollars and/or

display some combination
of opening price, closing
pnce, highest price, and/or
lowest price for a
designated period.
Sometimes only one price
is plotted. Other times all
are used.

The vertical scale may be on
the left side, right side, or
both sides. It often is on the
right side since that is where
the most current data is
shown.

cents.Thfe scale might be Time (e.g., from minutes to years)
linear or logarithmic. Example of a bar chart

Symbol used with bar charts
The symbol used with bar charts consists of one vertical line and one or more short
horizontal lines intersecting or abutting it. The horizontal lines are sometimes referred to as
ticks or markers. The key elements of the symbol are described below.

High - The top of the vertical line Close - The small line or rectangle located on
designates the highest price paid for the the right of the vertical line designates the

particular entity in the period of time
represented by the symbol. It is generally

called the high.

Occasionally a calculated value will be
included such as midpoint, average,

weighted average, etc. The line
designating these values frequently

crosses the vertical line

Open - The small line or rectangle on the
left of the vertical line designates the
price of the first sale of the period. It

might be located anywhere along the
length of the vertical line. The value it

designates is referred to as open.

Low - The bottom of the vertical line
designates the lowest price for which

price of the entity in the last sale of the
period. The value it designates is referred to
as close. When it is the only tick on the
symbol, it sometimes crosses the vertical line.

There are a number of tick mark variations
that are possible, most of which have no
significance other than appearance.

Thickness of Length of tick Tick marks can
tick marks can marks can be be the same or

be varied varied different

The width of the vertical line is
optional. It generally is a simple
tine. The width selected I
generally has no significance.

that particular entity sold in the period of Enlarged bar Whatever variations of tick marks and vertical
time represented by the symbol. The chart symbol lines are decided upon, they are used
value It designates is call ed the low. throughout a given chart.

All or none of the tick marks shown here might be used with a given bar chart. Examples of
the most widely used variations are shown below.

and close Displayed on right Crossing vertical No tick marks. Rectangle formed
tick marks of vertical line line Used primarily between open
shown on their Close tick mark onIy when symbols and close. See
respectivesides mare very dense Candlestick Chart

The examples below illustrate some of the common bar chart symbol configurations
resulting from particular combinations of open, close, high, and low prices.

P Close the Open the Open, low, Open the Open the same
dcaClose higher Close lower same as same as and close all same as as low and close

relationships than open than open high low the same close the same as high

Configuration [ r r
of symbol A | 1 J 1 + j

28

Sometimes referred to as a price chart, vertical line chart, open-high-low-close (OHLC)
graph, high-low-close-open (HLCO) graph, high-low-close (HLC) graph, or high-low
graph. Bar charts are used to record and analyze the historical selling prices of such things
as stocks, bonds, and commodities. The plot might represent a single entity (e.g., General
Electric, IBM, McDonald's, etc.) or the average of multiple entities (e.g., all stocks in a
particular exchange, selected industrial companies, selected utilities, etc.). Price is
measured along the vertical axis and uniform intervals of time progress from left to right
along the horizontal axis. Time intervals range from minutes to years depending on the
purpose of the chart. Days, weeks, and months are among the most frequently used.
Whichever time interval is used, one symbol represents each time period. Vertical price
scales can be shown on the left side, right side, or both. Because of the width of the charts,
the large amount of data, and the fact that the data on the right side of the chart is usually of
greatest interest, two vertical scales or a single scale on the right side are commonly used.

Tka - -hi nnrIh,



Data points connected with lines
In most charts the symbols are not connected by lines. In some cases, particularly where a
trend is considered more important than the spread of data, lines are used to connect
selected data points such as all closing values or all midvalues. When specific points, such
as closing values, are connected, some or all of the other data points such as high, low, or
open might be left as is, deemphaized by making them faint, or eliminated completely.
Examples in which closing values have been connected by lines are shown below.

3tJ

35

34

33

32

31

30

29

28

ib - 36

35 - - 35

34 - - 34

33 - 33

32 -32

31 - 31

30 - 30

29 - 29

28 - 28
Open, high, and low values included All values except close eliminated

Closing values connected by lines

Grid lines and frame
Whether vertical grid lines, horizontal grid lines, both, or neither will be used is largely
dependent on the purpose of the chart. In many cases the viewer wants to know the exact
time period associated with a particular symbol. When this occurs the vertical grid lines can
be very helpful. Similarly, with three to five different data points associated with each
symbol, the horizontal grid lines can become almost a necessity. On the other hand, if one
is simply looking for a general trend, perhaps no grid lines are needed. Examples of various
combinations of grid lines are shown below.

1 ~ 34
I I . Z~ .L

11 32
_ _ _ __ _ _ _ _ _ _ 31E li ____ 29~f

tl'tft 9I

60
-35

34
33
32
31
30
29

Both vertical and horizontal grid lines can When exact time intervals are not important,
be shown when greater detail is desired. vertical grid lines are sometimes eliminated.

I I ll. ,I,. .I L3 6 36 - L - 36
IIII1 1111 11 111 I 11 11 1-35 35

_4 34

I IIIIII I II- 3 33

III 3 32

l-35 30

-33
-32
- 31

-30
29 29 - - 29
28 28 28

When the purpose of the chart is to give an To provide increased focus on the data itself, the
overview of spreads and/or trends, grid lines frame as well as the grid lines are occasionally
are frequently not required. eliminated.

Variations in grid line and frame combinations
Vertical grid lines generally encompass groups of time intervals. For example, if daily
intervals are plotted, grid lines are generally placed between every fifth interval to group the
symbols by week (Saturdays and Sundays are omitted). If weekly intervals are used, the
vertical grid lines typically group the intervals by month.

Insets and notes

Insets and notes
are many times
added to bar
charts to give the
reader additional
background data
to interpret the
information. - , I---Y Y

Example of an inset of historical Notes describing significant events
performance. On a chart such as that may be related to the data being
this, there is typically a one-year presented are many times shown on
overlap between the data on the or adjacent to the bar chart.
inset and the data on the main chart.

0

0

0

0

0

-29

Competitor Interest rates
introduced major increased to 7.5%
new product \ .

I11w11

slw
I "I president

Dividend raised 20% announced

Bar Chart2 (continued)
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Bar Chart2 (continued) Vertical scale
Selling price is displayed on the vertical axis with values increasing upward. Price scales
are often expanded to provide greater detail. It is common for scales not to start at zero. It
is very uncommon for a price scale to have a break or discontinuity 58.5

in it. In most cases the units on the vertical scale are in dollars. In 581/2

specialized cases the units might be in cents, points, multipliers, etc. 5816/32

Generally the labels represent whole numbers such as 57, 58, 59, 5816

and 60. In some cases, particularly where the spread of values from 5832/64

the lowest to the highest value is small, fractions or decimals might 58A32
be used. Depending on the minimum size units at which the entity is Different ways the same

eniy value ($58.50, in this
traded and the customs of the particular market, fractional values example) may be
may be displayed in several different ways. See examples at right. displayed on bar charts.

Reasons for using logarithmic scales
Both linear and logarithmic scales are widely used on the vertical price axis. The
comparisons below illustrate three major reasons logarithmic scales are used. In each
example only the midpoints are plotted. The same principles apply when multiple data
points are plotted for each time interval.

To make certain values more legible when the range of values is large
600

500
s

0a)

*r 300

a, 200
.E_

100.

0-

These graphs illustrate
how the use of a
logarithmic scale
makes some values
more legible. For
example, in the graph
on the left with a linear
price scale, it is

difficult to accurately estimate the values at the beginning of the chart. When the same data
are plotted on the logarithmic scale at the right, the values at the beginning of the chart
become more readable. Unfortunately, the readability of the values at the other end of the
chart is decreased.

To make changes in growth rates more visible
--- ----
esu

a, 200

a, 150
C.)
0..r_
X 100

0

These two graphs U
illustrate the value of a
logarithmic scale for D 100 * 5% rowthrate
highlighting changes in '. ..
rates of growth of the 'E 1 -250% growth rate

price of a stock. Based < 1

on the graph on the left 0
with the. .inenr .... it.... t. ......

might appear that the stock has had a steady and uniform growth rate. The graph of the
same data with the logarithmic scale (right) indicates that the rate of growth of the stock has
steadily decreased over time. This is evidenced by the continuing decrease in the slope of
the curve over time. Actual calculations show a growth rate of 250% between the first and
second time intervals and a four to five percent in the last four time intervals.

To compare the growth rates of multiple entities
--- - .. ... ---AA
Zb0

a) 200
i(
0
ED 150
O
0.

1s 100

C
.J 5 0

0

Parallel lines 10M=)
indicate the -
two stocks areAAd

asical y the (831oo0
same rate. a *(IS*

Or Stock B * *1 Nonparallel
Q Llines indicate
.E 10the two stocks

are growing at
different rates,

IM with B growing
X the fastest

Comparing the growth rates of multiple stocks using a linear scale is difficult. Based on the
graph on the left with the linear scale, one might be inclined to conclude that stock A is
growing at a faster rate than stock B. Based on the steepness of the slopes in the graph at
the right with the logarithmic scale, it can be seen that both stocks grew at about the same
rate during the early periods (parallel fitted curves), but during the latter time intervals
stock B grew slightly faster than stock A.30



Bar Chart2 (continued) Horizontal scale
The horizontal axes of bar charts always have time scales. The time intervals range from
minutes to years depending on the purpose of the chart. Time intervals of one day are the
most widely used. Time intervals in the same chart are generally all the same. The
following examples illustrate some of the unique features of bar chart time scales.

Daily stock price chart

A space or gap is generally
shown for holidays. The word

"holiday" may or may not be
included in the space.

Jht
Typically only one date

per week is shown, It I
1aar:ilw- ia Ifl I

Mond ayor Frday.If - * 7
space is scarce, one
date might be shown |
for every two weeks.

eAa I

daily

4it,'

14 21 28 4 11

iple of a time scale on a I
time intervals grouped bj

Vertical grid lines many times designate
five-day intervals. Saturday and Sundays
are typically not included. The grid lines
may or may not coincide with specific
dates and symbols. In this example they
are placed between the symbols.

Each symbol
summarizes the
results for the entire
day.

Months are generally
I X indicated. Short

vertical lines are
- - Almotmvs l~at tn,

I 18 25 2 designate the months.
- These vertical lines

Ju- Juu frequently do not
coincide with the lines

Dar chart with designating weeks.

The scale format shown above grouping daily symbols by
week is one of the most widely used. Occasionally, daily
symbols are grouped by month, as shown at the right.
With this high concentration of symbols, many times only
the vertical lines are displayed, or specific points such as
closing are connected by lines and the other ticks are
eliminated.

VT VIely UIOCK pIVAe UlI4rL

Irregularly spaced grid -
lines frequently occur

since some months
include the results of four

weeks while others
include five weeks.

Aug Sep Oct

Daily time intervals grouped by month

Example of a time scale on a bar chart with
weekly time intervals grouped by month

In this variation, vertical grid lines designate approximately one-month intervals.
Whatever month a particular day of the week (generally Friday) is in determines what
month the total results for that week will be shown. For example, if the first four days of a
week are in March but Friday is in April, the results for the week will be shown in April.
This procedure results in some months showing four weeks and others five weeks. Some
charts use equally spaced vertical grid lines and leave a gap in those months with only
four Fridays. Others have no gaps, resulting in irregularly
spaced grid lines. The example above has irregularly LI
spaced grid lines and no gaps. (Holidays are typically not 1M1 0 I
noted in weekly graphs.) Occasionally weekly results are fiqiI L ji)1l ( ij IL
grouped by year, as shown at the right. With this many I fl "11 71Z8
symbols, ticks are often omitted. When data is this dense, _ _ _ l_____'_

specific points such as closing are sometimes connected 1992 1993 1994

by lines and the open and close ticks eliminated. Weekly time intervals grouped by year

- _iV1UI1LXIIm bLUL pPi Mr LI1141 L

When price data is summarized by month, it
is generally grouped by year as shown at
the right. Generally individual months are
not labeled.

-ftl
1992

Each symbol summarizes the
results for an entire month.

1993 1 1994

Example of a time scale typically used on a
stock price chart with monthly time intervals 31
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Bar Chart2 (continued) Graphical methods to assist in the interpretation of bar charts

Many graphical techniques have been developed to assist in analyzing price charts,
particularly bar charts. Among the many reasons for such techniques are:

- To gain a deeper understanding of what has happened or is happening to
prices in order to determine the ramifications or significance; and

- To attempt to project a stock's future performance so that decisions and/or
recommendations might be made.

Among the things analysts look for in bar charts are the general slope of the price line and
its characteristics, such as whether the slope is steep, shallow, positive, negative, changing,
oscillating, etc. Sometimes they look for lines that cross. It may be the price line crossing a
trend or support line, or, in other cases, it might be two construction lines crossing one
another, such as two moving average curves. The examples shown below are representative
of some of the more widely used graphical methods. The interpretation, value, and
significance of any of these methods can only be decided by someone knowledgeable in
that field.

Trend lines

The term trend line is defined in a number of different ways. One widely accepted
definition is a straight line passing through major peaks or valleys of a bar chart spanning a
given period of time. Trend lines are used with individual items such as a specific stock,
segments of markets, or, in some cases, entire markets. Uptrend lines pass through the
lowest points (valleys) of a price chart when each successive major valley is higher than the
previous major valley. Downtrend lines pass through the highest points (peaks) of a price
chart where each major successive peak is lower than the previous major peak. When a
continuous trend line spans a long period of time it is referred to as a major trend line. Short
trend lines are referred to as minor trend lines. Examples are shown below.

0a

$36

35

34

330*<

32

31

30
Time -.

Examples of major and minor uptrend and downtrend lines as used on bar charts

Support and resistance lines

Trend lines drawn through the peaks of a price chart are sometimes referred to as resistance
lines, whether or not the lines are ascending or descending. Trend lines drawn through the
valleys are sometimes referred to as support lines, whether ascending or descending.
Ascending lines are called bullish and descending lines bearish.

Minor bullish
support line Major bearish support line

(descending bottoms)

Time-b
Examples of support and resistance lines
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32
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Bar Chart2 (continued) Channels
The area between essentially parallel support and resistance lines is sometimes referred to
as a channel, trading zone, or trading pattern. If ascending, the channel is referred to as an
up channel; if descending, a down channel. If flat (horizontal), the channel may be referred
to as rectangular, trading zone, or line formation. Support or resistance lines covering long
periods of time are referred to as major, shorter ones as minor.

ID
or_

a.

Time-
Examples of channels formed by trend lines, support lines, and resistance lines.

ID
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Formations and patterns
Certain recurring formations or patterns have been identified and in some cases given
names. Many of the patterns are formed by minor trend lines. To experienced analysts,
these patterns sometimes give meaningful indications. A few of the formations and

7o#7ffr ... :.I wZf~ r. ru;-~ r r r7 wyr En_

pal
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Time-*.
Examples of typical formations and patterns

Linear regression line
A linear regression line is sometimes described as a straight line that best represents a
data series. Such a line is sometimes used for assessing the general short and/or long term
trends of the data and may be applied to ascending or descending values. The slope of the
regression line is normally determined using established mathematical techniques.
Regression lines seldom pass through all data points and sometimes pass through none.
They can be generated for any of the key price figures such as open, close, high, low,
midpoint, or any combination thereof. When multiple regression lines are drawn such as
high, low, and close, the lines may or may not be parallel. In addition to determining the
historical slope or trend of a stock, regression lines are sometimes used to project or
estimate future performance. Projections are normally differentiated from the main body
of the regression line 26 Linear regression line Linear regression line
by means of dashes. 25 1 of closing prices if of closing prices if

colors, or shading. 24

One of the more 23 -

difficult aspects of 22-
Ca 21-

applying regression a
lines to bar charts is 19

deciding what period 18

of time should be 17

used, since different 16- TimeperiodA

time periods can 15 - ' Time period B I

yield significantly 14-

different lines, as Linear regression lines covering slightly different time periods,
illustrating the impact that time period selection can have on

shown here. the slope of the regression line 33



Bar Chart2 (continued) Moving average curves
Moving average curves are frequently used with bar charts to smooth the data, make trends
easier to see, and identify potential decision points. Moving average curves might be based
on open, high, low, mid, or close values. Occasionally a combination of two or more values
is used. It is not uncommon for multiple moving average curves to be shown on the same
bar chart. A moving average curve smooths the data by plotting points that are the average
of several time intervals. For example, on a chart that plots data on a daily bases, the value
plotted for each day might be the average of that day's value plus the values for the
previous 19 days. This would be called a 20-day moving average curve and would be much
smoother than a curve of the actual daily data.

Variations in number of periods in average

There is no limit as to how many time
intervals can be included in the average. For
short-term analysis, 3 to 10 days might be used
(sometimes referred to as fast moving
averages). For longer-term analysis, 50 to 200
days are frequently used (sometimes referred
to as medium or slow moving averages). The
more periods included in the averaging
process, the smoother the curve but the slower
changes in direction appear.

Front loaded methods

Front loaded moving average curves place
greater emphasis on the most current prices than
on the older prices. This tends to make the curve
more responsive to current fluctuations in price.
Three of the methods typically used are
weighted, stepped weighted, and exponential. A
comparison of weighted and unweighted ten-
day moving average curves is shown at right.
Note that the front loaded curve more closely
follows the actual data curve.

a'
a._

Three moving averages, each with a different
number of days used in the average

a)
C.)

a.

Sometimes envelopes or bands are formed
with moving average curves. Some analysts
believe that when the price curve goes beyond
the envelope, actions are indicated. One way
to form an envelope is to generate two or more
additional curves at fixed percentages above
and below a standard moving average curve.
Another is to generate moving average curves
for the highs and lows. (There are also
methods for generating envelopes without
using moving averages.)

0IIIALeu lIUviU avCr rur ve

Occasionally one or more moving average
curves are shifted or displaced horizontally. If
only one displaced moving average curve is
used, the analyst frequently looks where the
stock price curve crosses the shifted moving
average curve. In another case, the moving
average curve might serve as a trend line. If two
moving average curves are used, an analyst
might look for the point at which the two curves
cross as an indication to take some action. An
example of such a situation is shown at the right.

34
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Comparison of weighted and unweighted
moving average curves

Moving average envelope

Unweighted 1 0-day moving average A IV -

Weighted 10-day moving /
average

Actual price data t

Standard 10-day moving average / -

Sitdmvmoving ngve a curve
shifted horizontally t
the left fi I

Actual price data ',7 /

/ / Crossover points that
/ / \analysts sometimes
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Bar Chart2 (continued) Retracement lines
Retracement lines are a series of lines that enable the viewer to see what percent of an
advance or decline has been or is likely to be reversed. Retracement lines are frequently
drawn horizontally between two reference prices. If a stock experiences a marked increase
over a period of time, the retracement lines would be drawn between the price at which the
increase began and the price where the increase ended. For example, a horizontal line might
be drawn at a price that represents the new higher price, minus 38% of the difference
between the prices at which the increase began and ended. In this way the viewer can
visually determine if and/or when the price of the stock loses 38% of the gain it had made.
With a series of lines such as 25%, Second reference point where
33%, and 50%, the viewer can upward trend ended
I - -:2- 4- - - - 2 A A 4 F AT
ueternune what percent retracemenm nas
taken place at any time. Lines might be 23

shown for the full width of the graph, as
tick marks, or any variation in between.
Retracement lines can be used when .U 21

prices are ascending or descending.
Sometimes arcs are used instead of
straight lines; in this case both vertical 19

and horizontal distances are taken into 18

consideration. Examples of horizontal

C2.

(D rJa)
t0-2

nc0 3
C 0L

U.-

>'0

X SY

retracement lines are shown at the right. "N First reference point whereI upward trend started

Example of horizontal retracement lines

Volume chart
Many analysts feel that the relationship between the price of a thing being sold, such as a
stock, and the volume of it that is sold is important to an overall analysis. Volume charts
are used to provide the
second bit of information. D 'i
Two variations of volume
graphs are shown at the
riGht Tpchnicallv thpv arP

20 0 i I JI 1I. 11 1 11

Time (typically days, weeks, or months) -.
not part of a bar chart; Volume chart using a vertical line graph. This format
however, since they are is sometimes referred to as a volume histogram.

most frequently displayed 300.000 A

and used in conjunction E 200,000

with bar charts they are > 100|.--
discussed here. Volume
charts are used to record 0 Time (typically days, weeks, or months) - -

several things including Volume chart using traditional line graph

shares of stock, number of Examples of the two most widely used types of volume charts
contracts executed, number of contracts open at the end of trading, number of price
reversals, etc. The most familiar use is the recording of the number of shares of stock sold
in a given period of time. The period of time is the same as that used in the price bar chart
the volume chart accompanies. Whether the volume plotted applies to an individual stock
or a family of stocks depends entirely on the price bar chart. Whatever the bar chart applies
to, the companion volume chart applies to the same thing. When used in conjunction with

bar charts, the volume chart typically uses a
Pnce curve, I~l 4 1r ,,r vertical line graph format; however,

occasionally a segmented line graph format
is used. In both types of graph, volume is

rev t>*W^ ItrtL~ r g recorded on the vertical axis and time on the
IrIlt,*,ihI41lt' 1 horizontal axis. * The example at left

represents a typical combination chart

. Volume graph showing stock price information at the top by
e0 ,,,,,,,,,,,,,,ll,, Smeans of a bar graph and volume

11111information at the bottom using a vertical
Time (typically days, weeks or months) 111 line graph. In this example, the two graphs

Typical price and volume chart in which share a common time scale, but each has its
the same time scale applies to bothscale.
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Bar Chart2 (continued) Indicators
Dozens of indicators are used to analyze the data on bar charts and to predict future
performance of a stock, a market, or a segment of a market. A large portion of the
indicators are mathematical derivatives of information on the price and/or volume charts.
Most utilize a simple line graph to display the indicator, similar to those shown below.
Viewers are generally looking for such things as the trend of the indicator, when the
indicator crosses a certain value, changes in direction, or cyclical behavior of the indicator.

Time -0 Time -
Many indicators have only positive values. They may Indicators with plus and minus values are common,
or may not use reference lines or limits of some sort. particularly those that track oscillators and cyclical trends

Examples of the types of graphs frequently used for indicators on stock price charts

Some indicators are
superimposed on the
stock price chart while 35

others are juxtaposed, 34

generally above or
below. Whether super- 33

imposed or juxtaposed,
the indicator graph 9
frequently shares a 31

common time scale with
the nrc cart A. 30

90

80
70-

35-

34

33

32

31-

15

10-
5-.

t.. F1" -- -' -- Time -o Time --
at right. If the actual Example where indicators are Example where indicators are juxtaposed
values of the indicator superimposed on the price chart above and below the price chart

are important and its values and/or units are different fromthe bar chart, an additional vert-
ical scale may be used. Where shape, slope, points of crossing, etc., are the significant char-
acteristics of the indicator instead of actual values, additional scales may not be necessary.

Superimposing other curves on bar charts

When reviewing the overall performance of a company and its stock price, many curves
covering different aspects of the company are sometimes superimposed onto the same bar
chart with the stock price. For example, it might be of interest to see how the price of the
stock relates to earnings, changes in dividends, the volume of the shares purchased, and the
performance of other markets. The information included on a particular graph varies
significantly depending on its purpose and the audience. Some of the most common types
of information included are shown below.

It is not uncommon to have two or more
moving average curves displayed.
Moving average curves use the same
scale as the price curve.

One or more
indicators are

frequently used.
Depending on the-

values and units of
measure, they mat or

may not require taeir
own scale.

It is common to have
one or more curves

comparing the
individual stock price

against some stock
market norm such as

the Dow Jones
Industrial Average.

A volume curve is
typically included to
indicate the number,

of shares of stock
sold during each time

interval.
36
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The price curve many times has its own Even though there
scale because the values are frequently may be two or more
larger than those used by the other / scales, generally
curves, and they often are logarithmic. only one set of

'90 '91 92 93 94 sP5aw.
Illustration of how additional information is
sometimes superimposed over a bar chart

izontal gnd pines
shown. That
set generally

lies to the stock
ie and
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same linear
ile as the
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ve. The symbols
icate when the
dends were



Bar Graph

Simple bar graph

Cars

Buses

Vans

Trucks

Bikes

0 1 2 3 4 5 6
Typical simple bar graph

When a bar graph displays a single data series similar to the
example at left, it is generally referred to as a simple bar graph.
The bars can be any width; however, with few exceptions, bars
are uniform in width throughout a given graph. The same is true
for the spaces between the bars. The horizontal scale is always
quantitative and both positive and
negative values can be plotted as
shown in the example at right. When
both positive and negative values are
plotted it is sometimes referred to as

a deviation graph. Linear scales are almost always used on the
quantitative scale. When the bars become so wide there are no
spaces between them, the graph is sometimes called a joined
bar graph, connected bar graph, stepped bar graph, or
histogram. Two examples are shown below. In some cases a

Grade 8
Grade 7
Grade 6_
Grade 5
Grade 4
Grade 3_
Grade 2] -
Grade 1

-6 -4 -2 0 2 4 6 8
Change in class size

Both positive and negative
values can be plotted
along the horizontal axis.

Condition 7
Condition 6

Condition 5

Condition 4

Condition 3
Condition 2

Condition 1

0 1 2 3 4 5 6
With no spaces between bars
the graph is sometimes called
a joined bar graph, connected
bar graph,stepped bar graph,
or histogram.

14

W 12

'E 10
or 8

06
0

4

>: 2

C

0 5 10 15 20
Bar graphs with quantitative
scales on the vertical axis
are many times referred to
as frequency bar graphs,
histograms, or area bar
graphs.

joined graph is used to emphasize
abrupt changes from one item or
condition to another. In a few
cases quantitative scales are
applied to the vertical axis of a
joined bar graph. When this is
done the graph is sometimes
referred to as a frequency bar
graph, histogram, or area bar
graph. Area bar graphs are
discussed below. Histograms are
discussed under that heading.

37

Sometimes referred to as horizontal bar, horizontal column, or rotated column graph. Bar
graphs are a family of charts that display quantitative information by means of a series of
horizontal rectangles. Sometimes the term bar graph is used to refer to graphs with vertical
rectangles. In this book, graphs with vertical rectangles are called column graphs (see
column graph). Bar graphs are most frequently used to show and/or compare the values of
multiple entities at a given point in time - for instance, the year-to-date sales for each
salesperson or the population of the five largest cities in a country as of the end of 1995. An
example is shown below. Bar margin

Length of bar City A

The vertical axis of a bar graph The end of the bar designates the
generally has a category type scale. ~ City B value of the data element being

represented by the bar.
city c - \

City D \ Width of bar
Inter-bar space or gap

City E Each bar represents a data element
The scale on the horizontal axis is of a data series and a complete set

always quantitative. Millions of people of bars represents a data series.

Typical bar graph

Each rectangle represents a data element in a data series and a complete set of bars
represents a data series. The end of each bar is located at the value it represents. Because the
ends of the bars are so pronounced, this type of graph is considered good for showing
specific values. Because of the stand-alone nature of the bars, it is also well suited for
representing discrete data. Bar graphs have a quantitative scale on the horizontal axis which
is normally linear and typically starts at zero. Dual quantitative scales are seldom used. Bar
graphs typically have a category scale on the vertical axis, with entries consisting of word
descriptions such as names, events, products, organizations, etc. A sequential scale, such as
a time series, can be used on the vertical axis; however, a column graph is normally used for
this type of application. The few cases where a quantitative scale is used on the vertical axis
are discussed below.



Bar Graph (continued) Grouped bar graph - (multiple data series all referenced from the same zero axis)
When two or more data series are plotted side-by-side on the same bar graph, it is referred
to as a grouped, clustered, side-by-side, or multiple bar graph. With this type of graph, each
data element of each data series is represented by a separate bar. The data series are
differentiated from one another by filling the bars of each data series with a different

color, shade, or pattern, generally explained in a legend (see
example at left). The bars from each data series that
correspond to the first category on the vertical axis are
placed side-by-side to form a group or cluster in the center
of the space allocated to the first category. The bars from
each data series that correspond to the second category on
the vertical axis are placed side-by-side in the center of the
space allocated to the second category. This continues until
all of the columns representing data elements are entered on

0% 20% 40% 60%h6 me graphl. o Illustrate the procedure, a grapn mignt De
% of manufacturing costs generated to compare the percents that material, labor, and

Example of a grouped bar graph. overhead represent of the total manufacturing costs for three

plants that produce the same product. The bars that show the percent that material
represents for each of the three plants would be grouped in the space on the vertical axis
allocated to the material category. The bars that show the percent that labor represents for
each of the three plants would be grouped in the space allocated to the labor category, The
same process would be followed for overhead (see above). A space is almost always
provided between each group of bars so that the data associated with each category can be
easily distinguished. The spaces used in a given graph can be of any width; however, they
are generally uniform throughout a given graph. * The example below describes some of
the design features typically used with grouped bar graphs.

Each data series is identified by a All groups/clusters are the same There typically is no space
different shade, color, or pattern width on a given graph even if between the columns in a group
that is explained in a legend. one or more of the values is zero. or cluster. If there is a space it

is small and called an inter-bar
space. Overlapping results in
negative inter-bar spacing.

A category scale is normally Re surce A Bars can be of any width.
used on the vertical axis. FTe r eeal l h

Resource same width on a given graph
Tick marks may or may not be -

used on the vertical axis. .............................. . .....
Resource C

-e c - TThe spaces between groups
Resource D (sometimes referred to as

inter-group spaces) can be of
any width. They are generally

Resource E all the same on a given graph.

Space (sometimes called bar 4 6 8 gend
margin? is generally provided ° Europe

on the sides between the bars i Russia
and the frame. A quantitative scale is always * Africa

used on the horizontal axis.

Design features typically used with grouped bar graphs

Technically, there is no limit as to the number of data series
that can be plotted on a single graph. Practically, if the Test 4

number goes above three or four the graph becomes Test 3

confusing. Most variations of grouped bar graphs can -
accommodate both plus and minus values on the horizontal Test 2
axis, as shown in the example at right. Three-dimensional Test 1 ........... .........

grouped bar graphs (shown below) are sometimes used for
condtitton D A,

Test 4

Test 3

Test 2

Test 1

Condi
Condition

Senes 1

Series 2

-75 -50 -25 0 25 50 75 100

Oblique view of a two-axis
grouped bar graph

Grouped bar graph with
positive and negative
values

54<-

Three-axis grouped
bar graph

their aesthetic value. The
three-axis variation is
sometimes difficult to
construct and interpret and
therefore, a three-axis
grouped column graph is
frequently used instead.

;

To-



Bar Graph (continued) Grouped bar graph (continued)
Overlapped grouped bar graph

In an attempt to make grouped bar graphs easier to read, the bars are sometimes overlapped.
In this process the bars representing complete data series are shifted vertically such that the
bars of each successive data series are partially hidden by the bars of the data series in front.
The bars can be shifted up or down by any amount ranging from barely to completely
overlapped (100%). Care should be taken as the limit of 100% overlap is approached; the
graph can easily be mistaken for a stacked bar graph. The data series with the shortest bars
is normally positioned in the front so as not to be hidden by the longer bars. Examples of
25, 50, 75, and 100% overlap are shown below. It should be noted that when the width of
the graph stays the same, it is possible to increase the width of the bars as the percent of
overlap increases.

C

B

A

0 20 40 60 8o 100
25% overlap

C

B

A

0 40 60 80 100

C

B

A

-

c

B

A

0 20 40 60 80 100
50% overlap 75% overlap

Examples of varying amounts of bar overlap

Em"

E-_
0 20 40 60 80 100

100% overlap

Stacked bar graph - (multiple data series positioned on top of one another)
Simple stacked bar graphs

Sometimes referred to as segmented, extended, divided, composite, or subdivided bar
graphs. A simple stacked bar graph has multiple data series stacked end-to-end instead of
side-by-side as in a grouped bar graph. The far right ends of the bars represent the totals of
all components in the bars. The horizontal scale is always quantitative, linear, and starts at
zero. The vertical scale is almost always categorical. Stacked bar graphs are used to show
how a larger entity is divided into its various Inter-

components and the relative effect each component soalesc Esxpo~t csxfalY

has on the total entity. For example, a graph might I
show the domestic, export, and inter-company Product A Ends of

bars
components of sales for each major product line, as Product B designate

total salesshown at the right. Each data series is identified by Product c - of that

legend). Depending on the nature of the data, the Product D

largest, most important, or least variable Product E

components might be placed on the bottom of the 0 s0 100 150 200

stack. There are no rigid rules regarding relative Sales in $ thousands

placement of the various components. Stacked bar graph
100% stacked bar graph

Sometimes called percent-of-the-whole. Percent that domes'sales represent of
An important variation of the stacked total sales of produc

bar graph is the 100% stacked bar. With
this type of graph, instead of plotting the actual values for
each data series, the percents the values represent of the
total of all the data series are plotted. For instance, in the
example shown here, the first component of the bar for
product A shows the percent that domestic sales represent
of the total sales of product A. The second component

Product A

Product B

Product C

Product D

Product E

0% 20% 40% 60% 80% 100%

100% stacked bar graph
without spaces between bars

shows the percent that
export sales represent of

tic Percent that export Percent that inter-
sales represent of company sales

ct total sales of represent of total
product line sales of product line

rut
Product A

Product l

Product C

Product D 4 60 0% 0

Product E

0% 20% 40% 60% 80% 100%
the total sales of product A, 1 00% stacked bar graph
and the third component with spaces between bars
shows the percent that intercompany sales represent. The
two examples shown here contain the same data used in
the product example immediately above. Eliminating the
spaces between the bars (called joined) sometimes makes
relationships more visible.
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Bar Graph (continued) Stacked bar graph (continued)

Linked/connected stacked bar graph
In an attempt to make relationships easier to see, lines are sometimes drawn connecting the
boundaries between the data series. The resulting graph is referred to as a linked or
connected stacked bar graph. Connecting lines can be used with simple stacked or 100%
stacked bar graphs.

Product A

Product B

Product C

Product 0

Product E

Inter-
El company

sales

[:Export
sales

- Domestic

0 50 100 150 200 0% 20% 40% 60% 80% 100%
Sales in $ thousands % of total sales of product line

Simple stacked bar graph 100% stacked bar graph
Linked/connected stacked bar graphs

Three dimensional stacked bar graph

sales

A third axis is seldom used with stacked bar graphs.
Oblique views of two-axis stacked bar graphs, as
shown at right, are sometimes used for their aesthetic
value, though the technique generally results in some
loss in accuracy of decoding.

Negative values

Data series with all negative values can be
plotted on stacked bar graphs. Data series with
combinations of positive and negative values
result in very confusing and misleading stacked
bar graphs and therefore are rarely plotted.

Product

Product

Product

Product

Product

0 50 100 o15 200
Example of an oblique view of
a two-axis stacked bar graph

Department A

Department B

Department C

Department D

-10 -8 -6 -4 -2 0
Cost reductions in thousands of dollars

Stacked bar graph with a single bar (one-axis bar graph)

A typical stacked bar graph shows how the relative sizes of components change or differ
from one situation, condition, location, etc., to another. Each bar of such a graph shows

the make up of the components
0%/ 20% 40% 60% 80% 10o% at a given point in time or

ll lllllll under one set of conditions.
Sometimes the interest is in
just one point in time or one

0 10 20 So 40 condition, in which case a
Value single bar is used (left). When

Example of a stacked bar
graph with a single bar used in this way, the graph

functions very much like a
circle graph. * When a single bar is used, the quantitative
scale is some-times placed directly on the top or bottom of
the bar. The resulting graphic is sometimes referred to as a
one-axis graph. Actual value scales, percent-of-the-whole

scales. or both mi2ht be used.
as shown at the right. * Some-
times the scales are eliminated

and the values placed on tnteExample of a bar chart
(Since it has no scales, it data graphic. Without the scale,
is not called a graph.) the graphic is called a bar chart

instead of a bar graph (left).
40

0% 20% 40% 60% 80% 1

,!7EE

Single stacked bar with a
percent-of-the-whole scait

Value
0 10 20 30

Single stacked bar with a
quantitative value scale

0%6 20% 40%/ 60% 80%

0 10 20 so
Value

Single stacked bar with perc
of-the-whole and quantitative
value scales.

Stacked bar graphs with on
one bar. Sometimes called
axis bar graphs.

100%

40

100%

40

nent-
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Bar Graph (continued) Paired bar graph
Sometimes referred to as a sliding bar, opposed bar, two-way bar, or bilateral bar graph. A
paired bar graph is a variation of a bar graph in which two data series are plotted on the
horizontal axis. Values for one data series are measured to the right, and values for the
second data series are measured to the left. Values might be expressed in either units or
percents. The major purpose of the paired bar graph is to compare two or more data series
with particular attention to correlations or other meaningful relationships. The units of
measure and scale intervals for the left and right scales may or may not be the same. For
example, the number of males and females in five different departments might be
compared, in which case the units of measure (number of people) would be the same on
both scales. In another case the total number of employees in five different departments
might be compared with the expenses incurred in each department. Then one scale would
be in numbers of people and the other in dollars of expenses. Linear quantitative scales are
used on the horizontal axis, and generally all positive or all negative values are plotted.
Grid lines can be used but many times are not. The bars representing the different data
series can be filled with different colors, shading, or patterns to clearly differentiate them.
Examples of five major types of paired bar graphs are shown below.

1995

1990

1985

1980

1975

5 4 3 2 1 0 0 1 2 3
Female Male
Simple paired bar graph

Profession
D

Profession
C

Profession
a

Profession
A

*1I
LIt

100% 50% 0% 50% 100%
With degree Without degree

100% paired bar graph
(The percents on the 91 .10
two sides of the vertical 81.90
axis always add up to 71 - 80

100 % for a given 61.70
category.) ID 51 - 60

41 -50
31 -40
21 -30
11 -20

980 0 l 1s con

4 2 0 2 4 6 8
Male Female

Grouped paired bar graph

Examples of pairs

Pictorial bar graph

Sometimes referred to as a pictographs. A
pictorial bar graph is a graph in which the
rectangular bars have been filled with pictures,
sketches, icons, etc., (below), or where pictures,
sketches, icons, etc., have been substituted for
the rectangular bars (right). In both variations,
one or more symbols might be used in each bar.
The two major reasons for using pictorial graphs
are to make the graph more appealing visually
and to facilitate better communications (see
Pictorial Charts and Graphs).

Planes

Trucks

Boats

Vans

i& I& _ A&

Male Female
Pairea bar graph without spaces
between the bars. Sometimes called a
pyramid graph or two-way histogram

)d bar graphs

Town A

Town B

Town C

Town D

Aso
l-U

-U

2a
0 2'0 40 60' 80 If 10

Housing starts
Each symbol represents a certain
number of units. The symbol on the
end is cropped such that the edge of
the graphic is in line with the value on
the scale that the bar represents.

Town A

Town B

Town C

Town D

U

0 200,000 400,000 600,000 800,000 1,000,001

Bar graph in which the rectangles are filled with symbols
depicting the items the bars represent

0 20 40 60 80 100
Housing starts

o A single symbol is stretched such
that the end of the symbol is in
line with the value on the scale
that the bar represents
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Bar Graph (continued)
When inner values are Included it is
often called a high-low bar graph.

Range bar graphs designate upper and lower boundaries by
means of short bars. The boundaries might be measured or
calculated values, maximum and minimums, confidence
limits, 10th and 90th percentile values, etc. Additional
values, referred to as inner values, are sometimes also
designated. Inner values are typically the same values
designated by the end of the bars in a simple bar graph.
They always lie at or between the upper and lower values.
Inner values many times designate such things as average
and median values..

In a range bar graph, one end of the bar (normally the right
end) designates the upper value and the other end
designates the lower value. The bars for a particular range
of values are generally all the same color. When an inner
value is designated, it is often shown as a vertical line
across the bar. For example, if the scores for a group of
people are plotted for a battery of tests, the right ends of
the bars might indicate the highest scores achieved on each
test and the left ends the lowest scores; a line across each
bar might indicate the average or median scores. See
Range Symbol and Graph.

0 20 40 60 80 100
Example of a range bar
graph showing upper,
lower, and inner values

Lowest
score on test

St #1

Test #2

Test #3

Test #4

Test #E

ierage or
median
score

Highest
score on

test

Range bar graph showing the
highest, lowest, and average
scores on a battery of five tests

-Box type range bars

In some situations it is desirable to convey information
about the distribution of the data as well as the inner,
upper, and lower values. The amount of additional
information and how it is communicated varies
significantly. One example is shown at the right. See
Box Graph for additional examples.

Test #1

Test #2

Test #3

Test #4

Test #5

Minimum
-10th percentile

25th percentile
Average/mean

Median
75th percentile

9'th percentile
------- r Maximum

ii+ ++ +~+
H--T-

I- h

50 100 150 200 250
Range bar graph showing
information on the distribution
of the data as well as the
inner, upper, and lower
values. This type of graph is
sometimes called a box graph.

-Grouped range bars

Reading

Math

Science

0 20 40 60 80 100
* Class 1 0 Class 2 U Class 3

Grouped range bar
graph where the
ranges of multiple
entitles overlap

)ept.A Am

)ept. aD 11 l

)ept. c 1ii

)ept D m no
)ept. E [os ** Storei#l

U Store #2
40 42 44 46 48 50 52

% gross profit
Grouped range bar
graph where the
ranges of multiple
entities do not overlap

A grouped range bar graph format
can be used to compare the ranges
of multiple entities. For example,
the ranges of scores of other
classes might be compared with
the range of scores for the class
under study. When the ranges of
the multiple entities overlap they
are plotted side-by-side. When the
ranges do not overlap, the range
bars can be plotted in line with
one another. Examples of both
variations are shown at left.
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Bar Graph (continued) Graphs with ranges designated on bars

- Solid range symbol

The ends of the bars on bar graphs many times correspond to values such as average or
median. Range bars or similar type symbols are sometimes added to the end of the bars to
indicate values that tend to bracket the average or median values such as high and low
values, plus and minus 1, 2, or 3 standard deviations, plus and minus 90% confidence
limits, etc. When this is done, the graph is sometimes referred to as a high-low bar graph or
a bar graph with error bars. There are a number of different symbols used for this purpose.
Examples of three of them are shown below. See Range Symbols and Graphs for other
examples. High-low symbols are generally used with simple and grouped bar graphs. They
are almost never used with stacked or three-dimensional bar graphs.

Midau designated by and of bar
Lower value Upper value

A M

B i

c U
D N

E - o

0 2 4 6 8
Symbol the same width
as the bar

Midvlue designated by end of bar
Lower value Upper value

A a c e

B ~

D

E T

0 2 4 6 8
Narrow symbols may be
on the top or bottom of
the bars

Midau designated by end of bar
Lowe vlue Uppe! value

A

B

C +

D

E

0 2 4 6 8
This type of symbol is
sometimes referred to as
an error bar

Examples of typical symbols used to indicate ranges on the ends of bars

Gradient range symbol

When crisp vertical lines are used to indicate confidence intervals or ranges in which a
value probably lies, the viewer sometimes assumes there is a higher degree of certainty
associated with the values than actually exists. This is true of both the ends of the bars and
the symbols. To counter this, the crisp lines are sometimes replaced by graphics that are
blurred. Without defining a specific number that the viewer can focus on, the blurred
graphic encourages the viewer to think in terms of a range of values within which the actual
value exists. In addition to designating a range instead of an exact value, some of the
blurred graphics also indicate where the actual value most probably lies within the range. In
this type of graph, the end of the bar may or may not designate a specific value such as
average or median. Several examples are shown below. One would interpret the data
graphic associated with item A in the graph on the left as indicating that with a certain
degree of confidence, the actual value for A lies somewhere between two and four, with a
greater probability that it is closer to four than to two. The degree of confidence that applies
may or may not be noted on the graph.

The actual value lies
somewhere in the shaded
area. The heavier shading
at the right indicates there is
a greater probability that the
value is towards that end.

Range in which
the value of A lies

A

B

C F

D

E

0 2 4 6 8

The actual value lies
somewhere in the striped
area. The heavier stripes at
the left indicate there is a
greater probability that the
value is towards that end.

Range in which
the value of A lies

A

B lilIHI I
c
C 11111111W
D

E 2 4 l6l

0 2 4 6 8

The actual value lies
somewhere in the striped
area. The heavier stripes
at the center indicate there
is a greater probability that
the value is located
towards the center.

Range in which
the value of A lies

A

B

c JIEIIIJJJ111
D

E Jjjjjjlgjlj]jjj

0 2 4 6 8

The actual value lies
somewhere in the tapered
area. The larger width at
the left of the taper
indicates there is a greater
probability that the value is
located in that area.

Range in which
the value of A lies

A

B

c

D .. . . . .>

E

0 2 4 6 8

Examples of techniques for indicating the potential range of values with some
indication of the more probable location of the value within the range.

The gradient technique is sometimes used with histograms in which case it is sometimes
referred to as a fuzzygram. See Fuzzygram.
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Bar Graph (continued) Difference bar graph
There are three major types of difference bar graphs - simple difference, change, and
deviation. In all cases a quantitative scale is used on the horizontal axis and typically a
category scale is used on the vertical axis. Each is reviewed separately below.

Simple difference bar graph

A simple difference graph compares two data series by plotting the actual values of the two
data series and connecting the two values with a bar. The entire bars from zero to the values
for each data series might be included; however, generally only those portions of the bars
where the differences exist are shown. In some cases no effort is made to indicate which
series has the largest value. In these cases the bars are generally all the same color, shade,
or pattern. When it is desirable to indicate which of the data series is the largest, the data
series associated with the higher and/or lower values might be noted at the ends of the bars
or the information might be encoded into the data graphics. The actual numeric differences
may or may not be noted on the bars. Typical information that might be plotted on a simple
difference bar graph are:

- Average scores for two different groups of students on a battery of tests
- Male and female median incomes for different professions
- Frequency of various diseases for two different countries

Three ways of presenting the same difference data are shown below.
M greater than F

F - female; M - male m F greater than M

Test 1

Test 2

Test 3

Test 4

Test i F[C:]M Test I

Test 2 M = F Test 2

Test 3 FDz M Test 3

Test 4 M E F Test 4

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Sometimes there is no
indication as to which data
series value is the largest
for each category.

Sometimes the name of
the data series is encoded
along side of the value.

Sometimes the data
graphics are coded to
indicate which data
series value is the
largest for each item.

Variations of simple difference bar graphs

Change bar graph

A change bar graph compares multiple factors at two points in time or under two different
sets of conditions. Actual values are plotted. The values for the first time/condition and the
second time/condition for each item are connected with a bar. With this type of graph the
direction of change is generally considered important; therefore, a coding system is used to
indicate direction. Methods for accomplishing this are shown below. Since neither left to
right or right to left is always favorable (desirable) or unfavorable (undesirable), an
additional coding system is sometimes used to designate whether the change is favorable or
not. The numeric value of the change may or may not be shown on the data graphics.
Typical information plotted on a change graph includes:
- An athlete's performance on several tests before and after training
- A person's response time to different types of stimuli before and after ingesting drugs
- The price of a stock at the opening and closing of trading over various periods of time

- Base of arrow is prior value
- Tip of arrow is subsequent value

Measure A

Measure B [

Measure C

Measure D [E)

0 20 40 60 80 100
Arrow heads indicate the
direction of change. The
tips of the arrows
indicate the value after
the change.
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L Favorable
Unfavorable

Measure A

Measure B E )

Measure C C

Measure D N

0 20 40 60 80 100
Color, shading, or pattern
can be added to indicate
whether the change was
favorable (desirable) or
unfavorable (undesirable).

Variations of change bar gra

Eii '95 greater than '96
= '96 greater than '95

Measure A

Measure B

Measure C

Measure D

Unfav.EM

Fav. =1

Fav. E

Unfav.l

0 20 40 60 80 100
Color, shading, or pattem
can be used to indicate
the direction of change
and text used to denote
whether the changes were
favorable or unfavorable.



Bar Graph (continued) Difference bar graph (continued)
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A deviation graph focuses almost entirely on the differences between a data series and a
reference or another data series. Frequently the actual values of the data series are not
plotted. Instead, the difference or deviation values are plotted against a zero axis with bars
connecting the deviation values and the zero axis. For example, if plant growths with
various fertilizers are being compared, only the difference in growth with and without
fertilizer might be plotted. If the plant growth with the fertilizer is greater than without, the
difference is shown as a positive value. If the plant growth with the fertilizer is less than
without, the value is shown as a negative number. If the growth is the same with and
without the fertilizer, a zero is shown since there is no difference or deviation from the
reference - which is no fertilizer. * Sometimes the actual data consists of two data series
such as cash in versus cash out, or the number of stocks that increased in price versus the
number that decreased in price. When this type of actual data is plotted it is sometimes
referred to as a gross deviation graph. When the differences between the two data series on
a gross deviation graph are plotted, it is called a net deviation graph. Examples of deviation
graphs resulting from both types of actual data are shown below.

Deviation when comparing a data series against a reference
Reference

(e.g., no fertilizer)

Fertilizer A

Fertilizer B

Fertilizer C

Fertilizer D

Fertilizer E

0 2 4 6 8 10
Growth in inches

Standard bar graph of actual
growth of plants using
various fertilizers, with the
reference of no fertilizer

< $50

* $50to$100

$100 to $150

u $150 to $200

<$200

-6 -4 -2 0 2 4 6 8

Gross Gross
percent of percent of

stocks that stocks that
decreased increased

Gross deviation graph

<$50

D $soto$10oo

$100 to $150
0
0 $ls to $200

>$200

-6 -4 -2 0 2 4 6 8

Decreased Increased

Net percent of stocks that
changed price (i.e., difference
between the percent of stocks
that increased and the percent
that decreased)

The graph on the left displays
actual data with a vertical
reference line indicating the
reference or control value of t
plants without fertilizer. The
graph on the right, which is a
deviation graph, plots only the
amounts by which the plants
using the fertilizer differed frc
the reference or control value
the plants without fertilizer.

The graphs on the left and right
both show the percent of stocks
in various price categories that
went up and down during a
given time period. The only
difference between the two is the
location of the labels. When the
total positive and negative values
are shown, as they are here, the
graph is sometimes referred to as
a gross deviation or split bar
graph.

The graph on the left is
referred to as a deviation
or net deviation graph.
The values shown are
equal to the algebraic
sum of the gross values
shown above. The graph
at the right combines the
gross and net information
into a single graph.

Fertilizer A

Fertilizer B

Fertilizer C

Fertilizer D

Fertilizer E

-2 0 2 4
Difference in growth in inches

This deviation graph shows only
the differences in growth
between the plants using the
various fertilizers and the
reference of the plants without
fertilizer.

Stock price

<$50

$50 to $100

$1 00 to $150

$150 to $200

- $200

-6-4 -20 0 2 4 6 8

Gross Gross
percent of percent of

stocks that stocks that
decreased increased

Gross deviation graph

Gross Net Gross
percent that change percent that

decreased increased

<$50

50 to $100

to $1 50

50 to $200

> $200

-4 -4 -2 0 2 4 6 8

Decreased Increased

Graph showing both
gross and net deviations
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Bar Graph (continued) Area bar graph
Area bar graphs are the only variation of bar graphs in which the width of the bars has
significance. In the area bar graph the widths of the bars are proportional to some measure
or characteristic of the data element represented by the bars. For example, if the bars are
comparing the average salary of different groups of people along the horizontal axis, the
width of the bars might indicate how many people are in each group. If the bars are
displaying the profitability of various product lines, the width Domestic sales

100/%

, 80%
0

'R 60%

E 40%

a)
0.20%

0%

of the bars might indicate El Export sales
l- - ---- - C .- .. [ In-rrm .nv sale

Wndt percentage 0r Lne LoalI 251
sales the various products
represent. Bar widths can be 20a

displayed along the vertical
axis in terms of percents (left) .15(
or units (right). There might D10c
be a scale on the vertical axis
or provided in a legend. In 5c

still other cases the values
o 5 10 15 20 25 miaht he nnted directly on the

2rodt

2rodL"rodIL

2rodt

ict A

ict B

Ict C

lct D

Percent proTRaDoiary ---- .0-- - ..- o 20 40 60 80 100
Simple area bar graph graph. Examples of all three Percent
with a percent scale on variations are shown below 100% stacked area bar graph

vritinsar shwnbeow .. 0 ; -O -O - U V ,Ti

100%

80%

60%

40%

20%

0% '

Legend
40%

20%

1 0%
Scale for
.- Ali-I -;iC

25°,

1 79,

239,

0 1 2 3 4 5 U 1 2 3 4 b U 1 2 3 4 b
Scale on vertical axis Scale in legend Values noted on graph

Examples of how width of bar information along the vertical axis can be communicated

If the values along the vertical axis are cumulative, the bars are generally joined so there are
no unaccounted-for spaces. For example, if all of the values add up to a certain figure such
as 100%, or if the sum of all of the values along the vertical axis is important (e.g., the total
number of units sold), no spaces are left between bars. If the values are not cumulative, the
total is unimportant, and the scale is part of the legend, spaces can be used between the bars
without affecting the accuracy of the graph. An example is shown at the left. * Sometimes

area bar graphs are categorized based on the following
Group A

Group E

Group C

Group I

Legend

- I

0 20 40 60

Area bar graph with spaces between
bars. In this type of graph the values
along the vertical axis are not
cumulative, the total is unimportant,
and the scale Is shown in a legend.

10 '

two criteria: 32
1. The widths of the bars are

basically descriptive 30

with little or no ,, 28

relationship to the length 2
of the bars. For example, g
the width might denote a 24

the population of cities 22

and length might
designate the number of 20

violent crimes. In this Frequency
the ctua f th The histogram is an example

case te acta area o e of an area bar graph where
columns have little or no width and length of the bar E

related. As the width of a basignificance. *xandAd to cover a hroads

e
the
are
Lr is
ker

2. The widths and lengths of the bars are related such that as Cass interval, the length of the
one varies, the other varies correspondingly. For example, in bar is changed accordingly.
a histogram, if the width of a bar is increased to encompass a broader class interval, the
length of the bar must be changed accordingly. In these cases the area of the bar can be as
or more meaningful with regards to the data element it represents as either the length or
the width of the bar.

* In some cases the width of the bar is only meant to convey approximate or relative
values and no scale is shown. The concept of using the width of columns to convey
additional information is generally not applied to grouped bar graphs.
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Bar Graph (continued)

A circular bar graph is the equivalent of a rectangular bar graph wrapped into a circle. The
horizontal axis of the rectangular graph becomes the circular or value axis of the circular
graph, and the vertical axis of the rectangular graph becomes the radial or category axis of
the circular graph. An example of a circular bar graph and its associated terminology is
shown below. In a typical circular bar graph, the bars representing the various categories

6 are uniformly spaced
8 4 ., -.., th 1 -

Circular or value axis aiJUI UlJ% IlUJsU VI

Circular scale category axis. The
- Normally a value scale ends of the bars
- Can have any upper and lower values designate the values
- Can progress in either direction
- Can start at any point on the circle they represent. The

Radial or category axis lengths of the bars
Category labels
Circular grid lines for radial axis have no significance
0- Rial arid I;ne for -irlrais -nd - I- -1-il>iA-

18
Typical circular bar graph format and terminology

values they represent. The value scale can have any
upper and lower value. It can progress in either
direction and start at any point around the circle.
Although simple circular bar graphs are generally
used, the same technique can be applied to more
complicated variations such as stacked, grouped,
paired, 100%, etc. Occasionally a time series scale is
shown on the circumference and the graph is used to
display a repetitive schedule, as shown at the right.
When this is done, it is sometimes referred to as a
scheduling or circular Gantt chart. Circular bar
graphs are generally used for their aesthetic value.
Functionally, they offer little or no advantage over
the rectangular bar graph.

Bar and symbol graph

Sometimes a series of symbols are shown on a bar
graph to designate reference points or points of
comparison for each of the bars. The reference points
might designate such things as budget, plan, last
year's value, or specification value. By means of the
symbols the viewer can make comparisons between
the actual values as designated by the ends of the bars
and some other set of values indicated by the
symbols. Any symbol that crisply identifies the
reference value can be used. Two examples are
shown at the right. Bar and symbol graphs typically
have only one data series represented by horizontal
rectangles. Multiple sets of symbols can be used on
the same graph to indicate two or more sets of
reference values. The bar and symbol technique is
seldom used with grouped or stacked graphs.

since the lengths are
not proportional to the

Midnight

2PM- ~-= IOAM
Noon

A specialized circular bar graph with
a time series scale shown on the
circumference. Sometimes called a
scheduling or circular Gantt chart.

Symbols typically designate individual
reference or comparison values for each bar.
The reference values might be such things as
budget, last years value, specification, etc.

V A
A

c V C

o D

E E

0 t 2 3 45 e 2 3 456
Examples of bar and symbol graphs

Progressive bar graph

Sometimes referred to as stepped, step-by-step, or staggered bar graph. A progressive bar
graph is the equivalent of a stacked bar graph with only one bar and with the individual
segments of that bar displaced vertically from their adjacent segments. The segments can be
displaced up or down and by any amount. They are generally shifted slightly more than the
width of the bar. Whatever amount and direction of displacement are selected, they are used
throughout the graph. Displacing the segments adds visibility and emphasis to the individ-
ual segments while still maintaining the concept that the segments all add up to the whole.
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Bar Graph (continued)

graphic. As shown in the next example,

Event A

Event B

Event C

Event D

Event E

Total

Drama Comedy Musical I

0

i ~
U

I I,
U 100 200 o:l0 40

Tickets sold
A total bar can be included for
reference and components can be
grouped into similar categories

Progressive bar graph (continued)

In the example at the right, the major
overhead expenses for a hypothetical
company are shown. The bottom scale
enables the viewer to determine cumulative
and overall expense dollars. The upper scale
enables the viewer to determine cumulative
percents. The actual dollar value and/or
percent that each expense represents of the
total may or may not be shown on each data

0% Po% A0% 90% R0% I000%
l I I . I l I l

i 100 200 300
Thousands of Dollars

400

Progressive bar graph with
multiple quantitative scales

an additional bar representing the total of all of
the individual segments is sometimes included. In
addition, the example at left illustrates how
segments can be grouped to convey additional
information to the viewer. Time and activity
charts are sometimes considered variations of a
progressive bar graphs where the intervals on the
quantitative horizontal scale are units of time
such as days, weeks, or months. With this type of
chart the lengths of the bars correspond to the

lengths of time required to complete each subprogram of a larger project. The left end of
the bar is positioned at the number of units of time from the start of the overall project that
the particular subprogram
is to begin. With such a Dept. A

graph, the viewer is able Dept. B-

to determine when each
subprogram will begin, Dept. C

how many units of time it Dept. D

will take to complete each Dept. E
sub-program, and the

a i f 2 3 4 5 6 7 8 9 10 11 12 13 14
cumulative units of time Weeks
consumed at any point in Progressive bar graph indicating various tasks
the project. in an overall project

Mosaic graph

A mosaic graph is a combination of 100% stacked column graphs and 100% stacked bar
graphs. The major purpose of such graphs is to display a system of interrelated values in
such a way that groupings and relative sizes of the various elements can be seen
graphically. For instance, in the example below, 50% of the sales dollars go into the cost to
manufacture. Of the costs to manufacture, about 55% goes into materials and about 36% of
the material dollars go into raw materials. See Mosaic Graph.

o oIr oToal sales *
C___==-tt Cdmnamdcum *1'. R&D b.9 Markef lo I

1noo

90%b

80%/

70Y/o

600/.
A 50%b

Material 40%o
represents 55% of 30%

the total cost to
manufacture 20%

10%/

Raw material
represents 36% of the
total material costs
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Curve fitting on bar graphs

Although seldom done, curves can be fitted to bar graphs. Most
data plotted on bar graphs is not continuous and many times
adjacent data points have little or no relationship to one another.
Since curve fitting is generally applied to continuous data, it is
not applicable to most bar graphs. In the few cases where it is
done, there is a quantitative scale on the vertical axis and the
assumption is made that the data points are located in the center
of the end of each bar.

0V0

W

a

0 2 4 6 8 10

Bar graph with a fitted
curve. Fitted curves are
generally applied only to
bar graphs with
quantitative scales on the
vertical axis.

Location of axis from which values are referenced
By displaying data against a reference other than zero, additional information can be
displayed on a single graph. One widely used technique is to place bars between the actual
values and some meaningful value or set of values such as budget, forecast, goal, industry
average, etc. In this way the graph communicates three values at the same time:

- Actual values
- Reference values
- Difference between actual value and the reference value

Three examples are shown below. The first one is for reference and is a conventional bar
graph with the bars between zero and the actual values. The second example uses the same
non-zero reference value for each category, and the third uses a unique reference value for
each category. The same data is plotted in all three examples.

Standard bar graph for reference

This example is for reference only. It is a standard bar graph with
bars drawn from the zero axis to the actual values represented by
the bars.

Common reference value for all categories
In some cases the axis from which the bars are drawn is shifted
horizontally away from zero. When this is done, the ends of the
bars still correspond to the actual values as measured from the
zero base line axis; however, it might be either the right or left end
of the bar that is positioned over the actual value. For example, in
plotting the sales performance of each salesperson against a $2
million sales goal for each salesperson, the reference axis might
be shifted to correspond to that $2 million goal as shown at the
right. In this way, the bars for salespersons who exceeded goal
extend to the right, and the actual values are designated by the
right ends of the bars. The bars for the salespersons who were
below goal extend to the left, with actual values designated by the
left ends of the bars.

-Unique reference value for each category
Crame

If each salesperson had a different goal, the
reference line would be stepped as shown at the
right. As in the example above where the goals
were all the same, the bars for those who
exceeded their goal extend to the right, and the
bars for below goal extend to the left.

Brow

Philips

Storm

Whale

The zero axis usedX as a reference

Cramer

Brown

Philips

Story

Whaley- G

0 1 2 3 4 5 6
Sales in $ millions

An common sales goal of $2
million for each sales person

Cramer

Brown

Philips

StorV

Whale) I . I I
0 1 2 3 4 5 6

Sales in $ millions

0 1 2 3 4 5 6
Sales in $ millions

Bar Graph (continued)
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Bar Graph (continued) Labels and supplemental information

One of the advantages of bar graphs is that they accommodate long labels and supplemental
information better than almost any other type of graph. Several examples are shown below.

Food, beverages, and tobacc

Clothing, accessories, and jewelry

Cars, vans, and recreation vehicle

Travel, sports and leisure equipmer

Home and patio lurnitur

0 2 4 6 8
Long labels including descriptive information
can be accommodated on either the left or
right side of a bar graph.

Food, beverages,
and tobacco

Clothing, accessories,
and jewelry

Cars, vans, and
recreation vehicles

Travel, sports and
leisure equipment

Home and
patio furniture

0 2 4 6 8
An alternative to long lines of text is
to shorten the lengths and use two
or more lines for each label.

Bar fill

When different variations of the same thing are plotted on a
simple bar graph, the bars typically all have the same fill to
convey the idea that variations of the same thing are being
plotted, not a series of different things.

Condition

Condition

Condition

Condition

Condition

0 2 4 6 8
Variations of the same entity
typically use the same color.

When distinctly different items are
plotted on a simple bar graph, all the
bars might have the same fill, or each
one might have a different fill to
emphasize the differences.

When positive and negative values are
plotted, the two types of bars might
have the same or different fills. The
unfavorable values are sometimes
colored red, whether they are positive or
negative.

In grouped and stacked bar graphs, all
bars or segments of bars that represent the
same thing (the same data series) typically
are the same color, shade, or pattern.

u.s. u.s.

Japan Japan

China China

Russia Russia

Europe Europe

0 2 4 6 8 0 2 4 6 8
Distinctly different entities may or may not be
identified with different colors, shades, or patterns.

Cramer Cramer

Brown E Brown

Philps Philips Z

Story E Story

Whaley Whaley

-4 -2 0 2 4 6 8 -4 -2 0 2 4 6 8
Bars representing positive and negative values
may or may not be identified with different colors.

Item A

Item B

Item C

Item D

Item E

Item A

Item B m

ItemC L l

Item Diii .IZ |

Item E

0 2 4 6 8 10 0 5 10 15 20
Grouped and stacked bar graphs typically have each
data series identified with a different color or shade.
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Comparison of Regions
Rank Region Overall rating Jobs Crime

1 Eastern 297 312

2 Southern 191 151

3 Western 95 110

4 Central 154 172

5 Northern 215 235

0 2 4 6 8
One or more bar graphs can conveniently be
included in a table of data.

MEW i Food, beverages,
IM l* and tobacco

Clothing, accessories,
and jewelry

Cars, vans, and
recreation vehicles

Travel, sports and
leisure equipment

Home and
patio furniture

-4 -2 0 0 2 4 6 8
In paired bar and certain deviation
graphs, the labels can sometimes be
positioned in the center.



Bar Graph (continued) Scales
Although in most cases the actual value designated by a bar is determined by the location
of the end of the bar, many people associate the length or area of the bar with its value. As
long as the scale is linear, starts at zero, is continuous, and the bars are the same width,
this presents no problem. When any of these conditions are changed, the potential exists
that the graph will be misinterpreted. For this reason the following general guidelines are
offered regarding quantitative scales on bar graphs.

- Have all scales include zero unless it is clearly identified otherwise.
- Locate zero where the vertical axis crosses the horizontal axis.
- Have positive values increase to the right and negative values to the left.
- Make scales continuous (no breaks).
- The upper scale value should be larger than any value plotted.
- Use only linear scales (e.g., avoid nonlinear scales such as logarithmic).
- Except for area bar graphs, make all bars the same width.

There are exceptions to these guidelines.
- With range and difference graphs the scale sometimes does not start at zero since the

bars do not extend to the zero axis. With these types of graphs, the lower scale value
should be lower than the lowest value being plotted.

- With simple and grouped bar graphs the scales are sometimes broken and/or expanded
to make changes and differences from bar to bar more visible. Several methods for
accomplishing this are shown below.

Scale break and expanded scale
Z= A ; A EE

-= C I C A
D D -DAd =

- = ~ VF F. I-\ a ,"
0 20 40 60 80 100 0 5 1015 75 8085 90 0 5 10 15 75 8085 90 0 5 10 15 75 8085 90

For reference, the scale on this These three examples expand the scale and then take a section out of the
example starts at zero. Because of middle (sometimes referred to as a scale break) to maintain the same size
the large actual values and small graph. The center example tends to make the break most obvious. The lower
differences, the variations from bar portion of the scale is sometimes retained to help the viewer more easily deter-
-n h- - Ar iffir .. t 11 -~imt -;-- _ *__ k- n[- *h -na<l

A

B

c
D H

E

FF~

80 82 84 86 88 90
An alternative to a scale break is
to eliminate the lower portion of
the scale and start the scale at
some value just under the
lowest value on the graph. This
is one of the most dangerous
variations since it is easy for the
viewer to overlook the fact that
the lower portion of the scale is
missing and reach a conclusion
based on the height or area of
the bars instead of the value at
the end of the bar.

Making the left hand
portion of the graph
uneven helps to call the
viewers attention to the
fact that the lower
portion of the scale is
missing.

Multiple quantitative scales
Scales are generally located on the left side and
bottom. Typically there is only one scale on both
the vertical and horizontal axis. Occasionally the
identical quantitative scale will be repeated on
the top, particularly if the graph is tall. Two
different quantitative scales can be used but
seldom are. If there are two different quantitative
scales and both do not apply to all bars, care must
be taken to identify which scale applies to which
bars if it is not obvious. Examples of multiple
quantitative scales are shown at right.

A

B

c
D

E

F

80 82 84 86 88 90
This alternative lets the viewer see each of the values in relation
to one another using a zero axis (upper graph) and also lets the
viewer more accurately see the detailed differences using the
enlargement of the critical area (lower graph).

0 20 40 60 80 100

B . ..u . .A

B

c

E0F
0 20 40 60 50 100

Identical scales on
top and bottom

Dollars
0 20 40 60 80 100

A :2

B

C

D
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F
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Units

Two scales specifying
entirely different things 51
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Bar Graph (continued) Grid lines

Grid lines are generally
displayed behind the data
graphics. Occasionally the grid
lines will be shown on the bars
themselves or drop lines will
be used. Examples of all three
variations are shown at the
right. See Grid Lines.

0 1 2 3 4 5 6
Grid lines behind
the data graphics

Itam A OMNI

tern By--|

tem C Soluth

tem D

temCI

0 1 2 3 4 5 i

Grid lines on datE
graphics

Item A -

Item B

Item C,

Item D

Item CD !
0 12 3 4 5 6

kt Vertical drop
lines only

Values on graph

When it is desirable to convey exact values, they are
sometimes placed directly on the data graphics, as shown
below. Generally only the value represented by the bar is
shown; however, it is possible to include additional values -
for example, the percent-of-the-whole that each value
represents, the percent or ratio the value is to a given reference
value, the amount the value deviates from a standard, etc. An 0 2 4 6 8

e p Example of multiple bits of
example of multiple values is shown at the right. information shown with each bar

C7.3 C 7.3 C

B4.8 B 4.8 B

C 7.3

B 4.8

A 3.5 IA a A as A 3.5 1 A __J

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Values shown at Values shown in Values shown at Values shown
left end of bars center of bars right end of bars outside bars

Frames
Because of the boldness of the bars, the frame around a bar graph can sometimes be
reduced significantly without detracting from the value of the graph. This is especially
true if the values are shown on the data graphics. Four variations are shown below,
ranging from a full frame on the left to no frame on the right.

Item A Item A Item A M Item A

Item Item B Item B - Item B -

Item C Item c Item C Item c

Item D Item D Item D Item D

Item E Item E Item E Item E

0 2 4 6 8 06 8 8 8 0 2 4
Variations in frames ranging from four-sided to none

Bar chart
For presentation purposes, the quantitative scale is some-
times eliminated as well as the frame. When this is done the
values are generally noted on or adjacent to the data graphics.
Without a quantitative scale, the resulting configuration is no
longer a graph, but a proportional area chart in which the
size/areas of the data graphics are proportional to the data
elements they represent. See Proportional Chart.

Item A X

Item B

Item C

Item D 0

Item E C|

Proportional area bar chart
with no quantitative scale

Column graph 6

Sometimes the term "bar graph" is used to refer to
a graph with vertical rectangles similar to the
example at the right. This type of graph is
frequently called a column graph and in this book it
is classified as such. See Column Graph.
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0

'91 992 93 '94 9SS

This type of graph is sometimes referred
to as a bar graph. In this book It is
classified as a column graph.
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Sometimes referred to as a reference
or datum. The base line is a line,
plane, or point on a chart, graph, or
map from which other values or
information are compared,
referenced, or measured. In many
cases the base line is zero. Other
values are also used such as budget,

values are also ud s IvIay Iu a CIeu

prior performance, industry average, Example of a nonzero base line used on
an arbitrary elevation, sea level, etc. base line used on a graph an elevation map

A basic map on which attribute data is superimposed to form most statistical and descriptive
maps. As a general rule, the amount of information on a base map is kept to a minimum so
as not to detract from the attribute information conveying the major theme of the map. An
illustration combining attribute data and base map to form a statistical map is shown below.
See Map.

Man.

Statistical information
in the form of framed

__ : 1 a Natural feature rectangles Nriothe
|Northern io ertr
Territory Western Oueenslan

Western I - anA a, AAustralia Auth
Australia South Souh Australia S

Wuti Legend Leend S le

-made features 0 200400 X 0 200 400 1
Base map with natural Statistical map consisting of a
and man-made features Attribute information base map with attribute

information superimposed

An illustration of how attribute data Is superimposed on a base map to form a statistical map

Bathtub Curve

Bathymetric Map
and
Bathymetric Contour Lines

Bell-Shaped Curve

A bathtub curve is so named because of its distinctive shape of higher values at the
beginning and end with relatively constant, low values in between. Time is typically plotted
on the horizontal axis, with zero at the left and time increasing to the right. A bathtub curve
is sometimes used to illustrate how the failure rates of certain products change with time.
When used in this way, time zero is
considered the time at which each product Normal expected life of product .4
first goes into service. Uniform periods of e Faes
time are measured along the horizontal axis e Early failures
and the percent of failures for each period of T XPCY

time are plotted on the vertical axis. The
higher failure rates at the left of the graph Time T

occur shortly after the products are put into Bathtub curve, sometimes used to illustrate
service. After these early failures, the rate one type of product failure rate profile
typically drops to a low level where it stays for the rest of the products' expected life. If the
products continue to be used beyond their normal life expectancy, the failure rate begins to
rise again as the products wear out. Because of the relatively short period of time over
which the early failures occur, versus the long periods of time for the other phases, the time
scale in the early periods is sometime expanded to improve the readability of the curve.

A bathymetric map is a map that portrays the form of the land (floor or bed) below the
surface of a body of water. Looked at another way, a bathymetric map indicates the depth of
the water. This is generally accomplished by means of a series of isolines that connect
points on the surface of the floor or bed that are at equal depths below the surface of the
water. These are frequently called bathymetric contour lines or isobaths.

A normal distribution curve is many times referred to as
a bell-shaped curve because of the similarity between
the shape of the curve and a bell. See Normal
Distribution Curve.

Bell shaped curve
53
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A variation of a stacked pie chart that enables the viewer to look concurrently at the
distribution of interrelated data in a number of different ways. By doing this, patterns and
relationships sometimes are easier to note. Using the example shown below, the following
are representative of the types of observations that can be made from a belt chart.
- 64% of the work force is female and 36%

male
- Of the 64% females, 48% are nonexempt

and 16% exempt
- Of the 36% males, 15% are nonexempt and

21% male
- 64% of all employees work in the office

and 36% in the field
- 63% of the employees are nonexempt and

37% are exempt
- Of the 63% nonexempt, 48% are female

and 15% are male
- Of the 37% exempt, 16% are female and

21% male
- Of the 63% nonexempt, 51% work in the

office and 12% in the field
- Of the 37% exempt, 13% work in the

office and 24% in the field Example of belt chart

Bidirectional Table Sometimes referred to as a matrix. When the same headings are used for both the rows and
columns of a table, the table is sometimes referred to as a bidirectional table. Such tables
are frequently used to indicate distances between locations. In a full bidirectional table, as
shown on the left below, the data is repeated in the upper and lower triangles. In some cases
different units of measure, such as miles and kilometers, are used in the two halves to
enhance the value of the table. In other cases the duplicate values are eliminated and the
table is referred to as a half bidirectional table. Two examples of half bidirectional tables
are shown on the right below.

- 0 CO C.) D Z -

Ci A 15 19 40 37 5 24 43 19
CitY B 15 24 13 4 10 11 30 10
e -C 19 28 24 15 15 34 15
Ciy D 40 13 28 10 3 15 34 15
City E 37 4 24 10 33 12 31 11
Ci F 5 10 15 36 33 30 39 16
C.WG 24 11 15 15 12 30 - 19 2

yj H 43 30 343431 3919 - 21
CN I 19 10 15 15 11 16 2 21

Full bidirectional table Half bidirectional tables

Bilateral Bar Graph Sometimes referred to as an opposed, paired, sliding, or two-way bar graph. This type of
graph is a variation of a bar graph in which positive values are measured both right and left
from a zero on the horizontal axis. The major purpose of such a graph is to compare two or
more data series with particular attention to correlations or other meaningful relationships.
See Bar Graph.

Bin Sometimes referred to as a class, class interval, 200-

group interval, or cell. Bins are the groupings ID - Bins

into which a set of data is divided for purposes X
of generating any one of several data °100-
distribution graphs or maps. An example of a /

graph using bins is shown at the right. See 0
Histogram and Frequency Polygon for a _0__ - ___

20oW29 30t030 4toW49 5Oto5O W6Ot 70OW79
discussion of bins used with graphs and Individuals grouped into bins based on age

Statistical Map for bins used with maps. Graph using bins

Binary Decision Diagram If each decision point on a decision chart allows only one of two decisions, such as yes or
no, the chart is sometimes referred to as a binary decision diagram. See Decision Diagram.

Horizontal binary decision diagram54
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A subcategory of multivariate. A chart, graph, map, group of data, etc., with two variables.

A variation of a unit chart. A block chart is a chart used for
representing quantities of things by making the number of
geometric symbols displayed proportional to the quantity of things
being represented. For example, 50 cars might be depicted by
displaying five symbols, where each symbol represents 10 cars.
Block charts might be two- or three-dimensional. See Unit Chart.

Each square E c-
represents 1 represents
house 5 cars
Examples of block charts

Block Diagram

Block diagram using multiple
geometric shapes to encode
additional information

the purpose of the block diagram is simply to indicate
such things as relative physical location or the existence
of marginally related ideas, or information, there may be
no interconnecting lines (below). Block diagrams
generally address the broad overview of a subject. When
they become detailed descriptions of the subject, they are
many times referred
to as flow charts,
process charts, or
procedural charts.

| Engine ||Passenger |Luggage

I compartment compartment compartments

Block diagram of a typical automobile
showing the location of major elements

Block Diagram Map When three-dimensional maps repre
sometimes referred to as block diagr
hachures and outlines were used
to generate such maps. Today
most are of the fishnet or shaded <I
relief type. The sides of the N

block sometimes display
geological information or details
on man-made structures such as
tunnels, sewers, shelters, etc. 0D-.. .. li

Sometimes referred to as a stepped relief, stepped, or
prism map. In this type of statistical map, areas are
elevated in proportion to the values they represent.
For example, the height of the various states might be
proportional to the grain produced per acre in each of
the states. The more grain produced per acre, the
taller the prism for that state. See Statistical Map.
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Block Chart

A variation of a conceptual diagram. A block diagram uses geometric figures and symbols
(referred to as blocks) to lay out things schematically such as systems, networks, concepts,
circuits, procedures, structures, etc. Block diagrams are used for such things as planning,
development, communication, and organization of thoughts. For example, a block diagram
for starting a company might have five m
blocks representing five key elements. Develop idea or management
Those elements might be developing the concept team
idea or concept; raising capital; assembling
a management team; acquiring facilities, Acquire facilities,
product, and a work force; and initiating Raise capital product and Initiate business
the business. If these five elements are work force

enclosed in rectangles, as shown at the Block diagram indicating the five major
right, the resulting graphic might be called elements in starting a business
a simplified block diagram (even though the blocks are not connected). When used for
planning purposes, a group of people might shuffle these blocks around until they agree on
the best sequence for a particular situation. Once agreement is reached, the blocks might be
arranged in their proper sequence and connected by arrows as shown below.

Assemble Acquire facil- Iiit

concept Raiecaalm a ngmn and work force business

Block diagram with blocks connected by arrows
When used in this way, block diagrams function as an aid in the planning, development,
and communicating processes by providing a graphical means of addressing major
elements of a project without getting involved in too much detail. The blocks on a diagram
may have different shapes to indicate type of function, facility, organization, etc., and may
be connected with one or more lines or arrows, as shown in the example at the left. When

Bivariate

Iulvw% Ulawl ail I IIIll~pa

Block Map



Blot Map Sometimes referred to as a patch map. Blot
maps are a variation of descriptive maps on
which such things as natural resources, types of
soil, agricultural usage, wetlands, etc., are
identified with filled areas. The size and shape
of the filled areas generally approximate the
entities they represent. The meaning of the fills
is explained in a legend.

Sometimes abbreviated as bold. A heavier, darker version of a standard

Entire sentence or plain typeface, generally used to add emphasis. Sometimes an entire
in boldface paragraph or page will be done with boldface type. In other cases,
Single word such as here, a sentence will be bolded. In still other cases a single
in boldface H o word or a few words will be put in boldface.

in boledface 11 Occasionally single letters are bolded, such as the first letter of the first
Italics word in a paragraph. Boldface can apply to any type size, plain or
in boldface - * italicized.
In many situations the terms border and frame are used interchangeably with regards to
charts and graphs. Some of the major items the terms are applied to include:

* Title border/frame
* Chart border/frame
* Map border/frame (sometimes referred to as neat line)
* Table border/frame
* Graph border/frame (sometimes referred to as grid border, box,

rectangle, plot area border, scale line, label axis, scale axis, or axis)
* Data graphic border/frame
* The area outside of a graph, map, table, or diagram.

is sometimes called border or margin
* Legend border/frame
* Note border/frame-

Also see Frame.

On maps, the term border sometimes
has a definition that encompasses
more than just one line. When used
in this way, the term border includes
the neat line, the border line (a
second line outside of the neat line)
and the material between the two
lines, including any labels.

Border -
line, born
anything
such as

An illustr
term bord

Sometimes referred to as a marginal frequency
distribution graph. Border plots are used for displaying
the distribution of data along one axis of a two-axis
graph by putting a plot of the data in the margin/border
of the graph. The technique, normally used with scatter
graphs, can be applied to one or both axes. The graphic
displays in the borders might be one of a number of
different types including one-axis point graphs, stripes,
boxes, or histograms. An example is shown at the right.
See Marginal Frequency Distribution Graph.

6v -

2

0 2 4 6 81 10
TWO border plots used with a
scatter graph

Bottom Sometimes referred to as a floor or platform. The
term bottom is used to identify the lower plane of a
three-dimensional graph.

platform

Bottom on a three-dimensional graph56
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Box Graph
or
Box Diagram
or
Box Plot
or
Box-and-Whisker Plot
and
Box Symbol

An individual box symbol summarizes the
distribution of data within a data set. For
example, if the times it takes 25 people to do a
task are measured, only the average of the
measurements would typically be shown. By
using a box symbol, in addition to the average
value, a significant amount of other
information about the distribution of the
measurements can also be encoded, as shown
at right. A box symbol consists of a rectangle
(box) that generally has a line extending from
both ends (whiskers). The ends of the rectangle
generally designate the 25th and 75th

28 -
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Z- 24-
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0

Individual data points

- 90th or 95th percentile
Referred to as whisker

4- 75th percentile
-upper quartile (UQ)

4- Average/mean
4 50th percentile - median

25th percentile--- lower quarter (La)
Referred to as whisker
10th or 5th percentile

- Individual data points

Individual box symbol

percentiles of the data set. The ends of the lines projecting from the rectangle generally
designate the 5th and 95th or the 10th and 90th percentiles. Lines across the rectangle
indicate the average and/or median values. Data points above and below the outer
percentiles (e.g., 5th and 95th) are generally indicated by individual data points. Based on
information of this type, one can frequently make the following observations.

- What the key values are such as average, median, 75th percentile, etc.
- Whether there are outliers (unusual data points) and what their values are
- Whether the data is symmetrical and how tightly the data is grouped
- Whether the data is skewed and if so which direction
- What values do 50% and 90% of the data points lie within (i.e., 25% to

75% and 5% to 95%, respectively)
The box plot is a relatively new type of graph that is widely used. Wide usage plus efforts
to simplify its construction and interpretation have resulted in many modifications to the
original design. Consequently, it is sometimes unclear what the various elements of the plot
represent without an accompanying explanation. Except for very technical works, many of
the original definitions of the various indicators on box symbols are seldom used. (An
explanation of the original terminology is shown at the end of this section.) The examples
below illustrate some of the many variations that have been developed.

Examples of potential variations in box symbols

Key measures Indicated Example of symbol

Average,1Oth, 25th, 75th and 90th percentiles

Average, 5th, 25th, 75th and 95th percentiles

Average, 25th percentile, 75th percentile,
minimum and maximum Min. miniu a Max.

Average, median, 25th percentile, 75th
percentile, plus one standard deviation, and
minus one standard deviation -1 SD:, +1 SD

Median, plus and minus one standard deviation,
minimum and maximum Mn. -1 SD, : a +1SD Max.

Average, median,10th, 25th, 75th, and I0th 90th
90th percentiles, plus markers *
indicating plus and minus one, two, -3SD *2SD -1 SD +1 SD +2 SD +3 SD
and three standard deviations

Average, 5th, 25th, 75th, and 95th percentiles, 0 l 0

plus individual points beyond the 5th and 95th °
percentiles 5th

Average, 5th, 25th, 75th, and 95th percentiles.
Sometimes referred to as a Dercentile graDh

95th- -- -1 ~ 5th I A I

25th percentile-J
Average / mean

Median -

75th percentile
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Box Graph
or
Box Diagram
or
Box Plot
or
Box-and-Whisker Plot
and
Box Symbol
(continued)

0Y II1u at 'CUR Us wiTV lnafe

The short perpendicular lines at the ends
of the whiskers (sometimes called ticks)
can be replaced by other symbols or
eliminated. In some cases the short
perpendicular lines are retained and the
whiskers are eliminated. In still other
cases the short perpendicular lines
become the ends of the rectangle.

Unusual data points

Data elements above and below the high and low
percentiles represented by the ends of the whiskers
are shown as individual data points. Generally
they all use the same symbol. Occasionally
different symbols are used to indicate different
ranges of distances from the average, median, or
ends of the box.

General
Orientation

Box symbols can run vertically or horizontally.
When used individually, they typically have a
single axis.

Fill of box and width of whiskers
The rectangle of a box symbol might be unfilled or
filled with a color or pattern. The whiskers can be
of any width but never exceed the width of the box.
The widths of all whiskers are the same in any
given graph.

10 - 10 - 10 - 10- 10 -

8 b 8 - 8e - 8

4 ; 4 -1 - 4 ] 4 -

2 2 Li 2 2-

Nothing at Ticks at Ticks only, Symbols Box
end of end of no at end of replaces
whiskers whiskers whiskers whiskers whiskers

Data points beyond the ends of the whiskers
are sometimes called outliers or outside
values. They are generally represented by
individual symbols.

Extreme data points (sometimes called far
outside values) are occasionally denoted by a
different type of symbol. What is considered
an extreme value depends on the application.

Box graphs used to compare multiple sets of data

In addition to analyzing a single set of data,
box symbols can be used to analyze multiple
data sets on a graph, as shown at the right.
Typically, data such as this would be analyzed
by plotting the average of each data set and
perhaps connecting the points with a line. By
superimposing a set of box symbols over the
point graph or line graph of the averages, one
can see not only how the averages compare
but also how distributions and unusual data
points compare.

70 -

60-

50-

40-

30 -

20-

10-

u-
-A' B' C D' E 'F' G H ' I IJ

Box symbols combined with a line graph
to compare multiple sets of data

Box graphs used to compare multiple data series

Sometimes called a grouped or clustered box
graph. Box graphs can be used to compare
multiple data series similar to the grouping of
columns in a grouped column graph. In the
example at the right, data series A and B are
compared over a four-year period. With this
type of graph, one can make comparisons and
see changes in the distribution of the data
elements in each data set in addition to
making observations about the averages.

70 -

60-

50 -

40 -

30 -

20 -

10 -

1991 1992 l 1993 l 1994 i
Clustered or grouped box graph

107

8--u-

6- I-mImII-

4- 0 2 4 6 8' 10

2- THorizontal

° Vertical
100 10

2- -. 2- 2-

Variations in the width of whiskers
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Box Graph
or
Box Diagram
or
Box Plot
or
Box-and-Whisker Plot
and
Box Symbol
(continued)

Information encoded by width of boxes

Normally the widths of all the rectangles in a
box graph are the same and have no
significance. Occasionally, the widths are
varied to encode additional information, as
shown at right. Box widths might be
proportional to such things as the size of the
sample represented by the box, the size of the
entire family of data from which the sample
was taken, market share, or relative
importance. Either quantitative or qualitative
characteristics might be encoded.

.5

a,,
0-
a,-

T T

F
Male

Female

'1
Male

Female

Profession A Profession B -]

Grouped box graph in which the box
widths are proportional to the size of the
family from which the data was taken

Confidence intervals
Confidence intervals can be
indicated by means of notches or
shading, as shown at the right.
The two ends of the notch or
shading indicate the two limits of
the confidence interval. This
communicates to the viewer that,
although, due to such things as
sample size, the average value
shown may not be the average of
the entire family from which the
sample was taken, there is a 90%

Confidence
intervals
that are
within the
rectangle

Confidence
intervals
that extend
beyond the
rectangle

Average

Confidence
interval

-. -.
Confidence

interval

Average

Confidence
interval

i-LILIH
Confidence

interval

Examples of notches and shading used to
designate confidence intervals in box plots

or 95% probability that the overall average lies somewhere within the confidence interval.
The actual size of confidence intervals depends on the nature of the data, the size of the

r Confidence
interval out-

Average side the
25th & 75th

-- trnnGil a

Confidence interval
inside the 25th &
75th percentiles

A b C U

If the confidence intervals of any two box plots
do not overlap, the averages of those data sets
are said to have a significant difference.

Box graph and point graph combined

When additional detail on the distribution of td
is desired, the actual data points are sometimes
superimposed over the box symbol as shown a
right. In this way the viewer can see the summ
information of the box plot as well as the distri
and clustering of the actual data points. Either
stripes can be used in this application.

sample, and the method used for calculating
the limits. When confidence intervals are
used on a box graph one can determine
whether there is a significant difference
between the averages of multiple data sets
(left). If the confidence intervals for two
boxes do not overlap, the differences in the
averages of data represented by the boxes is
generally considered significant. Confidence
intervals and variable width boxes can be
used in conjunction with one another.

te data

t the . i

.bution A
dots or 0 10 20 30 4o

Illustration of how actual data points can
be superimposed over box symbols

Original box plot designations
This diagram illustrates how key points were designated on the original box symbols.

A B C D E F
=C-3.0XH =C-1.5XH Median =D+1.5XH =D+3.OXH

* * . *. * *.'='* i

Different symbols indicate H = Hspread Different symbols indicate
the ranges in which outlying Low hinge High hinge the ranges in which outlying
data points are located. (equal to the median (equal to the median data points are located

of the data elements of the data elements
The smallest data point between the lowest between the highest The largest data point
between the low hinge and a value in the data set value in the data set between the high hinge and a
value equal to the low hinge and the median of and the median of value equal to the high hinge
minus 1.5 times the Hspread the entire data set) the entire data set) plus 1.5 times the Hspread

Notched

12

10-

a-

6 -

4 -

2 -

0 -
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Break-Even Graph A break-even graph is a special application of a grouped line graph. It is used to estimate
when the total sales of a company equals the total costs of the company: the break-even
noint The same cnncent and tranh can also he r I

applied to a product, a type of service, or any
facet of a business where sales and fixed and
variable costs can be identified and the variable
costs calculated on a per unit basis. One of the
main purposes in establishing the break-even
point is to determine the volume of business a
company must do to begin making a profit. In
theory the graph is valuable and easy to use and
understand. In practice it is not easy to apply
with a high degree of accuracy due to the
difficulty of accurately estimating and
allocating each of the values. * Units (e.g.,
pieces, volume, time) are generally shown on
the horizontal axis. Total sales dollars are
plotted as one ot the variables on the vertical i .i
axis. Total sales typically include such things as
product mix, various discount schedules,
returns, etc. The other variable plotted is total
costs, both direct and indirect. The categories of
fixed and variable may differ from application
to application. Where the sales and total cost
line intersect is considered the break-even point,
beyond which the company, product, etc., being
studied theoretically begins making a profit. In
a theoretical break-even graph, the lines are
generally drawn straight. In practice these lines
might be straight, curved, or stepped. Two
examples are shown at the right. The upper one
is the most widely used version of the graph,

Broken Line Graph

Brushing

60

though both yield the same result. - Alternate variation of break-even graph

10-

Sometimes referred to as a segmented line, fever, thermometer, or 8-

zigzag graph. A broken line graph is a variation of a line graph in 6

which the data points are connected by straight lines as shown at 4

the right. 2
Broken line graph ° Wn, Tu Wr Thur FR

Sometimes referred to as querying. A technique used to relate data points, in a graph or
map on a computer screen, with the corresponding entries in the spreadsheet from which
the graphic was generated. When there are many data points on a graph or map, it is
sometimes difficult to identify each of them individually and/or determine such things as
similarities or relationships. With a computer and the proper software, this type of
information can be obtained, even when there are large amounts of data. There are a
number of different ways the process works, depending on the software. A few examples:

- With a special cursor, point to a specific data point or location and information
regarding it appears on the computer screen beside the entity, or the entry is
highlighted in the spreadsheet from which the graphic was generated.

- Enclose a group of data points on a graph or an area on a map with a special tool,
and ask a question about what you have enclosed. For example, specific data about
every data point in the enclosure; whether there is a hospital located in the
geographic area; whether there are any companies included in the data points or
area with more than 5,000 employees; etc. The information might appear on the
map or graph, or be shown on a separate screen.

- Enclose a group of data points or an area with a special tool and have the computer
generate a new graph or map using only the selected data points or area.

- Highlight specific entries in the spreadsheet, and the data points representing those
entries are identified on the graph or map.

- Select two points on a map and the distance between the points appears on the
screen.

- If a series of data points are plotted using two variables, all data points with a
particular third variable can be highlighted, or only those data points with a third
variable less than or greater than a particular value might be identified.

I



Bubble Graph A bubble graph is a variation of a point or line graph where the data points (dots) have been
replaced by circles (bubbles). The major advantage of a bubble graph versus a point or line
graph is the ability to 6 1 6-

encode one or more -
additional variables by 4-
means of the bubble 3

symbol. Bubble 2-

5 -

4-

3-

2-
graphs might De two- - l
or three-dimensional, 1

as shown inthe ° 91 S2 S3 W 95 0

examples at the right. Line graph

I wo-aimensional

Bubbles representing quantitative variables
When the variable is quantitative, either the diameter or area of each bubble is proportional
to the value it represents. The two alternatives give somewhat different visual appearances,

* 2 5 .12
20 10 5 2.5 1.25

Diameters of bubbles
proportional to the
values they represent

20 10 5 2.5 1.25
Areas of bubbles
proportional to the
values they represent

Comparison of
bubbles bases on
diameters and areas

as shown in the comparison at
the left. To enable the viewer to
decode the quantitative
information, a legend is
provided, the values are shown
on the bubbles, or the circles are
coded and a cross reference is
included. Examples of legends
are shown at the right. * All
positive or negative values can
be encoded by means of bubbles
- but not mixtures of the two.

5 tO
or
c scale
ring circle

))
Actual values noted Examples of
in the circles selected values

shown
Various ways the values of the
bubbles might be indicated

Bubbles representing qualitative variables
When bubbles are used to convey qualitative or
ordinal information, only a fixed number of
different sizes of circles is generally required. In
the example at the right, each bubble represents
the sales/expense information for a different sales
person. The sizes of the bubbles indicate what
region the sales person is assigned to. Since there
are four regions, there are four different bubble
sizes. The same information could be encoded
using four different colors of bubbles.

Bubbles representing multiple variables

Multiple variables can be encoded by using pie
charts as the bubbles. The pie charts might be
all the same size or still another variable can be
encoded by varying the sizes of the pie charts
similar to the techniques discussed above.

General

a4- -- v-

z- - -
o 2 4 6 8 10

Dots in the centers help
determine the locations
of data points more
accurately.

When opaque bubbles are
used, there is the risk of
some of the circles being
hidden. One solution is to
make the bubbles transparent
as shown at right.
* Transparent bubbles with
dots at their centers are

" It
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0
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Sales in millions of $

Bubble graph with qualitative information
encoded into bubbles
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Multiple variables encoded into bubbles

Opaque circles Transparent circles
Transparent bubbles are sometimes used
to assure that all bubbles are visible.

sometimes used in conjunction with grid lines to enable the viewer
to more accurately determine the exact location of the data point. An
example is shown at the left. 61
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A buffer is a region or zone around a particular point, line, or area that is selected for
special attention or because it has particular characteristics. For example, if a new store is
to be built, an analysis might be done to see how many potential customers live in a five-
mile radius of the proposed Line around which corridor buffer is drawn

new site (called a ring Corridor buffer - A buffer parallel to
hbffPrs If ne is chitdvina Z a line such as a road, river, state

Stand alone buffer map with a
smaller buffer zone drawn within it

Ring buffer - A circular buffer
around a point such as an

/ intersection, proposed store site,
school, etc.

Multiple zones - Multiple concentric
> buffers can be drawn to establish

additional zones. For example, the
first zone might be the most
desirable, with subsequent zones
having decreasing desirability.

Points or lines around which
buffers are drawn are normally
clearly identified.

Boundary defined by map features
- Buffers are frequently defined by
geographic features or political
boundaries. In this example an
interstate highway and a series of
local streets are used.

conjunction with
s to how many
e map.

hin a larger map, as shown
ap, as shown at the left. It is
ed inside of buffers. For
o open a liquor store within a
)int they might draw a circle
there is a restriction that liquor
hin one block of a school,
e drawn around each school, as

shown at the left. * Buffers do not have to be symmetrical,
can be shaded or colored, and sometimes include
dimensions and statistical data on the map.

Sometimes referred to as a reveal chart. One of a series of charts used to develop or present
an overall message, idea, or concept. For example, if used in a presentation where only text
is used to discuss a series of points, the first chart of the series would have only the first
point on it. The next chart
would have points one and two
on it. The next chart would
have points one, two, and three
on it. This would continue
until the subject was fully
explained and all points had
anP!rAred A simlar Pte-hninnP

Sales Strategy

XI More sales calls

Sales Strategy

vl More sales calls
I/ Bigger incentives

Sales Strategy

W More sales calls
v Bigger incentives
V' More backup

can be. u h ,Build chart #1 Build chart #2 Build chart #3
can be used with graphs, maps, Build charts in which each chart includes the material from
diagrams, etc. the previous chart, plus one or more additional points

Bullet The circle, star, dot, or other symbol used before a sentence, phrase, or word to:
* Clearly designate it as a separate item

Examples of bullets. r Encode additional information (e.g., time, optional, new, etc.)
Bullets are a

variation of dingbats. \ Assist in noting different levels of information (indents)
* Help the viewer identify transitions in the material

Bullet Text Chart A variation of a text chart in which symbols (bullets) highlight the key thoughts or phrases.
Dots are most widely used; Picnic Agenda Picnic Agenda Picnic Agenda
however, any symbol is * A genda ac Adult activities
acceptable. In addition to * Adult activities o oAdut activities * tingo
highlighting individual points, Cookout * Races * Cookout
different symbols can be used to * Races * Table games * Races
encode information into the - Table games * Youth activities Table games
chart or to indicate different * Youth activities o MAoring activity *oSwimming

levels of indentation. Bullet Example where the Example where Example where
charts are used extensively in same symbol is used information is encoded different symbols are
presentations. for the entire chart into the symbols used for indents

Variations of bullet charts

Buffer Map

Build Chart

62
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Business Graphs Business graphs tend to fall into three major categories: those used for analysis and
planning; those used for monitoring and controlling; and those used to communicate,
inform, and instruct. A few examples of the first two categories are shown below. The
standard graphs such as point, line, area, column, and bar are not included in the examples
since they are used extensively in all areas.

Analyzing and planning - A large percent the graphs used for these purposes are of the
relational and comparative types. For example, at key times such as planning, the start or
finish of major programs, periodic reviews, etc., many organizations analyze such things
as how their performance compares with competition, how one department compares
with another, how the causes of rejects compare, whether progress has been made, or
how contributions relate to campaign expenses.

100%

80%

60%

40%

20%

1t

1990 1991 0 2 4 6 8 10 0 2 4 6 8 10 1 3 5 7 9 111315 A ts tU t: 1
Index graph Bubble graph Scatter graph Histogram Pareto graph

* Monitoring and controlling - Most of these are of the time series type and are used to
track things against plans, forecasts, expectations, previous performance, or specifica-
tions that may have been established during a previous analysis or planning phase.
10-

8-

6-

4-

2-

0-

0- Ifle - J M A M J J I [me - Sample - Ime
Vertical line graph Deviation graph Moving average graph Control graph High-low-close graph

Communicating, informing, and instructing - There are no special types of graphs in
this category, only variations of graphs from other categories with special emphasis on
ease of understanding, focused message, and aesthetics. Included in this category are
graphs used in presentations, sometimes referred to as presentation graphs. Although
used by all disciplines, presentation graphs are frequently classified as business graphs.

The basic grid of a business matrix typically consists of two to five rows and columns. The
vertical and horizontal axes display variables which are often subjective, such as breadth of
product line, industry attractiveness, or relative quality. There generally are a minimum of
labels; simple terms such as low, medium, and high or relative values such as one to five
are frequently used. Once the labels are designated, cells may be assigned terms or phrases
that describe the things plotted (e.g., stars, dogs, cash cows, achievers, people-oriented) or
suggest an action that might be taken (e.g., invest heavily, divest, analyze in more detail,
put on fast track, deemphasize). The things being studied are generally represented by
words, a simple symbol (dots and circles are most common) or small pie charts (for
designating multiple variables). The sizes of the circles and pie charts might be uniform or
proportional in size to some characteristic of the thing the circle represents. When circles
and pie charts are used, the centers of the symbols designate the actual locations of the
entities represented. Typical applications of business matrices are analyzing product
potentials, planning acquisitions and divestitures, developing market strategies, competitive
analyses, comparing financial performances, prioritizing projects, evaluating candidates,
analyzing human characteristics, etc.

1 2 3 4 5

High

a)
E A
SI

0Cl
,

o2

Low

People I Problem
oriented * Smith solving

* Green

Adams S

0 White

Self
oriented

oriented

* Story

Kelly i

Goal
oriented

Low . High

Breadth of product line Industry attractiveness Focus on sale
Example where the diameter of the Example where two variables are Example where labels are shown in
circles are proportional to some encoded by means of pie charts. each quadrant to describe or
characteristic, such as sales, of the A third variable is encoded by the categorize entities in that quadrant.
companies they represent. size of the pie charts. In this example it is salespersons.

Three of the many variations possible with business matrixes
63
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Cake Chart Sometimes referred to as a pie chart, divided circle, circular percentage
chart, sector chart, circle diagram, sectogram, circle graph, or segmented
chart. A cake chart consists of a circle divided into wedge-shaped
segments. Each segment is the same percent of the total circle as the data
element it represents is of the sum of all the data elements in its data set.
The purpose of this type of chart is to show the relative sizes or values of
components to one another and to the whole. See Pie Chart. Cake chart

Calculation Chart/Tree A calculation chart illustrates graphically how a given value is calculated. Instead of using
typical mathematical symbols and notations, a calculation chart generally uses only words,
boxes, and lines. Shown below is a chart for calculating return on assets, a widely used
application of this type of chart.

di

ai

When a calculation is laid out in this fashion it does several things, including:
- Makes the calculation more understandable for those not familiar with mathematics
- Shows the elements that go into the final result
- Helps in explaining and trouble shooting variations in the final result
- Defines the areas, departments, indicators, etc., that impact the end result
- Shows by the use of multiple charts, how the same result can be arrived at by

using different calculation methods.
The complexity of a calculation chart depends on its intended purpose. If, for example, the
purpose of the above chart was to show the simplest way to calculate return on assets, the
diagram might have had only three boxes - one each for operating profit, total assets, and

Operating return on assets (as shown at the left). If, on the other hand, its
profit purpose was to show more of the elements that affect return on

Divided By Assets assets, it might have broken each of the categories down even
| Total further. Fixed assets might have been broken into land, facilities,
I assets f equipment, and vehicles. Inventories might have been itemized as
Simplest form of calculation
chart for calculating return raw material, work-in-process, and finished goods. In still other
on assets. cases the purpose of the chart might be to display the actual dollar
value of each element to give the viewer a feel for the actual size of each element and its
impact on the ultimate value. Various shaped enclosures, different colors, different type
styles, etc., might be used to encode additional information such as the organization
responsible, over or under budget, Inentories Values in thousands of dollars
internally or externally controlled, value t$4,875 Vuresn tusa Sales o
increasing or decreasing, etc. The Current Assets $46,255
diagrams might run horizontally or Receivable $12,425
vertically and use arrows or plain lines. $6,33 Plus I Total Assets

Data included may be actual values, | Cash Fixed Assets $24,371
planned values, specification values, or E$1,216 $119
combinations of different types of data Example indicating how actual dollar amounts can
such as planned and actual values. be Included In boxes along with headings

10, 20 -10
Calculation Graph Sometimes referred to as a nomograph, nomogram, or alignment -la lo

graph. A calculation graph is designed to solve an equation 7 n 14 7
involving three or more variables. Graphs consist of three or more 5 l 10
scales arranged so that a straight line crossing all the scales 4 - 6 .4"
intersects the scales at values that satisfy an equation. The graph at 2 -2
the right satisfies the equation A + B = C (e.g., 8 on scale A plus 5 0 0 0

64 on scale B equals 13 on scale C). See Nomograph. Calculation graph
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Candlestick Chart Sometimes referred to as a Japanese candlestick chart. Candlestick charts are used to
record and analyze the selling prices of stocks, bonds, commodities, etc., with particular
attention to indications of price reversals. They are similar to the bar charts used in the
field of investment; the two are sometimes used in conjunction with one another. The chart
might represent the stock price of a single entity (General Electric, IBM, McDonald's) or
the average of multiple entities (all stocks in a particular exchange, selected industrial
companies, selected utilities). Price is measured along the vertical axis, and uniform
intervals of time progress along the horizontal axis from left to right. Time intervals range
from minutes to years. Days, AA

weeks, and months are among 4U

the most frequently used. One 38

symbol represents each time
interval. Vertical price scales 36

can be shown on the left side, 3 4

right side, or both. Because of .

the width of the charts, the 32

fact that most charts include
large amounts of data, and the 30

fact that usually the greatest 28

interest is in data on the right
side of the chart, two vertical 26

Both vertical and
horizontal grid lines are
frequently used

The symbols consistent
display opening price,
closing price, highest
price, and lowest price ft
the period the symbol
applies to.

Vertical axis scales are
generally in dollars. The
scale might be linear or
logarithmic. The vertical
scale may be on both
sides of the graph or onl

A~h+ .;y

for

I,

scales or a single scale on the Candlestick chart
right side are commonly used.

Symbols used with candlestick charts
The basic candlestick symbol consists of a rectangle with a straight line extending from the
top and bottom. If the closing price is lower than the opening price, the rectangle is one
color, generally black (sometimes referred to as filled). If the closing price is higher than
the opening price, the rectangle is another color, generally white (sometimes referred to as
unfilled). A description of each part of the candlestick symbol is noted below. Definitions
are based on tracking a particular stock but apply to any thing that might be plotted.

Closing price lower Closing price higher
than opening price than opening price

High - The top of the vertical line
designates the highest price for which
that particular stock sold for in that

Open - The top of the period of time. It is generally called the Close - The top of the
rectangle designates the . high. When there is no line, the high is rectangle designates the

opening value if the V designated by the top of the rectangle closing value if the
rectangle is filled Referred to as upper rectangle is unfilled.

\4 |shadow or wick

The filled body of the Referred to as real body. In some The unfilled body of the
symbol is a strong cases two different colors are used symbol is a clear

graphical indicator that instead of black and white. Typically graphical indicator that
the closing price of the - the width of the rectangle has no - the closing price of the

stock during that period significance. Occasionally, however, stock during that period
was lower than the it is proportional to the volume of was higher than the

opening price, shares sold during that period. opening price.

Referred to as lower
Close - The bottom of the shadow or wick Open - The bottom of the

rectangle designates the Low - The bottom of the vertical line rectangle designates the
closing value if the designates the lowest price for which that opening value I the

rectangle is filled. particular stock sold for in that period of rectangle is unfilled.
time. It is generally called the low. When
there is no line, the low is designated by
the bottom of the rectangle.

Shown below is a comparison of candlestick symbols with bar chart symbols for the same
price relationships. Many individual candlestick symbols have names, as shown here. Most
bar chart symbols do not have individual names.

Close the Open the Open, low, Open the Open the samePrice Close higher Close lower same as same as and close all same as as low and close
relationship than open than open high low the same close the same as high

Bar symbol [ l

configuration 4 t ' I T I
Candlestick i

configuration II -
and name

asoiatedi Spinning top when Shaved Shaved Grave stone Doji Clos cut
real body is small head bottom

A comparison of bar and candlestick symbols for similar sets of data 65



Candlestick Chart
(continued)

Comparison of bar and candlestick charts

Although bar and candlestick symbols both have unique features, each communicates the
same basic four bits of data: open, close, low, and high. Bar charts tend to focus on highs
and lows and changes in closing prices over time. Candlestick charts tends to make the
relationships between opening and closing prices stand out more clearly and focus more on
individual or groups of symbols. For purposes of comparison, the same data is plotted
below on a candlestick chart and a bar chart .

24

23

4 11 18 25 1 8 15 22 1 8 4 11 18 25 1 8 15 22
Candlestick chart Bar chart
A comparison of a candlestick chart and bar chart using the same data

1 8

Formations and patterns
Patterns of symbols are used more frequently with candlestick charts than with bar charts
and in some cases are considered as leading indicators of future price trends, particularly
price reversals. Sometimes the patterns are the same in candlestick and bar charts even
though they have different names. For example, a head-and-shoulders pattern on a bar chart
is called a three-Buddha-top on a candlestick chart. In other cases the patterns are
significantly different. In some situations, the location of the pattern with regards to
surrounding data must be known to determine the name and significance of a symbol or a
group of symbols. For example, a particular symbol might be called a hanging man symbol
if located at the top of an uptrend, or a hammer if the same symbol is located at the bottom
of a downtrend. A few of the patterns used with candlestick charts are shown below.

Examples of pattems used for analyzing candlestick charts
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Graphical methods to assist in the interpretation of candlestick chartsCandlestick Chart
(continued) Since candlestick charts contain the same data

as bar charts, most of the techniques used with
bar charts can also be used with candlestick
charts. For example, regression lines can be
constructed, indicators can be superimposed or
juxtaposed, and moving averages, trend lines,
resistance lines, channels, etc., can be drawn.
Shown at the right is a candlestick chart with a
resistance line, several trend lines, and a
channel to illustrated the point.

25
Price chart

24

23

21

20
50,000 -

Volume chart

25,000-

1 8 15 22 29
Time -P

Candlestick price chart and volume chart combined

The term caption is sometimes used interchangeably with the terms title or label in all types
of charts.

Cartesian Coordinates Sometimes referred to as rectangular coordinates. Cartesian coordinates are the values by
which data points are located on rectangular graphs. On two-dimensional graphs, two
coordinates or numbers define the location of each data point. The two values are written
one one behind the other with a comma between (e.g., 2,4;
5,1; 4,-3). The first number indicates how far the point is
located from zero on the horizontal or X-axis. The second
number indicates how far the point is located from zero on
the vertical or Y-axis. Both positive and negative values can
be used. With three-dimensional graphs the same procedure
is used, except that there are three coordinates to designate
the location along all three axes. The dashed lines in the
example at the right are for illustrative purposes only. In an
actual graph such lines would typically not be used.

5-
4 This data point has

coordinates 2,4
3

2 - This data point has
coordinates 5,1

e 0 X-axis
>_, 1 2 3 4 5 6

-2
3 - - This data point has

coordinates 4,-3

Examples of points located by
means of Cartesian coordinates

Cartogram In the broadest sense, cartogram refers to any map containing statistical data. In practice it
usually refers to an abstract map, generally with a single purpose or theme. Such maps
normally are simplified and shown in diagrammatic Terminal 1 Terminal 4

form to present a specific type of information. For City G City A

example, if the key purpose of a subway map is to Terminal 5

match terminal numbers with the towns in which they \ / / City B

are located, unnecessary information such as miles Terminal 2- Transportation

between stations, the direction the train travels from / F \
point to point, etc., is not shown. Distances, sizes, or Termi

shapes are frequently distorted to make the key City E Terminal 6
Terminal 7 city c

message easier to understand. Distorted maps, strip City C

maps, and diagrammatic maps are sometimes Cartogram matching city names with
classified as cartograms. terminal numbers and showing

general locations for a subway system

4 11 18 25 1 8 15 22 1 8

Candlestick chart with resistance
line, trend lines and channel

Scales, gird lines, insets, frames, and
volume charts are handled on candlestick
charts the same as they are on bar charts.
An example of a volume chart used in
conjunction with a candlestick chart is
shown at the left. See Bar Chart

Caption
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Cartoon Faces

Casement Display A casement display is a group of two or more two-
dimensional graphs, typically shown side-by-side, that
show the distribution of data points on multiple planes or
slices passed through a three-dimensional scatter graph.
The purpose of casement displays is to assist in the
analysis of data with three variables by summarizing the
data incrementally along one of the variables/axes. An
example of a casement display is shown below. In
addition, two graphs are shown at the right to illustrate
how the casement display might have been arrived at
graphically. In practice, the two preliminary graphical
steps are not used. Instead, the information for plotting the
casement display is determined mathematically and the
casement display plotted directly. See Slice Graph.

Sometimes called faces or Chernoff faces. Cartoon
faces are icons that are occasionally used as
symbols to encode three or more variables into
charts, graphs, maps, or icon comparison displays.
The variables are encoded by assigning values,
characteristics, etc., to variations in facial features.
See Chernoff Faces.

16
12 R
8 i
4 -r
o .s

8 12 16 20 24 >
Age

Standard three-dimensional
scatter graph with drop lines

, 12 , *. , * 21 ,

.n i *| -4-----I
> 4

0 0
0 4 2 1 2 16 > 4 8 1 16

Variable 1 Variable 1
Ages 13 & below Ages 14 to 19 Ages 20 & above

Casement display in which the three slices in the
graph at the right have been turned parallel to the
plane of the paper and placed side-by-side

fi9e

Same data as In the scatter graph
above, except that the data points
are condensed into three planes
along the age axis

Cash Flow Graph Sometimes referred to as a product life cycle graph. A cash flow graph is a graph that
projects and/or monitors key financial figures over the life cycle of a project, program,
investment, etc. One of the key functions of this type of graph is to show the relative timing
of key activities and their resulting financial impact. For instance, in the example shown
here, it can be seen that this new hypothetical product does not become profitable until the
end of the introduction phase, and the cash flow does not become positive (more money
coming in than going out) until more than
halfway into the growth phase. A companion
graph may use the same time scale but show
cumulative values for each of the items being
tracked. The names and the lengths of the
phases along the horizontal axis, as well as
the specific items plotted, can differ
depending on the specific application. In
many cases, because of the relative sizes of
the values. separate scales are required for

r ,- _ Cash flow graph for projecting and/or tracking kM
some of the data series. financial finiires thrrounh the nhaaCQ of a nrmnrar

Category Axis An axis that has a category scale on it is sometimes called a category axis.

Category Graph A graph that has one or more category scales is sometimes called a category graph.

Category Scale Sometimes referred to as a qualitative or nominal scale. This scale consists of a series of
words and/or numbers that name, identify, or describe people, places, things, or events. The
items on the scale do not have to be in any particular order. When numbers are used on a
category scale, they are for identification purposes only, since lI lllll
category scales are not quantitative. Each word or number Corn Beets Peas Rice Beans

defines a distinct category which contains one or more entities. Category scale. Sometimes
called qualitative or nominal

In other words, a category might refer to one man or to many scale.
men. See Scale.

Eye position Ear size may Face size may
may relate to relate to relate to
vanable A variable B variable C
Example of how facial features might be
used to encode variable information

IO
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Cause-and-Effect (CE)
Diagram

Sometimes referred to as an Ishikawa Diagram, fishbone diagram, or characteristic
diagram. The purpose of the cause-and-effect diagram is to provide a method for
systematically reviewing all factors that might have an effect on or contribute to a given
situation such as a quality problem or a cost reduction program. This is accomplished by
assigning each potential contributor to a line or arrow (sometimes referred to as branch,
bone, or category line) and then arranging the lines or arrows in a hierarchial fashion in
meaningful clusters. For example, there might be four major categories of causes that are
potentially contributing to a given problem. These categories might be equipment, people,
parts, and processes. Each of these major categories would be assigned an arrow leading
into a bold horizontal arrow (spine) that points towards a word description of the problem
or objective. Next, a series of arrows are added indicating what secondary causes might be
contributing to the primary causes. The arrows for these secondary causes lead into one of
the four arrows representing the major categories. A third set of causes and arrows might
then be added indicating what tertiary causes have an effect on the secondary causes. An
example is shown below.

Material
Equipment

Tools
Maintenance

People Depth Manuals
t /t M, Training

New M
tMotivation

Design I cannot meet noise
Inhos Tesn I specification

Get wet Vendouse Routing~ etn
Damaged in process e Design Documentation

/ , / . , / . ot upae
Rough handling Parts

Cause-and-effect diagram using arrows where solving a quality problem is the objective

There are multiple ways to lay out a cause-and-effect diagram for exactly the same problem
or objective. For example, in the diagram above, people and parts are two of the major
categories. In an alternate diagram (below) the major departments or functions might be the
major categories and people and parts would be secondary or tertiary factors in each of the
categories. * In generating cause-and-effect diagrams, it is generally more important that all
of the factors are shown and considered rather than how the diagram is constructed.

rartsPesne --Vendors Personnel
Raw material Gages Documentation

Not updated
Soure Fabrication Inspection

Same objective as above, except clusters have been arranged differently and without arrows

Cause-and-effect diagrams are basically qualitative tools. They sometimes are made
partially quantitative by assigning specification values to the branches where a specification
exists and giving some indication as to how well the specification is being met. By means
of color, symbols, enclosures, and line size, a considerable amount of information can be
encoded such as priorities, probability of having a significant effect, assignments, factors
needing additional study, and factors for which solid quantitative information exists. Cause-
and-effect diagrams are almost always constructed horizontally. Examples of terminology
used with cause-and-effect diagrams are shown below.

Cluster Major potential causes or contributors,
sometimes called categories Subsidiary causes

r - - i- - - - - - - - - -, g \ or contributors
Lowest level of Assembly Precisi
potential
contributors are Drawings
sometimes called Problem or
root causes. ign Specilications\ Personnel objective

] viaiiyX7 «| Superv ion r.o

Bones, branches, or category lines Spine

Terminology sometimes used with cause-and-effect diagrams 69



Ceiling Sometimes referred to as a top. The term ceiling is
used to identify the upper plane of a three-
dimensional graph.

Ceiling on a three-
dimensional graph

1990 1991 1992 1993

Cell1  The area of a table or chart Model A 19 18 15 13

defined by the intersection of Model B 2 5 6 4 A cell is the area
Model C 5 6.5 7 6 formed by thea row and a column. 777 intersection of a
Model D 8 10 9 12 column and a row
Model E 13 17 12 12.5 (shaded gray in the

Cell2  Sometimes referred to as a class, class 200-

interval, group interval, or bin. Cells are the .- Cells
0 150-groupings into which a set of data is divided a)5X\

for purposes of generating any of several data '100-
i5)distribution graphs or maps. An example of a .E

graph using cells is shown at the right. See 5
Histogram and Frequency Polygon for a o Z to0 t 4 0bi Xotous

discussion of cells used with graphs. See Individuals grouped into cells based on age
Statistical Map for use with maps. Graph using cells

Center Stepped Line Graph A variation of stepped line graph in which the plot symbols are
located in the center of the horizontal portions of the curve, as
opposed to being located at the right, left, or at both ends. See also
Line Graph.

A B c D E
Center stepped line graph

Change Graph A variation of a difference graph that compares multiple factors at two points in time or
under two different sets of conditions. Actual values are plotted. The numeric value of the
change may or may not be shown on the data graphics. For example, if the values before
and after a change were 40 and 60 respectively, the data graphic would extend from 40 to
60. The numeric change of 20 may or may not be noted on the graph. * With this type of
graph, the direction of change or difference is generally considered important; therefore, a
coding system is used to indicate the direction of change. Three ways of accomplishing this
using both bar and column type graphs are shown below. * Since no particular direction is
always favorable (desirable) or unfavorable (undesirable), an additional coding system is
sometimes used to designate whether the change is favorable or not. Examples of
information that might be plotted on a change graph are:

- Changes in sales forecasts from one month to the next
- Changes in unemployment from one period to the next
- Changes in key business indicators from one period to another

- Base of arrow is March forecast m Favorable - 5 greater than '96
V - Tip of arrow is April forecast Unfavorable 96 greater than s95
C 100

.280
so 60

EC60

CU4

20

tu

Measure A

Measure B i>

Measure C K<I
Measure 0 X

U May Jun Jul Aug 0 20 40 60 so 100 Index Index Index IndexA B C 0
Arrows indicate the direction Color, shading, or patterns Color, shading, or patterns
of change. The base and tip can be added to indicate can be used to indicate
of the arrows indicate the whether the change was the direction of change
prior and subsequent values, favorable (desirable) or and text used to denote
respectively. unfavorable (undesirable). whether the changes were

favorable or unfavorable.
Variations of change graphs

Sometimes referred to as a cause-and-effect diagram. See Cause-and-Effect Diagram.'7A Characteristic Diagram
TV. -



Chart'
Sometimes referred to as an information graphic. A chart is
a vehicle for consolidating and displaying information for
purposes such as analysis, planning, monitoring, communi-
cating, etc. Previously, charts were tangible things such as
single sheets of paper, display boards, or flip charts. Today,
many charts are generated and displayed electronically so
that no hard copy ever exists. This book discusses charts
without regard to the medium used. Instead, it discusses
them in terms of content, function, format, etc. * There are
five major categories of charts: graphs, maps, diagrams,
tables, and other (those charts that do not fit into one of the

other four categories). Each major category is broken into
multiple subcategories, some of which are noted in the table
below. * All individual information graphics can be included in
multiple subcategories depending on the criteria that is used,
such as shape, format, function, type of scales, type of data
displayed, usage, number of axes, etc. For example, a widely
used graph for plotting the distribution of data elements in a
data set might be called as a histogram, data distribution graph,
joined column graph, column graph, two-axis graph, two-
dimensional graph, rectangular graph, quantitative graph,
graph, or chart. All 10 terms are perfectly correct.

Tale

N11
iseness of
nation and
e of reference

bi A..: tOhr Charts

HE1
Differs depending
on specific chart

Area graph
Bar graph
Circle graph
Column graph
Une graph
Nomograph
Polar graph
Radar graph
Scatter graph
Trilinear graph
Area graph
Candlestick chart
Cash flow graph
Column graph
Control chart
Index graph
Line graph
Run chart
100% graph
Border plot
Box plot
Histogram
Pareto graph
Population pyramid
Probability graph
Quantile graph

Contour map
Demographic map
Distorted map
Elevation map
Prism map
Shaded map
Smooth statistical map
Weather map

Block map
Blot or patch map
Dot density map
Geological map
Pin map
Profile map
Topographic map
Weather map

Network map
Ray map
Road map
Strip map
Thematic map

Flow map
Weather map

Block diagram
Network diagram
Voroni diagram

CPM chart
PERT chart
Time line

I

Block diagram
Cause & effect diag.
Conceptual diagram
Flow chart
Network diagram
Organization chart
Relational diagram
Venn diagram
Conceptual diagram
Decision chart
Flow chart
PERT & CPM charts
Process chart
Tree chart

Conceptual diagram
Flow chart
Process chart

Calculation chart
*How to' diagram
Procedural diagram

Analytical table
Bidirectional table
General table
Quantitative table
Reference table
Spreadsheet

Analytical table
General table
Quantitative table
Reference table
Spreadsheet

Analytical table
Frequency table
General table
Percent table
Quantitative table
Reference table
Spreadsheet

Calendar
Time table

General table
Pictorial table
Reference table

Analytical table
General table
Reference table
Spreadsheet

Analysis table
General table
Pictorial table
Reference table

Icon comparison display
Pie chart
Proportional chart
Ranking chart
Unit chart
Venn diagram

Comparative chart
Icon comparison display
Point & figure chart
Proportional chart
Stair chart
Unit chart

Business matrix
Conceptual chart
Floor plan

Explanatory chart
Gantt chart
Loading chart
Milestone chart
Scheduling chart

Conceptual chart
Dendrogram
Distribution channel chart
Exploded diagram
Gantt & milestone charts
Minimum spanning
Process chart
Structure diagram

Conceptual chart
Gantt & milestone charts
Illustration chart
Process chart
Vector chart

Conceptual chart
Cross-section
Exploded diagram
Illustration chart
Pictorial chart

Calculation chart
How-to chart
Illustration chart
Pictorial instruction
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A map used for navigation either by water (hydrographic map) or by air (aeronautical map).

Chart Element Any graphic ingredient of a chart might be called a chart element. Included in the definition
are major elements such as graphs, maps, and diagrams as well as minor elements such as
notes, arrows, images, and symbols. Sometimes a smaller element included within a larger
element (a symbol on a map or a legend on a graph) will be considered a map element or a
graph element, and the larger graphic, (the map or graph) considered the chart element.

Sometimes called clutter. Chartjunk consists
of the things included in charts and graphs
that are not essential to understanding the
chart or that might detract from the main
purpose of the chart. Examples are
unnecessary grid lines, excessive tick marks,
redundant data, material added for cosmetic
purposes, etc. What qualifies as chartjunk is
sometimes quite subjective. The two graphs at
the right show the same data with and without
what some might consider chartjunk.

A

B

8c'

0

4.31

Cartons of milk

With chartjunk

A

B

U)

0

E

Items eliminated:
m Duplicate values

Duplicate labels
Part of frame
Background

Grid lines
Image
Ticks

I I I n. SIII
0 1 2 3 4 5 6

Cartons of milk

Without chardjunk

Chernoff Faces Sometimes called faces or cartoon faces. Chernoff faces provide a graphical technique for
encoding multivariate information (generally three or more variables) into the facial
features of small icons so that the viewer gets an overview of the data based on facial

expressions. For example, the position
- of the eyes might be proportional to

L L > L one variable (e.g., looking to the left
indicates a large number, to the right a

Eye position might Ear size might Face size might small number, and straight ahead an
relate to variable A relate to variable B relate to variable C average number). The size of the ears

Examples of how information is encoded by faces might be proportional to another
variable (e.g., big ears, 100,000; little ears, 1,000). Quantitative and nonquantitative
information can be encoded. Chernoff faces may be used as stand-alone images, in matrixes
called icon comparison displays, or in conjunction with another type of chart such as a map

or graph. For example, the
- financial performance of four . I Companrv B/--\

Chemoff faces used to
encode information onto
a map

Choropleth Map

companies might be
compared by showing four Company A
faces, one for each company. p A
Each company's financial { 'kkf
data would be encoded into E Company D
the features of the face Company C
representing that company.
The four faces could be used _

by themselves or as symbols Profitability
on a graph (right). The map at Chemoff faces as symbols on a graph

the left shows another variation in which faces represent data for
seven different states. * Information can be encoded into the faces
randomly, in which case the decoding process can be tedious. If;
however, during the encoding process, care is taken to assure that
positive values are associated with the more pleasant facial
features, the viewer can get a general feel for each entity based on
how happy or sad the expression is.

Sometimes referred to as a shaded, crosshatched, or textured map. A
choropleth map is a variation of a statistical map that displays area
data by means of shading, color, or patterns. The areas (sometimes
called areal units) might be countries, states, territories, counties, zip
codes, trading areas, etc. The data is generally in terms of ratios,
percents or rates as opposed to absolute units. For example, incomes
would typically be given in terms of dollars per capita or dollars per
household as opposed to total dollars for the area. Data is often
organized into class intervals as shown in the example at the right. See
Statistical Map.
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Sometimes referred to as a time series scale. See Time Series Scale.

Circle Diagram
or
Circle GraphI

Sometimes referred to as a pie chart, cake chart, divided circle,
circular percentage chart, sector chart, sectogram, or segmented
chart. A circle diagram, a variation of a proportional area chart,
consists of a circle divided into wedge shaped segments. Each
segment is the same percent of the total circle as the data element
it represents is of the sum of all the data elements in its data set.
The purpose of this type of chart is to show the relative sizes of
components to one another and to the whole. See Pie Chart.

Circle Graph2 Sometimes referred to as a circular percentage graph. A circle graph looks and functions
like a pie chart. The only difference is that the circle graph has a scale around the
circumference which classifies it as a graph. A circle graph has no radial scale and
therefore is considered a one-axis graph. Typical characteristics of the circular scale are:
- It is almost always linear. 100%

- The units of measure can be anything but usually are percent. 90% vans 10%

- It can have any lower and upper value. Typically the lower 20

value is zero and the upper value is 100%. 80% Trucks 20%

- Zero and 100% are frequently located at the top of the circle. 3a5° 50

- Values can proceed in either direction; however, they typically
increase clockwise. 70% Cars 30%

- Tick marks can be internal or external; external is typical.
Many of the observations that apply to pie charts also apply to 60% 40%

circle graphs. See Pie Chart. Circle graph

A circular area graph is the equivalent of a rectangular area
graph wrapped into a circle. The horizontal axis of the
rectangular graph becomes the circular axis of the circular
graph and the vertical axis of the rectangular graph becomes
the radius axis of the circular graph. Sequential, particularly
time series scales are frequently used on the circular axis.
The quantitative value being measured is shown on the
radius or value axis. The example at the right represents a
typical application of a circular area graph in which average
electric power usage is recorded for a 24-hour period.

Major elements of a circular area graph
Symbols Tor as
many times not

Data series A

Data series B
(bold line)

Multiple data set
plotted on the se

Noon
Circular area graph showing
average use of electric power
over the course of a day

- Circilar axis

Circular scale
- Normally sequential, frequently time series

Can have any upper and lower values
- Can progress in either direction

Can start at any point on the circle
Radial or value scale

- Can have any upper and lower values
- Lower value normally at center

Radial or value axis

Circular grid lines for radial axis

Radial grid lines for circular axis

6
Circular area graph

Percent-of-the-whole circular area graph

A circular area graph can be used as a percent-of-
the-whole or 100% graph. When used in this manna
the viewer can see how the relationships between tl
elements of a data series change over time - for
example, the relative percent that each product line
contributes to the overall sales of a company as the
seasons change. An illustration of such an
application is shown at the right.

I@ 1oo%-

!' 80%-
§ 60%

r, 6 40% C
ie 20%-

all 0%-

S

Product line
Product line

eb

Mar

Product line C -Au4 XN 4 j< May

Jul Jun
Circular area graph used as a percent-
of-the-whole or 100% graph

Circle diagram

Circular Area Graph
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Circular Bar Graph A circular bar graph is the equivalent of a rectangular bar graph wrapped into a circle. The
horizontal axis of the rectangular graph becomes the circular or value axis of the circular
graph, and the vertical axis of the rectangular graph becomes the radial or category axis of
the circular graph. An 8 4

example is shown at the
right. In a typical
circular bar graph, the
bars representing the
various categories are
uniformly spaced along
the radius or category

Circular or value axis
Circular scale

- Normally a value scale
- Can have any upper and lower values
- Can progress in either direction
- Can start at any point on the circle

Radial or category axis
' Category labels
-Circular grid lines for radial axis
-0:lriA;l -AAr li;--c fn- rroliJn s __

axis. The ends of the 16 -08 Values designated by ends of bars

bars designate the Circular bar graph

values they represent. The lengths of the bars have no significance and can be misleading,
since bars representing the same numerical value can be different lengths depending on

where they are located radially. * The value scale
on a circular bar graph can have any upper value.
The lower value is typically zero. The scale can
progress in either direction and start at any point
around the circle. Although simple circular bar
graphs are generally the only type used, the same

kM concept can be applied to more complicated
variations such as stacked, grouped, and 100%.
* Occasionally a time series is shown on the
circumference and the graph is used to display a
repetitive type schedule, as shown at the left.

Noon This configuration might be called a scheduling
A specialized circular bar graph with a chart. * Circular bar graphs are generally used for
time series shown on the circumference
is sometimes called a scheduling or their aesthetic value. Functionally they offer little
circular Gantt chart. or no advantage over rectangular bar graphs.

Circular Column Graph Sometimes referred to as a star, radial line, or radial column graph. A circular column graph
is the equivalent of a rectangular column graph wrapped into a circle. The horizontal axis of
the rectangular graph becomes the circular axis of the circular graph, and the vertical axis
of thi revtannulo r Dec

graph becomes the
radial or value axis
of the circular graph.
An example is
shown at the right.
The value scale can
have any upper and
lower values. It
typically has its
lower value at the

Circular axis
Category labels

- Nominal information or sequential
data such as a time series

Radial or value scale
- Lower value normally at center
- Can have any upper and lower value

Radial or value axis

Circular grid lines for radial axis

Radial grid lines for circular axis

is

center and its upper Circular column graph

value at the circumference. The value scale might be linear or logarithmic, but is normally
linear. * Category or sequence scales are most frequently used on the circular axis. Circular
scales can start at any place on the circle and proceed in either direction. * A single
data series is most frequently
plotted. More complex
variations such as stacked,
grouped, range, etc., are
occasionally used. Two
examples are shown at the
right. * When the columns
become so narrow that they
resemble lines, the graph is
sometimes called a radial
line graph.
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Circular Graphs Circular graphs are used for a number of different reasons, depending on the type of data
being plotted, the purpose of the graph, and the type of information to be communicated.
Following is a list of some features of circular graphs. All features are not applicable to all
types of circular graphs.

* Directional information can be encoded more easily by means of vectors or a
circular axis with a scale of degrees.

* When recurring data is plotted on a circular graph, the continuity of information is
not interrupted as it would be between the right- and left-hand edges of a
rectangular graph.

* When recurring data is plotted, circular graphs make it easier to compare the values
at a given time in each cycle.

* In some cases the circular graphs are more compact.
* In some cases viewers find it easier to relate to a circle as representing the "whole".
* Circular graphs more clearly indicate the repetitive nature of certain data.
* Circular graphs sometimes have a more interesting appearance.

On the negative side, some people find it more difficult to relate to and understand circular
graphs; they generally are more difficult to generate; and they sometimes require more
space. The examples shown below are representative of the major types of circular graphs.
Details for each are listed under their individual headings.

Representative examples of circular graphs
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Circular Line Graph DecA circular line graph is the equivalent of a rectangular line
graph wrapped into a circle. The horizontal axis of the
rectangular graph becomes the circular axis of the circular
graph, and the vertical axis of the rectangular graph
becomes the radial axis of the circular graph. Sequential
scales, particularly time series, are often used on the circular
axis. The quantitative value being measured is shown on the
radial or value axis. The example at the right represents a
typical application of a circular line graph in which
pollution levels are recorded monthly.

Major elements of a circular line graph

Circular scale
- Normally sequential, frequently time series
- Can have any upper and lower values
- Can progress in either direction
- Can start at any point on the circle

Radial or value scale
- Can have any upper and lower values
- Lower value normally at center

Radial or value axis

Circular grid lines for radial axis

Radial grid lines for circular axis

Circular line graph format and terminology

Superimposing repetitive information

It is common when plotting repetitive data
to have successive periods or cycles
plotted over top of one another. If, for
instance, the temperature is recorded every
two hours for four days, all four days of
data might be superimposed over each
other. By doing this, it is sometimes easier
to spot similarities and dissimilarities at the
same time during each cycle. In the
example at the right, the data graphic
clearly shows that at 4 PM each day, the
temperature was exactly the same, while at
IOPM the spread was about four degrees.

A spread of about Midnight
four degrees over 10PM 2AM
the four days at

6PM A

The same 68 70 72 74 76 78
temperature all Temperature 'F
four days at 4PM

4PM

2PM lOAe
Noon

Four days of temperatures
recorded on a circular line graph

Circular Organization Chart Sometimes referred to as a radial organization chart. A
circular organization chart is typically a hierarchical
organization chart that has the highest ranking person or
entity in the center and lower ranking persons or entities
arranged in descending order as their names, positions,
etc., appear further from the center of the chart. The
names, descriptions, etc., of the lowest ranking entities
form the circumference of the circular chart. See
r1n ------ SU 

C gha t r

Circular Percentage Chart
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Sometimes referred to as a pie chart, cake chart, divided circle, sector
chart, circle diagram, sectogram, circle graph, or segmented chart. A
circular percentage chart, a variation of a proportional area chart,
consists of a circle divided into wedge-shaped segments. Each
segment is the same percent of the total circle as the data element it
represents is of the sum of all the data elements in its data set. The
purpose of this type of chart is to show the relative sizes of
components to one another and to the whole. See Pie Chart.
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Circular percentage
chart

Circular line graph showing
monthly pollution levels
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Circular Percentage Graph Sometimes called a circle graph. A circular percentage graph
looks and functions like a pie chart, except that it has a
quantitative scale around the circumference that ranges from
zero to 100%. See Circle Graph 2.

100%
0%

90%y 10%

80% Gray 20%
70 (35%) B/slack

50 (25%)

70% Blue 30%
a 0 (30%)

50% 6 40%
50%

Circular percentage graph

Class
or
Class Interval

Sometimes referred to as a bin, group interval, or cell. When a large set of data is
systematically divided into a limited number of groups, these groups are many times called
classes or class intervals. Class intervals are frequently used for analyzing the distribution
of data. For example, one might want
to make a graph of the distribution of a) - Classes or
ages in an organization with 600 ass intervals
people. Instead of plotting all 600 ages, :D -
class intervals could be set up, the W
number of people in each class interval E so
determined, and that set of numbers z
plotted. If the youngest person in the 0 gn tn aA 40A - t QA 0 G7 ~7

Statistical map using
class intervals

Classless Map

Age of individuals grouped into class intervals
Histogram using class intervals on the horizontal axis.

group was 22, the first class interval might be 20 to 29, the
next 30 to 39, the next 40 to 49 and so on until a class
interval that included the oldest person in the group was
established. The number of people in each class interval
would be counted and the data (in this example six data
points) plotted. The graph might look like the example
above. Such a graph is generally called a histogram. See

Histogram. * A similar technique is sometimes used when
preparing data for statistical maps, as shown at the left.
Class intervals for use with maps are sometimes
determined differently than for graphs; see Statistical Map.

Sometimes referred to as a no class or unclassed map. A map that does not use class
intervals to encode statistical information. See Statistical Map.

Clock Graph A circular graph with a time scale on the circular axis that
progresses in the clockwise direction. The type of graph might
be line, point, bar, column, or area. The circular line graph as
shown at the right is a typical example.

The term cloud is sometimes used when
referring to the cluster of data points on
a scatter graph. The term can be applied
to two- or three-dimensional graphs. It is
most frequently used with three-
dimensional graphs.

Sometimes referred to as clouds

6 8 6

0 2 4 6 8 4 8 10
Two-dimensional Three-dimensional
cloud of data points cloud of data points
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Clustered Bar Graph Sometimes called a grouped, multiple, or side-by-side bar
graph. A bar graph on which two or more data series are plotted
side-by-side to form clusters. The bars for a given data series
are always in the same position in each cluster throughout a
given graph. Each data series typically is a different color,
char11- .r no-t-rn . for (ur-nh

Plant A
Plant B
Plant C

Clustered bar graph

Clustered Box Graph Sometimes referred to as a grouped box
graph. A clustered box graph is a box graph enes A
on which two or more data series are plotted > Senes B
side-by-side. Each data series typically has a >
different color, shade, or pattern. See Box
Graph. 96 '97 .9 '

Clustered box graph

Clustered Colurnn Grapn sometimes called a grouped, multuple, or slue-Dy- e
side column graph. A column graph on which two E
or more data series are plotted side-by-side to E

form clusters. The columns for a given data series
are always in the same position in each cluster
throughout a given graph. Each data series

E3 Organization Aa Organization B

* Organization C

typically is a different color, shade or pattern. See - '91 '92 93 94 95

Column Graph. Clustered column graph

Clustered/Grouped Graphs Using groups or clusters of two or more graphs on the same or related subject often offers
synergistic advantages over the use of a single graph. See Graph.

Cluster Map Sometimes referred to as a tree diagram, Values proportional to the degree of similaritybetween objects and clusters
linkage tree, or dendrogramn. A cluster
map is a graphical means of organizing E

information for the purpose of
establishing groupings and/or g c
categorizing individual elements. For < A

example, one might study different H

groups of consumers to determine how g a
they perceive a product, or a cluster map E '

might be used to look for relationships 2 A
N

in a group of archeological specimens.
See Dendrogram. Cluster map >

Coffee Grinder A slang expression for certain vertical flow charts where multiple inputs are shown at the
top of the chart and only one or at most a few outputs are shown at the bottom.

Color is a powerful tool to use with information graphics. In many of the examples
throughout this book, color could be substituted where shades of gray are used to show
varying values or where differently shaped symbols or line patterns are used to identify
different data series. In some cases entirely different colors are used. In other cases shades
of the same color are used for the same purpose. Noted below are some of the many
potential applications of color with charts and graphs.

Potential applications for color in information graphics
- Differentiate various data elements such as multiple data series on a graph, types

of natural resources on a map, types of paths on a schematic, etc.
- Encode areas of equal value such as filled contour graphs and quantitative maps.
- Alert the viewer when a predetermined condition occurs such as values going

negative, measurements exceeding limits, or unfavorable results of any kind.
- Provide emphasis to key elements on all types of charts.
- Identify particular values, things, places, actions, etc.
- Indicate all items, values, organizations, etc., that are the same or similar by

making them all the same color.
- Signify changes in directions, time periods, trends, responsibilities, type of

condition, etc.
- Improve the appearance of charts. This might involve any or all of the chart

elements such as data graphics, backgrounds, borders, illustrations, etc.
- Get and hold the viewer's attention.
- Improve the viewer's retention of the information presented on the chart.

Color

78



Color (continued)

Column

Potential applications for color in information graphics (continued)

- Encode information into text - for example, the use of red for unfavorable
values, color coding labels for easy identification with their data graphics,
differentiating miles and kilometers on maps.

- Distinguish lines such as grid lines and reference lines from data lines.
- By means of gradations, indicate gradual transitions from one set of conditions

to another or emphasize the direction of flow of activities or data on diagrams
and graphs.

- By means of faint backgrounds, organize information and identify such things
as time periods, area of responsibility, new or old, desirable or undesirable, etc.

- Give more meaning and impact to pictures, illustrations, and images.
- Color-code similar information throughout a series of charts and graphs so the

viewer can easily follow a thread of related information or ideas.
- By means of stripes of color, assist the viewer in visually following long

columns or rows of data.
- On maps, differentiate such things as land, water, vegetation, etc.
- Flag end-of-month or end-of-year summaries by using different color text for

lines on entire charts, graphs, or tables.
Terminology

The following terms are frequently used when specifying or describing colors.
- Hue - This is the name of the color such as red, yellow, blue, green, violet, etc.
- Saturation or chroma - These terms refer to the vividness or intensity of the color. The

higher the saturation, the brighter, more vivid the color. The lower the saturation, the
duller the color. Very weak or low saturation colors approach a neutral gray.

- Value, lightness, or brightness - Used when describing how light or dark a color or
hue is. This is sometimes broken down into shade or darkness which is the result of
adding black to the basic color, and tint which is the result of adding white to the basic
color.

The term column is used to identify at least three major items in the area of information
graphics.
1. The vertical rectangle 2. The vertical grouping 3. The vertical arrange-

used with graphs,
maps, and diagrams.

Mar
of te
wide
into
whk
bec
eyel
shift
This

of words used with text,
as found in newspapers.

Columns

.y times large bodies arranged in two columns
ext, particularly on for illustrative purposes
e pages, are broken only. In an actual
multiple columns application this small, the
ch are easier to read text might be presented
cause the reader's in a single column. Text
s do not have to keep arranged into columns
ing back and forth. may or may not be
; paragraph has been justified left as these are.

ments of information
used in tables.

Columns

1990 1991 1992

Model A 19 18 15

Model B 2 5 6

Model C 5 6.5 7

Model D 8 10 9

Model E 13 17 12

Column and Symbol Graph Sometimes a series of symbols are shown on a column
graph to designate reference points or points of comparison
for each of the columns. The reference points might
designate such things as budget, plan, last year's value, or
specification value. Symbols enable the viewer to make
comparisons between the actual value, as shown by the top
of the columns, and some other set of values designated by
the symbols. Any symbol that crisply identifies the
reference value can be used. More than one set of symbols
can be used on the same graph; however, only one set of
rectangles is typically used.

Symbols typically designate individual
reference values for each column.

6J a

5
4 -
3
2-

A B C D E
Column and symbol graph

Column charts are members of the proportional chart family. In a
column chart, the size or area of each column is proportional to the
value it represents. Column charts do not have scales, grid lines, or
tick marks. The value they represent is typically shown on or
adjacent to the data graphic. The major purpose of the graphical
portion of a column chart is to visually orient the viewer to the
relative sizes of the various elements of a data series. Actual values
are shown on or adjacent to the data graphics. With a quantitative
scale on the vertical axis, the graphic is often called a column graph.

mmii
'91 92 '93 ' 95

Column chart
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Column Graph Sometimes referred to as a bar, vertical bar, or rotated bar graph. Column graphs are a
family of graphs that display quantitative information by means of a series of vertical
rectangles. Column graphs are frequently used to compare multiple entities or to show how
one or more entities vary over time. An example is shown below.

The scale on the vertical
axis is almost always

quantitative and linear.

Column width
Column length

Rectangles below the reference
axis are sometimes referred to

as hanging columns. Such
oliimns mav nr mav nnt

The top of the column designates the
value of the data element being
represented by the column. The
length of the column may or may not
be proportional to the value it
represents.

Each column represents a data
element of a data series; a
complete set of columns
represents a data series.

represent negative values. '91 '92 '93 *94 '954 generally sequential or categorical.
Column graph and terminology

Each column represents a data element, and a complete set of columns represents a data
series. The top of each column is located at the value it represents. The length and/or area
of the columns may or may not be proportional to the values they represents. Because the
tops of a columns are so pronounced, this type of graph is one of the best for showing
specific values. Because of the stand-alone nature of the columns, it is also well suited for
representing discrete data. Column graphs normally have one linear quantitative scale on
the vertical axis and generally have a category or sequence scale (e.g., time series) on the
horizontal axis. The few exceptions to this are discussed below.

Th. scale n. the h-i-ntn1 xis is

When a column graph displays a single data series similar to the
example at the left, it is referred to as a simple column graph.
The columns can be of any width; however, with a few
exceptions (to be reviewed later), columns are uniform in width

th -so __I aiMnr -rar Th c
UIIUUUL1UL a rIVvIi 6apiI. AIM~ balIV,~

is true for the spaces between the
columns. The vertical scale is always

S 91 c92 gr3 '4 tha quantitative, and both positive and
displays a single data series negative values can be plotted on it,

as shown in the example at the right. Linear scales are almost
always used. When both positive and negative values are
plotted, the result is sometimes called an over-under or negative values can be
deviation graph. On a typical column graph, the horizontal axis plotted on the vertical
has either a category or sequence (e.g., time series) scale. quantitative scale.

Vertical line graph-

When columns are so narrow they approximate vertical lines, as
shown at the right, the graph is frequently referred to as spike,
needle, vertical line, or point graph with drop lines. With this
type of graph, quantitative data can be plotted on the horizontal
axis, since each line (column) can be assigned to a specific value.
Vertical line graphs are reviewed under Line Graph.

Joined column graph
When the columns become so wide there is no space between
them, as shown at the right, the graph is sometimes called a
joined column graph, connected column graph, stepped
column graph, or histogram. A quantitative scale is sometimes
used on the horizontal axis, in which case the column widths
indicate the spread or interval of values on the horizontal axis
that the value on the vertical axis applies to. Histograms and
area column graphs are examples of this type of graph. Area
column graphs are discussed later in this section. See also

80 Histogram.
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0

With very thin columns,
the graphs are sometimes
called vertical line graphs.

15

10

5

0

With no spaces between
columns, the graph is
sometimes called a histo-
gram or a joined, connected,
or stepped column graph.

Simple column graph
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Colurnr Graph (continued) Grouped column graph - (multiple data series all referenced from the same zero axis)
When two or more data series are plotted side-by-side on the same column graph, the result
is referred to as a clustered, grouped, multiple, or side-by-side column graph. Grouped
column graphs enable the user to:

- Compare multiple items at various points in time
- Show how relationships between multiple items change with time
- Look for correlations or meaningful relationships between multiple data series
- Condense onto one graph what otherwise would required multiple graphs

With this type of graph, each data element of each data
series is represented by a separate column. The data
series are differentiated from one another by assigning a

different color, shade, or pattern to each
data series (left). The columns from each

El Organization A data series that correspond to the first
D Organization B interval on the horizontal axis are placed
* Organization C side-by-side to form a group or cluster in

the center of the first interval. mIhe columns
Grouped column graph from each data series that correspond to the

second interval on the horizontal axis are placed side-by-side in the center of the second
interval. This placement continues until all of the columns representing data elements are
entered on the graph. To illustrate the procedure, if a comparison was made of the number
of members in three different organizations for the years 1991 to 1995, columns
representing the number of members for each organization in 1991 would be grouped
together in the first interval along the horizontal axis. Columns representing the number of
members for each organization in 1992 would be grouped in the second interval, and so
forth through 1995. A space is almost always provided between each group of columns so
that the data associated with each interval can be easily distinguished. The spaces used in a
given graph can be of any width. They are generally uniform throughout the graph. The
example below shows some of the design features and terminology used with grouped
column graphs.

The spaces between groups
(sometimes referred to as

inter-group spaces) can be of
any width. They are generally

all the same on a given graph.

A quantitative scale is always
used on the vertical axis.

Space (sometimes called
column marin) is generally

provided on the sides
between the columns and the
frame, except in histograms.

Tick marks may or may

Columns can be of any width. They
are generally all the same width on
a given graph.

Typically there is no space between
the columns in a aroup or cluster. If

-there is a space, Ht is small and
called inter-column space. Over
lapping results in negative inter-
column spacing.

All groups or clusters are the
same width on a given graph.

El Data series A
[1 Data series B

not be used on the 91 '92 S93 eS4 95\ * Data series C
horizontal axis. T

A category or sequence Each data series is identified by a
scale is typically used on Grouped column graph different shade, color, or pattern

the horizontal axis. that is explained in a legend.

Technically there is no limit as to the number of data series that can be plotted on a
single graph. Practically, if the number goes above three or four, the graph can become
confusing. Most variations of grouped column graphs can accommodate both plus and
minus values on the vertical axis, as shown in the examples below.

a
a
4

2

0

-2

.4

-6

Wi 2 S3 *94 .Pi Si V2 S3 V4 V* VI -951A

Vertical grid lines Negative values with Three-dimensional variations of
sometimes help to visually overlapping columns yields graphs are often of little help wl
separate the groups of what appear to be columns multiple data series with negate
columns when negative of unequal widths, which can
values are present. be distracting.

Grouped column graphs displaying both positive and negative values

grouped columns
ien comparing
re values.
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Column Graph (continued) Overlapped and three-dimensional grouped column graph
Several techniques have been developed in an effort to make grouped column graphs easier
to read, to enable them to convey additional information, and to make them more attractive.
Shown below are several of these techniques.

Grouped
column graph
for reference

a

4

* Data series A
El Data series B
[ Data series C

.91 92 93 W S95

One technique that is widely used is to overlap the columns. In this method the columns representing
complete data series are shifted sideways such that the columns of each successive data series are
partially hidden by the columns of the data series in front of them. The columns can be shifted to the
right or the left. They might be shifted by any amount ranging from barely to completely overlapped
(100%). The two examples below show a 50% and a 100% overlap. The data seres with the shortest
columns is normally positioned in the front so as notl to be hidden by the taller columns.

In this eAyamnlA each
column overlaps the
column immediately
behind It by 50%. As
the amount of overlap
increases, the width
of the individual
columns generally
increases it the graph
remains the same
_..1.-

wihm.

50%/6 overlap 100% overlap
+

Each column
overlaps the
column
immediately
behind It by 100%.
All columns are
the same width.
This variation is
easily confused
with a stacked
column graph.

I-

When the columns are 100% overlapped the graph resembles a
stacked column graph. A special notation is generally included to
alert the viewer, or additional graphical changes are made to
assure no misunderstanding. Two examples are shown below.

Three-dimensional

With the three-
dimensional
variation, a third
axis Is introduced
and the data series
are distributed
uniformly along it.

Multiwidth columns

a
6

4

2

0

Using the 100%
overlapped graph
as a starting point,
the second and
third layers of
columns have
been widened to
provide better
visibility.

axis

Many times the columns are given the appearance of depth.
Generally this is done for cosmetic purposes. In a few cases it is
done because of the nature of the data. Frequently the appearance
of depth is achieved at a sacrifice in accuracy of decoding.

I ____ __

S b
Space between columns No space between columns

Il
*

6-

4-

2]

0.S

WVd A

The depth of the columns can
vary from almost none to the
point where the columns
touch one another. In this
example the depth of the
columns is about 30% of the
distance between the column
centerlines.
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A three-dimensional histogram Is probably the
best known example of a three-dimensional
joined column graph using class intervals.
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Column Graph (continued) Stacked column graph - (multiple data series positioned on top of one another)
Simple stacked column graph

Sometimes referred to as a segmented, extended, divided, composite, or subdivided column
graph. Stacked column graphs are generally used to show such things as how a larger entity
is divided into its various components, the relative effect that each component has on the
total entity, and how the sizes of the components and the total change over time. A stacked
column graph has multiple data series
stacked on top of one another instead of
being placed side-by-side as in a
grouped column graph. This means that
the tops of the columns represent the
totals of all the components (data series)
for each interval along the horizontal
axis. For instance, if each of the

20- m sTotal company sales

.° 15 .Sales of product line C

1- I A Sales of product line B

( s Product Sales of product line A

0- 2 -, 9 5 .Product C
Stacked column graph * Product A

components in the example above represents the sales for one of the three product lines a
company sells, then the tops of the columns represent the total sales of the company. Each
data series is identified by a different shade, color, or pattern, explained in a legend.
Depending on the nature of the data and individual preferences, the largest, most important,
or least variable component might be placed on the bottom of the stack. The scale on the
vertical axis is always quantitative, linear, starts at zero, and has no breaks. Category or
sequence scales are used on the horizontal axis.

Linked/connected column graph -
In an attempt to make trends easier to
see, lines are sometimes drawn
connecting the boundaries between the
data series, as shown at the right. When
this is done the graph is generally
referred to as a linked or connected
stacked column graph. To further
emphasize the trends or changes, the

20 20

10 / IAXE 0-

'01 92 931 '04 of

Linked stacked column Filled linked stacked
graph column graph

areas between the columns and the connecting lines can be filled, generally with the same
shade, color, or pattern used in the columns. This linking technique can be used with the
100% stacked variation also.

100% stacked column graph
A variation of a percent-of-the-whole graph. With this type of graph, instead of plotting the
actual values for each data series, the percents that the values represent of the total of all of
the data series are plotted. For example, if the total sales for a company are $16 million
-- A {flo0 oaC- -{At -J-0 e l.J t A0 nt n..aaill U me sales JiI a proUUuc.t L mUC 11 4

given year are $4 million, 25%
would be plotted for that product line
instead of $4 million. In this type of
graph, the sum of all the components,
which is represented by the tops of

Percent that product line C
epresents of total sales

Percent that product line B
epresents of total sales

Percent that product line A
epresents of total sales

the columns, is always 100%. 100% stacked column graph
Joined stacked column orrnh

Another technique sometimes used in an atte
the stacked graphs easier to read is eliminating
between the columns. When the changes froi
column are small, this technique can be effec
changes are significant it is less effective.

Three-dimensional stacked column

There are both two- and three-axes
stacked column graphs. The two-axis
variation is used primarily for its aesthetic
value. With the three-axis variation, data
graphics in the front may hide segments of
the columns in the back.

10-

.
6

4.

2

0

Three axes Two axes
Three-dimensional stacked column graphs 83
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Columnr Graph (continued)

Sometimes referred to as a two-way column graph. A floating column graph is a variation
of column graph in which positive values are measured both up and down from a zero on
the vertical axis. The major purpose is to compare multiple data series, with particular
attention to correlations and relationships. The units of measure and scale intervals for the
up and down scales may or may not be the same. For example, the number of males and
females in five different professions might be compared, in which case the units of measure
are the same on both scales (e.g., number of people). In another case, the number of people
in five different departments might be compared with expenses incurred in each
department, in which case one scale would be in number of people, and the other in dollars
of expenses. Linear quantitative scales starting at zero are used on the vertical axis;
generally only positive values are plotted. A category or sequence scale is used on the
horizontal axis. Grid lines may or may not be used. The columns representing the different
data series are generally filled with different colors, shading, or pattern to clearly
differentiate them. Examples of the four major types of floating column graphs are shown
below.

Simple floating column graph

There are two major applications for a simple floating
column graph. In one, two things are compared in
different situations at a given point in time (e.g., the
number of males and females in several different
professions in a particular year). In the second case, the
same situation is recorded over time (e.g., the number
of males and females in one profession over a five-year
period). The example at the right illustrates this second
situation.

- i nes-_- - -
Lso Ct uals.U t~fuf lh rZ sc ..ss

This variation functions very much like the simple
floating column graph, except that one or both of the
data series are broken into subcomponents. Expanding
on the example above, this type of graph might break
the male and female values into those with and without
college degrees. There is no limit on the number of
subcomponents that each data series can be broken
into. A different color, shade, or pattern is used for
each subcomponent.

'..xpUjeu LIuaMUig c.umIn grap -_

This format allows the incorporation of an additional
variable into a single graph. For example, such a graph
enables one to show the number of males and females
employed in various professions at multiple periods of
time. This example shows two different time periods;
however, additional time periods could be shown by
adding additional columns to each group of columns.

2-

0-

2

4

6-

[11980
Prof. Prof. Prof. Prof. E11990

A B C D graph
Grouped floating column graph

lUV 7-/0 lvuatLg cUIUniU gainUP

This type of graph compares two data series whose
total at each interval equals a fixed value. That value
can be any number, though it is typically 100%. One
data series is plotted above the horizontal zero axis and
the other below. Postive values are plotted in both
directions. In the example at the right, the percents of
applicants with and without high school diplomas is
plotted over time. From the graph, one can see the
actual percentage values for each year as well as the
overall trends.
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Column Graph (continued) Range column graph

Range column graphs designate upper and lower boundaries of things by means of short
columns (sometimes called bars). The boundaries of the ranges might be measured or
calculated values, represent single or average values, designate confidence limits, indicate
maximums and minimums, etc. Additional values, referred to as inner values, are
- -maim- Mica- A-..---.-A Urt- inn-- -11--p war :-I -A-AlS tI- .

graph is sometimes called a high-low graph. Inner values many
times designate such things as average, median, closing values,
etc. They are the same values that the tops of the rectangles on a
standard column graph typically designate. Inner values always
lie at or between the upper and lower values and are typically
- .. . . I I -. . .. a.A . ---
indicated by a horizontal lne across the column. Sample graphs VI ' '93 ' '95
are shown at the right. Examples of data that might have ranges Range column graph
designated are:

- Maximum, minimum, and average salaries by year
- Average test results and the 10th and 90th percentile

values
- Median, high, and low temperatures by month

When a range graph is used to record stock prices it is
sometimes called a high-low-close, open-high-low-close,
or bar chart. In this specific application, the upper value
represents the highest price paid for the stock during a ahen inner values are adde
given period. The lower value represents the lowest price (median scores in this
and the inner value the price for the last sale of the period example) thegraph is

CVIIIOLI I C t.IIU a 6*iyi I-IUW

called closing value. See Bar Chart 2,

Distribution information included

In some situations it is desirable to convey
information about the distribution of the data a
well as the upper, lower, and inner values. The
amount of additional information and how it is
communicated varies significantly. One
example, sometimes called a box graph or box
plot, is shown at the right. See Box Graph.

Grouped range column graph
A grouped range column graph format

1- 2 12 -
can be used to compare the ranges of t0

multiple entities. For example, the range 8
of scores of other classes might be 6

compared with the range of scores for 4-

the class under study. When the ranges 2-

of AhL --flfl lIjJt tt41L 1 lJVLlnp thLR a L' -
V.TI vUIMI -llIF~ UC- y UC -

plotted side-by-side. When the ranges do
not overlap, the range bars can be plotted
in line with one another. Examples of
both variations are shown at the right.

Three-dimensional range column gra]

In some cases range column graphs comparing
multiple data series are plotted on a three-axis,
as shown at the right. Such graphs are sometime
referred to as floating block or flying box grap]

80 -

40 -

20 -

0 -

d

graph.

Maximum
90th percentile
75th percentile

Average/mean
Median

25th percentile
10th percentile
Minimum

1980 1985 1990 1995 2000
Range column graph with additional data
added to give the viewer information about
the distribution of the data as well as the
upper, lower and inner values

'91 92 '93 '94 S9 '92 '93 '94 '95
Grouped range graph Grouped range graph where
where the data or the the data for the various
various entities overlap entities do not overlap

Two-dimensional grouped range column graphs
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a
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4
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Three-dimensional range column graph 85
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Columnr Graph (continued) Graphs with ranges designated on columns
-Solid range symbol

The tops of the columns on column graphs many times correspond to values such as
average, median, etc. Range bars are sometimes added to the tops of the columns to indicate
values that bracket the average or median values such as high and low values, plus and
minus 1, 2, or 3 standard deviations, plus and minus 90% confidence limits, etc. When this
is done the graph is sometimes referred to as a high-low graph. There are a number of
different symbols used for this purpose. Examples of three of them are shown below. See
the heading Range Symbol and Graph for other examples. High-low symbols are generally
used with simple and grouped column graphs and almost never with stacked or three-
dimensional column graphs.

8- Upper values

Lower values r esLower values

4- 4- 1IH 4-

A B C D E A B C D E A B C D E
Symbol is the same width as the Symbol can be on the left A type of symbol some-times
column and may be filled or unfilled or right side of the column referred to as an error bar

Examples of typical symbols used to display pairs of upper and lower values such as
maximum and minimum, plus and minus 1, 2, or 3 standard deviations, confidence
limits, etc. Such graphs are sometimes referred to as high-low graphs.

Gradient range symbol
When crisp horizontal lines are used to indicate confidence intervals or ranges in which a
value probably lies, the viewer sometimes assumes there is a higher degree of certainty
associated with the values than actually exists. This is true of the tops of the columns as
well as the range symbols. To counter this misinterpretation, the crisp lines are sometimes
replaced by graphics that are blurred. Without defining a specific number that the viewer
can focus on, the blurred graphic encourages the viewer to think in terms of a range of
values within which the actual value exists. In addition to designating a range instead of an
exact value, some of the blurred graphics also indicate where the actual value most
probably lies within the range. Several examples are shown below. One would interpret the
data graphic associated with the column for week one in the graph on the left as indicating
that, with a certain degree of confidence such as 90%, the actual value for A lies somewhere
between two and four (with a greater probability that it is closer to four because the shading
is darker there). The degree of confidence that applies is generally noted.

6- - M

U M
4- g

2-

01

The actual value lies The actual value lies The actual value lies The actual value lies
somewhere in the shaded somewhere in the striped somewhere in the striped somewhere in the tapered
area. The heavier shading area. The heavier stripes at area. The heavier stripes area. The larger width at
at the top indicates there is the bottom indicate there is at the center indicate there the bottom of the taper
a greater probability that the a greater probability that the is a greater probability that indicates there is a greater
value is in that area. value is in that area. the value is located probability that the value is

towards the center. located in that area.
Examples of techniques for indicating the potential range of values with some
indication of the more probable location of the value within the range.

When the columns on the graph represent values such as averages or frequencies, as in a
histogram, a similar technique is sometimes used. In these situations the blurred area might
indicate the relative number of inputs used to arrive at the value and/or the degree of
confidence in the value. For example, if the heights of 1,000 people in a congregation were
averaged, that value would be closer to representing the average height of the entire
congregation than if only 10 heights were averaged. The value arrived at by averaging 10
heights would have a broad blurred area, indicating that the actual average height of those
in the congregation might vary significantly from the value shown, while the blurred area
associated with the average of 1,000 would be narrow, indicating a higher degree of
confidence in the value.
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Column Graph (continued) Difference column graph
There are three major types of difference column graphs: simple difference, change, and
deviation. Each is reviewed separately below. In all cases a quantitative scale is shown on
the vertical axis and a category or sequence scale on the horizontal axis.

Simple difference column graph

A simple difference graph compares two data series by plotting the actual values of the two
data series and connecting the two values with a column. In some cases no effort is made to
indicate which series has the largest value, and the columns are generally all the same color,
shade, or pattern. When it is desirable to indicate which of the data series is the largest, the
data series associated with the higher and/or lower values might be noted at the ends of the
columns, or the information might be encoded into the data graphics. The actual numeric
differences may or may not be noted on the columns. Examples of three different variations
of simple difference column graphs are shown below. Typical information that might be
plotted on a simple difference graph are:

- Average scores at the beginning and end of a semester
- Median incomes with and without a degree for various occupations
- Frequency of various diseases for two different countries
- Yearly rain fall in two countries for the past ten years

1 OD'/. -

e 80% E E!-o 12]

40% _22

20%

0%-
1993 1994 1995 1996

Difference in test scores at
beginning and end of semester
In some cases, as shown
here, there is no indication
as to which data series
value is the largest for each
time interval.

100 100too
* 5o D

08 l G | 80 = up r~D 12i'
60 *CC D j5 i]

.40 - a 4o
-20 D 20  DgreaterthanC

0 [111- C greater than D
1993 1994 1995 1996 1993 1994 1995 1996

Difference in rain fall between Difference in rain fall between
countries C and D countries C and D
Sometimes the data series Sometimes the data
associated with the largest graphics are coded to
and smallest values are indicate which data
identified by placing an series value is the largest
abbreviation of the name of for each interval.
the data series adjacent to
the values.

Simple difference column graphs

Change column graph
A change graph compares multiple factors at two points in time or under two different sets
of conditions. Actual values are plotted. The values for the first time/condition and the
second time/condition for each interval are connected with a column. With this type of
graph, the direction of change is generally considered important and therefore a coding
system is used to indicate direction. Color/shading and arrows are among the more widely
used methods used to encode the direction of change. Since neither up or down is always
favorable (desirable) or unfavorable (undesirable), an additional coding system is
sometimes used to designate whether the change is favorable or not. The numeric value of
the change may or may not be shown on the data graphics. Examples of several variations
are shown below. Typical information that might be plotted on a change graph are:

- Changes in sales forecast numbers from one month's forecast to the next
- Changes in unemployment from one period to the next
- Changes in key business indicators from one period to another

- Base of arrow is March forecast
- lip of arrow is April forecast x,

WlOO 100-

° 80 - so °80

. 60 - 1 C 60-

cm40 - 50
. 20 20-

a0 0
0 - al 0-

tn May Jun Jul Aug t
Arrows indicate the direction
of change. The base and tips
of the arrows indicate prior
and subsequent values
respectively.

Favorable change
Unfavorable change

'S
May Jun Jul Aug

Color shading, or patten
can be added to indicate
whether the change was
favorable (desirable) or
unfavorable (undesirable).

E i April forecast higher than March
-o E April forecast lower than March

uct0Fav.
. 60 Unfav. F

c 60 -

co

020
0
W00
co May Jun Jul Aug

Color, shading, or pattern
can be used to indicate
the direction of change
and text used to denote
whether the changes were
favorable or unfavorable.

Variations of change column graphs
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Column Graph (continued) Difference column graph (continued)
Deviation column graph

One type of deviation graph focuses on the differences between a data series and a
reference. Frequently the actual values of the data series are not plotted. Instead, the
difference or deviation values are plotted against a zero axis with columns connecting the
deviation values and the zero axis. For example, if profit is being compared to budget, only
the differences between the actual profit and the budgeted profit are shown. If actual profit
exceeds budget, it is shown as a positive number. If it is below budget, it is shown as a
negative number, if actual profit is the same as budget, it is shown as zero on the graph
since there is no deviation from budget. When deviations are plotted along an axis with a
sequence scale such as a time series, a cumulative deviation graph is sometimes also
plotted. The cumulative data might be superimposed over the period data or plotted on a
separate graph. Shown below is a graph of actual profit data with a reference line (budget)
superimposed over it, a graph of the deviation of profit from the reference, and a graph of
the cumulative deviation of profit from budget (sometimes referred to as year-to-date
deviation graph).

1u

o8

S 6

.- 4

2

0
Jan Feb Mar Apr May

06
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Graph of actual profit and a Deviation graph showing Cumulative deviation graph
reference line designating budget. how actual profit differs or showing how year-to-date
A reference can be constant from deviates from budget for profits differ from budget.
period to period or different for each month.
each time period.

Deviation column graphs in which a data series is compared against a reference other
than another data series. The same data was used to generate all three graphs.

Gross and net deviation graphs

Sometimes the actual data consists of two data series,
such as cash received versus cash dispersed. When
both data series are plotted, the resulting graph is
sometimes referred to as a gross deviation or over-
under graph.

When the differences between the two data serin
a gross deviation graph are plotted, we have wh
called a net deviation graph.

The gross and net deviation information
can be combined onto one graph as shown
at right.

-3 6-a-
'1 4.-
° 2-

C)
e- 62

.6
Jan Feb Mar Apr May

Gross deviation graph
8

x) 6 -

C0 2 -

0-4-
-6

Jan Feb Mar Apr May

Net deviation graph

8

X 6 > Total cash received
4 5Net deviation/

.0 2 -difference between
m O i cash received and

.2* cash dispersed

°4- 4 Total cash dispersed

Jan Feb Mar Apr May

Graph showing both gross
and net deviations

- %.Uu1UuvC InEL UVVIUUI1 grap1jDI

In many situations the deviation over a longer period of time
is more important than the deviation in any particular period.
For instance, if the goal is to have cash received exceed cash
dispersed for the year, one might not be too concerned that
in a particular month dispersements exceed receipts, if the
cumulative year-to-data figures showed that cash received
exceeded cash dispersed. A cumulative graph of the cash
flow example above is shown at the right.
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Cumulative deviation graph
showing year-to-date whether
more cash has been received
or dispersed and how much.

-{'as|9tiVfi llAt dAViqti^w Inch



Column Graph (continued) Area column graph
Area column graphs are the only variation of column graphs in which the width of the
columns has significance. In the area column graphs, the widths of the columns are
proportional to some measure or characteristic of the data element represented by the
column. For example, if the columns are comparing the average salary of different groups
of people, the width of the columns might indicate how many people are in each group. If
the columns are displaying the profitability of various product lines, the width of the
columns might indicate what percentage of the total sales the various products represent.

Column widths can 100%

be displayed along 80%

the horizontal axis in
terms of percents
(left) or units (right). 40%

There might be a 20%

scale on the 0%.
0O% 20% 40% 60% 80% 100t horizontal axis or a 0 50 100 150 200 250

Percent of total sales Units
Simple area column graph with a scale may be 100% stacked area column graph
percent scale on horizontal axis. provided in a legend. with a unit scale on horizontal axis

In still other cases the values might be noted directly on the graph. Examples of all three
variations are shown below.

4 - 4 -

3 -- -- 3 r777Legend

2 2 2 ] oi 0% 20% 40%

1 1Scale for1 horizontal
o o a~ds

0% 20% 40% 60% 80% 100%
Scale on vertical axis Scale in legend Values noted on graph

Examples of how width of column information along the horizontal axis can be communicated

If the values along the horizontal axis are cumulative, the columns are generally joined so
there are no unaccounted-for spaces. For example, if all of the values add up to a certain
value, such as 100%, or if the sum of all of the values along the horizontal axis is important,
no spaces are left between columns. Spaces can be used between the columns without
affecting the accuracy of the graph, if the values are not cumulative, the total is

unImpOrtanL, and LlC scale is part 01 Ulu legenU, tvn
example is shown at the left. * Sometimes area column
graphs are categorized based on the following criteria:

1. The widths of the columns are basically descriptive
Thousands of with little or no relationship to the height of
members

X 'Tl"1 the columns. For example, width might denote
0 5 10

Legend the population of cities and height might
A--.-^+ th I-- v f/P.Af^; To Lhic

Group B UObrIdULW UlI IIUIIIUCI UI VlU1rIIL WI1111Cb. III UI1b

Area column graph with spaces case the actual areas of the columns have little or no
between columns. In this type of
graph the values along the significance.
horizontal axis are not cumulative, 2. The widths and heights of the columns are relatedthe total is unimportant, and the
scale is shown in a legend. such that as one varies, the other varies also. For

example, in a histogram, if the width of a column is
increased to encompass a broader class interval, the
height of the column is adjusted accordingly. In these
cases the area of the column is a truer measure of the
thing being represented than either the height or width.

3. In some cases the width of the column is only meant
to convey approximate or relative values and no scale

20 22 24 26 28 30 32 is shown.
Class interval

The histogram is probably the most * The concept of using the width of columns to convey
widely used application of an area additional information is generally applied only to
column graph. In a histogram, as simple, stacked, and range column graphs, including
the width of a column is expanded
to cover a broader class interval 100% stacked graphs. Perhaps the most widely used
the height is changed accordingly. application of area columns is in histograms (left).
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Column Graph (continued) Pictorial column graph
A pictorial column graph is a graph in which pictures, sketches, or icons are used to fill or
replace the vertical rectangles. They are sometimes referred to as pictographs. There are
many variations of this type of graph. Three widely used variations are shown below. The
two major reasons for using pictorial graphs are to improve the appearance of the graph and
to facilitate better communications. Three-dimensional column graphs are typically not
done in pictorial format. See Pictorial Charts and Graphs.

301 30 - 80 1

20-

10- A C

0- A B I C I

60 -

40 -

20- q

1990 1991 1992 19

Each symbol represents a certain A single symbol is stretched such The size and/or number of symbols
number of units. The top symbol is that the top of the symbol is in bears no relationship to the value
cropped such that the top edge of line with the value on the scale the column represents. The
the graphic is in line with the value that the column represents. symbols are simply used as fill.
the column represents. Three widely used variations of pictorial column graphs

Mosaic graph
A mosaic graph is a combination of 100% stacked column graphs and 100% stacked bar
graphs. The major purpose of a mosaic graph is to display a system of interrelated values in
such a way that groupings and relative sizes of the various elements can be seen
graphically. For instance, in the example below one can see that 50% of the sales dollars
go into producing 1 Total sales &

.1 - . I v |<Crdbr wffli OP- R&D 1-.4Madurbgo14- on.:oIt

the product (cost 100o
to manufacture). so.
Within the cost to 80%
manufacture, 70Y'

about 55% goes 6M.

into materials and 400h

about 36% of the 20h

material dollars 20%

goes into raw 10'
mate~rials~t.t. See °

Lesses
adiS Eq..I

Supplies
aper 0915O

Payroll
Te dI -I _br

, IcI .

J_- 0% 10%/ 20%b 309o 40% 50/ 60BY 70%/ 80Y. 90SY 1 O.
Mosaic Graph. Percent of total sales

Mosaic graph
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Column graph matrix
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fashion. The major l 25%
209/6
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Column. Graph (continued) Column graph icons
Miniature (1" square or less) column graphs, frequently without titles, labels, tick marks, or
grid lines, are sometimes called icons or symbols. The purpose of icons is not to convey
specific quantitative information, but to show relative sizes, values, ratings, etc.; overall
comparisons of multiple entities; relative trends for multiple entities; unusual patterns of
information etc. Icons are used in a number of different applications. Three of these are
shown below.

-A. -vmh.lc an or-.he

Icon symbols can be used to
communicate information
single data points can not.
For instance, in the example
at the right, the segmented
lines connect data points
that represent five-year
sales averages. The icons
show the actual data from
which the five-year
averages were calculated.

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
The segmented line shows Curve of monthly sales based on five-year averages. The icons show
October to have a higher the actual sales for each of the five years so trends can be noted.
five-year average than May. The icons provide the additional insight that for the last four
years, sales in October have gone down while in May they have gone up.

As symbols on mans

Column icons are used on maps to convey two major ty]
information. One is to show how things change over tin
type of application a time scale is used on the horizontal
template or legend. The other major use is to compare n
variables/characteristics between areas on a map - for e:
values of exports for each state to ten different countries
production of six different crops in each state,
population by ethnic background, etc. When used in
this way the legend has a category scale on the
horizontal axis. A legend is always required when
icons are used.

Icons used as symbols to convey
statistical information on a map

To compare multiple entities with three or more variables/characteristics
To compare a sizable number of entities simultaneously with regards to three or more
variables (called multivariate), a display of column icons is sometimes used.
The example at the right compares ten desktop
computers with regards to eight different
characteristics. A template, as shown in the legend,
is used when generating the icons to assure that the
same characteristic is always in the same location
on each icon and that the same value scale is used.
Since values and units of measure can vary
significantly, and some characteristics might be
qualitative, a common scale of 0 to 1.0 is generally
used for all characteristics. The highest value or
rating in each characteristic is assigned the value of
1.0. The lowest value or rating is assigned some
value less than 1.0, usually zero. Other than
legibility, there is no limit on the number of
variables that can be included in each icon. There

1Brand11 A , Brand Bi BllrC aD n
Brand A Brand B Brand C Brand D Brand E

Legend
o0 A - Hard disk capacity

08 B - Installed RAM
a

5 
0.6 II C - Expandable RAM

0.4 D0- Speed
io E - Montor resolution
0E 0.2 F - Monitor size

0 BC D F GH G - Accessories
Category / cha acteristic H - Price

Column icons arranged in an icon
comparison display

also is no limit as to how many icons can be included in the same display. The columns in
the icons might be filled or unfilled, joined or not joined. Icons used in this way are
sometimes referred to as icon comparison displays. 91



Column Graph (continued) Circular column graph

Sometimes referred to as a star, radial line, or
radial column graph. A circular column graph is
generally used for aesthetic purposes. It has a
quantitative scale on the radii which is generally
linear and almost always progresses from the
center out. It has a category or sequence scale on
the circumference (circular axis) which can start
at any point and progress in either direction.
Radial and/or circular grid lines may or may not
be used. Columns are typically equally spaced
around the circumference. Although grouped,
stacked, and range type graphs can be generated
using the circular format, the circular technique is
normally limited to simple column types. Circular
column graphs are sometimes used to display
repetitive information.

A

D

Labels for circular
scale are either
category or
sequence type

Circular axis
Values defined

by ends of
columns

Value axis labels

'Radial or value axis
* Circular grid lines for
radial axis
Radial grid lines for
circular axis

Circular column graph. Each column
represents a separate data element.
Values are measured from the center
towards the circumference.

Column and symbol graph

Sometimes a series of symbols are shown on column graphs to designate reference points or
points of comparison for each of the columns. The reference points might designate such
things as budget, plan, last year's value, specification value, etc. Using the symbols, the
viewer can easily make comparisons between the actual value (as shown by the top of the
columns) and some other recognized measure. Any symbol that crisply identifies the
reference value can be used. The Symbols typically designate individual reference values
symbol can be alongside or across the for each column. The reference values might be such

- -- - - - things as budget, last year's value, specification, etc.
column. Multiple sets of symbols can 6 -

be used on the same graph. Column 5 - \
and symbol graphs typically have only 4 -4

one data series represented by vertical 3 -

rectangles. The technique is seldom 2 - . 4
applied to grouped or stacked type 1 - ,-

graphs. Two examples are shown at A B C 0 E
.L.. .....-. Column and

Progressive column graph

Sometimes referred to as a stepped column, step-by-step, or staggered column graph. A
progressive column graph is the equivalent of a stacked column graph with only one
column and with the individual segments of that column each displaced sideways. Starting
at the bottom, each successive segment is generally displaced to the right. The segments can
be displaced by any amount. They are generally 100 - -in 100%

shifted slightly more than the width of the XAdmnistrative 80%

column. Displacing the segments adds visibility 3 300 - Sell-. ng' .

and emphasis to individual segments, while still 6 -0%
maintaining the concept that the segments all add 0200 R&D %

up to the whole. In the example at the upper 2V loo - niering -20%
right, the major overhead expenses for a 0 -
hypothetical company are shown. The left-hand ) o - Personnel 0%
sc-ale enannhhl the viewpr to dpterminp nvernal Stepped column graph

expense dollars as well as individual expense e 40

dollars. The percent that each expense represents 0
of the total is shown on each data graphic, and
the cumulative percent is shown on the scale on & 20

the right axis. In the lower example, an additional .B

column is included to represent the total of all of S 10
the individual segments.

Stepped column graph with a
column showing total expenses
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Column Graph (continued) Stacked column graph with a single column (one-axis graph)
A typical stacked column graph shows how the relative sizes of components change,
particularly over time. Each column of such a graph shows the make up of the components
at a given point in time or under one set of conditions. Sometimes the
interest is in just one point in time or one condition in which case a single
column is used. When used in this way the graph functions very much
like a circle graph. When a single column is used, the quantitative scale
can hb ninri-d dirpctlv nn the sdiide nf the column Fxnminle, are shown

-W_ - - -.-- - - _----14
below. When this is done it is sometimes called a one-axis column graph. (35%)
Actual value scales, percent-of-the-whole scales, or both might be used as
shown below. Sometimes the scales are eliminated and the values placed
on the data graphic, as shown at the right. Without the scale, the graphic Column chart
is called a column chart or proportional chart instead of a column graph.

100%/o- --- 40

80%- - 30
60%- AM~i a

Hu - 20 -2
40%-;- >

20% 10

One-column stacked
graph. One of the
fomats at the right is
generally used in this
type of application.

100%- 40- - 100%- - 40

80%- Industrial 30- 80% 3

~20 - -2060% -X 60%-
40%- Mining > - 40%- - >

20% 10 20 0
2 Agrculture 20 .

One-column stacked One-column stacked One-column stacked
graph with a percent- graph with a graph with percent-of-
of-the-whole scale quantitative value the-whole and
attached scale attached quantitative value

scales attached
With a single column, labels can be located directly on the data graphic.
When this is done it is sometimes referred to as a one-axis column graph.
In some cases pictures or icons are used to identify the categories instead
of text and the chart becomes a pictorial column graph.

Curve fitting on column graphs

Curves can be fitted to column graphs, although the
technique is used much less frequently with column graphs
than with scatter and line graphs. During the fitting process
the assumption is made that the data points are located in the
center of the top of each column. See Curve Fitting.

Straight line curve fitted
to a column graph

Patch graph

For increased visibility of the hidden
data, the sides of the columns are
sometimes eliminated, as shown at the
far right. Such a graph is sometimes
called a patch graph. There are many
variations of patch graphs using such
things as color, shading, drop lines, and
projections. See Patch Graph.

Standard column
graph for reference

Patch graph resulting from
the elimination of the sides
of the columns in the
graph at the left

Projection of columns onto ceiling

One hazard of three-dimensional column graphs is
the potential for hidden columns. One technique for
addressing this problem is to project the tops of the
columns onto the ceiling. Such a process lets the
viewer know whether or not there are hidden
columns but does not indicate their values. Color
coding is sometimes used for this purpose. In other
cases the actual values are noted on the projection.

This column is
an in the three-
insional view.

Tops of columns projected onto the
ceiling to determine if columns are hidden
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Column Graph (continued) Location of axis from which values are referenced
The most common location for the axis from which columns are drawn is at zero on the
vertical scale (left below). In some cases the axis from which the vertical columns are
drawn is located at a value other than zero. When this is done, the ends of the columns still
correspond to the actual values as measured from the zero base line axis; though the value
may be represented by either the top or the bottom of the column. For example, if one were
plotting profit, the reference axis might correspond to budget. In this way, the columns for
months in which profit exceeded budget would go up from the reference axis and the actual
values would be designated by the tops of the columns. The columns for months that profit
was below budget would go down from the reference axis and the actual values would be
designated by the bottoms of the columns. Either the up or down columns might be filled to
place special emphasis on them. The budget line might be straight (center below) if the
budget is the same from month to month; or stepped (right below) if the budget varies from
month to month. By using a reference other than zero, such as budget, the viewer can read
budget and actual values directly from the graph. Differences from budget are visually
highlighted as in a deviation graph.

The zero axis used as a A constant budget of $2 A budget with a different
reference million per month used dollar amount each month

as a reference used as a reference

55 5

44 - 4-

2 - 2 budget

0 budget
Jan Feb Mar Apr May Jan Feb Mar Apr May Jan Feb Mar Apr May

All three graphs have the same data plotted on them. Only the reference
line from which the columns are drawn is different in each.

Column fill

- With a simple column graph and a
category scale on the horizontal
axis, all the columns might have the
same fill. When the categories are
distinctly different, each column
might have a different fill to
emphasize the differences.

-'When a single entity or characteristic is'
simple column graph with a sequence sc
axis, the columns typically all have the s
the idea that variations of the same thing
not a series of different things.

- An exception is when positive and 6-

negative values are plotted. In these 4

cases the negative or unfavorable 2-

values may be filled with a 0.

different color, shade, or pattern to *2

call attention to them. -4

10

a
- In grouped and stacked column 6

graphs, all columns or segments of 4

columns of a given data series
typically are the same color, shade,
or pattern. 0

94
Grouped and stacked column graphs normally
have different colors for each data series

I
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Column Graph (continued) Scales on column graphs
Although the actual value designated by a column is determined by the location of the top
of the column, many people at first glance associate the length or area of the column with
its value. As long as the scale is linear, starts at zero, is continuous, and the columns are the
same width, this presents no problem. When any of these conditions are changed, the
potential exists that the graph may be misinterpreted. For this reason the following general
guidelines are offered regarding quantitative scales on the vertical axes of column graphs.

- Have all scales include zero unless it is clearly identified otherwise.
- Locate zero where the horizontal axis crosses the vertical axis.
- Have positive values increase upward and negative values downward.
- Make scales continuous (no breaks).
- Upper scale values should be larger than any value plotted.
- Lower scale values should be smaller than any value plotted.
- Use only linear scales (avoid scales such as logarithmic).
- Except for area column graphs, make all columns the same width.

There are exceptions to these guidelines.
- With range and difference graphs, the scale sometimes does not start at zero since the

columns do not extend to the zero axis.
- With simple and grouped column graphs, the scales are sometimes broken, expanded,

and/or cropped in order to make changes and differences from column to column more
visible. Several methods for accomplishing this are shown below.

90 - -- --- ---- 2 9 i -

10o l 1 1 0- -
5l-lW1 5i-
0 J2IJ LW I4U4JLL1,IW

'90'91 92 '93 '94 '95 90 '9192 '93 '94'95 '9 '91'92 '93 '94 95

For reference, the These three examples expand the scale and then take a section out
scale starts at zero in of the middle (sometimes referred to as a scale break) to maintain
this example. the same size graph. All three examples accomplish the same goal.
Variations from column The center example makes the break most obvious. The lower
to column are difficult portion of the scale is retained to help the viewer more easily
to estimate. determine the size of the intervals. -

'90 91 '92 93 '94 '95
An alternative to a
scale break is to
eliminate the lower
portion of the scale
and start the scale at
some value just under
the lowest value being
potted. This is one of
the most dangerous
variations since it is
easy for the viewer to
overlook the fact that
the lower portion of the
scale is missing, and to
reach a conclusion
based on the height or
area of the columns
instead of the value at
the top of the column.

'90 '91 '92 93 '94 '95
Making the lower '90 '91 '92 '93 '94 '95
portion of the graph This alternative lets the viewer see each of the
uneven helps to call values in relation to one another using a zero
the viewers attention axis. The enlargement on the right also lets the
to the fact that the viewer more accurately see the detailed
lower portion of the differences.
scale is missing.
* There typically is only one scale on the horizontal axis. On the
vertical axis the norm is to have just one scale; however, it is not
uncommon to repeat the quantitative scale on the right side,
particularly if the graph is wide and grid lines are not used. Two
different quantitative scales can be used if necessary. If there are
two different quantitative scales and both do not apply to all
columns, care must be taken to clearly identify which scale applies
to which columns. Examples of multiple quantitative scales are
shown below.

6

2C

0

Identical scales on two sides Two scales specifying the
same thing in different units

Two scales specifying
entirely different things 95

I



Column Graph (continued) General
Grid lines

On two-dimensional graphs, grid lines, when shown, are typically displayed behind the
columns. Two commonly used variations are shown below, as well as an example of the
use of horizontal drop lines. Because it is sometimes difficult to estimate values on three-
dimensional column graphs, grid lines are occasionally placed on the surfaces of the
co
6-

5.-
4.

3.

2

1 -

0

Values on graphs
When it is desired to convey values more precisely, they are
sometimes depicted directly on the data graphics as shown
below. Generally only the value represented by the column is
shown; however, it is possible to include additional values -
for example, the percent-of-the-whole that each value
represents, the percent or ratio the value is to some reference
value, the amount the value deviates from a standard, etc. An
example of multiple values is shown at the right. Multiple bits of Information

with each column
10

8

6

4

2

0

Values shown Values shown in Values shown at Values shown at
above columns center of columns bottom columns top of columns

-Other shapes used on three dimensional column graphs

For presentation purposes, shapes other than
rectangular columns are sometimes used in
three-dimensional column graphs (examples at
right). Generally speaking, the alternate shapes
tend to reduce accuracy in reading the graph. In
addition, the viewer is sometimes confused as
to which point on the data graphic actually
specifies the value. Nonrectangular data graphics are sometimes

used for presentation purposes.
IFrames

Because of the boldness of the columns, the frame around a column graph can sometimes
be reduced significantly without detracting from the value of the graph. Four variations are
shown below, ranging from a full frame on the left to no frame on the right.

6 6 6 6-

5-
4 444

3 333

2222

91 3 92 'v3 '94 '95 '91 92 '93 '94 '95 '91 '92 3 '3 4 '95 '91 '92 '3 34 35
Frame variations ranging from full (left) to none (right)

Coumnss 1uar1 _

For presentation or publication purposes, the vertical scale is
sometimes eliminated as well as the frame. When this is done the
values are generally noted on or adjacent to the data graphics.
Without a quantitative scale, this is no longer a graph. Instead it
becomes one of a large family of proportional area charts in
which the sizes/areas of the data graphics are proportional to the
data element they represent. See Proportional Chart.96

mmii
91 9 3 4 '5

Column chart or proportional
chart (a column graph
without a quantitative scale)
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Combination Graph Sometimes referred to as a mixed, composite, or overlay graph. A combination graph
displays multiple data series using two or more different types of data graphics. The
different data graphics are said to be superimposed or overlaid on one another. The major
reason for using combination graphs is to improve clarity and highlight relationships
between the various data series. An example incorporating three types of data graphics is
shown on the left below. Alongside it are two conventional graphs displaying the same
data, each using a single type of data graphic for comparison.

Combination graph Three line curves Three sets of columns
A comparison of a combination graph using three different types of data graphics
and the same data plotted on graphs using only one type of data graphic.

Combination graphs generally use two-dimensional rectangular
formats. For aesthetic purposes they occasionally are generated
as two-axis, three-dimensional graphs, as shown at the right.
Combination graphs are seldom used with three-axis, three-

14
12
10
a
6
4
2
0

f I¶

8- .5- 1

V0 ' O12 IN3 V4S " 7 W 01 '1V2 W '11 V4S " 6 7 ' V2 ' U ' V6 '
Base or main graph Columns overlaid Area overlaid
A sequence of overlaying data graphics that yields poor visibility

An illustration of the importance of the sequence in which
the data graphics are overlaid. The same data series and
data graphics are used in both examples.

Types

Other I
restrict
data gi
same g
graphs
series <

line, at

Three-dimensional, two-
axis combination graph

dimensional graphs except for
curve fitting. * The bottom data
graphic on a two-dimensional
combination graph is called the
base or main graph, and the data
graphics that are placed on top of it
are called overlays. The sequence
in which the data graphics are
overlaid can effect the legibility of
the combination graph as illus-
trated by the examples at the left.

Scales
Other than legibility, there is no limitation on the number of vertical scales that can be used
on a single combination graph. The example shown below has three scales. Values, units of
measi1~ure, dIIU IengLn c D-1 for --- 1 scale.

Data graphics are sometimes coordinated with the
different scaled. For example, all data series that use the
same scale might use the same type of data graphic.
- Generally there is only one horizontal scale. Category
and sequential types are most widely used. If there is
more than one scale on the horizontal axis, different
types of scales are typically not mixed. Different units

7

5
2

0

of measure might be used on multiple horizontal scales, Combination graph with
three different length vertical

but are generally proportional to one another or use quantitative scales
alternate terms for the same category.

50

25

00
5
0

5
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Comparative Graph In one sense, many graphs with two or more data series plotted on them might be
considered comparative. The group of graphs typically called comparative graphs simply
focuses more on the comparative aspects and less on the actual values. Comparisons might
be made on either a quantitative or qualitative basis. Comparative graphs might be used to
compare such things as performance, ranking, changes, or characteristics. They frequently
compare things at two different times, under two different conditions, by two different
organizations, etc. Typically the entries on the horizontal axis are dates, conditions,
locations, or organizations. The scales on the vertical axes are frequently percents, index
numbers, or ranking numbers. Several examples are shown below.

40%
.A9

230%

1 20%

10%10%

00/.
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1990 1991
Comparison of gross profits by
product line at two different times
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City A City B
Comparison of the ranking of multiple
items in two different cities. Sometimes
referred to as a ranking chart.

-112% f
C

108% 2
a

104% ID
0.

100% e

96% (

-92%
1990 1991
Comparison of expenditures at two
different times using index numbers.
Sometimes referred to as a fan chart.

0.. 70%-

3 60%.. ............ CountryA

°50%- :- -
'A 40% ------

....30% - . .. . .. . . Country B
', 2%-A....................

10% - Country DCountry E

Condition A Condition B
Graph of changes in military spending
under two different conditions using a
single scale plus grid lines

Examples of comparative graphs

Comparative graph with many items
Although generally used with just a few entities, the comparative graph can sometimes be
used effectively when comparing many entities, especially when the emphasis is on overall
patterns, trends, and relationships. For instance, in the example below, it might be noted
that between 1979 and 1989 the average incomes went from a single, relatively continuous
cluster to several smaller clusters. At the A As

$70,000

same time, the range from the lowest to
the highest expanded significantly. In $s0.uoo
addition to reading the actual values on E
the scales, the viewer gets a graphical $50000

feel for the relative change of the various =$40,00
C

entities by noting the slopes of the lines a

(i.e., the steeper the slope the greater the H 30o.oo0

change). One additional observation is a

the individual lines that cross many other $20,000

lines. Such lines mean that the relative $10,00O
ranking of the entities the lines represent
have made a marked change in their $0

Examples o
entities tha
had major
changes in
their rankin
from 1979
1989 as
evidenced
the numbe
other lines
they cross.

ig
to

by
r of

--- _ -- _1979 1989
relative ranking within the total group of A comparison of average incomes of
entities being plotted. many entities at two points In time.

5Three or more labels on the horizontal axis

Although comparative graphs generally have only two
points on the horizontal axis, they sometimes are
extended to include three or more. In the example at
the right, as the number of labels increases along the
horizontal axis, the graph looks more and more like a
standard segmented line graph.
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1985 1986 1987
Comparison of actors' ranking
over three-year period
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Comparative Graph
(continued)

Parallel coordinate or profile graph

E
C

la4
Co

C'

0S

Instead of comparing a single
characteristic over time, several
characteristics are sometimes
compared at a given point in time.
The example at the left compares the
investments of five mutual funds to
see if their investment strategies are
the same. From the example, it is
clear that funds C and D invest very
much the same way. Such graphs,
which are sometimes referred to as a

0 10 20 30 40 50 60 70 80 parallel coordinate graphs or profile
Percent of mutual fund invested

Parallel coordinate graph profiling the graphs, are many times constructed
investment pattems of five mutual funds horizontally. When a large number of

entities are plotted on the same graph, all of the crossing lines may become confusing.
Coloring selected lines generally helps. An alternate method is to place each entity being
studied on a separate graph as shown below. Since the key purpose of this type of chart is to
note similarities in profiles, the Cash -
size of the graphs can be Government

greatly reduced and scales Honds
might be deleted. In this Stocks -

format, the series of small 0 A100% °Ff dB'
0

0% FudC1
0

D% FundD FldE
1

graphs resemble an icon Individual parallel coordinate plots such as these
comparison display. sometimes make similarities easier to observe.

Composite Bar Graph Sometimes referred to as a divided, extended,
segmented, stacked, or subdivided bar graph.
A composite bar graph has multiple data series
stacked end-to-end. This results in the far right
end of each bar representing the total of all the
components contained in that bar.
Composite bar graphs are used to show how a
larger entity is divided into its various
components and the relative effect that each
component has on the whole. See Bar Graph.

Product A

Product B

Product C

Product D

Product E

Composite Column Graph Sometimes referred to as a divided, extended, segmented, stacked, or subdivided column
graph. A composite column graph has multiple data series stacked on top of one another,

- -n. "s AHI 1.- -- A 1- - --
so tnat me top o0 each column represents me
total of all the components shown in that C
column. Such graphs are generally used to show E

how a larger entity is divided into its various *

components, the relative effect that each a)
component has on the whole, and how the sizes co

of the components and the total change over

- Total sales
Ao product line C

of product line B

;f product line A

time. See Column Graph. Composite column graph

Sometimes referred to as a combination,
mixed, or overlay graph. A composite
graph displays multiple data series and
uses two or more types of data graphics to
represent them. See Combination Graph.

"90 '91 'aW

Composite gra:

Sometimes referred to as a dual, grouped, multiple,
or overlapped line graph. A line graph with multiple
data series, all of which are measured from the same
zero base line axis. See Line Graph.

-Data series A represented
by an area

Data series B represented
by a line

Data series C represented
by columns

2 '93 94 '95 96 '97

)h using area, line, and column data graphics
'U

8

6
4

2

0

All curves are
plotted from the

'same zero base
line axis

Compound line graph 99

Ends of bars
designate the
total of all of the
components
contained in the
bar

0 50 100 150 200
Sales in $ thousands

Composite bar graph

Composite Graph

Compound Line Graph



Conceptual Diagram Sometimes referred to as an explanatory or summary diagram. Conceptual diagrams
provide a graphical overview of how people, things, ideas, influences, actions, etc.,
interrelate. They often condense large amounts of information into a single chart and can
be effective in presenting material that is still in the idea stage. They work equally well in
communicating simple and complex concepts. They typically are not quantitative and
generally do not get into much detail. Conceptual diagrams are applicable to any subject,
whether concrete or abstract, theoretical or actual, current, historical, or future. The
distinction between conceptual diagrams and
certain other types of diagrams such as flow
charts and organizational charts is not always
clear-cut. If the diagram becomes fairly
detailed, it generally is not considered a
conceptual diagram. Some block diagrams and
Venn diagrams are classified as conceptual
diagrams. Conceptual diagrams are sometimes
used in presentations because they can be
rapidly understood, tend to have a significant
impact on the audience, and may be
remembered longer than the same subject
presented using words and numbers alone.
Conceptual diagrams consist of geometric
shapes, lines, arrows, symbols, pictures or

'a,1

A conceptual diagram indicating the relationship
between a key decision maker, influencing
factors, and some of the constraints that the
entire system operates within.

sketches, and text. When used in
conceptual diagrams, standard symbols
sometimes take on different meanings
than when used in other diagrams. For
example, in most diagrams, arrows are
used to call attention, indicate a
direction, or depict flow from one thing
or place to another. In conceptual
diagrams; however, an arrow might
mean any of those things and in addition,
might mean that one thing has an
influence or impact on another. Arrow

Market share heads pointing in both directions might
A conceptual diagram indicating how the future mean mutual, interdependent influences.
of product lines might relate to current market O
evaluations Other arrows might mean an action is to

be taken, as opposed to no action, or they
might mean that something shifts or changes (such as an asset shifting to a liability) even
though nothing has physically moved or flowed. Despite the varied potential meanings of
symbols, legends are seldom used to explain them. Well designed conceptual diagrams are
many times self-explanatory; however, text, explanations, and/or discussions normally
accompany them. The four figures on this page are examples of conceptual diagrams.

A conceptual diagram Indicating
the interrelationship of authority
and responsibility among various
departments within an organization

Return some of the money
| to the people who invested

Get some people Start a company Sell those things
to invest money to to build things that at a profit
start a company people will buy

U use some of the money to build I
more things that people will buy

A conceptual diagram showing how investors,
companies, and markets interrelate

100
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Confidence Band
or
Confidence Interval
and
Confidence Limit

Sometimes referred to as possible margin of error. In terms of charts and graphs, a
confidence interval graphically indicates the range of values within which a given value
probably exists. For example, if an organization wants an estimate of the percent of
members that will participate in a given activity, they might send a questionnaire to 10% of
the members asking if they plan to participate. If 15.2% of the people receiving the
questionnaire indicate they will participate, it may be assumed that about 15.2% of all
members will participate. Even though it is highly unlikely the overall participation will be
exactly 15.2%, one can calculate with a given degree of
confidence, such as 90%, the range of values within which - Error bar
overall participation will probably lie. This range of values 20%-

is called a confidence band or confidence interval. If the -Upperconidencelimit

range of values extended from minus 3.4% to plus 3.4% of 1 Confidence
intervalthe sample value, the confidence interval extends from 16% .- Sample e.g., ± 3.4%)

118 1.%- 34)to 186 1.%+ 3.%.*A 1% value cO aonfienclel
confidence interval can be shown graphically several 4 (e.g., 90%)

different ways. One widely used method employs an error 12% -
bar as shown at the right. The top and bottom of 1 Lower confidence limit

confidence intervals are generally called the upper and Error bar used to designate
lower confidence limits, respectively. When confidence sample value, confidence
intervals are shown, two additional bits of information are interval, and upper and lowerconfidence limits
sometimes included:

- The level of confidence associated with the interval. For example, if the confidence
level is 50%, there are 50 out of 100 chances that the actual value will lie within the
confidence interval. Frequently used confidence percentages are 50, 68, 90, 95, and 99.

- The reasons for the potential spread in values, such as sample size, sample-to-sample
variations, biases of the people being interviewed, or methods of processing the data.

Confidence intervals can be displayed for a single set of data, as in the example above, or
for multiple sets of data, as shown below. When comparing multiple data sets, confidence
intervals are often used to decide whether the averages of the two sets of data are
significantly different. If the confidence intervals of two sets of data overlap, the averages
of the two sets of data may not be significantly different. . Examples of how confidence
intervals might be graphically displayed are shown below.

Averages

. I I l

- Confidence
interval out-
side the
25th & 75th
percentiles

Confidence interval
inside the 25th &

A U C V /atn perceniles
Box graph

- Fitted curve

Confidence interval
designates the

/// .\ area in which the
-true fitted curve

probably lies with a
given degree of
confidence. The
lines designating
the limits can be
straight or curved.

0 2 4 6 10 They are normally
Scatter graph curved.

Examples of metho,t 6 Confidence Confidei
. X interval with a interval,

confidence confided
- - 1 level of 50% level of!

Two-tiered confidence interval

6

4_

2

0 -

Sample values,

I I I
A 8 C D E

Point graph

e interval
d by vertical

Confidence
interval designated
by vertical lines

,The upper and lower
limits may or may not
be connected by lines
and the resulting area
filled.

ds for designating confidence intervals for multiple sets of data

ice
with a
ice
95%

In some cases two confidence intervals are shown for the
same set of data. These are sometimes referred to as two-
tiered confidence intervals. An example is shown at the
left. * Confidence intervals can be shown in units or
percent. The upper and lower limits may or may not be
equidistant from the reference data point. For additional
examples as to how confidence intervals might be
graphically displayed, see Range Symbols and Graphs.
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Connected Bar Graph When the bars on a bar graph become so wide there are no
spaces between them, the graph is sometimes called a joined
bar graph, connected bar graph, stepped bar graph, or
histogram. See Bar Graph.

Connected Column Graph When the columns on a column graph become so wide there are
no spaces between them, the graph is sometimes called a joined
column graph, connected column graph, stepped column graph,
or histogram. See Column Graph.

15

10

5

0
1 3 5 7 9 11 13 15

Connected column graph

Connected Stacked Graph In an attempt to make relationships easier to see on stacked bar and column graphs, lines
are sometimes drawn connecting the boundaries between the data series. When this is done
the graph is referred to as a linked or connected stacked graph. Connecting lines can be
used with simple 20 20

or 100% stacked A / 15 A

graphs. The area /)-F1 7 A-Is~~ B ~ 9

between the links 10 "' 10 . (/lII 4I r10
may or may not be 1 5
filled. See Bar * f l s
Graph and Column 0 0-

G91 W2 93 94 96 s 91 92 93 S4 9S 0% 20% 40% 60% 80%1 KGraph. Simple stacked column graph Area between links filled 100% stacked bar oraph
0%

Examples of connected stacked graphs

Continuous Data

Contour Graph
or
Contour Line Graph

Sometimes referred to as indiscrete data. Continuous data is data that transitions smoothly
without interruption from one value to another. A commonplace example of continuous
data is the temperature in a room. For the temperature to go from 65 to 70 degrees, it must
pass through every degree and fraction of a degree between the two temperatures.
Measurement of any value in-between is possible. The opposite of continuous data is
discrete data, which has no transitions or intermediate values. For example, families have
whole numbers of children (e.g., 1, 2, 3); there are no possible values in between (e.g., no
fractions such as one-and-a-half or two-and-three-quarters children).

A contour graph is one form of isoline graph and functions like a contour map. There are
two- and three-dimensional contour graphs. The three-dimensional version is a variation of
a surface graph (See Surface Graph). In both cases, three variables are plotted. A series of
lines are drawn to connect points of
equal value on the Z or vertical axis. wo-dimensional
These lines are called contour lines or contobuyr proajphctionmted
isolines. In two-dimensional contour contour lines of thethree-dimensional
graphs, the Z-axis is perpendicular to graph onto its ceiling
the plane of the paper and therefore Contour lines
all the contour lines appear in the connect points of
same plane. A two-dimensional equal value on the
contour graph is the equivalent of vertical or Z-axis
looking directly down on a three-
dimensional contour graph. The contour graph
example at the right illustrates this by
projecting the contour lines of a three-
dimensional graph onto its ceiling,
thus forming a two-dimensional
---- ~l -L~n _4.U -h -cA -e{

0

Designating values

When the only purpose of the contour graph is to display the general patterns of the data, Z-
axis values are sometimes not shown. When the purpose of the graph is to analyze specific
values, a Z-axis scale might be included on a three-dimensional graph, or values of the
contour lines might be noted directly on the data graphic in either the two- or three-
dimensional case. Values for Z-axis contour lines are generally selected with equal intervals
between them such as 2, 5, 10, etc. Two examples are shown on the following page.

102

Condition 7
Condition 6
Condition 5
Condition 4
Condition 3
Condition 2
Condition 1

D

E

a
LV11LVU1 &LaF11 01 UW SaI11%, Gata.



Contour Graph
or
Contour Line Graph
(continued)

Designating values (continued)
When there are many contour lines, every fifth line or so is sometime highlighted to
visually assist the
viewer. Scales on
the Z-axis are
always quantitative.
Scales on the X and
Y axes might be
quantitative,
rctoanripnl nlr

All points on this
contour line have a
value of 400 on an
imaginary Z-axis
perpendicular to the
paper.

All points on this
contour line have a
value of 420 on an
imaginary Z-axis
perpendicular to the

- 5 ....... .. K L M N 0 2 4 6 8 10 12 papal.
sequential. Categories on the X and Y axes Values on the X and Y axes

Two-dimensional contour graphs

Filled contour graph An alternative solution for identifying values on the Z-

12

10

8

6

4

2

480 axis is to fill the areas between the contour lines, thus
A 460 forming what is called a filled contour graph (left). A

440 legend is provided to relate the fill colors, shades, orI '* U patterns to T-axis values. Major

400 advantages of a filled contour
380 graph include:

_ -The ease of identifying areas *

f .n I -Il 
7

-r~ - 11-. AnA .I -_= J X Legeno n '. tuu-aan- vo-., -au

o I-r ir L - The uncluttered appearance
0 2 4 6 8 10 12 resulting from the fact that

Two-dimensional filled contour graph rsligfo h atta
WIl a wyoiiu wemluCJll1ln Ulte vauIe 01 tlt; L-4AI VaIus UV IUL 11ave contour graph
MUe c01110ur Fins to be shown in the plot area.

The boundaries between the different fills
represent the lines of equal values. * There are
two- and three-dimensional variations of filled
contour graphs. Sometimes they are used in
conjunction with one another. An example is
shown at the right. Included with the two
contour graphs is a side view of the three-
dimensional graph to illustrate how the
boundaries between the fills (lines of equal
value on the Z-axis) form straight lines.

X-axis
Two-dimensional side view
Of me three-admensional Three-dimensional
graph at the right filled contour graph

Two- and three-dimensional filled contour
graphs plus a side view illustrating the
lines of equal value on the Z-axis

Contour Line

Contour Map

Contour lines are a form of isoline. On maps they connect points of equal elevation. On
graphs they connect points of equal values on the vertical or Z-axis. They can be used with
two- or three-dimensional charts and maps. See Isoline.

Sometimes referred to as a relief map. A
variation of a topographic map, a contot
map shows the surface features of terrai.
such as locations, configurations, 75

and elevations. This is accomp- 525
wished largely through the use of °
contour lines which connect points of
equal elevation. The areas between
contour lines are sometimes filled with
uniform or varying shades or tints of
color (sometimes called hypsometric
map). Unlike statistical and descriptive
maps where the emphasis is on the
information superimposed on a
deemphasized base map, the emphasis
of contour maps is on the base map
itself. Contour maps may be two- or
three-dimensional, though two-
dimensional are the most common. See
Topographic Map.

103



Control Charts
Sometimes referred to as Skewhart charts. Shown below are examples of the nine most widely used types of control charts.
Each type has its specific applications. For example, the type of graph differs depending on whether the data is continuous or
discrete, individual or grouped, or whether the graph is to record ranges of values or deviations. There are a number of
variations possible within each tvte of chart. (Basic elements of control charts are defined on the following pages.)

* The measured value
individual unit is plot

* Used when subgroup
practical or possible.

* The difference betwe
value and the precec
value(s) (range) are

Example o "chart

6.56 .. .--..--..--..--. UCL
6.4

* The average of each subgroup is ° 6.52 -
plotted. , ew CL=average of

*Frequently used in conjunction ED- 646 thveragesof
with an R or S type chart. CD ' 4 ------ the subgroups

6.44
1 3 5 7 9 11 13 15 17 19 21 23

0.16
* Range values are obtained by a, t', 0.14 -UC
subtracting the smallest value in g E 012
a subgroup from the largest - 0.10 - 1 A *I
value in the same subgroup. n .5 0.06 Me \ag A the

* Generally used with smaller 0 E , C. - I CL=average of the
subgroup sizes. ' 5 o00 ranges of all of

* Frequently used in conjunction CO a) 0.02 - the subgroups
with an X-Bar chart. 0.00

* Standard deviations are
calculated and plotted for eac
subgroup instead of ranges.

* Generally used with larger
sample sizes (more than 10).

* Considered slightly more
accurate than the R type cha

* Frequently used in conjunctic
with an X-Bar chart.

. Plots the number of units in
each subgroup that have
numbers of defects/
imperfections that exceed
specification.

* Generally used when the
number of units in each
subgroup is the same.

* Plots the quantity of
nonconforming units in c
subgroup as a fraction c
percent of the total num
units in the subgroup.

* Can be used with subgr
equal or unequal size.

* Example is based on su
of unequal size.

* The value obtained by
counting the total numbs
defectstimperfections in
subgroup is plotted.

* Generally used when si:
of subgroups are the sa

* The number of defects/
imperfections per unit of
measure such as square
foot, meter, piano top, etc.,
is plotted.

* Can be used with subgroups
of equal or unequal size.

* Example is based on
subgroups of unequal size.

16

A 10 . - -- A- ----------------- UCL

= 4 n- ^ / / umber of

UC

Z 6 - c

0 CL=average
E 2 numberof

defects per
A 0- lunitin all
.E 1 3 5 7 9 11 subgroups (i)

X,M

MR

X-Bar

R

S. s, a,

Sigma
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Control Charts (continued) Overview
Most control charts operate on the principle of monitoring some quantifiable characteristic
of a repetitive process or operation. Actual values, average values, spreads (ranges), etc., of
those characteristics are recorded and plotted on either a point or line graph. All control
charts have a sequential scale on the horizontal axis, a quantitative scale on the vertical axis
and one or more horizontal lines indicating some sort of limits for control purposes. When
the values and ranges stay within the prescribed limits and the data does not indicate the
process to be drifting out of limits, the process or operation being monitored is generally
said to be in control. Originally control charts were used almost exclusively in
manufacturing. They are now used in many different fields including medical, financial,
cost reduction, etc.

Basic elements of an X-Bar/R chart
Frequently pairs of control charts are used in conjunction with one another. One of the most
widely used combinations is the chart displaying subgroup averages (denoted as X-bar) and
the range of the values in the subgroups (denoted as R). The combination of the two is
referred to as an X-Bar/R chart. The following series of graphs illustrate the elements that
go into an X-Bar/R chart. These steps are shown here for illustrative purposes only. In
practice, the procedure is to go directly from the raw data to the X bar/R chart shown at the
bottom of the next page. Any one of the intermediate graphs can, and sometimes are, used
by themselves if only that specific information is desired.

64 - Measured values of individual samples
63 - 0
62 - 8 8 $ 0 0 For this illustration it is assumed that five samples

E 861 - g o 8 08 0 o (each five constituting a lot) are measured every
0 0 0 half hour. At the left the measured value of each

C59- 0 0 0 00 0
58 - 0 0 0 0 sample is plotted over the appropriate lot number

57 - 0 label. For this example, time could have been used
56- 0
565 . . .as the labels on the horizontal axis since the

1 2 3 4 5 6 7 8 9 10 theoretical time intervals are uniform.
Lot number

64-
e3 - 0 0Each black dot represents the average of all of the samples in a given lot.

E 62 - 0 0 5 a 0 Each lot of five samples is averaged and the
Q,61 0 0

E 60 - I e a 0 8 a average value plotted as a black dot. The average
- 8 0 0 values (black dots) are sometimes denoted by an x

X s - with a single line over it (e.g., R).
06 - Denoted as x

55 I I
t 6 7 8 9 10

Lot number
64
63

E62
61

260
=5e
0 58
2 57

56
55

64
63

E62
61

e o
3 59(U
al 58

M 57
56
55

lack dots. Sometimes called center line (CL) and denoted as x
egmented line is drawn through each of the
ck dots. In addition, a straight line representing
average (mean) of the black dots is drawn. This
rage value is sometimes denoted by an x with a
ible line above it (x). The line representing the
rage is sometimes called a center line (CL).

limits for the black dots

per control limit (UCL) and lower control limit
1) lines are drawn. A limits commonly used are
s and minus three standard deviations (many
es an approximation is used) from the average.
standard deviations are calculated based on the

rages of the samples in each lot (black dots).

1 2 3 4 5 6 7 8 9 10
Lot number

-Vertical lines represent the range of actual values denoted as R.

ICL In some cases the actual data points are replaced by
straight lines. These lines extend from the lowest to
the highest value in each lot and represent the range

LCL (R) of the actual data collected in each lot.
* When the sample size is large (>10), the vertical
lines sometimes represent plus and minus three
standard deviations for each lot, resulting in what is
called a standard deviation, S, or sigma ( a) graph.

( This sequence is continued on the next page.)

63
Z 62
(D 61 -E61

' 
5 9

-

5 7 -
56 -
55 -

-
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Control Charts (continued)
( This sequence is continued from the previous page.)

At this point in the sequence, the range values (left) and the average values (right) are
sometimes placed on separate graphs.

t4
63

E62
E 61

2 60
3 59
a, 58

57
56
55

I lines 04
snt the 63
0 sample E 62
in each lot E 61

P 60
' 59
I, 58
2 57

56
55

1 2 3 4 5 6 7 8 9 10
Lot number

Sometimes referred to as
average, mean, or X-Bar chart

c. 9 -Range values denoted as R

3 8- Average of all of the range valusBringing all of the range lines down to the
7-l

a 6-I zero axis makes it easier to note changes a
9 - - trends. A horizontal line is drawn to
.3 -I- I I I R. Average represent the average of the range values.

M 0,2- l lil l l The value of the average line is generally
1 2 - denoted as R.

o 1 2 3 4 5 6 7 8 9 10
Lot number

0)C

Ce
co

D

ED

Rae
Ce
V)

E

E
0

ci,

lines replaced by symbols denoting the value of the ra

By placing a symbol (a dot, in this examp.
at the top of the range line and eliminating
the lines, the vertical line graph is convert
to a point graph. The values of the points
generally denoted as R.

Noted as R

Ie of range values. Sometimes called center line (CL).

and

nge

le)

ed
are

The range values are frequently connected
by a segmented line. The straight line
representing the average of the range values
is sometimes called a center line (CL).

W 8-
> 7-
." 6-
-=5-
a 4-

03-

Cu 1F c0

12 3 4 5 6 7
Lot number

Upper control limits (UCL) and lower
- UCL control limits (LCL) are drawn. Limits

commonly used are plus and minus three
- A standard deviations from the average. The

- R Average standard deviations are calculated based on
the range values. This type of chart is

LCL generally called a range or R chart.
8 9 10
SEF ------------------- - - - - - - - - - - --Iie 64 -

-1 62-------------Upper control limit
61 __ *

i C h6 JIx0 - x Average D averagesI

- - 58 -------------------------- Lower control limit

t 56 -

1 8 - -II
9 M ---------------- Upper control limit I

O
I .8 coa' -

a C 3 \ R Average of ranges
C 2

-- 0 --------------------- Lower control limit
1 2 3 4 5 6 7 8 9 10

Lot number
An X-BarIR chart Is the result of placing an

------- average chart Immediately above a range chart.

The combined pair of graphs at the end of the series is called an X Bar/R chart, X-bar and
range chart, or X-bar/range chart. If deviation values had been used instead of range values
it would be called an X-bar sigma chart, X-bar/deviation chart, or X-bar/S chart.106



Control Charts (continued) Relationship of control limits, specifications, zones or regions, etc.
Upper and lower control limits are typically more restrictive than specification values for a
given operation. Control limits are sometimes looked upon as early warning systems so
problems can be resolved before values outside the acceptable specifications occur. In some
cases, multiple control limits are indicated on the chart to further assist in early detection of
process shifts. This second set of control limits is sometimes referred to as the upper and
lower warning limits. For instance, if the upper control limit is three standard deviations
over the average, the upper warning limit (UWL) might be one-and-one-half or two
standard deviations over the average. The areas that these multiple limits generate on the
graph are sometimes called zones or regions. The example below depicts the relationships
of the various guideline values and zones or regions.

Zone or region #4

Zone or region #3

Zone or region #2

---------------------r-----i--1--------------Zone or region #1/2
-- -- - - -- - - - - - -- -- - -- -- -

'VI/-
Zone or region #1

Zone or region #2

Zone or region #3

Zone or region #4

--Upper specification limit - Above this value the
data point would be out of specification.

--Upper control limit (UCL) - Many times equal to
the average plus three standard deviations
Upper warning limit (UWL) - Sometimes equal
to the average plus two standard deviations

- Average or center line (CL)

Lower warning limit (LWL) - Sometimes equal
to the average minus two standard deviations
Lower control limit (LCL) - Many times equal to
the average minus three standard deviations

Lower specification limit - Below this value the
data point would be out of specification.

Sequence scale
Illustration showing the relationships between the various control lines and zones or regions

Just because a process stays within its control limits does not necessarily mean it will
produce acceptable results. Staying within the control limits generally only means the
process is continuing to perform as it was when the averages and control limits were
established. If, for example, the upper specification limit is lower than the upper control
limit, parts exceeding the specification can be produced, yet the process might still be
considered in control. This condition frequently exists when a specification is more
restrictive than a piece of equipment is capable of producing.

Lots with different numbers of samples
Since the size of the standard deviation for a lot is a function of the number of samples in
the lot, when lots containing different numbers of samples are plotted on the same control
graph, the different control limit values for the various lot sizes are sometimes shown.
Three methods are shown below.

62 7 ; 1 4 - Lot size
61-

60 ,-- /, Average

59

57 . . . . . . . . .
1 2 3 4 5 6 7 8 9 10

63-

62- ------------------------- -- -- Lot size of 4
62-Lot size of 6

61- - - Lot size of 10

60- -W t> \a Average

59- -- ----- ----- - - - --- Lot size of 10
68------------------------------Lot size of 6

7---Lot size of 4
57- 2 3 4 l 6 7 l 9

1 2 3 4 5 6 7 8 9 10

In one method, a separate control limit is
shown for each lot. The limit shown for the lot
is proportional to the number of samples in
that particular lot. The numeric value for the
number of samples in each lot may or may not
be shown.

In another method, the single control limit
shown is a blend of all the different lot sizes, -
for example, average lot size, weighted average
lot size, median lot size, etc.

In a third method, control limits for
representative lot sizes are shown.
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Control Charts (continued) Construction details
Grid lines

Grid lines may or may not be used in control charts. Vertical grid lines are not uncommon,
but horizontal grid lines are much less frequently used.

Frames may or may not be
used with control charts.
They are sometimes
eliminated so as to place
emphasis on the average and
control limits.

1 2 3 4 5 6 7 8 9
With frame

Expanded scales are frequently used on the vertical axis
of control charts. Showing zero is only a secondary
consideration and in many cases may detract from the
major function of the chart. For instance, it would be
much more difficult to monitor and control a process
using the chart at the right, with the zero shown, than
with the charts immediately above, which show the same
data using an expanded scale.

V CILIU UyloIrILNUUII -

Traditionally, control charts are oriented horizontally,
primarily because sequence scales, particularly time
series, almost always progress from left to right.
Occasionally, however, there is some reason or advantage
to orienting the chart vertically. Scales on the vertical axis
of such graphs might progress from top to bottom or from
bottom to top.

to 1 2 3 4 5 6 7 8 9 10
Without frame

MA70 -

60 -

50 -

40

30

20 -

10 -

0-
1 2 3 4 5 6 7 8 9 10

Same data as plotted above except
the vertical scale starts at zero

LCL Average UCL
58.12 60.07 62.02

10
9
8
7
6_
5
4
3
2

57 58 59 60 61 62 63
The vertical orientation is seldom
used for control charts.

Cumulative sum chart
Sometimes referred to as a cusum chart. A cumulative sum chart is a variation of a control
chart that is used when a high degree of sensitivity to small changes in a process is desired.
Unlike most control charts, which plot actual values or averages of actual values, a cusum
graph plots the accumulation of the differences or deviations of individual values from a

~~~~- A{-A-. -A -|A;{s

reference value. ror examUple, II tUe
historical average of a process is 10
and the first sample measured 10.5,
0.5 would be plotted on the graph.
If the second sample tested 10.2,
the difference from specification of
(1). wuild hp added tn the n 5 fnr
v. - - -- -9 - .- . Standard control chart - Cumulative sum (Cusum) ch.
the first sample and 0.7 would be Comparison of a standard control chart plotting actual
plotted. If the third sample values and a cumulative sum graph plotting the sum of the
measured 10.7, the deviation of 0.7 differences between the actual values and the reference (:
from the center line value would be in this example). The same data is plotted on both graphs

added to the previous total of 0.7, and 1.4 would be plotted. Establishing control limits for
cumulative sum charts is more difficult than with the other types of control charts since the
angle of the line must be taken into consideration as well as the actual values. V-shaped
templates are sometimes used for this purpose.
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Coordinate

5 X coordinate

x ' Y coordinate

051-

Origin 1 2 3 4 5Orign ~~'0 1 X-axis
Two-dimensional rectangular coordinates

900

Radial L
coordinate 4% Angular

I -r coordinate

Origin - r'_ , . o

0 1 2 3 4 5

Two-dimensional polar
and vector coordinates

)rdinate

Y coordin coordinate

Three-dimensional rectangular coordinates

1.0 0 -Y coordinate

0.8 .
0.4

A0. 0.6 '~

X coordinate 1.0

1.0 0.8 0.6 0.4 0.2 0
Z-axis Z coordinate

Trilinear coordinates

,-Vertical coordinate

, z

210'

Cylindrical polar coordinates

Maps East-west (longitude)

coordinate Prime meridian,
the zero referee
for the east and
west coordinate

North-south -

coordinate ,'

Equator, the zero
reference for \/
north-south
coordinates

Map coordinates when the latitude and longitude
coordinate (graticule) system is used. Sometimes
called geodetic or geographic coordinates.

MI)
N \

Radial
coordinates r Angular

120 / coordinates

120° 0
1500 , 0

180 origin
210° 3300

2400 2700 3000

Spherical polar coordinates

Arbitrary references and scales are
sometimes established for localized maps

;ce l A B C D F F G H I

35 1

2

3

4
East-west ,/'

coordinate 5

6

Nnrth-snuth -

coordinate Map coordinates when a specific
localized coordinate system is used

lb

Coordinate Line Sometimes called a grid line, grid rule, ruling, or scale 10

line. Coordinate lines are thin lines used on graphs as
visual aids for the purpose of encoding and decoding 5

information. See Grid Line.
Examples of 0

coUrTuiiae lineb 0 2 4 6 _

A coordinate is a number or value used to locate a point with respect to a reference point,
line, or plane. Generally the reference is zero. If a data point has coordinates of X=3 and
Y=4, the point would be located three units in the positive direction from zero on the X-
axis and four units in the positive direction from zero on the Y-axis. Its coordinates would
generally be written as 3,4. Coordinates on graphs can have positive or negative values. On
maps, the directional coordinates are generally all positive. Elevations on maps are
generally positive, but in some situations can be negative (e.g., points below sea level). The
major function of coordinates is to provide a method for encoding information on charts,
graphs, and maps in such a way that viewers can accurately decode the information after
the graph or map has been generated. Examples of coordinates are shown below.

Graphs Z-axis

Minor
coordinate
lines

.Major
coordinate
lines
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Correlation Graph A graph whose primary purpose is to determine whether two or more sets of quantitative
information are correlated (i.e., when one set of information changes, the other one
simultaneously changes in some orderly fashion). Correlation graphs are used extensively
to explore areas where meaningful associations might exist and as tools for looking into
possible cause and effect relationships. Correlation graphs fall into two major categories:
(1) where two or more individual data sets are analyzed, and (2) where two or more data
series (each series consisting of two or more data sets) are analyzed.

Analysis of data sets for correlations
Using scatter graphs to check for correlations

In this type of correlation graph, specific data sets are plotted, such as pollen count and
number of sinus pills sold, or selling price of a product and the volume of the product sold.
Scatter graphs are most widely used in this application. One 'u
data set (generally the independent variable) is plotted on 9

.58
the horizontal axis and the other data set on the vertical -L 7
axis. For example, pollen count could be plotted on the c 6
horizontal axis, and sinus pills sold on the vertical. A line is I 5

064
frequently fitted to the resulting group of data points to W
assist in the analysis. An example is shown at the right. The to 2

pattern formed by the data points determines whether a I

correlation exists, wnam type oi correlation it is, and now o 1 2 3 4 5 6 7 8 9
strong the correlation is. For example, the pattern of the Pollen countScatter graph used to
data points in the example at the right indicates a direct, determine whether two
linear, and strong correlation. It is called a direct correlation data sets are correlated.
because as the pollen count increases, the sales of sinus pills also increase. It is described as
linear since a straight line best fits the data points. It is called a strong correlation because
the data points are tightly clustered around the .
inclined fitted line. * There are several m.
different patterns the data points can form; in . * . - . . . * *
many cases it is a judgment call as to whether > >
correlation is weak or non-existent and
whether the relationship is linear or nonlinear. Variable A Variable A

Two examples of no correlation. On the left, as
Examples illustrating some of the key types of variable A changes there is little on no change in
patterns are shown here. Variable B. On the right, as A changes, B

changes, but in no meaningful or orderly patter.

A)

a)
a)'C

>r

Variable A Variable A Variable A Variable A
Two examples of direct correlations. The Two examples of inverse or negative
example on the left shows a strong correlation correlation (e.g., as variable A increases,
because the points are tightly clustered about variable B decreases). The example on the
the fitted line. The example on the right shows left is considered linear because the fitted
a weak correlation. curve Is a straight line. The example on the

right is nonlinear or curvilinear, as indicated
by the curved line.

Using scatter graph matrixes to check for correlations
When there are more than two variables and one wants to see if there is a correlation
between any given pair, it is necessary to generate a separate graph for each combination of
variables. Technically, the number of graphs required 9.0-

can be reduced by plotting multiple sets of data points ° . .
on a single graph. However; this technique generally y
produces a very cluttered graph that is hard to °

6.0
interpret. An alternate method is to arrange graphs of m

&
two data sets each into a matrix, as shown at the right. a"
There is no limit as to how many individual graphs >0.6

can be incorporated into such a matrix. Since the .6 .. :
viewer is generally looking only for patterns of data :
points, the small size of the graphs is seldom a
problem. The major advantages of matrixes are their 0 0.0 0.5 5.0 0.6 7

compact size and ease of analysis. See Matrix Display. Variable A Variable m Variable c
Scatter graph matrix
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Correlation Graph Analysis of data sets for correlations (continued)
(continued) The use of graphs other than scatter graphs to check for data set correlations

Graphs other than scatter graphs can also be used to check for correlations between sets of
data. The three graphs below display the same data as shown in the scatter graph at the top
of the previous page. In these three graphs, the data points are grouped into intervals along
the horizontal axis, and the data elements in those intervals are averaged and plotted along
the vertical axis. In each case the same correlation can be seen. The two examples on the
left give no indication of how tightly the data points are clustered around the averages. The
example on the right overcomes this shortcoming by indicating the range of values, using -

ltne SNIU[L vertical lo
1_- A - A AT I A AA+A

lines to designate 8-
the upper and 7 -

lower values in O s--
each interval. A O 3-

similar technique 7 2-

might be used with 0 l . . . . . . .
th- --- L. U0 1 2 3 4 5 6 7 8 9

0.*CL

.50

C:
CID

Lit; cILumn51 g41pl1. Pollen count Pollen count Pollen count
Alternative types of graphs used to check for correlations between sets of data

Analysis of data series for correlations

Time series graphs are frequently used to determine whether correlations exist between
multiple data series. In addition to exploring areas where meaningful associations might
exist and looking for clues to possible cause and effect relationships, time series graphs are
also used for establishing leading indicators in order to make projections. Although the
sequence in which data is collected for the scatter graph applications described above is
generally not important, with time series it is very important. Three of the major types of
correlations that are often looked for in this type of graph are shown below.

Direct and inverse correlations

#
0

0

0

0

aFCD

c ft

#t D
0)
*0 I
I 0
0 CU
~0

I M
0 U

CI)
Time - Time 1k

Direct correlation Indirect or inverse correlation
In this type of correlation, as time series #1 In this type of correlation, as time series #1
increases, series #2 also tends to increase; when increases, #2 decreases and when #1
#1 decreases, #2 tends to do the same. The decreases, #2 increases. The amount or
amount or rate of change in the two series may or rate of change in the two series may or may
may not be proportional. not be proportional.

Correlations that are shifted in time

Sometimes the curves of two sets of data that are correlated are shifted in time. For
example, the curve of retail prices on a given product often correlates with the curve of
wholesale prices on the same product, except that changes in the retail curve lag behind
changes in the wholesale curve by some period of time. Data series with this relationship
are frequently referred to as leading or lagging indicators. Sometimes it is necessary to shift
one of the curves on the graph to Data series #1 is a leading indicator of data series #2

discover that a correlation actually Data series #2

exists. In the example at the right, happens to
data series #1 is a leading indicator of 4,000 data series#1 will
data series #2. What that means in 3,000 happen to

data series
this example is that two months after 2,00 #2 two
series #1 changes, series #2 will months

1,000 V later.
change in the same way. * Direct or
inverse correlations can be shifted in ° J F MA M J J A S 0 N D J

time. Illustration in which one data series is a
leading indicator of another data series
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Correlation Graph
(continued)

Analysis of data series for correlations (continued)
Correlations with a particular curve pattern

In some cases a correlation does not exist between two entire data series (curves) but
instead between one curve and a specific portion or pattern of another curve. One type of
pattern that is often watched for is a reversal in the ,000 Data series A Reversal points

slope of a particular curve, whether it be positive to 4,000

negative or negative to positive. This is illustrated in
the example at the right. In this example, each time
there is a reversal in the slope of data series A, there 2,000

is a short term increase in data series B. For 1,000 Data series B

example, each time there is a change in interest rates, 0 J F M A M J A S 0 N D

whether it be up or down, the sales of certain stock An example in which one data
brokers experience a short term increase. series (B) is correlated withreversals in another data series (A).

Analysis of data sets and data series for correlations
Frequently one is interested in potential correlations between data series as well as
individual data sets - for example, the relationship between selling price and total sales in
tprms of dnllannrsnd iinits. asz shown at the. riaht This rrnnh-.- ~s vs -va -_ -_d "sso ida.. - - r 'i' " ,~s
illustrates a direct linear correlation between selling price and
total sales dollars (data sets), an inverse linear correlation
between selling price and units shipped (data sets), and an
inverse correlation between units shipped and total sales dollars
(data series). * A correlation does not necessarily implv a cause-
and-effect relationship. For instance, in this example, the
increased selling prices did cause the total sales dollars to go up and the units to go down.
In this case there is both a correlation and a cause-and-effect relationship. In the same
graph, there is an inverse correlation between total dollars of sales and units shipped;
however, there is no cause-and-effect relationship. The lower number of units shipped did
not cause the total sales to go up. In this case they both happened to be affected by the same
third variable, which was selling price.

Paired bar graph

A paired bar graph is occasionally used to check for correlations.
The two horizontal scales may or may not be the same. For
example, one might be in terms of number of arrests and the
other in number of convictions. Or one might be in terms of
number of arrests and the other in dollars spent on crime
prevention.

jFjj

B

A

5 4 3 2 1 0 0 1 2 3 4 !
Paired bar graph

A variation of a buffer used with maps. See Buffer Map.

A chart showing how equal
inputs and outputs are distributed
- for example, how much money
a government agency or company
receives from various sources
and what portions of those total
monies are spent where. Input is
normally on the left and output
on the right. Values might be in
any units of measure such as
dollars, percent, or units.
Cosmographs were originally
generated by arranging
mechanical models and then
photographing them. There are
many potential variations. Two
are shown at the right.

Product A
sales 40%

oD Product B
E sales 20%
0
c Product C

sales 30%

Miscellaneous
Income 51U7

V0
Cost to 2
manufacture 70% M

I 'DC

, Engineering 5% ue

I Marketing 10% 2

i Administrative 5% x

a Profit 10%

Cosmographs where total input on left equals total output on right.

Sometimes referred to as frequency or frequency of occurrence. See Histogram.Count
., )

I'

Corridor Buffer

Cosmograph
29% Other taxes, tees, 32% Education

licenses, etc. Tota

26% Income taxes E income . 22Y% Health & Welfare
8 equals r

18% Sales taxes C total a 19% Roads and highways

12% Federal funds expenditures Wx 15% Operating expenses

15% Vehicle taxes 12% Corrections, etc.

---



Critical Path Method (CPM)
or
Critical Path Analysis (CPA)

Sometimes referred to as an arrow diagram. Critical Path Method (CPM) charts are time
and activity graphic networks that represent the major activities and events of a large
program and show their interrelationships. They are used to plan, analyze, and monitor
programs. Among other things, they are helpful in determining how programs can be
shortened and identifying which of the many subprograms are the most critical in assuring
that an overall program is completed on schedule. CPM charts accomplish basically the
same functions as PERT charts. The major difference is that PERT charts focus on events
(e.g., start pouring foundation or foundation completed), while CPM charts focus on
activities (e.g., pour the foundation). A CPM chart diagrams a program or project using a
separate arrow (sometimes referred to as link, branch, or arc) to represent each of the major
subprograms or activities. All arrows start and end at a node (exceptions are sometimes the
first and last arrows). Nodes represent events. An event may be a review meeting, a
decision point, or simply the time at which one activity is completed and another begins.
Nodes are represented by geometric symbols such as squares, circles, ovals, etc., and are
numbered sequentially. The main body of a CPM chart generally starts and ends with a
single activity (arrow) or node.

Arrangement of arrows and nodes

The arrows and nodes are arranged in the same order they actually
occur. The first activity is represented by the first arrow on the
left, the last activity by the last arrow on the right, and all others
are placed in their proper sequence in between. If an activity (B)
can not be started until another activity (A) is completed, the
arrows representing these two activities would be drawn such that
the tip of the arrow for activity A joins with the base of the arrow
for activity B with a node symbol in between. If neither activity is
dependent on the completion of the other, the tip of one arrow and
the base of the other arrow do not meet. * The bases of multiple
arrows often meet at the right side of a common node, indicating
that the activity(s) on the left side of the node must be completed
before any of the activities on the right side can be started. When
the heads of multiple arrows meet at the left side of a common
node, it means that all these activities must be completed before
the activity(s) on the right side of the node can proceed. Examples
of all three variations are shown at the right, and an abbreviated
critical path method diagram is shown below.

Activity A Activity B

Activity B can not start until
activity A is completed.

Activt C Nd

Activities A and B can
not start until activity 9
C is completed.

D can not start
activities A and B

are completed.

Examples of how relation-
ships between activities are
represented graphically

contracts

CPM chart showing activities (arrows) and events (rectangles).

Methods for identifying activities
In actual CPM charts it is not uncommon to have dozens or even hundreds of activities. A
word description of the activity represented by the arrow can be placed alongside of the
arrow (as shown above) or code numbers or letters can be used (below). Events (nodes) can
be coded the same way. When a coding system is used, a cross-reference table is included.

Word descriptions
of activities and
events are
sometimes replaced
by reference
numbers or letters
and explained in a
table.

CPM chart with events and activities coded. In an actual chart, a table
or legend would match a description with each code number or letter.

An alternative way of identifying activities is by the numbers at the ends of the arrows. For
example, activity g above might be referred to as activity 50-60 and activity m as activity
70-100. 113



Critical Path Method (CPM) Incorporating time into a critical path method chart
or Times noted on arrows
Critical Path Analysis (CPA) Small numbers alongside the arrows sometimes denote information regarding the timing of
(continued) the activity. Four methods currently used are illustrated in the examples below. In one case

a single number is used to represent the estimated time required to accomplish anactivity.
I-Estimated time to accomplish activity Another method is to show two numbers, the

12 first being the estimated time required to

Estimated time to accomplish activity complete the task and the second (many
1( Slack or float time times in parentheses) the amount of

12(4) 18 additional time (called float or slack)
Shortest or most optimistic time available before that activity or the series of
Expected or most likely time
Longest or most pessimistic time activities in that chain delays the overall

10-12-15 >__18 program. A third method is to show three

Earliest time activity can be started times, the shortest (most optimistic), the
q Latest time activity can be completed expected, and the longest (most pessimistic).

E2 L41 18 The fourth alternative is to indicate the
Examples of how times (days, weeks, months, earliest time an activity can be started (E),
etc.) to complete an activity might be noted and latest time an activity can be completed

(L), without delaying the overall completion of the program. The times noted in the first
three methods are incremental and apply to the length of time the activity will take. In the
fourth alternative, the times are referenced from the time the overall program was started.

Times noted on nodes
In addition to incremental times for each activity, cumulative times for events are
sometimes also shown. Two numbers that are sometimes used are the earliest and latest
time each event can occur. For instance, in the example below, event #5 cannot occur
before the eighteenth Earliest time from start Latest time event can

- a .- . a that event can occur occur without delaying
week arter me start or
the overall program,
and if it occurs after
the twenty-fifth week,
the critical events

gram

behind it will be -88 15 G-124 Incremental timeI Event #4 --- Activity code letter
delayed. Chart showing cumulative times for events and incremental times for activities

Time scale for reference
The length of arrows are normally not proportional to the length of time the activity is
estimated to take. Because of this, the viewer normally cannot estimate visually how long
an activity will take or when an event will occur in real time versus clasped time. In an
attempt to give some visual indication of relative times, CPM charts are sometimes
arranged along a time scale, as shown below.

Dates-May 3 May 14 Jun 25 Jul 30 Sep 17 Oct 8
. . I I I . . . . . . . . . . . . . . . .

Businessdays-o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115
CPM chart incorporating a time line and key dates

Critical path
Once times are entered, the longest time path can be determined. This is called the critical
path and is generally designated on the chart with bold or colored arrows. This is the path
along which a delay
in any event will
cause a delay in the
overall program. An
example with times
designated and the
critical path noted is
shown at the right. CPM chart showing code letters, activty times, and critical path.
In some cases the second most critical path is indicated by arrows drawn with a width of
line somewhere between that of a standard path and a critical path.114
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Critical Path Method (CPM)
or
Critical Path Analysis (CPA)
(continued)

Dummy arrows
Dummy arrows (indicated with dashes) are sometimes used to overcome some layout and
identification problems. For example, if two activities occur between events 7 and 8 as
shown at the left below, there is no way to differentiate the two activities if one uses the
convention of referring to activities by their start and finish event numbers (i.e., both would

Activity 7-8

Activity 7-8
Without the use of a dummy
arrow, the two activities
have the same designation,
in this example 7-8.

be referred to as 7-8). A dummy
arrow, as shown at the right, that
has no time associated with it
solves the problem. After the
insertion of a dummy arrow, one
activity is still referred to as 7-8
while the other gets the new
designation of 7-9. The dummy
activity of 8-9 is ignored.

i2' BEJ 10w e "2u'"s'

E fActivity 7-9

With the use of a dummy
arrow, the two activities
each have a unique
designation and the dummy
path/activity is ignored.

General
- Arrows generally proceed from left to right, run parallel when possible, and seldom cross.
- Where possible, the number at the base of an arrow is smaller than the number at the

head.
- In some cases the charts are updated periodically to reflect new information and/or the

status of the program.
- More and more CPM and CPA charts are being generated and maintained on computers.

When done on computers, in addition to the graphical diagram, the information is
frequently also available in tabular form.

- Several optional construction details are shown below.

Additional information is sometimes placed
beside the activity arrows. Examples of such

-nomtn -r rcc -* rmat

Straight or curved arrows
can be used although

ct ---nh -rncMr

responsible for,
people and disc
documentation

Various shapes can be used for nodes to
designate similar events (e.g., review
meetings, decisions, etc.) or responsibilities
(e.g., person, department, etc.).

Optional construction details

Arrows and nodes
can be shaded,
colored, or patterned
to encode additional
information.

Crosshatch The term hatch is used to refer to a
pattern of fill that consists of evenly
spaced parallel lines. If there are two or U Eonl a 1, I a

more sets of parallel lines intersecting Diagonal Honizontal Vertical Diagonal Horizontal

one another, the pattern is referred to as Simple hatch Crosshatch

crosshatch. Patterns referred to as hatched and crosshatched

Crosshatched Map Sometimes referred to as a choropleth, shaded, or textured map. A
crosshatched map is a variation of a statistical map that displays area
data by means of shading, color, or patterns. The areas (sometimes
called areal units) might be countries, states, territories, counties, zip
codes areas, trading areas, etc. The data are generally in terms of
ratios, percents, rates, etc., as opposed to absolute units. For example,
incomes will typically be given in terms of dollars per capita, dollars
per household, etc., as opposed to total dollars for the area. Data is
often organized into class intervals, as in the example at the right. See
Statistical map. Crosshatched map
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Cumulative Frequency
Graph

Sometimes referred to as an ogive (pronounced oh-jiv) or summation graph. A cumulative
frequency graph is the equivalent of a cumulative histogram with the columns replaced by a
smooth curve (See Histogram). This type of graph has four major purposes:

- To provide a graphical means for determining the percent and/or numeric
probability of a given value or set of values occurring

- To graphically categorize the data elements in meaningful compartments such
as quartiles, deciles, percentiles, etc.

- To determine whether a data set has a normal distribution
- To provide a convenient method for comparing the distributions and/or

probabilities of multiple data sets
Individual values or class intervals may be used when constructing a cumulative frequency
graph. In one of the more widely used variations of a cumulative frequency graph the
individual values or class intervals are plotted on the horizontal axis and the cumulative
frequencies on the vertical axis. The frequency scale might be in terms of cumulative
frequency, cumulative percent (sometimes called cumulative relative frequency), or both.
When constructing a cumulative frequency graph, one prepares the data just as thought a
standard histogram or frequency polygon was being
generated. The key difference is that instead of
plotting the individual frequency for each class
interval, the cumulative frequency is plotted. The
cumulative frequency is equal to the individual
interval's frequency plus the frequencies for all
preceding intervals. An example of a cumulative
frequency graph is shown at the right. A histogram
and cumulative histogram for the same data are
included for reference. * When individual values are
plotted on the horizontal axis, data points are
located directly above the values. With class
intervals the points are located over the boundaries.

A

U,

Cumulative frequency curve

200 Cumulative 80%histogram
150 Histgrm60%

100 40%

b ;l 0 20x

o 0%
11 12 13 14 15 16 17 18 19 20 21 22 23

Value
Graph showing cumulative frequency
curve, cumulative histogram, and a
standard histogram for the same data

"More than" and "less than" graphs
When class intervals are used, the cumulative data points are generally plotted in line with
either the upper or lower boundaries of each class interval. A frequency scale, percent
frequency scale, or both can be used on the vertical axis. The cumulative histograms in the
examples below are for reference only and are not used in actual applications.

"Less than" cumulative frequency graph

When the cumulation process proceeds from
the smallest value to the largest, the data
points are plotted in line with the upper
boundary of the class interval. This
variation is often called a "less than" graph
since these are the values that can be read
directly from the scale on the graph. For
instance, in the example at the right, 63% of
all the data elements have values equal to or
less than 2.1.

c X0 90%-

M0 80%-
*,, 0 70%-

a, 60%
En -
4) >50%-

,M r, 40%-

30%

E E 20%-
.. . 1o%'
Ca) 4 ,,

l.C

"More than" cumulative frequency graph

When the cumulation process proceeds from
the largest value to the smallest, the data
points are generally plotted in line with the
lower boundary of the class interval. This
variation is frequently called a "more than"
graph since these are the values that can be
read directly from the scale on the graph. For
instance, in the example at the right, 37% of
all the data elements have values equal to or
more than 2.1.
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Class interval
"Less than" cumulative frequency graph

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
Class interval

"More than' cumulative frequency graph
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Data points plotted
on upper class
interval boundaries
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"More than" and "less than" graphs (contii
Combining the "more than" and "Ies

In the graph at the right the two types of
curves are combined onto a single graph by
adding a second scale. The "less than" values
are read directly from the scale on the left and
the "more than" values directly from the scale

CI
EC
aC

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
Class interval

'More than" and 'less than' graph
with two curves and one scale

nued)
ss than" curves on a single graph

(0100%/ 0% SD
90% 10% E

T 70% s|Le20% ' >
0 a7 70% 30% 2

o 60%- k 401
Z05050%

02 40%
o(5 .70%3 > 30% 80% E

2 80.

CL-C 10%°S .D1/ ........0 .....1 ..10O°S..E-
Co 9 CD '

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
Class interval

'More than' and 'less than' graph
with one curve and two scales

on the right. The graph at the left combines
the two curves by superimposing both on the
same graph. In this case only a single scale is
required.

Cumulative frequency curves used for percentile and probability graphs

Reference lines Although cumulative percents are
simplify the task of
relating percentiles frequently plotted on the vertical axis,
on the hovlzontal axi the axes can be reversed and percents
with values on the
vertical axis. plotted on the horizontal axis, as shown

at the left. When this is done the graph is sometimes
referred to as a percentile or probability graph. If one of the
major purposes of the graph is to categorize the data into
meaningful compartments such as quartiles and deciles,
reference lines are
sometimes added to more
easily relate percentiles

One-axis percentile
graph using the
same data as the
graph at the left. In
this graph, all of the
data points have
been vertically
aligned and the
cumulative percent
values transferred
from the horizontal
to the vertical axis.

11-

10-
9.

8-

7.

06.

>5-

4.

3-

2-

1-

0-

- 100%

9-80% <so

!-80% 2m
*60%rI

-40% CCI- 3
*-20% E
i-10%

* -0%

0% 25% 50% 75% 100% on the horizontal axis
Cumulative percent

Percentile graph with the with values on the
cumulative percent scale vertical axis. A further
on the horizontal axis potential step is to align

the data points vertically and convert the information to a
one-axis graph, as shown at the right. Values should not
be interpolated using this type of one-axis graph.

Probability graph using normal probability grid

Knowing whether a data set has a normal distribution contributes to the reliability of
assumptions, predictions, mathematical analyses, etc., that are associated with the data. One
use of a cumulative relative frequency graph is to determine whether a data set has a
normal distrihbtion. This is done hv nlotting the

cumulative percents on a special grid referred to as a ii

normal probability grid. If the data set has a normal 10

distribution, the data points cluster around a straight line ' 9
08as shown at the right. The straight line characteristic of a 8
.;7normal probability grid enables one to more easily make

projections and interpolations. Because of the nonlinear
scale on the cumulative percent axis of a normal @ 4

probability graph, this type of curve is commonly > 3

generated with a computer or by using special preprinted 2

graph paper. Cumulative percent scales can be shown on 1
0

either axis. They are most often shown on the horizontal -.01 .1 1 10 305070 90 99 99.9

axis. Due to a quirk of mathematics, there is no zero or Cumulative percent
A data set with a normal

100% on the cumulative percent scale of a normal distribution approximates a
probability grid. The scale on the vertical axis is generally straight line when plotted on a
linear, normal probability grid

Cumulative Frequency
Graph (continued)
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Cumulative Frequency
Graph (continued)

Comparisons using cumulative frequency curves
Cumulative frequency graphs enable the viewer to make comparisons of multiple data sets
that would not be possible with simple frequency distribution graphs. For example, the
graph below displays the cumulative percent of failures for two different product lines
against years of service. Typical observations based on this graph might be:

- Although both product lines had a few units
that survived almost 10 years, the median
life (50% cumulative failures) of product A
was only three years, versus about 7.5 years
for product B.

- Between years three and five, 24% of
product A failed, versus approximately 15%
for product B.

- With product A there is only a 26%
probability a given unit will live beyond five
years, versus a 75% probability for B type
products.

01 23ears 78 9 10 Other than readability, there is no limitation
Illustration of how cumulative frequency on the number of curves that can be
graphs can be used to compare the compared on a single graph.
Ulqi* UIflJcI SO Uf 55 f -f-t 0-0

Graphs with cumulative frequency scales on both axes
-- - -- rf B a a rwr s - | -r Af-orrnA e
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in Inost cases, values or class intervats are snown on

one axis and cumulative frequency or cumulative
percent frequency on the other. For special purposes,
cumulative percent frequency scales are occasionally
displayed on both axes. Such a graph is sometimes
referred to as a Lorenz graph. The traditional graph at
the left displays the cumulative percent frequency
curves for total income and total numbers of
employees for a hypothetical company. It may be
noted that the cumulative number of employees rises
faster than the cumulative income; however, it is

Annual individual income difficult to get a good appreciation for the relationship
in thousands of dollars between the two sets of data. The combined graph in

Cumulative frequency graph
comparing two data sees the upper right-hand corner of the box below has the

same two data series plotted on it; however, a cumulative percent scale is used on both
axes. The graphs alongside and below it are included for reference only. A graph with two
cumulative scales
sometimes illustrates
differences between
two sets of data more
clearly. For example, it
can be noted in the
combined graph that the
lower 50% of the
employees earned about
24% of the total
income, while the upper
10% of the employees
earned about 30% of
the total income. If the
two distributions had
been the same, the data
points would have
clustered around the
diagonal line,
sometimes referred to
as the line of equal
distribution.118
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Cumulative Graph All values on a cumulative graph reflect totals with respect to some common starting point.
For example, the value plotted for any given interval or period is equal to the incremental
value for that period plus the sum of the incremental values for all of the prior periods back
to the common starting point. Month-to-date (MTD) and year-to-date (YTD) graphs are
among the better known types of cumulative graphs. In a YTD graph the common starting
point is frequently the first of the year. The value for the first month, say January, is plotted
by itself. In February the value for February plus January is plotted. In March it is March
plus February plus January. This continues throughout the year until, for the month of
December, the sum of all 12 months is plotted. In January the whole process starts again.
This procedure applies whether actual or deviation values are being graphed. Examples of
both are 1
shown at the ,,
right, with co f
the actual -
values 0
shown for
reference. J F M A MYJ J'A'S O N'D M JFMAMJ JA S O N D JFMAMJJASOND

.0

Actual sales by month Cumulative sales (solid line) Cumulative deviation
for reference and cumulative goal (dashed) of sales from goal

Comparison of a graph of actual data (left) versus two forms of cumulative data graphs.
Cumulative deviation or difference is generally more sensitive for monitoring purposes.

Cumulative graphs can be
generated with almost any type of
sequential scale on the horizontal
axis. The examples above use time
scales. The two examples at the left
use the order in which samples

Actual values O E Cumulative sum (Cusum) chart were collected in a quality control
Comparison of a standard control graph plotting actual process as the sequence. For
values and a cumulative sum chart plotting cumulative reference, one graph displays actual
deviations from a reference (a value of 3 in this example) values. The other, called a

cumulative sum (cusum) chart, displays cumulative differences between the actual value
and an expected value. Cusum graphs are more sensitive to small, gradual variations than a
graph of actual values. As a general rule, cumulative deviation or difference graphs tend to
be more sensitive, for monitoring purposes, than overall cumulative graphs. * If one wants
to disnlav individual increments for each period as well as
cumulative values, a column graph is sometimes used, as 5
shown at the right. In this type of graph the cumulative values 4

are designated by the tops of the columns, while the incre- 3

mental values are indicated by a shaded or colored component 2

at the bottom of each column. * An algebraic summing
process, taking plus and minus signs into consideration, is
used when determining the values for cumulative graphs; 0

values

therefore, both positive and negative values can be used in the Cumulative graph with
calculation as well as on the graph. * Multiple data series can the incremental
be plotted on the same cumulative graph. When multiple additions highlighted
sources contribute to the values being cumulated, stacked column or stacked area graphs are
sometimes used to indicate how much each source contributes to overall values.

Cumulative Histogram A variation of a histogram in which cumulative values are plotted instead of incremental
values. The frequency or percent to be plotted for a given class interval is determined by
adding the frequency value or percent for that class interval to the frequencies or percents
for all class intervals preceding it. The example below shows only cumulative percents. A
graph of cumulative frequency is identical except for the scale. In some graphs, frequency
-riA nnrrant fr--n--i, -ra hr-th Ah--n Tn thisaints jJcLnt%~, kntsjtsLiiy la;~ uvflaI OuIflJV. Mll t.ill

example, the values are cumulated from the
smallest value to the largest. An alternative
method is to cumulate from the largest value
to the smallest. Sometimes cumulative
histograms are used to determine what
percentage of elements in a data set are more
than or less than a particular value; however, a
cumulative frequency graph is generally
recommended for this purpose. See Histogram
UAl - -l G -Utiit * UlJ V 5 II a- -a11 .a O-Aut;-lAluna

Frequency Graph. Cumulative histogram
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Cumulative Sum Chart Sometimes referred to as a cusum chart. A cumulative sum chart is a variation of a control
chart that is used when a high degree of sensitivity to small changes in a process is desired.
Such charts offer three major advantages over standard control charts.

- Small changes can be detected more easily.
- Changes that occur over long periods of time are easier to spot.
- It is easier to determine when a change in the process began.

Unlike most control charts that plot actual values or averages of actual values, a cusum
chart plots the accumulation of the differences or deviations of actual values from a
reference value. For example, if the The upward slope indicates the process is
historical average of a process is 10 ~drifting. This trend is not readily apparentl e o a p i in the graph of actual values at the left.
and the first sample measured l0.5,
0.5 is plotted on the graph. If the M
second sample tested 10.2, the .

difference from specification of 0.2 X

is added to the 0.5 for the first .
sample, and 0.7 is plotted. If the <
third sznmnh- measuredl 10.7. the-

h Standard control chart - Cumulative sum (Cusum) chart
deviation of 0.7 from the center displaying the actual values displaying the sum of the
line value is added to the previous deviations from a reference
total of 0.7 and 1.4 is plotted, and Comparison of a standard control chart plotting actual values

* Esablshig cotro liits (left) and a cumulative sum graph (right) plotting the sum of
so on. limits the differences between the actual values and a reference (3
for cumulative sum charts is more in this example). The same data is plotted on both.
difficult than with the other types of control chart since the angle of the line must be taken
into consideration as well as the actual values. V-shaped templates are sometimes used for
this purpose.

In the context of graphs, the term curve refers to any line on a graph used to represent a set
or series of data. The table below shows the major types of lines that are most frequently
used to generate curves.

* A curved line is a continuous line
with gentle bends and no sharp

C comers. Certain curved lines are
referred to as curvilinear and
represent nonlinear relationships.

Qe6V * Stepped lines result from
connecting data points with a series_L~ of horizontal and vertical lines.

SAL_ * Jump lines are stepped lines without
- - the vertical portions.

Variations of curves used on graphs to represent data

Curve Difference Graph Sometimes referred to as an intersecting silhouette graph, intersecting band graph, or
difference line graph. A curve difference graph is a graph on which the curves representing
twn data epriep intercept nP another and the areas 25 -

between the two curves are highlighted by means of e 20-

shading or coloring. For example, one curve might 5
represent the dollar value of exports each year and the O 151
other the dollar value of imports, as shown in the C 10-
exnmnle at right Whe-n P.nnrtQ have a hitcher valie -.
than imports, one shade or color is used. When Impors
exports are lower than imports, another shade or color s '87 89 si 93 95 97 Vs

is used. Curve difference graph

Curve

Straight lines on a linear grid
generally indicate linear
relationships between data sets.

A segmented line is made up of a
series of straight lines connecting
adjacent data points in a data
series. Segmented lines can be
used to represent linear or nonlinear
data.
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Curve Fitting Sometimes referred to as smoothing or line-of-best fit. When used with a sequence scale on
the horizontal axis fitted curves are sometimes called trend lines. Curve fitting is a process
in which a curve or surface that most closely approximates a data series is superimposed
over a plot of the data points of that data series. Fitted curves may be drawn free hand based
on visual estimates or plotted using well-established mathematical procedures. There are a
number of reasons fitted curves are used including:

- Establishing the general trend of data;
- Determining the type of relationship between two variables such as linear or

exponential;
- Comparing data series that are intermingled;
- Making forecasts or projections;
- Determining the degree of variation of individual data points from a

theoretical or expected curve; and
- Determining whether data points vary randomly, symmetrically, uniformly,

etc., from a theoretical curve.

Multiple fitted curves for same data

Computers can generate many different curves
for the same data. It is up to an individual to
decide which of the curves either most closely
approximates the actual data or is best for a
given purpose. To illustrate the point, four
different computer-generated curves based on
the same data are shown at the right. The
person using the data would have to decide
which of these four, plus many other possible
curves, is appropriate for the application. In
some cases it is not known what the
relationship is or should be between the two
variables; therefore, many types of curves
might be reviewed to learn which best fits the
data. In other cases, it is known that if a
process is working properly, the relationship

10

8-
6 -

42- . ..
2 -

0 0.2 0.4 0.6 0.8
Linear

10
8-
6-

4- . v

2-

0 .
0 0.2 0.4 0.6 0.8

Exponential

10

8 -

6-

42- . ..
2-

0 0.2 0.4 0.6 0.8 1
Power

100-

8 -

6-
46- . . .
2 - . . *:
2 - i/:. . .

0 0.2 0.4 0.6 0.8 1
Third degree polynomial

Example of how multiple types of curves
can be fitted to the same data

of the two variables should cluster around the theoretical curve that defines the process or
relationship. In these cases, perhaps only the one theoretical curve is fitted. If the data
points approximate that curve, the process might be consider to be functioning properly.

Spline type fitted curve

It is rare for a fitted curve to intersect every data point. Among the
few exceptions are certain variations of spline curves. With this
type of fitted curve, the fitted line passes through every point as
shown at the right. The data used in the example at the right are
the same as used in the four examples above.

0 0.2 0.4 0.6 0.8 1
Spline curve fitted to
the same data points
as above

Linear regression line

The straight line variation of a fitted curve is sometimes referred to as linear regression
line. When the location of the line is developed mathematically, a technique called least-
squares is commonly used and the curve is occasionally called a least squares line. Linear
2,500- 2,500- regression lines can be used with most

2,00 2,000 * types of graphs. They are often used with
,500 1,500- If. * scatter and line graphs. Two examples are
,000- 1 - *0. shown at the left. The same data is plotted
500- 5on both. See Linear Regression Line.

0 0
Linear regression lines fitted to the same
data on two different types of graphs
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Curve Fitting (continued) Residuals

After curves are fitted to a data series, certain techniques may be
used to determine such things as which type of curve best fits the
data, how well the curve fits, and whether the data points differ
from the fitted curve in some regular pattern. Residuals, defined
as the distances between the data points and the fitted curve, are
often used for this purpose. The residuals may be observed on
the original graph or, for a more detailed analysis, may be
plotted on a separate graph by themselves. See Residuals.

Independent versus dependent variable
When there are two quantitative variables, the
decision as to which variable is a function of the
other (i.e., which is the independent and
dependent variable) can have an effect on the
location of the fitted curve as shown at the right.
In this illustration, the same data is plotted in both
graphs. In one graph, the Y variable is dependent.
In the other, the X variable is dependent.

10- 10
Fitted curve Fitted curve

>8 8 2

.5Ž6 .6-

aa

0 0
0 2 4 6 8 10 0 2 4 6 8 10

X-axis X-axis
Y is the dependent X is the dependent
variable variable
The same data is plotted on both graphs

Projections
Fitted curves are often used for making projections. The examples shown here illustrate

25 - how important it is that the 25

Fitted curve
20 - Actual data proper fitted curve be 20

, roecte selected when making red
5o *B projections. In the example sA o
°710 -bwC on the left, the linear fitted 010

5 t curve would indicate 5 Actual data
curve continued growth in sales in

0 0
J FMAMJ J ASON DJ F MAMJ the immediate future. But JFMAMJJASONDJFMAMJ

Linear curve fitted to the data the polynomial fitted to the Polynomial curve fitted to the data
same data on the right indicates a potential serious downturn in sales.

Fitted surfaces and three-dimensional graphs

Surfaces can be fitted to three-dimensional point
data similar to the way lines are fitted to two-
dimensional data. An example is shown at the
right. Three-dimensional fitted surfaces are much
more difficult to interpret that two-dimensional
fitted curves.

Fitted surface

-/ Surface fitted
l ; to three-

dimensional
Dots design scatter data
actual data points

Confidence interval or band 0Confidance interval

Fitted curves are best estimates based on the data available. or ban

Many times the available data is a sampling of a larger 6

family of data. A confidence interval indicates the region in 4

which the fitted curve would probably lie, with a given 2

degree of confidence such as 90% or 95%, if information 0 Fited
for the entire family of data was available. See Confidence 0 2 4 6 8 10

Linear regression line
Interval. with a confidence interval

Curves fitted to multiple data series 10 10

Curves can be fitted to multiple data * Fitted curve for s'
series on the same graph. This is 8 0 * circles o

particularly advantageous when data 6 - * o 6 o 0

series are interspersed as in the 4.

examples at the right. In the example 4 * 4 - Fitted curve

with only the data points, the 2 * * 0 2 * ,* a for squares
difference in the general slopes of

0 0the two data series is difficult to ° 2 4 6 8 10 0 2 4 6 8 I
discern. With the fitted curves, the Without fitted curves With fitted curves
difference stands out more clearly. Fitted curves can help note differencesin the slopes of multiple data series.122
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Curve fitting applied to various types of graphs

Although most frequently applied
to scatter graphs, curve fitting can
also be used with other types of
graphs such as column, bar, line,
and area.

Stepped line graph Column graph

Effect of unusual data points on fitted curves
Unusual data points (sometimes called 24 With unusual 24Without unusual

outliers) can sometimes have a 20 data point * 20 data point
significant effect on the curve fitted to 16 16

the data. For example, a single unusual 1 2 12 Fitted curve

data point can cause a dramatic shift in 8 8

the angle of the regression line, as 4 Fitted curver4

shown at the right. Only those familiar °;4 8 12 16 20 24 0 4 8 12 16 20 24
with the data can determine whether the Data series with one Same data series without

unusual data point the one unusual data point
line with or without the unusual data Examples illustrating the effect that a single
point is more representative. unusual data point can have on a fitted curve

Equations for fitted curves

When curve fitting is done with a
computer, the equation for the fitted curve
is sometimes accessible to the operator.
With this equation, the fitted curve can be
reproduced on other graphs; mathematical
calculations can be performed; and/or
specific observations about the curve can
be noted. Two examples of fitted curves
and their equations are shown at the left.

Equation of fitted curve
Y= 0.825X + 0.3

N

2

0

10 -

a -

6-
Y

4-

--

Equation of fitted curve
Y= - 0.0244X 3 + 0.378X 2

,- - 0.874X + 2.447

0

. .-
0 2 4 5 8 Io U 2 4 6 a 10

x x
Linear fitted curve Polynomial fitted curve

Equations for two curves fitted to the same data

Curved Line
or
Curvilinear Line

A curved line is one of five major types of lines used to represent
data on graphs. The curved line is generally continuous with
gentle bends and no sharp corners. Such lines frequently represent
nonlinear data. Examples are shown at the right.

Curved or curvilinear lines

Curve Graph Sometimes referred to as a line graph. Curve graphs are a family of
graphs that display quantitative information using lines. They are
used extensively for plotting quantitative information against a
time or other sequential scale. See Line Graph.

Cusum Chart An abbreviation for cumulative sum chart. A cusum chart is a variation of a control chart
used when a high degree of Indicates process has changed

sensitivity to small changes in a 5
In 4-process is desired. The examples at 4

the right illustrate the increased
sensitivity of a cusum chart by z2
plotting the same data on a standard < t

control chart and a ourmm chart See5 0°
Standard control chart ~ Cumulative sum (Cusum) chart

Cumulative Sum Chart. A -- A- .n ,ionn,,footonr,-i- -.nntrnl cK-rt -n,

cusum chart with the same data plotted on both

Sometimes called bank, deck, phase, or tier. The major interval on a logarithmic scale.Cycle
123
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Curve graph

9
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Data In this book the term data is used interchangeably with information

Data Distribution Graphs
Many times an average or median value is inadequate to
describe a set of data, and a graph showing the distribution of
the data is necessary. For example, in addition to an average
value, one might want to know whether the data elements are
distributed evenly or clustered. If clustered, how many
clusters and where? What are the maximum and minimum
values and are there any unusual data elements? What percent
of the data elements are over a certain value

Point graph

Sometimes referred to as a one-axis point graph. In
this type of graph every element of a data set is plotted
as a separate point. Occasionally used in conjunction
with other types of graphs such as in the borders of
scatter graphs.

Stripe graph

Similar to a one-axis point graph except the points are
replaced by short lines (stripes). Frequently used in
conjunction with other types of graphs such as in the
borders of scatter graphs.

Box graph
Summarizes key features of the distribution of a data
set. The example at the right displays one
combination of key elements that might be shown.
There are many other possible variations. Certain
variations are sometimes referred to as percentile
plots or graphs.

Stem and leaf chart
The first digit(s) of each data element in a data set is
shown to the left of a vertical line. The last significant
digit(s) are shown to the right of the vertical line. The
digits to the right of the vertical line form a sort of
histogram. This type of chart enables the viewer to
identify every data element in the data set.

Tally chart

Values or class intervals are shown to the left of a
vertical line. A hatch mark is added to the right of
the vertical line each time the value occurs in the
data set. The hatch marks form a sort of histogram.

Dot array chart
Values or class intervals are shown to the left of the
vertical line. A dot is added to the right of the
vertical line each time the value occurs in the data
set. The dots form a sort of histogram. Dots may be
stacked on top of one another or entered on a grid as
shown here.

and which value occurs the most frequently? Shown on this
page and the next are typical examples of data distribution
graphs used to answer these types of questions. The
information here is meant only as an overview; detailed
information on each graph is provided under its individual
heading.

Distribution-ofan

0 1 2 3 4 5 6 7 8 9 101l2
Value

1 .lii ll~lblllIll IIIIIIII I:ItI§^IIIIIIIIIt. II 1
0 1 2 3 4 5 6 7 8 9 101112

Value

- Maximum
-- 90th percentile
- 75th percentile

D -- Upper confidence limit
, Median
> e Average/mean

Lower confidence limit
25th percentile
10th percentile

- Minimum

1 27
2 133688
3 01145578889
4 000112223344556779
5 000112233445566778889
6 0011224445678999
7 1122356799
8 01366
9 248

Specific occurrences

3811
39 l
40 Hal
41 1--Jl-1li
42 Ad4l-f _1HIIP-f F4I-n I
43 Jib I
44
45 O-H-r
46 Il
47 l

Specific occurrences

Data distribution charts and graphs

distributions of
mqUIltpe data BestwX if

too-

10090-

60i

>40

30 .

20
Set A Set B Set c

100-

90

80
70

~60
> 50 -

40

30
20-- - -

Set A Set B Set C

1991 1992 1993 1994

4 5 26

1 458 6 03458

5 5 6 7 8 9 7 0 12 2 2 3 3 4 4 5

267 8 01 12234568

3446 9 367

027 10 5

Data set A Data set B

Multiple charts can be
displayed side-by-side
or back-to-back;
however, tally charts
are not normally used
for comparing multiple
data sets.

Multiple charts can be
displayed side-by-side
or back-to-back;
however, dot array
charts are not normally
used for comparing
multiple data sets.
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Data Distribution Graphs (continued)

Histogram
Probably the most widely used method for displaying
data distributions. Can be used for discrete or
continuous data. Sets of data can be of any size.
Percent frequency can be shown on the vertical axis
in addition to or in lieu of frequency. Simple column
or bar graphs (with space between the columns or
bars) are sometimes used as histograms.

la

0 4

,0

.0

Ir o

to

a f000
..E ..
aczw

: *i0080a

-0-

I :

0i-

UI'll

vertical axis in addition to or in lieu of frei
Cumulative histogram

In a cumulative histogram the value plotte
given class interval is equal to the sum of
incremental value for that class interval pl
values for all previous class intervals. Cur
frequency and/or cumulative percent freqt
can be plotted on the vertical axis.

Cumulative frequency graph
Sometimes referred to as Ogive curve or cumulative
relative frequency (percent) graph. The values on
both axes are the same as those in a comparable
cumulative histogram. A key difference is that the
data points are plotted at the class interval
boundaries. Cumulative frequency and/or cumulative
percent frequency can be plotted on the vertical axis.

Quantile graph
Quantile graphs function similar to cumulative
frequency graphs but are constructed very differently.
With this type of graph, specific data points are
plotted as opposed to the class interval summaries
used by cumulative frequency graphs. Quantile
numbers (0 to 1) or their percent equivalent (0 to 100)
are frequently plotted on the horizontal axis.

Cumulative frequency graph
To determine whether a data series has a normal
distribution, cumulative relative frequency data are
plotted on a special normal probability grid. The
grid has a non-linear percent axis and therefore a
computer or special graph paper is normally used. If
the distribution is normal, the data points cluster
around a straight line.
Quantile graph
When using a quantile graph to determine whether a
data series has a normal distribution, the data series
under study is compared against a theoretical data
series with a known normal distribution, a median
value of zero, and a standard deviation of one. If the
distribution of the data series under study is normal,
the data points will cluster around a straight line.
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ndvul = a set
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Value or class interval
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Data distribution charts and graphs
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Frequency polygon
The data points on a frequency polygon represent the
same values as the tops of the columns in a
histogram. The data points are plotted at the midpoint
of the class intervals. Polygons are often better than
histograms for comparing multiple distributions.
Percent (relative frequency) can be shown on the
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Data Element Data elements are bits or groups of data. As used in this book, data elements exist in three
forms:

1. A single isolated piece of information such as 37, James, 3PM, Ohio, or 2200
2. A part of a data set (generally a single bit of information called a data set element)
3. A part of a data series (generally two or more bits of information called a data series

element). A data series consists of two or more data sets.
The illustration shown here provides examples as to how data elements relate to four major
types of charts.

Illustration of how data elements form
data sets and data series and how the
same data elements, sets, and series
can be displayed in different types of
information graphics.

Data set elements

Data set -- State - Calif., Wash., Oreg., Nev.,_
Data set -0 Count - 225, 178, 126, 79,

Data set elements

Tables IWash. I78
Data set elements Ws 1

-u. are placed in cells Oreg. 126
and organized into Nev. 79
rows and columns Cal. | I ash| Oreg. Nev|

225 1 178 1 126 79

Maps iWnshngton
One or more sets of data
elements define locations i Oregon
and one or more sets of
data elements are
encoded into quantitative Nevada
or descriptive data
graphics

Ct alifomia

Charts
Data set elements are
frequently represents

-. areas on proportional
charts. One data eler
is descriptive,
another quantitative.

Graphs
Data set elements
become coordinates whenL-0. used on graphs. One set
of data elements provides
the coordinates for the
vertical axis and another
for the horizontal.

Data series are Data set --. State Calif.:Wash.::Oreg. Nev.
made up of, tw Data set -- .- Count : 225 :: 178 : 126 : 79
or more datast "- 0.f------- ---

Data series elements are
frequently depicted on

Data series elements consist of multiple I graphs as data points,
bits of Information from multiple data sets. the tops of columns, etc.

Data Graphic Data graphic, data measure, and data marker (sometimes abbreviated to marker) refer to the
or dots, lines, bars, columns, symbols, or other graphic configurations used to represent
Data Marker information, frequently quantitative, on charts, graphs, and maps. For example, in a bar
or graph the bars are referred to as data Examples of data graphics, data markers, or data measures
Data Measure graphics. In a pie chart it is the

wedges. In a point graph it is the dots
or symbols. In a map the data graphic 1
might be a symbol whose size is
proportional to the value it represents. ( 'I1 NAU

Data Graphic Label
or
Data Point Label

Data-Ink Ratio

126

Labels placed within the plot area, on, or
immediately adjacent to the data points they
apply to are called interior labels, data graphic
labels, or data point labels.

An expression coined in conjunction with the
concept that, for clarity, it is often advantageous
to keep the amount of unnecessary graphics to a
minimum when generating a chart or graph.
The expression can be shown as:

Amount of ink essential to

Data-ink ratio = communicate the information
Amount of ink actually
used in the chart

The proposed objective is to keep the ratio as
large as possible by reducing what is sometimes
called chartjunk. See Chartjunk.

16
14- 13 I Interior labels,
120 - data graphic
10 9y labels, or data
6 7 a L point labels

2-

Items eliminated:
A ] Duplicate values

Duplicate labels
B = Part of frame

Background
8 c |Grid lines
A Image

D l hicks

EI

0 1 2 3 4 5 e
Cartons of milk

Low data-ink ratio

6 0 1 2 3 4 5 6
Cartons of milk

High data-ink ratio

I

8(
A
I
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Data Map Sometimes referred to as a statistical or
quantitative map. Data maps are used to
convey statistical information with respect
to areas and locations. Two examples are
shown at the right. See Statistical Map.

Smooth three dimensional With class intervals
Examples of data maps

Data Point

plotting symbols.
10

8

6

4

2

5 10 15 20 25
Point graph Surface graph

On segmented line and area graphs,
data points are generally designated
by the joining of line segments.

10 4 10

8 I9 ~\
6- 6 -

2 2 -

0 I 0 -
'92 '93 94 '95 96 92 93 '94 '95 '96

Segmented line graph Segmented area graph

Bar graph

All points on smooth curves
can many times be assume
points unless otherwise indic
made obvious by the scale a

101_

Surf ace graph Sm.

Column graph Column graph

and surfaces With some graphs, such
d to be data as stepped line, it is
,ated or difficult to know where
and/or data. data points are located.

10
93 '94 95 V6 '97
oath line graph Stepped line graph

Guide lines for locating data points on various types of graphs

Also called plot area. The data region of a graph is the area
in which the data is plotted. It is frequently bounded by a
border or frame. Grid lines normally end at the edges of the
data region. The data region is shaded gray on the example
at the right.

250 - - -77
200 ±- -- -4/- -
150 _V

hu/I'~ IlThe g area
ica VAF4 '17i is consiee

50 s the data
- . region or plot

A B C D area.

Technically, a data point is the point on a graph that corresponds to a data element in a data
set, data series, equation, electronic input device, etc. On certain graphs the definition and
location of data points is clear. For example, if a data element has the values of 3,4, the data
point on a scatter graph for that element is located three units along the horizontal axis and
four units up the vertical axis. Since data points are technically dimensionless, the data
point 3,4 is designated by a plotting symbol such as a dot, square, triangle, etc. Generally
the size of the plotting symbol has no relationship to the value or location of the data point.
* On many other types of graphs the definition and location of data points is more difficult.
For example, on a two-dimensional column graph, any or all points along the top of the
column might qualify as data points. On a three-dimensional column graph, any or all
points on the top surface of the column might be considered data points. On curves that are
plotted from equations, technically there are an infinite number of data points and therefore,
every point along the curve might be considered as a data point. Until some industry
standards are established, the following guide lines are generally applicable.

- With point and scatter graphs, the values of the data elements become coordinates
which define the location of the data point.

- On most other graphs, if the exact location of a data point is important, it is
advisable to use plotting symbols to identify the points.

- On column and bar graphs, unless otherwise specified, the data points are
generally assumed to be in the center of the tops of columns and ends of bars.

- On segmented line and area graphs the data points are generally assumed to be
located where the line segments meet.

- On most smooth curved lines and surfaces without plotting symbols, unless
otherwise specified or made obvious by the scale and the nature of the data, it
might be assumed there are an infinite number of data points and any point on the
line or surface can be considered to be a data point.

- On surfaces made up of multiple flat planes, the data points are frequently located
somewhere along the intersections of the planes.

On point graphs, data On surface graphs formed
paints are designated by planes, data points are Data points are generally assumed to be located at the
by the centers of frequently located at the centers of the ends and tops of bars and columns.

349
29

149
o99

Data Region
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Data Series
and
Data Set

Data series
In this book, data series consist of two or more data sets with two being the most common.
When data series are plotted on a two-axis graph, one data set supplies the coordinate
information for the horizontal axis and the other data set the coordinate information for the
vertical axis. If three data sets are used, the information from the third data set is encoded
by a third means such as a third axis or the size of the symbol. When a data series is plotted
on a quantitative map, one or more data sets designate the location in terms of city, state,
geographic coordinates, etc., and the other data set supplies the information such as
population, birth rate, or type of crop. Examples are shown below.

4

0.
E2

These two data Data set 1 Temperature 10 18 30 55 a
sets constitute a Data set 2 Pressure 0.8 2.7 4.5 6.4 1

data series.

sets of data (two variables) Pre0 1234567
Pressure

$23
- Size of circles are

22- proportional to
/ 8 21 -quantity.

These three Data set 1 Selling price $18.00 $19.50 $20.25 $22.20 |1/ quant0ty. °~,20-
data sets Data set2 Quantity 2 10 4 8 | 19

constitute a , 19-
data series. Data set 3 Size A B C D Ci1

18Example of a data series with three
sets of data (three variables) 17-

-A B C D
Size

Washingtont

Thesetwo Data set -a. State Calif. Wash. Oreg. Nev. Oregon jdata sets _

constitute a Data set -p Count 225 178 126 79
data series. Example of a data series with two Nevada

sets of data (two variables)

Examples showing the relationship between data sets, data Calitornia
series, and the charts in which they are graphically displayed

The fact that multiple data sets are combined to form a data series does not necessarily
imply a relationship between the data sets. In fact, two data sets are frequently combined
into a data series and plotted on a scatter graph for the express purpose of determining
whether a relationship does exist between the two data sets.

Data elements
Data sets and data series are made up of
individual data elements. In data sets,
each individual bit of information in the
set is a data element. In data series the
data elements consist of as many bits of
information as there are data sets in the
series. In the example at the right, each
data series element consists of three bits
of information, since the data series is
made up of three data sets. Each data
graphic on a two- or three-dimensional
graph or map has a corresponding data

128 series element. See Data Element.

La point
ph or
I a data
ement
ed with it.

o-2
0-4
0-6
0-8

LeQo
Legend

SiZ
Selling prici

Volume

The boxes indicate the individual data elements that
make up the data series. The arrows designate
which data graphic on the graph represents each of
the data elements.

Data set
In this book, a data set is a group of individual bits of information (called data set elements)
that are related in some way or have some common characteristic or attribute. The
information in a data set can be quantitative or nonquantitative. For example, the heights of
all students in a school comprise a set of quantitative data. The names of the fifty states in
the United States are a set of nonquantitative data. Each individual height and the name of
each state is considered a data set element. The information in a row or column of a table or
spread sheet is generally considered a data set. The information in each cell of the table is
considered a data set element. Data series are made up of multiple data sets.

l



Data Series
and
Data Set (continued)

The relationship between tables, data series, and data sets
In most cases the information for data series is contained in tables or spreadsheets. The
example below shows what combinations of data sets in the table on the left were used to
draw the curves on graph on the right. In this example, the first column is used as one data
set for all data series displayed on the graph. This is frequently the case but does not have
to be.

These two data sets were
used to generate this curve.

These two data sets were
used to generate this curve,-_

These two data sets were
used to generate

this curve.-

1 V - V _ _ _

1993 1994 1995 1996 1997

Size A $21 $19 $17 $15 $13

Size B 22 20 18 16 14

Size C 23 21 19 17 15

Size D 24 22 20 18 16

Size E 25 23 21 19 17

-24

-22 e

- 20 "O

- 18 0
.-C

-16 m

-14 ZC-1

- 12

A993

-991

Size A Size B Size C Size D Size E

This example shows the columns in the table
at left from which the data sets were taken to
form the data series for plotting the graph
above.

Selling prices

The data sets for data series can be taken from either the rows or columns of a table. In the
example above, the data in the columns were used to form the data sets. In the example
below, the data from the table's rows are used for generating a graph. In this case, the top
row is used as one data set for all the data series displayed on the graph.

These two data sets *
were used to generate
this curve.

These two data sets
were used to generate
this curve.

These two data sets
were used to generate
this curve.

on I /
Size E

a Size A
* Size B
A Size C
* Size D
* Size E

Series
legend

25 23 21 19 17

Selling prices

This example uses the data in the rows of
the table as the data sets to form the data
series used to generate the family of
curves at the left. This table is identical to
the table used in the example above,
where the columns of data were used to
form the data sets.

1993 1994 1995 1996 1997
These two examples illustrate several key points.
- Data sets can be taken from columns or rows of a table or spread sheet.
- The exact same bits of data can be used in more that one data set or data series.
- Whether one uses the rows or the columns to form the data series can significantly affect
the primary visual message the resulting graph conveys. For example, in the upper graph
the eye focuses on the fact that prices increase uniformly with size and have done so for
five years. Using the exact same data, the primary visual message from the lower graph is
that prices on all sizes have decreased uniformly for the five years.

Summary illustration

The example at the
right illustrates the key
terms associated with
date sets and data
series as discussed in
this section.

Data series elements are in the dashed boxes

o Siz A r B r. SL1 =--
Size , A aB HC I D Individual bits of data that

c , Selling price $18.00 j$19.50:|$20.25 $22.20 make up a data set are
5 Volume 4 i 8 called data set elements

The data in the bold rectangle constitutes a data series.

Illustration of the relationship between data
elements, data sets, and data series

-- 10

Size A

Size B

Size C

Size D

1994

$19

20
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24 -
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n 14-
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1993

$21

22

23

24

1995

$17

18

19

20

1996

$15

16

17

18

1997

$13

14
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16
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Datum Sometimes referred to as a reference 6- Budget used as datum s-
or base line. A line, plane, or point 5 \ 40

on a chart, graph, or map from which 0 430

other values are compared, IOD

referenced, or measured. In many u 2- e 10- u a

cases the datum is zero. Other values 1 - - i Itia Sea level used as .
are also used such as budget, industry o- -1o0

Jan Feb Mar Apr May Example of a zero
average, the edge of a property, sea Example of a nonzero datum used on an
level, an arbitrary elevation, etc. datum used on a graph elevation map

Decaurranh A seldom-used variation of a nie chart in which the circle

around the pie is replaced by a ten-sided polygon. With the
circumference made up of ten chords of equal lengths, the
points where the chords meet automatically designate every
10% of the complete circle. The objective of the decagraph
is to enable the viewer to more accurately estimate the sizes
of-,,, IA_ r;wo et1ttof _C~r Ln^oeeout fJn .'- .

1I LIM MUIVIlul sueIIments WILI Ulue assIsL4Ianc01 LOIf talIIus Decagraph

that indicate 10% increments.

Decision Diagram
or
Decision Chart
or
Decision Tree
or
Decision Flow Chart

A decision diagram is a graphic representation of alternative decisions or actions that might
be taken, plus potential outcomes resulting from those decisions and actions. The ability to
see options and estimated outcomes before decisions are made is one of the main
advantages of decision diagrams. Such diagrams can be used by almost any type of
organization to make simple or complex decisions on a qualitative or quantitative basis.
These diagrams might be used to establish a pricing policy, decide the size of a new plant,
determine which research projects to pursue, decide which proposal to accept, decide
whether to change jobs, etc. The examples that follow illustrate some of the many
variations of decision diagrams in use today.

Binary Decision Diagram

If each decision point on a diagran
decisions (e.g., yes or no), the chat
decision diagram.

In addition to the decision that is t,
be made, additional information is
sometimes included, such as who
make the decision and when it wil
made.

If space allows, the basic question
about which the decision is to be
made can be described inside the
byIIUVI. terlnIlLvly, 4 uUU1IIr Binary decit
system can be used and explained options at e
in a legend. shaped syrr

Mion diagram with only yes or no
ach decision point. The diamond
ilbols represent decision points.

Multiple-Choice Decision Diagram

If more than two options are
possible at decision points
the chart is sometimes
called a multiple-choice
decision diagram.
Decision diagrams might
run horizontal or vertical. If
horizontal, they progress
from the left to the right. If
vertical, they proceed from
top to bottom.

Multiple options available
at decision points M0 Outcome A

Outcome B

\--- - - Outcome c

\I 11 Outcome D

Outcome E

Outcome F

Outcome G

Outcome H

Outcome I

Horizontal multiple-choice decision chart in which
three or more options are available at decision points130
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Decision Diagram
or
Decision Chart
or
Decision Tree
or
Decision Flow Chart
(continued)

Combination decision and flow chart

In some cases decision diagrams include
symbols that represent decisions. In other
symbols representing other events and act
also included. This latter variation is freqi
called a flow chart.

Arrow heads are sometimes added to the
connecting the symbols to indicate directi
flow. This is particularly important when
feedback loops are included.

The significance or symbol shapes, if any
generally explained in a legend. Diamond
shapes are frequently used to indicate
decision points. Occasionally flow chart
symbols are used in decision diagrams.

Combination decision and flow chart

Passive decision diagram

In addition to aiding individuals or organizations in making their own decisions (an active

decision diagram), decision charts are sometimes used to estimate outcomes based on

decisions made by others (passive decision diagram). For example, to a company that

supplies raw material such as cement to subcontractors, the specific subcontractor awarded

a contract is very important. The cement company, however, has no influence on the

decisions as to which subcontractor will get the contract. Since subcontractors are many

times closely affiliated with prime contractors, the probability of the company selling

cement is further dependent on the decision as to who the prime contractor will be. If the

cement company managers want to estimate the probabilities of the various subcontractors

getting the order, they might construct a passive decision diagram, as shown below. Based

on this example, the cement company might focus attention on subcontractors C and E

(25% and 31% probability they will receive a subcontract order, respectively) and expend

very little effort on subcontractor D (6% probability of receiving a subcontract).

Probability that decision i
in favor of this prime con,

These values represent the probability that a subcontractor will receive a contract
through a particular channel and are the product of all of the probabilities in that
particular channel. For example, 12% is the product of 30% times 40%.

Nill be Probability that decision will be
tractor in favor of this subcontractor \

Subcontractor A

Subcontractor B I-

Subcontractor C -

Subcontractor A

ISubcontractor D

Subcontractor E

Subcontractor E -

Subcontractor B k

Subcontractor C-

I Decision maker #1 I Decision maker #2 |
Aug Sep Oct Nov Dec Jar

Time scales can be used to give /
some indication as to when certain
decisions will be made

Decision maker #3 |

kA
12%

8%

20%

Subcontractor
C

14%

10%

25%

B

14%A

5%

19%

D

6%

6%h

E

26%

5%

31%

i Feb 'Mar 'Apr

Overall probability of
subcontractor getting
business via all channels

Passive decision chart indicating who is making the decisions,
approximately when and the probability associated with each option
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Decision Diagram
or
Decision Chart
or
Decision Tree
or
Decision Flow Chart
(continued)

Passive decision diagram (continued)
In addition to illustrating a passive decision diagram, this example also introduces two
other concepts:
- The idea of quantifying the chances of certain things happening so that the probability

of a given result occurring can be estimated; and
- The use of a time scale to communicate when certain decisions might be made.
Both of these techniques can be used with most types of decision diagrams.

Tree diagram
One variation of decision diagram that has been highly developed is sometimes referred to
as a tree diagram or decision tree. In addition to utilizing probabilities, the decision tree
also incorporates monetary values and combinations of the two. This type of diagram is
sometimes used when making risk decisions in which probabilities are assigned to each
uncontrollable event. Such diagrams are typically horizontal, constructed from left to right,
and are analyzed from right to left. For example, in analyzing a diagram, the most desirable
outcome is selected from all possible outcomes (as listed in the far right column). Next, the
path is followed from right to left to see what decisions have to be made to achieve the
desired outcome. Some of the key elements and terminology used with decision trees are
shown below. Sometimes used to show a

number representing the value
Decision of an alternative. The number is Rectangles in this
points and arrived at mathematically, based Circles represent column represent the
chance on subsequent probabilities and event or chance outcomes resulting front

oints are payoffs. It is sometimes referred points over which the various alternatives
both referred to as position value or estimated the decision maker Sometimes referred to
to as nodes. monetary value (EMV). has no control, as payoffs or yields.

I I Branch

n

Squares Investments Several different types Nodes are Indicates the prob- Branches emanating
represent associated of symbols are used to numbered ability that the thing from chance points are
decisions with the indicate that the for represented by this sometimes referred to
or action alternative are alternative has been reference . branch will occur, as states of nature or
points. sometimes rejected during the versus the other state probabilistic branches.

shown. analysis. of nature branches
emanating form the
node to the left.

Terminology used with decision trees
This example illustrates one series of a decision and subsequent chance events. In an actual
situation one series of decision and chance events may be all that is involved. In some
cases, however, two or more such sequences follow one another. These are called
sequential decisions or multiperiod decision processes.

Decision Matrix A decision matrix is a method for compiling quantitative information on alternatives or
options to aid in a decision-making process. There are many variations, however, most use
a matrix similar to the one shown below for compiling the quantitative information.

- Probability the conditions, events,
etc., will happen (total = 100%) or

- Weighting factor applied to criteria

X O Unweighted value

Oo e- Weighted value

E a Unweighted value0 Option B
,- Weighted value

S Option C Unweighted value

<a. Weighted value

- Potential conditions options might encounter, or
- Events that might impact outcome of options
Number 1 Number 2 Number 3

Basic format used with most decision matrixes

Sometimes called bank, cycle, phase, or tier. The major interval on a logarithmic scale.

Total weighted
value

=

A L
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Decoding

Sometimes the data from which a graph is plotted is made up of several components. For
tAa...iiF."u a ii Vt.y-ta -- - tU1 V, V 11'r'-~ £

include the continuing growth of the 2

company, the cyclical fluctuations of 2

the economy, seasonal fluctuations, 16

and random fluctuations due to such 14

things as special promotions. When 12

the data for those components are 10

separated out and plotted individually, :
the resulting set of graphs is 4

sometimes called a decomposition 2

nranbh 'Ph. nvosnlac - t th. r4ht* ehow, 0

-2
21

-2

0

r'v. .' - -, .- l S v1990 1991'1992 1993 1994'1995 1990 1991 1992'1993 1994
a composite graph on the left and Composite graph Decomposition grar
graphs of the four components that This graph is a composite of Graphs of the componen

the four graphs on the right. that, when added togethf
make it up on the right. make up the graph on th4

1995
)h5s
ts

a left.

Demographic Map

Dendrite Diagram

Dendrogram

A demographic map is a specific application of a statistical or thematic map on which
population information such as age, sex, race, nationality, etc., are displayed by area.

Sometimes referred to as a tree diagram or tree chart. See Tree Diagram

Sometimes referred to as a tree diagram, linkage tree, or cluster map. A dendrogram is a
graphical means of organizing information to establish groupings and/or categorize
individual elements (many times referred to as objects or single member clusters). For
example, one might study different groups of consumers to analyze how they perceive a
product, or one might use a dendrogram to look for meaningful groupings in a collection of
archeological specimens. In constructing a dendrogram, the data regarding each individual
object is first organized into a matrix. From this matrix and a series of calculations, numeric
values are established that are proportional to the similarities between the objects and/or
groups of objects. These numeric values are used to determine the level at which the
various objects and subclusters will be connected in the dendrogram. After the numbers are
calculated, the stems (the lines leading from the objects) of the two or more objects with the
greatest similarity are connected (fused or linked) forming a subcluster. Next the objects
and/or subclusters with the second greatest similarity are connected. This process is
continued until all objects are connected into a single cluster similar to the example shown
below.

Scale with values proportional to the degree of similarity between
The nnrtinnq of the objects and clusters (sometimes referred to as distance)
dendrogram in the
ovals are sometime
referred to as cluste
or subclusters.

All of the
constituting the over

of information
analyzed are show

one axis, which man
vertical or horizon

Objects are sor
referred to a

member (

Dendrogram and associated terminology 133

The process of converting information into charts and graphs is sometimes described as
encoding. For example, the number 37 might be encoded into a graph by drawing a certain
size column on a set of grid lines (column graph), or the state of Missouri might be encoded
by drawing a certain shape of polygon on a map. As the viewer looks at the charts and
graphs and mentally converts the graphical representations back into meaningful
information (e.g., the column back to the number 37 and the polygon back to Missouri), the
process is sometimes described as decoding. The processes of encoding and decoding are
equally important in making a chart or graph successful.

Decomposition Graph
s- ...- A1A.-- .A -l- - -



Dendrogram (continued) The completed diagram is sometimes referred to as a hierarchy of clusters. * The value at
which a linkage crosses from one element or subgroup to another is generally proportional
to the degree of similarity between the elements or subgroups. From the example shown,
one might conclude that objects M, B, and E have the greatest similarity. Objects O,K, and
L have the next largest similarity, etc. * After the dendrogram is complete, overall
groupings or families of elements sometimes stand out. In the example, there are two major
clusters or categories that the objects fall into - one above the horizontal dashed line and
one below. * There are several methods used to quantify the degree of similarity between
the various elements as well as how the linkages are drawn between the elements and
clusters. * Dendrograms are one facet of the broader subject of cluster analysis.

Density Graph The term density graph is sometimes used when referring to the family of graphs whose
primary purpose is to display the density or distribution of a set or sets of data. These
graphs are also sometimes called data distribution graphs. See Data Distribution Graphs.

Density Stripe Graph Sometimes referred to as a stripe graph. A density stripe graph is a variation of a one-axis
data distribution graph. The major purpose of this type of graph is to show graphically how
the data elements of a data set are distributed. See Stripe Graph.

Density Trace A density trace smooths the jaggedness that occurs in may
histograms and minimizes the impression that data elements are
evenly distributed across the width of class intervals. There are
several methods for generating density trace graphs, all of which
work on the principle of overlapping class intervals. In standard
histograms, class intervals do not overlap. In density trace graphs,
the number and width of class intervals are purposefullv chosen to
---- -------~-~ ~ --- ~ - - ~ -_ --- -_ r--- -_-I - ------ -_ 01 2 3 4 5 6 7 8 910111213
assure that every interval overlaps with two or more other class Conventional histogram
intervals. To illustrate, the density trace shown below and the for reference
conventional histogram shown at the right were both generated using the same data.

The dots designate the In this particular example, The exact location of the
centers of the class intervals. class intervals are three mode as well as the shape
They are the points units wide and on center of the curve vary depending
connected by the line that distances of one unit which on the combination of class
forms the density trace. results in the overlap of four interval width and center

-other class intervals.

Values are
larger than
those in the
standard
histogram
shown above
because of the
duplicate
counts resulting
from the
overlapping.

-1 0 1 2 3 4 5 6 7 8 91011121314 -1 0 1 2 3 45 6 7 8 91011121314

An intermediate step In the process of A density trace graph resulting
generating a density trace. It is included from connecting the dots In the
here for illustrative purposes only. graph at the left.

Listed below are some of the variations used in the various methods for generating density
trace graphs.
- The number of class intervals is optional and might range as high as 50 to 100.
- The width of the class intervals is optional and might be specified in units as used on the

horizontal axis or percent of the range from minimum to maximum of the data set.
- A vertical scale may or may not be displayed.
- If displayed, the vertical scale might be in terms of frequency, density (frequency

divided by the total number of elements in the data set), or density per unit of measure
on the horizontal axis.

- All elements in a class interval might be considered equal or a weighting method
employed so those elements further from the center of the interval have less impact.

Dependent Variable

134

Two related variables are many times designated as dependent and independent with
respect to one another. There is no single or simple definition as to which variable should
receive which designation or whether the terms are even applicable to a given situation. In
some cases, the decision as to which is the dependent variable is easy. For example,
category and sequence variables are generally considered independent variables and the
values or measurements associated with them as the dependent variables. In other cases it is
more difficult. For example, if one is plotting the performance of one group of students
against another, there may or may not be any interdependency and therefore it would be
difficult to decide which, if either, is the dependent variable. Dependent variables are
generally plotted on the vertical axis of graphs, except for bar graphs. See Variable.



In order to improve the appearance of charts, what many times is referred to as depth is
added to all or portions of the objects on the chart. When this is done it gives the objects the
appearance of being three-dimensional. When done for cosmetic purposes, the amount and
direction of the depth typically has no significance. When depth is the result of data
actually being plotted on three axes, the amount of depth can have significance.

Depth added to
Depth added to data graphic
graph frame

Examples of depth being added to give objects a three-dimensional appearance

A derived value is one that is obtained by performing one or more mathematical operations
on an original set of data. Percents, ratios, differences, indexes, etc., are sometimes referred
to as derived values since a mathematical operation has to be performed on the original data
to arrive at these values.
Derived values can seldom be
measured directly and in most
cases do not physically exist.
They can be used in tables,
charts, graphs, or maps. Reasons
for using derived values include:
- To convert data to a common

basis (e.g., values by unit
time, quantity, or area) for
more meaningful
comparisons.

- To avoid viewers having to
perform mathematical
calculations in their head
(e.g., dividing assets by profit
to determine return on
assets).

- To reduce the number of bits
of data the viewer must deal
with (e.g., bushels per acre
versus bushels and acres).

- To make trends more obvious
by segregating out known
variables such as seasonal
and cyclical fluctuations.

- To make deviations from
some reference such as
budget or plan easier to spot
(e.g., plot only plus and
minus deviations from
budget).

- To make the charts easier to
interpret.

Several examples comparing
original and derived data are
shown at the right. Other than
the source of the data, the
graphs, maps, and charts of
derived data are constructed the
same as graphs using original
data. Examples of charts using original and derived data 135

Depth

Derived Value

___ Actual data Derived dat

24 Actual values 2 . * *0

22 L 0

CD 20 - Residuals e
>18- 0 2 -2 *

5 16- 0 2 4 6 8 10
14 - Scatter type residual graph. Values

12 - Regression arrived at by subtracting the Y-axis
, line regression line value from the

10 actual value that corresponds the
0 2 4 6 8 10 the same X-axis value.
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Descriptive Map Sometimes referred to as an explanatory, nonquantitative, or qualitative map. This type of
map is generally used to show such information as where things are located, how areas are
organized or subdivided, and where the routes are located that get people and things from
one place to another. Descriptive maps may include grain fields, buildings, rivers, cities,
roads, land masses, power lines, sewer lines, sales areas, public facilities, voting precincts,
schools, political divisions, resorts, pet stores, sales areas, etc. There are no guidelines as to
what should or should not be included on descriptive maps. Generally only those things that
are germane to the theme or purpose of the map and the viewers' understanding of the map
are included. Information might be encoded using standard geometric symbols, industry
established symbols, pictures, icons, lines, shaded areas, or text. The map may be a small
one showing how to get to the local shoe store, or it might be a world map covering an
entire wall. Although descriptive maps sometimes have numeric data included, it is
generally incidental to the major purpose of the map as opposed to statistical maps where
the numeric data is the primary focus of the map. Examples of several different types and
functions of descriptive maps are shown below.

Define and identify territories, regions, plots, areas, etc.
Descriptive maps are used extensively to identify the boundaries of specific areas.

r -"-A -- ~ a-_ -. :-- ..- ... _7T
Examples are countries on contents, states in countries, air
code areas, school districts, sales areas, plots of land, etc. Many
have descriptive names, such as world map or sales territory
map. Others have specialized names and functions, such as a
plat map which very accurately identifies the boundaries of
sPrecific inits of land. The amount nf detail varies frnm sliiht to

-_ _ - - Western Centra
elaborate. Selected areas are frequently color-coded, and Region Regior

occasionally portions of the map will be exploded or separated sales regions
to accentuate particular portions.

I Eastern
I Region

p identifying

Approximate the size, shape, and location of surface and subsurface features
Sometimes referred to as blot or patch maps. If the map focuses primarily on things above
the surface such as farmland, waste sites, forest preserves, wetlands, or industrial parks it
is sometimes referred to as a land use and land cover map. If
the map's focus is primarily on things below the surface such as
layers of soil and clay, bedrock formations, major sediment
deposits, minerals, etc., it is frequently called a geologic map.
The size and shape of the areas on the map representing specific -
featiures enerallv nrnnrximmte the si7e and qhane nf the.

features they represent. The meaning of the fills and colors used Descriptive map identify
surface and subsurface

with the various entities are normally explained in a legend. features

Locate structures, facilities, activities, etc.
Icons, pictures, or symbols, are widely used on descriptive maps
to show where things are located. When the icons or pictures
that are used closely resemble the things they represent, the map
is sometimes called a pictorial map. The pictures or icons might
be located on the map or in the border around the map. If unique
symbols are used, they are normally explained in a legend or
note. The pictures, icons, and symbols are generally not to scale
and the distances between the various symbols typically are only
close approximations.

Relationships of things to one another
In addition to showing the relationships of things to features on
the base map, descriptive maps are occasionally used to show
the relationship of various entities to one another. For example,
a map may show the relationship of a sales office to the
territory it manages, a factory to its warehouses, a church to its
members, or a bus terminal to the cities it serves (sometimes
called a ray map). The focus is usually not be on actual
distances or locations, but on patterns and distributions of the
entities, whether or not they overlap, how many there are, their

136 relationship to customers and resources, etc.

Descriptive map showing the
relationship of a bus terminal
to the cities it serves.
Sometimes called a ray map.

ng



Descriptive Map (continued) The paths that people and things use to get from one place to another
Some descriptive maps display the paths people and things use to travel from one point to
another. By contrast, flow maps show what and sometimes how much moves from one
place to another. The paths or routes might be walkways, corridors, roads, railroad
tracks, streets, shipping lanes, overhead cables, buried pipes, etc. Mesfe

The most common such map, of course, is the road map, which | MrY innesls

shows paths (roads, routes, or streets) for vehicles. Extensive St. Louis

amounts of information are often encoded into the lines Los Angeles

representing the paths, such as type pavement, number of lanes, ds s A
diameter of pipe, voltage of cable, etc. When the paths connect EaTampap
multiple locations they are sometimes called networks. Example of a road map

Deviation Graph A variation of a difference graph. See Difference Graph.

Diagrams are charts made up primarily of geometric shapes such as
circles, rectangles, or triangles, connected by lines or arrows. One of
the major purposes of diagrams is to show how people, things, ideas,
functions, etc., interrelate. Text is frequently used both inside and
outside the geometric shapes. Numerical values are used to a much
smaller extent, since diagrams are generally nonquantitative. Flow
charts, PERT and CPM charts, organization charts, network charts,
decision charts, and conceptual charts are examples of what are
frequently referred to as diagrams. Occasionally graphs, maps, and
illustration charts are referred to as diagrams. Schematics are a
subcategory of diagrams. Several examples of diagrams are shown

PERT chart, sometimes referred to as an arrow diagram

Diagrammatic Map

Block diagram Pictorial diagram
Examples of charts that are typically referred to as diagrams

A diagrammatic map resembles a diagram. The purpose of such maps is generally to
convey only a minimum amount of information on a very specific subject. In most cases
any information or graphic convention not germane to the narrow focus of the map is either
not shown, deemphasized, or drawn in such a way as to minimize distraction from the main
objective of the map. In some cases, detail is reduced to such an extent that the base map is
eliminated completely and little or no attempt is made to locate points according to their
actual physical locations. A public transportation map is an example, some of which
consists of nothing more than the stops on the route equally spaced along a straight line, as
shown below. Diagrammatic maps are sometimes classified as cartograms or abstract maps.

Town A Town B Town C Town D

Subway stop #1 Subway stop #2 Subway stop #3 Subway stop #4
Diagrammatic map similar to those used in many public transportation vehicles
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Difference Graph The terms difference and deviation are sometimes used to describe the same graph.
Generally a deviation graph is considered a variation of a difference graph that displays the
differences between a data series and some known reference such as budget, industry
standard, etc. The graphs that are most frequently referred to as difference and deviation are
described in this section. In each case the difference or deviation is between the elements of
two data series or a data series and a known reference such as budget, standard, or last year.

Major variations of difference graphs
Difference between two data series with positive values

With this type of data the actual values might be plotted and the differences highlighted or
just the numeric differences might be plotted from a zero axis. One of the data series is
generally used as a reference. For instance, in the examples below, 1994 is used as the
reference. This means that in the two graphs on the right, when the rain in 1995 is less
than 1994, the value is either highlighted (filled with black in the center graph), or shown
as negative (graph on right). If 1995 were considered the reference, the absolute difference
values (ignoring plus and minus signs) would be the same but the highlighting and plus
and minus values would be reversed

Rain in 1994

10 \ Rain in 1995

so /..J E.1.5

0-
C 2

Jan Feb Mar Apr May
Actual data for reference

Only the differences between the two data series in the
graph at the left are plotted on the two graphs below.

10 -

.8-1.5 E

15 6- F II -_ -V ,

. 2 - C
- - t1994 greater than 1995

Jan Feb Mar Apr May
Difference graph

Actual values plotted and
the differences highlighted

Difference
in rain fall
in 1995
versus
1994

Jan Feb Mar Apr May
Difference graph

Only the differences have
been plotted in this graph

Differences between two data series with positive and negative values
(gross deviation and net deviation graphs)

In this variation, both positive and negative values are compared: cash in and cash out,
expenses that increased and those that decreased, value of stocks that went up and value of
stocks that went down. In these applications, the graph displaying the actual data is often
referred to as a gross deviation graph. The graph showing the algebraic sum of the positive
and negative values
that negappevarlhegs The positive and negative values for each time interval
that appear on thse gross in the graph at the left are added together algebraically
deviation graph is and the total plotted on the graph at the right.
called a net deviation ----------------------------------------- I f
graph. The column (net
graph variation of a E I- Total 4- deviatic

gross deviation graph ° 2 - received = 2- _ betwee
issmtie ale n 00 = I-I" Ttl 0 cash

is sometimes called an -2-2 cash *'-2- receive
over-under graph. The i .4  Ldispersed 'r' -4 - and cai

bar graph variation of a Jan Feb Mar Apr May U Jan Feb Mar Apr May disperse
gross deviation graph Gross deviation graph Net difference or deviation graph
is sometimes called a displaying actual values displaying the algebraic sums of
split bar graph. for two data series the two series displayed in theexample at the left

ice

)n)
n

d
eh
sed

Deviation graph (differences between a data series and a known reference)

A typical deviation graph displays the differences between a data series and a fixed or
known reference such as budget, average, industry standard, etc. In this example budget is
used as the reference. The values of the differences between

The reference might be the data series and the reference line

the same or different (budget) in the graph at the left are

for each interval. When plotted on the graph at the right.

the actual profit value Chio
is above budget, the .2 8

difference is denoted as E 6

positive; below budget .- 4

as negative; and when a 2

profit is equal to r. 0
huiAaot the r1P-noti.n R

24

- Differe
=-2 H (deviat
; [ betwec

L Iactual

5 2 - 0 profit a
:.2 budget

Jan Feb Mar Apr May
zro. Actual data Deviation graph
zero.

nce
ion)
Dn

and
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Difference Graph (continued) Variations of bar and column difference/deviation graphs
-Gross and net deviation information combined

The information for
gross and net
deviation graphs can
be plotted on the
same bar or column
graph so that the
viewer sees both
types of information
at the same time.

Net
Gross change Gross

decrease increase

"8

* $50to$100 1 4
.0 - ,.
0L
.b$100to$150 0 0

O$150lto$200 =

S.Jn F M AM
'al 1 - b nl.1~ll~! Jan Fab Mar Apr May

-6 -4 -2 0 2 4 6 8 t

% decreased % increased
Graphs combining gross and net differences/deviations

Labels between data graphics

Labels can be located
between the data graphics
for the two data series.
When the graph is
particularly tall or wide, this
placement can make it
easier for the viewer to
relate the labels with the
proper data graphic.

I

U

- $50

$50 to $100

$100 to $150

$150 to $200

l $200

-6-4 -2 0 0 2 4 6 8
4-

% decreased % increased
Gross deviation graph

-0 8 n,-nC,
a)

~6

3 Gross deviation graph

.0

Bar and column graphs with the labels internal

Comparison of the most frequently used variations
Difference graphs are typically generated using column, bar, or line type graphs. Examples
of each are shown below with the same data plotted on all of the graphs. Also included are
examples of common cumulative difference graphs. The cumulative variation is many times
referred to as month-to-date or year-to-date difference or deviation graphs.

Type of InformaAtIn plotted Colun graph Bar graph Line graph

Actual values for reference 10- May 10-

This row of graphs is shown for 8-I - AII -6
13 Marreference purposes only. These 4 Fab 4

graphs display the actual values of two 2 U- I Ja 2-

data series as they would appear in a 0- Jan 0
standard grouped graph. Jan FebMar AprMay 0 2 4 6 8 10 Jan FebMar AprMay

Actual data Actual data Actual data

Differences showing actual 10 May8
values 8- Apr- - -

In this variation the actual values of 4 Mar -
the two data series are shown and the 2- Feb_ 2-
differences between them highlighted. o0 Jan 0 l

Jan FebMarAprMay 0 2 4 6 8 10 Jan FebMar AprMay
Differences Differences Differences

Differences showing only 2 May 2

the deviations ° - Apr 1 _
014 , Mar 0-

In this variation only the differences -1 Feb -1 -
between two data series are plotted -2-721- Jan

a3zeron -23
against a zero axis. Jan FebMarAprMay ,3 -2 -1 0 1 2 3 Jan FabMarAprMay

Deviations Deviations Deviations

Cumulative differences or I3 I 3l
2- ''' May 2-deviations shown 1 n IApr 1|

In this type of graph the value plotted ° M ar o-
for a specific time period is equal to - I l Feb -1
the difference or deviation for that 2 -l Jan -2
period plus the algebraic sum of all .3 I , a p ,i | 3
the similar values of the preceding Jan Feb Mar Apr May -3 -2 -1 0 1 2 3 Jan FebMar Apr May
time intervals. Cumulative differences Cumulative differences Cumulative differences

Variations of difference graphs for the three major graph styles used for this purpose

Stock price
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Difference Graph (continued) Change Graph
A change graph is a variation of a difference graph that compares multiple factors at two
points in time or under two different sets of conditions. Actual values are plotted. With this
type of graph the direction of change or difference is generally considered important;
therefore, a coding system is used to indicate direction of change. Three ways of
accomplishing this are shown below. * Since no particular direction is always favorable
(desirable) or unfavorable (undesirable), an additional coding system is sometimes used to
designate whether the change is favorable or not (e.g., profit over budget is favorable.
Expenses over budget are unfavorable). The numeric value of the change may or may not
be shown on the data graphics. Examples of data that might be plotted on a change graph
are changes in sales forecasts from one month to another, changes in employment from one
period to another, and changes in economic indicators from one period to another.
Examples of both bar and column change graphs are shown below.

- Base of arrow is March forecast Favorable change April forecast higher than March
- Tip of arrow is April forecast Unfavorable change X April forecast lower than March

100 100 - 100 -F Unfav.

0 0~,. 0Fav.so0 80122 so] i
° ~ kJ 80- X ,° 80-.°80-Unfav. Fa,

E 60-

9 40-

- 20-

X 0-

. 2 0- 20-
ciuo W., , . . .CD 44,
A, a)II IjV

uj May Jun Jul Aug UJ May Jun Jul Aug Ur May Jun Jul Aug

Examples of column change graphs

Difference Line Graph Sometimes referred to as an intersecting silhouette graph, intersecting band graph, or curve
difference graph. A difference line graph is a graph on which the curves representing two
data series intersect one another and the areas between the 25

two curves are highlighted by means of shading or color. 20 -

For example, one curve might represent the dollar value a 15

of exports each year and the other the dollar value of
imports, as shown in the example at the right. When Qo

exports have a higher value than imports, one shade or 2 5

color is used. When exports are lower than imports, 0

Digraph

another shade or color is used. '85 '87 89 91 '93 '95 '97 VI
Difference line graph

When the graphs used in graph theory have arrows on the lines, the diagrams are called
digraphs. When the term graph is used in graph theory it has no relationship to any of the
graphs described in this book. See Graph Theory.

Dimension A term sometimes used when referring to variables. See Variable.

Dingbat Dingbats are typographical ornaments or symbols. They are frequently used for such things
as differentiating one data series from another on graphs, emphasizing key points on text

charts, identifying specific items, making borders, or
*ONO simply improving the appearance of charts. Dingbats A s

** n #i are readily available in most computer applications
* SOO D and are generally applied by means of keystrokes. 4 3: H 4
*40-VYAA Previously dingbats were relatively standard shapes 4w *t¶me

+0++ V'*X as shown at the left. They now include a limitless Non-traditional
Traditional dingbats variety of shapes such as those shown at the right. dingbats

Discrete Data Data in which only specific values can exist without the possibility of intermediate steps or
values between the permissible values. For example, families have whole numbers of
children (e.g., 1, 2, 3, etc.). There are no possible values in between (e.g., no fractions such
as one-and-a-half or two-and-three-quarters children). * The opposite of discrete data is
continuous (sometimes called indiscrete) data, which transitions smoothly from one bit of
data to another and any value in between is possible. * There is disagreement whether
discrete data should be connected by lines to form line or area graphs - for example,
connecting data points for the populations of Paris, London, Rome, and Moscow. Some feel
that since the four data points do not represent things that transition smoothly from one to
the other, they should not be represented by a line or area graph. Instead, they recommend a
point, column, or bar graph. Others feel it is OK to connect the data points to form a line or
area graph reasoning that it helps the viewer interpret the information and the viewer will
know that the line is simply a visual aid. When the points are connected, stepped line or
stepped area graphs are sometimes used to emphasize the fact that the graph is showing
values for comparison purposes and not to establish a trend. The horizontal portion of the

140 line or area can also be darkened to emphasize the values instead of the transitions.



Distorted Map Sometimes called a proportional or value-by-area map. A distorted map is a variation of a
statistical map in which the sizes of the entities on the map are proportional to values other
than the land areas of the entities. For example, if a particular
resource is being studied by country, the size of each country might
be proportional to the availability of the resource in that country.
The country with the largest supply of that resource would have the
largest area on the map even if it had the smallest physical area in
terms of actual land. Distorted maps are sometimes classified as
cartnoramQ nhatrart or thematic mans %See Statktiticl Mann

Distribution Channels Chart A chart to graphically display the channels used to get something from its source to an end
recipient or user. This type of chart is most widely used to study the distribution of product;
however, it can be used in other situations. The chart can be applied to a total organization
or a subsection of a larger organization. Distribution channels charts can run vertically or
horizontally, and flow is normally from top to bottom or left to right. When constructed
vertically, the source of the product is shown in a rectangle at the top. The ultimate
recipient or user of the product is shown in a rectangle at the bottom. If there are multiple
categories of ultimate users, such as domestic and foreign customers, multiple rectangles
might be shown or multiple charts might be generated. Between the upper and lower
rectangles are other rectangles representing individuals or organizations such as distributors
and retailers through which the product might pass. Arrows are used to depict the flow of
the product through the various entities. An example is shown below.

Each arrow represents a
channel of distribution.

A channel might
represent transporting

product from one city to
another or simply a

change in ownership.

The end user might be a
consumer, manufacturer, W

institution, government,

Prodcer r sorceThe values can have any
units of measure such as

8%/6 23% 56% 13% dollars, units, percent, etc.
, The sum of the values

Wholesaler entering a rectanglegenera ly equals the values
52% 4% leaving the rectangle.

CRetailr Distributor
8/% 75% 17% Each rectangle might

C represent an organization,
warehouse, distribution
center, etc.

Distribution channels chart showing the percent
of products moving through each channel

Percentages of product or dollars that pass through each channel may or may not be
indicated beside each arrow that represents a channel. For planning purposes, multiple
charts are sometimes made to indicate what type of distribution a company has today and
what it plans to have at some point in the future, or to compare one organization's
distribution with that of another.

Sometimes referred to as a stacked, strata, multiple-strata, 20 Tote' of all three

stratum, layer, subdivided area, or subdivided surface graph. A data series

divided area graph is an area graph in which the data graphics 15 -

for multiple data series are stacked on top of one another such
that the top curve on the graph represents the sum or total of all 10-,

the data series shown on the graph. Such graphs are many times 5
used to show the relationship between the parts of the whole
and how those relationships change over time, - for example, o0 -
to show how much each product line contributes to the overall Divided area graph
sales of the company from year to year. See Area Graph.

Sometimes referred to as a composite, extended,
segmented, stacked, or subdivided bar graph. A divided
bar graph has multiple data series stacked end-to-end.
This results in the far right end of each bar representing
the total of all the components contained in that bar.
Divided bar graphs are used to show how a larger entity is
divided into its various components and the relative effect
that each component has on the whole. See Bar Graph.

series
C

B

aeres
A

0 50 100 150 200
Divided bar graph

Sometimes referred to as a pie chart, cake chart, circular percentage chart,
sector chart, circle diagram, sectogram, circle graph, or segmented chart.
Divided circle charts are a category of proportional area charts consisting
of a circle divided into wedge-shaped segments. Each segment is the
same percent of the total circle as the data element it represents is of the
sum of all the data elements in its data set. See Pie Chart.

viiedcrceshr
-20.

Divided Area Graph

Divided Bar Graph

Divided Circle Chart
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Divided Column Graph Sometimes referred to as a composite, extended, segmented, stacked, or sub-divided
column graph. A divided column graph has multiple data series stacked on top of one
another. This results in the top of each column 20 Total sales

representing the sum or total of all of the _ Sales of C
components shown in that column. Such graphs -X

are generally used to show how a larger entity is to- 1 Sales of B

divided into its various components, the relative a Sales

effect that each component has on the whole, c S of A

and how the sizes of the components and the °91 9 s93 '94
total change over time. See Column Graph. Divided column graph

Documentation Chart A term sometimes used when referring to charts that record complex projects, sequences,
relationships, etc. Examples are PERT charts, critical path method charts; complex flow or
network charts; organization charts; etc.

Donut Chart A donut chart is a pie chart with an area blanked out in the center so information such as
the overall value of all the pieces of the pie can be shown. One of the criticisms sometimes
expressed about pie charts is that they focus on the relative sizes of the components to one
another and to the whole, but give no indication of
changes in the whole when two or more pie charts are
shown. The donut chart partially addresses this issue by
somewhat more forcefully bringing changes in overall
values to the viewer's attention. The size, shape, nor
--I-- CAf _ the_ L--hon ---. ------ewrancinfie
LcVlo1 VI mI Ulan1,eu area LyplYclly 11ave ay I lgmldlcc. 1995 1996

Donut charts

Dot Array
or
Dot Diagram

A type of frequency distribution chart in which dots are used to show the distribution of
data elements in a data set. In constructing a dot array, values or class intervals are shown

6 -I8- 0 A ..........

64 .....
...X..... ........0-

52 54 56 58 60 62
Value or class interval

Dot array using grid lines and a
scale for determining frequency
of occurrence

on either the horizontal or vertical axis. Each time a
value occurs in the data set, a dot is added to the chart in
line with the appropriate value.
When all the data elements are
accounted for, the resulting
series of dots forms the i,
equivalent of a simple
histogram. In some cases the "

symbols are plotted on a
numbered grid, as shown at the ,
left. In other cases, the symbols >

are stacked on top of or beside
one another and no grid is used, as shown at the right. When the
main purpose of the array is simply to locate the value or class
interval with the highest frequency of occurrence (mode), scales
on the frequency axis may not be necessary. Almost any type of
symbol, filled or unfilled, can be used.

Dolt uensilty Iviap in a dot density map, eacn dot stands tor a certain number or
the things it represents. For example, if each dot represents
100 cats, a neighborhood with 10 dots would indicate a cat
population of 1,000. One of the advantages of displaying
statistical information in this way is that in addition to
graphically showing the total number, the location of the
dots also shows how the things are distributed. For instance,
in the map at the right, the things represented tend to

Dot array with no grid lines
or frequency scale, unfilled
circles, and the circles
stacked beside each other

concentrate at highways and intersections. Dot Density Map

Sometimes referred to as a point, scatter, or symbol graph.
Dot graphs are a family of graphs, including scatter graphs, that display
quantitative information by means of data points represented by dots or
other symbols. Dot graphs, particularly scatter graphs, are frequently
used for analyzing the relationships between two or more variables.
They are considered one of the best types of graphs for investigating
potential correlations between two data sets. See Point Graph.

8,

10-

a-

6

4-

2-

0-
0 2 4 6 8 10

Dot graph

Dot Graph
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Draftsman's Display When a draftsperson makes an engineering drawing of an object, a standard procedure is to
draw views of two sides that are at right angles to one another, plus a view of the top. With
these three views a person looking at the drawing can generally get a reasonable under-
standing of the appearance and features of the object. When that same procedure is applied
to a three-dimensional graph, the result is three separate two-dimensional graphs called a
draftsman's display. The example below uses a three-dimensional contour graph to
illustrate the technique. The process works equally well with almost any type of graph. The

same basic procedure can be expanded to

dimensiona
By using tld
graphs in ci

chotn havbIiUW1I lIIere, auuILoIa4 InIIMnt Laln UsomeIu

be obtained regarding the data from which the
graphs were generated. Sometimes matrix
displays are referred to as draftsman's
displays. See Matrix Display.

Draftsman's display
Illustration of how the two-dimensional graphs in
a draftsman's display (above) relate to a three-
dimensional graph (left) of the same data

Sometimes referred to as a tether. Drop lines are thin lines drawn from data points to a
reference point, line, or plane to assist the viewer in determining the value or location of the
data point. They are sometimes described as connecting or anchoring data points to some
reference. The value highlighted by the drop line might be the actual value of the data point
or the difference between the data point and a reference or some other data point. The
examples below illustrate some of the various ways drop lines are used.

Drop lines

1 2 3 4
Drawn to the zero
base line axis

6

4-

0 -

4

2

Drawn to a reference point

- Reference
4- line other

than zero

1 2 3 4
Drawn to a non zero
reference line

0 l I I
0 1 2 3 4 5
Drawn to a fitted curve

8 0.0
1.0

02
6 - - - - - -0.8

0.6
0.6

0.4
2 0.8

0.2
1.0

00.
0 1 2 3 4 5 1.0 0.8 0.6 0.4 0.2 0.0
Two drop lines used Three drop lines used

24
22
20

16
14
12

24
22
20
18
16
14
12

20

Drawn to a wall

2

Drop lines

0I
0 1 2 3 4 5

Drawn between data series

Drawn to the floor

Drawn to the circular base

Typically, only one drop line is used
with each data point. In certain
situations, however, two or three
might be used to enable the viewer to
more accurately decode the
information. Two examples are shown
at the left.

143

X-axis

Side view looking at Side view looking at
the X-Z plane the Y-Z plane

Drop Line
or
Drop Grid

4

2

0
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Grid lines may or may not be used in conjunction with drop lines. Drop lines can be solid or
dashed. If multiple data series are plotted on the same graph, the drop lines might be coded
to differentiate the data series. Drop lines are frequently used with point graphs but can be
used with almost any type of graph as shown below.

1 4
1 2

1 0

4

2
0

Three-dimensional ribbon graph Line graph Area graph
Drop lines applied to graphs other than point type

Surface graph

Drop Line Graph A variation of a point graph in which two or more data series are plotted on the same graph,
generally with a time series scale on the horizontal axis. After plotting, the data points for
each time interval are connected with vertical lines. The major purpose of drop line graphs
is to highlight the differences between the individual data points of two or more data series.

14

12 -

10 -

a -

4 -

O-
'85 '87 '89 '91 '93 Y5 '97 '99
Drop line graph comparing
two data series

14 -

12

10

a

6

4

2

0
'85 '87 '89 '91 '93 '95 '97 '99

Drop line graph with
three data series

'85 67 '89 91 '93 95 '97 '9
Drop line graph with two pairs
of data series being compared

Drop Shadow A variation of shadow used extensively in information graphics. See Shadow.

Dual Axis Each of the terms at the left means there are two scales of the type described. For example,
or dual Y-axis means there are, or can be, two vertical (Y-axis) scales. Dual X-axis means
Dual Scale there are, or can be, two horizontal (X-axis) scales. These general phrases do not restrict the

Includes: type or location of the scales; however, specific applications often do. For example, in the
* Dual Category broadest sense, the phrase "dual vertical scale" means there can be two vertical scales of
* Dual Vertical any type, anywhere. In more restrictive cases, it often means one scale on either side, but
* Dual X-axis not two scales on the same side. Each individual case must be studied to determine how the
* Dual Y-axis term is being used in that particular situation.

10-

Dual Line Graph Sometimes referred to as a compound, grouped, 8 - A A
multiple, or overlapped line graph. A dual line graph 6 -
is a line graph with multiple data series, all of which 4 - All curves are

2 c plotted from the
are measured from the same zero base line axis. See 2 - same zero base

Line Graph. 0 - line axis.
Dual line graph

Dummy Variable Sometimes a variable is designated to get more insight into a .
data series, as opposed to seeing how it varies with respect to ,,... * .* .
some other variable. For example, if a study is done to see how .

reaction time varies with age, a group of people of all ages might g : *
be tested and the data plotted on a scatter graph, as shown at the - *

right. In this example, age and reaction times are the independent *

and dependent variables respectively. As an extension of the
study one might identify those data tests on a cross-

0o0 . 00 0* points that represent individuals with section of the population
E * of ** some particular characteristic, such as those who are active in

o- - 0* sports. This would be called a dummy variable. If, in the graph
O above, circles were used to identify those individuals active in

0 sports, the graph might look like the one at the left, which
indicates that those individuals active in sports tend to score

Age higher than those who are not. * There is no limit as to how
Same graph as at right, except many dummy variables can be designated for a given data
individuals active In sports are
Identified with circles series; however, generally only one is shown per graph.

Drop Line
or
Drop Grid
(continued)
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Economists' Use of Graphs Graphs are used extensively in the field of economics. Although the applications are many
times unique, most of the graphs used are traditional types such as line, column, and bar. In
addition to plotting empirical data, graphs are also widely used to analyze, understand, and
interpret information, to assist in formulating concepts and overall relationships, and as an
aid in communicating ideas, theories, and findings. When the major purpose of a graph is to
convey a concept, scales, grid lines, and tick marks are often omitted, and straight or
smooth lines are frequently used to represent variables even though with actual data the line
might be irregularly shaped. Such graphs are sometimes referred to as abstract graphs or
conceptual diagrams. Examples of graphs developed by economists are shown below.

Average
total cost

Shutdown pflce
pont

Units produced
Relationshi between selling
price, variagle costs, and
shutdown point

aI
I-

Small plant

Medium plant

large pl

0%/ % tax rate 100% Output
Tax revenues versus Comparison of unit costs
tax rates (Laffer Curve) for various outputs and

plant sizes

ant

Relationship of.
government spending
and GNP

,,, 45' reference line
'I Savings

.e Expenditures -

:0

LI Dissavings
Quantity, % Of DODUlation Disposable income

Relationship of supply, Distribution of income and Relationship of income, Output v
demand, and price wealth within a population expenditures, and savings

Abstract graphs developed and used in the field of economics.

'ersus cost relationship

A term used with maps when referring to the
vertical distance a point or place is above a
reference line or plane. For example, a point on a
hill might be described as having an elevation of
2,543 feet which means it is 2,543 feet above a
reference plane. The reference plane is generally
sea level; however, any reference point can be
used as long as it is stated on the map. Elevations
are generally positive numbers. Points below the
reference point (depressions) sometimes have
negative values.

.40-
.G4
a 30-
02

1620-
0
il 10-

0

refrene.pane Map showing elevations
frequently sea
level

The process of converting information into charts and graphs is sometimes described as
encoding. For example, the number 37 might be encoded into a chart by drawing a certain
size rectangle on a set of grid lines (column graph); or the state of Missouri might be
encoded by drawing a certain shape of polygon (map). As the viewer looks at the charts and
graphs and mentally converts the graphical representations back into meaningful
information (e.g., the rectangle back to the number 37 and the polygon back to Missouri),
the process is sometimes described as decoding. The processes of encoding and decoding
are equally important in making a chart or graph successful.

An envelope is generated when a pair of lines are drawn at the top and bottom or on both
sides of a series of data points. The lines may be drawn free hand or plotted based on some
mathematical procedure. They may or may not
encompass all of the data points. The purpose
of the lines is to approximate the boundaries of
the data to assist the viewer in estimating the
general shape and trend of a group of data
points. A regression line may or may not be
used in conjunction with the envelope.
Envelopes are generally used only with point
and line graphs.

10 10

6 6

2 2

Line graph in which all Point graph where a few
data paints are inside stray data paints are
the envelope outside the envelope

Examples of envelopes used
with two types of graphs 145

Elevation Map

larginal cost

vg. total cost
vg. var. cost
vg. fixed cost

Encoding

Envelope



Equation/Function Graph Most equations (many of which are called functions) can be displayed on a graph by
plotting a number of data points and connecting them with lines. Frequently, the equation is
entered into a computer and the
curve is automatically drawn.
Graphs for equations generally
have quantitative scales on all
axes. Graphs of several equations
of varying complexity are shown
here.

0 50 100 150 0 10 20 30 40 50 - LI
Y = 14 +.23X Y =.0005 * (X - 20)2 (50 - X) Z = X2 - 3X + y2 - 6Y + 200

Examples of graphs that have equations displayed on them

Equations that describe three-dimensional surfaces
When graphs of equations are generated by computer, technically, every point that satisfies
the equation is plotted. In two-dimensional graphs, this results in continuous lines rather
than occasional data symbols connected by lines. If an equation describes a surface on a
three-dimensional graph and all points that satisfy the equation are plotted, a solid data

graphic results, as shown at the left.

z
This many times makes it difficult
to interpret the graph. To overcome
this problem, only a limited number
of values along the X and Y axes
are typically plotted, which results
in a mesh or fishnet appearance, as

- snown at me rignt. i his type ot x
Z=-(X2 -8X+y 2 -8Y+ 150) graph is generally referred to as a Z=-(X2 -8X+y 2 -8Y+ 150)

All data points plotted surface or lined surface graph. The Same graph as at the left

spacing of the lines (sometimes called isolines) is optional and except only selected lines
can be increased or decreased to enhance the appearance or surface
ability to see fine detail.
Specifying limits
When graphing equations, limits must be established. For example, in the simple equation
of X = Y, the values of the two variables can technically range from minus more than a
billion to plus more than a billion. In most cases this would be far outside the values of
interest. Therefore, one selects limits that accomplish the purpose of the graph. If the range
of values involved is known, the limits might be selected slightly above and below that
range of values. If the equation is repetitive, limits might be chosen to restrict the graph to
only a few cycles. In other cases, exploring must be done to select the proper limits. The
four graphs below illustrate the effect that using different limits can have on the appearance
of a curve and are representative of graphs that might be generated when exploring an
unknown equation. Each of the four graphs is a plot of the same equation, except the limits
on the two axes are different. The person doing the analysis generally decides which graph
is most meaningful or if several are required to fully understand the nature of the equation
and the phenomenon it describes.

24 5,000 200,000 200,000

12 2,500 100,000 100,000

Y Y 0 Y 0 V 0

-12 -2,500 -100,000 -100,000

-24 -5,000 -200,000 -200,000
-2 -1 0 1 2 -3 0 3 -100 -50 0 50 100 -6 -3 0 3 6 9 12

X X X X
Equation: Y = 5X6 - 54X5 + 60X 4 + 10

All four graphs are plots of the same equation. Only the upper and lower limits are different.146
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Equation/Function Graph
(continued)

Example relating total sales and units sold
Equations can be written to describe many day-to-day situations. A simple example is the
equation describing the total sales of a product based on the units sold and the selling price
of the product. The equation reads:

Total sales dollars (Y) = Units sold (X) times the unit selling price ($7.85)
$800

e $600

'a

.a $400

E2 $200

$0

The graph for this equation is shown at the left for
quantities between zero and 100. With such a graph, the
total sales dollars can be read for any number of units
sold. * A similar
graph can be
generated to
accommodate two
different products.
The example at

20

0 20 40 60 80 100 the right includes
Units sold at $7.85

Y = X times $7.85 a second product
selling for $3.25

with units up to 200. With this graph, the total sales
for any combination of unit sales can be estimated. Z = X times $7.85 + Y times $3.25

Families of equations
Graphs bases on equations are many times used for planning purposes since they present
options for the viewer to chose from. For example, if a company has an earnings per share
(EPS) value of $2.00 and wants to increase it to $2.50, the company might increase the
earnings, reduce the number of shares outstanding, or choose a combination of the two.

$4.00 Assuming an earnings of
C. $3.50 $80 million and 40 a.

$80 million in earnings m s us
P'$3.00 - 0 .1 I' I million shares outstand- 2>

$3i \ iing, the graph on the left Hi
$2.50 shows the effect of K5
$2.00 - - reducing the number of a

C C

i o50 shares. The one on the E
$1 Present situation right shows the effect of

20 25 30 35 40 45 50 55 60 increasing earnings. 40 50 60 70 80 90 100 1
Millions of shares Annual earnings

Annual earnings ($80 million) Based on these two Annual earnings (X)
EPS ( = Shares (X) graphs, the earnings per EPS ( = Shares (40 million)

share might be increased to $2.50 by either reducing the shares outstanding from 40 to 32
million, or by increasing earnings from $80 to $100 million. * In order to consider combina-
tions of changes in the two variables, multiple equations (sometimes called a family of
equations) are plotted on the same graph. The two graphs below are similar to the graphs
above except families of curves are shown. Both show which combinations of improved
earnings and reduced number of shares might achieve the goal of $2.50 EPS. In an actual
situation, only one of the graphs would be used. Based on these graphs, the viewer can
select from a series of alternatives, such as reducing shares to 34 million and increasing
earnings to $85 million, reducing shares to 36 million and increasing earnings to $90
million, etc. Millions of shares

a.
(U

0)
C

E

(u

w

tions
100
x
95
X

90
X

$4.00

-a$3.50
a.
Lii

, $3.00
co

r $2.50
a
(U
.) $2.00

L $1.50

85
X $1.00

80 50 60 70 80 90 100 110 120

X Annual earnings

These two graphs are the same as the two graphs shown above, except a family of curves
representing multiple equations is added so that many potential solutions can be seen. 147



Error bars are short lines used to convey statistical information about the data displayed on
graphs. For example, if a data point represents the average of a set of numbers, the error bar
might denote additional information about the same set of numbers, such as confidence
interval, plus and minus 1, 2, or 3 standard deviations, standard errors, or the 10th and 90th
percentiles. Error bars run parallel to quantitative scales and therefore can run either vertical
or horizontal. When there are two quantitative scales, two sets of error bars are sometimes
used. Symbols or short
perpendicular lines are
located at the ends of the
error bars. Error bars are
members of a family of
range symbols. See
Range Symbols and
Granhs.

ymbols or short ii
e generally locate
a ends of error b
~- Error bars -
r value such as I
cdard deviations,
percentile, etc.
Average value -
r value such as
ndard deviations

r0 ,p il0 0.; -
ExamA p e s to peerrntwo, dfe. A of gra p

Examples of error bars an two different types of graphs

When a scale is expanded, the
physical distance between the
labels is increased. For example, if
a scale has one-sixteenth of an inch
between two values such as 80 and
90 before expanding, after
expanding the two values might be
separated by one full inch, as
shown at the right. See Scales.

100
I : , The distance - -f I

of 1/16" w
between 80 96-
and 90on the ./
left has been /
expanded to
1" on the scale
at the rinht 82-

A B C D E F U - - v -'

A B C D E F
The vertical scale of the graph on the right is an expanded
portion of the vertical scale of the graph on the left.

Sometimes referred to as a conceptual or summary diagram.
Explanatory diagrams are made up of geometric shapes, line
sketches, and/or text to aid in the visualization and understar
relationships. The key purpose of explanatory diagrams is to
a graphical overview of how people, things, ideas, influence:
etc., interrelate. iney can effectively condense large-amounts or
information into a single chart. See Conceptual Diagram. Example of a simple

explanatory diagram

Explanatory Maps Explanatory maps are sometimes referred to as descriptive, nonquantitative, or qualitative
maps. This type of map is generally used to show nonquantitative information such as
where things are located, how areas are organized and/or subdivided, and where the routes
are located that get people and things from one place to another. The types of things
included on explanatory maps might be grain fields, buildings, rivers, cities, roads, land
masses, power lines, sewer lines, sales areas, public facilities, voting precincts, schools,
political divisions, resorts, pet stores, sales areas, etc. See Descriptive Map.

a
m ResOurce C Resources

Examples of explanatory maps

Exploded Diagram/Chart A picture, sketch, or drawing, of a device,
assembly, mechanism, etc., showing all or
some of the pieces/parts as though they were
moved radially or axially away from an
imaginary point somewhere within the device.
Such a diagram not only lets the observer see
the specifics of all the parts that normally wou
be hidden from view, but also shows how all t
fit together in relationship to one another. Suc'

V ub ackiul tnr uaninine mnlllaluo Reno1 irau.lha pt ai itotantt.

Exploded Map A map in which portions of the map have been graphically
separated from one another. The separations are typically made
along man-made boundaries such as countries, states, territories,
or counties. Maps are exploded to add emphasis to certain areas
or groups of areas or to help focus the viewer's attention as to
wh. r- r trainhmlA-ri- -r 1-+-A
WIlICI~ v[XUULI UVuUllaIS;3 cuse x Wubh . Exploded map148
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Exploded Pie Chart Sometimes referred to as a separated pie chart. An
exploded pie chart is a variation of a pie chart in which / Dl/
one or more wedges of the pie are moved radially away
from the center of the circle for visual emphasis.
Examples are shown at the right. Fully exploded Partially exploded

a--.- . -j V- I-- -- ,-- I--- ,- -- - I: :s ---
Extended BIar Graph Sometimes referred to as a divided, composite,

segmented, stacked, or subdivided bar graph. An Product,

extended bar graph has multiple data series stacked Product I
end-to-end. This results in the far right end of each Productl

bar representing the total of all of the components Product I
contained in that bar. Extended bar graphs are used Product i

to snow now a larger entity is divided into its various 0S 100 150 200
components and the relative effect that each Sales in $ thousands
component has on the whole. See Bar Graph. Extended bar graph

Extended Column Graph Sometimes referred to as divided, composite, segmented, stacked, or subdivided column
graph. An extended column graph has multiple data
series stacked on top of one another. The top of each o
column represents the total of all components in that E
column. Such graphs are used to show how a larger r

entity is divided into its various components, the
relative effect that each component has on the whole, c,
and how the sizes of the components and the total
change over time. See Column Graph. Extended column graph

Extent The point on a graph diagonally opposite the origin. In a two
dimensional graph it is normally the upper right hand corner of
the plot area.

Faces Sometimes called cartoon faces or Chernoff faces.
Faces are icons that are occasionally used as - - - -
symbols to encode three or more variables into L L L
charts, graphs, maps, and icon comparison displays.
The variables are encoded by assigning values, or Eye position related Ear size related to Face size related

characteristics to variations in facial features. See to vanable A variable B to variable C

Chernoff Faces. Faces used to encode multiple variables

Fan Chart/Graph A fan chart is a variation of a comparative graph. It is 112% E

basically a line graph with only two entries on the 5co 108%
horizontal axis. Typically the entries are two times, two 104A % ID

conditions, two locations, etc. The vertical scales are SotC1%
generally percents, index numbers, or ranking numbers. °o o 100%
Fan charts are used to compare the performance, ranking, -£ - 96%

characteristics, etc., of several entities at different times 92%

or under different conditions. See Comparative Graph. Fan hartgraph

Feedback Path The return or counter flow of product, materials, information, etc., to a previous part of a
or flow pattern as shown on a flow chart or diagram. Typical applications are the path used for
Feedback Loop the return of defective parts found during inspection in a manufacturing process, or the

feedback of information from buyers to sellers. Feedback paths generally go in the opposite
direction of the basic flow. For instance, in the flow chart below, the normal flow of the
process is from left to right. The feedback path for defective product is from right to left. If
the basic flow chart proceeds from top to bottom, the feedback path typically proceeds from
bottom to top. There are no limits on the number or length of feedback paths that can be
used. Defective products are returned for rework Feedback path (loop)

Feedback path (loop) as used in a flow chart
10 -

Fever Graph Sometimes referred to as a segmented line, broken line, 8 -

thermometer or zigzag graph. A fever graph is a variation of 6 -

a line graph in which the data points are connected by 4 -

straight lines as shown at the right. 2 -
Fever graph ° Mon Tue Wed Thur Fri 149
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Fill The opaque material applied to areas and lines for identification, differentiation, encoding
values, emphasis, or improving appearances. Fills have four distinguishing characteristics:
color, tone, pattern, and graduation. Within each characteristic there are many variations.
Examples of some of those variations are shown below. * Patterns formed by parallel lines
are many times referred to as hatched.
Patterns with two or more sets of
intersecting parallel lines are often referred h - s -
to as crosshatched. (Example at right) Horizontal Vertical Diagonal Horizontal Diagonal

* i *---hCrosshatchto

.2 Any color or combination of colors can be used as fill. All of the characteristics listed below are
0 applicable regardless of what color is used. See Color.

Sometimes referred to as shade (e.g., a light shade of gray, a dark shade of blue, etc.). Also
referred to as value, percent value, or density. When variations in black and white tones are

- A t~ A -s fI-.b1: NA!l/r - -oo -Ad _ l e «ASPt- A A-AA~ AA A

U1 LAMM ineis UaIUVUr uuas on a wiRe DaCKground, the proportion OT space
a percent of the total area is considered as the percent value for the tone.
percent means there Is no black and therefore the area is white. At the other
black. Examples of approximate percentages In between are shown below.
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Shape of Individual elements

SA.K ~. \I.-. .AN A.. - A - - - A- A A-A ̂ .|- A n-..-
Solia Straight wavy Dots Squares Rectangies RiiDons I les Arrows

lines lines

Orientation of Individual elements

Horizontal Diagonal Vertical Side-by- Super- Curved Slanted Cyclical Random
side imposed

Multiple orientations

referred to as coarseness)

coarseness of lines Fine Coarse Fine Coarse
to white remains constant) Dots Symbols

elements

kness of line with distances Increasing size of dots with center
en lines unchanged distances unchanged

divldual elements

ace between same size lines Increasing space between same size dots

to as gradients, graduated fills, or blends)

U: I I
ttonom & top blue to Diagonaliy -ocal point Radial iadial witn Csomerto center side to edges center offset focal point
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Fill (continued) Fill used in lines
In addition to their use with areas, fills may also be used with lines, borders, and frames.
When used with lines, the exact patterns are sometimes not distinguishable because only a
portion of the design appears, depending on the width of the line. In many cases this
presents no problem, as long as the fill successfully differentiates one line from another.
Several examples of filled lines are shown below.

Solid black

50% black

10% black

Multiple lines

Large squares

Small squares

Ribbons

Cross hatch

Dots

Horizontal lines

Diagonal lines

Diagonal lines

Tiles

Vertical lines

Vertical lines

Wavy lines

Examples of lines incorporating several different types of fill

General guidelines
The following is a list of some general guidelines regarding the use of fills:
- Solids such as black and white are many times reserved for small areas.
- Lighter colors and finer patterns are generally used in large areas.
- Coarse patterns and bold vertical or horizontal lines sometimes give a harsh appearance.
- Many copiers cause faint patterns to disappear and dense patterns to turn to solid black.
- Small differences in tones are generally not used to convey quantitative information

because of the difficulty of discriminating one from the other.

A filled contour graph can be a two- or three-dimensional
contour graph with the areas between the contour lines filled
with shading, color, or patterns. Three variables are plotted on
such graphs and fill is used to identify points of equal value on
the Z-axis. The boundaries between the filled areas define the
points of equal value. The use of fill avoids the clutter of having
the numeric values shown on the graph. See Contour Graph.

Sometimes referred to as a silhouette or
4-

simple area graph. A filled line graph is a 3-

simple line graph (one data series) with the 12

area between the line and the axis filled 0

with a color, pattern, or shading. When -23
3-3

filled with vertical lines, it is occasionally -4-

referred to as a histogram (unrelated to the -6-5-4-3-2-

traditional histogram). See Area Graph.

A variation of a three-dimensional surface graph in
which the areas between the lines are filled with color
or shading. Patterns are seldom used. There may be one
or more types of fill and the fill may or may not depict
quantitative information. See Surface Graph.
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Fishbone Diagram Sometimes referred to as a cause-and-effect, CE, Ishikawa, or characteristic diagram. The
purpose of a fishbone diagram is to provide a method for systematically reviewing all
factors that might have an effect on a given quality objective or problem. This is
accomplished by assigning each factor to a line or arrow and arranging the lines and arrows
intn m'11-+-il ;_lffr in ..
111EV nuabalinhn$; El *.U:>trLtO 111

hierarchal fashion. The lines
and clusters are arranged so
that they all feed into a
central line that, in turn,
feeds into a symbol
representing the overall
object or problem. See
Cause-and-Effect Diagram.

matel People Depth Manuals
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Fishbone diagram

Fishnet Graph

Three-dimensional surface graph
using lines of equal values along
the X and Y axes. Sometimes
called a fishnet graph.

A fishnet graph is a three-
dimensional wireframe or surface
graph that is represented by lines
of equal value along the X and Y
axes. An example is shown at the
left. The lines are equally spaced
along both axes such that a view
directly from the top reveals a
fishnet pattern, as shown at the
right. See Surface Graph.

x-axis

Two-dimensional top view
Example of the lines of equal
values along the X and Y axes
as seen when looking at the
top of the three-dimensional
fishnet graph shown at the left

Fitted Curve A curve generated by a process called curve fitting. See Curve Fitting.

Floating Block Graph A three-dimensional, three-axis range -column
graph is sometimes referred to as a floating
block or flying box graph. On this type of
graph the ranges (from lowest value to highest
value) of each data set of one or more data
series are compared.

Floating block or
flying box graph
that Is a three-axis,
three-dimensional
range column
graph

Floating Column Graph

Floor

Sometimes referred to as a two-
way column graph. A floating
column graph is a variation of
column graph in which positive
values are measured both up and
down from a zero on the vertical
axis. Their major purpose is to
compare multiple data series
with particular attention to
meaningful relationships such as
correlations. Linear quantitative
scales starting at zero are used
on the vertical axis; generally
only positive values are plotted.
A category or sequence scale is
used on the horizontal axis.
Examples of the four major
types of floating column graphs
are shown at the right. See
Column Graph.

Stacked floating column graph

80%
6so%
40%
20%
0%

20%o
40%

60%
80%

75 80 *85 *90 S95

100% floating column grapl
The four m,

Sometimes referred to as a bottom or platform. TI
term floor is used to identify the lower plane of a
three-dimensional graph.
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rt Grouped floating column graph

column graphs

Vertical or Z-axis

X and Y axes

Floor, bottom, or platform

Example of floor on a
three-dimensional graph152
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Flow Chart
or
Flow Diagram'

A flow chart is a diagram that visually displays interrelated
information such as events, steps in a process, functions, etc.,
in an organized fashion, such as sequentially or
chronologically. The things being represented can be tangible
or intangible. A flow chart can be constructed for products
being manufactured, currency moving from country to country
and bank to bank, the development of an idea, how paperwork
progresses through an organization, the procedure for getting a
request approved for capital expenditures, etc. Flow charts can
be very general, for overview purposes, or very detailed with
lots of supporting and auxiliary information for use in day-to-
day activities. They can describe an entire sequence of events
from start to finish or address just a portion of the overall
sequence. An example of one of the more widely used types of
flow chart is shown at the right.

Key features of flow charts
* Word descriptions of events, activities, steps, or functions

are typically enclosed by symbols and connected by lines
or arrows.

* Generally two-dimensional. Those that are three-
dimensional are generally pictorial.

* Typically not hierarchical or quantitative.
* Typically plotted sequentially.
* Typically not plotted against a time scale.
* Can run vertically or horizontally. Large flow charts

generally run horizontally because of space
considerations (some charts are several feet long).

* Normally proceed from top to bottom or left to right.
* On very large programs, individual charts are made for

each subprogram and all of them cross-referenced.
* The major information is conveyed by text; however,

significant additional information can be encoded by
symbols, lines, colors, and images.

* Flow charts are applicable to large and small activities. Flow chart for making a blouse

Variations of flow charts

There are a number of charts that are normally referred to by other names but may also be
considered variations of flow charts. Several of these are listed below.

Name of chart What the chart displays
* Organization chart - Flow of authority and responsibility
* Decision Tree - Flow or sequence of decisions
* Time and activity charts - Sequence or flow of events
* Some "how-to" charts - Sequence of tasks to achieve an objective
* Conceptual charts - Flow of intellectual information and/or ideas
* Process charts - Step-by-step description of a process
* Procedural chart - Procedures to accomplish a particular goal
* Flow diagram - Internal logic of a software system

Reasons for using flow charts
- Describe processes, ideas, networks, etc., particularly complex and abstract ones
- Define, analyze and better explicate processes, procedures, sequences, etc.
- Improve communications
- Help to clarify ideas
- Aid in trouble shooting
- Serve as a tool in planning and forecasting
- Reduce misunderstandings and conserve time
- Simplify training
- Document procedures
- Illustrate cross-functional relationships and responsibilities
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Flow Chart
or
Flow DiagramI (continued)

Terminology and construction options
* Symbols, enclosures, boxes, or blocks

- The shape of the symbol sometimes has significance. The four symbols shown below,
for example, generally have the meanings as noted. Other symbols are shown at the end

* Text
The text in the symbols normally describes the event, step, operation, action, position, or
question the symbol represents.

154

= = CW
Beginning, end, Activity, task, Decision, Document
start, stop, step, function, choice,
pause, interrupt etc. selection, etc.
Mere are dozens such symbols used in different
applications. Some organizations have established
standards for their specific needs.
n addition to shape, other variations in symbols
an also be used to encode information such as the
department responsible, critical operation, pending,
proposed, to be eliminated, new, etc. The symbol
variations include:

-- Color, shade, or pattern of fill
-- Whether the outline of the symbol is

solid, dashed, bold, thin, etc.
-- Size of symbol
-- Whether or not it has a shadow

ference numbers
imetimes included with each symbol, the numbers

normally consecutive. They are generally used
r ease of communications and computerization of

data.

nes, line paths, links, or branches
Variations in the type of line are sometimes used to
encode additional information such as:
-- What the line represents (material,

information, paperwork, responsibility,
recommendations, communication, etc.)

-- Method of flow (electronic, telephone, paper
forms, verbal, etc.)

-- Status (existing, proposed, eliminated, etc.)
Variations sometimes used include:
-- Width of line. When line widths are proportional

to the thing they represent, the chart is
sometimes called a proportional flow chart.

-- Type of line such as solid, dashes, dotted, etc.
-- Color, shading, or pattern

Arrow heads are generally used to indicate the
direction of flow. Major flow is normally from top
to bottom or left to right. Secondary flow paths
such as feedback loops, two-way flow, and return
paths go in the opposite direction. An example of a
feedback path or loop is shown at the left. Arrow
heads are generally at the ends of the lines but can
be at any point along the line.
Horizontal, vertical, diagonal, and curved lines are
all used with flow charts. Horizontal and vertical
are the most widely used.
Lines can connect with the symbols at any point on
the periphery of the symbol. The most common
technique is to connect the lines at the vertical or
horizontal midnoints.- ___- ------



Flow Chart Examples
or Because of the versatility of flow charts and the lack of universally accepted standards for
Flow Diagram' (continued) constructing them, their appearance varies significantly. Shown below are a few popular

variations.

I Step 1 ) Step 2 Step 3 ) Step 4 )

Example where no lines are used

Depart
A

B

i
Department

Several techniques are
used to indicate what
group or department is
responsible for various
steps in the flow chart.
This example uses
arrows on the left-hand
side to denote which
department has
responsibility for
specific steps.

a Ar

C
.2

C8
0
il
z E long for the allotted space.
f' Emergency fund 4;....'O

No symbols are used and the
thickness of the line is proportional
to the value it represents.

I I

PoleDivison
nafomier capital

#1 r equet osolidap ted

Pole Division B capata seqeast
1m2reustsorpnter

Pole | |Dvso osldto
rastorrnercail -

#3

Pole Division D capitl rests
nsom er capital

#4

Divergence flow chart Convergence flow chart

Examples showing how flow charts might diverge or converge as they progress

In certain cases symbols are not used to
enclose some or all elements of a flow
chart. Descriptive information is sometimes
simply placed alongside of the arrows.

Look up Gtve
patients a neto
rncord __ijecion_

Pictures or icons are sometimes used
with word descriptions to aid in the rapid
understanding of a flow chart.

IRec eive and
/ j inspect material

' rpr paewr Assmbl an Si
I and ordermtra| pac | J1

Week 1 Week 2 Week 3 Week 4 Week S

Most flow charts do not include a time base; however, on occasion
they do. PERT and critical path charts are two other examples where
time is occasionally incorporated into the flow chart.

Pictorial flow charts are sometimes used, particularly where the subject
matter is complex or the viewer might be more familiar with the visual image
than with the name or word description of the thing being represented.

Example of how a flow chart
might be shown when it is too

* Assign sales order number i Generate bill-ot-material - Generate process sheets
. * Assign modal number * Generate eng. drawings * Generate routing sheets

S Assign customer number Assign product codes * Generate standard hours
-Check credit status * Distribute eng. drawings * Order special tooling

-A * Send acknowledgement

Sometimes detailed information regarding specific
elements is included with the flow chart.
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Flow Chart
or
Flow Diagram' (continued)

Symbols
Some symbol standards have been established by professional organizations such as the
International Organization for Standardization (ISO) and the American National Standards
Institute (ANSI). Some organizations have established their own standards. However,
because the same symbol sometimes means different things in different context (in a
process flow chart, a computer program flow chart, a machine operation flow chart, etc.),
legends help minimize misunderstandings. The table below displays some of the most
widely used symbols and their most common meanings. The fact that some symbols have
multiple definitions or there are two or more symbols that mean the same thing is a
reflection of the multiple standards. Additional information can be encoded into symbols by
means of color, fill, dashes, etc.

Specific step, activity,
procedure, etc., in the
process being
diagramed. Examples:
painting a fender or
typing a letter.

Manual operation such
as operating a punch
press or signing of
letters. In some cases it
means information to be
obtained by computer or
individual
Specific operation, step,
activity, etc. Other times
used to indicate start
and stop, origin and
termination, beginning
and end, etc.

Information is or can be
displayed on a computer
or television screen.

Designates the ends of
a process such as the
beginning and end,
start and finish, stop,
interrupt, etc. In other
cases it may mean an
exception, clerical, or
terminal.

Combined activity such
as an inspection
conducted concurrent
with another operation

D
l: I

E]

Auxiliary operation such
as inspection,
examination, coding,
calibration, etc.

Correspondence
between noncomputer
entities: mailing of sales
invoice to customers,
financial reports from
stores to headquarters,
etc.

Transport, move, go
from one place to
another. Might be by
truck, conveyor, bus,
walking, etc.

Manual input such as
entering data into the
computer using a
keyboard.
Document such as a
purchase order, sales
order, etc. Sometimes it
refers to the actual
document. Other times
it refers to the need or
activity of generating the
document.
Multiple documents
such as three copies of
a purchase order. The
individual copies may or

Symbols sometimes used in flow charts

Input or output to a
computer or a system,
such as receipt of orders
or sending out of
invoices

An idle period, waiting
period, or delay: parts
waiting to be processed
on a machine, patients
waiting to be seen by a
doctor.

An operation, process,
activity performed while
something is in motion,
being transferred, or
transported.

Information transferred
to storage within the
computer.

Filing or storage of
information or material
except in a computer.
When used in a flow
diagram of a computer
system it sometimes
means to merge multiple
files.

C~

CD

n
A point in the process
where a decision is to be
made or where a
selection between

| alternatives is possible.

Flow Diagram 2 A graphic representation of the physical route or flow of people, materials, paperwork,
vehicles, or communications associated with a process, procedure, plan, or investigation. A
flow diagram is often the counterpart of a flow or process chart. The flow or process chart
indicates the sequential order of activities. The flow diagram indicates the location of these
activities and how the physical flow of people, material, etc. occurs between them. Flow
diagrams are frequently used to study the movement patterns of people, animals,
automobiles, etc. For example, a flow diagram of the way customers wander through a
store or department might indicate to merchandisers how and where to display certain
products or how to rearrange counters to get the customer to spend more
time in the store or department. A
flow diagram may or may not be
coded to correspond to a flow chart,
process chart, plan, or research
study. Flow diagrams are frequently
superimposed on floor plans or maps
of the area where the activities take

[' Transportation
D Delay/pause
o operationiactiv
FE Inspection

Legend

ivity

place. Flow diagram of a customer in a clothing store
156
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Collar

Designates an operating
procedure; an input or
output to a magnetic
tape; or a key punch
operation.i



Flow Map

Methods for designating what is flowing, moving, migrating, etc.
Flow maps can De used to snow movement or almost
anything, including tangible things such as people,
products, produce, natural resources, weather, etc.,
as well as intangible things such as know-how,
talent, credit, or goodwill. Sometimes the subject of
a flow map is indicated in the title of the map. In
other cases it is noted directly on the map, as shown

at the right. In still
other cases, it is
denoted by
symbols, as shown
at the left. The
symbols may be

-- P

-im

-- D

-- P

Water
currents

Symbols are sometimes used
to identify what is flowing.

used as the data Examples of how the thing that
graphic or they is flowing might be identified
may complement another data graphic, such as a line.
When many different things are flowing, a legend is
sometimes required.

Methods for designating the direction and/or destination of the thing that flows

How precisely the direction and location of flow is
indicated may range from very general to very detailed.
The example at the right is very general, indicating
simply that something is flowing from one country to
three other parts of the world in varying amounts. The
map below gets more detailed by indicating movement

Flow map in which specific cities are designated A14

* In some situations, such as a railroad, flow is concentrated
with limited options as to the number of directions it can
move. In other cases the movement is distributed over a large
area, with movement sometimes occurring in many directions

at once. in these
cases, special data
graphics are some-
times developed,
such as the weather
front at the left.
Arrows are almost
always used to

Example of movement over a long indicate direction
distance in many different directions of flow.

amounts and destinations
from one specific city to five
other defined cities. The flow
map below renders the detail in
yards, as in a tactical combat

man.

Example of a flow map where
directions and distances are
very detailed

157

Route maps show the paths from one point to another but generally do not indicate what or
how much moves or flows in what direction along the paths. Flow maps, on the other hand,
say little or nothing about the exact path but do indicate such things as:
- What it is that flows, moves, migrates, etc.
- What direction the flow is moving and/or what the source and destination are.
- How much is flowing, being transferred, transported, etc.
- General information about what is flowing and how it is flowing.
Each is discussed below.

Cold
weather
front

Warm
weather
front

IF.



Methods for designating the quantitv. weight, or value of the thing that flowsFlow Map (continued)

Flow maps in which the line width is proportional
to the amount of material flowing in that branch

Sometimes the actual values are placed 10C
adjacent to the flow lines, even though their 20(
widths are drawn proportional to their s0(
values. This is particularly useful when there
are many values, as in the example below.
This example illustrates a special type of
flow map where values change as things
progress, move, or flow, from point to

Town A Town D

Town C

Town B
Flow map with the width of the arrows proportional to
the values they represent, with actual values also noted.

pedaunny to the things ueing
are sometimes placed adjacent to
ropriate flow lines.

In other cases the width of the
arrows is proportional to the
quantity, value, etc., of the thing
being moved, as shown in the
examples at left. When the size
of the arrows is meant only to
be approximate, a scale is
generally not used. If the viewer
is expected to estimate values
based on the width of the
arrows, a scale is generally
included. Examples of two types
of scales are shown below.

I I I I

3- +
I I I

|1,00 500 200 100

Scales mat are sometimes used wnen flow
line widths are drawn proportional to the
values of the thing being transferred

point. For example, subway
passenger density may vary in
relation to the distance from a main
station. A delivery truck's weight
varies as it progresses through its
route, and the volume of natural gas
varies with the distance from the
source of supply.

Methods for encoding general information
Frequently the map can be made more informative by coding the flow lines to indicate
specific characteristics, either about the entity that
moves or the surface, or medium by which it
moves. For example, a transcontinental phone call
might travel part of the way by local phone lines, \z- a . t
part by long distance cable, part by microwave and
part by satellite. A flow map can display all of
these to give the viewer more of an overview than
simply a straight line from one phone to another. ~ Loaded truck

Example of a flow map including
information about the conveyance

Example of a flow map including Information
about responsibility for different parts of flow

SymolOs Included in the now tines might indicate
how the entity moved (e.g., by air, sea,
microwave, pipe, etc.), how fast it moved, who
was responsible for managing the movement, etc.

Sometimes referred to as a three-dimensional range column graph or floating box graph.
See Column Graph.

Flying Box Graph
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In many cases the amount of the thing that is
being moved is simply noted on the arrow, as
shown at right, or placed in a legend or note
on the map. In these cases the width of arrows
is usually the same.

cum



Font

Four-Fold Chart/Graph

Sometimes referred to as typeface. When a set of printed letters, numbers, and characters
have the same design features, the style or design of the type is identified as the font or
typeface. There are hundreds of styles to choose from. They have such names as Helvetica,
Times, Geneva, etc. Three major categories of typefaces are serif, sans serif, and decorative.
Examples of each are shown below. The size of the type in each example is nine-point.

This is an example of a serif typeface called Times. I1
Serfltyea :0 Serif letters have small lines projecting from the ends of With

each of their main lines or strokes. series

This is an example of a sans serif typeface called 1uin3Ein

Snss ceD 0 Helvetica. Sans (without) serif letters do not have Without/<
the small lines projecting as the serif typefaces do. series

H hi lis is an exampIe of a decorative typf ace namedZapf Cfiancey.
tDecorative typefaces are mawn times usedfor feairs, special!
effects, and/or to improve the appearance of charts.

Sometimes referred to as a two-by-two chart. A variation of a sector graph when scales are
used on the radii, or a variation of a proportional chart when scales are not used. Four-fold
charts use four 90 degree segments to representrfour different categories. The radius or area
of each segment is proportional to the value of the category it represents. Unless the chart is
only meant to approximate values, the numeric values are frequently shown on or adjacent
to the data graphics. Four-fold charts are often used when four conditions or situations are

I.nst4 h,- two -i c if . w I -- lace ct,- t Strenuous exercise1.9lla~ Ly Vu vaLivuLsn.o. ru Jf waannnpn.., ii a WtaISIu P.UNS OLS4~J *3

done where there were two distinct variations of diet and e)
exercise, the following four categories of participants would be &
generated: those participants on a strenuous exercise program D

with and without a special diet and those on a mild exercise
program with and without a special diet. Plotting the results of m

renuous
exercise
t no diet

No
15 2025 diet
,S. iost
No diet
& mild

exercise I exercisethis type of study on a four-fold chart can sometimes make the Mild exercise

results stand out clearer, as seen at the right. Four-fold graph

The terms frame and border are often used interchangeably in charts and graphs. The
illustration below depicts the major chart elements the terms apply to.

* Title frame/border -

* Chart frame/border

* Map frame/border (sometimes referred
* Table frame/border
* Graph frame/border (sometimes referrn

rectangle, plot area border, scale line,

* Data graphic frame/border

* Legend frame/border
* Note frame/border

Location of frame with respect to data graphics

Although there are many ways to position frames with respect to data graphics, in most
cases the frame has little or no effect on the chart as a whole. In a few cases frames can add
to the effectiveness of the chart. Four examples are shown below.

8-
8 ,: Amount of shift

6 -.

4 2
2-!. .

A B C D E 0 2 4 6 a to 8 4 1 0 i -

When data graphics are coincident with Frame and scales Frame larger than
or extend beyond the frame, the frame is shifted to improve the active area to
typically behind the data graphic. visibility of data avoid confusion

The key considerations in applying a frame are ease of viewing, accuracy of encoding and
decoding, and attractiveness. 159
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Frame (continued) Complete, partial, or no frame
Sometimes a complete frame (two sides, a top and a bottom) is used with a graph, map, or
table. Other times a partial frame or no frame is used. Factors affecting the decision as to
the type of frame to use include:

- How many scales are used and where they are located
- Whether or not grid lines are used
- How cluttered the chart is
- The size of the chart
- The desired appearance of the chart

The examples below illustrate the use of varying amounts of a frame ranging from a
complete frame on the left to no frame on the right.

1993 1994 1995 1993 1994 1995 1993 199

apan 18 21 23 Japan 18 21 23 Japan 18 21

orea 12 17 19 Korea 12 17 19 Korea 12 17

kieMam 15 25 21 Vietnam 15 25 21 Vietnam 15 25

aiwan 14 17 18 Taiwan 14 17 18 Taiwan 14 17

hina 18 20 22 China 18 20 22 China 18 2a

0 No frame

and tables with frames ranging from full frame to no frame

Framed Rectangle A symbol used primarily to designate values of a single variable. It is
particularly useful for encoding quantitative information onto maps, as
shown at the right. The symbol consists of a rectangle that is taller than it /
is wide. There are tick marks on both sides that designate a distance half -i

way up the rectangle. The symbol can be any size. Typically all
rectangles on the same chart or map are the same size, except when the
width of the rectangle is used to encode an additional variable. When the
rectangle is empty (all white), a lower value is indicated. When the \
rectangle is full (all black), an upper value is indicated. When it is half
full (the lower half black), a value midway between the lower and upper
values is indicated. The same reasoning applies to any fractional fill of Map using framedrectangles to
the rectangle. The upper and lower values are indicated in a legend as encode statistical
shown below. Black and white are used in these examples. Any combin- informationf 500 The amount of fill in the - - m ation of colors and/or fills

framed rectangle works equally well.
symbols at the sifig h t * Althought the standard
indicate the specific Li m m

100 values as noted, based 100 200 300 400 500 framed rectangle has only
Legend on the legend at the left. Examples of specific values one set of tick marks and an

upper and lower value, other numbers of - a0 rr 0 - 00 -- 0

tick marks and values can be used if it 300 300
makes it easier for the viewer to decode the - - - - -
data. The examples at the right show 10° 100 '°° '°° '°°d Legend Legend Legend Legend Legend
variations of tick marks and values. Variations of tick marks and values

Frequency Sometimes referred to as count. When histograms are generated, the first step is to set up
or class intervals that are ranges of values. The second step is to assign each data element to
Frequency of Occurrence the range (class interval) in which its value lies. The next step is to count the number of

data elements in each range or class interval. The number of data elements in a given class
interval is called frequency, count, or frequency of occurrence. For example, if the values of
14 data elements are between 27 and 27.9, the frequency for the class interval of 27 to 27.9
is 14. See Histogram.160
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Frequency Bar Graph Generally column graphs are used to generate histograms.
Occasionally bar graphs are used. When they are, they sometimes
are called frequency bar graphs. Almost all of the information that
is applicable to column type histograms applies to bar type
histograms (frequency bar graphs). See Histogram and Frequency
Polygon.

2 12
i~ 10
Q 8

; 4

0 2
0

o 5 10 15 20
Frequency

Frequency bar graph

Frequency Diagram

Frequency Distribution
Graphs

Sometimes referred to as a histogram. See Histogram and Freqency Polygon.

Most frequency distribution graphs are two-dimensional graphs used to show how data
elements are distributed in data sets. They are a variation of data distribution graphs. See
Data Distribution Graphs. Within the frequency distribution graph family, there are two
major categories: those that indicate incremental frequencies for individual values or class
intervals and those that plot cumulative values. Examples of each of the major types of
frequency distribution graphs are shown below. Each is discussed in detail under its
individual heading.

1 27
2 133688
3 01145578889
4 000112223344556779

D 5 000112233445566778889
a 6 0011224445678999

7 1122356799
8 01366
9 248

Specific occurrences

Stem and leaf
38 11
39 I
40 J o - I
41 F U Ill

@ 42 -4-t I
43 _4- I
44H1 f-
45 4r
46 H
50 I _ _

SpecIfic occurrences

Tally

18

20

>24 I'' I
26

286, t^,.T I I28

S Di acrrena s

Dot array

1 3 5 7 9 111 3 15
Value or class interval

Histogram

Frequency polygon

Frequency distribution graphs
with c0m ulativevalues shown

1 3 5 7 9 11 13
Value or class interval

Cumulative histogram

1 3 5 7 9 11 13
Value or class interval

Cumulative frequency graph

9
8
7
6

>3-
2.-

0 0.2 0.40. 0.8 1.0
Quantile

Quantile graph

A variation of a histogram where the columns are
replaced by a curve that connects the centers of the
tops of the columns of a histogram. In the example
at the right, the columns of the histogram are
included for reference only. In an actual situation
the columns are generally not shown. See
Histogram and Frequency Polygon.

When a table displays how frequently various things
occur or how many there are of different things, the
table is sometimes referred to as a frequency table.
For example, in the body of the table at right, the
entries show the frequency that each type of reject
occured for each type of product. In addition, the
column on the far right indicates the total frequency
of rejects for each product and the bottom row shows
the total frequency of rejects by type.

1!

C
0)

u.1

5 -

0 -

5-

0*
1 3 5 7 9 11 13

Frequency polygon

Reject Reject Reject
type A type B type C Total

Product A 2 4 6 12

Product B 10 12 17 39

Product C 8 7 6 21

Product D 22 29 20 71

Total 42 52 49 143
A frequency table noting the number of
times various things occurred or how
many there are of different things

Frequseny disribution 9rjOhs on whichc-eme v ta frequency vaues are sh ow

Frequency Polygon

Frequency Table

Histogram for
reference \p
only \

AI

161
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Function Graph In many graphs, specific data points
are plotted such as performance
measurements, financial results,
budgets, forecasts, test results, etc.
These data points are frequently
joined by lines. Another way to gen-
erate graphs is to plot curves based on
equations. These are sometimes
referred to as function or equation
graphs. Such graphs are frequently
used by engineers and scientists. See
Equation/Function Graph.

-10 -5 0 5 10
X

A plot of the equation
Y=X3 +6X2 -75X+8

A plot of the equation
Z = - (X2 - 8X + Y2 - 8Y + 150)

Graphs plotted from functions/equations

Fuzzygrams result from a technique occasionally used with histograms in which the tops of
the columns are replaced by blurred or fuzzy areas to indicate the probability of the values
plotted. The degree of fuzziness is inversely proportional to the sample size. For example,
the smaller the sample size, the larger the fuzzy area. There are mathematical methods for
determining the number and spacing of the lines used to generate the fuzz. A vertical line at
the top and in the horizontal center of the columns indicates where the top of the column
would be on a conventional histogram for the same data without fuzz. In the figure below,
two fuzzygrams are shown with a standard histogram for reference. The data for the two
fuzzygrams were chosen so that percentage wise, both would have the same standard
histogram, even though one represents a data set size of 50 and the other 200.

The tops of the vertical lines indicate
where the top of the column is on a
standard histogram for the same data.

Histogram for two

The range of the horizontal lines (fuzz) is
inversely proportional to the probability of
the actual data point being located at the

Fuzzygram for data set of 50 Fuzzygram for data set of 200
fuzzygrams at the right

A comparison of two fuzzygrams and a standard histogram for the same data

A time and activity bar chart that is used for planning, managing, and controlling major
programs that have a distinct beginning and end. In this type of chart, each major
subprogram or activity involved in the completion of an overall program is represented by a
horizontal bar. The two ends of the bar represent the start and finish of the activity. If the
chart is for planning
purposes only, the start
and finish times are
estimates or projections.
If the chart is for both
planning and tracking
purposes, the start and
finish times for future
activities are estimated
or projected and the
historical portions are
actual times. See Time
and Activity Bar Chart.

January I February March April
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Subprogram #1

Subprogram #2 - -

Subprogram #3 - -
Subprogram #4
Subprogram #5 MM

Subprogram #6 - -

Subprogram #7 =E

Gantt chart used for planning and/or monitoring major programs

Generally refers to the void left in a data series due to missing data. For example, if sales
are noted for each of ten years except the third year, that missing third year would be said to
generate a data gap. The term gap is used regardless of whether the data was left out
intentionally or accidentally. In most cases, when a gap exists in the data, it will be
reflected in a graph of the data. Ways to handle data gaps in graphs is discussed under the
individual graph headings.

Y

Gantt Chart

Gap, Data

162
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The term gap is sometimes applied to the spaces between
bars and columns or groups of bars and columns as indicated
in the illustrations shown here. The term is applicable to
both two- and three-dimensional graphs.
Spaces between the columns within a group are sometimes called series
gaps or inter-column spaces. When columns overlap, they are said to have
negative gaps or negative inter-column spaces.

Spaces between
groups/clusters/categories are

sometimes called cluster
gaps, category gaps, or inter-

group spaces.

Spaces between the first and
last columns and the frame

are sometimes called margin
gaps or column margins.

:1 4-

3-

2-

1

0-
,-

- V-

Category or series gap
depending on which axis
the two are plotted on

El Data series A
E Data series B
* Data series C

91 92 93 94 '5

Examples of gaps on column graphs. The same terminology applies
to bar graphs, except the term 'column' is replaced by the term 'bar".

Sizes of the gaps are generally specified in percents. When there is a single data series, the
percents might be in terms of column width or the combination of the space and column
width. The examples below for one data series are based on percent of column width.

The same simple column graph with varying gap widths

When there are multiple data series, the space between the clusters might be based on a
single column width, the cluster width, or a combination of the cluster width and the space
between the clusters. Examples of all three are shown below.

When the gap is based on a When the gap is based on a When the gap is based on a percent
percent of a column width, a percent of the group or of the distance from one side of a
gap equal to the width of a cluster width, a gap equal to cluster to the same side of the next
column is described as 100%. the width of one column of a cluster, a gap equal to the width of

two column cluster is one column of a two column cluster is
described as 50%. described as 33%.

Three different ways the same gap between clusters can be specified

Overlapping of bars or columns is specified in terms of percent of column or bar width. The
overlapping is sometimes referred to as negative gap but still in terms of column width.
8

6

4

2

0
Zero overlap, no positive or - 33% overlap, or 33% - 66% overlap, or 66% - 33% positive gap between
negative gap between negative gap between negative gap between columns within the clusters.
columns within the clusters columns columns This is generally not done.

Examples of varying amounts of overlap between columns within the clusters

Geodetic Coordinates
and The values of latitude and longitude used to locate places and things on maps. See Map.
Geographic Coordinates

Geographic Grid Sometimes called graticule. The network of lines of latitude and longitude used to locate
places and things on maps and globes. See Map.

Geologic Map A map that shows the composition and structure of earth materials and their distribution
across and beneath the earth's surface. Geologic maps may show such things as soil and
clay layers, bedrock formations, sediment deposits, minerals, and major folds and faults. 163

Gap, Graph
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Graph Sometimes referred to as a plot. A graph is a chart that graphically displays quantitative
relationships between two or more groups of information - for example, the relationship
between cities and their populations, a car's speed and its efficiency, or the buying power of
a dollar over time. * Graphs have combinations of one, two, or three straight or circular axes
utilizing one or more quantitative scales. This definition clearly differentiates graphs from
other charts such as diagrams, tables, text charts, proportional charts, illustration charts, and
most maps. In a few cases there is a slight overlap between graphs and certain three-
dimensional statistical maps, which may be called either a graphs or maps. Since graphs
constitute one of the major categories of charts, graphs are frequently referred to as charts.
Graphs offer many important features, a few of which are:

- Large amounts of information can be conveniently and effectively reviewed
- Overall patterns of data stand out more clearly than in tabulated form
- Deviations, trends, and relationships many times are more noticeable
- Comparisons and projections can many times be made more easily and accurately
- Anomalies in data frequently become obvious
- Viewers can more rapidly determine and absorb the essence of the information
- When used in presentations, graphs shorten meetings and expedite group decisions

The following pages discuss the overall aspects of graphs. Detailed information is present-
ed under individual graph headings and under headings that encompass families of graphs.

Methods for categorizing graphs
Graphs are categorized several different ways, each focusing on one of their many facets.
Shown on this and the following pages are five methods used to categorize the major
graphs in use today. The graphs included in each category are quite subjective. * Detailed
information on each category as well as on individual graphs are included under their
separate headings.
Categorized by major family or configuration
Most graphs can be categorized into one or more of the families or configurations shown
below. There is considerable overlapping. For example, a polar vector graph could be
included in the vector, circular, and/or line graph family. - Within each graph family there
are generally several major subcategories. For instance, in the column graph family, there
are subcategories of simple, grouped, overlapped, stacked, floating, range, difference,
deviation, pictorial, and progressive column graphs. * In some cases, specialized graphs are
constructed by combining features from two or more families of graphs.

164
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Graph (continued) Methods for categorizing graphs (continued)

Categorized by area or field in which the graph is used

Three primary usage categories sometimes referred to in literature and software
applications are technical/scientific, data analysis (statistical), and business, though they are
seldom clearly defined. The examples shown below are representative of the types of
graphs included in these categories. Standard graphs such as line, column, and bar are not
included, since they are applicable to all categories. The categories into which graphs are
placed is subjective, with considerable overlap. For example, histograms are used by data
analysts, technical, and business personnel and therefore histograms could have been placed
in any, or all, of the three categories.

Technical/scientific graphs

These graphs are many times very specialized and often have a higher percentage of three-
dimensional graphs than either of the other two categories. Large amounts of data are
common and the data is frequently entered via equations or directly from electronic data
collection devices (sometimes referred to as real time data).

Surface graph

-Data analysis graphs (sometimes referred to as statistical)

These graphs are used for such things as determining whether meaningful relationships
exist between various data, how the data is distributed, whether or not differences are
significant, etc.

11- 12 ;; .;; 14-

7 < / 4 ... , 1. 6-
10 10

. .a10

20 :

s it ItA;:B
0 0.2 0.4 0.6 08U1.0 0 2 4 6 8 10 1 3 5 7 9 11 1315 -d - -

Quantile graph Probability graph Scatter graph Histogram Box grap

-Business graphs

Business graphs sometimes fall into the following three major categories.

* Analyzing and plannir

112%

108%

104%

100% A 1060%/

96%

92%
1990 1991

Index graph

10

0 '02 46

0 2 4 6 8 10
Bubble graph Supply and demand Spider graph

graph

* Monitoring and controlling (often time series graphs)

Time lo J M A M J J Time-0- Sample 9
Vertical line graph Deviation graph Moving average graph Control graph

Time --
High-low-close graph

* Presentation - Although used by all disciplines, presentation graphs are frequently
classified as business graphs. There are no special types of graphs in this
category, only variations of graphs in other categories with special
emphasis on aesthetics, ease of understanding, and a focused message.
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Methods for categorizing graphs (continued)

Categorized by type of data plotted
OriAinal data

These graphs are constructed with data in its unmodified form.
Many times the data is empirical, such as number of people,
temperature, pressure, sales, income, defects, or salaries: things
that can be observed or measured. The majority of graphs are based
on this type of data.

Derived data Scatter graph
Vy-ml-co _r -Ikc -1-*tt-A frnm rlriz.- Antsa bur -A-- -*ti .-

deviation, residual, difference, change, and relative value
graphs. Derived data is generated by mathematically
manipulating original data. For example, index values may be
derived by dividing all values by a common reference value.

--ie~a ---n I.. ...^~f h----rrin nvrooor

1 12%o

108%

104%

100%

96%

92%
L.1"ievila values ULU uer1veUU oy bUsiu'L11rac somel preference 1990 1991
value, such as budget, from the actual values. Derived Index graph
data generally can not be observed or measured directly, although sometimes it is more
meaningful than the original data. For example, when comparing crime in various cities,
total crimes are generally not as meaningful as crimes per thousand inhabitants.

Abstract data
Abstract graphs are generally used to illustrate such things as
concepts, principles, theories, or generalities. For example, an abstract
graph such as a break-even graph is many times used to show how
sales, volume of product, and costs interrelate to generate a profit or
loss. The axes generally have titles but minimal or no labels. Since
these graphs often do not have a true quantitative scale, some people
prefer to call them charts or diagrams. Volume

Break-even graph

Categorized by the number of axes

Most graphs are either rectangular, circular, or triangular. With few exceptions, graphs
have one, two, or three primary axes depending on their geometric shape, or in a few cases,
the type of scales. The table below indicates the primary axes for each of the major
geometric configurations. See Axis, Graph.
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Methods for categorizing graphs (continued)

Categorized by purpose

Analyzing, exploring, planning, etc.

- Major focus is on extracting the information contained in the data so that meaningful
observations can be made, conclusions reached, and/or plans made.

- Almost every form of graph is used in these types of applications except those
specifically designed for presentation or publication purposes, such as pictorial graphs.

- Graphs that compare multiple sets of data such a scatter, grouped, and combination
graphs are widely used to look for correlations and meaningful relationships.

- Techniques such as curve fitting, tolerance intervals, and three-dimensional rotation
are used more frequently here than in other applications.

- Graphs such as surface, contour, probability, and abstract graphs are used more
frequently in these types of applications.

- There is no limit as to how much data can be included on graph as long as it is legible.
- Greater emphasis is placed on content than appearance.
- Color may or may not be used.
- Final graphs are generally in the form of hard copy (a paper printout) or on a computer

screen.

Monitoring and controlling

- Major focus is on observing one or more measurements/values over time (monitoring)
to determine whether actions should be taken (controlling).

- Sequence graphs are generally used, particularly time series.
- Line and column are the most widely used, point types to a lesser extent, and area

types occasionally.
- When a reference such as budget, plan, or goal is known it is often included.
- When a reference exists, deviation graphs are sometimes used in which only the

difference between the actual and reference are shown. Both period and cumulative
data are sometimes used.

- Greater emphasis is placed on content than appearance.
- Color may or may not be used.
- Final graphs are generally either on hard copy (a paper printout) or computer screen.

Presentation

- Major focus is on communicating specific information from one person or group of
people to another person or group of people.

- Graphs can contain large amounts of data if they are being presented to a small group
using overhead transparencies or handouts. When presenting to a large audience using
35mm slides, the material on each slide is greatly reduced.

- Any type of graph can be used as long as it is appropriate for the audience and legible
to everyone.

- Techniques such as the inclusion of pictures, the use of perspective, graduated fills,
etc., are used more frequently in these applications than in the two applications above.

- About equal emphasis is placed on content and appearance.
- Color is used extensively.
- Final graphs are generally in the form of 35mm slides, overhead transparencies, or

video projection.

Publications, reports, reference documents, etc.

- Applications range from simple bar graphs for newspapers to complex graphs for
technical publications.

- The major focus varies with the application.
- The types of graphs, enhancements, amount of detail, size, etc., vary depending on the

subject, the audience, or the publication.
- About equal emphasis is placed on content and appearance.
- Color is used extensively.
- Final graphs are generally in the form of hard copy.
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Graph (continued) Methods for improving the value and ease of understanding of graphs
Many methods have been developed to increase the amount of information encoded into
graphs and to make them easier to understand. Some of the techniques apply only to
specific types of graphs; others are applicable to almost all types. Summarized below,
alphabetically, are representative examples of many of the major methods used today. For
detailed information see the entries referenced with the examples.

Additional variable encoded with symbols

An additional variable can be encoded in many
ways. In this example it is done by varying the sizes
of the plotting symbols (circles). Varying color,
shading, patterns, shapes, or line thickness, are
other methods. See Symbol.

The size of 101
symbols such as

circles is
sometimes used

to encode an 6
additional
variable. 4*

2

0*
2 2 4 6 8 10

Confidence intervals to show probabilities
Methods have been developed for indicating confidence limits and intervals for many types
of graphs. See Confidence Intervals and Range Symbols.

16 -
1 4 - Fitted curve
1 2 0*

100

6 -

4 Confidence
2 * interval for

fitted curve

An 2 4 6 8 10

12-

10 c t\ onfidene
intervals

2 A B

Point graph with fitted curve Column graph Box graph

Direction of changes
I_ 1_Favorable
- Unfavorable

By means of arrow heads and color coding, the
direction of change and whether or not it is favorable
can be encoded. See Change Graph.

Drop lines used to help locate data points-

14
1 2

Thin lines help the viewer's eye 8

relate a data point and its value or 6

location. See Drop Line. 24

0
LB
Lint

MeasureI

Measure I

A

Measure C

Measure D

Inanrlgeg Yrprr 0 20 40 60 80 100

D lines at e

0 0 1 2 3 4 5
a graph Scatter graph

r 1I1s all V UbU W lSSgS1SSgL JJUL a UIUX UUMa

A wide variety of fills are available to differentiate data series,
highlight differences, or call attention to particular data. See
Fill, Silhouette Graph and Difference Graph. Examples of fill
are also presented in the reviews of most of the major graphs.

r c.usa Jplasau kl anUses

When ranges or spreads are important,
the traditional bars or columns are
sometimes eliminated and only the
ranges plus some inner value such as
average or median are shown. See Bar
Graph and Column Graph.
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Grap (cntined)Methods for improving the value and ease of understanding of graphs (continued)

-Frame shifted for clarity

To avoid having data points appearing on
the axes or scale lines, the frame and scale
lines are sometimes shifted slightly
horizontally and/or vertically. See Shifted
Frame and Scales.

-Multiple variables encoded into symbols

When several variables are to be Cc
encoded, the symbols become more complex. bes
Symbols that are capable of encoding large
numbers of variables are sometimes called
icons. See Icon.

a8-

:I

10)mplex symbols, a
ch as faces, can
used to encoded

u1tiplenvrables.
Se Chemof4

Faces.
2

n0 2 4 6 8 10

-Pictures or images used to expedite orientation and improve appearance

Pictures, images, or icons are
sometimes used to orient the viewer
and improve the appearance of the
graph for presentation purposes. See
Pictorial Graph.

- - .t J.. _3 _~_ _ __

Guitars

Trumpets

Pianos

Pictorial graphs

4.

Graphs are often used to project or
estimate the future values of a data
series. The projected portions of
the graph are generally clearly
differentiated. See Projection.

,-Condition 1
--- Condition 2

-Uci

ejected N

JFMAMJ JASOND

-Reference lines to make deviations stan(

Reference lines can be used to compare actual
data against or simply to point out a value of
interest. Drop lines, columns, or bars, might
extend all the way to the zero axis or stop at
the reference line to highlight the deviations.
See Reference Line.

idniton 3i

Time p-

I out

6- 6-

4 - - - - - -- 4 -

2 -Reference 2 -Reference
line line

0 0
01 2 34 50 1 23;4 5

Drop lines to zero axis Drop lines to reference

-Scale bars used to indicate equal increments on graphs with different scales

When scales are
expanded, comparisons
between graphs can be
misleading. Scale bars
help reduce this problem.
See Scale Bars.

25 -

20:'

10:_

5:

0:
0 1 23 4 567 8 910 0 1 2 34 5e67 910 0 1 23 4 567 8e910

Scale bars for visually relating data plotted on graphs with different scales

-Scales expanded for clarity

In order to magnify that portion
of the graph that contains the data
under study, the scales are
sometimes expanded. See Scale.
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Graph (continued) Methods for improving the value and ease of understanding of graphs (continued)
Shadows Drojected onto flat surfaces

Shadows projected onto walls -

Three-dimensional graphs are many times difficult to
visualize. One method for assisting in the visualization
process is to project a shadow or outline of the data onto the
walls of the graph. See Three-Dimensional Graph.

-Q.hnwina nnlv clipes nr nrnfilles nf thrPPeeimPnensna1l wrnhe

Only selected planes are plotted

An additional method for gaining a better understanding of
three-dimensional data graphics is to display only selected
planes, slices, or profiles. See Slice Graph and Profile Graph.

-Sketching boundaries to show patterns of upper and lower values

Lines are sometimes drawn that
approximate the major upper and lower
values of a data series to emphasize how
the outer values change and how the spread
changes. See Envelope.

10

8

6

4

2

0

Smoothing to make data easier to analyze
When data points are spread out or if they have large fluctuations from time period to time
period, it is sometimes helpful to superimpose a line or surface over the data to approximate
the general shape, or slope of the data. Shown below are three examples of such techniques.
See Curve Fitting and Moving Average.

14- Polynomial fitted line
12 -
V

0 2 4 6 8 10
Polynomial line fitted to Surface fitted to three-
scatter graph dimensional scatter data

S upARAfE tO --. I -- i 50 A - ii -

Actual data

3 month moving average

JFMAMJ JASONDJFMAMJ JASONDJ FMAM

Moving average applied to
line graph

To condense two or more graphs into one and make
certain relationships easier to spot, a supplementary
grid and scale are sometimes added. See Supplementary
Scale/Grid.

12-

10-

8-

6

4.

2-
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Symbol type and placement to improve readability
New symbols have been developed as well as ways of displaying them. The three examples
shown here address the problem of overlapping plotting symbols. See Symbol.

One Two Three Four g | | *
data data data data
point points points points 0.8 0.9 1.0 1.1 1.2 0.8 0.9 1.0 1.1 1.2

Sunflower symbol Data points stacked Data points jittered
cmn ...- A #in tan -. haeor.nl.

Instead of displaying two data series as two sets of bars
or columns, symbols are occasionally used to represent
one of the data series. This technique is most widely
used when one of the data series is to be used as a
reference. See Bar Graph and Column Graph.

18%
16%
14%
12%
10%

Supplementary scale
Supplementary grid lines

I

93 94 96 96 97 98 99
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The use of multiple graphs in conjunction with one another

Using graphs in conjunction with one another sometimes has a synergistic effect, in that the
value of the multiple graphs is greater than the sum of the value of the individual graphs.
The examples below demonstrate some of the many ways multiple graphs are used
together. They also illustrate some of the advantages of such a technique.

-VI U.. A. t rs ". apU oupra .RN&F-n - -

10

One of the most widely used methods for
combining multiple graphs is to superimpose
two or more graphs on top of one another. The
resulting graph is sometimes referred to as a
combination graph. See Combination Graph.

a

6

4

2

-Multiple graphs juxtaposed to one another (with complementary data)

When two or more graphs are placed immediately
adjacent to one another they are often referred to
as juxtaposed. They may be above and below or
side-by-side. With complementary data, the
graphs are assisting one another to present
broader, more meaningful information to the
viewer. Three well-known examples illustrate the
idea.
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3 5 7 9 11 13 1U 17 19 21 23
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34

33.

32
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An X-Bar/R chart is widely used in the field of
quality control. The upper graph displays
sample averages and the bottom graph the
spread of sample values. See Control Charts.

10

8

One-axis . . -.
stripe graph 6 - . * -.

4-
One-axis

point graph 2 * *

0
0 2 4 6 8 10

One-axis graphs are added to the side
and/or top of scatter graphs to show how
data is distributed along an individual axis.
See Marginal Frequency Distribution Graph.

Daily stock price `

";; > [v ,It,,t [J
rq,;, fF t t"[ ,

Daily volume
(in thousands) l l

Time D
A price-volume chart is used extensively in the field
of investment. The upper graph plots the key stock
prices for a given period (normally a day). The
lower graph plots the number of shares of the stock
sold during the same period. See Bar Chart 2.

-Multiple graphs juxtaposed to one another (with comparative data)

With a juxtaposed group of graphs, the primary purpose is to compare the data on each
graph with the data on each of the other graphs. The alternative to juxtaposing the graphs is
to superimpose them on top of each other. An example of four juxtaposed graphs with a

different data series on each is shown at the left. For
10 10

8 | ease of comparison, the 10
- i - same scalesareusedon 9-

44
2 Series A 2 Series B all four graphs. The same 8 -
o o 7-

9, 92 VI 94 95 WM W7 0 W 92 9, W W 7 four graphs (data series) 6
10 10 are superimposed in the 5-
8 8
6 6 example at the right. 4

4 4 Each method has its 3
2- Seriesc 2 Seres D | i,*.noe T. to 2-

U0 m 92 5 94 *7 90 97 " I I

The same four data series curves examples, the juxtaposed 0 I s0'91 92 93 '94 '95 'W6 '97
shown at the right are displayed graphs are less cluttered, The same four data series
here on juxtaposed graphs. but on the superimposed curves shown in the juxtaposE

-- h.lm o# *lho loft -

superimposed on top of each
other in this graph.

graph it is easier to note that all four data series had approx-
imately the same value sometime between 1994 and 1995.
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The use of multiple graphs in conjunction with one another (continued)
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In situations where multiple variables are to
be monitored, compared, analyzed, etc.,
matrixes are often advantageous. The
examples shown here represent three
distinctly different ways that matrixes are
used.

At the right is a typical matrix of graphs.
Column graphs are used in this

example; however, almost any type of
graph will work. Common scales may or

may not be used. See Matrix Display.

Vpriable A
histogram

5.0

.0 .>.- E L.4.>
. Variable B

0.5 hastogram
7.5

03 yr., -Xi'P - EJI
> .. Vanable C
0.5 hltogram

0 9.0 0.5 5.01.5 7.5
varfaie Frl A 0llI 0/B;fi1 varer F/. ,^A
Varlaule A varnable 1B Vanaole (i

Scatter graph matrices are used to investigate
correlations between multiple variables. They
frequently utilize a bidirectional tabular format.
The histograms in the diagonal squares are
optional. They illustrate another case of multiple
graphs that complement one another.

Division A Division B DivisionC
025,000
$920,000 I

15,000

,J)S0,000

$5000

90 91 92'93 94 95 99091092'93'94 S 90W91 92 93 9495

SOSl 2 9394 95 9091 92 93 9455 90S1 929S394 55

o r 20% 1

9091 9293949 90 91 92'93 94 95 90 919293'94 95

BI
Brand A

Brand E

Brand E

Brand M

Brand B

Brand F

Brand J

Brand N

&A NL
Brand C Brand D

Brand G Brand H

Brand K Brand L

Brand 0 Brand P

Above, each icon represents a graph of eight
characteristics for 16 different brands of
desktop computers. An icon comparison
display, as this is called, is used to compare
multiple variables for multiple entities. A
legend is always required for this type of
matrix. See Icon Comparison Display.

1VAuaLaup g5Ujap 515 1X5m ClUe0iu

A mosaic graph, as shown at the right, is
an example of how two different types of
graphs can be intermingled to form a
single meaningful graph. In this case it is
a mixture of 100% bar and 100% column
graphs. See Mosaic Graph.

lF.570

80% -

60% -

40% -

20% -

-v-.Ioal v. Fp.. 0% 20%

-Multiple graphs plotted back to back

Codot goods aed I R & D I wirIAft

40%

- 80%

- 60%

-40%

- 20%

60% 80% 100%

100%
80%
60%

In order to make comparisons clearer, 40%

two bar graphs or two column graphs 20%0%
may be constructed using the same zero 20%

axis. See Bar Graph and Column Graph. 60%

807%
100%

Bac
Graphs used as insets for other graphs

Insets are used to provide additional insight
into the data or to help orient the viewer.
Sometimes an inset magnifies particular data in
a graph. Other times it lets the viewer see the
data in the basic graph in terms of a larger
family of data. See Inset.
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Back-to-back bar graph
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Inset graph showing how the
totals of the five data elements
compared in the two years.
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Graph (continued) The use of multiple graphs in conjunction with one another (continued)
-Multiple graphs representing the elements of a composite graph

24

22

Sometimes the data series from which 20

a graph is plotted is the sum of several 16

component data series. When those 14

component data series are separated 12

out and plotted individually, the result 10
is sometimes called a decomposition 6

graph. The examples at the right show 4

the composite curve as well as graphs 2

nf thi fn-r -n-nnant Anta c.r.. that 0

° Kid 'N12.

2o t ;VVVVVVVVVVI;
01 i

-1 f. . . . . . . . . . . . . . . . .
V. tub 'U.. 19901991 1992 1993'1994 1995 1990 1991 1992 19931994 1995

comprise it. See Time Series. This graph is a composite of The graph on the left is the result
the four graphs at the right. of adding together the curves

shown on the four graphs above.

Decomposition graph
Multiple cross sections of a three dimensional graph

The data points in three-dimensional scatter graphs are sometimes grouped into a series of
planes or cross-sections so the viewer can get a better idea as to how the data is distributed
and the patterns it forms. These two-dimensional cross-sections are then sometimes rotated
into the plane of the paper for easier viewing, as shown on the right below. A group of such
graphs is sometimes called a casement plot. See Slice Graph and Casement Display.

Three-dimensional scatter graph in
which the data points are grouped
or condensed into three planes
along one axis

Multiple graphs formed by proje
three-dimensional graph

With three-dimensional graphs, certain fe,
of the graph can be projected onto the floe
ceiling, and/or walls, forming two-dimens
views of the data. Such projections can he
the understanding and interpretation of the
See Three-Dimensional Graphs.

N 12

2L 112 16
31

Ages 13 & below Ages 14 to 19 Ages 20 & above
Casement plot in which the three slices in the graph at
the left have been turned parallel to the plane of the
paper and placed side-by-side

!ctions of a

itures

r, Projections on the,
ional ceiling and floor

Ip in
- data.

Multiple graphs representing different views of a three-dimensional graph
An additional method to arkW
heln viewers understand the *-t th. -

data in a three-dimension,
graph is to show multiple
views of the data graphic.
With a computer, this
can be done by rotating
the three-dimensional
graph. When hard copy is
used, this is sometimes do
showing the three-dimens
plus selected side and top
shown here includes view
These three views are son
display. See Draftsman's I 173
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Graph (continued) The use of multiple graphs for analyzing and presenting the same data

When analyzing data it is many times advantageous to generate a variety of graphs using
the same data.This is true whether there is little or lots of data. Reasons for this are:

- Frequently, all aspects of a group of data can not be displayed on a single graph
- Multiple graphs generally result in a more in-depth understanding of the information.
- Different aspects of the same data often become apparent.
- Some types of graphs cause certain features of the data to stand out better
- Some people relate better to one type of graph than another.

To illustrate, the graphs on this and the
following page were all generated using the Elected Officials in Some County
data shown in the table at the right. Some of Male Female
the graphs bring out information about the Year Under 40 Over40 Under40 Over 40years old years old years old years old
data not shown in the other graphs. Some 1980 49 69 27 21
simply show the same data in a different 1990 66 41 52 43
format.

This line graph indicates that three of
the four subgroups increased roughly
the same amount from 1980 to 1990
while the group of males over 40 went
down significantly. In addition, the
approximate sizes of the subgroups can
be estimated.

Male under 40

Females under 40

Males over 40

Females over 40

1980 1 990

In this grouped column graph the
changes in age groups are not as
apparent, but the comparisons
between the males and females in
each age bracket tend to stand out
clearer than in the line graph above.
Since this graph includes totals, we
can see that the total number of
female officials went up significantly,
while the total for the males went
down slightly from 1980 to 1990.

This grouped bar graph contains exactly
the same information as the column graph
immediately above. Some people prefer to
have similar data lined up as it is here
instead of having to search out the
columns that represent comparable data.
For example, the bar showing the number
of females under 40 in 1990 is directly
across from females under 40 in 1980. In
addition, some people prefer to have the
labels running horizontal. 120100 80 60 40 20 0

Number of elected officials
0 20 40 60 80 100 120
Number of elected officials

When the number of data points is small, three-dimensional graphs can sometimes make
relative relationships easier to see although exact data can seldom be read accurately.

Female Male Less than 40 years old174 Over 40 years old



The use of multiple graphs for analyzing and presenting the same data (continued)

This index comparison graph makes
it easy to compare the percent changes
in the overall number of officials as
well as all of the subgroups. In addition
to presenting the exact percents for
each entity directly on the graph, the
slopes of the lines give a good visual
overview of the changes relative to one
another.

220%-

200%-
180% - ~
160% - ~
140%-

120% -- - --

80% - -

60% -
40%

1980

A Females over 40
4 All females
V Females under 40

4- All candidates under 40
4 Males under 40
4 All candidates
- All candidates over 40

'* All males

4 Males over 40

1990

If one is primarily interested in the
differences between males and
females, a difference graph can be
generated as shown at the right.
From these two graphs we can see
that a major change occurred in the
over-40 age group, resulting in more
female than male officials in this age
group in 1990.

12

10

8

E

4

2

The same information shown in the difference
graph can be plotted on a deviation graph
where the differences are plotted along a zero
axis. In this graph the differences from group
to group and period to period can more easily
be quantified and compared.

120-

100-

80

60-

40-

20-

0-

1980

1990

1990
Male

Female
.. .......... - -.. .... . .... ... . .. . ... .................. ...... ..

Male

.Female Female''''-''-'... ... ............. ''''
Male

Under 40 Over 40 Total

) 0 10 20 30 40 50 60 70 80
Number of males compared to females

By plotting multiple graphs, the changes
within subgroups such as male and female
can be seen in more detail. For example,
the number of females increased from
about 50 to about 95. Since the increase in
both age brackets was about the same
percent, the mix of the two age groups
remained about the same. With males the
overall number dropped from about 120 to
about 110. Because one age group of males
increased while the other decreased, the
mix almost reversed itself from about 40%
under 40 and 60% over 40 in 1980 to 60%
under 40 and 40% over 40 in 1990.

In these stacked area graphs each of the subgroups is
plotted against the whole. The upper graph is in terms of
number of officials, while the lower one, a 100% stacked
area graph, is in terms of percent of the whole, using all
officials as the whole. In both graphs the sexes are combined
in order to focus on the overall changes by age group. From
these graphs we can see that the younger group increased in
numbers while the older group, as a whole, remained about
the same resulting in an increase in officials younger than 40
from about 45% in 1980 to just under 60% in 1990. It can
also be seen that the major cause for the large shift was the
significant decrease in the male officials over 40.
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Graph (continued)

Terminology
With more and more graphs being generated on computers,
the name a graph is referred to by is becoming increasingly
important. To match the type of data to an appropriate graph,
and to obtain the maximum benefit from graphical software,
one has to understand the terminology in the users manual.
* The name of a graph might be affected by such things as its
configuration (e.g., line, column, area, etc.); the number of
data series (e.g., singled or grouped); the type of data (e.g.,
quantitative, category, time series, etc.); or the arrangement
of the data series (e.g., stacked, overlapped). Major variations

are addressed under individual graph headings. The table
below summarizes variations of graphs that have a
quantitative scale on the vertical axis (the norm for these
types of graphs) and on which all data points are referenced
from the horizontal axis (e.g., excludes variations such as
stacked and range). The bold type above each graph or group
of graphs indicates a name frequently used for that type of
graph. Most graphs are referred to by more than one name.
Only representative names are shown in this table. Alternate
names are listed under the individual graph headings.

I Terms used to describe selected graphs with single and multiple data series and various scales I

use common X- All data points use common X- All data points
axis coordinates. have a unique axis coordinates. have a unique
Each data point pair of X and Y Each data point pair of X and Y
has a unique Y- axis coordinates. has a unique Y- axis coordinates.
axis coordinate. axis coordinate.

Simple point graph Grouped point graph
2 Simple scatter ------------- --------- -4 Grouped scatter graph

0 0------- graph (paired) (paired)

2 2' 2 ° 0 20 2 8 o

6-TeTe6t eTd '9192939495 012345678 TestTestTea 2 939495 012345 678 0 12 3 4 5 67 8

- Category scale Sequence scale Quantitative scale Category scale Sequence scale Sequence scale Quantitative scale Quantitatiye scale

0i0*Simple iine graph *Grouped line graph
-Simple scatter Grouped scatter line graph

M l ine graph (pie)pard1L1 10 roe (pa red)

4-4-4 4-44
02 2- 2- 2- -2 -

. 0  
3t e0l Test Tes34V7 Te d S2 '934 95 94 5 0 1 2 34 5 67 8 012345678

Category scale Sequence scale Quantitative scale Category scale Sequence scale Sequence scale Quantitative scale Quantitative scale

Simple line graph i 4 Grouped | grap

-- - - - -- -ie rp -*(paired) (paired)

11 00 10 1..MTe 00 tl0aZTI ~ .......... .. .. 4-

6-
41J2
0

6-

41
2-

L O -

6 6 u s O 6
14 4i 4 4t

I I 1V 4y U I ' Z 00 - I 1 3 I 4 57t I u I Z 94 I4 aI u I1 Z 34 5 80 1 3 I
of 1 #2 #3 14 - I - - #2 #3 " I --

Category scale Sequence scale Quantitative scale Category scale Sequence scale Sequence scale Quantitative scale I Quantitative scale

I Simple column graph O.

I 1 16 ~ 
l

10 10

j2 -2

l .1 123 9 12
e.[ Category scale Sequence scale

--- 4 .
0.

0 2 4 6 8 1012
Discrete or
continuous data,
sometimes called

176 vertical line graph

Grouped column graph

Vertical line Histogram Vertical line
graph graph

ti0 10lled
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vertical line graph intervals. Some- vertical line graph
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histogram.
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Graph (continued)

Terminology and location of key graph elements
The illustrations below outline the major terms used with graphs. When multiple terms are widely used to refer to the same
thing, each of the terms is included. All of the parts of a graph such as grid lines, axes, labels, tick marks, legends, data
graphics, notes, etc., are referred to as graph elements. For more detail see Grid Lines; Tick Marks; Scales; Axis, Graph;
Legend; Symbols; Data Graphic; Frame; Data Point; Data Set; Data Series; Data Element; Background; and Three-
Dimensional Graph.

Chart title frame or border

Vertical axis title, scale
label, scale title, axis
label, scale legend,
heading, caption, or

axis name

Data graphic label,
marker label, data point

label, or interior label

Data graphic, data
marker, marker, or data
measure (e.g., dot and

column)

Margin or border
Axis label, tick mark label,
caption, scale label, scale.
figures, scale designation,

stub, or stub item

Horizontal axis title,
scale label, scale title,

axis label, scale legend,
heading, caption, or

axis name

Note title
Note frame or border

Note

Plot area or data

Major tick mark
stub mark, tick,

scale

Minor tick mark
stub mark, tick,

scalE

Curve and gr
columns represent

Left vertical ax
Y-axis, or left sca

Chart title, label,
heading, or caption
Chart subtitle
Graph title
Chart frame or border
Minor horizontal grid line,
scale line, coordinate
line, ruling, or grid rule

Major vertical grid line,
scale line, coordinate
line, ruling, or grid rule

Major horizontal grid line,
scale line, coordinate
line, ruling, or grid rule

Graph frame, grid border,
box, rectangle, plot area
border, or scale lines
Data graphic frame,
marker frame, or border

Data series labels
or names

Legend or key title
Legend or key frame
or border
Legend or key

Top horizontal axis, top
X-axis, or top scale line

Extent

IData points

Right vertical axis, right
Y-axis, or right scale line

Horizontal or
X-axis scale

Y-axis scale stub mark, tick, tic, or axis, bottom X-axis, or
scale point bottom scale line

Terminology used with graphs
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Graphical Linear
Programming

Graphical linear programming is a graphical method for solving problems using the linear
programming technique. It is basically restricted to problems that have only two variables,
no negative numbers, and all linear functions. Problems that lend themselves to this
technique typically have two things in common. First, they have a single objective of
maximizing or minimizing something (referred to as objective function) and second, they
have limitations (called constraints) that many times are stated in terms of equal to or
greater than or equal to or 20 n Shaded area is the regon 20i Fnamily of objective
less than. Linear N

programming is used for such
applications as resource
allocation, distribution >1o
problems, mixture and blend Vertexes
decisions. Some of the
terminology used with linear °

plurIaIIUIIIa rlapilb lS Variable 1 Variable 1
shown at the right. Terminology used with linear programming graphs
* There are generally three major steps to solving a problem using graphical linear
programming.

1. Determine the mathematical expressions for the constraints and plot these
equations to establish the region of feasible solutions.

2. Determine the expressions for the objective funtion and plot a series of parallel
lines with the slope of this equation. (In practice, a single line can be plotted to
establish the slope and then a number of techniques used to develop a series of
parallel lines to determine the optimum data point in the feasible solution area.)

3. Overlay the two plots and determine the coordinates for the data point where
the objective function line and the feasible solutions region just meet. The X
and Y values for that point yield the optimum solution. When maximizing
something, one looks for the objective function line farthest from the origin
that just touches the feasible solution area. That point at which the line just
touches will be a vertex and is the optimum solution. When minimizing
something, one looks for the objective function line closest to the origin that
just touches the feasible solution area. That too will be a vertex and will yield
the optimum minimization solution.

Examples of the graphical steps involved in solving a graphical linear programming
problem are shown below.

step 1. Plot the constraints and identify 2. Plot the family of objective 3. Overlay plots of constraints and- the region of feasible solutions, f inesfamily of objective function linesand determine optimum solution.

Ontimum solution Pnint
*) 20 al
C 2- Region of al
at feasible
E ( \solutions

E i 0 -
,9v : 10  Constraints M
r .- -7

0-fl
E CD
V ~s 0 .

"I1i

0U VC a b le 20
I ~Variable 1

20 at which objective
function line farthest

from the origin just
K touches the region of

N \feasible solutions.
0 - (X=7, Y=5)

.B1o ".5

0-

Variable 1
-i i i,

I I Reoion of feasible solutions I
I I I .

0) 2

CD

*E .

).-C0 - CD
00

III _
0 a 1 201

1 -- IVariable I
I I I- . . - __________________ I ..

Steps involved in solving a problem using the graphical linear programming technique
178

I



Graphic Table

Graph Matrix

When graphics are used in a table instead of words or numbers, the result is sometimes
referred to as a graphic table. Examples are shown below. See Table.

A variation of a
matrix display. A
graph matrix
consists of multiple
graphs, frequently of
the same basic type,
arranged in rows and
columns in some
organized fashion.
Their major purpose
is to simplify the
analysis of large
quantities of data by
enabling the viewer
to study multiple
graphs at one time.
See Matrix Display.
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Graph matrix

A slang word for graphical error. It is the equivalent of typo, which means typographical
error in word processing.

Graph paper consists of commercially available, preprinted graph forms with grid lines and
sometimes scales. The paper is used for manually generating charts and graphs. The grid
line patterns available range from very simple to very complex. The list below gives some
idea of the more popular grid line patterns available.

- Circle graphs - Probability
- Isometric orthographic - Semi Log
- Log Log - Simple square sections
- Perspective - Time series
- Polar coordinate - Triangular

Within each pattern there are generally many variations available. For example, in the
simple square pattern, one can get coarse grids with as few as one or two squares per inch
up to fine grids of 20 or more squares per inch. Patterns are available in metric as well as
inch dimensions. Many specialized technical and statistical patterns are also available as
well as preprinted forms for maps, charts, planners, etc.

Graph Theory Graph theory is considered a branch of mathematics. It has practical applications in many
different areas, ranging from determining the most efficient routes for letter carriers to the
design of complex computer circuits. The term graph, as used in the context of graph
theory, has an entirely different meaning than the word graph as used anywhere else in this
book. In graph theory, graphs are sometimes described as diagrams, networks, or models
and consist almost entirely of dots and lines similar to the examples shown below. The dots
are normally referred to as vertices, points, or nodes. The lines, which might be straight or
curved, are referred to as edges, arcs, links, or curves. The dots or vertices may represent
almost anything including people, places, things, events, etc. The lines may represent
specific entities or simply indicate a relationship between the two points they connect.
When the lines or edges have arrows indicating direction, the diagrams are frequently
referred to as digraphs. For example a diagram used in the critical path method (CPM) is
sometimes considered a digraph if it has arrows.

Examples of graphs as referred to in graph theory

Country Country Country
A B C

Eports w it iti
+++t b" aw"

Imports

Grapho

Graph Paper

iI

Example of a digraph 179
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Sometimes called a geographic grid. A network of lines
on maps and globes used to locate places and things, a
graticule consists of two major sets of lines, one set
running north and south (called meridians or
longitudinal lines) and the other running east and west
(called parallels or latitudinal lines). See Map.

Graticule or geographic grid

Thin lines forming grids that are used as visual aids in many types of charts. They have
many functions including:

- Serving as a tool for the encoding and decoding of information
- Helping locate items
- Orienting the viewer and giving a visual indication as to how the chart is laid out
- Providing guide lines for the viewer to use in visually following data
- Compartmentalizing information such as forming quadrants, columns, cells, etc.
- Providing a reference so the viewer can make visual comparisons

Although grid lines can be used on all types of charts, they are most frequently used on
graphs, maps, and tables.

Grid lines on graphs
Sometimes called rulings, grid rules, coordinate lines, or scale lines.

Types of grid lines
The three major types of grid lines used with graphs are major, minor, and intermediate.
The major grid lines align with the major labels on the scale and are the boldest in
appearance. Intermediate andd 3i h n
minor grid lines align with the - -- - on
lesser tick marks and/or labels. Intermediate horizon
If lesser tick marks or labels 2-- grid lines
are not shown, the grid lines
denote where they would be if
they were shown. Intermediate I--- Major horizontal gi
grid lines are only occasionally
used. Minor grid lines are the Major vertical grid
least bold of the three types. 0 19 Th ot ln are

Altretpsogrdlnscn1990 1991 1992 1 9 314 The outer lines areAll three types of grid lines can Examples o majot of grd sometimes considi
be used on either the vertical or finac Althnimrh nnf ahnwn h~r grid lines as well a
horizontal axis.

id lines

Dntal

id lines

lines

sered
s axes

Wri~i;Wol~" I and parts of the frame.vertical minor and intermediate
grid tines can also be used.

Alignment of grid lines

The examples shown here indicate how grid lines are most frequently aligned with regards
to labels, tick marks, and data points. Vertical grid lines are used in each of the examples.
The same principles apply to horizontal grid lines.

180
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Grid lines on graphs (continued)
Spacing

There are four major variations of spacings used with grid lines on graphs.

Grid
and
Grid Line
or
Grid Rule
(continued)

exist; therefore, the spacing of the grid lines is dependent * A B C D E

on the spacing of the data points. 1000

In the majority of cases, the space between any two
parallel grid lines is the same for the full length of the 100
grid lines. Exceptions are grid lines on graphs drawn in
perspective, grid lines for certain supplementary scales,
and the radial grid lines of circular graphs. 10

\92 '93 '94 '95 '96 '97 '98 '99

17%

16%

15%
4.80

14%
13% 3.35

2.45
1.85
1.25

J FMAMJ J ASOND A B C D E

Type of grid line

Major, intermediate, and minor grid lines are differentiated from one another by means of
line width, dashes, dots, color, or shading. Major grid lines are always the boldest and
minor grid lines the faintest, whichever method is used.

2

1990 1991 1992 1993 1994
All lines solid black with minor
grid lines thinner than the major
grid lines

3-

2

0

2-

1-

1990 1991 1992 1993 1994
Minor grid lines the same size as
major grid lines but a fainter
shade

--.---- [----l---- |--------

F ------ ----l 1---d-

1990 1991 1992 1993 1994
Major grid lines solid and minor
grid lines dashed or dotted

Variations sometimes used to differentiate various types of grid lines

Length of grid lines (partial grid lines, drop grid lines, and drop lines)

When a grid line does not extend completely across the graph it is sometimes referred to as
a partial grid line, a drop grid, or a drop line. Partial grid lines can be used with any type of
graph, including three-dimensional. They can be used with single or multiple data series,

on the horizontal or vertical axis, and as major, minor, or intermediate type grid lines. The
use of partial grid lines can sometimes enhance the readability of the graph by reducing the
niimher nf 11nnprpc.Rerv inePC

Examples of graphs
using partial grid
lines, sometimes

called drop grids or
drop lines

* On most graphs the grid lines are equally spaced. Major
grid lines are normally aligned with tick marks and/or
scale labels and since most scales are linear, the spacings
between most labels, tick marks, and grid lines are equal.

* When nonlinear scales are used, the spacings between
grid lines are uniform but generally not equal (e.g.,
logarithmic).

* In some cases grid lines are shown only where data point!
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Grid lines on graphs (continued)Grid
and
Grid Line
or
Grid Rule
(continued)

three-dimensional
graphs than with two-
dimensional graphs,
because added grid
lines generally do little
to improve the
readability of three-
dimensional graphs.
* At the right are six
examples of the same
data with the number
of horizontal grid lines
ranging from zero to
29, not counting the
frame lines.

30-

15-

0-
I ~I-I0DII0111
1990 1991 1992 1993 1994 1990 1991 1992 I1993 4 990 99 992 1993 14

No horizontal grid lines One horizontal grid line Two horizontal grid lines

-- 0,D ,0 0 -- -f0 v- -,,, '-,0 - ,, - a

Five horizontal grid lines 14 horizontal grid lines 29 horizontal grid lines
Six graphs of the same data with varying numbers of horizontal grid lines

Location of grid lines
- Typically grid lines are located behind the data graphics in both two- and three-

rlimo -i-n - -rnh A-c -hwi i falk-r- --rmrl- h-l-,w

91 '92 '93 '94 '95 V1 92 *3 '94 '95

- Occasionally the grid lines are located in

0 1 2 3 4 5 6 0

16 I j 6-I
1A-

front of or on the data graphics, as shown 12 -

at the right. This is done for two main 10-
8 -reasons: to aid the viewer in estimating 6 -

data point values, particularly with data 4 -

graphics that have large surface areas 2

5 i.
4- Mil

such as area graphs; and to improve the '91 92 W 94 '96 ' 91 '929'3 "94 `9
appearance of the graph. Grid lines located in front of or on data graphic

- In still other cases, the grid lines are shown both on and behind the data graphics. This
technique is used more I
difficult to read. Is,
When multiple types 14

12
and locations of grid 10.

lines are used, it is a -
matter of judgment
as to which grid lines 2.

should go where. 0

ies

-Split gGraphs on which gird lines are located behind and on the data graphics
-Split grid

Sometimes called scale break. In order to expand a scale without increasing the size of the
graph, discontinuities are sometimes intentionally introduced in the scale and grid. When
discontinuities are introduced the major considerations involve the scale; therefore, this
subject is discussed in detail under the heading Scale as well as the major graph headings.182

rl umuur Ox grnu uua - __

The two factors having the greatest influence on the number of grid lines used on graphs are
the number of labels and the degree of accuracy expected in the decoding process. Major
grid lines are generally associated with scale labels; therefore, the more labels, the more
grid lines. Two key ways of increasing the accuracy of decoding are (1) to increase the
number of scale labels and their associated major grid lines and/or (2) to increase the
number of minor and intermediate grid lines between the labels. Both actions increase the
total number of grid lines. Generally an effort is made to strike a balance between degree of
accuracy and number of grid lines. Too few lines reduces the accuracy, and too many
causes clutter and makes the graph harder to read. Fewer grid lines tend to be used with

Nwlmhaw At "PiX dingl -
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and Circular graphs
Grid Line Most circular graphs have two sets of grid lines. One set, called radial grid lines, marks off
or distances (generally of equal length) around the circumference. The other set, called
Grid Rule circular grid lines, marks off distances along the radius. Examples of both are shown below.
(continued) Major, minor, and intermediated grid lines may be used as with rectangular graphs. If a

circular graph has only one axis, as in the case of circle graphs, there are no circular grid
linPe and nnFv the radial 270'

grid lines are used. See
specific circular graph
headings for more
information.

Radial grid lines are generally
equally spaced around the
circle. They may be used for
marking off equal numbers of
drArAAs or for danotinn

Circular grid lines are
concentric circles that mark

. off units of measure along
the scale that radiates from
the center of the circle.

categories or sequential units. 120SO- 60°

Examples of grid lines typically used on circular graphs

In some cases only partial grids are used with circular graphs to enlarge the area of interest,
improve accuracy in decoding, make scales more visible, and focus the viewer's attention
on areas where the data is plotted. Three examples are shown below. * Linear or logarithmic
scales can be used with either a full or partial grid. An example of a partial grid with a
logarithmic scale is also shown below.

Examples of partial grids used with circular graphs

Trilinear graphs
There are three sets of grid lines on trilinear graphs, one for each axis. The grid lines are
drawn perpendicular to the axes, which are the altitudes of the triangle. Major grid lines
(shown at right), minor grid lines 0
I A .-1 . I I- L. .- a I- - Grid lines for
(shown Delow) and
grid lines (not show
used with trilinear g
some cases, no grid
are used; in other ca
partial grid lines (dt
lines) are used. See
Trilinear Graph.

Lines from the vertexes 100%, 80%o 60%, 40%, 207% u
Variable 2

to the Oases opposite to the axis to which tliey'apply. Many times the axes are not
(called altitudes) form the Axes are lines that run from a drawn, and only the three sets of
axes for trilinear graphs. vertex to the base opposite it and grid lines and scales are shown.

are perpendicular to that base.
Only one axis and set of grid lines
is shown here.

When a small portion
of a trilinear grid (gray
area on left) is
expanded (example
on right), minor grid
lines can sometimes
be included for
greater accuracy in
decoding.

h 20%0
100% 80% 60% 40% 20% 0

20%

Variable B Variable B 183
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Grid Grid lines on tables
and Sometimes referred to as rules. Grid lines are used on tables to help organize and
Grid Line compartmentalize information, assist the viewer in visually tracking data, emphasize key
or information, indicate where totals occur, and improve the appearance of the table. The vast
Grid Rule majority of grid lines are either vertical or horizontal. The number of lines used on a given
(continued) table ranges from none to one or more between every row and column. Different weights

and types of lines are sometimes used to differentiate types or groupings of data. Shown
below are six of the many combinations of grid lines/rules used on tables. See Table.

1993 1994 1995 1996 1997 Total 1993 1994 1995 1996 1997 Total
Product A 23.1 23.7 24.2 24.9 25.6 121.5 Product A 23.1 23.7 24.2 24.9 25.6 121.5
Product B 2.7 3.1 2.5 1.8 0.9 11.0 ProductB 2.7 3.1 2.5 1.8 0.9 11.0
ProductC 10.7 11.2 11.5 11.9 12.5 57.8 ProductC 10.7 11.2 11.5 11.9 12.5 57.8
Product D 5.9 7.2 9.8 12.4 15.7 51.0 Product D 5.9 7.2 9.8 12.4 15.7 51.0

Total 42.4 452 48.0 51.0 54.7 241.3 Total 42.4 45.2 48.0 51.0 54.7 241.3

No lines (for reference) Horizontal lines with a double line indicating totals

1993 1994 1995 1996 1997 Total F1993 1994 1995 1996 1997 Total
Product A 23.1 23.7 24.2 24.9 25.6 121.5 Product A 23.1 23.7 24.2 24.9 25.6 121.5
Product B 2.7 3.1 2.5 1.8 0.9 11.0 ProductB 2.7 3.1 2.5 1.8 0.9 11.0
Product C 10.7 11.2 11.5 11.9 12.5 57.8 Product C 10.7 11.2 11.5 11.9 12.5 57.8
Product D 5.9 7.2 9.8 12.4 15.7 51.0 Product D 5.9 7.2 9.8 12.4 15.7 51.0

Total 42.4 45.2 48.0 51.0 54.7 241.3 Total 42.4 45.2 48.0 51.0 54.7 241.3

Vertical lines only Vertical and horizontal lines

1993 1994 1995 1996 1997 Total
Product A 23.1 23.7 24.2 24.9 25.6 121.5
ProductB 2.7 3.1 2.5 1.8 0.9 11.0
ProductC 10.7 11.2 11.5 11.9 12.5 57.8
Product D 5.9 7.2 9.8 12.4 15.7 51.0

Total 42.4 45.2 48.0 51.0 54.7 241.3

Partial horizontal lines with a gap indicating totals

ten, Ordered Description UnPricet l

- i d d

Grid lines/rules drawn independent of text

Grid lines on maps
One of the primary functions of grid lines on maps is to locate entities. When precise
locations are required, a coordinate system of latitudes and longitudes (sometimes referred
to as a geographic grid or graticule) is frequently used, as shown below. The grid lines that
riuu -nutu anA cuuuu aL,- -1au1.. -;Ai;i-n us
IU11 Il01uI tW10 SOUUI EC CaIIu Ill1MUlallb or

longitudinal lines. They are used to measure
distances east and west from a line called the prime
meridian, which passes through Greenwich,
England. The grid lines that run east and west are
called parallels or latitudinal lines and are used to
measure distances north and south of the equator.
Major and minor grid lines can be used with either
11.tintutA. nr lnn^h.Ahi flanpro11v nnv the moi-

Meridians or
longitudinal
gri lines.

Equator

Parallels or
latitudinal grid
lines.

* ---u- -- u Examples of key grid lines used with a
grid lines are used at uniform intervals. See Map. latitude and longitude coordinate system.
* With many maps, latitude and longitude are not
important. Of greater importance are things like the relative location of a place or thing with
respect to other places or things, distances between various locations in units such as miles
or kilometers, statistics with regards to various areas, etc. For these purposes grid lines may

not be necessary at all. In other cases, a map is divided into
A B C D E F G H I rows and columns by means of horizontal and vertical grid

1 lines, as shown at the left, that are unrelated to lines of latitude
2 and longitude. The grid lines seldom have a particular mileage
3 distance between them, although the maps may have scales for
4 measuring distances. Each vertical
s column is designated by a number
6 or letter, and each horizontal row

by a letter or number, respectively.
On localized maps, grid lines A table accompanying the map
frequently have no relation- cross references each major item

longitude. with its appropriate number and
letter combination so that the

A supplementary set of gridviewer can locate it on the map. * Supplementary grid lines, such lines is sometimes used for
as a series of circles, may be added to bracket a specific point and designating distances from
indicate distances from that point to various locations. See specific locations.
example at right.
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A variation of a difference graph. See Difference Graph.

Grouped Area Graph Sometimes referred to as a multiple or overlapped area graph. A
grouped area graph displays multiple data series, all of which are
measured or referenced from the same zero base line, usually the
horizontal axis. As a result of all of the data series extending down
to the zero base line, the values for each data series can be read
directly from the graph. This type of area graph should be used
with caution because it can easily be confused with the more
familiar stacked area graph. See Area Graph.

Grouped Bar Graph Sometimes called a clustered bar, multiple bar, or side-by-side Material
bar graph. A grouped bar graph is a bar graph on which two or
more data series are plotted side-by-side. The bars for a given Labor

data series are always in the same position in each group 0 PlantA
throughout a given graph. Each data series is typically a a Piant C
different color, shade or pattern. See Bar Graph. 0% 20% 40% 60%

Grouped bar graph

Sometimes referred to as a clustered box
graph. A grouped box graph is a box graph on
which two or more data series are plotted
side-by-side. Each data series is typically a
different color, shade, or pattern. See Box
Graph.

% Data series A

.i - average
1994 1995 96 1997

Grouped box graph

Grouped/Clustered Graphs

Grouped Column Graph

Using groups or clusters of two or more graphs on the same or related subject many times
offers synergistic advantages over the use of a single graph. See Graph.

Sometimes called a clustered, multiple, or side-by-side
column graph. A grouped column graph is a column
graph on which two or more data series are plotted
side-by-side. The columns for a given data series are
always in the same position in each group throughout a
aiven aranh Pnnh data serics is tvniro11v a different

0 Organization A
E Organization B
* Organization C

color, shade or pattern. See Column Graph. i
91 92 93 94 V5

Grouped column graph

Sometimes referred to as a compound line, dual line,
multiple line, or overlapped line graph. A grouped
line graph is a line graph with multiple data series,
all of which are measured from the same zero base
line axis. This is the most widely used variation of a
line graph. See Line Graph.

10

6
4 B All curves are

2 - C plotted from the2 - > same zero base
line axis.

Grouped line graph

Grouped Point Graph
or
Grouped Scatter Graph

A point graph with multiple data series, all of which are
measured from the same zero base line axis, is referred to as a
grouped or multiple point graph if one of the axes has a category
scale. If there are quantitative scales on both the vertical and
horizontal axes, graph is generally called a grouped or multiple
scatter graph. If there is a sequence scale on the horizontal axis,
the chart may be called either a grouped point graph or grouped
scatter graph. See Point Graph and Scatter Graph.

8 - 0 *
01 0-

0

20-
I I

Grouped point graph or
grouped scatter graph

Grouped Surface Graph A surface graph with multiple data series, all of
which are measured from the same zero base line
axis (XY plane). See Surface Graph.

Grouped surface graph

Group Interval Sometimes referred to as a class, class interval, bin, or cell. Group intervals are the
groupings into which a set of data is divided for purposes of generating any of several data
distribution graphs or maps. See Histogram and Statistical Map.

G4 rope ae gr ap
Grouped area graph

Grouped Box Graph

Grouped Line Graph

10

a
6

4

2

0

185

Gross Deviation Graph



Hachures Short lines used to indicate the slope of the terrain on topographic
maps. The length, width, color, etc., are varied to convey information
such as steepness or direction of slope. An example is shown at the
right. Hachures have largely been replaced by the use of contour lines
and shading. Examples of hachures //I"

Half-Bidirectional Table In certain matrixes, particularly bidirectional tables, information is occasionally duplicated
or as a result of the type and arrangement of headings. In order to minimize the space required
Half-Matrix for the table or to make the table easier to read, the duplicated information is sometimes

eliminated. When this is done the result is called a half-bidirectional table or half-matrix.
Examples of a full bidirectional table and a half bidirectional table are shown below.

|Cit 15 < 1 40 37 :5 24 4 1
City a 15 - 24 13 4 10 11: 30 tO A
CitYC i 19 24 2824t 15 :15 :34 15
CityD 401 131 28 10 36 15 34 15
City E 37 4 24 10 | 33 12 1a i 1
I I5 15 36 33 30 39 16

CiNGS 24 11 15 15 12 1 30 19 12
c H 43 30 34 34 31 39 19 21
|C;I 19 10 15 15 11 16 2 21 1

The numbers in
the grayed area
are duplicates of
the numbers in
the nongrayed
areas. They are
eliminated in the
table on the
right.

Full bidirectional table Half bidirectional table

Hanging Column A column that extends below a horizontal axis or reference line.

Hard Copy The term hard copy refers to information printed on paper as contrasted to information
delivered by verbal, on-line, computer disk, film, tape, video, or other format.

Hatch The term hatch is used to refer to a pattern
of fill that consists of evenly spaced * f l
parallel lines. If there are two or more sets
of parallel lines intersecting one another, Diagonal Horizontal Vertical Diagonal Horizontal
the pattern is referred to as crosshatch. Simple hatch Crosshatch

Patterns referred to as hatched and crosshatched
Hierarchical Organization A widely used variation of organization chart in which people, positions, organizations,
Chart ideas, facilities, or equipment are categorized by their authority, responsibility, ability,

status, power, etc. In a hierarchical chart the entities with the most of whatever is used as
the criteria are located at one end of a diagram, and the entities with the least are located at
the other end. All other entities are spaced proportionately in between. For example, if
authority is the criteria and the organization chart is running horizontally, the person with
the most authority is shown at the left and those with the least
authority are shown at the right. Those with medium authority
are shown towards the middle. Hierarchical organization charts

lPreideltl can be any shape. The most
typical one runs vertically with

V.P. VP VP. the entity highest in the

Manager Manager Managber hierarchy at the top, as shown at

Manr Manager M the left. Sometimes the shape of
an organization chart is selected

Maagr Manager 'iMa to deemphasize its hierarchical
Vertical hierarchical nature, as in the circular chart at Example o1 a circular
organiztin crthe mwith the right. See Organization hierarchical organizationthe entity with~ the most
authority at the top Chart. chart with the entity with themost authority at the center

High-Low Graph A variation of a range graph in which symbols represent sets of data, with one end
indicating the value of the largest or highest data element in the set of data and the other

Includes: end the smallest or lowest. With vertical symbols, the top represents the largest value. With
High-Low-Close (HLC) horizontal symbols the right end designates the largest value. One or more midvalues are
rl-ah ontit mllnh-AA c-u-h -n An

and 60

High-Low-Close-Open
(HLCO) Graph

20

-High average, median, first, etc. The 6D

symbols representing the ranges
might be displayed independently 4

-Low (left) or at the ends of standard 20

bars or columns (right). See 0
- I A I A I C I n I E I Ianna %;-hnxle nand f-n-h.o A

* A - V ' - - . ad . Symbols used in con-Symbols used independently similar type of graph is frequently junction with columns

used for recording the price of stocks. When used for this purpose, although the symbols
run vertically, it is generally referred to as a bar chart and sometimes as a high-low-close

186 (HLC) graph or high-low-close-open (HLCO) graph. See Bar Chart .
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Histogram and Sometimes referred to as frequency diagram. The histogram is the best known member of
Frequency Polygon the family of data distribution graphs. A frequency polygon is a segmented or smooth line

version of a histogram. Histograms and frequency polygons show the frequency with which
specific values (referred to as data elements) or values within ranges (referred to as class
intervals) occur in a set of data.

Description of a histogram 4
1.9 2.56 2.84 2.985 3.08 3.24 3.43 3.6 4.02

The set of numbers at the 2.2 2.6 2.86 3 3.1 3.26 3.44 3.65 4.06

right is typical of a group of 2.25 2.7 2.88 3.01 3.12 3.28 3.45 3.7 4.1
2.3 2.72 2.9 3.02 3.14 3.3 3.46 3.75 4.2

values whose distribution 2.4 2.74 2.91 3.03 3.16 3.35 3.48 3.8 4.4

requires evaluation. One 2.43 2.76 2.93 3.04 3.18 3.4 3.5 3.85 4.43
2.46 2.8 2.95 3.06 3.2 3.41 3.53 3.9 4.55

method is to plot all the 2.53 2.82 2.97 3.07 3.22 3.42 3.58 3.95 4.7

values along an axis The data set of 73 numbers used to generate the graphs shown below
(sometimes called a one-axis data distribution graph), as shown below. Based on this
graph, an estimate can be made as to where the values are concentrated, what the extremes
are, and whether there are any gaps or unusual values. Overlapping data points can become
a problem with such a graph, even with a relatively small number of data elements.

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

One-axis data distribution graph displaying the data shown above
To address the problem of overlapping and at the same time quantify the distribution, one
may divide the axis into five to ten equal intervals (called class intervals, classes, group
intervals, bins, or cells) and, using the actual data, count the number of data elements in
each interval. These counts are noted in the individual class intervals below. In the set of
data used in this example, the largest number of data points are located in the interval
between 3.0 and 3.5, and there are slightly more points to the left of that interval than to the
right. Number of data elements in each interval

(called count, frequency of occurrence, or freque

1 6 8 28 A 11 i 7 2

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

In this example, the scale from the previous graph is divided into seven class
intervals and the number of data elements in each class interval noted.

A further step is to make a joined column graph of the counts or frequency in each interval,
as shown below. Such a graph is called a histogram.

82
r_

0)

. 1
c i
C

0

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Class interval

Joined column graph of values shown in class intervals
above. This type of graph is called a histogram.

Many times, in addition to knowing how many data elements fall into each interval, it is
desirable to know what percentage those quantities represent of the total number of data
elements in the data set. This information can be displayed on a histogram either by
showing the percent in or adjacent to each data graphic and/or adding a percent scale to the
graph. Both methods are shown in the example below. These percent figures are called
percent frequency or relative frequency. When the percent is shown in its decimal
equivalent format [i.e., 0(0%) to 1(100%)], it is sometimes referred to as proportion.

18-25%

6-8%

1-1%1

Percent of total number23 . 5% 4 - I

in data set

11-15%
7-10%-

2-3%

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Class interval

Histogram displaying counts/frequencies and percent frequenciestrelative frequencies

.30 -

, 25 -

0 20 -

Z 15 -
0
C 10-

5-
0*

- 40% i5
>. U

- C
- 30% C

-20% Se

0 .
- 10% 0 -;6

-0%
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Histogram and
Frequency Polygon
(continued)

Class intervals
- _ -I - _ _ -.... _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ ___ _____ _ _ _ _ ___

The decision as to how many class intervals to sort the data into is an important
consideration. There are no rigid guidelines to follow and each situation is generally
handled on an individual basis. As the number of intervals increases, the more accurately
the graph depicts the actual data; however, at some point, distinctive patterns blur, and
gaps begin to appear because there are no data elements in some of the class intervals.
(When there are no values in a given class interval, the interval is shown with a value of
zero.) On the other hand, if there are too few intervals, accurate representation is impaired
and the shape of the histogram can be distorted. The use of between 5 and 40 class
intervals is most common. The examples below illustrate the effect of changing the

0a

LA-

number of class
intervals. The
same data is
used in each
example.

5 class intervals 20 class intervals 40 class intervals
Histograms of the same data set using various numbers of class intervals

Width of class intervals
The widths of class intervals are determined in several different ways, including:
* Subtract a value slightly less than the lowest value in the data set from a value slightly

larger than the highest value in the data set, and divide the difference by the number of
intervals desired.

* Use whole numbers (integers) as the boundaries. For example, if the data series ranges
from 17.3 to 21.8, the boundaries might be set at 17, 18, 19, 20, 21, and 22.

* Specify the interval width. For example, if the data series ranges from 0.50 to 0.59 and
the interval width is specified as 0.02, the boundaries might be 0.50, 0.52, 0.54, 0.56,
0.58, and 0.60.

* Specify specific upper and lower boundaries for each interval. This method sometimes
results in different widths for some or all of the columns. For example, if the data
series ranges from I to 20, the boundaries might be 1,5,8,10,11,13,16, and 20.

* If every data element in the data series is allocated a column, the available space is
divided by the number of different data elements.

* When nominal or ordinal information is plotted, the available space is divided by the
number of categories, or alternately, the widths are made proportional to another
variable.

Terminology
I ~~~~2inn..-.....I

Tall (Thi
Frequency frequency

(The number of times a 20 values a
value or group of values two end,

occurs in a data set, the
sometimes referred to as distnbuti

count or frequency of 10 \
occurrence)

On

-Mode (The value or class interval that
occurs most frequently in a set of data)

Gap (Spaces that are shown even though there
are no data elements)

Outliers (Questionable data
points that are
/significantly
different from the

lo Value or class Interval No "a"' rx .. .l
I - Range (The difference between the I

maximum and minimum values)

6 -

,4)
a,
e 2

L.

0O

-Class interval, class, or
group interval, bin, or cell 20 s X < 30 Midpoint

Midpoint, midvalue, Boundaries
inte or class mark

Boundaries Illustration of terms frequently
or limits used with histograms
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Histogram and
Frequency Polygon
(continued)

Frequency polygon
Sometimes the midpoints of the columns of a
histogram are connected by straight lines and the
columns eliminated. This type of graph is generally
called a frequency polygon. A frequency polygon
can make the visualization of data easier and is
helpful when comparing multiple data series. In the
upper example at the right, the columns of the
histogram are included only to show the
relationship between the histogram and the
polygon. Typically, the columns are not shown
with a frequency polygon. An additional interval is
often added to both ends of a histogram when it is
converted to a frequency polygon, so the curve
starts and ends at zero. The straight lines
connecting the data points are sometimes converted
to smooth lines to improve the appearance of the
curve (as shown in the lower example at the right).
Polygons are not used with irregular width
intervals.

1 3 5 7 9 11 13
Class interval

7 I I I I J
Class interval

Frequency polygons using two
different types of lines

Distinctive shapes of histograms and polygons

Of particular, and many times prime interest when using histograms and frequency
polygons are such questions as how and where the data elements are concentrated, whether
they are spread out or clustered, whether the data elements are distributed normally,
whether the data is skewed and if so in which direction, etc. Such observations sometimes
give insight into the nature of the data that the curve represents. Shown below are examples
of typical frequency polygon shapes. Most of the examples include terms used to describe
their unique shape, a potential interpretation of the shape of the curve, and/or some
observations about what might cause such a shape.

Value or class interval
Symmetrical bell shaped curve
(mesokurtic) indicates a normal
distribution. A single peak is
referred to as unimodal. This
general shape applies to many
distributions in nature.

Value or class interval
Asymmetrical curve indicating
the values are concentrated
towards the left. This curve is
said to be skewed to the right
since the tail is longer on the
right. It is also referred to as
being positively skewed.

Ui.

Value or class interval
Asymmetrical curve indicating
the values are concentrated
towards the right. This curve is
said to be skewed to the left
since the tail is longer on the
left. It is also referred to as
being negatively skewed.

Value or class interval

Bimodal or twin-peaked shaped
curve frequently indicates that
the values or samples came
from two different populations.

U.

Value or class interval

A curve that is very flat
sometimes Indicates the values
or samples came from multiple
populations. Sometimes referred
to as platykurtic.

Value or class interval
A curve with a flat side such as
this sometimes indicates that all
items with values below (or
above) a certain value have
been removed, as might occur
in a 100% inspection and
screening process.

Li.

Value or class interval
Multimodal curves sometimes
indicate that several populations
have been mixed or multiple
influences are affecting the
things being studied in distinctly
different ways.

U.

Value or class interval

A curve that is very narrow or
spiked and has long tails
indicates the data elements are
concentrated in a narrow range.
It is sometimes referred to as
leptokurtic.

a

Value or class interval

A curve with a spike at the end
might indicate that all items with
a value above (or below) a
certain amount are lumped into
a single category or value.

Typical shapes associated with histograms/frequency polygons 189
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Histogram and
Frequency Polygon
(continued)

Histogram values are proportional to the area of the column

Technically the area of the column of a histogram is proportional to the value it represents.
When the columns are the same width, the heights of the columns automatically become
proportional to the values they represent. In some cases the width of the columns are varied
(irregular class intervals) either to convey additional information, to emphasize a particular
aspect of the data, or because of the nature of the data (e.g., gaps in the data). When this is
done, the height of the columns must be adjusted to keep the areas proportional. For
example, if the widths of most of the columns in the histogram are one unit wide and it is
decided to have one column represent two class intervals, the values for the two intervals
are added and divided by two (averaged) to arrive at the height of the two-unit-wide
column. If one column is to represent five class intervals, the values of all five intervals are
added and divided by five (averaged) to arrive at the height of the five-unit-wide column. A
comparison of a histogram with all equal column widths and one with irregular widths is
shown below. Since it is the areas of the columns that are proportional to the values they
represent, it is important that the vertical or frequency scale always start at zero and that no

18 -
16-
14-

t12 -
) 10-

6-
ILL 4

2
0-

scale breaks be
introduced. Starting
the horizontal or class
interval scale at
something other than
zero normally has no

) 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 --
Class intervals Class intervals adverse effect as long

All columns have the same width Columns have varying widths as the lowest value on
A comparison of graphs with equal and unequal column widths using the th ale is less than
same data. The two sets of black columns in the graph at the left have e sc
been replaced by the two wide, black columns in the graph at the right. the smallest value in

the data set.

Comparing multiple histograms or frequency polygons
Multiple data sets can be compared using histograms or polygons. The comparisons can be
based on actual frequencies or on percents. When there are differences in the number of
data elements in the data sets being compared, the percent comparison is generally
recommended so the vertical sizes of the columns are more comparable. Examples of some
of the most widely used methods for comparing frequency distributions are shown below.
* Pyramid graphs (not shown here), use histograms to compare two sets of data. They are
sometimes referred to as two-way histograms. See Pyramid Graph.

25%20% 15% 10% 5% 0% 0% 5% 10% 15% 20% 25%

Back-to-back, two-way, or dual histograms
Class interval

Grouped, clustered, or multiple histograms

Examples of methods for comparing multiple frequency distributions
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Histogram and
Frequency Polygon
(continued)

Stacked histogram
Stacked histograms are sometimes used to show how
subcategories of a data series affect the overall
frequency distribution pattern. For example, a
histogram similar to the one at the right might be
generated to study the distribution of orders based on
dollar value. The black portions might represent the
number of export orders in the various sales dollar
ranges and the white portions might represent the
number of domestic orders. The tops of the columns
indicate the overall number of orders. More than two
data series can be plotted on this type of graph;
however, interpretation sometimes becomes difficult.

n-

1 3 5 7 9 11 13 15
Sales order size in thousands of dollars
Stacked histogram with the black
portion being export sales orders
and the white portion domestic
sales orders

Other types of graphs sometimes referred to as histograms
Simple column graph

The term histogram is sometimes loosely used to refer to
any simple column graph that displays the distribution of
something, for example, the distribution of population by
country or the distribution of income by age. When used
this way there may or may not be spaces between the
columns and class intervals may or may not be used.

Dar gI Oass

6 7 8 9 10 11 12 13 14 15 16
Members on committee

Sometimes called frequency bar graph. Joined
and unjoined bar graphs are occasionally used
as histograms. Almost all of the information
on column type histograms also applies to bar
graphs as histograms.

Frequency

Joined variation

-fs16 =
c 15

0,1Z14 F ~
( 13
Wi 12
211
010
D 9

'> 8 ,

0 2 4 6 8 1012 14 16
Frequency

Unjoined variation
Charts that record specific occurrences

Stem and leaf, tally, and dot array charts are sometimes referred to as simple histograms.
27
133688
01145578889
000112223344556779
000112233445566778889
0011224445678999
1122356799
01366
248

Specific occurrences
Stem and leaf chart
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Specific occurrences

Tally chart
Specific occurrences

Dot array chart

Circular graph
On rare occasions, a circular histogram similar to the ones
shown below is used. In both examples, class intervals are
plotted on the circumference of the circle. In the example
on the left, the AQ 28

frequencies are noted
by the ends of the
radial columns. In the
other case, the size of
the wedges are
proportional to the 36

frequencies. Other than
a unique appearance,
circular histograms 34 33
offer no advantages Class intervals are shown on the

circumference. Frequencies are indicated
over rectangular by the ends of the radial columns.

histograms. Examples of circular c

5-5.9(14%)

Class intervals are noted on the circum-
ference. The sizes of the sectors or
wedges are proportional to frequencies.

graphs used as histograms

16 -
14 -

81t2 -

0 10 -
j 8-
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Histogram and
Frequency Polygon
(continued)

Three-dimensional histogram
Histograms have traditionally been two-dimensional. With
the developments in computers and software, three-
dimensional histograms are becoming more common. An
example is shown at the right. Three-dimensional
histograms work on the same principles as two-dimensional
histograms, except there are two sets of categories or class
intervals, one on the X-axis and one on the Y-axis.
Frequencies are plotted on the vertical or Z-axis. Unless
one has the capability to rotate the graph, the hidden
columns in a three-dimensional histogram make accurate
analysis difficult.

Three-dimensional histogram

Cnmumatitv histnoram
100%- In a cumulative histogram, the value to be plotted for a
90%- particular class interval is determined by adding the

E 70% frequency value or percent for that class interval to the
&E60% frequencies or percents for all class intervals preceding it.
*~50%:Feunist
40% Frequencies can be cumulated from the smallest value to

E 30% the largest, or vice-versa. The example at the left shows
3 20% cumulative frequency percents with the percents being

0% 1.0 2.0 °3- 4.0 5.0 60 7.0 8.0 cumulated starting with the smallest value. If actual
to. 2.9 3 4o9 5to9 69 t t frequencies were used instead of percents, the graph would

Class intervals remain the same except for the scale. * A cumulative
Cumulative histogram histogram allows one to determine what percentage of the

data elements in the data set are above or below selected values. Those selected values are
the upper and lower boundaries of the class intervals (upper boundaries when cumulated

from smallest to largest; lower
boundaries when cumulated in the 90%

reverse). For example, using the class 80%

interval of 2.0 to 2.1 in the graph at S 70%

the right, one may determine that c60%

63% of the data points are equal to or .2 50%

less than 2.1, and 37% of the data E 40%

elements are equal to or greater that o201/
2.1. To make such observations
possible at any point along the 0/

0%
horizontal axis, the boundary values 1,S 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5

for all class intervals are sometimes A cumulative histogram can be used to determinethe percent of data elements In a data series that
connected with a curve (below). If the are greater than or less than selected values.
columns are eliminated, the resulting graph is called a

cumulative frequency l9w0 Sometimesdescribed
graph (right). Although a - 80% as an elongated S

cumulative histogram can 70%:

be used for determining .6 50%

greater-than and less-than .2 40%/
E 30%-

information at a few 0 20%

points, a cumulative 10%

1.0 2.0 so 4.0 5.0 6.0 7.0 8.0 frequency graph is 1.0 2.0 3o 4to0 0to 0 7to0 8to0
o to t to t to t o to to to to to to to to

1.9 2.9 3.9 4.9 5.9 6.9 7.9 8.9 normally used for this 1.9 2.9 3.9 4.9 5.9 6.9 7.9 8.9
Class intervals Class Intervals

Cumulative histogram with upper purpose. See Cumulative Without the histogram it is a
boundaries connected with a curve Frequency Graph. cumulative frequency graph

1 3 5 7 9 111 3 15
Stepped frequency graph192

Typically a histogram is made up of a series
columns. Occasionally, primarily for appearance, the
lines between the columns are eliminated and the
figure becomes a stepped frequency graph as shown
at the left. Functionally a stepped frequency graph is
the same as a histogram.



Histogram and
Frequency Polygon
(continued)

Methods for smoothing histograms
In addition to frequency polygons, there are several other techniques that eliminate the
stepped appearance of histograms. Reasons for using such techniques include:

- Reducing the impact that the selection of class interval width has
on the shape of the histogram;

- Eliminating the sharp steps or discontinuities that occur from one
interval to another; and

- Overcoming the impression that the data are distributed uniformly
over the widths of the intervals.

Three variations are noted below.
Density trace curves

In a standard histogram, class intervals do not overlap. In a density trace, the number and
width of the intervals is purposefully chosen to assure that every interval overlaps two or
more other intervals. For instance, in the example at the right, the class interval is two units
and the center lines of the class intervals are two units apart. Thus, there is no overlapping.
In a density trace, the class interval might also be two units, but the centerlines might be a
o «lr . A__n- A n _' -- Ac I tAA 1 A To- __A {

hal-unit apart, resuILing in considerable ovei apping. nsWeAU
of plotting the columns as in a standard histogram, only the
values are plotted at the centerline location of the class
intervals and connected by a smooth line. * The overlapping
results in multiple counting of most values; consequently the
values on the vertical scale are larger than on the standard
histogram. Since the shape of the curve and the location of
the modes is generally of more interest than the actual values,
the difference in counts generally causes no difficulty. In fact,
to avoid confusion, the vertical scale is sometimes omitted.
* Varying the width and number of the intervals changes the
shape of the curve and sometimes slightly shifts the apparent
lncatinn nf the mnde. See T)Pnzitv Trace.a n- --- f-tted curv

-Hand fitted curve

The simplest, although least accurate, smoothing technique
involves hand-fitting a curve to a histogram. When this is
done, an effort is made to have the area under the fitted curve
the same as the area of the histogram. When curves are hand-
fitted, the histogram is frequently displayed along with the
curve.

Normal curve

In some situations a normal distribution curve is
superimposed over a histogram. The normal curve is
frequently based on the average and standard deviation of the
data series plus the assumption that the distribution of the
data set is normal. This can be misleading if the actual
distribution is significantly different from normal.

12 18 24 30 36 42

Normal curve
superimposed

over histogram

12 18 24 30 36 42

Scales (based on column type histogram)
Vertical axis
- Quantitative and linear with positive values only
- Starts at zero (which is coincident with the horizontal axis) without scale breaks
- Can be in terms of units, percents, or both
Horizontal axis
- Scales can be quantitative, category, or ordinal, it generally is quantitative
- If quantitative, the scale is linear and values can be positive or negative
- If quantitative, the scale can use individual values or class intervals
- Lower scale value is less than smallest value in data set; it frequently is not zero
- Largest scale value is larger than largest value in data set
- If not quantitative, categories or ordinal units are organized in some meaningful
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Labels
Labels on the vertical axes are straightforward and need no discussion. There are several

Histogram and
Frequency Polygon
(continued)

When each interval represents an individual value the labels
are generally located directly below the column.

variations possible on the horizontal
axis. When each interval represents a
single value or a category, the labels
are centered below the columns.
When class intervals are used, labels
are many times placed directly below
the boundaries between the class
intervals. This can cause a slight
confusion as to where data elements
with the same values as the
boundaries are counted. Sometimes a
note states where such data elements
are included. An alternative is to
label the intervals as to exactly what
values are included, though such a
solution is sometimes limited based
on the availability of space.

1.500 1.600 1.700 1.800 1.900 2.000 2.100 2.200 2.300 2.400
to to to to to to to to to to

1.599 1.699 1.799 1.899 1.999 2.099 2.199 2.299 2.399 2.500
Labeling the intervals as to exactly what values
are included in each eliminates confusion.

Examples of possible variations in histogram labels

Histograph Many times referred to as histogram. See Histogram.

Horizontal Axis In a two-dimensional graph, the horizontal axis
is the one that runs left and right. It is also 8 - the horizontal or x-axis in
frequently called the X-axis. Positive values 6 a two-dimensional graph.

generally proceed from left to right. In a three- Pocreasetvfremaleto right.

dimensional graph, typically none of the axes 2-

are referred to as a horizontal axis. 0 l ) 2 i 6 8 lo

Horizontal Bar Graph Sometimes referred to as a rotated column graph or bar graph.
or See Bar Graph.
Horizontal Column Graph

Horizontal Dar graph 0 1 2 3 4 5 6

"How-To" Chart Many how-to charts are variations of diagrams and/or illustration charts. How-to charts are
graphical representations of the steps required or recommended to accomplish a given task.
In some cases actual representations such as pictures, sketches, drawings, etc., are used. In
other cases only text or abstract symbols are used. How-to charts can be very elaborate or
very simple. They might consist of a single chart or a series of charts, as shown below.
The tasks they deal with range from very practical, such as how to assemble a pencil
sharpener, to very complex and abstract, such as how to solve complicated equations.

Step #1 Step #2 Step #3 Step #4
Attach logs to bottom Attach sides to bottom Apply adhesive with Position top and let
with 1/4" screws with screws provided applicator Drovided. dry for 24 hours.
through t
by arrows

Example of a series of how-to charts for assembling a small table

Hydrographic Map A map used for navigation on water such as oceans, lakes, rivers, etc.

Hypsometric Map Sometimes called a relief, or contour map. A hypsometric map
shows the surface features of the terrain such as locations,
configurations, and elevations, with particular emphasis on
elevations. This is accomplished largely through the use of
contour lines which connect points of equal elevation. Shades
of color, called hypsometric tints, are frequently applied Values
between the contour lines. See Topographic Map. designate

94w rHypsometnc map

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
One option when class intervals are used is to locate the
labels at the boundaries between the class intervals. This
method leaves some doubt as to where data points with
values the same as the boundary values are counted.

J
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Icon

Icons are used as symbols
on charts, graphs, and maps.
Groups of icons are also
used to compare multiple
entities with regards to three
or more variables. This
latter application is
sometimes called an icon
comparison display. See
Icon Comparison Display.
* When icons are used, a
legend is required for
decoding purposes. Three
applications using icons are
shown here.

3,000

2,000

/Da)
cfoCO0

1,000

0

Brand A Brand B Brand C Brand D Brand E

Brand F Brand G Brand H Brand I Brand J

Icon comparison display using segmented
lines. The legend is shown below.

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Seasonal sales curve based on five-year averages. The
icons show trends in year-to-year sales for each month.

Legend

o
0

Destination of exports

Icons used on a map to compare exports to
eight different countries from six different states.

Miniature (1 square or less) graphs or images. When graphs are used they have no titles,
labels, tick marks, or grid lines. The purpose of icons is not to convey specific quantitative
information. Instead, they are used to show such things as:

- Relative sizes, values, ratings, etc., of specific items, characteristics, or attributes.
- Overall comparisons of multiple entities or the same entity at different times
- Trends of a single entity or a comparison of trends for multiple entities
- Unusual information patterns in one or multiple entities

There are a number of different types of icons. Examples of some of the more
straightforward designs are shown below.

Icon / Symbol Names sometimes Featuresused to describe
Each point represents a different variable or the same variable over

D Area or profile time. The higher the point, the more favorable the entity in thatj or characteristic. The greater the area of a symbol, the higher the overall
rating for that entity. Fill and/or drop lines may or may not be used.
Similar to an area icon except fill is removed and a border is added

1191 Line as a frame of reference for estimating relative values. When a scale
of zero to one is used, the bottom of the frame is zero and the top is
one. A segmented or stepped line format can be used.

Column or Each column may represent a different variable or the same variable
-histogram over time. The heights of the columns are proportional to the values

histgram they represent.

Each point on the polygon represents a different variable. The length
of the spoke leading to the point is proportional to the value it

Polygon, star, represents. This type of Icon is often generated using a radar graph
snowflake, or template. Polygons have an advantage over other icons because it is
profile easier to locate the same characteristic on each Icon. For instance, it

is easier to compare the characteristics at the six o'clock position on
each star than the fifth one from the left on each line icon.

In Chemoff faces, each facial feature represents a different
, Chemoff characteristic. The size, shape, and appearance of the facial

, faces or faces features relate to values they represent. For example, eyes to the
left might mean a large value and eyes to the right a small value.

Examples of some of the more widely used Icons

Legend
,1.0- A - Hard disk capacity

8 0.8- \ A B - Installed RAM
c0.6 C\/-'\/ C - Expandable RAM

0.4 V D- Speed
0.2 E - Monitor resolution

Q 0 - F -Monitor size
ABCDEFGH G - Accessories

Category / characteristic H - Price
195
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Icon Comparison Display Sometimes called a symbol display or symbolic display. An icon comparison display is a
group of icons assembled for the purpose of simultaneously comparing or screening a
sizable number of entities with regards to three or more variables. In this type of display, a
separate icon/symbol is generated for each entity under review. The icons are then
assembled into a matrix similar to the one
shown at the right. In this example, 24 brands
of desktop computers are compared with K K 1 KKlIY fŽ
regards to eight different characteristics. The Brand A Brand B Brand C Brand D Brand E BrandI

arrangement of the icons in the matrix is A A /i m\
arbitrary, though an effort is generally made to ' j LL Lii
group them in some meaningful way such as by Brand G Brand H Brand I Brand J Brand K Brand I

size, market, manufacturer, etc. * The icon used
in this example is called an area or profile icon. V \/ L |i /l \
Some of the other icons used in icon l l l
comparison displays are shown under the Brand M Brand N Brand 0 Brand P Brand 0 Brand I

heading Icon. * Sometimes values and units of
measure for the different characteristics vary A Cm

significantly. In addition, characteristics might Brand S Brand T Brand U Brand V Brand W Brand

be quantitative or qualitative. To plot all of Icon comparison display of desktop computers
these on the same icon, a common scale of 0 to The gray icons might indicate imported brands
1.0 is frequently used for all variables. The highest value or rating in each variable is
assigned the value of 1.0. The lowest value or rating in each variable is assigned some value
less than 1.0, often zero. In some cases, such as the polygon icon used in radar graphs, the
graph can accommodate different scales on each axis and the conversion of values to a
common scale is not necessary. Regardless of which type of scale is used in the
consqtrution of the ions. the titles. anhels

and tick marks are eliminated when the s 0.8 -

icons are assembled into the matrix. 9 0.6

* During the generation of the icons, a E 0.4

template similar to the one shown at the E

right is used to assure that the same 0.

I

x

Legend
A - Hard disk capacity
B - Installed RAM
C - Expandable RAM

|D - Speed
E - Monitor resolution
F - Monitor size

G - Accessories

I. -- ty

characteristic is always in the same A B C D E F G H .-

location on every icon and that the same Category I characteristic
scale is used for all icons. The order of A template used with an icon comparison display

the characteristics along the horizontal axis is arbitrary, though they are typically arranged
in meaningful groupings such as functional, appearance, price, quality, etc. Other than
legibility, there is no limit to the number of variables that can be included in each icon.
There also is no limit as to how many icons can be included in the same display.

Illustration Chart A chart consisting solely or mainly of a sketch, picture, photograph, drawing, etc. When
text is included, its primary function is generally to explain or give additional insight into
the subject illustrated on the chart, usually in the form of notes, labels, or a legend. The
illustration might be very general for a large audience or very detailed for a focused
audience such as a training class. The illustrations may be symbolic, pictorial, or
photographic, accurately drawn to some scale, or hand sketched. Enlargements and cross-
sections are often used. The
illustration might serve to
describe a person, place, or
thing; show how to do
something; graphically
indicate how things move,
grow, change, etc.; or orient an
audience during a presentation.
An illustration chart may by
U. -I- h i a al nr 41 sa a
UO;,U UY LLOr41 VI MO pEL 01 a Explanatory chart How-to chart
series of charts. Two examples Examples of illustration charts

are shown at the right.

A term used to describe certain types of variables. See Variable.196 Independent Variable

Y
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Index Graph An index graph is a graph that displays values in terms of a percent, fraction, or ratio of
some reference value. For example, a graph might show the value of a house each year as a
percent of its purchase price. If a house purchased in 1985 for $20,000 is now worth
$40,000, it would be plotted at the 200% value. The 200% is considered an index value. A
comparison of an index graph
and a graph showing the
corresponding actual values is
shown at the right. If an index
includes several factors in the
values, such as the consumer
price index (food, housing, fuel,
etc.), it is sometimes referred to
as a composite index.

$6(

$5c

$4(

$3'

$2c

$1(

t.

I.

t.

.300

250

200

1 50

-100

-50

*0

Graph of actual data Index graph using 1985 as a reference
Comparison of an index graph with a graph of the actual data.

Multiple data series
There is no limit on the
number of data series that
can be plotted on a single
graph. Values smaller and
larger than the reference can
be plotted. The relative
positions of curves
frequently change when
plotted on an index graph.

250 - 1200 - A 200

(a!so-s 80- - 180

d)200 - 1810
> 160 B 160

~150 - CL
00 140 - 140

85 86|878889'90'91'92'93 9495s '85'86'87'88'89'901 '92'93 '94'95
Graph of actual data Index graph using 1985 as a reference
Analysis of multiple data series using an index graph

Index type comparative graphs

Sometimes only the beginning and ending or current
index values are plotted. The graph at the right contains
the same values as the graph immediately above it. This
format sometimes makes the data stand out more crisply,
particularly when there are many values. This format is
many times called a comparative graph or fan chart. Index graph in a comparative

graph format where only the first
and last years are shown.

Different units of measure
In addition to comparing data
series with different values,
index graphs are used to
compare data series using
different units of measure.
For instance, in the example
at right, the units produced Time --
increased at a much greater Actual values
rate than the sales dollars. A comparison oft I

Time -- P
Index values

he increase in quantities of units
the resultant sales dollars

Options in selecting the reference value
Often the first value in a data series is used as the reference against which all other values
are measured. However, the reference value may be any one of the data elements in the
series. Three variations are shown below.

70- 350a 140- 100 - -

60 / 2300 2120 / 980

o 0 > 250 >100 - 70 -
iO4 /200 i80 Middle r60 -

- yearused 7-0 5(30- 70150i ~ 60 - as '4
20 Thigraph has E100 I E 40 - reference ao30
10 is included for 2 so First year used as 2 20 2 Last year used asreference a) I reference year X) a, 10 referenceyear
0 0 0 0

'85 '0 '95 '85 '9 '95 *85 '90 '95 '85 '0 '95

Scales
The scale on the horizontal axis is almost always
sequential. The scale on the vertical axis is
quantitative. Three examples of how the values
sometimes appear are shown at the right. The values
are referred to by several different terms, including
index value, percent, and fraction or ratio.

140 140% 0 1.40
am

1 20  
120% 1.20 -

.2100 E100% -1.00 -
> 80 80%k 0 .80-
X 60 - 360% .60 -
n 40 4

0V/- t40-
S 20 20'°/ .20-

0 , ,,,, 0%- ,, 0

Types of scales sometimes
used with index graphs 197
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Indicators Graphic indicators are used in many fields and for many different
purposes. An indicator generally foretells or infers something about
another entity, event, data series, performance, etc. For example,
interests rates are many times used as an indicator of housing starts
(e.g., as interest rates go up, housing starts go down). Most
indicators have a sequential scale on the horizontal axis. A large
percentage of the indicators use time scales. * In many cases the
shape or general pattern of an indicator is similar to or inverse to
the curve of the thing it is indicating. The curve of the indicator and
the thing it is indicating might be in time phase (coincident
indicator), the indicator might be shifted ahead (leading indicator),
or the indicator might be shifted behind (lagging indicator).
Examples of these three time options are shown at the right. - In
another major type of graphic indicator, the shape of the indicator
curve looks nothing like the curve of the thing it is indicating. In
this type of indicator, observations focus on such things as when
the indicator exceeds a particular value, when the direction of the
indicator changes, when two data series cross, when the indicator
repeats itself, etc. These types of indicators are widely used in the
investment field. Several examples are shown below.

The crossing of a reference Exceeding a limit might be
line might be the key the key indicator.

indicator. .. .- .
1 / \ J... Upr limit

Examples in which characteristics of the indicator curve by itself are of key Interest

Indiscrete Data Sometimes referred to as continuous data. See Continuous Data.

Information In this book, the word information is used interchangeably with the word data.

Information Graphics Charts, graphs, maps, diagrams, and tables whose primary function is to consolidate and
display information graphically in an organized way so a viewer can readily retrieve the
information and make specific and/or overall observations from it. Information graphics
may be contrasted with graphics whose primary functions are artistic or for purposes of
entertainment, promotion, identification, etc. Such things as engineering and architectural
drawings are not included under the classification of information graphics. See Chart.

Insert An inset is a small graph, chart, map, or table that is
or displayed inside or alongside a larger chart, graph, or
Inset map to provide supplemental information about the

larger document. Insets are used for expanding on a
specific part oI mhe larger document, looking at tne New
data in a different format, or orienting the viewer. The N store *2
same graphic principles that apply to other forms of Inset
charts also apply to insets. Insets on maps are -
sometimes referred to as supplementary or ancillary Proposed factory
maps. Multiple insets can be used on the same chart.

Inset, supplementary, or ancillary map
used to help orient the viewer

J5 . 0 o-93 7.0 uo se

F- eb 0. 7.5

ma 1.2 6. * -Inse

3- Au r 3
U .

J F M A M J J A S O N D 0 10 20 30 40 50 60
Inset used to display information in a Inset used to make portions of the data
different form (i.e., table versus graph) (the values for A and B) more legible

Examples of Insets used to enhance the information contained in graphs and maps198
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Coincident indicator

4

3

2

Data series being indicate

Coincident indicator
5

Leading indicator j

0JFMAMJJASOND
Leading indicator

4

3

2
Data series being indi

JFMAMJJASOND
Lagging indicator

Examples where the curve
of the Indicator is similar to
the thing it is indicating



The point or value at which a line or axis joins or crosses an axis, - for example the point
or value at which the X-axis ioins or crosses the Y-axis.

A B C D E 0 1 2 3 4 5 6 7 8

The Y-ayis inina the Y- Th. V Reference axis iina
axis at zero; therefore the Xaxis at theev 4;e ... Examples of intercepts generated by
the Y-intercept is zero, therefore the X-intercept is 4. curves crossing the X and Y axes.

Examples of intercepts formed by axes joining and curves crossing axes

Interior Label Labels that are placed within the plot area, on or
immediately adjacent to the data graphic they apply
to are called interior labels, data graphic labels, or
data point labels.

Interpolation Interpolation is the process of estimating values between known I
values. When two known data points are to be connected with a
line, a visual or mathematical interpolation process takes place,
and the shape of the connecting line is the result. For instance,
in the example at the right, points A and B are common to data
series #1 and #2. The lines connecting points A and B are
different for the two series. This is because, based on the other
sa~t. -ant. in the .. ri.. it -as .ctimat-1 inenlafr that in

> Interior labels

a u ll l ; , t , wars t.Otflflflflatwu~tfl vxflhst~fl p.lat, alas i I Data sees #2

series #1 the points between A and B formed a straight line, Examples of lines connecting

while in data series #2 it was estimated (interpolated) that the data points based on

points between A and B formed a curved line. interpolation

Intersecting Band Graph Sometimes referred to as a curve difference or difference

or line graph. An intersecting band graph is a graph on which /Exports
Intersecting Silhouette the curves representing two data series intersect one _20- Differences

Graph another and the areas between the two curves are °
highlighted by means of shading or color. For example, .
one curve might represent the dollar value of exports each °0

year, and the other the dollar value of imports, as shown in Imports

the example at the right. When exports have a higher value o
than imports, one shade or color is used. When exports are '8n '87 '9s '91 '93 '9g p7 '99
lower than imports, another shade or color is used. Intersecting band graph

Interval Axis An axis with an interval scale on it.

Interval Scale Sometimes referred to as a quantitative, value, amount, or I " TT7I

numeric scale. An interval scale consists of numbers organized in 0 1 2 3 4 5

an ordered sequence with meaningful and uniform spacings Example of a linear interval

between them. The numbers are used for their quantitative value, scales include ypoegsainthmca

as opposed to being used to identify entities. See Scale. probability, and power.

Ishikawa Diagram Sometimes referred to as a cause-and-effect, CE, fishbone, or characteristic diagram. The

purpose of a Ishikawa diagram is to provide a method for systematically reviewing all
factors that might have an effect on a given quality objective or problem. This is
accomplished by assigning each factor to a line or arrow and arranging the lines and arrows
into meaningful clusters in Material Equipment Depth Manuals

a hierarchal fashion. The Toolmen Pe Dep Training

lines and clusters are Maintenance New motivation

arranged so that they all Design Capital TempsM Icannot meet

feed into a central line that, Get wet tn-house Routing ting Specification

in turn, feeds into a sym- Damaged in process Vendor smentaion

bol representing the overall ot upated

object or problem. See Rough handling Parts Process

Cause-and-Effect Diagram. Ishikawa diagram 199
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Isobath A line connecting points of equal depth under the surface of a body of water. For example,
the points on the ocean floor that are at the same depth may be connected by an isobath
line. Similar lines above water are called contour lines.

Isogram Map A map that displays lines or bands along which all points are of equal value. When the lines
are of equal value
(left), the map is
sometimes referred
to as an isoline
map. When it is
bands of equal
values (right), the
map is sometimes

itb.
V/Ib.
0db.
OAb.
OAb.

Isoline map referred to as an Isopleth map
A variation of isogram map in which points . A variation of isogram map in which areas
of equal value are connected by lines isopleth map. of equal value are connected by bands

Isoline Sometimes referred to as an isoquantity or isoquant line. Isolines are lines of equal value.
For example, on a contour map a given isoline or contour line designates all points that
have the same elevation. In the map at the right, all points on 12
the line marked 400 have an elevation of 400 feet above sea y

210level. All points on the line marked 380 are 380 feet above 4'
sea level, and so on. * On graphs, all points on a given l8
isoline have some common value, which normally implies r; 6

equal values along either the X, Y, or Z axis. In the graph ' 4

below all points on line A have the same tensile strength of E 2
75 lbs. All points on line B have the same tensile strength of n

En it.. T.C - - -r;1 .A-,e -
OU IDS. u a LtIlelIW SUelIgLn 01 LO 0 2 4 6 8 10 12
lbs. is desired, one can use this Miles east of reference

type of graph to determine which isolnes indicate points of
combination of hardener and cure equal elevation

A - 75 lbs. tensile strength temperature are required to obtain the
B -50 lbs. tensile strength desired 25 pounds of tensile strength.
C - 25 lbs. tensile strength For example, if a cure temperature of 50

degrees is used, the graph indicates 25 percent of
Percent hardened hardener is required. If a temperature of 250

Isolines are used to indicate all combinations degrees is used, the amount of hardener can be
of hardener and cure temperature that yield reduced to 5 percent to achieve the same 25
the same tensile strength. pounds of tensile strength. * Isolines can be

displayed on two- or three-dimensional graphs. To
illustrate, the three-dimensional graph at the left
was generated using the same data as the two-
dimensional graph above it. In this three-
dimensional graph, instead of all three curves
being shown in the same X-Y plane, each is
displayed on the Z-axis at its respective tensile
strength value. In addition, for illustrative
purposes, the three lines are projected onto the
floor of the graph to show how the two- and three-
dimensional graphs are related. Specificallv. it can

A three-dimensional graph displaying the be noted that the graph on the floor of the three-
same data as above. In this graph the
three isolines are shown on the Z-axis at dimensional graph is the same as the two-
the applicable tensile strength value.They dimensional graph above, except the scales
are also projected onto the floor of the
graph to illustrate how they relate to the progress in different directions. In an actual
two-dimensional graph above. application either the two- or three-dimensional

variation would be shown, not both. Generally, the two-dimensional graph is easier to read.
- All three examples shown here use lines of equal value along the Z-axis. Isolines can also
be drawn with equal values along the X or Y axes.

Isoline Graph A graph on which data points of equal value are connected by lines. If equal values along
the Z-axis are displayed, it is sometimes called a contour graph. If lines of equal value
along both the X and Y axis are used, it is sometimes called a fishnet graph. See Isoline,
Surface Graph, and Contour Graph.
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Isoline Map A map on which lines
connect points of equal
value. Two examples are
shown at the right.

Lines of equal pressure (isobar map) Lines of equal elevation (contour map)
Examples of isoline maps with lines connecting points of equal value

Isometric Projection (View) To give the appearance of three dimensions, a graph may be rotated and tilted forward so
the viewer can see the top and two sides at the same time. Such views, or projections, as
they are frequently called, have the general name of axonometric. When the angles between
each pair of axes (i.e., X, Y, and Z) is 1200, the view is Z-axis
called isometric. The same names and principles apply to
graphs, maps, or other visual representations. In an
isometric view, no major plane (i.e., X-Z, Y-Z, or X-Y) is
parallel to the plane of the paper and with rare exceptions,
all surfaces are somewhat distorted. Since actual values are
difficult to read using axonometric or isometric views, the
major function of such graphs is generally to give an
-verview of the dait. andi chn- rplntive vlunes trends;

Isopleth
Map

v Ie - Isometri view of ak th -e- e-.- -
correlations, patterns, unusual data points, etc. Exact values Isometric view of a three-
are typically determined some other way.

A map with bands representing areas of equal
values or ranges of values such as equal crime
rates, equal rain fall, equal temperature, etc.
An isopleth map displaying areas of equal
temperature, as shown at the right, is
sometimes called an isotherm map. Isopleth map in whiconnect areas of ec

Isoquantity Line
or
Isoquant Line

Italics

Japanese Candlestick Chart

Jittering

Sometimes referred to as an isoline. Isoquantity or isoquant lines are lines used on charts
and maps to connect points of equal value. They can be used with two- or three-
dimensional charts and maps. See Isoline.

The tern italics refers to a style of type in which all of the characters slant slightly to the
right. These two sentences have italic type.

Sometimes referred to as candlestick chart. See Candlestick Chart.

Jittering addresses the problem of overlapping data symbols on graphs. With this technique,
data points on a graph are randomly shifted a slight amount so no symbol obscures another.
When there is only one quantitative scale, the symbols are shifted perpendicular to the
quantitative scale so accuracy is not reduced. When
there are two quantitative scales, the symbols might
be shifted with regards to one or both axes. Jittering
causes a slight degradation in accuracy on a graph
with two quantitative scales. * The points are shifted
just enough to assure that all the data symbols are
visible, even though there might still be some slight
overlapping. The amount of shift may be
determined visually or by a mathematical formula.
When jittering has been employed, the viewer is
normally alerted, though no indication is given as to
how much the symbols have been shifted.

Joined Bar Graph
and
Joined Column Graph

When the rectangles on a bar or column
graph become so wide there are no
spaces between them, the graph is
sometimes called a joined bar/column
graph, connected bar/column graph,
stepped bar/column graph, or histogram.
See Bar Graph and Column Graph.

Condition 7
Condition 6
Condition 5
Condition 4
Condition 3 I .
Condition 2 I
Condition 1

0 234 5 6

Joined bar graph

10

5 -

1 3 5 7 9 11 13 15
Joined column graph 201

70
os
0S
0s
0s

o 2 4 6 8 10
Before littering

Because of symbols overlapping, it is
impossible to know actually how many data
points there are in this one-axis point graph.

0 2 4 6 8 10
After jittering

This graph shows the same data as above
except all data points are shifted a short
distances in the vertical direction. Total and
partial overlaps are basically eliminated.

The same data before and after jittering



IV

Jump Line Graph A variation of a stepped line graph in which the vertical 8

portions of the stepped line are eliminated, leaving only the 6

horizontal portions. Symbols may or may not be used to 4
2

designate the location of data points. See Line Graph.

Example of
a jump line
graph

90 91 W2 93 S4 95

Justified Text Sometimes referred to as aligned text. Justified refers to the positioning of text such that:
- the left edges of words or lines of text are aligned (justified left)
- the right edges of words or lines of text are aligned (justified right) or
- the left and right edges of lines of text are aligned (justified or justified right and left).

Justified left Justified right Justified right and left
Sometimes referred to as Sometimes referred to as Sometimes referred to as
aligned left and/or ragged aligned right and/or aligned right and left.
right. When text is justified ragged left. When text is Text that is justified has
left, the left edges of all justified right, the right the right and left edges
lines are even. The right edges of all lines are even. aligned. This is accom-
edge of each line is The left edge of each line pushed by varying the
determined by the full is determined by the full spacings between words
words, partia[ words, and words, partial words, and and and the frequent use
spacings in the line. spacings in the line. of hyphens.

Juxtaposed Charts/Graphs Two or more charts or graphs that are positioned adjacent to one another, as shown below.
The charts might be side-by-side, above and below one another, or a combination of the
two. They may or may not 10

abut or be of the same type. 8

* The opposite of juxtaposed 6

is superimposed, where two 4

or more charts or graphs are 2

overlaid on top of one 0
another. Example of juxtaposed graphs

Kerning Kerning changes the horizontal spacing between pairs of No kerning Ye Ty
letters, one of which is generally a capital. The major function Slight keming e !
of keming is to improve appearance in those cases where the Tiht kemi i T
normal spacing between letters seems too large. J my

Examples of keming

Key Sometimes referred to as legend. See Legend.

Label See individual headings such as Map, Graph, Histogram, etc.
10 7

Label axis Sometimes referred to as scale lines. Label axes are the axes Scale lines or
on which the scales and labels are located. They may or may label axes
not have tick marks and titles associated with them. ,

0 2 4 6

Laffer Curve An abstract graph used to illustrate the
concept that as tax rates increase, there is a
point at which higher tax rates result in
decreased revenues.

Lagging Indicator When something consistently occurs a given
period of time after something else, it is Data series #2 is a lagging indicator of data series #1

sometimes called a lagging indicator. The term $5,000- Data series #2

is frequently applied to a curve of something 4.000

that is correlated with the curve of something Data Data

else, except it occurs a fixed period of time 3.000 series Amount that data
later (i.e., is shifted to the right on a graph with 2,000 series #2 lags data
a time scale). For example, retail prices many 1,0 A
times are lagging indicators of wholesale _

prices. Conversely, wholesale prices are often J F M A M J J A S 0 N D J F

leading indicators of retail prices. Example of a lagging Indicator

Landscape Chart Layout The term landscape refers to a chart layout in which the width 6
is greater than the height. Such an orientation is sometimes 4

also referred to as horizontal or sideways. - When the height is 2

greater than the width, the orientation is frequently referred to o A B C '

as portrait or vertical. Example of a landscape layout
202
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Latitude
and
Latitudinal Lines

Layer Area Graph

Latitude is a distance north or south of the
equator. It is measured in degrees with zero at
the equator and 900 at the North and South
Poles. Latitudinal lines are the grid lines that
connect all points of equal latitude. They are
also called parallels. - East-west distances are
also measured in degrees with zero at
Greenwich, England, and 1800 on the opposite
side of the earth. Using values of latitude and
longitude, places and things can be precisely
located anywhere on the globe. See Map.

Sometimes called a divided, multiple-strata, stacked area, strata,
stratum, subdivided area, or subdivided surface graph. An area
graph in which multiple data series are stacked on top of one
another. This is the most frequently used area graph format. See
Area Graph. Layer area

Sometimes called a slice graph, spectral plot, ridge contour,
strata graph, or partition plot. A layer graph is a graph in which
the data points of a three-dimensional scatter graph are
condensed onto a limited number of planes to aid in the
interpretation of the data. See Slice Graph.

Layergr

Layer Line Graph Sometimes called a stacked line graph. A layer line graph is a
graph in which multiple data series are stacked on top of one
another. In this type of graph the top curve represents the total of
all the components or data series below it. This format of line
graph should be used cautiously because of potential confusion
with the more familiar grouped line graph format, in which each
curve is referenced from the same zero axis. See Line Graph.

V4 95 96 97 '9

Layer line graph

A dotted line such as a row of periods to assist the viewer in visually relating material on
one side of a page or chart with material on the other side. For example, a heading on
this side ................................. ..... with a number on this side.

Sometimes referred to as line space. Leading (pronounced weddingg") is the vertical distance
between lines of type. It is measured from the base line of one line of type to the base line
of the next line of type. Leading is generally specified in the same point system used to
specify type size (i.e., 72 points to the inch). The examples below show three different
readings using the same nine-point type size in each.

#sii e typ and #9 leading.

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the
chart. When the type is |
small, the clarity can T
sometimes be improved
by increasing the leading.

9-point leading

#9 e-se ean 11 leading.

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the
chart. When the type is
small, the clarity can
sometimes be improved

11-point leading

#9 size type and #13 leading.
Sometimes designated as 9113

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the ±
chart. When the type is
small, the clarity can

1 3-point leading

When something consistently occurs a given
period of time before something else, it is
sometimes called a leading indicator. The term
is frequently applied to a curve of something
that is correlated with the curve of something
else, except it occurs a fixed period of time
before (i.e., is shifted to the left on a graph
with a time scale). For example, wholesale
prices often are leading indicators of retail
prices. Conversely, retail prices are often
lagging indicators of wholesale prices.

Data series #1 is a leading indicator of data series #2
$5,000 1

D aa series #2
4,000

3,000

- Amount that data
2,000 series #1 leads data

1,000 series #2Dat srie #

J F M A M J J A S O N D J F
Example of a leading indicator

Sometimes referred to as linear regression line. See Linear Regression Line.

900

Illustration of latitude and longitude lines

Layer Graph

Series
c

Series
B

Series
.I A

Leader
or
Leader Dots

Leading

Leading Indicator

Least Squares Line

Ovak

1
1

611"P11 '94'VS "A"97 ''N'
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Sometimes referred to as a key. Legends are often critical to the understanding of a chart
because they frequently contain information necessary for decoding the data graphics.
Three of the major functions of legends are: 1) to identify what the data graphics represent,
2) to indicate certain characteristics of the thing represented, and 3) when quantitative
information is encoded, to enable the viewer to estimate the values that individual data
graphics represent. Examples of each usage are shown below.

Examples of legends that identify and/or describe what the data graphic represents
Letters or numbers Type of line used Shading, color, or Symbols used to
used to identify to identify data pattern used to identify identify places,
entities, data series, series, time frame, data series, areas, things, data series,
conditions, etc. characteristics, etc. characteristics, etc. data points, etc.

Legend
A - Headquarters
B - Production facilities
C - Sales facilities

Legend
1 - Ozone
2 - Carbon dioxide
3 - Particulate matter

Legend
T1 - 75 lbs. tensile strength
T2- 50 lbs. tensile strength
T3 - 25 lbs. tensile strength

Legend
Organization 1

----- Organization 2
- Organization 3

Legend
_ 1990

--- 1995
- 2000

Legend
_ Interstate
- State highway
_ County highway

Legend
MI Group A
= Group B
M Group C

Legend
Ed Marsh
EN Farm land
M Industrial

Legend
= Single family
ES Multiple family
M Commercial

Legend
i Camp
+ Hospital
, Golf course

Legend
* Elementary school
* Secondary school
* College

Legend
o Data series 1
V Data series 2o Data series 3

Examples of legends that enable the viewer to decode quantitative information

- 2,000

-1,000

- 0
Can be
linear or
logarithmic

100 250 500 1,000 2,1
Ramped

Diameters
Legends for decoding the
size of circular symbols

I
I

1,000 500 200 100 25% 50% 75% 100%

100 Percent of full scale

200

1,000

25% 50% 75% 100%
Legends for decoding Percent of full scale
lines with varying Wiuths Legends for decoding

* 350 to 400 symbols with varying
d 300 to 349 amounts of fill

* 250 to 299
* 200 to 249 c
FM -- Ieti%1<

C 100 to 149 0
El 50 to 99
1- 0 to 49

Legends for decoding fills

20 miles 40 60

20 40 60 80 kilometers
Legend for decoding
distances and lengths

Location of legend on the chart
Legends can be located anywhere on the chart. The closer they are to the information they
explain, the more convenient it is for the viewer and the less chance for errors to occur in
the decoding process. The variations in location of legend shown in the examples below
are applicable to almost any type of chart. When possible, the information in the legend
appears in the same order as it appears on the chart. ElCar#3 E Car #2 ECar#1

A B C D E F A B C D E F A B C D E F A B C D E F
E Car#3 ElCar#2 ECar#1

Examples of potential locations for legends on charts
M 100%. -

"Less Than" Graph A "less than" graph is a variation of a cumulative
frequency graph. It is constructed so that one can read eal 80%
directly from the graph the percentage of data elements O e 60% - -
in a data set having values less than a certain value. For a o
example, in the graph at the right, 63% of the data I CD 40%:

elements in the data set are equal to or less than 2.1. , 20%
* The cumulative histogram is included for reference 2 -
only. See Cumulative Frequency Graph. a 0 %1.1 1.7 Ii1.9 92.0 2.1 2.2 2a 24 2.5

Example of a 'less than' graph

Legend

-G

2,000/)(~
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Lines are one of the most versatile building blocks of information graphics. Shown below
are six major ways lines are modified to achieve their high degree of flexibility. The
specific variations shown are meant to be representative and are not all-inclusive. See Line
Graph for terminology specifically oriented to curves on graphs.

Weight (thickness or width)

Pnszs Milli-Pen sizes meters

000000 0.13
000 0.25

0 0.35
1 0.50
2 0.60

3 0.80

4 1.20

6

7

Inches

0.005
0.010
0.014
0.020
0.024

0.032

0.047

Points
(72 per inch)

0.37
0.71
0.99
1.42
1.70

2.27

3.40

The weight (sometimes referred to as thickness or
width) of lines is specified several different ways.
Shown here is a comparison of four of the more widely
used systems. The line samples are of the approximate
width indicated. Technically, there is no upper or lower
limit on the size of lines that can be drawn.

1.40 0.055 3.97

2.00 0.079 5.67

4.00 0.158 11.35

Pattern
Variations in patterns are often used to differentiate one line from another. Patterns are
sometimes grouped and given a common name. For example, ball & line and circle & line
could be combined into the common heading of symbol & line. They are shown separately
here for informational purposes since they are so widely used.

Basic
Solid

Dash ---------

Dot ......... -.. ....... o

Dash-dash - - - - - - - - - - -

Dot-dash * - -* -0 -* -*-

Ball & line

Circle&line A

Symbol & line * * * * U

Examples of variations

-------------------- - -

*-..-..-..-*.-. .- . . . . -.

- . --- --- - - - - - - - - - - - -

. . . . ._o___o___o
*& A A A A,

Color, shade, and fill

Different colors and shades can be effective
with all line weights. Pattern, fill, and
outlines generally require thicker lines.

Solid black

Color & shade A - * --

Pattern ,
Outline I

Outline & pattern

Shape

Unusually shaped lines are most widely
used in maps and illustrations. They might
be used for such things as indicating walls,
streams, varying width paths, road type, etc.

Special applications
Considerable additional information can
be encoded into lines by means of special
symbols. For example, small cross lines
can indicate a railroad. By dashing the
line, another level of information is added.

Arrows

The shape of an arrow generally has more to do
with appearance than function, although on
occasion its shape or color is used to encode
additional information.

Straight

Stepped

Wavy

Varyingwidth 1111111 11 11 8880illliilliiillii III uuIII

Multiple

Rounded ends

Type route - -- �- ---- -

. . . . . . . . .
.. .v . . . . . . . . . . . . .

Abandon railroad +------- t +-+-

Contour line -65 65-----65-----65---
c,., - - - - - - - - -

Standard arrow head 0

Unfilled arrow head

Variation in shape of head >

Variation in length of head

Variation in width of head h

Large body arrow
205
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A relationship between two sets or series of data such that a given change in one set is
always accompanied by a uniform amount of change in the other. For example, assume an
increase of ten from 20 to 30 in one data set is accompanied by an increase of five in the
other set of data. If the two sets have a linear relationship, any increase of ten in the first
set, (for instance, from 43 to 53 or 81 to 91) will be accompanied by an increase of five in
the second data set. When data sets with linear relationships are plotted on a standard linear
graph, the data points cluster around a straight line.

Linear Regression Line Sometimes referred to least squares line. A linear regression line is a variation of a fitted
curve. It is a straight line superimposed over the data points of a data series and is
considered the straight line that best approximates the data series. When sequential
information is plotted on the horizontal axis, a linear regression line of the data is
sometimes referred to as a trend line. The regression line can be drawn by visually
estimating its location and slope; however, its location and slope are generally determined
using a mathematical method known as least squares. In determining the location of the
line, no attempt is made to have the line pass through all of the data points and, in fact,
many times the curve passes through few or none of the points. Linear regression lines are
used for several purposes including:

* Quantify the slope of a data series or the relationship between two sets of data;
* Compare multiple data series and make forecasts and projections;
* Determine how closely the data series follows a straight line; and
* Analyze the data for unusual patterns such as seasonal and cyclical fluctuations.

Linear regression lines used to compare multiple data series

Regression lines can be fitted to multiple data series on the
same graph to compare the slopes of the two series. This is
particularly advantageous when data series are interspersed, as
in the example at the right.

Linear regression lines used to make projections

When data is closely approximated by a linear regression
line, the line can sometimes be extended to make projections
beyond the actual data available. This can be done with
point, line, area, or column graphs.

10
tFitte curve

8 -for circles -;o *;

6-

4 - .
Fitted curve

2 - ,' for squares

0 2 4 6 8 10

Projection _, ,'
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Residuals
The distances between the linear regression line and the data points
are called residuals. The mathematical technique for establishing
the linear regression line makes the sum of the squares of these
distances the smallest value possible; thus the name least squares
line. The residuals are sometimes plotted by themselves to look for
patterns within the residuals. See Residuals.

Linear Scale

Lined Surface Graph

A linear scale is sometimes referred to as an arithmetic scale. A linear scale is arranged
such that the distance and value between any two major tick marks (major interval) is
always the same on a given scale. For example, the distance between any two major tick
marks might be one inch and represent ten units of measure. The distance between any two
minor tick marks on the same scale might be one-tenth of an inch and represent one unit of
measure. On a linear scale, these two criteria would apply at any point along the entire
length of the scale.

i i i , , i I i i , , I Ii i , , I i , I i.
1 2346a78 9o112131411a171a192021 2223 24 25 26 272230

* *4 *4 P

Equal distances & equal amounts Equal distances & equal amounts Equal distances & equal amounts
Example of a linear scale

Lined surface graphs are three-dimensional graphs on
which the data points form a surface or surfaces.These
surfaces have lines drawn on them to assist the viewer
in visualizing the shape, and to some extent the
dimensions, of the surfaces. See Surface Graph 1.

Linear
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Sometimes referred to as a curve graph. Line graphs are a family of graphs that display
quantitative information by means of lines. They are extremely versatile and therefore are
used extensively.

Major types of lines used with line graphs
Shown at the right are examples of 10
the three major types of lines used to 8 -
connect data points to form line 6 -

graphs. The segmented variation is 4 -

sometimes referred to as a broken, 2-

fever, thermometer, or zigzag graph. 0

In actual graphs the plotting symbols S
may or may not be shown.

10 10

6 6

4 -4-

2 -2-

=7- -rr-rr--l 0 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
egmented line Stepped line Smooth curve

Simple line graph
A simple line graph displays a single data series. It typically has a quantitative scale on the
vertical axis and a category, quantitative, or sequence scale on the horizontal axis. Examples
of all three are shown below. With the category scale, a data point is located directly above
every label 10 - 10 - 10 -
(category) on the 8 - 8 - 8 -

horizontal scale. All 6 6 6

categories must be 4 4 4

shown on the scale \
in order for the 2 2 2

viewer to properly 0 0 0 . . . . . . .
Blue Red White Tan Gray s 96 0 2 4 6 8 12 10 14

interpret the graph. Category scale Sequence scale Quantitative scale
With sequence and Simple line graphs with one data series per graph
quantitative scales, data points are frequently not located over labels and in many cases
labels are not displayed for every value. Linear or nonlinear scales can be used on
quantitative scales. When all scales are quantitative, the two-axis graph is sometimes called
a simple XY line graph, and the three-axis a simple XYZ line graph. Positive and negative
values can be plotted on quantitative scales on either axis (below).

Category scale Sequence scale Quantitative scales
Simple line graphs plotted with positive and negative values

Simple scatter line graph
On most line graphs, the data points are connected sequentially from left to right. When
quantitative scales are used on both axes, similar to a scatter graph, the data points are
occasionally connected some other way such as the order in which the data points were
collected or plotted. When this is done the graph is sometimes referred to as a simple
scatter line graph. As shown below, the shape of the curve can be significantly different,
depending on which method is used. Only a person familiar with the data can decide which
is the proper sequence for a given data series. The same principle applies to three-axis
graphs.

10

0
D 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Data points connected in the same order they were plotted. The Data points connected in order of
number beside each data point indicates the order in which they were increasing values along the X-axis
plotted. Sometimes called a simple scatter line graph.

Line graphs on which the same data points are connected three different ways

Line Graph
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Line Graph (continued) Grouped line graph - multiple data series all referenced from the zero axis
Sometimes referred to as a dual line, multiple line, overlapped line, or compound line
graph. This is the format generally used when multiple data series are shown on the same
line graph. Grouped line graphs generally have 10 -
a quantitative scale on the vertical axis and 8 -

either a category, quantitative, or sequence
scale on the horizontal axis. All values along 6 A

the vertical axis are referenced/measured from 4 B In grouped line
a common zero base line axis which typically graphs, all curves

2 - are plotted fromis the horizontal axis. An example is shown at 2 same zero

the right. When a category scale is used, all a base line axis.

data series use the same categories. When the Grouped line graph
horizontal axis has a quantitative or sequential scale, there are two potential variations.

- All data series use the same values along the horizontal axis, but each data point has
a unique value along the vertical axis.

- All data points have a unique pair of values along both the horizontal and vertical axes.
These variations are of most interest/concern when the graphs are being generated on a
computer since some programs require the two types of data be entered in different ways.
Examples of graphs plotted with these two types of data are shown below.

| 310 3:20 3.30 3:40 3

Five variations of grouped line

Technically there is no limitation on the number of data series that can be shown on a
grouped line graph. Practically, when there are more than four or five data series, the graph
becomes confusing. * There are many ways to differentiate lines for identification and
encoding purposes. See Line and Fill elsewhere in this book for examples of potential
variations. * Segmented and smooth curve lines are most frequently used for graphs with
multiple data series. Stepped lines are sometimes used but can be confusing if the lines
intersect. * With all quantitative scales, the two-axis graph is sometimes called a grouped
XY line graph, and the three-axis variation a grouped XYZ line graph. * Positive and
negative values can be plotted on axes with quantitative scales.

Grouped scatter line graph
On most line graphs, the data points are connected sequentially from left to right. When
quantitative scales are used on both axes, similar to a scatter graph, the data points are
occasionally connected some other way, such as the order in which the data points were
collected or plotted. When this is done on a graph with multiple data series, it is sometimes
referred to as a grouped scatter line graph. The shapes of the curves can be significantly
different depending on which method is used. (See previous page for an example). Only a
person familiar with the data can decide which is the proper sequence for a given set of
data. Whichever order of connecting the data points is decided on, it is used with all data
series on a given graph. The same options for connecting data points applies to three-axis
line graphs.208



Line Graph (continued) Stacked line graph - multiple data series positioned on top of one another

Sometimes referred to as a layer line graph. In a stacked line graph, one data series is
plotted with all data points measured from the zero axis. The data points for the second data
series are determined by adding the values of the second series to the values of the first
series. For the third data series the data points are determined by adding the values for the
third data series to the values for the first two
data series, etc. Thus, the top curve on a stacked
line graph represents the sum of all of the data
series plotted, and the values for any particular
data series is represented by the difference
between two curves or a curve and an axis. For
example, if a company sells three products and
the sales for each of the three product lines are
plotted, the difference between each pair of lines
represents the sales for an individual product,
and the top curve represents the total sales of all
three products. (right). The stacked variation of

16 -

14-

12-

.S! To-al=A O line gr2
-10 -ptn

.°8 : A + B. Sales of product line C potent.2 8 groupe,
6ldirectl)

_ 6 potenti;

A Sales of product line B the ars
2 L__Fk~a stacks0 ~ 1- n Sales of product line A a segck

'95 '96 '97 V98 e99
Sometimes a stepped line can be effective equally
when used as a stacked line graph a steppe

10 -

14 -

12 -
0.5
'a
-6 10 -
0

.° 8
E
.c 6-

4 -
Co

2-

0

To

Ns.A + B

A

I I I I I I

/
Sales of product line C

i i prutne

Sales of product line B

Sales of product line A
'95 '96 '97 '98 '99

Stacked line graph where the actual
values for each data series are added
to the data series below it.

tph is used with caution because of
al confusion with the more widely used
d line graph. Placing titles of the curves
r on the data graphics can help diminish the
al for misunderstanding. Conversely, filling
is between the lines increases the chance
understanding. When stacking data series,
ed area graph is most frequently used.
ented, smooth, or stepped curves work
well in most applications. An example of

ed stacked line graph is shown at the left.

sw,,, -V -- ill 1 a-p.

The example at right works on the same principle as the other two examples, except
percent-of-the-whole values are used instead of actual values. In other words, the lower
curve indicates the percent of the total company sales that product A represented each year.
The middle curve is arrived at by adding the percents that product B represented to the
percents for product A. The percents for product C are added to the middle curve in the
same fashion, arriving at the top line, which is 100% of the company's sales for each year.
This variation is referred to as a 100%
stacked line graph. Stacked and 100%
stacked graphs are generally used with
categorical and sequential data. All
positive or all negative values can be
plotted; however, combinations of
positive and negative values create
very confusing graphs and are
therefore generally avoided. Features
such as multiple scales, fitted curves,
and error bars are generally not used
with stacked line graphs.

JI I'I -

80% -

60% -

40% -

20% -

0%-

Total = A + B + C - r-

A--A+ B

r i - I -vlcopn Slt

Percent that product line C
represents of total sales

LI - - -

Percent that product line B
represents of total sales

Percent that product line A
represents of total sales

a95 96 '97 ' '98 ' '99 ' . - . .--

100% stacked line graph where the percent
that each data seres represents of the whole
are added to the data series below it.

Three-dimensional stacked line graph -

Three-dimensional stacked line (sometimes calle
ribbon) graphs are sometimes used for presentati
purposes. An example is shown at the left.
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Range and hieh-low line eraphsLine Graph (continued)
There are several variations of line
graphs that designate ranges of
values. The ranges designated might
be maximums and minimums, plus
and minus three standard deviations,
upper and lower confidence limits,
upper and lower standard errors, etc.
In addition to the upper and lower
values, a series of midvalues may
also be shown such as average or
median. When midvalues are
included, the graph is frequently
referred to as a high-low graph.
WAIM-- .11- A-e eon~.^. h

' value
lue
' value

Iular
Dis are
ently
rd to
indard
bars.

WV 1 UC dlb LSConiUJMUISt 'IV A' B' C' D E A 'A'S' C ' D' E

common data points such as all of Upper, lower, and Upper, lower, andmidvalues with midvalues connected
the uppers, all of the lowers, and/or midvalues connected and symbols removed
all of the midvalues are sometimes Variations of range and high-low line graphs
connected by lines running from left to right. When this is done, the vertical lines or
symbols designating the ranges are sometimes eliminated. Examples of four widely used
variations are shown above. Range and high-low symbols can be added to any of the three
types of curves, as shown below. See Range Symbols and Graphs.

7 7- 7

8 8 6-
Shown at the ri ht are 5-

examples orange 44 -
symbols added to each 3 /

of the three different 3
types of line curves. 2 2 2 -

I I - 1
0 o o

A B C D E A B C D E A B C D E
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pr A sPIie UI SpICUiILIZU II1gn-LOW HIne grap1Ns are

price referred to in some literature and software manuals as
price open-high-low-close (OHLC), high-low-close (HLC),
r etc. In investment literature and software, the same

graphs are referred to as bar, price, or vertical line
charts. These graphs are generally used to record the

- Time -p. ce ol SLUCKs, SMUHCLS, .U0o11UIIUiLIeS, ecU., Uver

Open-high-low-close graph,. time. An example is shown at the left. See Bar Chart 2.
frequently called bar graph

Vertical line graph
Sometimes referred to as a needle or spike graph. Vertical line graphs are graphs in which a
vertical line extends from each data point down to the horizontal axis or plane. They are
sometimes thought of as column graphs where the columns have the widths of lines, or as
point graphs with drop lines in which the plotting symbols are eliminated. Vertical line
graphs are generally used when many successive data points are to be plotted or where it is
desirable to enable the viewer to a identify the exact value or time associated with each data
point. When the lines are close together, they sometimes resemble an area graph in which
the area under a line is filled with a pattern. * Sometimes a conventional line and the
vertical lines are used together for emphasis. Selected vertical lines can be darkened,
dashed, or made a different color to designate intervals such as weeks, months, etc. The
lines may or may not have symbols at the top to designate the exact data points. Vertical
lines can be used on two- or three-dimensional graphs.

Vertical line gn

210

aph Conventional and vertical Selected vertical lines Three-axis vertical line
line graphs combined highlighted graph

Vertical line graphs with and without the conventional line curve

Upper, lower, and
midvalues (high-low graph)
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Line Graph (continued) Difference line and deviation line graphs
* The term difference graph is occasionally used when
referring to a graph with intersecting data curves in which
the areas or differences between the curves are filled. For
example, one curve might represent the dollar value of
exports each year, and the other the dollar value of
imports. The areas between the two would represent the
differences, as shown at the right. This type of graph is
also sometimes referred to as a curve difference,
intersecting silhouette, or intersecting band graph.

* The term deviation graph is used to describe a graph on
which the values of the differences between a data series
and a known reference are plotted. For example, if profit
is being compared against budget, only the differences
might be plotted, as shown at right. If actual profits are
over budget, the values plotted are positive. If actual
profits are under budget, the values plotted are negative.
The reference or data series against which deviations are
calculated might be constant (e.g., the same value each
month) or variable (e.g., a different value each month).

* A cumulative deviation graph plots the cumulative sum
of all of the prior deviations plus the current deviation.
For example, a regular deviation graph might show how
profit compared to budget each month. A cumulative
deviation graph shows the difference between actual
profit and budget on a year-to-date basis. The graph at the
right is a cumulative variation of the deviation graph
immediately above it.

Exports
A/ crences

Imports

'85 '87 '89 '91 '93 '95 '97 '99
Difference line graph

5
Deviation of actual from budget

10

0

5-5

-10 . . . . . . . I I I
J F M A M J J A S 0 N D

Deviation line graph

we

20

15

10*

5.

0.
J F M A M J J A S 0 N D

Cumulative deviation graph using
the data from the deviation graph
immediately above.

* The areas between the two data series or between the data series and the reference are
sometimes filled or have drop lines added for emphasis. When fill is used the resulting
graph is sometimes called an area or filled line graph.

Isoline graphs
Isolines are lines of equal value. Put another way, every point on an isoline has some value
in common. One of the most familiar examples is a contour graph or map on which lines
represent points of equal value or elevation. For instance, a line labeled 400 designates all
points on the graph that have a value of 400. This applies whether the graph is two- or
three-dimensional. Isolines are also sometimes shown on graphs to indicate all possible
combinations that yield the same result - for example, all the combinations of hardener and
cure temperature that yield the same tensile strength, or all the combinations of sales of
two differently priced products that result in the same total sales dollars. Three examples

are shown below. This is an isoline; 12
AA .therefore, all Doints RIM

0 5 10 15 20 25
Hardener

Graph where isolines are used to
indicate all combinations of hardener
and cure temperature that give the
same tensile strength

lines on this line have al
Z-axis value of 400. a 8
The same rationale Is 6
applies to all other

lines on this graph. 0 4

75 lbs. tensile strength
0 lbs. tensile strength 0
Or th f ii strntth 0 2 4 6 8 10 1:2

re

en

s value.

Three-dimensional graph where all of the
points on a given line (isoline or contour) have
the same value on the vertical (Z) axis.
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Line Graph (continued)

Category scale Quantitative scale I
Without symbols designating data points

Stepped line curves on graphs with category
and quantitative scales on the horizontal axis.

ends are displayed, the graph is sometimes
referred to as left stepped graph. If the
symbols are shown on the right ends it is
called a right stepped graph, and in the
center, a center stepped graph. * In some
category graphs, symbols are located on the
right or left ends of the horizontal line

2 2

01

A B C D E A B C D E
Grid lines sometimes Intersecting stepped lines
interfere with stepped lines. can cause confusion.
Some combinations of stepped line graphs and
grid lines can cause confusion.

Stepped line graph
Stepped lines are sometimes used to different
series more clearly, to highlight differences a
comparisons rather than trends, and to emph,
nature of the data such as abrupt changes and
constant values. These graphs are especially
things such as prices, interest rates, plant cap
that change abruptly and then remain level fc
of time. The example at the right gives the vi
clear understanding of when the percents cha
how much, and how long each percent was ii

1o% 10o%

8%- 8%Z

6%1 6% 1
4%- 4%-

2%- 2% 1
0% 0%

A 6 C D E 20 30 40
Category scale Quantitative scale

With symbols designating data points I

tiate data
and
size the
I then
suitable for
pacity, etc.,
or a period
iewer a
anged, by
n effect

ou s91 2
Stepped line graph indicating abrupt
changes in something such as interest
rates and then a constant rate until a
subsequent change

)efore the next change occurred. When a
category scale is used on the X-axis, the
horizontal portions of a stepped line are as wide
is the space allotted to each category. When a
plotting symbol is used it is frequently located
in the center of the horizontal portion. When a
sequential or quantitative scale is used, the
horizontal lines extend from point to point
regardless of how near or far apart the points
ire. Plotting symbols are sometimes shown each
time the direction of the line changes, as on a
segmented line graph. Examples with a
quantitative scale and a category scale are
shown at the left. * Sometimes, in order to
emphasize certain characteristics of the data,
plotting symbols will be shown only at the left
Dr right ends of the horizontal portions of the
lines (below). If only the symbols on the left

10%- 10%-

Y8% 8%-

6% ': 6% -

4%- 4%- L

2%- 2%

0% 0%
20 30 40 20 30 40

Left stepped line graph Right stepped line graph

segments, even though data points typically
do not exist there. * Stepped line graphs have
limitations that segmented and smooth curve
line graphs do not. For example, when grid
lines are used or when multiple stepped
curves intersect one another, the legibility of
the data can sometimes be seriously
degraded, as shown at the left.

Jump line graph
A variation of the stepped line graph called a jump curve eliminates the vertical portions of
a stepped line, leaving only the horizontal portions. This type of curve sometimes more
correctly reflects what actually occurs. For example, when a price is changed, it does not
pass through all the values between the old and new price, but instead, simply jumps from
one level to another. Four variations of jump graphs are shown below.

Variations of jump line graphs

10%

8%

6%

4%

2%

0%
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Line Graph (continued) One-axis line graph
What is commonly referred to as a two-dimensional graph typically has data plotted on the
vertical and horizontal axes. In some situations the data for both axes can be combined onto
a single axis, either the vertical or horizontal, to create what is sometimes called a one-axis
graph. Shown below are examples of the same data plotted on horizontal and vertical one-
axis line graphs. 18,000 Canada

16,000
1 Australia14,000-

Guatemala Malta Israel Australia Canada 12,0 Israel
I I I I 10.000-

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 8,000 Malta
One-axis line graph using the horizontal axis 6,000

Examples of horizontal and 4,000 Guatemala
vertical one-axis line graphs 2,000

displaying the same data 0
One-axis line graph
using the vertical axis

For comparison, two conventional two-axis graphs are shown below displaying the same
data used in the one-axis graphs above. Many times, one of the scales on a one-axis graph is
of the category type; however, this is not a prerequisite.

Two-axis column graph Two-axis point graph with drop lines

Two-axis graphs for comparison. Both display
the same data as the one-axis graphs above.

Other line graphs

The examples shown here illustrate some of the less
frequently used variations of line graphs. See individual
headings for more information.

Radial line graph

Circular line graph
100. 80% 60% 40% 20% 0

Trilinear line graph

I 081% -

04% 2

00% -

W/6

Comparison graph

20

'aZ 10
0-

>

0 10 20
Variable I

Graphs for graphically solving
problems such as graphical linear
programming

W u U va il
Variable X

Graphs for displaying equations Vector graph
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Line Graph (continued) Three-axis (frequently called three-dimensional) line graph

When a third axis is added to a two-axis grouped line graph, the data curves are uniformly
distributed along the third axis as shown below. Three-axis variations of two-axis line
graphs typically yield no additional information over the two-axis variation. The data

' . L_ I L

graphic may be a
conventional line or, as is
sometimes done for
presentation purposes, the
line may be given width
and depth and called a
ribbon or ribbon graph.
The ribbon may simulate a
segmented or a smooth Conventional line Segmented ribbon Curved ribbon
curve. * There are several Three-axis line graphs with a category scale on one axis
additional types of three-axis graphs, most of which provide insights that would not be
possible, or at best would be difficult to observe using only two-axis graphs. On three-axis
graphs there is always a quantitative scale on the vertical axis. Quantitative, sequential, or
category scales can generally be used on the other two axes depending on the nature of the
data and the type of graph. Some variations accept only quantitative scales on all three axes.
Several examples of three-axis, three-dimensional graphs are shown below.

7
.6

3
12

Lines connecting data points A smooth curve on a
similar to a scatter graph form three-axis graph is
what is sometimes called a sometimes called a
scatter line graph. trajectory.

Straight lines connecting
data points with the base
result in what is sometimes
called a vertical line graph.

0

4 40

Lines connecting data
points of equa alue on
the Z-axis form a contour
graph.

30

30

10

A wireframe graph uses a network of straight When the areas between the lines on a
and/or curved lines to depict the data. wireframe graph are made opaque, the result

is sometimes called a lined surface graph.
Variations of three-axis (frequently called three-dimensional) graphs

Line graph matrix

A line graph matrix
consists of line graphs
arranged in rows and
columns in some
organized fashion. The
matrix simplifies the
analysis of large
quantities of data by
enabling the viewer to
study multiple graphs at
one time. For instance,
the example at the right
shows the trends of six
different measures in
four divisions on a single
page. See Matrix

214 Display.

0
03
IV

10co(0
03
rco
0
iE
03

.0-I

.5 2
II

a 3,

Division A Division B Division C Division D
$25,OD
$20,000-
$15,000-
$10,0D
$5,000

$0
25%-
20%/6
15%_
10%_
5%-
01%

ni 18,000
rral

. E $6,000- 11,1

Es $4,000-

$_ $2,000- I0 1' 92 'V394 3 90 '91 9' "934' 55

Line graph matrix

E

F



Line Graph (continued) Line graph icons
Miniature (1" square or less) line graphs, frequently without titles, labels, tick marks, or
grid lines, are sometimes called icons or symbols. Icons do not convey specific
quantitative information. Instead, they show such things as relative sizes, values, ratings,
etc., of specific things; overall comparisons of multiple entities; trends; or unusual
patterns of information. Icons might use segmented, stepped, or smooth curves as the data
graphic. Three examples of how line graph icons are used are shown below. See Icon.

As symbols on graphs-

Icons can be used on
graphs to give detailed
information about specific
data points. For instance, in
the example at the right, the
dashed line connects data
points that represent five-
year average values. The
icons show trends in the
data from which the
averages were calculated.
A typical observation from
a graph such as this would

3,000

2,000

0

1,000

Legend

on five-years averae in

Aug Sep Oct Nov Dec, Ja~n Feb Mar Apr MayJu Ju
Seasonal sales curve based on five-year averages. The
icons show trends in the actual sales for the five years.

be the fact that even though October has a higher average value than May, for the last four
years sales in October have gone down while in May they have gone up.

To compare multiple entities with regards to three or more characteristics

To simultaneously compare a sizable number of entities with regards to three or more
variables (sometimes called multivariate), a display of line icons is sometimes used. The
example at the right compares ten desktop
computers with regards to eight different character-
istics. A template, as shown in the legend, is used l R z M

when generating the icons to assure that the same Brand A Brand B Brand c Brand D Brand E
characteristic is always in the same location on
every icon and that the same value scale is used. ' l
Since values and units of measure can vary Brand F Brand G Brand H Brand I Brand J

significantly and some characteristics might be Legend

qualitative, a common scale of 0 to 1.0 is generally 1.0 A -Hard disk capacity
0.8 B - Inatalled RAM

used for all characteristics. The highest value or 0.6 C - Expandable RAM
0 04 D - Speerating in each characteristic is assigned the value of E 0 2 - Monitor resolution

g0.2 F - Monitor rsouioe
1.0. The lowest value or rating is assigned some A B c D E F G H G -MAccessonres

value less than 1.0, often zero. Other than Category / characteristic H -Price

legibility, there is no limit to the number of Example of an icon comparison display
variables that can be included in each icon. There also is no limit as to how many icons
can be included in the same display. Icons used in this way are sometimes referred to as
icon comparison displays. See Icon Comparison Display.

-A .cvthnf .nano

Line graph icons are used on maps to convey two major types of
information. One usage is to show how things change over time. In
this kind of application, a time scale is used on the horizontal axis
of the template/legend. The other major usage is for comparing
multiple variables or characteristics between areas on the map. For
example, the icons may show the values of exports for each state to
ten different countries, the production of six different crops in each
state, population by ethnic background, etc. When L"-d

used in this way the template/legend has a category 150

scale on the horizontal axis. A legend is always si
required when icons are used. °7075 '80 '85 E

Line icons used to con
bits of quantitative information by area. 215



Line Graph (continued) Curve fitting with line graphs

Sometimes the irregularities and fluctuations of curves on 10 - Linear fitted curve

line graphs make it difficult to accurately discern the nature 8 -uActa dat

of an overall trend, make meaningful projections, or 6

compare multiple data series. Straight or gently curving Polynomial

lines that best approximate the data series are sometimes 4 - fitd curve

fitted to data points to aid in the interpretation of the data. 2 -

The curves might be fitted visually or by well-established 0 ,
mathematical techniques. See Curve Fitting. Lin0ar and polynoial curves

fitted to line graphs

Other names of line graphs when areas are filled

When the areas under or between curves on a line graph are filled, the graph sometimes
takes on an additional name or assumes a new name. There are no guidelines as to which
names should be used. To a large extent the choice of name is dependent on individual
circumstances and customs. Shown below are four examples, along with alternate names
they are sometimes called.

10 - 10-
Upper values

2 - 8 2- F Al
2 B2-

____ ____ ____ ____ ___Lower values
0 0

'91 92 '93 94 5 A B C D E

Generally referred to Sometimes referred
as area graph to as range or band

graph

Generally referred to
as surface graph

0 5 10 15 20 25

Sometimes referred to
as area or filled line
graph

Connecting dissimilar information with lines

Most people agree that data points representing
continuous data can be connected with lines to form a
line graph. An example of continuous data is the
temperature in an office. If the office temperature was
measured every hour and the data points plotted, they
would typically be connected by lines, since it is known
that the temperature at one hour gradually and
continuously transitions to the temperature the next hour.
* There is disagreement as to whether discrete data
should be connected by lines to form a line graph, as in,
for example, data points for the populations of Paris,
Rome, London, and Moscow. Some feel that since the
four data points represent distinctly different things and
do not represent data elements that transition smoothly
from one to another, they should not be represented by a
line graph, but instead, by a point, column, or bar graph.
Others feel it is OK to connect the data points to form a
line graph, reasoning that it helps the viewer interpret the
information and the viewer will know that the line is
simply a visual aid. Several variations of the population
example are shown at the right. The column graph is
included for comparison purposes. When the points are
connected, stepped line graphs are sometimes used to
emphasize the fact that the graph is showing values for
comparison purposes and not to establish a trend. The
horizontal portion of the line can be darkened to
emphasize the values instead of the transitions. The
variation selected is an individual decision.

9
a 8-
0 7-
i 6 -

.6 5 -

5 32-

r 1 -

Paris Rome London Moscow
Segmented line graph

0 7

E 6.
.r 5-

E4 3 -5S2

Paris Rome London Moscow
Stepped line graph

. i -
0= 7-

. 5 -

aC4-

Sii

EL.0
Paris Rome London Moscow

Stepped line graph with bold
horizontal lines

c
6
80a

= 7
E~ 6.-
.c 5
C 4
0 3.
, 2
8-1
IL 0

Column graph

The same discrete data plotted
on various types of graphs
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Line Graph (continued) Scales on line graphs
Line graphs are one of the most versatile types of graphs with regards to scales. The
following are some of the key features regarding scales on line graphs:

- Typically have a quantitative scale on the vertical axis
- Can have a category, sequence, or quantitative scale on the horizontal axis
- Quantitative scales can be linear or nonlinear *
- Both positive and negative values can be plotted on the quantitative scales*
- Multiple scales are often used on the vertical axis*

* Except on stacked line types.
As a general rule it is recommended that quantitative scales include zero and be continuous.
In situations where the actual values are large and the differences between values are small,
these restrictions sometimes make it difficult or impossible to discern differences between
values. In these cases the scale may be enlarged to make the differences stand out. Several
methods for accomplishing this are shown below.
100 90 90 90

85 __ 85 8590

80

40 -

20

n -

80 8_ 0 80jj-_ 1
154 1 W 705t

10 10 101 A ,---- A10 - 10 ax------ |

90 A1 S2 S39 S vS 1S 3S S 9 9 2S 4 'v'0'1'2S 49
'90 '91 '92 '93 '94 '95 -'90 '91 '92 9394 '95' - ..90'91 '92 '93 '94 ' 95' 90 '91 `92 'V3 '94 ' 95'

For reference, the scale These three examples expand the scale and then take a section out of the
starts at zero on this middle (sometimes referred to as a scale break) to retain the original size
example. Actual values of the graph. The center example tends to make the scale break most
and changes from year obvious. The example on the right makes the scale break least obvious.
to year are difficult to
estimate.

90

88

84

82

100 C " i

80a

40-
__ Scale on vertical axis

2°1 starts at zero and has II -[ o I
'90 '91 '92 '93 '94 '95 0 i "~,- "~~.. _An alternative to a scale '90 '91 '92 '93 '94 '95

break when there is on Making the lower
on eateries or ly portion of the graph An alternative is to use two graphs. One with a
one data series r uneven helps to call scale starting at zero with no breaks which lets the
cmustepredatathe toeis areto the viewers attention viewer put the data in perspective (above left). Th
eliite the lower to the fact that the other, an enlargement of the area with the data
poimin oe the lower lower portion of the (called an expanded scale), which lets the viewer
variation presents the scale is missing. better determine exact values (above right).
danger of the viewer
overlooking the fact that
the lower portion of the
scale is missing.
Scales are generally located on the left side and bottom. It is common to have additional

scales on the right side and occasionally on the top. Three of the major reasons for
additional quantitative scales on the right side are:

- Identical scales on both sides improves the ease and accuracy of reading the graph,
particularly when it is wide, when there are multiple data series plotted, and/or when
grid lines are not used

- The right-hand scale can specify the same thing as the left scale, except in different
units such as kilometers and miles.

- When multiple data series use different units of measure or significantly different
values, a second scale is often required.

Examples of these three types of multiple quantitative scales are shown below.
100- 100 80 120'- 100

80 80 0 ° i 80 '

80- 80 _80 ~ ll8
40 40 &D4o 8a

0 60 D2
40 40 CD40

20- 2o200 20-
0 0 2*D

'0 '909 9 9 '590 '91I'9 '93 '94 '95 '90 '91 '9 '93 '94 '95

Identical scales on two sides Two scales specifying the Two scales specifying
same thing in different units entirely different things

When a second scale is added to the top it is generally a repeat of the scale on the bottom.
Occasionally, different units of measure or time intervals might be used on the top.

le
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Line Graph (continued) Vertical versus horizontal orientation
The curves on line graphs almost always
progress from left to right. Although it is
technically possible to have them run up
and down, it is only occasionally done,
primarily because line graphs are so firmly
associated in people's minds with time
series which typically progress from left to
right. The examples at the right display the
same data both ways. Most people feel
more comfortable with the example on the
right.

Grid lines on line graphs
The examples below illustrate the variations of grid lines commonly used on line graphs.
See Grid Lines.

250

200 7==-I==
150 7= = = =

100

. 1 .........50 ::::: :::::.; :
a b c d e I

Major and minor
horizontal and major
vertical grid lines

Drop lines used with line graphs

Faint lines called drop lines are sometimes used with both two- and three-dimensional line
graphs to help the viewer's eye more easily relate a data point to a label or value on the
axis. Vertical drop lines, horizontal drop lines, or a combination of the two might be used
on a given graph. Vertical drop lines are most widely used. See Drop Line.

0 1 2 3 4 5 6 7 8
Line graph with vertical
drop lines

Missing or irregular data

Line graphs are many times used to plot sequential data,
particularly time series. It is generally recommended that
there be no breaks in a time scale, since this can distort
the pattern or trend of the data. Even though data might be
irregular and in some cases missing, the time scale is
generally continuous and uniform. The examples shown
here illustrate several ways to call missing data to the
viewers attention.

Stubs are sometimes used to assure the viewer
that the gap is not an oversight or misprint

J F M A M J J A S O N D J F M A M J J A S8O N D

In some cases the area where Stubs sometimes extend from the
the data is missing is left blank. nearest data point in the direction

of the missing data.218

J F.A.J J ASONDJ.F.AMJJ ASOND

1996 1997
The presence of data symbols
indicates where actual data
was used.

JFMAMJJASONDJFMAMJJASOND
1996 1997

Dashed lines sometimes bridge
gaps where data is missing.

J FMA MJ JASON D JF MAJJASONS
1999 1997

Vertical line graph with gaps
where data is missing

0 2 4 6 8i 10 A D U U t

Unconventional orientation Conventional orientation
where the lines run up and where the lines run left tc
down right

Comparison of line graphs in which the data lines
have horizontal and vertical orientations
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Line Graph (continued) Terminology
-Curve variations

Slope

* Straight lines on a linear grid generally indicate linear
relationships between data sets.

* A segmented line is made up of a series of straight lines
connecting adjacent data points of a data series.
Segmented lines may represent linear or nonlinear data.

* A curved line is a continuous line with gentle bends and
no sham corners. Certain curved lines are referred to as
curilinear and represent nonlinear data.

L .Stepped lines result from connecting data points with a
series of horizontal and vertical lines.

- * Jumped lines are stepped lines without the vertical portions.

* Thee snone nf a straight Iine is the sampe t nnv nnint naonn

the line and is equal to the vertical distance between any two
points on the line divided by the horizontal distance between
the same two points. In the example at the left, the slope of
the straight line is A divided by B, or C divided by D. Both
yield the same value, fraction, proportion, and slope.

* The slope of a curved line varies from point to point. At
any given point, the slope of the curve is equal to the slope
of a straight line drawn tangent to the curve at that point. A
tangent line is a line that just touches the curve and is drawn
perpendicular to the radius of the curve at that point. In this
example the two slopes illustrated are equal to E divided by
F and G divided by H.

* The larger the ratio (fraction) between the vertical distance
Examples of slopes and the horizontal distance, the steeper the slope.

* Slopes can be positive or negative, as shown below.
+2 units

+2 itSlope =+ = +0.5 1 Slope= - = 5
Poshive slope Negative slope

-IDEA~ K ANJI - ANLGA
1IIIXIIejJL

A y-intercept is the value at

Data series #1

Data series #2
Examples of connecting lines
based on Interpolation

Er.XaWpUIUULUII

Extrapolation is the
process of projecting
or estimating values
based on known
information. In this
example, the values
between B and C are
extrapolated from the
known values between
A and B. Examples of extrapolated values

Interpolation is the process of estimating values between
known values. When data points representing continuous data
are connected with lines, an interpolation process takes place
and the shapes of the connecting lines are the result of that
process. For instance, in the example at the left, points A and
B are common to data series #1 and #2. The lines connecting
points A and B are different for the two series. This is because
it was estimated (interpolated) that in series #1 the points
between A and B were linear, while in series #2 it was
estimated (interpolated) that the points were nonlinear. 219
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A map generated by hand or computer using lines, symbols, shading, etc., as opposed
to a map generated by means of photographs.

Sometimes referred to as curve fitting or smoothing.
Line-of-best-fit is a process in which a curve that
most closely approximates a data series is
superimposed over a plot of the data points of that
data series. There are many different types of curves
that can be fitted to a given set of data points. Two
examples are shown at the right. See Curve Fitting.

Linear curve fit Polynomial curve fit
Two types of curves fitted
to the same data points

Frequently referred to as leading. Line space is the vertical distance between lines of type.
Line space is measured from the base line of one line of type to the base line of the next
line of type. See Leading.

The short lines connecting the
boundaries between data series on
stacked bar or column graphs.

The lines connecting the boxes or
symbols on diagrams such as flow
charts and PERT charts.

Li

Sometimes referred to as a tree diagram,
cluster map, or dendrogram. A linkage
tree is a graphical means of organizing
information for the purpose of
establishing groupings and/or
categorizing individual elements. For
example, one might study different
groups of consumers to determine how
they perceive a product, or a linkage tree
might be used to look for relationships
in a group of archeological specimens.
See Dendrogram.

Values proportional to the degree of similarity
between objects and clusters

,.................. .......-....

0

.0
M

E
02

Lingage tree

Linked Stacked Graph In an attempt to make relationships easier to see on stacked bar and column graphs, lines
are sometimes drawn connecting the boundaries between the data series. When this is done
the graph is referred to as a linked or connected stacked graph. Connecting lines can be
used with simple 20

or 100% stacked 15

graphs. The area
between the links 10
may or may not be 5
filled. See Bar
Graph and Column 0
Graph.

Loading Chart Loading charts are used to plan and schedule
resources, frequently with the objective of
optimizing their utilization. Key objectives are
to assure resources are not overloaded, while at
the same time assuring they are idle a minimum
amount of time. Time is generally shown along
the horizontal axis and resources along the
vertical axis. Color, shading, symbols, and text

Examples of linked stacked graphs

TH-:- - > I :- I - . I . . a -A I

are used to encode the information. Loading cart
220

Line Map

Line-of-Best-Fit

Line Space

Link'

Link2

Linkage Tree
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Logarithmic Graph
(Full Log or Log Log)
and
Semilogarithmic Graph
(Semilog or Semi-Log)
and
Logarithmic Scale

Sometimes referred to as a ratio or rate-of-change graph. A graph is referred to as a
logarithmic graph if it has one or more logarithmic scales. * For reference: a logarithm is
the power to which a base number must be raised to equal a given value. For example, the
logarithm of 100 using a base of 10 is two since 10 must be raised to the power of two
(102) to equal 100.

Types of logarithmic graphs
If a graph has one logarithmic scale and one nonlogarithmic scale (generally quantitative
or sequential), it is referred to as a semilogarithmic or semilog graph. On semilog graphs,
the logarithmic scale is generally on the vertical axis; however, it can be on the horizontal
axis. If the graph has two logarithmic scales, it is referred to as a full logarithmic or log-log
graph. Examples
of linear, semi-
logarithmic, and
full logarithmic
grids are shown
at the right.
* When a data
series forms a
straight line on a
linear grid, the
data along both
axes are

400

350

300

250

200

150

100

50

0
0 2 4 6 8 10 12 14
Linear grid for reference
(e.g., two linear scales)

1000

100

10

1- -n

100

10

0 2 4 6 8 10 12 14
Semilogarithmic grid

(e.g., one logarithmic and
one linear scale)

DMO ---..

1 10 100 1000
Full logarithmic grid

(e.g., two logarithmic scales)

increasing Examples of linear, semilogarithmic, and full logarithmic grids
linearly. When a data series forms a straight line on a semilogarithmic grid, the data along
the logarithmic axis is increasing at a constant percentage rate while the variable on the
other axis is increasing linearly. A straight line on a full logarithmic grid means the data
along both axes are increasing at constant percentage rates. The matrix below shows
examples of each type of data plotted on each type of grid.

Tkhe same data s
:plotedon each graph
in this ro.h data
Inrae linearlt alongV

bot axes,

LInear graph with
two lnear scales

2

2

Se'llogarthmil graph - Full logarithmic
with on logari t I graph Wt two
and one liner scale logarithmic scales

A comparison of linear, semilogarithmic, and full-logarithmic graphs

Scatter and line type graphs are almost always used with logarithmic graphs. It is possible
to use other types such as column, bar, and area; however, these types are seldom used
because viewers tend to equate the size or areas of the data graphics with the values
represented, which, in the case of logarithmic graphs, gives an incorrect impression. 221

: 22 !

:

- t i t



Logarithmic Graph
(Full Log or Log Log)
and
Semilogarithmic Graph
(Semilog or Semi-Log)
and
Logarithmic Scale
(continued)

Scales
Logarithmic scales are always quantitative. Because of the nature of logarithms from which
logarithmic scales are derived, a logarithmic scale does not have a zero. If the variable
being plotted approaches zero, values such as 0.1, 0.01, 0.001, etc., are used as the lower
value. * For all practical purposes, negative numbers are not plotted on logarithmic graphs.
* The major scale intervals on logarithmic scales are called cycles (also referred to as
banks, decks, phases, or tiers).

1 2 3 4 5 6 7 891

1 10
20 30 40 50 60 700901

100

l l lilil
200 300 4005000 00 800 1

1,000

Major scale intervals on logarithmic scales are called cycles, banks, decks, phases, or tiers

10090o
80
70
60
50
40

30

20

10

7-
6-
5.-
4-

3-

2-

I

When intervals of equal physical
length are marked off on a logarithmic
scale, the upper and lower values of
each interval are in the same ratio to
one another as their counterparts in
any other interval of equal physical
length on the same scale. For
example, the physical distance
between 1 and 10 (a ratio of 10 to 1) is
the same as the physical distance
between 100 and 1,000 (also a ratio of
10 to 1). This principle applies
regardless of what length of interval is
used, as shown at the right. - By
contrast, when intervals of equal
physical length are marked off on a
linear scale, each interval encom-
passes an equal amount of the variable
being plotted regardless of where the
interval is marked off. For example,
the physical distance between 1 and 2
(a difference of 1) is the same as the
physical distance between 99 and 100
(also a difference of 1).

Labels

In most cases the actual values and units of measure of
the thing being plotted are used on the logarithmic scale
(e.g., dollars of sales, number of participants, prices of
stock). This enables the people plotting and reading the
graph to deal with the same terms as in a linear graph.
Occasionally, especially in scientific uses, the logarithms
of the values being plotted are displayed on a second
scale, as shown at the right. In a few cases only the scale
showing the logarithms is used.

The arrows in
this section are
all the same
length. The value
at the top of each
arrow is two
times (200%) the
value at the
bottom of the
same arrow.

The arosin

I I

AII

The arrows in
this section are
all the same
length. The value
at the top of each
arrow is five
times (500%) the
value at the
bottom of the
same arrow.

The arrows in
this section are
all the same

lnt.The value
atth op of each
arrow is ten times
(1000%) the
value at the
bottom of the
same arrow.

This illustration shows how the values at the two ends
of all intervals of equal length along a given logarithmic
scale are always in the same proportion/ratio.

10,000 4 o

@1,000-- -3

30

0 I1 '

90 91 92 93 94 95 96
Semilog graph with a scale showing
actual values on the left and a scale
showing logarithms on the right

Tick marks

Major tick marks designate the cycles on a logarithmic graph. The number of minor tick
marks varies depending on the values on the scale and the logarithmic base used. For
instance, if a base of five is used, there may be only three minor tick marks between major
tick marks. With a base of ten, eight 10,000 10,000
minor tick marks are common. * Minor
tick marks are sometimes eliminated, as 1* 1,000

shown at the right; however, there is 00 100 l

the potential hazard that the viewer will
inadvertently estimate values based on 10 X 10
a linear extrapolation instead of l l l l l l l l l l
logarithmic extrapolation. 9o 91 9293949596 9091 92 93 94 94 98

With minor tick marks Without minor tick marks222



Logarithmic Graph
(Full Log or Log Log)
and
Semilogarithmic Graph
(Semilog or Semi-Log)
and
Logarithmic Scale
(continued)

Logarithmic base value
Logarithms, from which logarithmic graphs are generated,
are calculated with reference to what is called a base
number. The number ten is frequently used; however, it
can be almost any value. With regards to graphs, the
major effect of using various bases is a change in the
values and the number of tick marks shown on the scale.
The choice of the base value has no effect on the shape of
the curves being plotted, as shown below. In this
illustration, base values of 5, 10, and 22 are used. The
same data is plotted in each graph as well as in the graph
at the right, which has linear scales for reference.

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

10,000 -Data series #1

1,000 .

100.

Daaseries #2
10

i- 10,648

484

22

90 '91 '92 '3 '4 '59 '9�6 ' 90 '1 '92 '93 '4 5 '96

Vertical scale uses a base of 5 Vertical scale uses a base of 10 Vertical scale uses a base of 22
Comparison of graphs of the same data using three different logarithmic bases

Interpreting curves on logarithmic graphs
The steepness of the curve on a semilog graph at any point or overall is proportional to the
actual rate of change of the thing being plotted. The steeper the slope, the greater the rate of
change, either positive or negative. If the line slopes up, it indicates a positive rate of
change. A downward slope indicates a negative rate of change.

* When the curve is a straight line, change is
taking place at a constant rate, such as 20%
per year for each successive year.

* When curves are parallel, the rates of change
are the same for the two data series, even
thought the actual values are different. In this
example the rates of growth for the product
are the same (20% per year), both in terms of
units and dollars.

* When the slope of the curve becomes
shallower as it progresses, the rates of change
are becoming smaller and smaller.

1 2 3 4 5 6 7 8 9 10 \ * When the slope of the curve becomes steeper
Years since product was introduced

Typical application of a semilogarithmic graph and steeper as it progresses, the rates of
. . + A change are becoming greater and greater.

- Ian. a'ShJrUl... clnepL
-(goi p--lus anms 1

(ignoring plus and minus 1 000 XI

signs) of the curve is not the
same for equal positive and
negative rates of change 100
(e.g., +40% and -40%). As
illustrated in the example at
the right, the slope of a
curve with a constant plus
40% rate of change is less 1
steep than the slope of a
curve with a constant minus
40% rate of change. The 0.1I
same data is plotted on a 1 2 3

semilog and linear graph for
comparison purposes.

1 450 - I

400

a 350 +40% annual increase

300 - +20% annual increase

250 No increase or,decrease

200 20% annual Idecrease

-150 40% annual 'decrease

100

50

l J 0 1 -1E I | I

4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 910
Semilog graph Linear graph for reference
Comparison of the same constant rate of growth
data plotted on semilog and linear graphs
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Logarithmic Graph
(Full Log or Log Log)
and
Semilogarithmic Graph
(Semilog or Semi-Log)
and
Logarithmic Scale
(continued)

Supplementary scale
Daily stock prices are often plotted on semilog graphs, as shown in the example below. If
the stock prices tend to fluctuate around a straight line with an upward slope, the price of
the stock, on the average, is increasing at a constant rate comparable to the percent
represented by the straight line it fluctuates around. Since actual rates of change cannot be
read directly from the graph, a supplementary scale is sometimes used, as shown in the
example. From such a graph,
one can estimate short-term
growth rates (e.g., between 1980
and 1982 the stock price
increased at a rate of about
20%), as well as long-term
growth rates (e.g., between 1980
and 1990 the stock price
increased at an average rate of
about 15%). Although stock
prices are used in the example,

Stock price chart with a logarithmic scale on the vertical
the concept is applicable to any axis and a supplementary scale superimposed to enable
type of data. the viewer to estimate average annual increases

Use of semilog graph to compare rates of growth of various entities
A logarithmic scale can be helpful when analyzing data to see what is happening to the
rates of growth of various entities. For example, if managers want to compare the growth
rates of various divisions in a company, they might plot the annual sales for each division
on a semilog graph, as shown below on the left. The decreasing slope of the curve for
division A indicates that the division's rate of growth decreased each successive year. The
fact that division B's curve is a straight line indicates that this division's annual growth was

positive for the
entire time. The
increasing slope o$100
of the curve for 0
division C C

indicates that this z $10
division grew co
faster each year
than the previous $1

Z;4UU -

$350 -

"D $300 -

is $250 -

IE $200 -

.; $150 -

I, $1 00

$50 -

$0
-- for all 12 80 82 84 86 88 90 92 80 82 84 86 88 90 92year Semilog graph Linear graph (for reference)

years. A semilog graph can sometimes be more informative than a linear
graph when comparing the rates of growth of various entities.

Use of semilog graph to enhance the readability of individual data points

0 2 4 6 8 10
Linear graph

100,000-

10,000

1,000

100

10

1

0.1

a

0 2 4 6 8 10
Semilog graph

Illustration of how a logarithmic scale can sometimes
provide better resolution when the value of data
points differ significantly. The same data are plotted
on both graphs.

A logarithmic scale can be useful
when displaying data with large
differences in numeric values and/or
large differences between multiple
data series. For example, if values
range from 0.3 and 1.5 to 8,719 and
50,444, it would be impossible to
display these on a linear scale so that
the viewer could identify values and
differences with a reasonable degree
of accuracy. The use of a logarithmic
scale improves the resolution of the
individual data points in such a series,
as shown at the left.

Preprinted logarithmic graph paper
Although the grid for a logarithmic graph can be prepared by hand, such graphs are usually
generated using computers or preprinted graph paper. Preprinted graph paper typically
comes with the numbers I to 9 on the logarithmic axis. These can be converted to the scale
numbers needed by the addition of zeros and/or decimal points.224
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Logarithmic Map Sometimes referred to as a map with exaggerated perspective. This type of map places
emphasis on those things towards the center or foreground and reduces the size and amount

A1 LAU. , a- -- . .- I - h- Ha - - - -
or detail or things further away at tne edges o0 me map.
More space is provided for items in the foreground by
reducing the space required for distant items. Because of
the distortion introduced, these types of maps are generally
nonquantitative. Rental car agencies sometimes use
logarithmic maps, since the majority of the renters use the
cars close to where they are rented and that is where the
greatest amount of detail and the least amount of distortion
appears. The outlying information tends to be used
primarily for orientation purposes. Logarithmic map

Longitude Longitude is a distance measured in degrees east
and or west of a reference called the prime meridian.
Longitudinal Line The prime meridian, which passes through

Greenwich, England, designates zero, with 1800
on the opposite side of the earth. Longitudinal
lines are the grid lines that connect all points of
equal longitude. They are also called meridians.
* Latitude is a distance north or south of the
equator. It is measured in degrees with zero at Longitudes

are measu
the equator and 900 at the North and South in this dire

udes
surec
ctior

Il 11 WouleII 00~ in the easternPoles. Using values of latitude and longitude as hemisphere. ° hemisphere
coordinates, places and things can be precisely Prime meridian passes

through Greenwich, England
located anywhere on the globe. See Map. Illustration of how longitudes are measured

Lorenz Curve A graph with cumulative frequency percents plotted on both the vertical and horizontal
or axes. Lorenz graphs are used primarily for comparing two or more variables to see if their
Lorenz Graph distributions are similar. For example, Lorenz graphs are used extensively to compare the

distribution of income versus the distribution of population, i.e., how the total income
received by a certain population is distributed across that population. The population might
be that of a country, state, profession, company, etc. The graphs are normally square. The
scales on both axes range from zero to 100%, with the zero for both axes at the lower left-

hand corner. A diagonal line is drawn from the lower

0E
0
C

.5

zE

left-hand corner to the upper-right hand corner to
represent the curve that would result if the distributions
on the two axes were exactly the same. This diagonal is
referred to as the line of perfect equality, absolute
equality, curve of complete equality, or line of equal
distribution. The graph at the left is an example of a
Lorenz curve with cumulative percent of total income
plotted on the vertical axis and cumulative percent of

0% 20% 40% 60% 80% 100% tne population on me nonzontai axis. i ne snaueu area
Cumulative % of population indicates the difference or deviation from the diagonal.

Lorenz graph The dashed lines have been added to illustrate how the

graph is interpreted. For example, in this hypothetical situation, 40% of the population
earned about 22% of the total income. At the other end of the curve the reference lines
indicate that the upper 10% of the population earned about 21% of the total income.
* Sometimes Lorenz graphs are used to study such things as changes in the distribution of
income over time, under different sets of conditions, or in different populations. Examples
of several of these applications are shown below.

EoID

E

0
C.G

.51

0

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 6% 80%
Cumulative % of population Cumulative % of families Cumulative % of Cumulative % of

people in country people in profession
Typical applications of the Lorenz graphs 225
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...- J Territory Sales 21
Maps provide the unique ability to display 1 $ 3,256 2

2 1,025
information visually in relationship to its 6,152
physical (spatial) location. Tables and 45 116587 1280

graphs provide information on the 6 13,542 5
7 2,687 19

quantitative aspect of data. For instance, 8 4,158 2 16

for quick reference and precision, a table is 10 7,314 E 17

usually the best choice. To make rapid 12 14,12812 18,511 10I
comparisons of individual values or to look 13 2,567 4

14 965 3
at the overall quantitative nature of the 15 7,814 8 Average
data, graphs provide a good option. To see 16 10,547 717 8,832 13 -
how the data is distributed geographically, 18 12,332 2

19 114 I4ic- _
there is no substitute for a map. Examples 20 13,210 1 * | I , to $9,999

21 19,387 $0 $5 $10 $15 $20 * $10,000to$14,999
of all three types of graphics displayig the 22 19,147 Sales in Thousands of Dollars * $15,000 to $19,999

same data are shown at the right. * Maps Data in tabular form Data in graphical form Data in map form

used as charts can be categorized into Illustration of how a map yields information not readily available from a table or graph
six major classifications, shown below with examples of each. Statistical, descriptive, flow, topographic, and weather maps
are discussed under those family headings. The maps categorized as special purpose are discussed under their individual
headings. This section discusses the general aspects of maps that apply to multiple families and types. * Although the various
types of maps are best discussed separately, in practice, multiple types are frequently combined into a single map.
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Map (continued) Grid lines, meridians, and parallels
Parallels and meridians

Two of the primary functions of grid lines on maps are to locate places and things and to
orient the viewer. When precise locations on the earth's surface are required (sometimes
referred to as absolute location), a coordinate system of latitudes and longitudes is used
(sometimes referred to as geographic grid or graticule). The latitude and longitude of a
particular location are sometimes called
geodetic or geographic coordinates. The latitude
is frequently considered the Y coordinate and
the longitude the X coordinate. The grid lines
running north and south are called meridians or
longitudinal lines. The grid lines running east
and west are called parallels or latitudinal lines.
The example at the right shows how parallels
and meridians appear on a globe. The examples
below show various way they appear on maps.

North Pole
Meridians,
longitudes, or

/ fl-itucie longitudinal lines.
All meridians

\ \ meet at the North
and South Poles.

Lattude 8 \Equator

Parallels, latitudes,
or latitudinal lines.
Parallels never
meet or cross.

Examples of key grid lines used for locating
places or things on the earth's surface

In many maps of small As the area becomes When a large area is viewed When viewed along the
areas, parallels appear larger, parallels and perpendicular to the north- north-south axis, parallels
almost as horizontal meridians frequently south axis, parallels appear as circles and
straight lines and meridians appear as gently approach straight horizontal meridians as straight lines
as vertical straight lines curving lines. lines and meridians become radiating from the center.

curved vertical lines.
Examples of how parallels and meridians appear on maps, depending on the
size of the area involved and the angle from which the view is taken

Parallels are used to measure distances north and south of the equator. They start with zero
degrees at the equator and increase to 90° at either pole. The letter N or S is appended to the
values (e.g., 170N, 470S) if it is not obvious whether they apply to the northern or southern
hemisphere. * Meridians are used to measure distances east and west from a generally
accepted reference line called the prime meridian, which passes through Greenwich,
England. The meridians start with zero at the prime meridian and increase to the east and
west until the two sets meet at 180' on the opposite side of the world. The point where they
meet is called the International Date Line. The letters E and W are appended (e.g., 270 E,
115° W) if it is not obvious which hemisphere is meant. Both longitudinal and latitudinal
distances are measured in degrees, minutes, and seconds. - Generally only major grid lines
are used. * See illustrations below and Scales in this section on maps.

go0 180° International

9go

Date uLne -

Prime Meridian at Greenwich, England
Illustration of how latitudes are measured Illustration of how longitudes are measured
north and south from the equator east and west from the prime meridian

Quadrangle, quadrilateral, or quad
The area bounded by two lines of latitude and two lines of longitude is sometimes called a
quadrangle, or quad, and is frequently designated by the angles included in the enclosure.
For example, a seven-and-one-half minute quadrangle is a quadrangle encompassing 7.5
minutes of latitude and 7.5 minutes of longitude. The U.S. Geological Survey issues a series
of maps referred to as 7.5-minute maps or quadrangles. 227



Grid lines, meridians, and parallels (continued)

Grid lines for determining size and location

With many maps, such as statistical and descriptive maps, precise locations with regards to
latitude and longitude are not important. Of more importance are things like the relative
location of a place or thing with respect to other places or things; distances between various
locations in units of feet, meters, miles, or kilometers; statistics with regards to various
areas; the size of an area; etc. As a result, many maps do not show parallels and meridians
and in fact, may have no grid lines at all. Those that do, often use them to assist in finding
specific entities on the map. For this purpose the map is generally divided in to rows and
columns by means of horizontal and vertical grid lines, though these grid lines are generally
unrelated to lines of latitude and longitude. The number of rows and columns is optional,
depending on the size of the map and the preciseness with which places and things are to
be referenced. The lines are generally faint and straight. Such grid lines frequently have no
particular mileage distance between them. Each vertical column is designated by a number
or letter and each horizontal row by a letter or number, respectively, as shown below. A
table accompanying the map cross references each major item on the map with its
appropriate letter and number combination so it can readily be located on the map.

Arbitrary numbers, letters,
and/or symbols used to

identify columns and rows

Grid lines used strictly for
dividing the map into rows 2

and columns. They
frequently bear no \3

relationship to latitudes or
longitudes. 4

Examples as to how 5
things are referenced:

Windmill located at A5 6
Power nl.nt loateri at FR

,. -.--- - .. wA B C D E F G H I

Examples of grid lines used for reference
purposes only. Exact latitude and longitude are
typically not important in this type of map.

Supplementary grid lines and scale

Supplementary scale
Supplementary grid I

In some instances supplementary grid lines are
added, such as a series of circles or lines bracketing
a specific point to indicate distances from that point.
The scale for this additional grid is generally shown
directly on the grid.

Example of a supplementary set of grid
lines used on some maps for determining
distances, designating zones, etc.

Location of grid lines

Grid lines may be drawn in front of or behind the land masses on maps. They frequently
are drawn in front of. Whether they are in front or back or whether a grid is used at all
depends largely on the purpose of the map and the degree of accuracy desired in decoding
the information. Examples are shown below.

No grid lines Grid lines behind land masses Grid lines in front of land masses
A comparison of three variations of grid lines
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Map (continued) Scales
. . ,

-ole
Method for
measuring
degrees for
parallels north
of the equator

Method for
measuring
degrees for
parallels south
of the equator

Measurement of latitudes

Latitude scale labels Longitude scale labE
are frequently displayed frequently displayed
on the vertical axis. horizontal axis.

t 1500 1200 900 600 300 00 300 600 900 1200 15

Example of a map with latitude and longitude s

-Placement of scale labels

Scale labels inside Scale labels outside
of map frame of map frame

Comparison of two major options
for scale label placement

1800
North 1500 1500
Pole

1200 1 20

*, A , ,' - Meridians

600 0 Prime
Meridian

300

Method of Method of measuring
measuring degrees degrees for meridians

for meridians west of east of the prime
the prime meridian meridian

Measurement of longitudes
Ils are
on the

30 1800 When disnlaved on a flat man with a
-r--J- - I- - - - ---o __- _ -_

view from the side, the scale for
longitudes and their labels are
generally on the horizontal axis.
East values increase to the right and
west values to the left. Scales for
latitudes and their labels are
generally on the vertical axis.
Northern values increase upwards
and southern values downward.
Examples of both are shown at the

scales left.

Sometimes it is convenient to display
scale labels outside the map frame or
neat line. In other cases it is
inconvenient and/or confusing to show
the labels outside. In these cases it may
be clearer if the labels are located
directly on their respective grid lines.
Examples of both placements are
shown at the left. Even when the labels
could be shown outside the frame, the
option of placing them on the grid lines
is often preferred. When the map is
large, the labels are sometimes repeated
two or more times at opposite ends of
the map and in some cases in the
middle. Adding letters to the labels
indicating the hemisphere (e.g., N, S, E,
W), as shown in the example at the left,
can also aid the viewer.
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Scales for establishing absolute locations using latitudes and longitudes
Latitudes and longitudes are imaginary lines that locate places and things on the earth's
surface. These are sometimes referred to as absolute locations. The angular scales used for
identifying latitudes and longitudes are referenced from imaginary planes passing through
the center of the earth. Degrees of longitude start at what is called the prime meridian and
increase in both the easterly and westerly directions, meeting at 1800 on the opposite side of
the earth. * Degrees of latitude start at the equator and increase in both the northerly and
southerly directions to 900 at the two poles. The angles are generally stated in terms of
degrees, minutes, and seconds (e.g. 350 47' 12"). Sometimes fractions of degrees or minutes
are used, such as tenths of a minute (350 47.2') or hundredths of a degree (e.g. 35.79°).
Illustrations of how the angles are measured are shown below.

--- KIAA oI----



Map (continued) Scales (continued)
-Surface distance scales
This type of scale is used primarily for determining the size, distance, or relative location
of places and things, - for example, to determine how wide Kansas is or how far it is
from Paris to Moscow. The following three methods are widely used for indicating
surface distances. Scales such as these are typically included on the map or in the margin.
It is common for two or more different types of scales to be included on the same map.
* Simple fraction or ratio - Sometimes referred to as

representative fraction or RF. This type of scale
relates a unit distance on a map to the distance it
actually represents on the ground or earth. For
example, the fraction or ratio of 1/1,000,000 or
1: 1,000,000 means that 1 unit on the map represents
1,000,000 of the same units on the ground. If the units
are inches then one inch on the map represents
1,000,000 inches on the ground. The same technique
is sometimes used to scale areas in which case the
units are squared (e.g. 1 2:10,0002). This type of scale
will be incorrect if the map is resized by a
photocopying process.

* Written statement or verbal - This type of scale
will generally be incorrect if the map is enlarged
or reduced by a photocopying process.

As a
/ fraction

1,000,000

Distance on Distanj on
map (e.g., 1 ground (e.g.,
centimeter, 1 1,000,000
inch) centimeters,

1,000,000 inches)

/
As a ratio _, 1:1,000,000

Examples of simple fraction
and ratio scales

One inch equals one mile
One centimeter equals one kilometer

Examples of written statement scale

* Graphic representation - Graphic scales are unaffected by enlargements or reductions
of the map by photocopying processes. 0 10 20 30 miles

- Bar scales are frequently used
when distances are not distorted.
The examples shown here all
display miles and kilometers.
When the distances are shorter, 10 5

the labels are in smaller units I l
such as feet or meters. F0

- Special scales are sometimes used to
compensate for distortion. This example
takes into consideration the fact that the
further one gets from the equator, the
shorter the actual distance represented by a
unit length on the map.

0 10 20 30 40 kilometers
0 10 20 30 miles

0 10 20 30 40 kilometers
0 10 20 30 miles

5 0 10 20 30 40 kilometers

Examples of bar scales

,2. Degrees of latitude

0 200 400 Miles6 1000

Scale for use where distances are
distorted as latitude changes

Elevation or vertical axis scales
Elevations might be noted directly on a map or, as Feet

is often done, various colors or shading are used to
indicate ranges of elevations. When color or
shading is used, a scale similar to those at the right
is frequently employed. The color/shading concept

1,000 to 1,500 It.

d 50to 1,000oft.

o to 500 ft.

can be applied to surfaces above or below water. Examples of elevation scales/egends
-Large scale, intermediate scale, and small scale maps
Maps are sometimes grouped into the following three categories based on scales. The
ranges of scale values for the categories are approximate and are not industry standards.

Category Description Scale
Large scale A map that shows a small area in 1 / 24,000 and

great detail (e.g., a city map) larger fractions
(e.g., 1 / 10,000)

Intermediate scale Maps with areas and detail somwhere I / 25,000 to
between large and small scale 1 / 29,000,000

Small scale A map that shows a large area with I / 30,000,000
relatively little detail (e.g., a world map) and smaller fractions

(e.g., I / 50,000,000)
230



Map (continued)

Symbols

In addition to designating the location of things on maps, symbols are used extensively to encode quantitative and descriptive
(qualitative) information. The table below shows examples of some of the diverse ways symbols are used for these purposes.
Additional information is available under the heading Symbol elsewhere in this book.

Clasaification of Descriptiver i ormation

Nominal (Ranked C:)uatlttiiy ItFrval Proportional
(qual111taieeg.frtecdtidec) (quant1ity, vaue) (0.9. ratio, relative, etc.)

L, M, S 10 ton 2.7 tons per acre
Standard library, coal mine, plant large, medium, small 20 passengers 2,080 passenger-miles

*5! irth Pry
:Z MUltipl bits of Portland = In the west NEW YORK = Largest Portland = 100k to 500k = current year

informatonencod New York = In the east Portland = Medium New York = 50k to 100k 2 =previous year
X Into symbo ITulsa = In the south TULSA = Smallest Tulsa = .5k to 1 k D = 5yr. average

0* unincorporated city =minor = $100 Sales = X$ purchases per household
=Ize 0 = average * = $200 Sales 0 = Y$ purchases per household

* incorporated city = major * = $300 Sales * = Z$ purchases per household

- airport A has feature A = third place A = 10 to 99 employees * = 1/2 depleted
, Shape A S = second place 0 = 100 to 499 employees * = 3/4 depleted

church 0 tin deposit * = first place * = 500 to 999 employees * = fully depleted

.. size of A
0. Multiple NA - if used in multiples . - least 0 = 100they become quantitative *see. = mid-value *.=200BtwcsiefA

o ..... =msts..=50ec C four times size of A

_Z :02 Bridge 4 minor airport 62% ° size of A
Multiple bit$s I Bridgeclosed 4 averageoairpfr38% S0 B twice size of A
information encoded .aDBdeclsdvrgeiport =100 kilograms
into symbol . i major airport* 200 kilograms § C three times size of A

0* Existing 0 Proposed -= 300 kilograms Oseasoned * not seasoned

original contours unimproved road 10 messages 2 messages per hour
Thickness (weight) natural changes light duty road 100 messages 4 messages per hour

- man-made changes primary highway 1000 messages 8 messages per hour

property boundary highest elevation 300 ft. elevation 10 X elevation
Solid or dashed -- township boundary -- middle elevation -- 200 ft. elevation -- 5 X elevation

county boundary ------ lowest elevation ------ 100 ft. elevation ------ 1 X elevation

0 wall most curves "' 100 hertz " " 100%
Patterned stream medium n 200 hertz n 200%

power line least curves FILFLFLF 300 hertz FLFLFJ1 300%

walking trail narrowest road 10 ton capacity 1 ton per axle
Multiple bike tail average width road - 20 ton capacity 2 tons per axle

walking & bike trail widest road 30 ton capacity 3 tons per axle

Symb-o -e fence line densest llllllllllii ilIlllllllllllllllIllIliiiiiI 3 X baseSymbolsIncluded i: medium .. a. I I * I III L 2 X base
-1 111lb- l- truck route . sparsest I orE = width of road in meters base

railroad steepest incline 50 to West
ifraineced/1 <~ by truck -*lo speed of A;00UItp binterme diateeps incline P by Xnc speed of A

into symolabandoned railroad -nt incline 3 60 to East - * 3 X speed of A
it-b no incline by air -0 Xs e doA

s-3 children's park Elsmallest A all products
X ASiz adultrs parkmedium product A

l Lit largest 500 1,000 2 000 [T - product B

o [1 foot print plot, ~ ~ I I 0 omltShape rn plot CI (2- (- 75% complete
* i : oil reserves #1 rank #2 rank #3 rank 10 102 10t3t 100% complete

uliple bitS of 7 Cl Ei Ad by type, category,
Into ol patterns designate features by class, category, feature, etc. 500 1,000 2,000 etc.

:E. . ;-.

The table above illustrates how relatively standard forms of
symbols might be used to represent both quantitative and
descriptive information. In most of the examples, the symbol
represents a single bit of information. With each basic form
(i.e., literal, point, line, area, and volume) a row of

examples is included to show how multiple bits of
information might be incorporated into that type of symbol.
Some symbols are applicable to only one type of
information. In most cases the same symbol can be used
with several or all types of data.
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Map (continued) Map projections
Geographical information transferred from a spherical surface (earth or globe) to a flat
surface (map) is called a map projection. The transfer process is done mathematically but
might be visualized as the process of projecting each point on a globe onto a simple
geometric shape such as a cylinder, cone, or plane. When the geometric shape is spread out
flat and trimmed, the
result is a map as we
normally think of it.
Shown at the right is
an illustration of
three major methods
for making
projections, plus
examples of maps
resulting from each
method. * All map
projections produce
distortion, the
amount and type
depending largely on
the method of
projection used and
the amount of the

Projected onto a cone

earth's surface Illustration of three major projection methods with examples of the types of
maps that result from each. The gray areas on the maps indicate the shape

displayed on the map. of the area on the map where the minimum distortion tends to occur.
World maps often
have significant distortion in certain areas, particularly in the upper and lower latitudes,
while local maps covering much smaller areas have negligible distortion. * Before maps of
large areas are generated, it is decided which is the most important, true areas, true shapes,
true distances, and/or true directions. Reasonable accuracy can be achieved in one or more
of these measures, but never in all four. The type of projection is then selected to minimize
distortion in the characteristics considered most important. The gray areas in the map
examples above indicate the shape of the areas where the distortion tends to be least using
that specific projection. * When looking at a map it is generally difficult to know what type

of vroiection was used and,
more importantly, where and
how much distortion exists.
In some cases the type of
projection used is noted on
the map. In other cases,
observing the parallels and
meridians can help in
estimating the areas of
greatest distortion. * The
maps at the left, which are
made from three different
projections, illustrate the
concept of distortion. In
these three maps, Greenland
appears to have three
different shapes, three
Aifffer-nt cie.c --.n-Ard tn

the 48 contiguous states of

An illustration of how differently the same land mass can appear, the US, and three different
depending of the projection used to generate the map. Since each orientations to, for instance,
map encompasses different amounts of the earth's surface, onl
relative shapes, sizes, distances, and orientations are meaningful. New England. On the other

hand, Greenlands position
with regards to parallels and meridians is the same on all three projections. The apparent
differences do not mean that one map is right and another wrong; rather, it is a matter of
one type of projection being better than another for a given task.232
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Map (continued) Base map
Most statistical and descriptive maps are generated by superimposing what is sometimes
called attribute information on a base map, as shown below.

Northern
Territory Oueens-

Westemr land I
MvAustralia South 0

Australia New i

w +alesLegend t

Vi itora

Example of a base map with
natural and man-made features

0 200400 I
Example of attribute
information, in this case
quantitative

Example of statistical map consisting
of the base map with the attribute
information superimposed

An illustration of how attribute data is superimposed on a base map to form a statistical map

There are no clear-cut guide lines as to what information should be included on a base map
and in fact, what is considered part of the base map in one map might be considered part of
the attribute data in another. As a general rule, the amount of information on the base map
is kept to a minimum so as not to detract from the attribute data. If information is not
germane to the purpose of the map or the viewer's understanding, it most times is omitted.
* Most base maps contain a combination of two major types of information: natural
geographic features and man-made geographic features. Examples of both are shown
below. In some cases man-made structures are considered a third category. In other cases
they are considered part of the attribute data.

Base map with natural geographic features

Included in the definition of natural geographic
features are such things as the outlines of
natural land areas (coastlines) and the location
of rivers, mountain ranges, lakes, islands, etc. In
the example at the right, all lines and symbols
represent natural geographic features.

Base map with natural geographic features

Base graph with man-made geographic features

Included in the definition of man-made geographic
features are such things as political boundaries
(cities, states, countries, etc.), postal zones (ZIP
codes), trading areas, census regions, school
districts, etc. Sometimes roads, streets, canals, or
parks are also classified as man-made geographic
features, depending on the purpose of the map. The
map at the right shows a combination of man-made
features (political boundaries of states/territories)
anu uasuruai nnrnir atuL-r~ ILnua.) 11iL~1. LI (pltclbonais
allu llatulat 6Lvr,14F1J1L lutulallw ktVaOL IIIalrz. I'VI (political boundaries)

certain types of information, this would be Base map with man-made geographic
considered an adequate base map. features superimposed over natural

geographic features

Polygon The closed outline of an area such as the
bold line around Queensland is called a

Many of the representations of man-made features
such as countries, states, territories, or counties are
designated by outlining an area with lines. The
graphic unit that is formed by this process is called
a polygon. An example is shown at the right. A
polygon can be made of straight or curved lines
with any number of sides .
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Terminology and locations of key elements

Chart title
Map title

(The word map is
normally not used in
titles.)

Alternate locations
for grid labels:
In line with grid lines -

Between grid lines

Neat line, frame, or
border. The line

bounding the active
portions of the map.

Frequently a gnd
line or graticule.

Map border line
(sometimes-

called frame)

Chart border line
(sometimes called -

frame)

Border (includes
map border line,

neat line, and
everything between)

Margin (area
between the map

border line and the
chart border line).

All material located -
in the margin is

sometimes referred
to as marginal

material.

Spot elevation
(elevation at a /
specific point)

Alternate
locations for
graticule labels
(latitudes and
longitudes):

Inside neat line
Outside neat
line

Parallels or
latitudinal lines.
Sometimes
called grid
lines.

Meridians or
longitudinal
lines.
Sometimes
called grid
lines.

Landmark (an
easily
identified
feature)

Grid lines
unrelated to
latitudes and
longitudes

Base map

> Symbol labels

Line maps are
generated with
lines, symbols,
etc., as
opposedto
photographs;

Scale Symbols representing Legend
attribute information

Three-dimensional map

Three-dimensional map utilizinC
a third axis capable of
displaying elevations or Z-axis
values

There are two major categories of three-dimensional
maps. One has a third axis along which elevations or

75 quantitative Z-axis values can be plotted (example at
lofty Than ntl-
IVlet'). JLneotner'-

50 category is simply a
25 two-axis map that

has been tilted
0 and/or rotated with

depth added for
aesthptir nirnnep

I-- ' Three-dimensional map without
(example at rig). third axis. The depth Is added fV
See Three- cosmetic purposes only.
Dimensional Map.

foa

Exploded map

An exploded map is one in which portions of the map have been graphically separated. The
separations are typically made along man-made boundaries such as countries, states,
territories, or counties. Maps are exploded to emphasize certain areas or groups of areas or
to more clearly define where boundaries are located.

Three-dimensional exploded map234
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Map (continued) Inset, ancillary, or supplementary map
If a viewer is not familiar with the area shown on a
detailed map, an inset or small supplementary map is
often used to help with orientation. For example, the
detailed map at the right shows a hypothetical area in
the northern part of the state Georgia. If shown only the
detailed map, most people would not know what state it
was located in, whether it was in the northern, southern,
eastern, or western portion of the state, and what is
close to it that they might recognize. A supplementary
map, as shown in the upper right-hand corner of the
detailed map, supplies answers to these unknowns.

Orientation
Maps are normally oriented with their
tops in a northerly direction. If a different
orientation is used, an arrow or symbol is
sometimes included to orient the viewer.
If lines of latitude and longitude are
present on the map, arrows may not be
included. On large maps, multiple
directional arrows are sometimes used
since the angles of the north-south
meridians, as drawn on a two-
dimensional map, change as the longitude

An example il
south meridian
the longitude!

(horizontal distance) v;
* When a small portion

nmpftimep ic ronriPntp,

Same orientation Rotated to a true other cases, it is left in
as in the larger north-south mpsneta igtb
map orientation map since that might be

Two options frequently used two examples of the st,
when displaying a portion of a point.
larger map

lustrating how the angles of the north-
ins on a two-dimensional map change as
S (horizontal distances) vary.

tries. An example is shown above.
of a large map is shown by itself, it

I into a true north-south position. In
the same orientation as in the larger

the more familiar orientation. The
ite of Nevada at the left illustrate the

Contrast between adjacent entities

Sometimes it is difficult for viewers to
differentiate adjacent entities that are
unfamiliar and have no colors or shading. An
example is coast lines where it is not clear
which is water and which is land as illustrated
at the right. Colors, shading, and sufficient
labeling normally overcome such problems.

0 Cove City

Enmwood
Lakeside

S
eide

It, u ,,vrvteiatlfll VVtalCr UIn-eIUU t
between land and water differentiate it from land

Examples illustrating the value of fill to differentiate
adjacent entities from one another

Frame, border, and neat line
There are three major terms used to describe the lines around maps: frame, border or border
line, and neat line. The term neat line is generally restricted to the line that abuts the active
map area. The other terms vary somewhat in their definitions. The examples below indicate
hnim the nther t-rme nre cvnmptimpc iiefpr

Example of
no frame or
border Neat line Someti mescalled trae,border, 'o order line/ Border -includes neat line,

E p o r ometintheuse ohed border bo r line, and everything in
Examples of variations in the use of the terms frame and border between including grid labels 235

Example of the use of an inset,
ancillary, or supplementary map
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Margin Sometimes referred to as a border. The margin is the
area immediately outside of and around a graph,
map, or table as shown in the example at the right.
The material shown in these areas (notes, legends,
data, etc.) is sometimes referred to as marginal data
nor marginal information.

Marginal Frequency
Distribution Graph

-----------

The area immediately
around graphs, maps,

, and tables (shown here
in gray) is sometimes
called margin or border.

xample of
margin

Sometimes referred to as a border plot. Marginal frequency distribution graphs provide a
means of displaying the distribution of data along one axis of a two-axis scatter graph. This
is accomplished by placing a one-axis data distribution graph of the data in the margin or
border of a two-axis graph. This in essence condenses all the data points on the two-axis
graph into a single line of data points. The technique can be applied to one or both axes.
The graphic displays might be one of a number of different types, including one-axis point
graphs, stripes, boxes, or histograms. Examples are shown below.

All of the data points on the graph
condensed into one horizontal line

8 -

6 -

4 -

2 -

0
D 2 4 6 8
Marginal frequency distribution
graphs displayed outside the
larger graph

- All o1
: data
: on tt
* cond

into i
* verti

1 0
1 0

The one-axis point graphs may have the
points in a single line or displaced by m
jittering or stacking to avoid overlappin
Symbol). The marginal frequency distri
graphs can be displayed outside the fraE
the example above, or inside the frame i
axis graph, as shown at the right. When
done the frame and scales sometimes ha
shifted so the marginal graphs do not in
the data. The one-axis data distribution
might be located at the top, bottom, left.
some combination of these. They can to
frame or a space might be provided.

Marginal Information
and
Marginal Distribution

Marker'

fthe __ -
points - .. -

he graph = . .
sensed - .. -

Dne - ..

cal line =.. *-
_- I-..

= .. S-

- :.. .

- ..

8 10 8 10 8 10 8 10 8 10
Stripe Jittered Stacked Box Histogram

Alternate methods for displaying marginal distributions
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this is 3

Lvetobe 2

terfere with 1
graphs , ,l
,right, or 012345678910

uch the Marginal frequency distribution graphs
displayed inside the larger graph

Information that is shown in the margin of a graph, table, map, or chart such as notes,
legends, titles, and data. When overall percentages are shown in conjunction with tables,
the information is sometimes called marginal distribution.

Sometimes referred to as a data graphic, data measure, or data marker. Marker refers to the
dots, lines, bars, columns, symbols, or other graphic configurations used to represent
quantitative information on charts, graphs, and maps. For example, in a bar graph the bars
are referred to as markers. In a pie chart, the markers are the wedges. In a point graph the
dots or symbols are the markers. In a map the markers might be framed rectangles.

Examples of marker, data marker, data graphic. or data measure
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Marker2 A marker is a notation along the axis of a
graph designating a point on the scale that
may be significant with regards to the
analysis or understanding of the data. For
example, markers may be used to designate
the time a significant event happened.
Markers might be located inside or outside
the plot area and are sometimes used in
conjunction with a reference line.

Opened Fire occurred
new store - _at store #7

4, Examplesof markers

JFMAMJJASONDJFMAMJJASOND
1996 1997

Master Chart/Graph Sometimes referred to as a template chart or graph. A master chart or graph contains all or
most of the common elements of a series of charts or graphs. Detailed information is then
added to copies of the master to form specific variations. For example, if the sales
performance of three different salespersons were to be looked at individually, a master
graph might be generated and the sales data for the individual salespersons added to three
different copies of the master graph, as shown below. In the example, the three specific
charts generated from the master are all column graphs. It is not required that they all be the
same, nor is there a restriction as to the type of chart or graph that can be generated using
masters. Using masters allows more rapid construction and revision of repetitive types of
charts and graphs and the potential for improved accuracy and consistency in a series of
charts. Masters are frequently used as the background for presentation charts to provide a
uniform appearance throughout the presentation.

20, 20, 20, 20,

C C
*°15 5- 5 D -

1 1 1

cn U)19293945 '91 '92 93 '94 912 '93 '94 '95 '1'92'345
Salesperson As Salesperson B's Salesperson C's

This master chart was performance performance performance
used to generate the These three graphs were generated by adding
right. specific information to the master graph at the left.

The term matrix is used two different ways in the context of information graphics. Some
people use the term matrix interchangeably with the term table to refer to any meaningful
arrangement of information in rows and columns. Others restrict the term matrix to only
those tables in which the row headings and column
headings are identical (sometimes called a bidirectional
table). All three examples shown here qualify as
matrixes under the first definition. Only the example at
the right qualifies as a matrix under the second
definition. The first, broader definition is used in this
book. Under both definitions, the information in the
rows and columns might be in any form including
words, numbers, symbols, graphs, icons, maps, etc. See
Table, Matrix Display, and Icon Comparison Display.

Sales
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Example of a matrix in which the row
and column heading are the same.
Sometimes called a bidirectional table.

1995 Estimate

Product Dollars % of total

1999 Forecast

Dollars % of total
(000)

Large 14.4 8.6 25.6 12.2
Drills Medium 28.2 16.9 45.6 21.7

Small 40.8 24.5 76.4 36.4

Nail Large 8.7 5.4 13.2 6.3
Drivers Small 11.4 6.8 15.1 7.2

Large 6.2 3.7 6.1 2.8

Torque Small 8.9 5.3 11.3 5.4
Wrench Pneumatic 4.3 2.6 7.1 3.4

Electric 5.9 3.5 5.0 2.4
Saws 37.9 22.7 4.6 2.2

Divson A D&mon B DOvslon C

go 1> V92 S4 '95 VO VI0 X1 93 W VS VO w 1 2 V3 4 VSasm

6~0 1 E U

SOO9199G94'5 XtW9t929G949
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Two examples of matrixes included in the broader definition in
which the terms table and matrix are used interchangeably

Fall sale
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Matrix Display A matrix display consists of multiple charts arranged in rows and columns in some
organized fashion. The display's major purpose is to simplify the analysis of large
quantities of data by enabling the viewer to study multiple charts at one time. Examples of
two of the more widely used matrix display formats are shown below.

noo

E sZ° FI I oo
c s~o nsswssoo0wswosXXs

09 o 1 o s 9122 V3 ac Vs 10 911 2 5 94 V5

3120%

2 5%

00%%5 VD12199 *10'92 V2141 V12O'91 V2 V3 W 12

Divison A Division B Division C
Column graph matrix with spaces between
graphs and separate scales for each graph
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> 0

s.0
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20
D

7.5

.)0
ra

> 0.5

L4.

-.e

' .

,.,
.. i'.8

0 9.0 0.5 5.0 0.5 7.5
Variable A Variable B Variable C

Bidirectional scatter graph matrix without
spaces between graphs and with common
scales for each row and column

General observations regarding matrixes
- Matrixes are used for analysis, monitoring, and communication purposes.
- They have potential applications in most fields.
- Individual scales can be used for each graph, or a single scale can be used for an entire

row or column (see examples above). When one is simply looking for correlations or
deviations, scales are sometimes not used at all.

- Other than legibility, there is no limit on the number of rows and columns that can be
incorporated into a single display.

- Derived values such as deviations can be used as effectively as actual values.
- Individual charts may abut one another or have spaces between them (see examples

above).
- Most of the enhancement techniques used with individual charts can be used with charts

in matrixes (e.g., curve fitting, color coding, confidence limits, the use of symbols, etc.).
- In many cases, such as monitoring for deviations and trends or when looking for

correlations, the individual charts can be very small without adverse effects.
- Almost any type of chart can be used. A matrix might be made up of all the same type of

charts or a combination of several types of charts. See example below.

Headquarters
Ownership
1996 Sales
1996 Net profit

Percent
administrative
expenses

Type sales force

Distributed to
retailers by

Percent marketing
expenses

Dallas, Texas
Public

$56,000,000
$4,000,000

15%
10%
0S%

'92 3 I4 '95 96
Manufacturers

Representatives
Wholesalers and

distributors

15.
;':1III.
tOo6%|

Tokyo, Japan
Private

$87,000,000
$6,000,000

15%
10% l

0t%
92 '93 '94 '95 '96

All direct

Direct from factory

15%
10%
o%l | MI 0.

Company B
Paris, France

Public
$76,000,000

$5,000,000
15%
10%

'92 I93 '94 '95 96

Direct and agents

Wholesalers

15%
1 0%

5% lII..
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Matrix Display (continued)

to analyze because the viewer must visually
follow along both rows and columns to check for
possible correlations with a particular variable.
* Distribution graphs are sometimes placed in the
blank cells in scatter graph matrixes to display the
distribution of one set of data. For instance, in the
example at the right, there are three small
histograms displaying the distributions of the
three sets of data represented in the display.

Scatter graph matrix

When all the charts in a matrix are scatter
graphs, the display is sometimes called a
scatter graph matrix or stacked scatter graph.
This type of display is frequently used to
analyze a series of variables for correlations.
For example, if four sets of data are being
studied for correlations, they could be put in
a matrix form, as shown at the right, and all
combinations of the four sets could be
observed at one time. If only correlations are
being studied, scales may not be necessary.
The graphs in the examples shaded gray are

o5

O X Eacti

for
> elinl

a. -mat

- con

Variable A Variable B Variable C

Half-matrix with the duplicate graphs
(shown in graph above) eliminated

Variable A

.0

(a.r
>

to

a)
0M
.a

co

,a

052

.0

>a
a)

Variable B Variable C Variable D
Full scatter graph matrix. The graphs shaded
gray are duplicates of the unshaded graphs.

ally duplicates of the unshaded graphs, except
a different orientation. The duplicates can be
riinated to conserve space, resulting in the half-
rix shown at the left. Although space is
served, the half-matrix is a little more difficult

10 -111. 4 .4i.
Variable A

0 histogram

5.0J

a A -

> Variable B
O . shistogram

> . . Vanable C
e .5 histogram

0 9.0 0.5 5.0 0.5 7.5
Variable A Variable B Variable C
Scatter graph matrix with individual
distribution graphs

Icon comparison display

Another type of matrix display assembles icons or symbols for simultaneously comparing
or screening a sizable number of entities with regards to three or more variables (sometimes
referred to as multivariate). In this type of display, a separate icon is generated for each

entity under review. The icons are then
7%N assembled into a matrix for comparison, as

shown at the left. A template (as shown
Brand A Brand B Brand C Brand D Brand E Brand F

below) is required for encoding and decoding
the information. See Icon Comparison

AHRIA&Display.
Brand G Brand H Brand I Brand J Brand K Brand L

NAA A N kA/ 7/ LA A

VL/LZ V I N I"I
Brand M Brand N Brand 0 Brand P Brand 0 Brand R

N.m ^ovmhn--l| .-. n .- l l n-S4[ 1t
Legend

A - Hard disk capacil
B - Installed RAM
C - Expandable RAN
D -Speed
E - Monitor resolution
F -Monitor size
G - Accessories
.1 -I n

Brana S Brand I Brand U Brand V Brand W Bran AX A B C b E F G H " -nce
Example of how icon symbols might be used Category / characteristic
to compare 24 brands of desktop computers Example showing how a template is used to
with regards to 8 different characteristics. The generate icons. A copy of the template is
gray plots might represent foreign-built brands. generally included in a legend by the display.
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Mean Also called average. The mean of a set of data is a value equal to the sum of the values of
all the data elements in the set of data, divided by the number of data elements in the set.
For example, the mean of the seven-element data set 1, 2, 2.5, 3, 4, 4.5, and 5 is 3.14.

Mean Graph A graph that plots the mean (average) of multiple sets of data. For example, a graph that
displays the average heights of individuals by country for ten different countries might be
called a mean graph. Any of the basic types of graphs can be used to construct a mean
graph.

Median The number in a set of data that has half the data elements in the set with values less than it
and half with values greater than it. There are no mathematical calculations required to
determine the median. All that has to be done is to arrange the values of a data set in
ascending or descending order. This can be done in tabular or graphical form.The graphical
form is shown below. The value of the data element in the center is the median value. In the

100 100
90 ~9
80 I Median value! n 8900 Median value
70 Average 70'
60- value 60-
20 -_ ;L 2 nI 50C
4011 Hl 40'
30 .. . . . . . . . . -- 3 0 -
20 - J~~f~2 20,
10 10-
0 0 -

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 91011121314151617

An illustration of how median values are independent of the exact values of the other data
elements in a data set, the average of the data set, or the number of data elements in the set.
Medians are determined strictly by their position in the set.

three examples shown here, thirty is the median since that is the value of the data element
having the same number of data elements above it as below it. The median value is
independent of the exact values of the other data elements in the set, the average of the data
set, or the number of data elements in the set.

Mercator Projection Map A well known and widely distributed world map.
One of its key features is that directions are correct
between any two points within a reasonable distance
of each other. This feature makes the Mercator map
particularly valuable to navigators. Shapes of land
masses are fairly representative at all points on the
map. Distances and areas are somewhat accurate
near the equator but get progressively more distorted
the further they are from the equator. The distortion
is extreme in the polar areas.

Meridian Meridians are me north-soumn grid iines kgraticuies) on maps
and globes. On a globe, all meridians meet at the North and
South Poles. The meridian that passes through Greenwich,
England, is called the prime meridian and is the meridian from
which all other meridians are referenced in terms of degrees.
Since meridians are used to measure longitudinal distances (east
and west), they are also sometimes referred to as longitudinal
lines. See Map. Examples of meridians

Milestone Chart A variation of a time and activity bar chart in which major projects are broken into smaller
tasks that have identifiable activities at their beginning and end. For example, when
building a house, pouring the foundation, putting the roof on, and installing the plumbing
are examples of subtasks with identifiable activities at the beginning and end. When a
milestone chart is generated, each subtask is assigned a bar with a symbol (milestone) at
both ends. When a subtask has been started, the symbol (milestone) at the left is filled or
modified in some way to communicate to the viewer that the task has been started. When
the subtask is completed the .Start Finish Milestone symbols
milestone at the right end is mAtgc ire
modified for the same purpose. Machines
This procedure is repeated until all parts- m penod

milestones indicate that all A em me period subtask
subtasks are finished and the Paint is expected to take
overall project is complete. See March | April June July August

Time and Activity Bar Chart. Example of a milestone chart
240
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Minimal Spanning Tree
or
Minimum Spanning Tree

A planning diagram consisting of a series of points called nodes and a network of lines
called arcs, branches, paths, or links that connect (span) the points. The points (coded
circles) represent the locations of things such as cities, computer terminals, pumping
stations, communications centers, etc. The lines generally represent the things that will
connect the locations, such as highways, cables, pipe lines, and microwave corridors. The
key objective when determining where the lines should go is to assure that every point
(location) is connected to the network and that the total length of all the paths (connecting
lines) is the shortest possible. For example, when building a subway system, a minimal
spanning tree might be constructed to
disnlav the shortest length of subway r
tunnels that can be built and still
provide a way to get from every
community (node) to all other
communities. A basic characteristic of
a minimal spanning tree is that there is
a single path to get from one node to
any other node. Other than the single
path shown in the minimal spanning
tree, there is no other way to get from

one point to another even, by taking Example of a minimal spanning tree used for planning
branches that pass through other nodes. purposes in which all points are connected to a
For instance, in the example at the proposed network in such a way that there is only one

path between any two points and the total of all the
right, there is one and only one path to paths is the shortest possible distance.
get from point A to point K. Minimal
spanning trees might use arrows if the movement is in only one direction, such as the flow
of water through water mains. The lines between the nodes may or may not be drawn to
scale. There seldom is any effort to show the exact path the branch takes. For instance,
there may be many bends and turns in the path between points C and E, but on the diagram
the path is represented as a straight line.

Sometimes referred to as a combination,
composite, or overlay graph. A mixed
graph displays multiple data series, using
two or more types of data graphics to
represent them. See Combination Graph.

Mode The mode is the value or class interval
that occurs most frequently in a set of
data. The highest point in a histogram
or frequency polygon designates the
mode. See Histogram and Frequency
Polygon.

Data series A represented
by an area

Data series B represented
by a line

Data series C represented
by columns

Example of a mixed graph using
area, line, and column data graphics

20 Mode -The value or class
interval that occurs
most frequently in a

- -- set of data

0-- Value or class interval
Example of a histogram illustrating a mode

A "more than" graph is a variation of a
cumulative frequency graph. It is constructed
such that one can read directly from the graph
the percentage of data elements in a data set
that have values more than a certain value. For
example, in the graph at the right, one can
determine that approximately 37% of all of the
data elements in the data set have values equal
to or more than 2.1. A cumulative histogram is
included in the example for reference purposes
only. In an actual application, the cumulative
histogram would not be shown. See
Cumulative Frequency Graph.
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Example of a 'more than" graph

Mixed Graph

"More Than" Graph
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Mosaic Graph
A mosaic graph is made up of a series of interspersed 100% stacked column graphs and 100% stacked bar graphs. Its major
function is to display a system of interrelated values in such a way that groupings and relative sizes of the many elements can
be seen at the same time. The steps involved in constructing such a graph are used to describe the nature of the graph. A
manufacturing company is used in this example; however, a mosaic graph can be used in many different applications.

Step 1

In this example, how a company's overall sales
dollars are allocated is analyzed. Therefore, the full
length of the mosaic graph, which is a 100%
stacked bar graph, represents total sales dollars.
The components of the bar graph are the five major
categories for which the sales dollars are used. A
zero to 100% scale is displayed at the bottom of
the bar, so the viewer can determine the percent
that each component represents of total sales. For
example, 50% ($25 million) of the revenue was
used to manufacture the product. Actual sales
values may or may not be shown at the top.

Wt Total sales in millions N
$0 $5 $10 $15 $20 $25 $30 $35 $40 $45 $50

R&D
11

0o/
.- . ..

100/. 20'!. 30%o 401% 50% 60%/
Percent of total sales

- t

., .. .1..
70'!. 800/6 90% 1000/,

Step 2

Each segment of the horizontal bar graph is
made into a 100% stacked column graph
showing how the dollars are allocated within
each major component. For example, in the cost
to manufacture, it can be seen that there were
three major types of costs: material, labor, and
overhead. It can also be seen that material alone
accounted for 55% of the total manufacturing
costs. The same types of observations can also be
made for R&D, Marketing, and Administrative.
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Step 3
In this step, each of the components of the
column graphs are made into 100% bar graphs.
When this is done with material costs, for
example, it can be seen that about 37% went for
raw material, 35% for fabricated parts, and about
28% for small parts. If one is only interested in a
general feel for the data, additional scales are
sometimes not required. If specific values are
preferred, scales can be included with each group
of smaller bar and column graphs, as shown in
the cost to manufacture and marketing sections of
the example.
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Final step

Additional sets of 100% graphs can be added;
however, the graph begins getting very cluttered.
In this final variation, the reference arrows have
been removed since in practice they are generally
not used. Shading or color may be added to
highlight certain information, call attention to
numbers that are related, aid the viewer in
differentiating between various segments and
subsegments, etc. Mosaic graphs can be made even
more useful by noting the actual dollars and
percents in each component and subcomponent.
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Moving Average Sometimes referred to as a rolling average or trend line. A method used to smooth the curve
of a data series and make general trends more visible. The method involves generating a
second curve of a data series with the short-term peaks and valleys smoothed out, as shown
at the right. The degree to which the peaks
and valleys are smoothed depends on the
type of moving average and the number of
intervals used. Each point on a moving
average curve is generally calculated by
averaging the value for the current period co
plus a fixed number of prior periods. Each
time the value for a new period is added, the
value for the oldest period in the previous
rilPiultinniscrrnnen`d Fnr PYimnPl if

A SON DJ FMA MJ JA SOND J FMAMJ JAS ONDJ FMAM

monthly sales data were being tracked, a Example of a four-month moving average curve
three-month period might be used for the average. Thus, in March, the values for January,
February, and March would be averaged and that point plotted. In April, the values for
February, March, and April would be averaged and that point plotted. The number of prior
time periods included in the average varies significantly. Three to 200 are commonly used,
though there is no limit on the number of periods that can be included in the averaging
process. * Occasionally, averages are calculated using what is called a centered moving
average. With this process, the average is based on a given period plus an equal number of
periods on either side, such as three in front and three behind. Moving average curves are
primarily used with sequential data. The curves are generally superimposed over a graph of
the actual data and in time phase with the actual data.

Effect of the number of intervals used in the average
As a general rule, the fewer the time intervals used in the averaging process, the more
closely the moving average curve resembles the curve of the actual data. Conversely, the
greater the number of intervals, the smoother the moving average curve. This is illustrated
in the examples below which show three moving average curves for the same data series,
each based on a different number of time periods used in the averaging process. Moving
average curves tend to have a delayed reaction to changes.

Examples of moving averages using different numbers of time periods in the averaging process

Three major types of moving average curves
There are three major types of moving average curves. They are:
60-

50-

40-

30-

20-

10-

0-

Actual dataavrg

month simple
moving average

50 -
Actual data

40

30-

20-

10 6-month weighted
moving average
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Comparison of a simple and
weighted moving average curve
using the same number of
periods in the averaging process

- Simple average - Values plotted are based on averaging
the actual values for a uniform number of periods.

- Weighted average - Values are calculated the same as
for the simple average except each period used in the
average is given a different weighting with the most
recent value receiving the highest weighting.

- Exponential average - Similar to the weighted average
variation, except that the weighting values decrease
exponentially as the age of the data increases.

* Examples of a simple and a weighted six-month moving
average curve are shown at the left. An example of an
exponential is not included since exponential moving
average curves often look like weighted moving average
curves, depending on the weighting and exponential
multipliers. Weighted and exponential curves generally are
more responsive to short time fluctuations than simple
moving averages because of the greater emphasis placed
on the most current values. 243



Moving Average (continued) Use of moving averages by technical stock analysts

Technical stock market analysts sometimes use moving average graphs in ways not
generally done in other fields. Three examples are shown below.

Moving average curves with different periods

Some analysts plot a fast moving average
curve (e.g., 3 to 5 days) and a slow moving
average curve (e.g., 7 to 20 days) on the same
graph. When the two curves cross is sometimes
considered as an indication to take some
action. An example is shown at the right.

a)

Time -

Example of multiple moving average curves
with different time periods used in the
averaging process.

Band or envelope formed by moving averages

Sometimes a moving average envelope or
band is formed by generating two additional
curves at a prescribed amount, normally a
percent of the moving average, above and
below a standard moving average curve. The
percent varies depending on the analyst. Some
analysts feel that when the stock price crosses
one of the boundaries of the envelope, an
appropriate action should be initiated. An
example is shown at the left.

U -

0.

Time -
Example of a moving average curve with
envelope/band

Shifted moving average curve

Sometimes one or more moving average
curves are shifted or displaced horizontally. If
only one displaced moving average curve is
used, the analyst might look for the point
where the stock price crosses the moving
average curve. In other cases the single
moving average curve might serve as a trend
line. If two moving average curves are used,
one shifted and one not shifted, the analyst
might look for where the two cross as an
indication to take some action. An example is
shown at the right.

a
0.

Time -
Example of a shifted moving average curve

Special terminology

Depending on the analyst, moving average curves might be based on open, high, low, or
close stock prices or some combination of two or more of them. In addition to several
unique applications of moving averages, technical stock analysts also use some specialized
terminology. For example, moving averages with just a few periods used in the averaging
process are referred to as fast moving averages. Accordingly, greater numbers of periods
are referred to as medium or slow moving averages. Weighted and exponential moving
averages are sometimes referred to as front loaded. Standard weighted moving average
curves where each weighting factor is applied to two or more successive values of the
original data are sometimes referred to as stepped weighted curves.
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Moving Total Curve

Multiple Area Graph

Multiple Bar Graph

Multiple Choice Decision
Diagram

Sometimes referred to as a rolling total curve. On a moving total curve, the value plotted
for each interval is equal to the sum of the incremental value for that interval, plus the
values for a fixed number of preceding intervals. For instance, if one is preparing an annual
moving total curve, the value plotted in May, for example, will equal the actual
value for May plus the values for the preceding 35-

eleven months, making it a 12-month or annual 30 Moving total curve - 140 '

total. In June, the plotted value will be equal to 8 25

the actual value for June, plus the values for the g 20- Actual values

preceding eleven months. Any number of 120

number of intervals are selected, that same 5 II Ils1

number is used throughout the entire graph. 0 ..AM. SODJMAJJASN
JFMAMJJ ASONDJFMAMJJ ASOND

Incremental values are many times plotted on the A graph displaying a moving
same graph with the moving total, as shown at total curve as well as the actual
the right. The purpose of moving total curves is monthly values
to smooth out the interval-to-interval fluctuations and provide a graphic indication of the
overall trend of the data. In the example shown here, the moving total indicates a general
decline in the annualized sales until the first quarter of the second year when they seem to
start up again. Such a trend is not as obvious in the monthly values.

Sometimes referred to as an overlanned or grouned area
graph. A multiple area graph displays multiple data
series, all of which are measured from the same zero
base line, usually the horizontal axis. As a result of the
data series extending down to the zero line, the values
for each data series can be read directly from the graph.
This type of area graph should be used with caution
har.onc e iotn a l-l,, he r'r-fuie-A with th. mare f-fvltf

stacked area graph. See Area Graph. Multiple area graph

When two or more data series are plotted side-by-side on the Material

same bar graph it is called a clustered bar, grouped bar, multiple
bar, or side-by-side bar graph. The bars for a given data series Latbor

are always in the same position in each group throughout a e Plant A
Overhea0 Plant B

given graph. Each data series typically is a different color, e PlantC
shade, or pattern. See Bar Graph. 0% 20% 40% 60%

Multiple bar graph

If more than two options are possil
decision points on a decision diagr
the chart is sometimes called a
multiple-choice decision diagram.
See Decision Diagram.

Decision points
Multiple-choice decision chart

Outcome A
Outcome B
Outcome C

Outcome D

Outcome E
Outcome F

Outcome G

Outcome H
Outcome I

Sometimes called a clustered, grouped, or side-by-
side column graph. A column graph in which two or
more data series are plotted side-by-side. The
columns for a given data series are always in the
same position in each group throughout a given
graph. Each data series typically is a different color,
shade or pattern. See Column Graph.

Cs

E -mII.

15 4 OrganizationA
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91 9 93 '94 95

Multiple column graph

10

Multiple Line Graph Sometimes referred to as a compound line, dual line, v A/ k

grouped line, or overlapped line graph. A multiple 6 -

line graph has multiple data series, all of which are 4 - B All curves are

measured from the same zero base line axis. See 2 sm ploted froa the

Line Graph. o line axis.
Multiple line graph

Multiple Column Graph
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Multiple Point Graph A point graph with multiple data series, all of which are 8 -
or measured from the same zero base line axis, is referred to as a 6- ° -

Multiple Scatter Graph grouped or multiple point graph if one of the axes has a category 4 -
scale. If there are quantitative scales on both the vertical and 2 ° ° °

horizontal axes, the graph is frequently called a grouped or 0
multiple scatter graph. See Point Graph and Scatter Graph. Multiple point or

scatter graph

2 0
1i

Multiple Strata Graph Sometimes called a layer area, divided, stacked area, strata, 15
stratum, subdivided area, or subdivided surface graph. A 10
multiple strata graph is an area graph in which multiple data

Series

Series
F

series are stacked on top of one another. This is the most - Sea
frequently used area graph format. See Area Graph. 0 V4 '95 9 97 N A

Multiple strata graph

Multiple Time Series Graph A multiple time series graph displays two or more time
series curves, each of which has its own time scale. The 20 -

major purpose of such graphs is generally to compare 1940 -1945

things during similar time periods. For example, the 10
graph might compare population growth in two post- 0 1978 1979 1980 1981 1982 1983

war periods or prices during two periods of inflation. 1940 1941 1942 1943 1944 1945

See Time Series Graph. Multiple time scale graph

Multivariate Multivariate means two or more variables, thus, a multivariate chart is a chart that displays
or two or more variables. With two variables, the term bivariate is sometimes used. With three
Multivariate Chart variables the term trivariate is sometimes used.

Multiway Table A table displaying four or more Twovariables_111__MaleFemale

variables distributed between the two alogabls Me ale Femnale |
axes and the body of the table. Two horizontal axis year 40 years old years old |yearsold
examples of three-way tables with four 1980 9 4 21 t27j
variables are shown at the right. In one 1990 43 41 8 43 L5
example, two variables are displayed t
along the horizontal axis, one on the One variable Fourth variable in body ofaogalong vertical axis table (shaded area)
vertical axis, and the fourth in the body Two variables on the horizontal axis, one on the

of the table. In the other, two variables vertical axis and one in the body of the table
are displayed on the vertical axis and Fourth variable in body of
one on the horizontal. In this type of table (shaded area)
multi-way table, an additional set of One variable along

columns or rows is introduced for Under 40 years old
every additional variable over three. Male Over 40 years old
The data for both three-way tables was Under 40 years old
taken from the one-way table below. Female Over 40 years old

yen 0-X An- -UI

Two variables along vertical axis
1980 Male Under 40 69 Two variables on the vertical axis, one on the
1980 Male Over 40 49 horizontal axis and one In the body of the table
1980 Female Under40 21
1980 Female Over 40 27 Examples of a multiway table design in which an
1990 Male Under 40 41 additional set of columns or rows is introduced
1990 Male Over 40 66 for each additional variable over three.
1990 Female Under 40 43
1990 Female Over 40 52 One variable
A one-way table of the same on the vertical One variable
data displayed in the multiway axis I I Under 40 1 Over 40L on the
tables at the right +

- An alternative multiway table format uses the
equivalent of a series of two-way tables, as shown 1980

at the right. In this design, an additional two-way 1990

table is generated for each additional variable over
three. In this way large numbers of variables can 1980
be displayed. As the number of variables 1990

horizontal
axis

One variable
- as spanner

headings

\ One variable
in the body of
the table

increases, however, it becomes more and more Example of a multiway table design in

difficult to spot trends and relationships within the which aneafor each additional variable
data. over three.246



Sometimes called a frame or border. A neat line is is
a series of lines that form the boundary of the active
portion of a map. Neat lines frequently are grid lines
or graticules.

Example of a neat line

Needle Graph

Net Deviation Graph
or
Net Difference Graph

Network
or
Network Diagram

Sometimes referred to as a spike or vertical line graph. On this
type of graph, a separate vertical line is used to designate each
individual data point. The top of the vertical lines designate the
actual data points. Such graphs are often used when many
successive data points are to be plotted at uniform intervals.
Needles (vertical lines) can be used with two- and three-
dimensional graphs. See Line Graph.

A variation of a difference graph. See Difference Graph.

A diagram or map that shows how things are interconnected.
A network diagram may show interconnected roads, or
several pieces of computer equipment connected by wires.
The definition is sometimes extended to include how such
things as people and events are interrelated, - for example,
how lines of responsibility connect people in an organization
chart, or how events are related in PERT and CPM charts. In
many cases, little or no attempt is made to show the elements of
the network in their proper physical locations or relative sizes.
The things connected might be identified by words, symbols, or

PERT or CPM network Network of computer equipment

Nightingale Rose Sometimes referred to as a sector graph. See Sector Graph.

No Class Map Sometimes referred to as an unclassed or classless map. A map that does not use class
intervals to encode statistical information. See Statistical Map.

Node As one of the major building blocks in many types of diagrams, nodes denote the junction
of two or more lines, arrows, links, etc. Nodes are graphical representations of events,
activities, individuals, pieces of equipment, functions, decision points, etc. A typical node is
made up of a symbol, such as a square, circle, or rectangle with words and/or numbers
inside for identification or description. The shape of the symbol sometimes conveys
information as to the type of thing or event it repre-
sents, such as a decision, city, data input, etc. Nodes
are typically connected by links (lines or arrows) A"
which show the relationships, directions of movement, Nodes - -- -

channels of communication, etc., between nodes. Examples of nodes used in a diagram

Node Diagram Sometimes referred to as PERT chart. See PERT Chart.

Nominal Axis An axis with a nominal scale on it.

Nominal Scale Sometimes referred to as a category or qualitative scale. A scale consisting of a series of
words and/or numbers that name, identify, and/or describe people, places, things, or events.
The items on the scale do not have to be in any particular order. When numbers are used on
a nominal scale, they are for identification purposes only, since , B P .e.
nominal scales are not quantitative. Each word or number cor Beets Peas Rice Beans

defines a distinct category containing one or more entities. In Example of a nominal scale.Sometimes called category
other words, a category might refer to one man or many men. or qualitative scale.
See Scale.

Neat Line

2 1 Rt5

13eRt.w4 12 of t.r10

Network of roads.
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Nomograph
or
Nomogram

I
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Example of a nomograph for multiplication using Example of a nomograph for multiplication using
parallel nonlinear scales. A straight line connecting parallel linear scales. A straight line connecting
numbers In scales A and B crosses scale C at a numbers in scales A and B crosses scale C at a
number equal to the product of the two numbers number equal to the product of the two numbers
connected in scales A and B. A reverse procedure connected in scales A and B. A reverse procedure
is used for division. is used for division.

Two different types of nomographs used to perform multiplication
The upper and lower limits on the scales are generally based on what is realistic for the
particular situation. Many scales do not start at zero. - The precision of the solutions is
proportional to the size of the graph and detail of the scales. * The configuration of the
graphs and the complexity of equations they can solve is very diverse (examples below).

Example of a chart with plus and
minus values, log and linear scales
and two scales on one axis

B0

70

s0

50

40

30

20

10

0

Example of a double N
or Z chart for situations
with four variables

S0

Li

Example of a V-shaped
chart for special
applications

Sometimes referred to as a calculation graph or alignment graph. Nomographs are
sometimes thought of as special purpose calculators or reference tables. They are
particularly useful in situations where a given calculation is done repetitively or where a
convenient, quick reference document is desired. A nomograph is designed to solve an

-20 10equation involving three or more 10- 9+9=18 or -19 18-9=9
variables. It consists of three or more 17 8

scales arranged so that a straight line - o 5 14 13.8
crossing each of the scales intersects the 6 - .14- 6
scales at values that satisfy the equation. 5 -190-5-

44The equation might be complex, or as 7 5

simple as A + B = C. An example of a 2 - - 5 - 2
nomograph for this simple equation is -4 - 2 1
shown at the right. The three parallel ° ° 0A C B
vertical scales are labeled to correspond Example of a nomograph for addition or subtraction.
to the variables in the equation (e.g., A straight line connecting numbers in scales A and Bcrosses scale C at a number equal to the sum of the
A,B, and C). The dashed lines crossing two numbers connected in scales A and B.
the three scales represent solutions. For Altemately, a straight line connecting numbers inscales A and C crosses scale B at a number equal to
example, the lower line crosses C at 5, the difference between the numbers in C and A.
which is the sum of 1 (on scale A) and 4 (on scale B).

The two examples below illustrate several features of monographs. For example:
- Multiplication and division can be performed as easily as addition and subtraction
- Linear and nonlinear scales are used
- Nomographs can be arranged multiple ways to perform the same function

The graph on the left also demonstrates a unique feature of nomographs that allows the user
to pivot a straight line around a fixed value for one of the variables to see all possible
combinations of the other two variables that satisfy the equation. In this example, the lines
show combinations of A and B that when multiplied together equal 50. In practice, a line
might be pivoted around a desired liquid flow rate to see what combinations of pipe
diameter and liquid velocity yield that flow rate.

-- 80
- -70 10 m

-6030,000 - -50i
25,000 -40
20,000- 30 1

5,000- - 3
15,000- -20
10,000 -1'0

0 _+10 0.1

+20
+30
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Any relationship between two sets of data that is not linear. See Linear.

Nonquantitative Map Sometimes referred to as an explanatory, descriptive, or qualitative map. This type of map
is generally used to show nonquantitative information such as where things are located,
how areas are organized or subdivided, and where the routes are located that get people and

things from one place to another.
Nonquantitative maps may include grain
fields, buildings, rivers, cities, roads,
land masses, power lines, sewer lines,
sales areas, public facilities, voting
precincts, schools, political divisions,
resorts, pet stores, sales areas, etc. See
Descriptive Map. Examples of nonquantitative maps

Normal Distribution Curve
or
Normal Frequency Curve

A normal distribution curve is a frequency polygon
for a set of data that has a normal distribution. The
exact shape of normal distribution curves differ
from data set to data set; however, all normal
distribution curves have a similar bell-shaped
appearance, as shown at the right. A normal
distrihbtion is one of the mnot cnmmnn tvne.z of

distributions. They often occur in nature. All data Examples of three normal distributioncurves with the characteristic bell shape.
sets with normal distributions have certain The shape of the curve reflects how spread
distinguishing characteristics including: out the data elements are within each set.

- The average, median, and mode are all the same and are located at the center of a
curve of the distribution;

- The curve is symmetrical about the average value; and
- The distribution of data elements follow well-defined patterns, as described below.

Normal distribution curves are broken into the following eight segments along the
horizontal axis:

- Three equal segments to the left of the average, called standard deviations,
plus one segment that includes all values below the three standard deviations.

- Three equal segments to the right of the average, called standard deviations,
plus one segment that includes all values above the three standard deviations.

Each data set has a unique standard deviation based on the values of the data elements and
how spread out they are. All standard deviations (sometimes designated with the symbol a)
for a given data set have the same value. Data elements, for all data sets with normal
distributions, are distributed approximately as shown in the illustration below.

c
oC
a
a'e

Hi

W
C
a)
a

U.

About 0.5%
of the data
elements will
have values
less than
three
standard
deviations
below the
average.

Value of data elements in the data set
-2a -la +.a +2a +3a

This
standard
deviation
contains
about 2%
of all data
elements in
the set.

This
standard
deviation
contains
about 13.5%
of all data
elements in
the set.

. -so<
This This
standard standard
deviation deviation
contains contains
about 34% about 34%
of all data of all data
elements in elements in
the set. the set.
±1 standard deviation
contains about 68% of all
data elements in the set.

This
standard
deviation
contains
about 13.5%
of all data
elements in
the set.

+2 standard deviations contains about
95% of all data elements in the set.

This
standard
deviation
contains
about 2%
of all data
elements in
the set.

±3 standard deviations contains about 99% of all data elements in the set.

About 0.5%
of the data
elements will
have values
larger than
three
standard
deviations
above the
average.

Illustration of the theoretical distribution of data elements in a data set with a normal distribution 249
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Normal Distribution Curve
or
Normal Frequency Curve
(continued)

When the cumulative percent frequency data for a
data set with a normal distribution is plotted on a
linear grid, the curve resembles an elongated S, as
shown at right. This type of graph is sometimes
called a cumulative frequency or ogive graph.

Value or class interval

When the cumulative frequency data for a data set
with a normal distribution are plotted on a graph
with linear scales, the data points tend to form an
elongated S.

When the cumulative percent frequency data for a
data set with a normal distribution is plotted on a
normal probability grid, the curve approximates a
straight line, as shown at left. This type of graph can
be used to determine if a data set has a normal
distribution.

When the cumulative frequency data for a data set
with a normal distribution are plotted on a normal
probability grid, the data points cluster around a
straight line.

Normal Probability Graph Normal probability graphs are special applications of scatter graphs. This type of graph is
used to show how closely the elements of a set of data approach a normal distribution. Two
widely used variations are the cumulative frequency and quantile type graphs. In both cases
the data points of a set of data with a normal distribution approach a straight line when
plotted on the special sets of grids and scales associated with these graphs. See Cumulative
Frequency Graph and Quantile Graph.

-- - - - - - _ __- __ _ _ _ _- _ _ _ _- _
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probability grid
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To determine whether a data set has a normal distribution
using this type of graph, the cumulative relative frequency
data are plotted on a normal probability grid. The special
grid has a non-linear percent scale on the horizontal axis;
therefore, a computer or special graph paper is generally
used to generate these graphs. If the distribution is normal,
the data points tend to cluster around a straight line.

I uulantila orranh

When using a quantile graph to determine whether a data
set has a normal distribution, the data set under study is
compared against a theoretical data set with a known
normal distribution, an average value of zero, and a
standard deviation (and variance) of one. If the distribution
of the data set under study is normal, the data points will
cluster around a straight line.

Number Axis
or
Number Line

6

>a 4

0
-3 -2 -1 0 1 2 3

Expected value
Normal probability graph
using quantile data

Sometimes referred to as a one-axis distribution graph, or univariate graph. The major
purpose of this type of graph is to show graphically how the data elements of a data set are
distributed. Based on such charts, one might observe such things as the largest and smallest
values, whether the points are clustered and if so where, whether the points are skewed
towards one end or the other, whether there are many or few data elements in the set, and
whether there are any points at the extremes that look like they don't belong with the series.
See One-Axis Data Distribution Graph.

Two clusters of Unusual point
data points Gap in data points sometimes referred

to as outlier

I I I I I I I I I I i I I t I I I

0 2 4 6 8 10 12 14 16 1i
Illustration showing how a number axis or number line can be
used to analyze the distribution of data elements in a data set250
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Numbers, Times, and Dates Aligning columns of numbers
Columns of numbers are typically aligned
on the decimal point when one or more of
the numbers in the column has a decimal
point. When no decimal points are shown, a
column of numbers is generally aligned to
the right side.

5,869.12
18.5234

4,215,632.
18.65782

-254.123
4,521.2565

.0047
-127.58

Column of numbers
aligned on the decimal
points

2,578
450,850
289,352

14
369

14,723
9

36,251
Column of numbers
without decimal points
aligned to the right

Commas
Commas after every third digit to the left of the decimal
generally make large numbers easier to read. Commas are not
used to the right of the decimal.

2000000(
1000(

-1 OS
-2000000(

Without comn

)0 200,000,000
00 100,000
00 -1,000
)0 -200,000,000
nas With commas

Currency
- When numbers representing positive

dollar values are shown, they generally
assume one of the formats shown at the
right.

- Negative dollar values introduce
additional variations, as shown at the
right. Financial and accounting
personnel many times prefer
parentheses, but there is no general
agreement whether the front parentheses
should be before or after the dollar sign.

$200,000
$100,000
$50,000

$5,000
$0

Dollar signs and
no decimals to
designate cents

$-200.00
$-100.00

$-50.00
Minus sign
between

s dollar sign
and number

$200,000.00
$100,000.00

$50,000.00
$5,000.00

$0.00
Dollar signs
and two
decimal
places for
cents

-$200.00
-$100.00
-$50.00

Minus sign F
in front of b
dollar sign s

- For values less than one dollar, the units of measure are
sometimes noted in cents rather than dollars. Whichever method
is used it should remain consistent throughout a given chart.

200,000
&100,000
.- 50000
0
a 5,000

0

^ 200
i 100
e 50
- 50
a00

Units of Units of
measure
(dollars)
shown in
title

$(200.00)
$(100.00)

$(50.00)
Parentheses
between dollar
sign and
lumber

measure and
multiplier
shown in title

($200.00)
($100.00)

($50.00)
Parentheses
in front of
dollar sign

$0.97 ........ 970
$0.23 ........ 230
$0.07 ......... 70

Values in Values in
dollars cents

Fractions
Whether a fraction or decimal is used depends on the particular situation. On the whole,
decimals are used much more widely than fractions. When the same size type is used for a
whole number and a fraction, a hyphen is frequently placed between the two to avoid
misunderstanding. Hyphens are not used when the type size used for the fraction is
noticeably smaller than the type size of the whole number.

Examples in which the 1-1/4 Examples in which the 1 1 '
type size of the whole type sie of the fractionnumber and the 3-1/2 tpsieothfrcion is La noticeably smaller than 2

fraction are the same 7-3/4 that of the whole number 7 2 7
4
I

Negative numbers
The two generally accepted ways of expressing negative
numbers are with a minus sign in front of the number or with
parentheses around the number. Accounting and financial
personnel tend to prefer parentheses. When a negative number is
considered undesirable, as in many financial applications, the
number is sometimes also shown in red.

Decimal 1.25
equivalent for 3 5
reference only

7.75

Minus sign -50,000
$-50,000
-$50,000

Parentheses (50,000)
$(50,000)
($50,000)

Examples of negative
numbers

Percent
Numbers that represent percents are typically shown in one of three ways:
- With percent sign behind each value. If in column form, a percent sign may be shown

only with the top value. If there is a total at the bottom of the column, a percent sign may
be shown with the total also.

- Specified in the scale title, either in word form or as a percent sign
- As a decimal equivalent determined by dividing the percent value by 100.
All three methods are applicable with positive and negative values as well as decimals.

200% 138.20% 209 2.09
100% 68.06% 140 1.40
50% 14.75% o 52 0.52

0% 0.00% Y 0 0.00
-50% -50.10% X- -23 -0.23

-100% -75.25% -115 -1.15
Percent signs Percent signs and two decimal places. Any Units of Sometimes decimal
and no number of decimal places can be used but measure equivalents are used,
decimals generally no more than the largest number of (percent) in which case no

significant digits after the decimal in any value. shown in title percent sign is used. 251



Numbers, Times, and Dates
(continued)

Roman and Arabic numerals

The two major types of numerals used
on information graphics are Roman and
Arabic. For showing measured,
counted, or calculated values, Arabic
numerals are used almost exclusively.
Roman numerals are used primarily for
indicating headings, groupings,
subdivisions, phases, quadrants, etc.

Roman Arabic Roman Arabic Roman Arabic
I. 1 VIII . 8 LX .. 60

. 2 IX . 9 LXX .. 70
III. 3 X . 10 LXXX .. 80
IV . 4 XX . 20 XC .. 90
V . 5 xxx . 30 C .. 100
V. 6 XL . 40 D .. 500

VIl . 7 L . 50 M ... 1,000
Examples of numbers made up of
Roman and Arabic numerals

Zeros before and after the decimal

0.190
0.002
0.174
0.400
0.010
0.700

A zero is frequently
placed in front of
the decimal for
values that have
numerals only after
the decimal.

.190

.002

.174

.400

.010

.700
No zero in front
of the decimal is
an acceptable
alternative.

Zeros before the decimal

78.690 78.69
8,521.002 8,521.002

9.000 9.
642.400 642.4

34.011 34.011
0.700 0.7

An equal An unequal number of
number of digits digits after the decimal is
after the decimal an acceptable alternative,
sometimes particularly when there is
makes it easier a large difference in the
for the viewer to number of significant
compare values. digits after the decimal.

Zeros after the decimal

Very large numbers

Each column of numbers express the same values in different format.
200,000 200 200M 200K 2.OE+5 200E+3

150,000 150 1soM 150K 1.5E+5 150E+3

100,000 8 100 100M 100K 1.OE+5 IGOE+3

50,000 @ 50 50M 50K 5.OE+4 50E+3
(U

0 > 0 0 0 o.OE+o OE+o
General Multiplier Roman In this format all values In this format there
format shown in numerals or have the same number of varying numbers o

title international digits (1) left of the digits left of the de,
symbols can
be substituted
for multiples
of three zeros.

decimal, plus an indication
of how many places the
decimal point should be
moved to the right.

{See -o.{

Iare

cimal
point, plus an indication
as to how many places
the decimal point should
be moved to the right.

I.S. note)

2.0x10 5

1.5x10 5

1.Ox10 5

5.Ox10 4

O.OX1 00
The number to the left
of the times sign is to
be multiplied by the
number to the right of
the times sign. (e.g.,
5.0 x 104 means 5
should be multiplied
iv 1 in fn,. tim Il-

Note: '--..-.-,

The capital E with a number behind it is one of several methods technical personnel use
to designate large and small numbers. The number behind the E with a plus sign in front
of it indicates how many places the decimal point should be moved to the right. For
example, E+3 means the decimal point should be moved three places to the right.

Very small numbers

Each column of numbers express the same values in a different format.

0.010000

0.008170

0.006000

0.004070

0.000205

0.000005
General
format

10.000

8 8.170
6
@ 6.000

*- 4.070

'a 0.205

0.005
Multiplier
shown in
title

1.00E-2 1 0.OE-3
8.17E-3 81.7E-4

6.OOE-3 60.OE-4

4.07E-3 40.7E-4

2.05E-4 20.5E-5

5.OOE-6 50.OE-7
The numbers in the column on the left
have one digit to the left of the decimal,
while those in the column on the right
have two. The letter E with the negative
number behind it indicates how many
digits the decimal should be moved to
the leefte I... ht.lo

1.00x10 2

8.17x10 3

6.00xl0 3

4.07x10 3

2.05x10 4

5.00x10 6

The number to the left of
the times sign is to be
multiplied by the number
to As right. (.g., 5.00 x
10 means 5 should be
multiplied by 0.1 six times)

Note: . - lB
The capital E with a number behind it is one of several methods technical personnel use to
designate large and small numbers. The number behind the E with a minus sign in front of
it indicates how many places the decimal point should be moved to the left. For example,
E-3 means the decimal point should be moved three places to the left.
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Numbers, Times, and Dates
(continued)

Angular numbers
Angular values are generally expressed in degrees or radians. There are three major
variations as to how degrees might be expressed, depending on whether fractions of a
degree are expressed as a decimal of a degree or as minutes and seconds and decimals
thereof. (There are 60 minutes to a degree and 60 seconds to a minute in angular
terminology). There are two major variations for expressing radians. One is to use the
actual value of radians; one radian equals 57.296 degrees. The other is to express the
radians in terms of a constant called pi (ir), which has a value of 3.142. Examples of all five
variations are shown below.

Degrees, minutes, Degrees, minutes, Radians in
Degrees and anid decimals of secondsand Radians terms of the

decimals of degrees Minutes decimals of seconds constant pi (7t)

57.296° 57017.743' 57°17'44.6- 1.0 0.318it

90° 90000 9000D00 1.571 0.5S7

114.5910 114°35.487' 114035'29.2- 2.0 0.637nr

171.8870 171053.23' 171 53'1 3.8- 3.0 0.955it

1800 180°000 18000'00 3.142 1.011

229.1830 229°10.973' 229010'58.4- 4.0 1.273n

2700 270°00' 270°00'000 4.713 1 .57t

3600 360000' 360°00'000 6.284 2.Oit

Elapsed time numbers
There are four widely used methods for denoting elapsed time. The major difference
between the four is the combination of hours, minutes, seconds, and decimal or fractions of
each that are used. Examples of the four using decimals are shown below. Occasionally
fractions are substituted for the decimals. * Because the hour and minute numbers (column
two) and the minute and second numbers (column four) occasionally look alike, if not
obvious, it is sometimes noted on the chart what times are being displayed to avoid
confusion (e.g., 8:16 might be 8 hours and 16 minutes, or 8 minutes and 16 seconds).

Hours and decimals Hours, minutes, and Hours, minutes, Minutes, seconds,
of hours decimals of minutes seconds, and and decimals of

decimals of seconds seconds

0.200 0:12 0:12:00 12:00

12.000 12:00 12:00:00 720:00

0.327 0:19.620 0:19:37.22 19:37.22

0.702 0:42.133 0:42:08 42:08

0.950 0:57 0:57:00 57:00

1.767 1:46 1:46:00 106:00

2.454 2:27.254 2:27:15.23 147:15.23

34.117 34:07 34:07:00 2,047:00

Actual time numbers
The major variable with regards to numbers used for time is whether a 12-hour or 24-hour
clock is used. Examples of both are shown below.

Word description 0 12 hour clock 24 hour clockWod ecrp~o 1 ou lokOptIon #1 option #2

One-twenty-seven in the morning 1:27 A.M. 1:27:00 0127

Fifteen minutes and seven 9-15-07 A.M 9-15-07 0915.07
seconds after nine in the morning 9 . 9 5 0

Noon 12:00 P.M., 12:OOM, 12:00:00 1200or 12:00 N

Eight minutes and six seconds after 2:08:06 P.M 14:08:06 1408:06
two in the afternoon

Five-nineteen in the afternoon 5:19 P.M. 17:19:00 1719

Nine-forty-five in the evening 9:45 P.M. 21:45:00 2145

Midnight 12:00 P.M., 12:00 A.M., 24:00:00 or 2400 or 0000
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ or 12:00 M 00:00:00
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Numbers, Times, and Dates
(continued)

On many charts and graphs, space considerations require that dates and related information
such as days and quarters be abbreviated. The abbreviations shown below are among the
more widely used.

-I al a

'90 91 '92 93

90 91 92 93

Quarters
Time periods, particularly years, are often broken into quarters. When quarters are applied
to years, the first quarter might be the first three months of the calender year. If the fiscal
year is different from the calendar year, the quarters frequently apply to the fiscal year, not
the calendar year. If not obvious, the meaning is often specified in a note.

First Quarter Second Quartr | Tr Q Qua
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
ist O 2nd Q 3rd Q 4th Q

Q1 Q2 Q3 Q4
1st 2nd 3rd 4th

Months

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ja F Mr Ap My Je JI Ag S 0 N D

J F M A M J J A S 0 N D

Optn 1

Omt on

Sund.y
Sun.

Sun

Su

S

. Y
Mon.

Mon

M

M

MTe sa

Tues.

Tue

Tu

T

Wednesa
Wed.

Wed

W

IW

Thurs.

Thu

Th

| T |

~Friday
Fri.

Fri

F

F

Sat.

Sat

Sa

S

Dates

Some of the variations shown below are the result of different standards used in America,
Europe, the military, the International Standards Organization, etc.

Jan 1,1999

1/1/99

1-1-99

01/01/99
1 Jan 1999

1 Jan 99

1.1.1999

1.1.99

1/1/99

1-1-99

1999-01-01

Jun 12, 2000 l

6/12/00
6-12-00

06/12/00
12 Jun 2000

12 Jun00

12.6.2000

12.6.00
12/6/00

12-6-00

2000-06-12

Nov 8, 2005

11/8/05
11-8-05

11/08/05
8 Nov 2005

8 Nov 05

8.11.2005

8.11.05
8/11/05

8-11-05

2005-11-08

Numeric Scale Sometimes referred to as quantitative, value, amount, or interval .......... l
scale. A numeric scale consists of numbers organized in an 0 1 2 3 4 5
ordered sequence with meaningful and uniform spacings Example of a linear numericscale. Other types of numeric
between them. The numbers are used for their quantitative scales include logarithmic,
value, as opposed to being used to identify entities. See Scale. probability, and power.
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Oblique Projection (View) Most types of charts can be drawn so they appear three-dimensional. One reason for doing
this is to provide information, such as displaying a third variable, that cannot be readily
done with two-dimensional charts. A second is to improve the appearance of the charts. The
two techniques that are most frequently used to give charts a three-dimensional appearance
are called oblique projection (view) and axonometric projection (view).
Oblique projection
In the oblique view, surfaces that are parallel to the plane of the paper are shifted slightly
with respect to one another. The shapes and dimensions of these surfaces do not change.
Since a true two-dimensional object, such as a column on a two-dimensional graph, has
only one surface, artificial depth must be added to give the appearance of shifting the back
portions. The added depth generally has no significance other than cosmetic. The shifting
can occur in any direction and, within reason, can be any amount without affecting the
readability of the chart, since the front surfaces remain unchanged. The process is the
equivalent of exposing or adding a top or bottom plus a side to the object. Examples are
shown below. .- AD -

The sizes, shapes,_and angles of
I ne amount me DacK sunace
is shifted with regards to the

Inis is me Dacs surface
(hidden) that is shifted

regards to the front
ace. It is the same
and shape as the
t surface.

cial depth added to
:)-dimensional data
hic such as a
mn on a two-
)nsional graph. The
unt of depth added
optional and has no

graph for reference amounts of shift between front and back significance.
A comparison of graphs using the same data with and without oblique views

In graphs, the direction of the shift sometimes has an effect on how and where the scales,
grid lines, and tick marks are positioned. This, in turn, has an effect on how easy or difficult
it is to read me values of tme
individual components. To
improve the accuracy of
reading a graph with an
oblique view, it is sometimes
recommended that grid lines
and two vertical scales be
used, as shown at the right.
Even when this is done, some
viewers have difficulty
determining which plane of
the data graphic to read the
values from. For example, in
the upper two graphs at the
right, the left scale applies to
the front edges of the data
graphics. In the lower two
examples. the right scale
applies to the front edges. positioning of scales and the legibility of the data
- Oblique views can be used with graphs that have data on three axes, as shown at the left;

however, an axonometric view is more often used with this
type of graph. * In addition to graphs, oblique views are also
used with many other types of charts, including flow charts,
diagrams, maps, how-to charts, organization charts, etc. In
most cases the primary reason for using oblique views with
these types of charts is their aesthetic value. An organization
chart using oblique views of the enclosures is shown below.
Oblique views of such objects have the advantage over axono-
metric views in that, with oblique views, the front surfaces

Example of an oblique view of retain their true shapes and therefore text or graphics on the
ace
orte

s are not
:d. Manager

iSupervisr #1 UISupervisr #2

Team Leader #1 I Team Leader2 Team Leader #1 |Tem Leader

Example of an organization chart using
oblique views of the enclosures

a grapn with data on all three surf
axes. An axonometric view Is
more frequently used with disto
three-axis graphs.

See Projection 2 for a comparison
of graphs and maps generated
using oblique and axonometric
projections.
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Octrant One of the eight regions formed by the intersection of three perpendicular planes. A well
known example is the octrants formed by the intersection of the X-Y, X-Z, and Y-Z planes
on a three-dimensional graph.

em_ _1 An {C~n~ -a -n -A - _. .1e; f-.nx -- I A
%gJ8VU "raFinl aV11UIL1111UN 1CLOL1U LU a1S a cuimuiative Irequency graph Uo I

summation graph. An ogive graph is the equivalent of a /
cumulative histogram with the columns replaced by a

U-
curve. It is a line graph with values or class intervals
typically plotted on the horizontal axis and the cumulative a
number of times each of those values or groups of values E

occurs (cumulative frequency) plotted on the vertical axis.

One-Axis Graph

I I .Value or class intervalThe frequency may be plotted in terms of cumulative Ogive or cumulative
counts or percentages. See Cumulative Frequency Graph. frequency graph

When the scale and data are displayed along a single axis the graph is sometimes called a
one-axis graph. The axis may run vertical or horizontal. For category type information, the
data points can often be plotted directly onto the single axis. With quantitative information,
the data is sometimes first plotted on a two-axis graph and the key points transferred to a
single axis. Examples of one-axis graphs displaying category and quantitative data are
shown below, along with two-axis graphs of the same data for comparison. * One-axis
graphs offer several potential advantages over two-axis graphs, including:

- They generally require less space and are easier for some people to read;
- Additional space is sometimes available for labels and supporting information; and
- In some situations the information can be decoded more accurately.

18,000 - -Canada

16,000-
14,000 - -Australia

12,000-

zD tOOOO- -Israel

> 8,000- Malta

6,000

4,000

2,000 Guatemala

0
One-axis
line graph

One-axis
categorie

100%/l
Industrial

80%/
Forestry

E 60%
a1 - Mining

I 40%
a.a-

20% Agricultural

0%/

One-axis
column graph

Two-axis graph for comparison
line graph In which
es have specific values

Two-axis graph for comparison

One-axis column graph displaying
percent-of-the-whole data

18,000l

16,000

14,000-

12,000-

ID 1 0,000-

> 8.000-

6,000

4,000-

2,000-

0

One-a
point I

*Canada 18,000e
16,000-

* Australia 14,000-

12,000-
* Israel 10000 - e

* Malta > 8,000-
6,000

4,000

* Guatemala 2,000

gxrasph Ae tbs ws

Two-axis graph for comparison

One-axis point graph in which
categories have specific values

12- ._100%
t2 - tO0

. :; 90% E
8- .

'~ ; 70% CL

X 6 l- 50% a)

j:30% X
4- .- E

0%
2 -

0

One-axis
point graph

a

Illustration of how
values on the

10 horizontal axis are
transferred to the

8 vertical axis

46 50%/ X.

2

0 10% 30% 500/70% 90%100%
Cumulative percent

Two-axis graph for comparison

One-axis scatter graph displaying
quantitative information

One-axis circle graph

When the same data in the one-axis column graph above is 809)

wrapped into a circle, as shown at the right, it is called a circle
graph. When the scale is removed from a circle graph, it is
called a pie chart. In both the single-axis column graph and the 70'

single axis circle graph, either units or percent can be plotted.
Generally percent-of-the-whole data is plotted.

0-%

10%

50%
One-axis circle graph256
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One-Axis Graph
(continued)

Scales on one-axis graphs
One-axis graphs typically have only
one scale. Exceptions are when
multiple scales present the same
information in different forms such
as units and percents or miles and
kilometers. The variable
information is positioned along the
axis based on that one scale. When
the single scale is a time scale, the
display is frequently called a time
line chart. See Time Line Chart.

Scale Variable Scale Variable

Data Eleva- V
, element tion Animal

32value 30,000 - Bird

31 - 25,000- - Amphibian
30-
29 - 20,000 - Arthropod

27 - 15,000 -Mammal
26 3 10,000 Reptile

25 5,000
24
23 *0

Scale #1 Scale #2 Variable

Feet Meters Animal

30,000- - 9,000 Bird

25,000- 8,000 Amphibian
Arthropod

20,000- - 6,000
-5.000

,000 000 Mammal

10,000 - Reptile

2,000
5,000t

00

One-axis graphs with one and two scales

One-Dimensional Data
Distribution Graph
or
One-Axis Data
Distribution Graph

Sometimes referred to as a univariate graph, number line, or number axis. The one-axis
data distribution graph is the simplest variation of a data distribution graph. One-axis data
distribution graphs show graphically how the data elements of a data set are distributed by
using a separate symbol to represent each data element of a data set. The data elements are
plotted at their actual values along a single quantitative scale, as shown below. From such
graphs the viewer can observe such things as the largest and smallest data elements in a set,
whether the points are clustered and if so where, whether the points are skewed towards
one end or the other, whether there are many or few data elements in the set, and whether
there are any points at the extremes that look like they don't belong with the set.

Two clusters of Gap in data points Unusual point sometimes
data points referred to as ut

******** * . 4 * * .... m* m . -. -...

16 17 18 19 20 21 22 23 24 25
One-axis data distribution graph

One-axis data distribution graphs can also be used to note differences within a data set. For
example, if the values are measured times for performing a particular task and half were
measured on the day shift and half on the night shift, different symbols might be used for
the two shifts to see if there are differences, as shown below. This is called using a dummy
variable.

o Day shift * Night shift

16 17 1 19 20 21 22 23 24 25
Same data as in the graph above, with the data identified as to which shift it was collected on

Any symbol can be used to designate the data points. Dots and lines/stripes (below) are the
most widely used. - Overlapping of symbols can be misleading, since what appears to be a
single symbol may actually be multiple symbols representing two or more data elements.
Methods for addressing this problem are discussed under the heading Symbol.

Streg por | I II I III IorIIIIIIIIIIIIIIII I 1 1

31 32 33 34 35 36 37 38 39 40 41 42
One-axis data distribution graph using short lines (stripes) as plotting symbols

One-axis data distribution graphs are sometimes used to display the distribution of data
along the individual axes of scatter graphs. See Marginal Frequency Distribution Graph.

One Hundred Percent Sometimes referred to as a percent-of-the-whole chart or graph. A 100% chart or graph
(100%) Chart or Graph shows what percent each component represents of the whole (total). There are three major

applications for this type of chart. They are: to analyze one group of data at a point in time;
to analyze multiple groups of data at a point in time; and to analyze one group of data at
multiple points in time or multiple situations or conditions. Pie charts, column graphs, bar
graphs, and area graphs are most widely used for these applications. Shown below are
renresentative examnles. See Percent-of-the-Whole Chart/Graph-

-- 100% - - 100'Rw

B 
80

% 6- r 80D

byc - y 601%- .=6M7

D - 40%] - * 40j

E 20% 20

Fi- - - . I _ - 0 I GYXG*9 1111 ~~ 1
U0% ZU% 40%U-oOU-o1UU7 . IW1 -8 0 W a M I W I t- M
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100% bar graph El Seniors 100% column graph 100% area graph
One group of data Multiple groups of data at Ei Children One group of data at multiple points in time
at one point in time one point in time M Adults

Examples of 100% charts and graphs
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One-Way Table

Open-High-Low-Close
(OHLC) Graph

A one-way table is a table displaying two or more variables along either the horizontal or
vertical axis. The vertical axis is frequently used, and referred to as the list format of a one-
way table. If only one variable is shown in a single column it is called a list. Examples of
one-wav tables with two. three. and four variables are shown helow.

Name Age Name Age
Alice 6 Alice 6
Bill 7 Bill 7
Harry 4 Harry 4
Sue 5 Sue 5
Without grid lines With grid lines

Two variables along the vertical axis
Two

varnagblhe -Name IAlice I Bill Harryl Sue
horizontal -"I Age 1 6 1 7 4 1 5

axis
One-way table with two variables

Year Product Value
1990 A 2
1990 B 10
1990 C 8
1990 D 22
1991 A 4
1991 B 12
1991 C 7
1991 D 29
1992 A 6
1992 B 17
1992 C 6
1992 D 20

One-way table
with three variables

Year Sex Age Value
1980 Male Under 40 69
1980 Male Over 40 49
1980 Female Under40 21
1980 Female Over 40 27
1990 Male Under40 41
1990 Male Over 40 66
1990 Female Under4O 43
1990 Female Over 40 52

One-way table
with four variables

Examples of one-way tables in which all variables are displayed along a single axis

Sometimes referred to as a high-low-close-open (HLCO) graph, high-low-close (HLC)
graph, high-low graph, bar chart, price chart, or vertical line chart. This type of chart is
typically used to record and track the selling prices of securities, commodities, markets, etc.
Several prices are typically recorded for each time period with highest, lowest, close, and
open being the most common. See Bar Chart.

Operational Charts &
Graphs

Operational charts and graphs are those charts and graphs that are used primarily for
activities such as analyzing, planning, monitoring, decision making, and communicating in
the on-going running of a business, organization, or activity. They are often used to
supplement or replace tabulated data and written reports. * Another major classification is
presentation charts and graphs, used primarily in formal and semiformal presentations.
* The following are among the reasons for using operational charts and graphs.

- Data can be organized in such a way that analysis is more rapid and straightforward.
- Viewers can more rapidly determine and absorb the essence of the information.
- Large amounts of information can be conveniently and effectively reviewed.
- Deviations, trends, and relationships stand out more clearly.
- Comparisons and projections can many times be made more easily and accurately.
- Key information tends to be remembered longer.

* The following are among the reasons for using presentation charts and graphs.
- Assists in the rapid orientation of an audience.
- Aids in the audience's understanding and retention of the material presented.
- Material presented is frequently looked at more favorably by the audience.
- The audience perceives the presenter to be more prepared, professional, interesting, etc.

Both types of charts and graphs tend to shorten meetings and expedite group decisions.
* Although many people do not differentiate between operational charts and charts used for
presentations at formal and semiformal meetings, the two types generally differ
significantly. The following table highlights some of the differences.

Gain maximum knowledge and Communicate a specific, or at most,
benefits from available information a limited number of messages

Primarily hard copy and computer Primarily overhead projection or
screen 35mm slides

Many sources recommend limits
No limit as long as it is legible such as 7 words per line, 8 lines

per chart, 30 words per page, etc.

Used sparingly because it generally Widely used for their aesthetic value
reduces the legibility of data

Frequently used to increase the
accuracy of decoding the data Used spangly

Used sparingly Commonly used

I a l y -CICv tI v - _, vJp -lalJIIa, a , -it -- i' 1 -la l, 11 -lal - aC -lt V -F -

The key difference between the two types of charts is their intended purpose as noted in the
first row of the table. With presentation charts and graphs, the objective is generally a very
focused communication. With operational charts and graphs the goals are much broader,
with primary emphasis on analyzing, absorbing, managing, and communicating a maximum
amount of meaningful information in a minimum amount of time.258
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Sometimes called paired, sliding, two-way, or bilateral bar graph. See Bar Graph.Opposed Bar Graph

Ordering

analysis, particularly when
information is ranked.
* When there are several
types of interrelated data, it
is sometimes advantageous
to order it in several
different ways. For example,
a company with six different
product lines may wish to
rank the lines in terms of
sales, profit dollars, and
profit as a percent of sales. If
the data is ordered only one
way, whether in tabular or
graphical form, the viewer
must mentally reorder the
information to determine the
other rankings. If the data is
presented in a matrix form,
as shown at the right, the
viewer can focus on the
analysis without having to
do any mental rearranging.

Ranked
In order

ofdollan
of sales

Ranked
nOrder

of dollars
Of profit

Ranked
In order

GO a
percent

of:: sales

Adams

Black

Crider

Dole

Eaton

Sometimes referred to as sorting.
Ordering is the process of arranging
information on a chart, graph, or
table in some meaningful sequence.
Four widely used methods are to
alphabetize, to organize in numerical
sequence (e.g., by time card number),
to rank (e.g., place in ascending or
descending order by quantitative
value), and to arrange by attribute
(e.g., address, product, religion, etc.).
An example of each is shown at right.
Ordering makes information easier to
locate, particularly when material is
alphbetized or in numerical sequence,
and more meaningful for purposes of

Eaton 54 Adams 67

Adams 67 Cnder 82

Black 34Dole 28

Dole 28 Black

Crider 82 Eaton 54

0 2 4 6 8 10 0 2 4 6 8 10
Ranked by Ordered by attribute
quantitative value (region, East to West)

Examples of the four major methods of ordering data.
The same information is shown in all four graphs.

ProductlPmC

0 5 10 15 20

PE A 7 A
Prouc D

Pr C

Producd B
Product F

Put E

0 5 10 15 20

I 0 2 3

1 0 2 3

%05 of sale
0- I | I

a 0i 5 1;1 20

5 0 5 10 15 20

Matrix in which three groups of related information are
ordered/ranked with respect to each of the three major
characteristics being studied.

Order of Occurrence Scale An order of occurrence scale is a variation of a sequence scale. It is generally used on
graphs that record values for something that is repetitive or for events, activities, samples,
etc., in which the sequence in which they occur is important. For example, in monitoring
the quality of a process, it is generally important to record test values in the order the tests
were conducted since, in addition to being interested in the actual values, one is often
looking for trends. These trends may show up only when the data is plotted in the same
order the tests occurred or the samples were collected. Order of occurrence scales are
almost always on the horizontal axis. They proceed from left to right and generally have
equal spacings between entries. Labels may or may not be used. Often, no labels are used
since frequently the viewer is looking for trends and changes so the exact sample number is
unimportant. Labels often are batch numbers, shop order numbers, patient numbers, serial
numbers, etc. See Sequence Graph.

Ordinal Scale An ordinal scale is a variation of a sequence scale that orders information in nonquantitative
terms: first, second, third, fourth; biggest, second biggest, third biggest; small, medium,
large; etc. Sometimes, for convenience, numbers are assigned to the entries on an ordinal
scale. For instance, the number one might be assigned to small, number two to medium, and
three to large. When this is done the numbers are used for identification purposes only and
have no quantitative significance. Ordinal scales are most frequently used on the horizontal
axis. The entries are generally equally spaced along the axis similar to categorical data. See
Sequence Graph.

The distance a data point is located along the ordinate (vertical) axis.

Ordinate Axis 259A technical name for the vertical or Y-axis on a two-dimensional graph.

name/category

Ordinate



Organization Chart
Organization charts are diagrams that show how people, operations, functions, equipment, activities, etc., are organized,
arranged, structured, and/or interrelated. They are applicable with any size of organization. A typical organization chart
consists of text enclosed in geometric shapes (sometimes referred to as boxes, enclosures, box enclosures, or symbols) that
are connected with lines (sometimes referred to as links) or arrows. Charts of this type generally progress from top to bottom
or left to right. Organization charts are sometime considered a variation of flow chart or flow diagram. Examples of several
types of information frequently displayed on organization charts are shown below.
Typical types of information included on organization charts

t- A A s JA ceAnA Ae >

Charts with this type of information show the fundamental structure of an
organization. They are applicable to any type of organization, whether a Busi

corporation, a government, a nonprofit organization, the military, etc. In
some cases the enclosures are not connected with lines, indicating that they
are part of a larger organizational structure but have no formal ties.

Information on functions performed
Whereas the above type of chart gives the name of a unit in an organization,
this type of chart shows what the various parts of the organization are
responsible for. As an example, a unit of a government might be shown as [ M

Senate in the above chart, while in this type of chart the corresponding box
might read Enact Legislation. In the type below showing titles, the box might
read Senator. * This type of chart sometimes gives insight into philosophies
(e.g., whether laws are enacted and enforced by the same or separate units).

Information by title
This type of chart is often used to convey information about function as well
as title and is frequently used in conjunction with the names of individuals V.P
holding the titles. When used to compare various organizations, charts with
titles sometimes indicate more about personnel philosophies than about the 4I

structure of the organization. For example, given the exact same position e

and responsibilities, one organization might give the title of vice president,
while others might give titles such as manager, director, supervisor, etc.

Information by name
One of the most widely used variations of organization charts uses
individual's names to indicate who reports to whom. Titles or some
description of the individual's position, duties, or role are many times used, Fi

since it is generally important or helpful to know such things as whether an
individual is a full-time manager or a part-time volunteer. This type of chart
is generally more interesting and valuable to persons within an organization. E
Exceptions to this generality are organizations that deal with the public,
where it is important to be able to identify and contact specific individuals.

Information by activity
Sometimes organization charts are used to depict how activities are
organized. Such charts may or may not make reference to people,
departments, etc. For example, the chart at the right shows how rejects are Ve

handled, indicating that they are classified into three different types and that
the activities associated with each classification are somewhat different. No
indication is made with regards to people or organizations involved. Such
charts differ from flow charts in that they do not indicate the sequence in
which the activities take place.

Special types of information
There are many situations where special information is studied or
communicated by means of organization charts. In cases where the
organization itself is being studied as opposed to individuals, the
chart is sometimes constructed very symbolically, as in the example
at the right. This type of chart is used to analyze such things as the
number of people with supervisory versus non-supervisory I
responsibilities, the average number of people reporting to E
supervisors, the number of layers of managers and supervisors, etc.

Corporate Headquarters
I

i 3ni~ Business Unit 2 Business Unit 3

Division A Division D Division G

Division B | Division E Division H

Division C Division F - Division I

|Administrative |

:nu~facturig Maktng Finance I

Production Sales Bankin

P procurement Promotin Receivables

quality control | Human resource

| rsdent |

.Production V.P. Marketing Controller

Production Mgr.|- Sales Manager| Accounting Mgr|

Materials Mgr. |-Advertising Mgr| Credit Manager|

Eng. Mgr. |-Distribution Mgr MIS Manager|

F Sally Brown

-ank Noble June Gary I Charles Green I

Mar Story |- Robert Lockwel| Bett Allison|

William Brown | |Dorothy May | Gary Bailey|

Diane Willow | |John Killard|

I Handling of rejects

Pndo r rejects oduction rejects| Field returns I

Consolidate | |Classification | Analyze |

Vendor review | | Repair | Replacement|

Credit | | Document | | Follow up |

orvisory responsibilities I Without supervisory responsibilities
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Organization Chart (continued)

Variations of organization charts
In addition to the simple tree type of organization chart used in the examples on the previous page, there are many others that
are either variations of that basic format or that use an entirely different format. Several examples are shown below.

Matrix type
A number of organizations utilize what is called a matrix management. In
this type of organization many people report to multiple individuals or
positions. For example, in addition to reporting to the manager of Sales Mgr. Prod. Dev. Mgr. Eng. Mgr. Mig. Mgr.

engineering, an engineer might also report directly or indirectly to a product PuTeM1nician . ngieer. 1- -Scheduler

manager. This might be true for entire departments or on an individual Enginee r man Scheduler

basis. The example at the right is one way of graphically representing an Product Mgr. 2 -------- ne-r------ .
organization structured on a matrix. 4 Product Mgr. 3 ------- J'------------------ J

Temporary assignments
It is common in many types of organizations to temporarily assign
individuals to special projects that might last from days to years.
Typically a project leader is established with full or partial
responsibility for the personnel assigned to the project. There are
several ways to represent these arrangements on an organization chart.
The example at the right leaves the direct reporting relationships intact
and indicates the temporary assignment with shading.

Distribution of responsibilities

|P-resident I

vrod. D Mgr. I g. r.

ProjeCtx Technician|
leader0 Eninee [, san .

In n. .n

Technician r j00s Project Y|
= . .S.>leader

In some organizations, particularly highly specialized ones, the responsibilities for
managing the organization are distributed between two or more managers. For
example, in a research laboratory, one highly skilled in the technical aspects of the
work being done in the laboratory might manage the technical activity while
another person skilled in the administrative aspects might manage that part of the
activity. The example at the right illustrates one way to represent such a structure
graphically. This example shows functional and administrative responsibilities
merging at the supervisor level. In some cases, these responsibilities don't merge
until they get down to the associate level.

Nonsubordinate relationships

Functional Adiitrtv
manager mart

Fe re Inside repair| SuporSupervisor | supervisor | supervisor|

Asoit 1 soiae1 Asoit

Asoiat 3 Asoit3 Ascae3

The lines connecting the entities on organizational charts are many times, if not most times, representative of reporting
relationships. In some cases, however, the lines denote such things as channels of communication, groups that work closely
together, units between which coordination is necessary or where joint approval is Sc

required. In charts of this nature it is not uncommon to have multiple solid lines Chabe l
connecting the entities. The chart at the right is an example of a situation where them PicP

individual units are not subordinate to one another but, do have the need for close Alumni

relationships on certain matters. Organization

Organization chart without connecting lines

In some situations there are close relationships between various units of an organization including many agreements and
transactions; however, on an organizational chart, no lines are drawn between them.
For example, independently owned franchises are autonomous businesses that are Franchiser

not subordinate to the franchiser. Thus, an organization chart of a franchise chain
with all privately owned franchises may contain no connecting lines at all. Many Independen Independent Independent

francfran franchise franchise
governmental organizations have a similar situation where groups like a water 1 2 3 4

district, a school district, and a public utility work closely together but have no I dt Ie
tmnchse franchise franchse frnhs

formal links. 5 6 7 8

Organization chart of equipment
Organization charts can be drawn of equipment as well as people, organizations, or activities. Such charts are sometimes
referred to as network diagrams, schematics, flow charts, or in some cases maps. As with other organization charts, these
charts show how many and what type of equipment are involved, how
the network is structured, and how the pieces are interrelated.
Individual units or pieces of equipment might be referred to by their e ntel

function (e.g., input orders), their name (e.g., Acme model 972), or Computer Mutiplxe Computer

their description (e.g., work stations). Organization charts of
equipment are seldom hierarchical, use arrows more frequently than stations
other organization charts, and each chart tends to have a unique layout.
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Organization Chart (continued)
Variations of organization charts (continued)

Direct and indirect reporting
In some cases, individuals report to two or more people for various aspects of their
responsibilities. For example, the financial manager in a division might report directly
to the general manger of the division and indirectly to the corporate financial manager.
Or, a coordinator of new product developments might report directly to the
engineering manager and indirectly to the manufacturing manager. A widely accepted
method for indicating this on an organization chart is to show the direct reporting
relationship with a solid line and the indirect relationship with a dotted or dashed line.

%J31a1a5 uaL gaaazauvxxa %,.aal & &u Faa%~ ~AAApAA"aun
I bID

Organization charts are sometimes used to indicate the relative importance of
certain functions. The chart at the right is one example of how this might be
done. The same information as shown in this chart could be presented in the
traditional format; however, it would not be as clear that sales is the major
focus of the organization and that all other departments are expected to support
sales. Similar effects can be achieved by the use of color, shape, size, etc. P

Staff versus line positions
Some organizations choose to differentiate between line and staff
positions/functions on the organization chart. A typical technique in a
large organization is to cluster the staff positions towards one side or -L i-- l l
the top or bottom of the chart. A separate line and/or a different color t 1! taf L |Staf
might be used to further differentiate them. In smaller organizations or when staff members
are scattered throughout the organization, individuals may be shown adjacent to the person
they report to. Dashed lines may indicate the positions for which the staff member has an
advisory responsibility.

| Division Corporate
I President I controller

ueior Engineering Finance t
i- A- - -

QSupriO]'Qoodntol

Q~upevisor3 {n

Mfg. Manage grr
M anage

rManager |-, VPSlea Manage

Manaera
/ |Manager | Manager|

En Mnagrt

Fdttf

er Xr ~
e aEn

ana E3

Partial organization charts

In some situations it is desirous to know thi
particular function, position, or individual.
may be adequate and lets the viewer focus,
they are interested in.

As a vehicle for recording ii

Every organization has formal and informa
organizations ignore the informal channels
mental picture of who is communicating w
these channels on an organization chart to I
or helpful. The example at the right is reprc
organization charts can be used to record it

Analysis of specific characteristics
When analyses are conducted to study specific characteristics of an organization, unique symbols are sometimes used to
represent different categories of the designated characteristics. For example,
if educational level versus position are being studied, a different symbol
might represent advanced degree, college degree, high school diploma, etc.
If technical specialties are being studied, a different symbol might represent
scientist, accountant, generalist, marketeer, etc. Names, titles, positions,
etc., may or may not be shown. 0 Generalist ASll I g Sll 2 0 Sid 3

General
Because of the size and complexity of large organizations, multiple charts are generally required. For example, in a large
corporation there may be one chart that shows the organization of divisions and subsidiaries into groups or business units.
There might be another showing the corporate officials and their positions. In addition, charts are made showing the overall
structure of each division, with still another series showing the personnel in each department of each division. * Genealogical
charts are a form of organization chart. They are normally drawn in the tree format, either vertical or horizontal, and are
sometimes referred to as family trees, descendent charts, or pedigree charts.
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Organization Chart
(continued)

Functions of organization charts
Organization charts serve many different purposes including:

- Define lines of authority and responsibility;
- Show who reports to whom;
- Show how people, departments, organizations, or equipment interrelate;
- Make it known where to go to resolve problems or concerns;
- Orient people to a system or organization;
- Obtain insight into organizations such as degree of specialization,

hierarchical or matrix type of structure, or degree of centralization;

- Improve understanding of complex organizations, systems, or relationships;
- Assist in the analysis and administration of large organizations;
- Provide a tool for use in the planning process; and
- Provide a tool for comparing the structure of various organizations.

Tree, pyramid, or hierarchical organization chart

One of the most widely used forms of organization chart is the tree, pyramid, or
hierarchical type chart. This type of chart is most frequently presented in the vertical
position; however, it can be drawn in a number of other configurations. Eight examples
are shown below. All, except the stylized pyramid, display the same information.

With such a format the highest
ranking position, most important
function, primary coordinating
unit, etc., is normally shown at
the top, with all other entries
placed in some meaningful
pattern below it.

|President|

Manager M r r acaert

Traditional tree or pyramid chart

Department Manager

/Forepersons Supevisors

/Hourly Employees Clericals\

A stylized variation of
a pyramid type chart

Sometimes an effort is made to have all positions of comparable rank or importance at the
____ -AA -A DILIZA_-1rF5Abt.
saUme levelo LOUClely UsspIay Umt
levels of management in an org;
and make it easy to determine
how many people are at each
level This m-thond nnrmall,

Chart layout used to clearly display the number
makes the chart very wide. of levels of management in an organization

FPn-

Sometimes the shape of an
organization chart is selected
to deemphasize the
hierarchical nature of the
organization. The three
examples shown here are
representative of those types
of charts.

To further deemphasize the
hierarchical nature of an
organization chart, the
interconnecting lines are
sometimes omitted, as
shown in the two examples
at the right.

I I..,

V.P. Manager .

GMaaerg

M#ang

VP} Manage

I Presd i
Highest ranking position
at bottom of chart

v.p. IVP.P IVP.I

|Manager | Manlager|

Maae [~] Manlager|

Vertical chart without
connecting lines

Ho Mzntag | Mahager

| Horizontal chart

Circular/radial chart

IV.P ||ManagerI
Manager Dept. A
|Manlager1

I V.P. I |Manlager|

Preidnt | |Manager| Dept. B
IManlager1

IV.P. | |Manager1

|Manager| Dept. C

Horizontal chart without connecting lines 263
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Organization Chart (continued)

Construction options

Shown below are construction variations applicable to many types of organization charts.

. - - .. . I . . - - I

* The most widely used method is to have the text enclosed in a rectangle. The
enclosure is sometimes referred to as a box, box enclosure, or symbol.

* Rectangles are frequently used to enclose text; however, other shapes can be used. All
entries may have the same shape, or multiple shapes may be used to encode additional
information such as new in position, located at another facility, partner, subsidiary,
specialty, skill level, educational level, etc.

* Sometimes no enclosure is used, in which case the text may or may not be underlined.

* Dashed enclosures sometimes indicate such things as position open, proposed
acquisition, discontinued position or operation, etc.

* Shadows are many times added to improve appearance. Sometimes the color of the
shadow is varied to encode additional information.

* Three-dimensional symbols are occasionally used for aesthetic purposes.

secret Alternate methods for indicating multiple entities without showing an
Secretaries individual box for each.

secret

secretary m * Job sharing, e.g., two people sharing one position.

n * Dual responsibilities, e.g., one person performing two functions.

H . _ .Se. c_ sa rJ_ -r . I
* Enclosures might be colored, tilled, unfilled, or partially filled, though unfilled is

typical. Fill might be added to improve the attractiveness of the chart or to encode
information. When encoding information the different colors or shades might
designate such things as different skills, wage groups, temporary or permanent, etc.
Partial fills might be used to designate the level of activity in a dual reporting
rEi12tionnhin the rntin nf timep nn iifferent nativities scih na nnanrwnrk nnrl seling Ptc.

Function Generally some combination of function, title and/or name is used as the text.
Title/description/etc.
Name/number/etc. Whatever combination decided on is generally used throughout the chart.

Function * As computers and software become more sophisticated, pictures are
TitleAscmuesadsfwrbeoemrsohsiaepcueae
Name ^ sometimes included with the text.

Picture
Title
Name * When used for special purposes, such as succession planning, other
Yrs. with co.
Yrs. w sition information such as years with company, time in position, salary grade,
Merit rating successor, etc., is sometimes included with each entry.
Potential successor

Solid line * Solid lines normally indicate a formal or semiformal relationship
between the two entities they connect, such as a reporting
relationship, a communication link, a shared responsibility, etc.

Dashed or dotted line____
s or -t l- * Dotted or dashed lines designate an indirect,

temporary, limited, or advisory relationship. In some cases,
Arrow it indicates that the entity responsible for the activity,

decision, advice, etc., is outside the primary organization.

* Occasionally arrows are used to emphasize the directional
nature of the thing being illustrated, - for example
communications, progression, advice, etc.

* The lines connecting the enclosures on an organization
chart may be stepped, as most of the examples in this
section are, or they can be slanted or curved. There
generally is no significance to the method used.
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LTAXISIn a two-dimensional graph, the origin is the
point where the zero base line for the X-axis
crosses the zero base line for the Y-axis. On
a three-dimensional graph, it is the common
crossing point for all three zero base line
axes. Two-dimensional Three-dimensional

An outlier is a data point that is significantly outside of the pattern of the rest of the data
points in a given data set or series. For example, if there are 50 numbers in a set of data,
49 of which lie between zero and seven, and one point is 11.5, the 11.5 is considered an
outlier since it is distinctly different from all the other data elements in the set. Without
looking into each specific situation, there is generally no way to know whether an outlier
is caused bv an error in 24 , 301v-_ -. - G AD-- .. --
collecting or transcribing the 2

data, or whether it is 1
representative of whatever is 1
being studied. When only
average or median values are
nlntte- n,,*liAer are not
F--69, --~~l do- IlV - - - -t HDM t iStrarn

apparent. They generally are Scatter graph Outliers

easy to spot graphically when | I |11 I I I i 11111111 1000111111 IlIll illIIl III I I I I I I I
individual data points or groups 0 1 2 3 4 5 ,6 7 8 9 10 11 12

-- p grapn
of data points are plotted, as
shown at the right. An illustration of how readily outliers can be spotted in graphs

Overlaid Charts
and Graphs

Overlapped Area Graph

Overlapped Bar Graph
and
Overlapped Column Graphs

Sometimes referred to as superimposed charts and graphs. An overlaid
chart or graph has multiple groups of data superimposed on top of one
another. The graph at the right is an example of an overlaid graph with
three data series laid on top of one another. A quantitative map is an
overlaid map with quantitative information overlaid on a base map.

Example of an overlaid graph

10

8

6

4.

2

0

Sometimes referred to as a multiple or grouped area graph. An
overlapped area graph displays multiple data series, all of which are
measured or referenced from the same zero base line, usually the
horizontal axis. Because all the data series extend down to the zero
base line, the values for each data series can be read directly from
the graph. This type of area graph should be used with caution
Ie.---uot, it con - -, tl*- he 1-- -lith th f l-- f-t amla a-Vtt.A

area graph. See Area Graph.
v4 p95 p 'ae g98

Overlapped area graph

In order to make grouped bar and column graphs easier to read, the rectangles are
sometimes overlapped. In this process the rectangles representing complete data series are
shifted such that the rectangles of each successive data series are partially hidden by the
rectangles in front of them. They may be -8
shifted by any amount, ranging from barely C 6 -iI]

to completely overlapped (100%). Care I I l
should be taken as the limit of 100% overlap B 4 -L Irlr
is approached, since the graph can easily be -
mistaken for a stacked bar or column graph.
See Bar Graph and Column Graph. - 20 40 60 80 1 ' 95 - -5'94 '93 '92 '91

Overlapped bar graph Overlapped column graph

Sometimes referred to as a compound, dual,
grouped, or multiple line graph. An overlapped line
graph has multiple data series, all of which are
measured from the same zero base line axis. See
Line Graph.

10

6-

4 All curves are
2 plotted from the

2 1 same zero base
0 , line axis.
Overlapped line graph

Sometimes referred to as a combination
composite, or mixed graph. An overlay
graph displays multiple data series, using
two or more types of data graphics to
represent them. See Combination Graph

Data series A represented
by an area

*Data series B represented
by a line

Data series C represented
by columns

Example of an overlay

Origin

Outlier

Overlapped Line Graph

Overlay Graph

7 A-:-
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Over-Under Graph An over-under graph is a variation of a difference or
deviation column graph in which positive and negative °
values are plotted from a common zero for every
interval along the horizontal axis. See Difference Graph. =

Examnina *f an *UO,.Iunti. nronlh -

Total
cash
received

Total
cash
dispersed

Paired Bar Graph Sometimes referred to as a bilateral, opposed, sliding, or E.

two-way bar graph. This type of graph is a variation of a D

bar graph in which positive values are measured both right cf]
and left from a zero on the horizontal axis. The major B-

purpose of such a graph is to compare two or more data A

series, with particular attention to correlations or other 5D4t 3 2 s 1e 1 0a2 3s 4#25
meaningful relationships. See Bar Graph. Paired bar graph

Paired Line Graph When multiple data series are plotted on a line graph the result is frequently referred to as a
grouped line graph. There are two major variations of grouped line graphs. One is where all
data series on the graph use common values on the horizontal axis, but each data point has a
V, unique value on me vertical axis 10u0-l

(left). On this type of graph the data 80%- Series #3

points for all data series align one
above the other. * In the second 60%-
variation, each data point has a 40%
separate and unique pair of X and Y 40%\

values (right). In this variation, the 20% Seis #4
data points for the multiple data 0% - ll

-- A 0 2 0 8 00
Grouped line graph in which series may or may not align above Grouped line graph in which
the data points for the one another. This second variation is each data point has a
multiple data series share sometimes referred to as a paired line unique pair of X and Y
common values on the X- values. This type of graph is
axis but have unique Y-axis graph, since each data point has a sometimes called a paired
values. unique pair of coordinates. line graph.

Paired Scatter Graph When multiple data series are plotted on a scatter graph the result is frequently referred to
as a grouped scatter graph. There are two major variations of grouped scatter graphs. One is
where all data series on the graph use common values on the horizontal axis, but each data

point has a unique value on the 100%-
vertical axis (left). On this type of 80%oe Series #3

graph the data points for all data
series align one above the other. * In 60/A ,
the second variation, each data point 40%- C

has a separate and unique pair of X 20%- * l
and Y values (right). In this variation, Seres #4

the data points for the multiple data 0% 8 -
A . - A 0 200 0 60 8

Grouped scatter graph in series may or may not align above one Grouped scatter graph in
which the data points for the another. This second variation is which each data point has a
multiple data series share sometimes referred to as a paired unique pair of X and i
common values on the X- values. This type of graph Is
axis but have unique Y-axis scatter graph, since each data point sometimes called a paired
values. has a unique pair of coordinates. scatter graph.

lels
Parallel (as used with maps) Parallels are grid lines (graticules) running east-west

on maps and globes. Since north-south distances
(latitudes) are many times referenced from parallels,
the east-west grid lines are also sometimes referred to
as latitudinal lines. See Map.

Parallel Coordinate Plot Sometimes referred to as a profile graph. A
parallel coordinate graph is a variation of a
comparative graph that compares multiple
entities and characteristics at a given time.
For example, such a graph might be used to
compare the investment strategies of five
mutual funds in four major types of
investments. Those funds having similar
strategies will have approximately parallel
cuirves. similar tn fuinds C and Dl nn the

graph at the right. See Comparative Graph. Parallel coordinate plot
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Pareto Diagram/Graph The purpose of the Pareto graph is to highlight the major types, causes, sources, etc., of
defects so the primary contributors can be identified and addressed first. In its simplest
form, the major defects, causes of defects, locations where defects occur, etc., are plotted in
descending order along the category axis of either a column or bar graph. The value axis
displays the frequency of occurrence of the defects in terms of units, percents, or both over
a prescribed period of time or for a given number of units. From such a chart, it is generally
apparent which factors are the biggest contributors to a quality problem.

The use of multiple graphs
Sometimes multiple graphs are generated for the same situation to give further insight into
a problem. For example, if there are four parts going through a process and five different
types of defects, one graph might plot how many units failed due to each type of defect.
Another graph might plot the number of rejects by part number. A third might be a stacked
column graph with type of defect on the horizontal axis and number of defective parts on
the vertical axis. The segments of the columns would represent individual part numbers.
Examples of all three are shown below, with potential observations that might be made
from them.

15- 2 25 1 -1- Part #1

*0 N D Part #2
E l of d Part #3

> Part #4

EE 5  
E

E 5 -

0 - - 0 -
B E D C A 2 1 3 B E 0 C A

Type of detect Part Number Type of detect
Examples of Pareto graphs with the same data presented two different ways Pareto graph combining type

of defect and part number
Examples of different types of Pareto charts for the same situation. From these graphs it can be seen
that part number 2 has the highest number of rejects, and defect B represents the highest percent of
the total defects. The graph on the right shows that the type B defect occurred in all four part
numbers; defects 0, D, and E occurred only in parts 1 and 2, and part #4 had only type B defects.

Combining individual and cumulative data before and after corrective actions
Another variation of a Pareto
diagram combines a column
graph displaying the quantity and
percent of rejects by individual
category (e.g., part, defect,
location, etc.) with a line graph
displaying cumulative data for the
same items. Two examples are
shown at the right. One
incorporates data before
corrective actions and another

.1oo ... ....- -

-90 Overall improvement
based on quantity of

-80 defective parts

-70 -

60 .£

*502
CD

-402

-30 0.

210

*O

100
90
80 -
70 a
60 : :16
50 Z
40 0
30 CD

10
0

alter corrective actions. ly using Type of defect Type of defect
two graphs, improvements can be Before corrective actions After corrective actions

noted graphically. Pareto graphs with cumulative lines. The graph on the rightindicates improvements and the new ranking of types of rejects.

General
Quantity of rejects

0 4 8 12 16 20 24 28 32
.A . I I,

.5

3t

r~- 21

ax

a 11

0 20 40 60 80 100
Percent of total

Bar type Pareto chart with
cumulative data points
aligned with centers

3 fI

Type or cause of reject
Joined column type
Pareto chart with
cumulative data points
aligned with edges

100
too
80 -

60 -
to

too

Column graphs are most
frequently used in Pareto charts;
however, bar graphs work
equally well. * The data points
for the cumulative percent line
can coincide with the center or
edge of the columns. * Standard
or joined column graphs can be
used for Pareto graphs. The
joined variation tends to work
better when the data points for

the cumulative line coincide with the edges of the columns. * Although Pareto graphs are
most frequently used in the field of quality control, they can be employed in any situation
where the goal is to reduce something, whether that be rejects, costs, time, parts, etc.

.5.-
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Partition Plot Sometimes called a slice graph, spectral plot, ridge contour, layer graph, or strata graph. A
partition plot is a graph in which the data points of a three-dimensional scatter graph are
condensed onto a
limited number of
planes to aid in the
interpretation of the
data. See Slice Graph.

Data in a standard
three-dimensional

< scatter graph are

condensed into a
I limited number of
* planes in a partition
0inn
Ia 1-".

Variable #3

Part-of-the-Whole
Chart/Graph

Charts that show what portion each component represents of a whole (total) in terms of
actual values. The same data presented as percents is generally referred to as a percent-of-
the-whole chart or graph. See Percent-of-the-Whole Chart/Graph. Area, bar, and column
graphs as well as proportional charts are most often used in this application. When area
graphs are used, it is almost always the stacked variation. With bar graphs, column graphs,
and proportional charts, it may be the simple or stacked variation. See Area Graph, Bar
Graph, Column Graph, Pie Chart, and Proportional Chart.

Passive Decision Diagram In addition to aiding an individual or organization in making their own decisions (active
decision diagram), decision charts are sometimes used to estimate outcomes based on
decisions made by others (passive decision diagram). For example, to a company that
supplies material such as cement to subcontractors, the exact subcontractor awarded a
contract is very important. The cement company, however, has no influence on the decision
as to which subcontractor will get the contract. Since subcontractors are often closely
affiliated with prime contractors, the probability of the company selling cement is further
dependent on the decision as to who the prime contractor will be, even though the cement
company will not be selling to the prime contractor. If the cement company wants to
estimate the probabilities of the various subcontractors getting the order, they might
construct a passive decision diagram as shown below. Based on this example, the cement
company might focus their attention on subcontractors C and E who have a 25% and 31 %
probability respectively of receiving a subcontract order and expend very little effort on
subcontractor D who has only a 6% probability of receiving a subcontract.

These values represent the probability that a subcontractor will receive a contract
through a particular channel and are the product of all of the preceding probabilities
in that particular channel. For example, 12% is the product of 30% times 40%.

Probability that decision will be
in favor of this prime contractor

Probability that decision will be
in favor of this subcontractor

dSbcontractorA

SbntractortB |

fSubcontractor C

-Subcontractor A

Subcontractor D|

FSubcontractor E

FSubcontractor E

FSubcontractor B

Subcntractr C

| Decision maker #1 Decision maker #2 Decision maker #3

'Aug 'Sep' Oct 'Nov 'Dec ' Jan ' Feb ' Mar ' Apr
;, the

cement company should
Time scales can be used to give Overall probability of probably concentrate their
some indication as to when certain subcontractor getting efforts on subcontractors C
decisions will be made business via all channels (25%) and E (31%).

Passive decision chart indicating who is making the decisions,
approximately when, and the probability associated with each option

The above decision diagram stops at the subcontractor level. It could be expanded an
additional step to include the percent probability of the particular cement company getting
the cement order from each of the subcontractors. There are no limitations on the number of
levels of decisions that can be included in this type of diagram.268
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A patch graph is generated by removing
the sides of the columns on a column
graph, as shown at the right. Patch
graphs basically function the same as
column graphs, with the added feature
that hidden data is sometimes more
visible. Many variations are possible
using projections and drop lines. A
number of them are shown below.

Grouped column graph
for reference Patches only

Drop lines to the Drop lines and projection
floor and one wall on the floor

Projected onto ceiling Projected onto floor

Patches projected onto ceiling or floor

Drop lines to grid and Drop lines to wall and
projection onto ceiling projection onto ceiling

Combinations of projections and drop lines
Variations of patch graphs

Multiple data series in a single plane

In some cases the multiple data series can be
displayed in one plane so all data graphics touch
the back surface with the grid lines. In this way
it is sometimes easier to determine which data
graphics are in the same categories (e.g., A thru
G) and to estimate each of their values.

Sometimes referred to as a blot map. Patch
maps are a variation of descriptive maps on
which such things as natural resources, types
of soil, agricultural usage, wetlands, etc., are
identified by means of filled areas. The size
and shape of the filled areas generally
approximate the entities they represent. The
meaning of the fills is normally explained in a
legend.

EL
EM
O N

Patch graph with
all data series in
the same plane

itches or
ed areas
isignate
ch things
natural

sources

Patch map

The position of a data element in a data set based on its ranking among all of the data
elements in the set. For example, if a student gets a score on a test that is higher than 70%
of the other students, that student is said to be in the 70th percentile. See Percentile Graph.

Patch Graph

Patch Map

Percentile
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Percentile Comparison
Graph

Percentile comparison graphs are used for comparing two sets of data using percentile
values. Shown below are two ways of constructing this type of graph.

Values associated with common percentiles
In this method, the value for the 95th percentile of one data series is the X coordinate of one
data point on the comparison graph, and the value for the 95th percentile of the data series it
is being compared with is the Y coordinate. The value of the 90th percentile of the first data
series is the X coordinate of the second data point, and the 90th percentile value of the
second data series is the Y coordinate for the second data point. This process continues until
enough data points are plotted to define the shape of the curve. An example is shown below,
along with individual cumulative frequency graphs for the two data series being compared
to show graphically how the percentile comparison graph is constructed. If the distributions
of two data series are the same, the data points cluster around a diagonal. * A comparable
way to look at the data
is to plot the cumulative
frequency curves for
both data series on the
same graph, as shown
below. The same basic
observations can be
made from either type
of graph.

E

m
M0.

0
01

0

U)

U)

300-
280-
280-
240> Group A emple

D220
0 200-

110
0 10 20 30 40 50 60 70 80 90100

Cumulative percent

Cumulative frequency graph
displaying the same two data
series used in the example at
the right.

300 300

280 Cumulative frequency graph 2 0of scores for group B 0 $
260 employees (for illustrative / 260-

240 purposes only) 240E
220 220

200- -L 200

180 :: ch80

160 -- --- -06 1860

140 0140

120 *120
110 110

0 10 20 30 40 50 60 70 80 90 100 iI
Cumulative percent

/ 100-

The percentile comparison graph 90
shown here indicates that the 80
lower 75% of group A achieved a 70
better scores than the lower 75% 2
of group B, but the 25% of group 60
B with the highest scores had 2 50
scores better than those of the 40

upper 25% of group A. * The E 30
cumulative frequency graphs '
above and at the right are for 20
illustration purposes only and 10
would not normally accompany o
the percentile comparison graph.

25th percentile

1tO th percentile

1 120 140 160 150 200 220 240:26 280 3

Scores of group A employees
, , ,, :

Cumulative
frequency

graph of scores for
2/group A employees (for

illustrative purposes only)
0120 1460 180 200 220 240 260 280 3

Scores of group A employees

0

0

Percentiles associated with common values
This type of percentile comparison graph is constructed similar to the variation above,
except common values are selected and the percentiles associated with them plotted. For
instance, in the example
at the far right, the
percentile associated with
a $35,000 annual salary
for one data set is the X
coordinate of one data
point on the percentile
comparison graph, and
the percentile associated
with $35,000 for the data
set it is being compared
with is the Y coordinate.

100-

= 902
t80 -
-70

860-

0 50 -

040
Co 30

E 20

. 10
0

0

- - - - -- -

- - 4- - - - - - - - -
I umulatieprnto

/ I total payroll eamed by
/ employees making less

- - - annually than the
amount shown on the

/ I I I horizontal axis
I- - - - - - -- - -

20 40 60 80 100 120 1401 601 80200
Annual individual income
in thousands of dollars 200

c 180
mD 160
E
CO 140

= A120

. 100

i 80

= c 80o

c = 40
i 20

0

The percentiles associated with a $50,000 annual
salary form the coordinates for a second data point,
and so on. A percentile comparison graph sometimes

100-

t 80 or cumuistive percen80 of employees with
270 salaries equal to or

60 less than them amount shown on
.2 sthe horizontal axis

i 40 Cumulative percent of
3 0 - totlpyolere rn mloyeeswith satsadeso 20 equal to or less than the
10 amount shown on the
0 horizontal axis

0 40 80 120 160 200
Individual annual salary in
thousands of dollars

Cumulative frequency graph

makes the relationship
between the two sets of
data stand out more
clearly than when both
sets of data are plotted on
a standard cumulative
frequency graph, as shown
at the left. A graph with

Cumulative percent of employees
I- l

Cumulative percent i I
of all employees I
making less annually
than the amount l
shown on the vertical
axis

I I I I

I 4

0 10 20 30 40 50 60 70 80 90 100
Cumulative percent of employees

percentiles on both axes is sometimes referred to as a Lorenz
graph and is widely used for comparing income and
population. See Lorenz Graph.
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Percentile Graph Percentile graphs are sometimes thought of as a subcategory of probability graphs. The term
percentile graph refers more to how a graph is used than it does to a specific type of graph.
When used for percentile purposes, the graph provides a graphical means for determining
the percent of data elements in a data set that are above or below a certain value, - for
example, the percentage of people in Wyoming with incomes less than $25,000, or the
percentage of athletes taller than six feet. Box graphs, cumulative frequency graphs, and
quantile graphs are widely used as percentile graphs. Cumulative histograms are used to a
much lesser extent. The type of graph chosen for a particular application is subjective and
depends to some degree on the nature of the data and the purpose of the graph. In the table
below only the name of the graph, a thumbnail sketch, and an example are shown. Detailed
information is given under the individual headings.

Cumulative frequency graph
Sometimes referred to as cumulative frequency percent, cumulative relative frequency, or
ogive graph. Cumulative frequency graphs are often generated by grouping data into class
intervals, as with a histogram,
counting the number of data
elements in each interval, and
cumulating the counts. The counts
can be cumulated from smallest to
largest or largest to smallest. Among
other things, cumulative frequency
graphs are used to display percentile
rankings and to determine if a data
set has a normal distribution.

IC1OO%/ -C10O%-co Histograms are for co
S reference only
to 80% .80%.

60% 60% .6

CL.40%. W40%.
(D u

75 20% v20%

E

0 2 4 6 8 10 0 2 4 6 8 10
Value or class interval Value or class interval

Two variations of cumulative frequency graphs

Quantile graph
In this type of graph individual data
elements are plotted as opposed to
class intervals. Either quantile values
or percentiles (100 times the quantile
value) are typically plotted on the
horizontal axis. The value of the data
element is plotted on the vertical
axis. Data is generally cumulated
from the smallest to the largest value.

Box graph or box plot
There are several variations of box plots.
Those, such as example A (right), are
sometimes referred to as percentile plots. In
most box plots only the popular percentiles
such as 10, 25, 50, 75, and 90 are shown. For
special-purpose applications there is no
restriction as to how many percent levels
might be shown or what values might be used.
Compared to the two types noted above, the
box plot has the disadvantage of not allowing
the viewer to determine percentiles for every
value of the data set.

Cumulative histogram

The cumulative histogram is used much less
frequently in percentile applications than the oth
three types shown above. To determine percentil
for values between class interval boundaries, on(
must interpolate (which, in essence, is what the
cumulative frequency graph does).

12-

10-
90th percentile

751 percentilQ -

Mse - -0t -ecnil.
> '25th .

4

0 0.2 0.4 0.6 0.8 1.0
Quantile values

12

10

8
a)

4.

2

0
0 20 40 60 80 100

Percentile values
Two variations of quantile graphs

Example B

Example A

56 -4l IndMdual points

- 90th or 95th percentile

54 - 0
- 75th percentile

Cu -- upper quartile (UQ)
52 - 4- Average/mean

> b * 50th percentile - median

50 - 25th percentile
* lower quartile (LO)

-- 10th or 5th percentile
48 - Individual points

Two variations of box plots

100%===

tm, 8:o- -

C.)

Cu 60%/er a.

les l40/

1 ~ E

0%

0 2 4 6 8 10 12 14
Cumulative histogram Value or class interval
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Percent-of-the-Whole
Chart/Graph

Sometimes referred to as a one hundred percent (100%) chart or graph. If units are used
instead of percent, the figure is sometimes referred to as a part-of-the-whole chart or graph.
A percent-of-the-whole chart or graph shows what percent each component represents of a
whole. For example, if a theater sells a total of 250 tickets (100%), distributed between
children, adults, and seniors, a percent-of-the-whole chart might be used to show what
percent of the total number of tickets were sold to each of the three age groups. * Stacked
graphs and proportional charts are among the most widely used formats for displaying
percent-of-the-whole data. With proportional charts, generally the areas of the data graphics
represent the percents. With graphs, the data point or the line or edge of the data graphic
designates the percents. With both charts and graphs, units may be shown in addition to
percents. The examples below are grouped into the three major applications for which
percent-of-the-whole charts are often used. See Column Graph, Bar Graph, and Pie Chart.

One group of data at a point in time

When all that is
being presented
is a single
group of data at
a given point in
time, circular,
column, and bar
type charts and
graphs are most
widely used.

Total = 250

Children
75 -30%

o V
0

: h-
E.2
LU

TC

= 250

Child.Se.
75 5

30% 2%

Dar onarI

Column chart

01%

a

Ut

0.
E
U
uJ

80%.

70%

Du-/
Circle graph

100% 177____ 250

SoAor lK ih A
80% i 200

20% 60J Children t a

40°A
Boo%

20VA

05/

100D

Column graph

50

0

0% 20% 40% 60% 80% 100%

Child. Sen

| | 1

0 50 100 150 200 250
Units

Bar graph

Multiple groups of data at a point in time
When multiple groups of data at Country A 100% -
a given point in time are Country B BO%

displayed, 100% stacked bar or country c

commonly used. Multiple pie Country 0 40%

charts (below) or circle graphs Country E

can be used; however, they tend Country F 20%

to require more space and 0% 20% 40% 60% 80% 100% 0% a .

comparisons are more difficult to 100% stacked bar graph D r t
make C C

100%O stacked
column graph

Country A Country 8 Country C Country D Country E Country F
A series of pie charts used to compare percent-of- the-whole data for multiple entities

One group of data at multiple points in time

For tracking changes over time, column
or area graphs are frequently used.
Multiple pie charts or circle graphs, each
representing a different time period, can
be used as shown above; however, they
tend to require more space and
comparisons are more difficult to make. inno/ rnI.mn nrnrh Anno/ a ra nh

wvv- I v U' -F.. r' ' F"'

Percent Table When a table displays how frequently things occur or how many there are of different
things, the table is sometimes referred to as a frequency table. When the counts in such a
table are replaced by the percents they represent of a whole, the table is sometimes called a
percent table. The values may be calculated as a percent of the rows, columns, or the totals
for the entire graph. See Table.

Period Data Period data is data that applies to some interval of time - for example, the cash received in
a month, the average temperature for a week, or the average membership for the year.
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Perspective Projection (View)
When an object is drawn in perspective it tends to simulate one aspect of how the human eye sees objects. That is, the further
things are from the viewer, the smaller they appear and the more lines seem to converge into a single point (called vanishing
point). The technique is used with some objects to improve the viewer's understanding. In many cases, particularly with
graphs, perspective is used primarily to improve appearance. The table below illustrates the more widely used
variations of perspective. As the table indicates, perspective can be used with two- or three-dimensional .- -

objects. With charts and graphs it is most frequently used with three-dimensional objects. - -

Which view to use in a particular situation is mostly a matter of personal preference. - -

Oblique view of a - -
These dashed lines indicate how a two-dimensional object- --- -- - -
set of normally parallel lines on an ~ ------------- -- --

object remain parallel in the
particular view.

s

One set of normally ---------------
parallel lines on an object is - X\- - - Oblique view of a

- three-dimensional object
drawn as though they -- -
converge at some point in
the distance. All other sets
of parallel lines remain
parallel.

Two-point perspective
Two sets of normally parallel
lines on an object are drawn
as though they converge at
two different points in the
distance. Other sets of parallel
lines remain parallel. All
surfaces are somewhat
distorted.

Axonometric view of a
three-dimensional object

These dashed lines indicate how a
set of normally parallel lines on an
object are drawn as though they
converge at some distant point.
They are included here for
illustrative purposes only and
would not be shown in an actual
situation. \

- - - Axonometric view of a - -
two-dimensional object

Axonometric view of a
three-dimensional object

Axonometric view of a
three-dimensional object

Three-point perspective
All three sets of normally
parallel lines on an object
are drawn as though they
converge at three different
points in the distance. All
surfaces are somewhat
distorted. This view causes
the greatest amount of
distortion in the surfaces of
objects.

\ Example of a graph
\ generated from the

same data as the graph
I at the left, except with
\ three-point perspective.

Example of a graph without
perspective for reference

For a direct comparison, the graph at the left is not drawn in
perspective. The graph at the right contains the same data as
the one at the left, except it is drawn in three-point perspective.
The dashed lines are included for illustrative purposes only. In
an actual situation they would not be shown. 273
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Perspective Projection
(continued)

Vanishing points
There is a wide latitude as to where vanishing points might be located on perspective
projections in terms of angle and distance from the object. To illustrate, -

five variations of the 'a Vanishing points - -"
same object are shown at - -

the right. In all five - -: -I
examples, me front
surfaces (in black) are
the same size and shape. p-

Examples of the same object with the vanishing point at various locations.
In each example the front surface is identical In size and shape.

Concerns with perspective projections
The use of perspective views with graphs has been widely discussed and in many cases
criticized. The major reason for the criticism is the distortion that perspective views
introduce, particularly to graphs. In some cases the distortion is extreme enough that it can

$10s mislead the viewer. For instance, in the example at the left, the expenses from

$80F 11985 to 1992 increased from $57 to $73. Because the graph is drawn
iii . .. jt-t. I, in . nL 1 0ivf h h for Pt.A n1 iii i J111 F-OF""UIIV, 1-I -F---II "'I ""WIC "1 7L1

actually smaller than the column for 1985.
- Unless viewer's pay close attention to the

grid lines, they might erroneously conclude

awn in that expenses went down between 1985 and
pective 1 99 whilp in fact thpi wpnt 'in hv '2X%,

--- *--** ... .. *.- ... J - **. 1 'J.1 '.

PERT Chart
or
Program Evaluation and
Review Technique

Sometimes referred to as a node diagram, or arrow diagram. PERT charts are time and
activity networks that represent the major events and activities of a large program and show
their interrelationships. PERT charts are used to plan, analyze, and monitor programs.
Among other things, they are helpful in determining how programs can be shortened and
identifying which of the many subprograms are the most critical in assuring the overall
program is completed on time. PERT charts accomplish basically the same functions as
critical path method (CPM) charts. The major difference is that PERT charts focus on
events (e.g., complete the foundation) while CPM charts focus on activities (e.g., pour the
foundation). A PERT chart uses a separate symbol (circle, square, triangle, etc.) for each
event (called node). An event may be a review meeting, a decision point, or simply the time
at which one activity is completed and another begins. Lines or arrows (sometimes-referred
to as links, branches, or arcs) are then used to connect the events in sequential fashion. The
main body of a PERT chart generally starts and ends with a single
node. The arrows and nodes are arranged in the same order they
actually occur. The first event is represented by the first symbol
on the left, the last event by the last symbol on the right, and all
others in their proper sequence in between. If an activity (B) can
not be started until another activity (A) is completed, the tip of
arrow A is joined to the base of the arrow B with a node symbol
in between. If neither activity is dependent on the completion of
the other, the tip of one arrow and the base of the other arrow do
not meet. * The bases of multiple arrows often meet at the right
side of a node, indicating that the activity(s) on the left side of the
node must be completed before any of the activities on the right
side can be started. When the heads of multiple arrows meet at the
left side of a node, all must be completed before the activity(s) on
the right side of the node can proceed. Examples of all three
variations are shown at the right. A PERT chart is shown below.

Activity A , Activity B

Activity B can not start until
activity A is completed.

ActivityC

Activities A and B can lf
not start until activity \
C is completed.

Noe ctviy.

,,t4 Activity D can not start
F' until activities A and B

are completed.

Examples of how relation-
ships between activities are
represented graphically

Poe winnh Events, sometimes called nodes

Un Activities, sometimes called
t ie links, branches, or arcs

PERT chart showing activities (arrows) and events (ovals).
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PERT Chart
or
Program Evaluation and
Review Technique
(continued)

Methods for identifying activities
In PERT charts it is not uncommon to have dozens or even hundreds of events and
activities. A word description of each can be placed on or alongside the arrow or node, as
shown on the previous page for the nodes. An alternate method is to use code numbers or
letters, as shown in the example below, and include a cross reference table. Word descnotions of

events and activities
are sometimes
replaced by
reference numbers
or letters.

PERT chart with events and activities coded. In an actual chart, a table
or legend would match a description with each code number or letter.

Sometimes activities are identified by the numbers at the ends of the arrows (e.g., activity g
above might be referred to as activity 50-60, and activity m as activity 70-100).

Incorporating time into a PERT chart
Times noted on arrows

Small numbers alongside the arrows sometimes denote information regarding the timing of
an activity. Four of the methods currently used are illustrated in the examples below. In one
case, a single number is used to represent the estimated time required to accomplish an

p-Estimated time to complete activity activity. Another method is to show two
12 _09 numbers, the first being the estimated time

Estimated time to complete activity required to complete the task and the second
u- Slack or float time (many times in parentheses) the amount of

12i 4 '(i additional time (called float or slack)
Shortest or most optimistic time available before that activity or the series of
Expected or most likely time activities in that chain delays the overall

@ 10-12-15 program. A third method is to show three

Earliest time activity can be started times, the shortest (most optimistic), the
Latest time activity can be completed expected, and the longest (most pessimistic).® E10, L15

18 'The fourth alternative is to indicate the
Examples of how times (days, weeks, months, earliest time an activity can be started (E)
etc.) to complete an activity might be noted and latest time an activity can be completed

(L) without delaying the overall program. In the first three methods, the times noted are
incremental times that apply to the length of time the activity will take. In this fourth
alternative, the times are referenced from the time the overall program was started.

Times noted on nodes
In addition to incremental times for each activity, cumulative times for events are
sometimes also shown. Two numbers that are sometimes used are the earliest and latest
time each event can occur. For instance, in the example below, event #5 can not occur
before the eighteenth Earliest time from start Latest time event can

that event can occur occur without delaying
weekafterthe startof 3171overall program

the overall program, A-3 nt -5 E-6 nt H-2
and if it occurs after
the twenty-fifth week, B-12 1 F-15

the critical events #1

behinditwill be C-8 1 G-12 Incremental timeI Event #4 Activity code letter
delayed. Chart showing cumulative times for events and incremental times for activities

Time scale for reference
The length of arrows are normally not proportional to the length of time the activity is
estimated to take. Because of this, one normally can not visually estimate how long an
activity will take or when an event will occur. In an attempt to give some visual indication
of relative times, PERT charts are sometimes arranged along a time scale as shown below.

PERT chart
incorporating a
time line and
key dates.

Dates-May 3 May 14 Jun 25 Jul 30 Sep 17 Oct 8
B I 1 15 . . . . .4 o I o . 7 7 . . . I I 1

Business days -0 5 10 15 20 25 30 35 40 45 s0 55 60 65 70 75 80 85 90 95 100 106 110 116 275



PERT Chart
or
Program Evaluation
and Review Technique
(continued)

Critical path
Once times are entered, the longest time path can be determined. This is called the critical
path and is generally designated on the chart with bold or colored arrows. This is the path
along which a delay
in any event will
cause a delay in the
overall program. An
example with times
designated and the
critical path noted is
shown at the right. PERT chart showing code letters, activity times, and critical path
In some cases the second most critical path is indicated by arrows drawn with a width of
line somewhere between that of a standard path and a critical path.

Dummy arrows
Dummy arrows (indicated with dashes) are sometimes used to overcome some layout and
identification problems. For example, if two activities occur between events 7 and 8, as
shown below, there is no way to differentiate the two activities if one uses the convention
of referring to activities by their start and finish event numbers (i.e., both would be

Activity 7-8 referred to as 7-8). A dummy arrow,
as shown at the right, that has no x [>it
time associated with it solves the

7V 8 problem. After the insertion of a Acivit 7-9

dummy arrow, one activity is still With the use of a dummy
Activity 7-8 referred to as 7-8 while the other arrow, the two activities

Without the use of a dummy each have a unique
arrow, the two activities gets the new designation of 7-9. The designation and the dummy
have the same designation; dummy activity of 8-9 is ignored. path/activity is ignored
in this example 7-8.

General
- Arrows generally proceed from left to right, run parallel when possible, and seldom

cross.
- Where possible, the number at the base of an arrow is smaller than the number at the

head.
- In some cases the charts are updated periodically to reflect new information and/or

the status of the program.
- More and more PERT charts are being generated and maintained on computers.

When done on computers, in addition to preparing the graphical diagram, the
information is frequently also made available in tabular form.

- Several optional construction details are shown below.
Additional information is sometimes placed Straight or curved arrows
beside the activity arrows. Examples of such can be used although
information are
responsible for
people and disc
documentation

Various shapes can be used for nodes to
designate similar events (e.g., review
meetings, decisions, etc.) or responsibilities
(e.g., person, department, etc.).

Optional construction details

Arrows and nodes
can be shaded,
colored, or patterned
to encode additional
information.

Sometimes called bank, cycle, deck, or tier. The major interval on a logarithmic scale.
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Pictorial Charts and Graphs

Including:
Pictogram
Pictograph
Pictorial Diagram
Pictorial Graph
Pictorial Map
Pictorial Table
Pictorial Unit Chart
Picture Bar
Picture Graph

Pictorial charts and graphs use pictures, sketches, symbols, icons, etc., in place of or in
addition to standard data graph elements. For example, bars or columns might be replaced
by small pictures or symbols of the thing they represent. Pictorial charts and graphs are
used extensively in publications and presentations. Among the reasons for using pictorial
charts and graphs are:

* To make the document more interesting and appealing.
* To make the material more understandable to a greater number of people. (The use of

pictures sometimes helps overcome differences in language, culture, and education.)
* To improve communication in situations where the appearance of an item is better

known than its name or number.
* To facilitate easier reading of a chart or graph by including information to orient the

reader that otherwise might have been shown in a legend or note.
There are many different types of pictorial charts. In this section examples of some of the
major variations are discussed.

Pictorial graph
Multiple images per column

Sometimes referred to as a pictogram, pictograph, picture bar, or picture graph. In pictorial
graphs, pictures, icons, symbols, etc., are used to fill or replace the standard data graphics
such as bars or columns. With pictorial graphs, it is the top, end, edge, etc., of the graphic
(pictures, icons, etc.) that is used to determine a value on the scale of the graph. Sometimes,

Value of the column is
designated by the top of

30- the symbols)

20- 11

10-

0 IO A |B | c l
The top symbol is cropped
such that the top edge of the
graphic is in line with the
value the column represents.

as in the example at the left, the size of the symbol is selected to
match some even interval on the graph scale such as ten or one
hundred. The top symbol is 60

cropped so the upper edge a

coincides with the value the 40 -

column or bar is designating. In 20

other cases, as on the right, the - .I
outline or frame of the column or o - t l

bar is the key designation of the In this example the size and
value with the symbols simply number of symbols bears no
used as fill. Since the number of column represents. The
units does not determine the symbols are simply used as fill.

value of the column, it is not necessary in either variation to indicate how many units each
symbol represents.

Single image per column

Value of the column
30 might be designated by

the top of the chimney
or the top of the roof.

20-

10<

1~ 0 10101ILG
0 A B 1 C

A single symbol is stretched
such that the top of the
symbol is in line with the
value on the scale that the
column represents

In some cases a single image is used to represent each column
or bar. Each symbol is stretched or shrunk until its top or edge
A A A A A A I . . - -A _ * -A . -A
coinciues witn the value on me IV
graph scale that the column or bar 60

represents. The example on the left 50

illustrates a technique in which the 40

entire symbol is elongated. In the 30

example on the right, the top portion 20

of each symbol is the same in all 10

columns and omy the length o0 the * 0' '92 '93
lower portion varies, thus reducing In this example the top of
the amount of distortion in the the Image remains the samesize and the lower portion is
symbols. The example at the left elongated.

illustrates one of the potential hazards with pictorial graphs. In this example, it is not clear
whether the top of the roof or the top of the chimney designates the value.

The use of a variety of images
In most pictorial graphs, the images used to fill a given bar or column are the same. On
occasion a variety of symbols are used, as shown below. Even when multiple symbols are
used, there is generally a common attribute or characteristic about all of them.

Example
illustrating that a
repetitive image
Is not required.
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Pictorial Charts and Graphs Pictorial graph (continued)
(continued) Filled and unfilled columns-

In pictorial graphs, the
frames of the bars or
columns may or may not be
shown and the bars or
columns may or may not be
filled. The examples at the
right show a comparison
with and without filled
columns.

Images versus labels

Planes

Trucks

Boats

Vans

50 -

40 -

20H -
10 YAWl

'0 '91 '92
Without column frames

50 -

40-

20-

90 91 92
With filled column frames

Examples with and without column frames and fill.

When each bar or column represents a
- - 200,000 different type of entity, different symbols

p 470,000 are sometimes used for each. When the
symbols are obvious, the
category labels may or may no

950,00o be used. As with regular
I ,graphs, numeric values can be

o 10 20 30 40 50 60 70 80 90 100 shown at the ends of the bars
Units sold times 10,000

Pictograph with a different symbol for each bar to assist the viewer in rapidly
interpreting the graph.

-Other types of graphs-

There are no restrictions on the type
of graph that pictures, icons,
symbols, etc., can be used with as
long as they are legible. An
example of a paired bar graph is
shown at the right.

4144
I I I

Guitars

Trumpets

Pianos

t

30 20 10 0 0 10 20 30 40
1989 1999

Example of a pictorial graph in the form of a paired bar type

Pictorial proportional chart
Proportional charts are visual devices for graphically communicating differences in size,
number, or value of multiple items by means of differences in the sizes of data graphics.
The sizes of the data graphics are in the same proportion as the items they represent. For
example, if television A is twice as big as television B and both are represented by a
symbol of a television, the symbol for television A will be twice as big as the symbol for B.
* Proportional charts with simple geometric shapes as data graphics are used extensively
(see Proportional Chart). Pictorial proportional charts with pictures, sketches, icons, etc.,
are sometimes more difficult to interpret and are used less frequently. The following lists
the key elements of pictorial proportional charts.

- In pictorial proportional charts the relative sizes of pictures, sketches, icons, etc., are
in the same proportion as the things they represent.

- Most people's ability to accurately estimate sizes of irregular objects such as pictures
or sketches is poor, and therefore the graphics are used primarily to orient the reader,
with the actual numbers shown alongside to provide the exact values.

- Pictorial proportional charts normally do not have scales,
tick marks, or grid lines.

- They are used to compare multiple entities or the same
entity at different times or under different conditions

- The relative sizes can be based on length/height, area, or
volume. Relative areas are typically used.

The two charts at the right are examples of pictorial
proportional charts, except in actual charts the numeric values
are typically shown. The examples illustrate a complication
of pictorial proportional charts in that the viewer must decide
whether the originator designed the charts with the heights,
areas, or volumes proportional to the values they represent. Examples of pictorial
Depending on which one was used, the relative sizes of the proportional charts. The viewh
data graphics are significantly different. thae data graphics are based c

neignt, area, or volume.278
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Pictorial Charts and Graph
(continued)

Pictorial unit chart
A pictorial unit chart is a variation of a unit chart used for
communicating numbers of things by making the number of
data graphics displayed proportional to the quantity of things
being represented. For example, if one graphical unit
represents ten cars and five graphical units are shown, the
viewer will mentally multiply ten times five and conclude
that the graphical grouping represents 50 actual cars.

=10 cars 50

40
28 O 4

'90 '91 '92
Example of a pictorial unit chart

* General guidelines
- Each picture, icon, symbol, etc., on this type of chart represents a certain number

(e.g., 1, 10, 50, 1000) of actual units of the thing it represents.
- Actual numeric values may or may not be included, but generally are.
- Pictorial unit charts generally have no scales, tick marks, or grid lines.
- In a given unit chart, a graphical unit typically represents the same number of

actual units, regardless of its size or shape.
- Graphical units of the same type are generally all the same size in a given chart.
- Simple geometric shapes or irregular shapes such as pictures and icons are equally

effective in communicating information in this type of chart.
- Graphical units may be arranged in one, two, or three dimensional groupings.

ila-
Elan 10
imam

Barrels of oil to
heat an average
home in some city

- Unit charts can be used to convey
information about a single entity
(example at left) or to compare
multiple entities (examples at right).

I - a

H. Mm a
,EDE RE Eumm mm -

City A City B City C
A comparison of how much oil
it takes to heat an average
home in three different cites

Images cropped

- When each data graphic represents more
than one unit, it is sometimes necessary to i

crop one of the data graphics to have the _ _

total number come out to the exact value. *
35 20 29

Hammers Pliers Wrenches

- A symbol might represent what it looks like or something a a a
closely associated with it. For example, the picture of a ship
(right) might represent a certain number of ships or a certain
number of passengers or tons of cargo transported by ships.

- Additional qualitative information can
be encoded into the chart by means of
the size, shape, color, or shading of
the data graphics.

- Pictorial unit charts are sometimes
arranged in the form of a table. This
format is sometimes referred to as a
pictorial table.

Apartment A Apartment B Apartment C

iii liii i
111111 111111 111111 Legend

8= one child

8 8 8=onewoman
i___ i___ i___ i =onemafl

Example of a unit chart in which variations in size and
color are used to encode additional information

Country A Country B Country C

200,000 1,100.000 600,000

E = 100,000 computers

Example of a unit chart in table form
279



Pictorial Charts and Graph
(continued)

Pictorial Table
Icons and images can be used in the body
or headings of tables. In the body of the
table they may indicate the presence or
absence of something. In other cases their
size or quantity may be proportional to the
size or number of the thing they represent.
Accompanying text is normally required
for full understanding.

Pictorial diagram
Pictures, icons, images, etc., are used
extensively in diagrams. They can be
used simply to identify people,
things, and/or places or can have
their size or quantity proportional to
the thing they represent.

Country Country Country
A B C

Exports ga iiI

+++ ttO a"l

Imports gm h .

Pictorial diagram

Pictorial images used to identify individual data graphics 100%

80L%

Shown at the right are examples in which S
pictorial images are used to identify 8- . 60%

individual data graphics. Category labels 6- A 40%

may or may not be included when such 4- .

pictorial images are used. 2- 20%

0 Planes Boats Cars 0%

Pictorial images used to supplement chart titles or labels
Pictorial images help orient the viewer but additional information is generally included to
specifically identity tne data on tne chart. lo
For example, the image of the house 8

differentiates the general subject matter 6

from the industrial graph on the right, 4

but the labels or titles specifically 2

identify what the numeric data on the °
chart applies to. Residential heating fuel Industrial productivity

Broad orientation regarding the general scope of data
An image in the background can
sometimes rapidly orient the
viewer. For instance, in the
examples at the right the viewer
could safely assume that in one
case the data applies to St. Louis
while in the other case the data is
global in nature.

1%

General
Although pictures and images can sometimes be helpful, the full meaning of a chart can
generally be determined only by a combination of its contents and its titles, labels, notes,
text, etc. For example, if an image of a gun is shown it somewhat orients the viewer;
however, additional information is needed to tell the viewer whether the gun stands for
crime, violent crime, gun sales, or gun ownership. This additional information is normally
provided along with the graph in notes, legend, text, or titles.

280

Pictorial Map

Pictures or icons are often selected to resemble the things
they represent. Frequently a name or description of the thing
represented by the symbol is also included. Sometimes just a
few images are used while in other situations the map is
almost 100% images, pictures, icons, etc.
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Sometimes referred to as a cake chart, divided circle, circular percentage chart, sector chart,
circle diagram, sectogram, circle graph, or segmented chart. Pie charts are members of the
proportional area chart family. Their major purpose is to show the relative sizes of
components to one another and to the whole. They are used extensively as communication
tools in presentations and publications. * A Die chart consists of a
circle divided into wedge-shaped segments. The area of each
segment (sometimes called slice or wedge) is the same percent of
the total circle as the data element it represents is of the sum of all
the data elements in its data set. For example, the pie chart at the
right shows the distribution of different colors of cars. Since there
is a total of 200 cars and 10% of them are red, the segment of the
pie representing red cars constitutes 10% of the total pie. The
10% can be determined either of three different ways, all of Total cars equals 200

which yield the same end result. They are: Example of a pie chart in
which the area of each

1. The angle of the wedge (i.e., 10% of 360 degrees) segment is the same
2. The area of the wedge (i.e., 10% of the total area of the percent of the total circle

as the data element it
circle) represents Is of the sum c

3. The length of the arc (i.e., 10% of the circumference of all the data elements in it!
the circle) data set

The same reasoning applies to each different color of car. Twenty-five percent of the cars
are black; therefore 25% of the area of the pie is allocated to black cars; 30% is allocated to
blue, and 35% to gray. The sum of all of the segments (which obviously adds up to 100%)
makes up the complete pie representing all the cars. Pie charts are classified as percent-of-
the-whole charts or 100% charts.

Description and terminology

The total percent
represented by the

entire circle is almost \
always 100%. \

Description of what the
segment represents'

Actual value of the
segment represented

Percent segment
represents of the whole

The radii of all segments
in a given chart are

normally the same. The
relative values of the

segments are independent
of the radius of the circle

The starting or reference
radius can be located at
any point around the circle.
It frequently is 12 o'clock.

Total cars equals 200

The portion of the circle included
between adjacent radii is called a
segment, slice, sector, or wedge.
It may be measured in terms of
angle, arc, or area. The sizes of
the pie segments are in the same
proportions as the data elements
they represent.

Segments can be arranged in any
sequence. If the segments have a
natural progression, that
progression can proceed clockwise
or counterclockwise. In this
example, they proceed clockwise
in terms of the percent that each
segment represents of the whole.
If there is not a natural
progression, the segments are
generally arranged so that the
chart is most meaningful and
easiest to read.

General characteristics of pie charts
- With rare exceptions, negative numbers cannot be displayed on pie charts.
- Percentages over 100% can be used but rarely are, since they go contrary to one of

the major advantages of pie charts. That major advantage is that people naturally
tend to think of a circle as encompassing 100%.

- From a technical point of view the segments can be in arranged in any order. To
make the chart most meaningful and easier to read, segments are typically arranged
in some meaningful order such as smallest to largest, natural groupings of the data,
alphabetical, etc.

- Information can proceed in a the clockwise or counterclockwise direction. The
clockwise direction is normally used.

- The starting or reference radius can be located at any point around the circle. It
frequently is located at 12 o'clock.

- With few exceptions the values depicted by the pie segments are independent of the
radius of the circle or segment.

- The radii of segments in a given pie chart are generally all the same.
281
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Pie Chart (continued) Methods for incorporating descriptive and quantitative information into pie charts
Since there is no scale around a pie chart, it is sometimes difficult for the viewer to estimate
the sizes of the segments accurately. Because of this, information regarding each segment is
generally noted on or adjacent to the segments. Combinations of descriptive information
indicating what the segment represents, its value, and its percent of the whole are the most
frequently shown types of information. The examples below show some of the more widely
used methods for incorporating the key information into the charts.

L4 WrsW 65
E Car B

*CarC
E Car D

C

n-1r. Car D Car A
5%)

Car B
(23%)

60 (30%)

All key data provided Legend used to identify Some or all of the data shown
inside of the segments. individual segments. Generally outside of the segments. This is
This is generally the this makes It more difficult for sometimes necessary when the
recommended method. the viewer because of the extra segments are small and the

eye movement required. descriptions large.

Reference angle used for plotting pie charts
The point at which one starts measuring off the segments when generating a pie chart is
sometimes referred to as the reference angle. This angle is not designated in the final pie
chart; however, is sometimes important since it, (along with the sequence of the
segments), determines the orientation of all the segments in the final chart. The examples
shown below indicate four popular methods for positioning the segments of a pie chart and
the resulting location of the reference angle. Some people feel it is advisable to have the
most important segment start at 12 o'clock. Others feel the most important segment should
be centered at 12 or 3 o'clock, and still others feel the most important segment should be at
the 6 o'clock position, particularly when the pie is elongated to give the appearance of
depth. - The positioning of the segments is many times accomplished by selecting the
proper reference angle
for the start. * When a
series of pie charts is
generated to show
such things as changes
over time, the same
reference angle is
generally used for all,
and the segments are
plotted in the same
sequence on each pie
chart.

Reference angle Reference angle Reference angle Reference a
/A -7

gle

N- \P I \

Major segment Major segment Major segment Major segment
starts at 12 centered at 12 centered at 3 centered at 6
o'clock o'clock o'clock o'clock

Examples demonstrating how the reference (starting) angle varies
depending on where one wants the major segment(s) to be located on
the pie chart. This example assumes the major segment (gray) is the
first segment plotted. If it Is not the first segment plotted, the concept
remains the same but the reference angle changes.

Methods for showing changes over time with pie charts
When comparing multiple data series or studying changes in the same series over time or
under varying conditions, a series of pie charts is sometimes used. Typically the series of
charts is shown side-by-side. Occasionally they are superimposed on top of one another
in a stacked pie chart. In both methods the segment representing a given element is kept
in the same relative position in each of the multiple pies. More than four or five pie charts
side-by-side or more than two stacked pie charts generally becomes confusing. * The
relative sizes of the various circles in the stacked variation generally have no
significance. Where the pies are placed side-by-side, the relative sizes of the circles may
or mav not have viunificance-

lime 1 or
ondition 1
'ime 2 or
ondition 2

Time 1 or condition 1 Time 2 or condition 2 Time 3 or condition Stacked pie charts
A series of side-by-side pie charts

Examples of how changes with time and/or conditions can be displayed using pie charts282
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Pcize of circlles ronortinnal to overall value of nie chartPie Chart (continued)

graphically for both years. The overall sal
company are shown numerically but not E

1995 1996
Total sales $10 million Total sales $20 million

Diameters of circles proportional
to overall values

* Another variation of a pie chart sometimes
used to call the viewer's attention to differences
in overall values is called a donut chart. In this
technique a circle is blanked out of the center of
the pie and the overall value written in the
blank space. An example is shown at the right.
The size, shape, and color of the blanked area
are insignificant.

1996
les VI UIe iotai sales i0 million lotal sales ur million
graphically. Two pie charts used to compare sales

by department for two different years.
Generally there is no graphical Indication
of differences in the overall values.

* In the two pairs of pie charts at left, in
addition to showing the numerical value of the
overall sales, the sizes of the circles are drawn
proportional to the total sales. In this way the
viewer can get a graphical comparison of
overall sales, as well as a graphical comparison

K, of individual department sales.
The upper pair of circles are drawn with the
diameters of the circles proportional to overall
sales.
The lower pair are drawn with the areas of the
circles proportional to overall sales.
Comparisons based on area are frequently
recommended. * Even though the graphical
representation gives only a crude indication of
the difference, it does alert the viewer to the
fact that there is a difference in the overall
totals, the direction of the difference, and
whether the difference is major or minor.

1995 1996
Totals for pie charts are occasionally
included in their centers for
emphasis. The result is sometimes
referred to as a donut chart.

Methods for highlighting selected segments of a pie chart
There are several methods commonly used for emphasizing selected segments of a pie
chart:

- Apply a distinctive color, shade, or fill to the selected segment(s)
- Separate the segment(s) from the main body of the pie (sometimes referred to

as exploded or separated pie chart). Any number of segments can be exploded,
ranging from one to all. The more segments that are exploded, the less effective
the technique becomes.

- Graphically tilt (elongate) the pie chart with the selected segment(s) in front
- Elevate the selected segment(s) (sometimes referred to as multiheight pie chart)

Segment highlighted Segment highlighted by Segment highlighted by Segment highlighted
by adding distinctive separating it from the tilting and adding depth by changing its height
color or fill main chart (called (sometimes called (sometimes called

exploded or separated) three-dimensional) multiheight pie chart)
Examples of methods used to emphasize selected segments.
These methods can be used separately or combined.

1995
Total sales $10 million

Areas of circles proportional
to overall values
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The example at the right is a typical application of
pie charts. In this example the sales by department
are compared at two different points in time. The
percents that each departments sales represent of the
total sales are shown both numerically and
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Methods for improving the legibility of small segments

When several of the segments of a pie chart are so small that it is difficult to estimate their
relative sizes, they are sometimes displayed in a supplemental chart or graph that may be a
column graph or another pie chart. The examples below illustrate the concept.

Small segments combined Small segments combined into
into a secondary pie chart a secondary column graph

Methods for making small segments of pie charts more legible

Groupings of segments on pie charts

Sometimes it is advantageous to group multiple segments to indicate that they have
something in common or are related in some way. For example, one group might represent
items that are purchased from domestic sources, another group might represent items
purchased from foreign sources, and a third might represent inter-company purchases.
Subtotals may or may not be assigned to the subgroupings. Two examples of how this is
sometimes done are shown below. One example uses arrows around the outside of the pie

chart. I he otner overlays two pie charts.

Group #1 (30%)

Group #2
(30%)

Arcs around the outside One pie chart superimposed over
to indicate groupings another to indicate groupings

Methods used to indicate which segments are related or
grouped and what the subtotals are for those groupings

Pie chart used as a histogram

Pie charts are occasionally used as circular histograms. When used in this way, each
segment of the chart represents a different class interval, and the size of the segment is
proportional to the frequency of occurrence of the values in the class interval. For example,
if a data series has 105 data elements and 16 (15%) of those data elements have values that
fall in the class interval between 4 and 4.9, the segment representing the class interval 4 to
4.9 would represent 15% of the total area of the circle. The size of each segment is
dotprminpfi hu the Rern rncpeeirp An

example is shown on the right
along, with its equivalent column type
histogram below.

1s -
16-

14-
12-

C
C 10-

e 8-
u 6 -

4.
2 -
0-

C0)E

D
0.

as

Li.

Pie Mhart usred as a ririlr histnnram

Conventional histogram displaying the
same data as the pie chart at the right
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Pie Chart (continued) Encoding an additional quantitative variable

Sometimes additional quantitative variables are encoded into
pie charts. One method for doing this is to simply include the
numeric values directly onto the pie segments. Graphical
methods are sometimes also used, as shown here. In all cases
where arnhirMl mpthnlc nrp

used, an explanation and/or
scale is generally included in the
legend so the viewer can decode
the information. * With all
graphical methods, the accuracy
in decoding is generally Additional variable encoded

marginal, into the heights of theindividual-sermenns
Sometimes called multiheight.

Adiationai vanaile
encoded into radii of
the individual segments

Additional variable encoded
with symbols in the
individual segments (in this
example, framed rectangles)

With this variation, each
segment of the pie is divided
into two pieces. The radii of
the two pieces add to 100%.

Each segment is divided into two pieces, the
sum of which equal 100%. Each segment
could have been divided into 3 or 4 pieces.

Methods used to encode an additional quantitative variable into pie charts

Pie charts with the appearance of depth

To improve the appearance of
pie charts, they are sometimes
given the appearance of depth,
as shown at the right. Some
people call pie charts with this
effect three-dimensional. The
technique can be applied to
complete pie charts or to
individual segments. When the
effect is applied, some or all of
the segments are distorted, and
therefore, observations based
only on the graphics can be
misleading.

Overlapping pie charts

In some situations, where
the data is just right, space
can be conserved and
sometimes the appearance
improved by overlapping pie
charts. This might be done
in the vertical or horizontal
direction. In cases where
one element of the graph is
the key focus, only that
portion of the pie might be
shown or highlighted.

Tilted backward Tilted forward Tilted backward with
segment exploded

Examples of complete pie charts with the appearance of depth

1991 1099

Examples of individual segments with depth

Pass 5

Pass 4

Pass 3

Pass 2

Pass 1

1 9 9 31990 1991 1992 1993 1994

Group 1 Group 2 Group 3

Examples of overlapping and single segment pie charts.
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Pie Chart (continued) Decagraph
A seldom-used variation of a nie chart in which the circle
around the pie is replaced by a ten-sided polygon. With the
circumference made up of ten chords of equal lengths, the
points where the chords meet automatically designate every
10% of the complete circle. The objective of the decagraph
is to enable the viewer to more easily and rapidly estimate
the sizes o0 the individual segments with the assistance or Example of a decagraph
the chords that indicate 10% increments.

Belt Chart

A belt chart is a variation of a stacked pie chart that enables the viewer to concurrently look
at the distribution of interrelated data in a number of different ways. By doing this, patterns
and relationships sometimes are easier to note. Using the example shown below, the
following are representative of the types of observations that can be made from a belt chart.

- 64% of the work force is female and 36%
male

- Of the 64% females, 48% are nonexempt
and 16% exempt

- Of the 36% males, 15% are nonexempt and
21% male

- 64% of all employees work in the office
and 36% in the field

- 63% of the employees are nonexempt and
37% are exempt

- Of the 63% nonexempt, 48% are female
and 15% are male

- Of the 37% exempt, 16% are female and
21% male

- Of the 63% nonexempt, 51% work in the
office and 12% in the field

- Of the 37% exemnt 1VA% work in the
office and 24% in the field Example of belt chart

Circle graph

When a scale is added to the circumference of a pie chart, 100%

as shown at the right, the resulting chart is many times 90% 10%

referred to as a circle graph. With the presence of a scale VI-Al
and tick marks, technically the percentages that each 80% Gray 20%

segment represents can be read directly from the scale and 70(35%) Bl50a

therefore, the numeric values do not have to be shown on 70% 30%

the segments. In practice, it is still easier and more accurate Bl3)

for the viewer to have the actual percents noted in addition 60 ° 0%

to having the scale and tick marks. 50%

Pin Map Sometimes referred to as a street map. A pin map is
very detailed, typically showing exact locations of
structures, events, customers, intersections, etc. In some
cases the maps are so detailed that specific addresses,
stores, or vacant lots are identified and located as points
on the map. Symbols are frequently used to encode
information and identify entities. Sometimes pins are
used to perform this same function, particularly when
the things identified change frequently, such as stops on
a delivery route, sales leads, or trouble spots. The
symbols used may be simple geometric shapes or icons
of the thing being located. The example at the right
includes both types of symbols.
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Plane

one plane intersects another plane. In thi
-- mnla h 1 ....e ...W w-rA -h tn

The term plane is sometimes used with charts and graphs to designate an imaginary surface
passing through an object or graph. The planes may or may not stay within the upper and
lower limits of the axes and may or may not be parallel to the major axes. When they are
parallel, they are sometimes referred to by the axes they parallel. For example, a plane
parallel to the X and Y axes is referred to as an XY plane. In a three-dimensional graph, a
plane parallel to the X and Z axes is referred to as an XZ plane. Planes that form the sides,
top, and bottom of a graph are sometimes called walls, ceiling, and floor, respectively.
These planes are many times used to place grid lines on or project data graphics onto for
the purpose of analysis and/or communication. When two planes intersect one another, a
line is generally drawn to indicate the line of intersection. Several examples illustrating the
use of planes are shown below.

Vxai ... le Ima C bsoW W-ere me IaitaU
plane intersects the two vertical planes of
the gre

Sor
called floor, bottom, or platform

Examples of primary planes that
coincide with the axes. In this
example the planes are bounded
by the upper and lower values
oi

Planes do not have to be coin-
cident with axes and can extend
beyond the ends of the drawn
axes.

75

50

25

Planes do not have to
be parallel to axes.

Platform Sometimes referred to as a bottom or floor. The term Vertical or Z-axis

platform is used to identify the lower plane of a X andY axes
three-dimensional graph. /AxadYae

m Platform, floor, or bottom

Example of a platform

Plat Map A variation of a descriptive map that very accurately defines the boundaries of units of land.
The maps generally include only minimal information regarding natural or man-made
features that exist on the unit of land.

Plot The terms plot and graph are used interchangeably in this book. See Graph.

Plot Area
and
Plot Area Border/Frame

Plot Symbol
or
Plotting Symbol

Also called data region. The plot area of a graph is the are;
in which the data is plotted. It is frequently bounded by a
border or frame. Grid lines generally end at the edges of
the plot area. * The line around the plot area is called the
nlat r..a h-r-rar S frame .. 4 .-

F- - -- - order or frame

The gray
area is
considered
-the data
region or

A B C D plot area.

Symbols used to designate data points 10 Examples of plotting symbols
on a graph. They generally are small -8 8

geometric shapes such as circles, 6 6- 1 - A/ 6-8

squares, or triangles. Sometimes their 4- ° 0 4 4 - 4-

size, shape, or color are used to 2- 2- 2-

encode additional information. 10 120 0 2349. . .9

ireOor
wal
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Point and Figure Chart
or
P&F Chart

A chart used to record the prices of a stocks, bonds, commodities, exchanges, markets, etc.,
in such a way that changes in price and the direction of such price changes stand out
clearly. Point and figure charts can be used to analyze short-term (e.g., day or week) pricing
activity as well as long-term (e.g., months or years). A point and figure chart disregards
time completely and focuses on price changes. If there are no changes in the price of the
entity being tracked, there are no additional entries on the P&F chart, regardless of how
long the period of time or how many sales might be made. * The price of the thing being
tracked is indicated on the vertical axis using a linear scale. Actual prices are recorded by
means of two different symbols. If the price increases by a certain amount (called box size),
one type of symbol, many times an X, is placed in the box representing the new price. As
long as the price continues to increase, new Xs are placed one on top of the other in a single
column each time the price increase exceeds the specified amount. If the price decreases by
the same specified amount, a new column is started and the other symbol, many times an 0,
is used to record the new prices. For example, if the specified amount or box size is 5 cents
for a given commodity, every time the price of the commodity rises an additional 5 cents,
another X is added to the top of the stack of Xs. When the price falls by the same increment
(5 cents), the second type of symbol is placed in the next column to the right at the new
price of the commodity. As the price continues to decrease, additional Os are added in the
same column but now each new 0 is placed below the previous Os. When the price again
begins to rise, a new column is started and Xs are used to record the price. The entire
process repeats itself endlessly with a new column being started every time the price of the
thing being monitored reverses. An example of a point and figure chart is shown below.

Each time there is a change in the
The price increment direction the price is moving, a new
is called box size column is started and a second type of

I symbol used.

Feb Mar Apr May
Example of point and figure chart

Jun

The beginning of uniform
trading periods such as
days,weeks, or months are
frequently indicated and
identified in the margin.

I/ Xs are many times used to
denote prices when they are
rising.

Os are many times used to
denote prices when they are

0~ decreasing.
There is no scale on the
horizontal axis when the data is

. being recorded. Reference data
such as months may be added
after the fact.

Box size
Box size is the minimum amount a price must change before an additional X or 0 is added
in the same column. This minimum might be equal to some multiple of the minimum price
increment the stock trades at, a fixed dollar or cent amount, or a percent of the selling price.
To illustrate, if a stock is normally priced in eighths of a dollar, the box size might be 1/8,
2/8, 3/8, etc. If the box size is set at 1/8 and the price of the stock changes by an 1/8th of a
dollar, a new symbol is added. If the box size is set at 2/8ths and the price changes by only
1/8th, no new symbol is added. The size selected for the box is dependent on such things as
the price of the thing being tracked (i.e., 1/8 might be fine for a $5 stock but is probably too
small for a $200 stock), its volatility, whether one is interested in the short- or long-term
nature of the price fluctuations, and how detailed one wants the data to be. In general, the
smaller the box size, the more symbols and columns there will be for a given period of
time.

Minimum price reversal
This is the minimum price change required to initiate a new column. It is typically equal to
a certain number of box sizes (e.g., 1, 2, 3, etc.) or a percent of the closing value. To avoid
recording minute fluctuations, analysts many times require the price to increase or decrease
by an amount greater than the box size used for adding Xs and Os in the same column.
When this method is used it is sometimes referred to as a reversal chart. For example, if the
box size is 1/8th dollar and the minimum price reversal is three, a price reversal of 3/8ths is
required to initiate a new column. If the box size is one dollar and the minimum price
reversal is three boxes, a price reversal of three dollars is required to start a new column. In
general, the smaller the price reversal used, the more columns for a given period of time.288
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Point and Figure Chart
or
P&F Chart (continued)

The examples below illustrate this point. In all three examples, the box size is one dollar. In
the graph on the left the minimum price reversal is three boxes. The middle graph has a
minimum price reversal of two boxes, and the graph on the right has a minimum of one.
The same data is plotted on each of the three graphs.

e.
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a.
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.5T
0C

0
a-

j26a

20

I1

16

14

Three-box minimum Two-box minimum One-box minimum reversal value
reversal value reversal value

Charts of the same stock price data using three different minimum price reversal values

It may be noted that the example on the right (minimum price reversal of 1 box) is about
three times as wide as the one on the left (minimum of 3 boxes). Even with the minimum
price reversal equal to the box size, minute price fluctuations can be avoided by making the
box size larger. Although the smaller minimum price reversal makes the chart wider, it also
yields more information as to what actually happened. For example, the chart on the left
might give the impression of an uninterrupted plunge on the right side of the chart, while
the expanded chart (right) indicates that several unsuccessful attempts were made to reverse
the downward trend. For general reference, the information on these charts might represent
about four months of data on a particular stock.

Designating uniform periods of time
Since no time scale is used, there is no way to determine when particular price activities
occurred or to know the frequency of price reversals over uniform intervals of time. Some
analysts solve this problem by highlighting the first price in each new period and identi-
fying the periods in the lower margin. The highlighting is accomplished in several different
ways, including substituting a third symbol such as a black square, bolding the X or 0, or
replacing the X or 0 with some identifying letter such as the first letter of the month.

Variations

Although the format of the point
and figure chart shown on the
previous page is widely used,
several other variations
accomplish the same objective.
Examples of four alternate formats
are shown here. All have portions
of the same data plotted on them.
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Without grid lines but with
reference lines at the start
of each time period

300

298

296

294

292

290

288

286

284

282

280

298
297
296
295
294
293

<E 292
c 291
(L 290

289
288
287
286
285
284

Jan Feb
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Stepped line
(sometimes called swing chart)
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Segmented line

Point data is data that applies to a specific point in time - for example, the cash on hand the
last day of the month, the temperature at midnight on Sunday, or the membership as of the
last day of the year.
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Point Graph
and
Scatter Graph

Sometimes referred to as dot or symbol graph. Point graphs are a family of graphs that
display quantitative information by means of points represented by symbols such as dots,
circles, or squares (called plot or plotting symbols). When the points are connected by lines,
the graph is generally referred to as a line graph. See Line Graph. * There are several
different names used to refer to point graphs. Two major factors sometimes considered in
selecting the proper name are the type of scale on the horizontal axis (the scale on the
vertical axis is most often quantitative), the number of data series plotted on the graph, and
whether the data series use common values on the horizontal axis. The table below summa-
rizes the various names and graph characteristics for two-dimensional point/scatter graphs.

0-

8 -

6 -

4 -

2-

0-

Quantitative scale on
Mhogrztl axWis

Scatter graph

3cattergram, scatterplot,
XY graph, XY scatter graph,
Y scattergram, etc.

0°h- 0 * 4

0

M0% 0

00-

0

0 200 '40O 0O0 80C

Simple scatter graph

Grouped scatter graph

0% I

) a
D% - , u afl

0%
0 200 400 600 800

Grouped paired scatter
graph or
paired scatter graph

Names Trequently used with two-axis poinuscatter graphs
Scatter graph
Scatter graphs are probably the most widely used type of point
graph. They generally have quantitative scales on both axes and
can accommodate many data points (100 in the example at right).
Scatter graphs are used extensively for exploring relationships and
correlations between two or more sets of data - for example, the
relationship between efficiency and speed, dollars spent on food
versus dollars of income, rate of chemical reaction versus temper-
ature, etc. After data is plotted on a scatter graph, patterns formed
by the data points are used to make observations about the relation-
ships of the data sets graphed. For example, if the data points are
tightly clustered around an imaginary slanted line, the two290
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Point Graph Scatter graph (continued)
and variables are generally considered to have a strong correlation. If the data points are loosely
Scatter Graph clustered, the relationship is considered weak. If the imaginary line slopes up, it is
(continued) considered a direct or positive correlation. If the imaginary line slopes down, it is

considered an inverse or negative correlation. The examples below show how some of the
more familiar patterns are interpreted.

Strength of correlation
How tightly the data points are clustered around .

an imaginary slanted line indicates the strength of
the relationship/correlation. If a sequence scale is
used the pattern may be referred to as a trend. Strong Weak No correlation

Direct or Inverse correlation
The slope of the imaginary line around which the
points are clustered indicates whether the
correlation is direct (positive), inverse (negative),
or nonexistent. Direct (positive) Inverse (negative) No correlation

Type of correlation
The shape of the imaginary curve indicates
whether the correlation is linear or nonlinear. The
shape also sometimes indicates distinguishing
characteristics about the data. Linear Exponential U-shaped

Basic pattems that are looked for when interpreting the data
point patterns formed on scatter graphs by two data sets

I nree-uMnsVnauual SLaLter grapn

Three-dimensional scatter graphs generally have quantitative
scales on all three axes. The rectangular variation, shown at the

,;-I,*., 10 -U11*tfl-, -f --- L~ At,. -al
2

2

1.

a11t aVXbIIIU"II ...- iv -U .. .. I M

XYZ graph or an XYZ scatter
graph. Polar variations are referred
t- as __ln~ia at------l rat
to as cIy1IUIIL.4 VI br isIVIal sicatter Value -

graphs. An example of a cylindrical Rectangular scatter graph
graph is shown at the left. (See Polar Graph). - When a

r reference plane passes through the cluster of data points
(sometimes referred to as a cloud), Vertical
the- fisrewi is sometimes called an a i axis

120' 900 600
Three-dimensional cylindrical scatter graph (right). * Exact values
polar scatter graph with drop lines are difficult to read on three-

dimensional graphs. This frequently is not a problem since three-
dimensional scatter graphs are often, primarily used to observe
such things as the general pattern of the data, how the data is A
distributed, whether there are unusual data points, etc. In an effort
to improve the interpretation of three-dimensional scatter graphs, Axis scatter graph with
techniques have been developed that enable the viewer to reference plane through
significantly increase the amount of meaningful information that cloud of data points
can be derived from such graphs. Two such techniques are the ability to rotate or spin the
graph (see Three-Dimensional Graph) and the ability to identify specific data points or
groups of data points (See Brushing). * Another technique to assist in the analysis of three-
dimensional scatter graphs is to pass imaginary planes through the cloud of data points and

observe the patterns on the
planes. In some cases only those
data points actually at the points
where the planes pass through
the cloud are recorded. In other
cases the data points for a given
distance on either side of the

8 12 16 20 24 ^19A6S Ages,14 194 A 004' Aq imaginary planes are condensed
Age 13 tl ges 2

Standard rectangular scatter graph & below atove onto the planes and displayed as
Data points condensed onto shown at the left. Such graphs
three imaginary planes sometime led Suce

Slice graph resulting from the condensing of data points are sometimes called slice
of a standard scatter graph onto three imaginary planes graphs. See Slice Graph. 291



Point Graph
and
Scatter Graph
(continued)

Point graphs used to show the distribution of data elements within data series
Point graphs can be effective in giving the viewer a feel for the distribution of data elements
within data sets. For example, when studying the test scores of students from different
schools, in addition to knowing the average and median scores, plotting each individual
score can provide information about how the spread of scores differs from school to school.
This can be accomplished by means of a point graph alone or by superimposing a point
graph over another graph such as a box or column graph. Three examples are shown below.

Actual data *
: / points '_ §

80 - Ave e - q so80 -

60 :/ . e

U 0
a-40- I I2 40-

20 * 20

I
hl o I co o S

School School School School School School
#1 #2 #3 #1 #2 #3 #1 #2 #3

Point graph only with symbols Point graph superimposed Point graph superimposed
denoting averages over a box graph over a column graph
Point graphs used to show the distribution of actual values. All three graphs display the same data.

One-axis point graph with single scale used to show distribution of data elements
One-axis point graphs can be used to analyze the One-axis point graphs used to display the
distribution of data elements within individual data distribution of data elements along each axis
sets. This might be done for an isolated data set * : * *: :
(shown below) or in conjunction with a two-axis 10
scatter graph (shown at the right). When doing a
distribution analysis, one looks for such things as: 8 .

- Clustering of data points (e.g., how many
clusters? where? how dense?). 6 .

- Whether or not there are gaps in the data
- How big the spread of values is 4 .
- Maximum and minimum values .

- Unusual data points 2 . .

When one-axis point graphs are placed in the margins .

of two-axis scatter graphs, the viewer sees the 0 , 8 10

distribution of the data points along the two axes as well O 2 4 g c 10
as the relationship between the two sets in the body of to show the distribution of data
the graph. See One-Axis Data Distribution Graph and elements along each axis of a two-
Marginal Frequency Distribution Graph.

Two clusters of Gap in data points Unusual point
data points N sometimes referred

Ad *m * *to as outlier

0 2 4 6 8 10 12 14 16 18

A one-axis point graph can be used to analyze the distribution of data elements in a single data set.

One-axis point graph for displaying data
18- * Canada When the scale and data are
16- displayed along the same axis, it is
14- sometimes called a one-axis graph.
12- The axis might run vertical or
1- *Israel horizontal. For category type

8 8-* Malta information, the data points can often
6- be plotted directly onto the single
4 - axis, as shown at the left. With

2 * China quantitative information, the data is
0 often first plotted on a two-axis graph

One-axis graph and the key points transferred to the
with category other axis, as shown at the right.

101) type data

12 1 -
1 1% 12Example of how

. values on the
10 10 horizontal axis are

- transferred to the
- .90% c vertical axis

-70%1' .--
-50s % ~ -50%

4 * E 4

2 .2
* -0% i

0
0 10% 30% 50% 70% 90%

Cumulative percent
Quantitative data plotted on a two-axis
graph (right) and key points transferred
to the one-axis graph (left)
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Point Graph
and
Scatter Graph
(continued)

Other types of point graphs
Polar graph

There are two- and three-dimensional variations of polar graphs.
The two-dimensional variation is by far the most widely used.
Each polar graph has one angular axis and one radial axis. Three-
dimensional polar graphs have a third axis (frequently called a Z-
axis), which is perpendicular to the plane of the other two axes. All
scales are quantitative and generally linear. See Polar Graph.

Trilinear graph 0
V100%/t

20%

Trilinear graphs are point graphs with three axes in a single 80%

00plane. In most cases they have quantitative scales that show ,/ 0o o o \60%

percents from zero to 100%. See Trilinear Graph. 2% 00 .0 * 80%

* 100%

Trilinear graph 0100% 80% '60% 40% 20% 0

Point graphs used for the purpose of monitoring
Simple point graphs utilizing a sequence scale on the horizontal axis are frequently used
to monitor processes, machines, production, procedures, etc. Key functions these graphs
serve are to give a visible indication whether:

- A given measurement is staying within certain limits, boundaries, etc.
- Measurements are trending towards one of the limits, boundaries, etc.
- Performance is erratic
- The spread of data is becoming more or less consistent

In order to make the graphs as effective
as possible, the limits within which the
measurements are expected to stay are
displayed on the graph by means of
reference or control lines, as shown in
the example at the right. Typically, data
is entered on the graph on a continuous
basis as it is generated. In this way
corrective actions can be taken as soon
as possible. As long as the data points
stay within the prescribed limits and
show no major trend towards one of the

6.58 -

6.56 - Upper control limit - Value above
6.54 - - - limit

0)E 6.so I Measurements
E * trending towards

C 6.48 :Reference lines * upper limit

, 6.46

6.44 Lower control limit
6.42 1 1 1 . . . . .

3 5 7 9 13 15 17 19 2123

Point graph with control limits
superimposed for monitoring a process

limits, the process is considered to be in control. Sometimes multiple sets of reference lines
are shown, with one set serving as a sort of early warning system and the second set as a
critical decision point. The reference lines may be straight or stepped. The data points
shown might be individual measurements or averages of several measurements. Data points
may or may not be connected by lines. See Control Charts.

Scales, grid lines, and tick marks
Details on scales, grid lines, and tick marks are covered under those headings. Since one of
the more widely used applications of scatter graphs is for analysis, these graphs tend to
incorporate more negative numbers than other types of graphs. Four examples are shown
below indicating how axes, scales, grid lines, and tick marks might be arranged to
accommodate data that has positive and negative values along both the X and Y axes.

8 1 ' Go A, . .' * ' 8
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2
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a
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6
4 0

2

-5 -4 -3-2 .2 01 23 4

S

* -6* -81

-O-4 -3-2 -I U 1 2 3 4 5 -5-4 -3-2 -1 0 1 2 3 4 5 -5-4 -3-2 -1 0 1 2 3 4 5
All tick marks and labels on Zero base lines with tick Zero base line axes Tick marks and labels
the outside of the frame. marks added highlighted and grid lines placed on zero base
Additional sets of tick marks used instead of tick marks line axes and frame
added to right side and top. in the center of the graph removed

Methods for displaying scales, tick marks, and grid lines on scatter graphs with positive and
negative values on the vertical and horizontal axes. The same data is plotted on all four graphs.
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Point Graph
and
Scatter Graph
(continued)

Drop lines used with point and scatter graphs
Drop lines are faint lines extending from data points to an axis, from one data point to
another, or in some cases extending completely across the graph. The lines might be solid
or dashed and can be used with two- and three-dimensional graph formats. The major
function of drop lines is to improve the readability of graphs. Point graphs with drop lines
are sometimes substituted for column and bar graphs because they focus the viewer's
attention on the data points instead of the data graphics. In some cases, they also tend to
reduce problems associated with scale breaks and missing portions of scales. Several
variations of drop lines used with point and scatter graphs are shown below.

A B cDE F GH' I J'K L
Drop lines from data points
to the horizontal axis

Q 9

00

; 9 9 9

Multiple data series using
common X-axis values

The drop lines in the example on
the left extend from the data
points to the horizontal axis. In
the example on the right, the drop
lines run the full length of the
graph to deemphasize the distance
from the point to the zero axis and
instead, focus attention on the
location of the data point itself.

In the example on the left, the
data points of the two data series
use common values on the
horizontal axis. In the example
on the right, each data point has
a unique pair of X and Y values.
Different types of drop lines are
used to assist in differentiating
the two sets of data points.
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Drop lines extending the
full length of the graph
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D 2 4 6 8 10 12
Multiple data series using
unique X-axis values

Total A These two graphs are the Total A
Al Al
A2 --- O equivalent of bar graphs with ^^
A4A category scales on the vertical A4-

Total B axis. In both cases the Total B

B3 -0 components (e.g., Al, A2, A3) B-

and the total (e.g., A) for each
Cl C
C2 group are displayed together. In °
C3 the example on the right, the

0 5 10 15 20 25 30 symbols for the data points have 0 5 10 15 20 25 30
Horizontal drop lines used to .Same graph as at the left
display the whole and its pieces been eliminated. with symbols removed

14 When the emphasis is on 14

12 - o 0 differences, drop lines can be 12

10 - drawn between data points to 10 -IlI

T make what is sometimes called a 8
¢ drop line graph. Differences may a -

I be noted at a fixed point in time 4 -> ,
(left) or over time (right). Two 2 -

* different types of drop lines can be n . I -
*A B C D'E F'G H I J K L used to indicate reversals in the - 85 87 '89 '91 ' 93 ' 95 97 i9
Drop lines highlighting Drop lines highlighting
differences within categories direction of the difference. differences over time

Drop lines can be of particular
value with three-dimensional * 14 13

graphs. They help the viewer 21 18t 7
more accurately estimate values 24,i 270" 3

on two axes; however, the values 210' 330'

on the third axis are still a 18024 1 0°

problem (left). When there are 2 10

just a few data points, the actual 120' 60'

Three-dimensional scatter values can be noted (right). Three-dimensional polar
graph with drop lines scatter graph with drop lines294

14

12-

10-

8-

6-

4-

2-

0 -

14 -

12 -

10-

8 -

6

4

2

0

6

4.

2

A



Curve fitting applied to scatter graphs
Because the data points on scatter graphs many times form irregular patterns, curves are
sometimes fitted to the data points to aid in an analysis. Curves can be drawn based on

Point Graph
and
Scatter Graph
(continued) visual estimates; however, usually well-

established mathematical procedures are used
(see Curve Fitting). The fitted curves are
meant to represent what the data points would
look like if they were condensed into a single
line that best approximated all of the points.
* Computers can generate many different
curves for the same data. It is up to the
individual to decide which of the curves is
right for their purposes. To illustrate the point,
four different computer-generated curves
based on the same data are shown at the right.
The person using the data would have to
decide which of these four curves, plus many
other possible curves, is most appropriate for a
given application.

10 -

8-

6 - . .. .

4
2-

0
0 0.2 0.4 0.6 0.8 1

Power
10 -

8-

6-

4
2 -

0 I
0 0.2 0.4 0.6 0.8 1
Third degree polynomial

Illustration of how multiple types of
curves can be fitted to the same data

* Fitted curves are used for many different purposes including:
- Establishing the general trend of data
- Determining the type of relationship between two variables such as

linear, exponential, or none
- Comparing data series that are intermingled
- Making forecasts or projections
- Determining the degree of variation of individual data points from a

theoretical or expected curve or equation
- Determining whether data points vary randomly, symmetrically,

uniformly, etc., from a theoretical curve
The examples below illustrate how fitted curves are sometimes used to show differences
between data series that are intermingled or to make projections based on sketchy data.

Fitted curve for *,'
circles O U

0

0

/o Fitted curve
/,E * for squares

,,

8-

6 -

4-

2 -

0 2 4 6 8 100 2 4 6 8 10 0
Without fitted curves With fitted curves Fi

Fitted curves can help note differences as
In the slopes of intermingled data series. se

Surface fitted to three-dimensional data

Surfaces can be fitted to three-dimensional scatter graphs, just
as lines are fitted to two-dimensional scatter graphs. An
example is shown at the right. Three-dimensional fitted
surfaces are more difficult to interpret than two-dimensional
fitted curves.

Fitted curve . .

\, I'Projected

. . . . .

0.2 0.4 0.6 0.8
tted curve used to project data,
;suming the proper fitted curve is
4ected

Actual data

Confidence interval displayed with fitted curve

Fitted curves are best estimates based on the data available.
Many times the available data is a sampling of a larger family
of data. A confidence interval indicates the region in which
the fitted curve would probably lie, with a given degree of
confidence, such as 90% or 95%, if information for the entire
family of data was available. An example of a confidence
interval is shown at the right. See Confidence Interval. "O 2 4 6 8

Fitted curve with a
confidence interval
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Point Graph
and
Scatter Graph
(continued)

Symbols
Symbols to identify different groups or series of data

When a single data series is plotted, all of the data points generally use the same type of
symbol such as a dot, circle, or square. When multiple data series are plotted on the same
graph, each series generally has a different symbol for ease of identification. Different types
of symbols are sometimes used within the same data series to determine patterns of
subgroups within the series. For example, if automobile fuel efficiencies are being plotted,
foreign and domestic manufactures may be given different symbols to see if they are evenly
distributed in the .e* : Seies AC *

total population. * ::.*o SeresB *

(This technique is a *. 0oDl

referred to as e *; . e oo~oDo 0 0

using a dummy g 0 ::* .:X .000 : o.

variable.) -0: .Domestic 0 *

Examples of all , o Foreign 0

three situations Weight Weight Variable #1
Fuel efficiency versus weight Same data as in graph at left, Different symbols used to

are shown at the for a random sampling of cars except foreign and domestic identify two separate data
cars have been identified series

right. with different symbols

Examples of symbols used to identify different groups of data

Symbols to encode additional information

In addition to identifying specific groups of data points, symbols are sometimes used to
encode additional information into a point graph. Qualitative information such as voltages,
new or obsolete product, approved or disapproved, etc., can be encoded by varying the
color, shade, size, or shape of symbols. Sometimes the first letter _

or two of the titles of the data series are used, as shown in the
example at the left. Quantitative
information can be encoded by
various techniques, such as
varying the size of the symbol.
When various size circles are
used, as shown at the right, the
figure is many times referred to as
a bubble graph. When any of the
encoding methods are used, a
legend is generally required so the
viewer can decode the
information. See Symbol and
Bubble Graph.

8
W-Wisconsin M -Missouri C-Calitomia
10-

8 -

4 -
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l Il

0 5 10 15 20 25
Scatter graph using the first
letter of the data series title
as the symbol

Symbols that overlap

6

0
0 2 4 6 8 t0

5 10 15 20

Scatter graph using circles to
encode a third quantitative
variable. Sometimes called a
bubble graph.

When there are many data points on the same graph,
overlapping (sometimes referred to as over plotting) can
become a problem. If multiple data points have the same,
or very nearly the same coordinates, it is difficult and
sometimes impossible for the viewer to know how many
data points are actually
present. To illustrate the
problem, the examples on . : I I .
the left sn-l right . . .h

0.8 0.9 1.0 1.1 1.2 Ul0 ... l a. .. IIr. -.U.0 b

Twenty data elements plotted on have the same 20 data 0.8 0.9 1.0 1.1 1
a one-axis graph. Approximately 9 elements plotted on them. This example contains the same
plotting symbols are not visible Ithathelf,20 data elements as plotted In th
due to overlapping where the data n e example at e ef, graph at the left. Using a
elements have the same approximately eleven technique called littering, all 20
coordinates. symbols are visible. The plotting symbols are visible.

other nine are not visible because multiple data points have exactly, or almost exactly, the
same coordinates and therefore, the symbols are stacked on top of one another. The
example at the right uses a technique called jittering to make all 20 symbols visible. In
addition to littering, several other techniques for dealing with overlapping symbols have
been developed. Methods for addressing overlapped symbols are discussed under Symbol
elsewhere in this book.296
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Point Graph
and
Scatter Graph
(continued)

Scatter graph matrix

When multiple scatter graphs are used to analyze several variables at one time, they are
sometimes organized into what is called a scatter graph matrix, as shown below. This
method of organizing the graphs provides a convenient way to analyze large quantities of
data, particularly when one is primarily looking for correlations. For example, one might
use a scatter graph matrix to check for correlations between twenty different variables
from a census report. A separate
small scatter graph would be
generated for every combination of
the twenty variables, and all might
then be organized into a single
matrix. Matrices do not provide any
information that would not be
available from the same number of
graphs if displayed independently.
They do, however, greatly simplify
the analysis and sometimes make
certain relationships more visible
than would be possible with
separate graphs. Scales, grid lines,
and tick marks are frequently either
abbreviated or not used at all. It is
common to have a single set of
labels apply to an entire row or
column. See Matrix Display.

Error bars

Range or spread
indicated by error bar

Error bars
6 9;-/'- f

2 Data points
designating values
such as average

A B c D E
Error bars used with a point graph

Identifying individual data points

9.0

5.0

0.

0.5

7.5

Scatter graph matrix that is used to check for
correlations among multiple variables or sets of data

The purpose and configuration of error bars varies
significantly. In each case, however, the bars are
used to indicate the spread or range of something,
such as confidence intervals; maximums and
minimums; plus and minus standard errors; plus
and minus 1, 2, or 3 standard deviations; etc.
Error bars can be used with almost any type of
point or scatter graph in which the data is
appropriate. An example is shown at the left. See
Range Symbols and Graphs for more information
on error bars, as well as other symbols that serve
the same purpose.

If there are just a few data points, they can be
individually labeled or coded with a cross-reference.
The labels might identify the points, display the values
of the points, and/or give descriptive information.
When there are many data points it is difficult to
identify them on hard copy. With a computer and the
proper software, individual data points can easily be
identified, even when there are large quantities of them.
By selecting one or several data points on the computer
screen with the cursor, varying amounts of information
about the data elements the symbols represent may be
communicated to the viewer in one of several ways,
such as displaying it on the screen or highlighting the
entries in the spread sheet. This process is many times
called brushing. See Brushing.

Identified b
name St

Store
Store #

Store #2\
Store #5 s

y Store #3,
tore #6 , .

V4 .S 6.3
1"0t--- - 6.1

05.6

* 15.1

2.7 Identified3.0 * . by value

*1.5

Examples of how individual data points
might be identified. The information can
be located anywhere as long as it is
legible and easily associated with the
data point.
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Point Size for Type
and Lines

Polar Coordinate
and
Polar Graph
and
Polar Scale

Type and line sizes are frequently designated in terms of points, using a system that
consists of 72 points to the inch. Thus, if a type size is designated as 12-point, it is 12/72 or
1/6 of an inch tall. Size 36 is 36/72 or 1/2 inch tall, etc. The height of the type is measured
from the bottom of the lowest descender on any letter of the typeface to the top of the
highest ascender of any letter of the typeface (see example below). * There are several
methods for designating line width. One Highest ascender
uses the same point system that is used This is then ned
for text, in which there are 72 points to dimaensionthat I T y lined
the inch. Thus, an 18-point wide line is typ size refer.
18/72 of an inch or 1/4" thick. See the Lowest descender
18/2fn Linch or 1/4xth. SExample showing how type size is frequently specifiedheadings Line and Text.

A polar graph is a circular graph on which data are displayed in terms of values and angles.
For example, a polar graph might record the brightness value of light radiating from a lamp
at each of the 360 degrees around it. Another graph might record a person's ability to hear
(value) the same sound emanating from points at various angles around them. Graphs of
these two hypothetical situations are shown below. From the example on hearing ability,
one might conclude that
the sihitiect rcan hear Center of Behind
sounds on one side better
than the other. From the
graph on light intensity, it
is clear that the lamp was
designed to focus the
majority of its light in one
direction. In both cases,
data are shown for a full
360 degrees around the hearing -_ ' A- decibels Scale of > -ia 0 -

thing being studied. In
many cases only selected Polar graph used to record a Polar graph used to show

person's hearing ability for sounds the Intensity of light in all
angles are studied. emanating from different angles directions around a lamp

Scales and terminology
Data points on polar graphs are generally specified by two numbers called polar coordin-
ates. Either or both coordinates can be positive or negative. One coordinate indicates how
far a data point is located from the center of a circular grid (origin). This distance from the
center is referred to by such terms as radius vector, polar distance, radius, or value. It is
sometimes designated with a small letter r and measured along a value scale. Value scales
can have any upper and lower values. They typically have their smallest values at the center
and largest values at the circumference. The other coordinate designates how many degrees
the radius vector (a straight line connecting the data point and the origin) is located from a
Value scale for Angle scales can have any lower and zero reference angle. This
plotting radial upper values and increase in either number of degrees or angle is
coordinates. It can be direction. The lower and upper values are referred to by such terms as
linear or logarithmic. typically zero and 3600, respectively. polar angle, vectorial angle,

2700 - Circr ,or nr olar axiq .

Pole or o

Circular g
lines for
radial axi

Radial gr

-' -- or circular angie ano is
Zero reference axis from generally designated by the
which angles are symbol 0. The axis along
measured can be located
any where. which the degrees are

measured is called a circular
nd 3600 or polar axis. The zero
Angle that data point is reference angle can be located
located with respect t
the zero reference axis. anywhere and the angles can
Generally designated by progress in either direction.
the symbol 0. The circular scale can have

Tor circular axis 90I point any upper and lower values.
Distance that data point is located from center Zero and 3600 are generally
of grid. Generally designated by the letter r ue.Sona h eti
and referred to by terms such as radius used. Shown at the left is a
vector, polar distance, radius, or value typical polar graph format and

Example of terminology used with polar graphs associated terminology. In

some cases conventions and/or an organization's standards govern the choices as to where
the zero reference axis should be located and which direction the degrees will progress. In
other cases, it is up to the individual and the nature of the data as to which format to use.
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Polar Coordinate Degrees and radians
and In certain fields, angles are measured in radians
Polar Graph instead of degrees. The values of the radians
and are many times expressed in terms of a constant
Polar Scale number called pi (designated by the symbol it
(continued) with an approximate value of 3.14). There are

2it radians in a full 360 degree circle, which
makes each degree equal to approximately
0.0175 radians. The example at the right shows
the relationship between degrees and radians 120 or J 3 radians

2/nradians 9'o ain
for each 30 degree increment around the circle. iO/2 radians

Other than the manner in which the angle is Sometimes the units of measure in polar
specified, there is no difference between a polar graphs are radians instead of degrees.

This example shows the relationship
graph plotted in degrees or radians. between degrees and radians.

Angles greater than 360 degrees
In some cases the angles exceed 360 degrees, such as when the force to turn a knob is
measured through several revolutions. In such cases, the data can be plotted around the
circle multiple times, or the scale on the graph can be expanded to accommodate the
additional degrees. When data is plotted around the circle multiple times, the angular scale
may or may not reflect the larger angles. The scale in the example below shows two degree
values at each point around the Symbol represents two

circumference. The upper number in da 1ta poin(, '4) P40& 2R 7 30& 300'&

each pair applies to the first time around,
and the lower to the second time around.
As may be seen, in polar graphs the
identical point on a graph can be
described by two or more sets of polar
coordinates. In this example, points (15,
240°) and (15, 6000) designate the same
point and (11, 120°) and (11, 480°) Symbol repress
designate another single point. In the data points. (
example on the left below, the curve (1 1 4 'e ' 450-

goes around the circle four times; Example illustrating: 1) how multiple angle scales canbe used and 2) how the same plotting symbol can
however, only one set of labels is shown represent two or more sets of polar coordinates
on the circular scale. In the center below, the same data is plotted, except in this case the
scale has been expanded to show the full 1440 degrees of the four revolutions. For
comparison, the graph at the right below shows the same data plotted on a rectangular
graph. Each method has its advantages, depending on the data and the purpose of the graph.

00 0° -0 o -

End 13 20° revolution 1
revolution #4 \ /

1200 20 4

10800 3600

Endo 2 A
revolution\ R\o Rew R.b0- Rove-
#3 00 \ \n480 - ludonn lusnA Ilto

#1 #2 #3 #4

27

2100 1 5oil I I210° L- 15° L PEnd of o 0-7 01r-11-

4-.--~~ revolution #2 00 360' 720' 1080' 1440'
Degrees of rotation Degrees of rotation Degrees of rotation

Data plotted on a polar graph Data plotted on a polar graph Data plotted on a rectangular
with a 360' upper value. The with a 1440 upper value. The line graph. The data for the 4
data for the 4 revolutions are data for the 4 revolutions are revolutions are plotted
superimposed on one another. plotted sequentially. sequentially.

Example of the same data plotted on three different graph variations. The data would
be typical of something that physically rotates. This example shows four revolutions.

Three-dimensional polar graphs
Three-dimensional polar graphs are occasionally used in technical applications. For
example, in addition to measuring the light intensity from a lamp at each of the 360 degrees
around it, the intensity of light given off by the lamp might also be measured at different
heights. There are two types of three-dimensional polar graphs. One is referred to as
cylindrical and the other as spherical. In the cylindrical variation, two of the coordinates
are plotted, just as in the case of a two-dimensional polar graph. The third dimension is
plotted along the Z axis. In the spherical variation, one coordinate is the straight line

Io or
radians

360' or
2r radians
O or
radians

or
hians

0'

0', 360',
& 720'

o'
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Polar Coordinate
and
Polar Graph
and
Polar Scale
(continued)

Three dimensional polar graphs (continued)
distance to the data point from the origin. The second coordinate is an angle with respect to
the vertical Z-axis, and the third coordinate is an angle with respect to a zero reference axis
perpendicular to the Z-axis. * Because of the difficulty of reading three-dimensional polar
graphs, drop lines are sometimes used to assist the viewer. Examples are shown below.

N

Data point

: Z
x
a

Data point

.,/

11.

210°

Example of a three dimensional
polar graph with drop lines

Variations of polar graphs
Multiple

330 30' the same
are norma

30 . 6\ series. Jus
270 *0 ° as inthe e

0 00 symbolsf
2400 0 1200 connected

210 /150 be used as

Different symbols can arrows frc
identify multiple data the data p
series. See Vectc

* Polar data is sometimes plotted on
a rectangular grid. When this is
done, the center of the rectangular
grid corresponds to the center of the
circular grid and values increase in
all four directions from the center
out, just as in the circular grid. The
conversion from polar coordinates
to rectangular coordinates can be
done mathematically or graphically.

Illustration of the coordinate
system used in a three-
dimensional cylindrical polar
graph

lata series can be plotted on
polar graph. Different symbols
Jlly used to differentiate the
st the symbols may be shown,
example at the left, or the
'or the same data series can be
I with lines. * Polar graphs can
; vector graphs by drawing
*im the center of the graph to
oints, as shown at the right.
or Graph.

Illustration of the coordinate
system used in a three-
dimensional spherical polar
graph

Arrows can be
used as vectors.

14 1 1 1
12
10

8 5TfU I I I 16 - l

>2°-
4
6- 0
8
210-

12 8 4 0 4 8 12
Angle M degrees 14 '° 6 2a 2 6 10 14Value

In many cases polar coordinates can be converted to
rectangular coordinates and plotted on a rectangular grid.

A polygon is a closed figure made up of three or more line segments. In charts and graphs
the term polygon is used to describe many different figures. Three representative examples
are shown below.

The closed outlines around When the tops of the columns When connected data points
areas on maps such as on a histogram are connected form a closed curve, as in this
countries, states, terrnories, by a line, the resulting curve is radar graph, the figure is
etc.. are called polygons. called a frequency polygon. sometimes called a polygon.

amin A

300

Polygon

Polygon Icon Miniature graphs, frequently without titles, labels, tick marks, or grid lines,
are sometimes called icons. There are many types of icons. The icon at the
right has several names, including snowflake, polygon, star, and profile. It Example of a
is sometimes generated using a radar graph. See Icon and Radar Graph. polygon icon



Population Pyramid Sometimes referred to as an age and sex pyramid. A population pyramid is a pyramid graph
or two-way histogram in which age is plotted on the vertical axis and the number of males
and females of each age on the horizontal axis. Females are plotted on one side of the
vertical axis and males on the other. Because of space considerations, ages are many times
grouped into intervals. The most common intervals are two, five, and ten years. The same
quantity scale is used for males and females on the horizontal axis, except they progress in
different directions from the central vertical axis. Quantities may be plotted in actual units
or percents of the total for a given sex. For example, the percent of females in the 40 to 44
age interval can be calculated by dividing the number of females in that age bracket by the
total number of females. Generally there are no vertical spaces between the bars. Examples
with the vertical scale in two different locations are shown below.

Aae
85 & over
80 - 84 -
75 - 79
70 - 74
65 - 69
60 - 64
55 - 59
50 -54
45 - 49 -
40 -44
35 - 39 -
30 - 34
25 - 29
20 - 24
15 - 19 -
10- 14

5-9 -
Under 5

-r
50 40 30 20 10 0 10 20 30 40 50 50

Males Females
Example of a population pyramid with
the age scale located on left side

Aae
85 & ovi
80 -84
75 - 79
70 - 74
65 - 69
60 - 64
55 - 59
50 - 54
45 - 49
40 - 44
35 - 39
30 - 34
25 - 29
20 - 24
15 - 19
10- 14

5 -9
Under 5

40 30 20 10 0 0 10 20 30 40 50

Males Females
Example of a population pyramid with
the age scale located in the center

Population pyramids provide a graphical means for noting changes or differences in
population patterns, either over time within a given population or between different
populations. The examples shown below represent distinctly different population patterns
for four hypothetical groups of people. Included with each graph is one of several possible
interpretations of the pattern. Such graphs are of interest to people in organizations
responsible for the analysis and planning for large populations.

80.

70 - 79

60 - 69

so - 59

40 - 49

30 - 39

20 - 29

10- 19

0- 9
LE

Females tend to live Recent major increase Something caused a Community that caters
longer than males in young children dip in one age interval to middle age residents

One of several potential interpretations is indicated for each population pyramid
to illustrate how such graphs can be used to analyze various groups

To make comparisons easier, the ends of the bars are
sometimes connected by polygons and the polygon for
one population superimposed over that of another, as
shown at the right. When making comparisons in this
100X fashion, it is generally 2

-4 --- R-- AeAAm Aneu u-t A
recomme~nUU tnaL tnC
population pyramids be
constructed using
percents, rather than actual
valhues. a When more-

% of all males % of all females
detail is desired, instead of Example of the use of polygons tc
grouping ages, every age compare two population pyramids

can be shown. When this is done, lines are sometimes used
instead of bars (left). By using lines it is sometimes
possible to display the data for each age, which frequently
-;-`-y!A~ ~ so
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Portrait Chart Layout

Power Scale

The term portrait refers to a chart layout in which the height is
greater than the width. Such an orientation is sometimes
referred to as vertical. * When the width is greater than the
height the orientation is frequently referred to as landscape,
horizontal, or sideways. Example of a

portrait layout

In a power scale, the values shown are based on some power of the values in a linear scale.
For instance, in the example below, the values shown in the linear reference scale are the
square roots (0.5 power) of the values shown in the power scale. Looked at another way,
the values in the power scale are the squares (power of 2) of the values in the linear scale.
Power scales can be constructed using any power. The physical spacings between the
values on power scales are all equal. Equal distances

appear on a 0.5 power i
(square root) scale ° 0

For reference only, these linear e. O
values are the square roots (0.5
power) of the values shown on the Example o
power scale. These values would shown belh
typically not be shown on a graph. power (sqt

I I I l
4 16 36 64 100

2 4 6 8 10

f a power scale. For reference, a linear scale is
low it with values that would result from taking the 0.5
iare root) of each of the values in the power scale.

Presentation Charts &
Graphs

302

Charts and graphs are frequently classified as presentation types when their primary
function is for use in formal or semiformal presentations. * Another major classification is
operational charts and graphs, used primarily for activities such as analyzing, planning,
monitoring, decision making, and communicating in the on-going running of a business,
organization, or activity. They are often used to supplement or replace tabulated data and
written reports.
* The following are among the reasons for using presentation charts and graphs.
- Assists in the rapid orientation of an audience.
- Aids in the audience's understanding and retention of the material presented.
- Material presented is frequently looked at more favorably by the audience.
- The audience perceives the presenter to be more prepared, professional, interesting, etc.

* The following are among the reasons for using operational charts and graphs.
- Data can be organized in such a way that analysis is more rapid and straightforward.
- Viewers can more rapidly determine and absorb the essence of the information.
- Large amounts of information can be more conveniently and effectively reviewed.
- Deviations, trends, and relationships stand out more clearly.
- Comparisons and projections can many times be made more easily and accurately.
- Key information tends to be remembered longer.

Both types of charts and graphs tend to shorten meetings and expedite group decisions.
* Although many people do not differentiate between operational charts and charts used for
presentations at formal and semiformal meetings, the two types generally differ
significantly. The following table highlights some of the differences.

Characteristic Presentation OperationalCharts and Graphs Charts and Graphs

Pia pRpo; e VVV d Communicate a specific, or at most, Gain maximum knowledge and
a limited number of messages benefits from available Information

Medium Primarily overhead projection or Primarily hard copy and computer
35mm slides screen

Amount of Information Many sources recommend limits
on on aesuch as 7 words per line, 8 lines No limit as long as It is legible

per chart, 30 words per page, etc.

Three..dimensional .. Usdsanlybcueignrlyeffects on graphs Widely used for their aesthetic value sed sparingly because it generallyOwu 6 OoW ~~reduces the legibility of data

Grids And ltickl Used sparingly Frequently used to increase theGr~d andaccuracy of decoding the data

perspetiv views, a Commonly used Used sparingly

A comparison of key characteristics for operational and presentation charts and graphs

The key difference between the two types of charts is their intended purpose, as noted in the
first row of the table. With presentation charts and graphs, the objective is generally a very
focused communication. With operational charts and graphs the goals are much broader,
with primary emphasis on analyzing, absorbing, managing, and communicating a maximum
amount of meaningful information in a minimum amount of time.

-- Z - D v v

1 1.th ue......-



Price Chart
(as used in the field of
investment)

Shown below are five types of charts and graphs that are used for monitoring and analyzing
the selling price of stocks, bonds, commodities, etc. Some of these are used to track
individual securities and commodities as well as exchanges, industries, markets, etc. Others
are used primarily to track individual securities or commodities. Each type of chart is
discussed under its individual heading.

Point and figure chart

This type of chart displays selling prices on the
vertical axis. Xs and Os are used to record actual
prices. If prices are increasing, Xs are entered on
top of one another and if decreasing, Os are entered
beneath one another. A new column is added in
sequential order every time there is a price reversal
of a certain size. There is no scale on the horizontal
axis. See Point and Figure Chart.

30

0
* 29
a-

Point and figure chart

Bar chart and candlestick charts
Bar and candlestick charts are the most widely
used types of price charts. They record
multiple bits of price information (e.g., open,
close, high, low) on the vertical axis and have
a time scale on the horizontal axis. Bar charts
tend to emphasize highs, lows and changes in
closing prices over time, while candlestick
charts tend to place more emphasis on open,
close, and specific groups of symbols and their
patterns. See Bar Chart and Candlestick Chart.

Line and column charts
Conventional line and column charts are
frequently used for summarizing price
information over longer periods of time.
For example, line graphs might record
closing or midpoint values over a period
of months or years. Range column graphs
might record the spread of prices for given
periods of time, such as the highest and
lowest closing price each year for a
number of years.

40 -

38

36-

aD 34 -

32

30

28

26

t~111141 i01X
Time - 0 Time

Bar chart Candlestick chart

40

38

36

34

32

30

28

26

1993 1994 o9 91 92 93 94

Simple line graph Column range graph

Three-axis graphs have three primary axes that are perpendicular to one another. They are
generally called the X, Y, and Z axes. Two-axis graphs have two primary axes that are
perpendicular to each other, generally called the horizontal and vertical axes or X and Y
axes respectively. A one-axis graph has one primary axis, which may run horizontally or
vertically. For circular graphs the primary axes are radial and circular.

The longitudinal line or meridian passing
through Greenwich, England, from which
all other meridians are referenced. The
prime meridian is considered zero degrees
and other meridians are measured east and
west from there in degrees, minutes, and
seconds. See Map. Greenwich, England

Prime meridian

1500 120' 900 60° 300 O 300 600 90' 1200 1500 180°

Sometimes referred to as a stepped relief, stepped, or
block map. In a prism map, areas are elevated in
proportion to the values they represent. For example,
the height of the various states might be proportional
to the grain produced in each of the states. The higher
the grain produced per acre, the taller the prism
representing that state. See Statistical Map.
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Probability Graph The term probability graph refers more to how a graph is used than it does to a specific type
of graph. Cumulative frequency and quantile are two types of graphs that are frequently
used for this purpose. Cumulative histograms are used to a much smaller extent. Examples
of all three are shown in the table below. There are two main purposes for which
probability graphs are used:

* To provide a graphical means for determining the percent probability that a given
value, event, measurement, observation, etc., will occur. For example, one might
predict the percent probability that a part will pass an inspection, the probability
of a student exceeding a particular score on a SAT test, the probability of
customers who will be two months late in paying their bills, etc.

* To determine whether a data series has a normal distribution. This is important
since many projections and techniques for dealing with a set of data depends on
the data having a normal distribution. When used for this purpose, the graph many
times is referred to as a normal probability graph.

The type of graph used for a particular application depends on such things as the purpose
of the graph, whether a computer or preprinted graph paper is used, and the customs of a
particular field. In the table below the name of the graph, a thumbnail description, and an
example are shown. Detailed information is given under the individual headings.

Cumulative frequency graph
Sometimes referred to as cumulative
frequency percent, cumulative relative
frequency, ogive curve, or less-than
graph. The same data that Is used to
generate a cumulative histogram Is also
used to generate the cumulative
frequency graph and Is why the faint
histogram is shown for reference in the
example. * The normal probability
version uses a special grid with a non-
linear cumulative percent scale. A
normal distribution is indicated when the
data points cluster around a straight line.

Quantile graph
Variations of the quantile graph are
sometimes referred to as percentile
graphs. In this type of graph, Individual
data elements are plotted instead of the
class intervals used in the other two
types of probability graphs. * The normal
probability version compares the
distribution of the data set under study
against a theoretical data set with a
known normal distribution. If the data set
under study has a normal distribution,
the data points cluster around a straight
line.

Cumulative histogram
The cumulative histogram is used much
less frequently in probability applications
than the other two types shown above.
To determine percent probabilities for
values between class interval boundaries,
one must interpolate, which, in essence,
is what the cumulative frequency curve
does. * There is no straightforward
variation of the cumulative histogram for
determining whether a data series has a
normal distribution. As a rough
approximation, a normal curve is
sometimes superimposed over a
standard histogram.

Used primarily to
determine what percent of
data elements are above
or below a particular value.
Sometimes referred to as
percentile graph.

100%-

Zso%-

E -80% E0%
E

O 20%

01/
o20%-2

0o%
0 2 4 6 8 10

Value or class interval

12-

.--

10

4

0

100° .. . ..-

0 0.2 0.4 0.6 0.8 1.0
Quantile or percent

1 00%

80%/d

ID60%r

40%-

20%16

0%_
o02 4 8 810 12 1

Value or class interval

Used primarily to
determine whether a
data series has a normal
distribution. Generally
referred to as normal
probability graph.

12

1- 0
C8

06

>2

0
01 1 1030507090 99 999

Cumulative percent

12-

10-

8
6

4

2

0
-3 -2 -1 0 1 2 3

Expected value

There is no variation of
cumulative histogram for
determining whether a
data series has a normal
distribution. Sometimes a
normal curve is
superimposed over the
standard histogram for
this purpose.

Examples of probability graphs

This book addresses only normal probability graphs. There are other specialized types of
probability graphs; however, they are outside of the scope of this book.304



Process Chart Sometimes referred to as a flow chart. Process charts are graphic representations of
processes, frequently using symbols to designate the individual steps of the process or
procedure. Process charts were originally used most extensively in manufacturing
operations; however, they are now used in many other areas including hospitals, grocery
stores, and department stores. There are many different types of process charts. The five
types outlined below represent some of the more widely used variations and give some
indication as to the types of information that may be included. Most process charts are
tailored to a specific operation or process; therefore, the 0 Operation
number of variations in use is huge. For that reason, the E Transportation (move)
specific variations described in this section are meant only as [ Inspection
examples and are not repeated elsewhere in this book. * The V Storage
symbols at the right are used extensively in process charts as D Delay
well as in the examples shown in this section. They are shown A few common process
here for reference purposes. See Symbol for other examples. chart symbols

Operation Process Chart
Sometimes called an operation flow process chart, flow chart, process chart, or outline
process chart. An operation process chart is a graphic overview of an entire process or a
major portion of a process typically showing only the major operations. Times and
locations of the individual operations may or may not be shown. In addition to being
applied to processes involving
products, parts, equipment, etc., Write manual () Purchase parts Purchase raw ma
operation process charts can be Pnnt m Store Fabricate parts
applied to such things as
procedures, forms, information N

flow, paperwork flow, etc. When
used for these purposes they are
sometimes referred to by such
names as form analysis chart, form
process chart, paperwork flow

Assemble

Inspect

Package

> Ship

terial

chart, procedure flow chart, or Example of an operation process chart
information process analysis.

Flow Process Chart
Sometimes called a flow chart, process chart, product process chart, or product analysis
chart. A flow process chart is a graphic, sequential representation of the steps in a relatively
uncomplicated process or subprocess. Many times a flow process chart is an expansion on a
portion of an operation process chart as shown above. Typical information included are
quantity, distance moved, type of work done (generally denoted by symbols) and
equipment used. Time may or may not be included. Charts might focus on a specific
operator, material, or machine or any combination of these. They can also be applied to

paperwork flow, Description Cty. Distance Time Symbol Remarks
information flow, etc. Prts in stockroom - - c)- _

The major purpose of Pick Un nart 5 7 -S__1 n1 v
flow process charts is
to analyze, document,
and/or communicate
information about a
process, generally to
reduce the time and/or
costs associated with
the process. The
example at the right is [ Move to stockroom - - 60ft. 4 O1 - 2 V Forklift
representative of a flow [ Store Ih , I I 0DJIEtVJ
process chart. The Example of a flow process chart for a single part
sequence of the columns and symbols is optional. In some cases the symbols representing
the type of activity are shown only at the tops of the columns. When the full set of symbols
is shown in each row, the applicable symbol for a given row may or may not be filled, as
shown in the example. The example above describes a process involving a single part.
When multiple parts are involved, a chart similar to the one shown on the next page is
sometimes used so the relationships of the various parts and steps in the overall process can

Transport to station #3 - 75ft. 4 0 D1 C 1 V Forklift
Unload to bench 5ft. 7 0 D EL V
Strip parts 37 :> DI [ V Power drivers
Move to degreaser 18ft. 2 0 * ED1 V Trolley
Load into basket 2 r: D1 El V
Degrease 6 D El V Degreaser
Allow to cool 12 0 - - V
Load onto pallet 7ft. 5 a D V _ _

Inspect 16 [E M - 7 1

305

I



Process Chart (continued) Flow process chart (continued)
be seen. In both examples the same types of information are shown, the same symbols are
Oty. Dist. Time Activity

200 65 4 B parts to assembly
200 2 Unload

1 1 Inspect part

1 1 Apply adhesive

5 Adhesive sets

1 3 1 Move to fixture

Oty. Dist. Time Activity
200 65 4 A parts to assembly

200 2 Unload

2 Idle

1 3 1 Move to fixture
1 1 1 Clamp fixture

1 2

1 1

Example of a flow process chart for
a process Involving multiple parts

used. In other cases
all three of these are
combined into a
single chart, as shown
at the right. When this
is done, some of the
other information
such as times,
distances, etc., are
deleted.

Assemble

Inspect

Store

used, and a line is
drawn through each
of the applicable
symbols. * Many
times flow process
charts focus on an
individual's activities,
how a part or piece of
material is affected by
each step of a process,
or whether and how a
piece of equipment is

Decito/ciiyPerson Material E qtuipkmie~ntDescription/Activity (polisher) I (forilift)
Forklift to stockroom 0 - aD V c1 X -D -ED V I
Material loaded on forklift 0 It aV *D XD VOI C5 E7V
Material transported to station #3 - 0 c: 0V C ED CL Vb ED C V
Material unloaded a O b EV e>D V Q ED1V OE EV
Operator polishes material - D O V i JED ] bV Q D v V
Finish inspected - VARIO UV O E V
Material loaded onto forklift Q E V - vD DV O J> C DV
Material to next station O E Q V 0 D D V 0 _ D C D V

Example of a flow process chart displaying the type of activity for
a person, material, and equipment for each step of the process.

Operator Process Chart
Sometimes called a flow process chart, left and right hand process chart, two-handed
process chart, simultaneous motion chart (simo chart), film analysis record, micromotion
chart, or therblig chart. An operator process chart is a graphic, sequential representation of
the motions executed by an individual in the accomplishment of a task or operation. The
task or operation might be performed in a single or multiple locations. Such charts are
generally used to study tasks that are performed many, many times and where the timing is
not controlled by some other outside factor such as availability of supplies or a piece of
equipment. These charts serve to analyze, document, and/or communicate the detailed
motions and activities in an individual task or operation in order to improve the operation,
reduce the time and/or cost to perform the operation, or make it more comfortable for the
operator. Sometimes a flow process chart, is used to study the motion and activity of an
individual operator, particularly when the task takes place in multiple locations or involves
a fair amount of mobility. When the task is very focused, such as an operator standing or
sitting in a single
location and per-
forming a repetitive
operation, a left and
right hand operator
process chart similar
to the one at the right
is often used. This
type of chart is
sometimes called a
simultaneous motion
or simo chart. The
term simo chart is

Left Hand Right Hand
Description Symbol Symbol Description

Hold part O*D v- - D V Pick up tool

Move to fixture i fCED V 0 - L : Hold tool
Insert in fixture - :P D V - D V Move tool to part
Idle O X - V d D V Tap part home
Hold part O - * D V Bend part
Push part - ED V C - Hold tool
Rotate 45 degrees E> ED V 0 - V Tool to bench
Rotate fixture - ED V 0 - V Idle
Hold part E> v D V Bend part

Example of a left and right hand process chart.
Sometimes referred to as a two-handed process chart

also sometimes used to refer to a left and right hand chart generated from the results of a
high speed film of the operator performing a given task. When based on a film of the task,
the chart is sometimes referred to as a film analysis record or a micromotion chart. In the
micromotion chart the operations are broken down into much more detail than is possible
with a flow process chart.

Multiple-Activity Process Chart
Sometimes called a gang chart, man and machine chart, multi-man process chart, or
multiman-machine chart. A multiple-activity process chart is a graphic representation of306



Process Chart (continued)

Process Control Charts

Product Life Cycle Graph

Multiple-Activity Process Chart (continued)
activities performed simultaneously by two or more people, two or more machines, or a
combination of people and machines. Their primary purpose is to analyze, document,
and/or communicate information about a process involving multiple people and/or
machines in order to increase efficiencies, synchronize activities, reduce cost, improve the
utilization of resources, etc. An example is shown below.

Operator #1 Operator #2 Helper #1 Machine

Activity lime Sym Activity Time Activity Time Sym. Activity Time

O mScoop raw 2 Mold part 3
Operate machine 3 .gIdle 3 material 2Ml at81*i

I .dle 1
Idle 2 Label part 3 Unload part 3

Example o a Adjus t settings 3 chart
Idle 2 - Load machine 6

Operate machine 3 -1Package part 2 Idle 1 3 Pugewstl

* Idle time 4 - 31% 5 -:38 2 -15% 7 - 54!
ElWorking time 9 - 69% 8 - 62 11 - 85%1 6 - 46%

Example of a multiple-activity process chart

A family of charts and graphs, many times used for the control of processes. They are
frequently called control charts. See Control Chart.

The sales of many products follow a typical life cycle over the length of their existence.
That cycle generally consists of five major phases:
- The period during which the product is being developed and there are no sales;
- The period during which the product is introduced to the market and sales first begin to be

realized;
- During the growth phase the product has been accepted and sales rise at their fastest rate;
- As the product matures and other competitive products are introduced, sales level off; and
- Ultimately need or desire for the product decreases and sales decline.

1 11%C raFpC at Lilt ,L1t fIL iManly LUMICL

used to graphically illustrate this
cycle. Although the general shape
of the sales curves is many times
the same from product to product,
the length of time required for each
phase varies significantly and
unlike the idealized graph, the
length of the various phases is not
always the same. Product life cycle

Time * graphs are more frequently used for
Example of a typical product line cycle conceptual and planning purposes

than for actual tracking of a product. When used for planning purposes, curves such as
profit, cash flow, capital expenditures, etc., are often added to show how these measures are
related to the sales cycle (below left). Such graphs are sometimes referred to as cash flow
graphs. In other cases, multiple sales curves are drawn to illustrate how the repeated
introduction of new products can help to offset the revenue decline of older products and
thus assist in maintaining relatively smooth sales (below right).

Time - 0
Example of how additional data curves can be
superimposed on a product life cycle graph. Each
curve may require a different vertical scale.

Time - .

Example of how multiple life cycle curves can be used
to illustrate the concept that the continual introduction
of additional product lines smooths out overall sales.

Overall sales

Product Product Product Product Produci
B c E

D I

co
D)

(a
CD
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Profile Graph
or
Profile Map
or
Profile Relief Map

A graph or map consisting of a series of planes or cross-sections stacked side-by-side
similar to a three-dimensional area graph. The planes can be spaced irregularly, be

- -- 1 --- -- --.............. I. J L - . ---11 --I 1..................
nonparallel, and/or De curved. Iney generally are ilat,
parallel, perpendicular to the X or Y axis, and regularly
spaced as shown in the example at the right. Profile
graphs and maps serve several purposes, including
easier visualization of certain internal aspects of graphs
and the ability to spot changes in subsurface features in
the case of maps. For example, when a new building is
to be constructed, planes or slices might be shown every
50 feet or so to analyze variations in the soil, clay, and
rock stratifications. The planes used in profile graphs
and maps may run crosswise or lengthwise. The tops of
the planes are the equivalent of isolines on a three- 15

dimensional fishnet display of the data. Shown below Example of a profile graph or mal
are examples of profile planes running in two different directions. A fishnet example is
included in the center to show the relationship between profiles and isolines. If a high level
of detail is required, gird lines and/or contour lines can be drawn across the surface of each
plane as well as being shown on the back planes.

IO tIil ,ul's mrIUitS IdPI VI 0 IIldp WILII Pitilab
;the same as the Graph or map with isolines along whose tops are the same as the

es in the fishnet two axes (called fishnet) north-south isolines in the fishnet
chart at left

A comparison of a fishnet display and two profile charts for the same data.
In one profile chart the planes run crosswise, and in the other, lengthwise.

Profile graph or
whose tops are
east-west isolin
chart at right

A graph that provides an overview of a
particular subject or facet of a situation. It
generally summarizes one or a few features
or characteristics. For example, the profile
graph might summarize the key
performance factors of a company, the
percent of stocks that went up and down
over a given period of time, or how the
pricing of various product lines compared
during different economic conditions.
Almost any basic type of graph can be used
as a profile graph. The decision as to
whether a particular graph should be called
a profile graph is very subjective.

P1�pG 4b 1;?,
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0 1`0 20 30 40 5o 60 70
Percent of mutual fund invested

Parallel coordinate graph profiling the
investment patterns of five mutual funds

+20%b or r
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0 5 10 15 20 25 30 35
Profile of product line price
changes during growing market
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20%
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20%
40%
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+20% or more
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? +10% to +14%
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-1%to-4%
-5% to - 9%

B-10% to -14%
-15% to -19%b
-20% or more

0 5 10 15 20 25 30 35 40
Profile of product line price
changes during declining market
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Sometimes referred to as polygon, snowflake, or star icon. A profile icon
is a miniature graph without titles, labels, tick marks, or grid lines. The
length of each spoke or the height of each peak is proportional to some
measure or characteristic. The purpose of icons is not to convey specific
quantitative information. Instead, they are used as symbols to compare
multiple entities with regards to three or more variables. See Icon.

Sometimes referred to as a staggered, stepped, or
step-by-step bar graph. A progressive bar graph is
the equivalent of a stacked bar graph with only one
bar and with each segment of that bar displaced
vertically from its adjacent segment(s). The
segments can be displaced up or down. The purpose
of progressive bar graphs is to add visual emphasis
to the individual segments, while still maintaining
the concept that the segments all add up to the
whole. See Bar Graph.

Sometimes referred to as a staggered, stepped, or step-by-
step column graph. A progressive column graph is the
equivalent of a stacked column graph with only one
column and with each segment of that column displaced
horizontally from its adjacent segment(s). The segments,
starting from the bottom, are typically displaced to the
right. * The purpose of progressive column graphs is to
add visual emphasis to the individual segments while still
maintaining the concept that the segments all add up to the
whole. See Column Graph.

PersonnelAl

Engineering 1

R&D

Selling M

Administrative
. . . ~ ~ ~ I . ., , . I

0 100 200 300 400
Thousands of expense dollars

Progressive bar graph

a

*0

0

e'

Progressive column graph

In addition to plotting current and historical information on graphs, it is common to project
comparable information into the future. For example, based on the cost of electricity each
month for the past twelve months, the monthly cost of electricity for the next six to twelve
months might be estimated, planned, or forecast. These predictions for the future are many
times called projections and frequently are plotted on the same graph with the current and
historical information. When this is done, the projected data is generally clearly identified
aranhieallv a shn own. at
the right. It is not
uncommon to also use a
word description and/or 2
a change in color, 1

shading, or fill to further
call attention to the factc a to t f 0 - JI-MAMJJA.UN Jr A AM J J A O INU rMMMJJP.OUN
that it is a projection. Examples of graphs where the projected portion
5 -o fne uata is grapnicaiiy uinerenuiateu.

4- .->Projection of the data * Fitted curves are sometimes used to assist
3 usirniq an extension of in establishing the values for projections.
2the fitted curve In a number of cases the fitted curve is

* Fitted curve simply extended and used as the projection,
as shown at the left. The projected portion

0) 2 4 e 8 10 is differentiated graphically from the rest of

Example of a fitted curve that is the curve. * Some projections have a
extended to make a projection tolerance associated with them, or there
might be multiple projections based on such things as possible changes in economic
conditions. Several techniques have been developed for tolerances and projection options,
some analytical, some intuitive. Shown below are three variations of such projections.

5 - Tolerance band .

* Projected
04 0

Time
Example in which the tolerance
on the projection is the same as
on the historical data

5 - Optomistic
projection - -

Pessimistic
2- projection

1 AProjected

0 Time --
Example of expected, best-case,
and worst-case projections

5
,--Condition 1

-----Condition 2
3- ",'Condition 3
2

1 * .Projected

Time --
Example in which there are
three different projections based
on three sets of conditions.

Variations for graphically displaying projections
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Projection2

mathematically but
might be visualized as
the process of projecting
each point on a globe
onto a simple geometric
shape such as a cylinder,
cone, or plane. When the
geometric shape is
spread out flat and
trimmed, the result is a
map as we normally
think of one. Shown at
the right is an illus-
tration of three of the
major methods used for
making map projections,
plus examples of what a
map resulting from each

Projected onto a cone

metnod might 1OOK IlKe. Illustration of three major projection methods with examples
See Map. of the types of maps that result from each of them

Projections onto surfaces
Sometimes two-dimensional graphs are incorporated into three-dimensional graphs by
projecting certain features of the three-dimensional data graphic onto the floor, ceiling,
and/or walls of the three-dimensional graph. In its simplest form, perhaps only a shadow of
the three-dimensional graph will be shown. In other cases it might be the contour lines or
the representations of surfaces such as those between contour lines. See examples below.

Contour lines of three-
dimensional data

graphic projected onto
the ceiling

Surfaces of three-
dimensional data

Graphic projected
onto the floor

Three-dimensional
'I.. nr-nhin

Examples showing how two-dimensional graphs are sometimes formed by projecting
elements of a three-dimensional data graphic onto the walls, floor, and/or ceiling

Perspective projections
Although perspective is a technique used with other types of projections, it is many times
referred to as a type of projection itself. When an object is drawn in perspective, it tends to
simulate one aspect of how the human eye sees objects. That is, the further things are from
*L- ozivsv th+mLa f., -- Ave ut

the more lines seem to converge into a
single point. The technique is used with
some objects to improve the viewer's
understanding. In many cases, such as
with graphs, perspective is frequently
used to improve their appearance. Two
examples are shown at the right. See
Perspective Projection (View). Examples of graphs with perspective projections310

In charts and graphs, a projection is a method of producing an image or drawning of an
object. The process might involve converting information about a three-dimensional object
into a two-dimensional image or making a typically two-dimensional object look three-
dimensional. The image that results from the process of projection is referred to by several
different names. For example, a map of the world generated by a projection technique
might be referred to as a cylindriocal projection, a projection of the earth, a view of the
earth, a world map, or by a specific name such as Mercator. All are correct. The term view
is frequently used in this book. Noted below are four major categories of projections widely
used with charts and graphs.

Map projections
With maps, the term projection is used most frequently when discussing the transfer of
information from a sphere (earth or globe) to a flat surface (map). The actual transfer
process is done

-

1
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Projection2 (continued) Oblique and axonometric projections
Almost all charts and graphs can be
drawn so they appear three-dimensional.
There are two major techniques used for
this purpose - oblique and axonometric.
This table compares the features of those
two methods. See Oblique Projection
(View) and Axonometric Projecton
(View). Perspective projections are
sometimes used in conjunction with
these techniques. See Perspective

Oblique view
With this technique the
front and back o fan object
are unchanged, except they
are shifted with respect to
one another. Since the front
and back are basically
unaffected, they remain
parallel to the plane of the
paper and keep their same
ishapeand dimensions as
in the original graph.

311

Axonometric view
With this technique, the
object is tilted and rotated
so the viewer can see the
top or bottom and two
sides at the same time.
None of the planes or
surfaces of the object are
parallel to the plane of the
paper' and each has
some distortion when
compared against the
orlainal object.



Proportional Chart

Includes:
Pictorial Proportional Chart
Proportional Area Chart
Proportional Line Chart
Proportional Volume Chart

Proportional charts are visual devices for graphically communicating differences in size,
number, or value without the use of scales. This is accomplished by means of a set of data
graphics that are in the same proportion to one another as the things they represent. For
example, if item A is twice as big as
item B and both are represented by [ Variations of proportional Charts
squares, the square for item A would Proportional i Proportional

. . * . ~~~~~~~~~~~* -........ lnthiothegh I itareai0 V 000000:: R vollure~ii:tt0000
be twice as big as the square that
represents item B. Proportional charts
are used almost exclusively for
communication purposes. They are
seldom used for analytical purposes.
The sizes of the data graphics are not
meant to convey exact data but to
simply give the viewer some visual
indication of the relative size of the
items they represent. For instance, the
viewer might be able to instantly
ascertain such things as the fact that
all Vi UIC ICtIS are awDUt UIm Same size
or that there is one huge component and five minor components, etc. If interested in
specific data or precise comparisons, viewer's can read the values that are normally
included with the data graphics. - The relative size of data graphics can be based on
length/height, area, or volume. Examples of each are shown above. Some general
observations are noted below.
- Proportional charts are used to compare multiple things at a point in time, or one or

more things at various times or under various conditions
- Data graphics based on length and area are most widely used
- Pie charts are one of the most popular types of proportional charts (see Pie Chart)
- For conveying percent-of-the-whole information, a single circular chart is most rapidly

understood because the circle tends to more clearly imply 100%
- Data graphics with simple geometric shapes are easier for the viewer to decode than

those with complex shapes.
- Data graphics in which the size varies in only one direction are the easiest to accurately

decode (e.g., varying the length of a bar versus varying the length and width)

Labels, scales, etc.
Scales, tick marks, and grid lines are almost never used on proportional charts. If a scale is
used, the chart would generally be classified as a graph. Numeric values are generally
included with the data graphics since in most cases it is difficult to estimate values and
differences accurately based solely on the data graphics. The numeric values as well as
descriptive information are shown inside the data graphic or immediately adjacent to it. As
an alternative, descriptive information is sometimes included in a legend. Several examples
of the more widely used methods of displaying numeric information are shown below.

72 72 72

Kea Blue ian Rea Blue Ian Ked Blue ian
Examples of commonly used methods for displaying labels on proportional charts.

E ZRed

E Blue
21 Tan

U

Variations of data
Most of the variatii
graphs are also ava
can be placed side-
cases arranged in p

X graphic arrangements
ons in data graphic arrangements available with P

38%

Side-by-side Grouped Overlapped Staggered Stacked
Potential variations in the arrangement of data graphics in proportional charts312
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Proportional Chart
(continued)

Proportional line chart
95 Charts in which the lengths of straight

80 lines are proportional to the things they A H i 28

64 represent (example at left) are easy to B 16

46 construct and decode. Adding width to
35 the lines generally improves the \/\- 23

readability. Proportional charts based on D -\10

nonstraight lines (example at right) are
91 '92 '93 '94 95 difficult to construct and even more Example of a proportional

Example of a proportional nonstralght line chart
straight line chart difficult to accurately decode.

Proportional area chart
Sometimes referred to an area chart. Shown below are a few of the various geometric
shapes and configurations used with proportional area charts. Eye-catching appeal is
frequently a major factor in the decision as to which variation to use.

35
28

0 10

Simple

28

Simple

28]_

Simple

----------- ...................--- , .. ...........

2~8@

Simple

38%

Overlapped % of whole
(stacked)

2838%
Overlapped % of whole

(stacked)
.................. .................... ...................

Overlapped.

Overlapped

11

14%

% of whole
(pie chart)

Centered

35 I

28 -
i~t~NI

Overlapped % of whole Centered

35 48% 1
28 im

Ovrlppd % of whole Companison over timeSimple
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Proportional Chart
(continued)

Proportional volume chart
Proportional volume charts use the volume of data graphics to convey information about
the relative sizes of the data elements they represent. For example, if data element B is
twice as big as data element A, the volume of the data graphic representing element B will
be twice as large as the volume of the data graphic for A. Proportional volume charts are
difficult to interpret and therefore are generally used only for aesthetic purposes or to give

n rl imnrpceinn when xynhipe vary,,aEwv . -.sio. .. Wlkl --AUW var
significantly. The data graphics can be
displayed several different ways, including
side-by-side, stacked, and nested. Two
examples are shown at the left. Even

Side-by-side Nested though each data graphic on a proportional
Two examples of proportional volume charts. volume chart appears three-dimensional, it

- ___ lul. .- AA A'- - A Sl ..... lA AA..vlm hr a pp ar the-dmnoa It

typically represents a single value. un rare
occasions an effort is made to quantify variables
on all three sides of the data graphics, as shown
at the right. * When "depth" is added to the data
graphics on a proportional area chart for
aesthetic purposes, it does not reclassify it as a
proportional volume chart since the depth is
typically uniform on all data graphics and
included for cosmetic purposes only.

- Variable #1

Variable #2

Variable #3
Example of a seldom-used technique for
quantifying multiple dimensions on a data
graphic of a proportional volume chart

Effect of shape of data graphic on readability
Since viewers tend to estimate linear differences (changes) in lengths better than
differences in areas or volumes or nonlinear changes in any dimension, varying the size of
data graphic linearly in only one direction can be helpful to the viewer in decoding a
proportional chart. In each pair of data graphics shown below, the data graphic on the right
has twice the area or volume of the one on its left. Most people find it easier to determine
the two-to-one ratio based on the pair of columns at the left because the data graphics
change size in only one direction and have a linear relationship.

X I

0 E
E

0

Two-dimensional Square Circle Three-dimensional column
column

In each pair of data graphics, the one on the right has twice the area or volume of the one on the left.

Oblique views of proportional area charts
To improve the appearance of a proportional chart it is
often shown in an oblique view, which makes it lookI three-dimensional. Oblique views of area charts do not

X* reclassify them as proportional volume charts. The
* * example at the left is a standard proportional area
X * chart. The one at the right is the same chart, shown atI * * an oblique view. The sizes of the black areas, which

Standard are the main portions of the data graphics, are the same
proportional chart in both charts.

t1I
Oblique view of
chart shown at the
left. The depth has
no significance.

Blending features of unit charts with proportional area charts
Stacking certain types of unit charts on top of one another sometimes causes them to
function much like proportional area charts. In r r 1mT r Orn
a unit chart, each unit or segment of the chart Price range A

equals a certain number of the items the unit
represents. For instance, in the example at the range B

right, each square (unit) might represent 10 Price range C
housing starts in three different price ranges Each square (unit) represents 10 housing starts

identified by the different shades. The Example of multiple unit charts stackedcompoidtified re the dif nta shousig st oon top of one another to form a variation
composite represents the total housing starts. of a proportional area chart314



Proportional Chart
(continued)

The use of icons, pictures, sketches, etc. A
Icons, pictures, or sketches are used extensively in

proportional charts (sometimes referred to as
nirtnriaf nrinnrtionnnI 'hnrtc fnr nihicratinne Qcwh

as newspapers, magazines, advertisements, etc.
The icons, pictures, etc., generally indicate only
approximate relative values since it is difficult or
impossible for the reader to accurately determine

)
Sized coffee cups indicate the amounts

the ratios based only on the graphics. Because of of coffee produced or consumed by thrc
this, numeric values are typically included with the different countries.
data graphics. When the actual values are shown it is less important whether the originator
meant for the areas or volumes to be proportional; however, the viewer can be mislead if
the graphics are grossly out of proportion.

General
- Since the effectiveness and accuracy of proportional charts rests largely with visual

estimates of the sizes data graphics, breaks or discontinuities are seldom used.
- When multiple data series are being compared, similar data elements are generally in the

same location and the same color or shade.
- Proportional charts

can be used to
compare the same
types of information
for multiple entities
(upper example at
right), or to display
changes over time or
in different situations
(lower example at
right).

Country A Country B Country C Country D Country E Country F

Proportional charts used to compare multiple sets of data

El Industry #1
lF1 Industry #2
E Industry #3

1985 1986 1987 1988 1989 1990
Proportional charts used to compare the same set of data over time

Proportional Map Sometimes referred to as a distorted or value-by-area map. A proportional map is a
variation of a statistical map in which the sizes of the entities on the map are proportional to

s.11- oth- tala Clt lana ,r.sla *f thL Lnatitas Fr.r ;Amflp ft a

particular resource is being studied by country, the size of each
country on the map might be proportional to the availability of
the resource in that country. The country with the largest supply
of that resource would be drawn with the largest area on the
map even if it has the smallest physical area in terms of actual
Innd Prnnortionnl man nrs aenometimpe classified na cnrtnonrrmQ

Pyramid Graph

abstract, or thematic maps. See Statistical Map. Proportional map

Sometimes referred to as a two-way histogram. A pyramid graph is a variation of a paired
bar graph in which the spaces between the bars are profession

E -eliminated and the elements on the vertical axis are Profssion
_rr_ --A -r -ro~lr -r - -l I _= Pn P
4Idialluu III dbLVCIIUI1I~ US Profession E

descending order. A popular Profession D

application of this type of Profession c
graph is called a population Profession A

pyramid. See Population D5 igreided Nondegreed 5 4 3 2 1 0 0 1 2 3 4 5

Pyramid and Bar Graph. Example of a pyramid graph which Degreed Nondegreed
is a variation of the standard paired Standard paired bar
bar graph shown at the right. graph (for comparison)

Pyramid Organization Chart Na
of <
bel
See
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Quadrangle
or
Quadrilateral
or
Quad

The area on a map or globe bounded by two lines of latitude (parallels) and two lines of
longitude (meridians). The area is frequently designated by the angles included in the
enclosure. For example, a seven and one-half minute quadrangle is a quadrangle
encompassing 7.5 minutes of latitude and 7.5 minutes of longitude. The U.S. Geological
Survey issues a series of maps referred to as 7.5-minute maps or quadrangles.

When a chart or graph is divided into four generally equal
sections, it is sometimes described as having four quadrants.

Two widely used applications
High People Problem are the business matrix, shown

oriented 0 mith solving
S Green oriented on the left, and the traditional

E graph format on the right. In
O AdamsO * Kelly some cases the quadrants are

numbered, as in the graph
example on the right. In other

Story o cases the quadrants are identified*elf Goal by word descriptions, as in the
Low oriented oriented business matrix. Because four

Low - High quadrants are formed does not
Focus on sale m

Example of a chart divided into mean that all four will be used.
quadrants with the quadrants The examples below illustrate
identified by word descriptions how various standard graph
such as "people oriented" and
.goal oriented' configurations utilize varying

combinations of quadrants.
10

a

E

le

n

is

is
rin

a-

6

4.

2

0*
-2

-A

Quadrant n

X-axis

Quadrant m
.5

l+ Quadrant I

X-axis

|- Quadrant Iv

Example of the traditional
quadrants formed by the
intersection of an X and Y
axis. Quadrants in this
particular application are
historically identified by
Roman numerals and are
numbered counterclockwise.

* 4-

* 2-

-6 A4 -2 2 - 2 4 6
-2

-4 .

Qualitative Map

A - - - I a o tan . nns .- AT - I- - - - I ,
-4 *z U le 4 b a IMAU 1Yul lI55 IWO l 4 4-15 -

Quadrant I only Quadrants I and n Quadrants I and IV Quadrants L, II, III and IV
An illustration of how various types of graphs and combinations of data utilize various numbers of
quadrants. The numbering of the quadrants is bases on the example shown on the right above.

Sometimes referred to as an explanatory, nonquantitative, or descriptive map. This type of
map is generally used to show nonquantitative information such as where things are
located, how areas are organized and/or subdivided, and where the routes are located that
get people and things from one place to another. The types of things included on qualitative
maps might be grain fields, buildings, rivers, cities, roads, power lines, sewer lines, sales
areas, public facilities, voting precincts, schools, political divisions, resorts, pet stores, sales
areas, etc. See Descriptive Map.

Westrm rOn Crntra ron Eastern region
Region, territory, area, etc.

( ~at. Lots

Route, road, street, etc.
Examples of qualitative maps

Facilities

Qualitative Scale Sometimes referred to as a category or nominal scale. A scale consisting of a series of
words and/or numbers that name, identify, and/or describe people, places, things, or events.
The items on the scale do not have to be in any particular order. When numbers are
used on a qualitative scale they are for identification purposes I I I l elnl

only since these types of scales are not quantitative. Each word cam Beets Peas Rice Beans
or number defines a distinct category that contains one or more Example of a qualitativescale. Sometimes called
entities. In other words, a category might refer to one man or category or nominal scale.
many men. See Scale.

Quality Control Graphs
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A group of charts and graphs often referred to as statistical quality control charts and
graphs. See Statistical Quality Control Charts and Graphs.
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Quantile Graph Comparison with cumulative frequency graph
Sometimes referred to as a percentile graph. A quantile graph is very similar to a
cumulative percent frequency graph, both in appearance and function. (See Cumulative
Frequency Graph). One of the key differences between the two is in their preparation. With
the cumulative percent frequency graph, class intervals are formed, data elements are
assembled in their appropriate intervals, the total frequencies of occurrence are determined,
cumulated values and percents are established, the cumulated percents are plotted at the
boundaries of the class intervals, and the points are connected with lines. In the case of
quantile graphs, a quantile number is calculated for each data element and the values of the
data elements plotted against their respective quantile numbers. Quantile values range from
zero to one. They can be multiplied by 100 to arrive at percentiles. Quantile values can be
plotted on either the vertical or horizontal axis. For the same set of data, the curves on a
cumulative frequency graph and a quantile graph look very much alike. Three examples of
quantile graphs are shown below using a data set with a normal distribution.

55 1 100

so0.8 80

45
a) ~0.6 a' 60

-0 0 0

00.4 CD40-
35

30 0.2 20

25, 0 0
0 0.2 0.4 0.6 0.8 1 25 30 35 4045 55 25 30 35 40 450 55

Quantile Value Value
Quantile values plotted on a Quantile values plotted on a Quantile values plotted on a
graph with a quantile scale graph with a quantile scale graph with a percentile
on the horizontal axis on the vertical axis scale on the vertical axis

Three graphs with the same quantile data plotted on each. Only the scales are different.

For general information quantile values are determined by arranging the data elements in
the data set in ascending order, assigning consecutive numbers to each element starting with
one for the smallest, calculating the quantile number by subtracting 0.5 from the assigned
consecutive number, and dividing the result by the total number of data elements in the set.

Methods for determining whether a data set has a normal distribution
Using quantiles, there are two ways to determine
whether a data series has a normal distribution. One is to
plot the data on a special normal probability grid. If the
distribution is normal, the data points will cluster around
a straight line, as shown at the right. A second way is to
compare the data series in question to a theoretical data
series that has a normal distribution with an average of

10.5 10.5
10.0 Data set being studied 10.0 0.98 quantile

(09.5 u109.5
9 a90 0.9 quantile
90 9.0

X 8.5 o , 8.5- 0.7quantil
2 8.0 I . 8.0 0.5 quantile

275 7.5 0.3 quantile
'n7.0 - )7 0-

76.5 06.5. 1 quantile
6.0 - 6.0:
5.5 ' 5.5.

0 0.2 0.4 0.6 0.8 1.0w -3 -2 -1 0 1 2
Quantile / Expected value

The graph in the upper right- 1.0
hand comer of this box is
sometimes referred to as a 0.8
normal probability graph. It is ,
used to determine whether a A 0.6
data series has a normal U
distribution. It is generated C 0.4
by comparing the quantile
plot of the data series under 0.2
study to the quantile plot of a OK Reference dab set
theoretical data series with a 0 -3 -2 -I 0 1 2
normal distribution. If the Values for a theoretical data
data series under study has series with a normal
a normal distribution, the distribution, a median of zer
data points cluster around a and a standard deviation of
straight line as it does in this one. Many times referred to
example. as expected value.

I

0

10 -

9-

7.-

6 -

.0001.001 .01 .05 .20 .50 .0 .95 .9e .999

Quantile
Example of a data set with a
normal distribution plotted on a
normal probability grid

zero and a variance and standard
deviation of one. If the distribution
is normal, the data points will
cluster around a straight line as
shown in the upper right corner of
the box at the left. The graphs
alongside and below it are included
to graphically illustrate how the
observed values relate to the
expected values. * When either of
these two methods is used to check
for a normal distribution, the graph
is generally referred to as a normal
probability graph.
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Quantile Graph (continued) Number of data points plotted
With small to medium-sized data sets, every data element is generally plotted. With very
large data series, many times only a fraction of the data points are plotted. In most cases the
reduced number of data points detracts little from the effectiveness of the graph. This is
particularly true if the distribution is normal and a normal probability type of graph is used.
To illustrate the point, two different data series are shown below on quantile and normal
probability grids. Series A has 100 data elements and a normal distribution. Series B has 65
data elements and is not distributed normally. In the upper two graphs, all the data elements
are plotted. In the lower two graphs every fifth data element is plotted. It can be noted that

1 1

10

9

a)

7

S

5

a)

11

Sees A .2 Senies

6ris BSen B~

5
0 0.2 0O4 0.6 0.8 1.0 .000i .01 icao.3 logo go0 gam

Linear quantile scale Special probability quantile scale

All data elements were used to generate these quatible graphs

0

IC

G

'a

7

E

0.2 0.4 0.6 0.8 1.0 ccci .0 .1¶o.3c JO go0 go 2M
Linear quantile scale Special probability quantile scale

20%/ of the data elements used to plot the two graphs
above were used to plot these two graphs.

An illustration of the limited effect that a significant reduction in
data points has on a quantile graph. Series A has a normal
distribution. Series B does not have a normal distribution.

only a small difference
exists between the curves
with all of the elements
plotted and those with
only 20% of the points
plotted. For general
information, the
histograms for the two
data sets are shown below.

5 6 7 a 9 10 11
Class intervals

Histograms for the two
data series used in the
illustrations on the left
(for information only)

Comparing data sets using quantile graphs

Quantile graphs are sometimes used to compare two or more data
sets. One of the more widely used methods is to plot the multiple 24:

data sets on the same graph, as shown at the right. Another method 22.

is to make a combined graph with the values for one data set on the : 20-

X-axis and the values for the other on the Y-axis, as shown below. 1s.
I '(.I.... . . .... .. oci o7 This is IA

24 uant ~s ~• copihd by 0 0.2 0.4 o.6 0.8 1.0
w24 4 GQuantileCD.......al ........ 0.7 u ig tev le tag tow r

usn hevle Asrih.owr

.................. in the two data method for comparing
- '9 multiple data sets

a2 0 20- sets that have
. .. .... .. - .....~ ...........

a)
co 18  (18

161 16i _
0 0.2 0.4 0 .6'. 1.

Quantile~
The upper right graph is

an example of what is o.8
sometimes called a

quantile-quantile graph. It w~06
is an alternate way of '2

comparing the distributions SO0 4
of two data sets. The 0

graphs beside and below it 0.2
are included to graphically

illustrate how the values 0
on the quantile-quantile 16 18 20 M 24 6

graph are determined. Series B values

common quantile values as tfe A and
Y coordinates on the combined graph.
A graphical illustration of how the
procedure works is shown at the right.
Such graphs are sometimes referred to
as quantile-quantile graphs. If the
distribution of data elements in the two
data sets are basically the same and the
X and Y scales are the same, the data
points in the quantile-quantile graph
will cluster around the diagonal.
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Quantile Graph (continued) Use of quantile graph as a less-than and greater-than graph
In addition to using quantile graphs to 5.0 g 1

analyze the distribution of a data set and
to determine whether the set has a normal 4-0

distribution, these types of graphs are 30C

sometimes used to determine the relative 4i

positions or rankings of specific data >2.0

points and to see how the data elements
are segmented. The graph at the right has '.0

Upper decile (90%)

Upper quartile (75%)

Median (50%)
Lower quartile (25%)
Lower decile (10%)

reference lines added to make such
0.0

observations easier. Based on this 0 .1 2.3 .4 .5 .6 .7 .5 .9 1.o

example, a few of the potential Quantile

observations might be: Example of a quintile graph with reference lines
- 50% of the data elements are less than and larger than about 2.3.
- 10% of the data elements are equal to or greater than 4.5 or, looked at in reverse, 90% of

the data elements are equal to or less than 4.5.
- 10% of the data elements are equal to or less than 1.3, (90% equal to or greater than 1.3).
- The spread of values between the lower decile and the median is 1.0.
- The spread of values between the median and the upper decile is 2.2.

One-axis quantile graph

When only the major categories such as quartiles
and decides are required, the data can be
displayed on a one-axis graph, as shown at the
right. In this type of graph the quantile values are
transferred to the vertical axis so that the visual
task of going from one scale to the curve to the
other scale is eliminated. Interpolation of values
between quantile labels can potentially yield
incorrect results on a one-axis graph.

5.0

4.0

,, 3.0

>2.0

1.0=

0.0-

1.0
-. 9 Upper decile (90%)

-8

_ Upper quartile (75%)
-. 7
-.6 Median (50%)

-2 3Lower quartile (25%)
-. 1 Lower decile (10%)

0

z Example of a one-axis
-0 c quantile graph with

selected values shown
on the vertical axis

Quantitative Axis

Quantitative Map

Advantages of quantile graphs versus cumulative frequency graphs
Standard quantile graphs offer certain advantages over cumulative percent frequency
graphs. Among these advantages are ease of construction, actual data points are shown as
opposed to summaries of class intervals, no decisions are required as to what the best size
class interval might be, the same curve functions as a less-than and greater-than curve, and
the actual maximum and minimum values are shown on the graph.

An axis with a quantitative scale on it.

Sometimes referred to as a statistical or data map. Quantitative maps are used to convey
statistical information with respect to areas and locations. Four examples are shown below.
SeeP S1taftistica Mar)

With class intervals Without class intervals

Examples of quantitative maps

Sometimes referred to as a numeric, value, amount, or interval
scale. A scale consisting of numbers organized in an ordered
sequence with meaningful and uniform spacings between them.
The numbers are used for their quantitative value, as opposed to
being used to identify entities. See Scale.

Sometimes referred to as brushing. See Brushing.

I . I I i||| I , i . I . i 77 I7T TT |

0 1 2 3 4 5
Example of a linear
quantitative scale. Other
types of quantitative scales
include logarithmic,
probability, and power.

Querying
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Radar Graph ProteinSometimes referred to as a star or spider graph. A
radar graph is a circular graph used primarily as a
comparative tool. For example, the nutritional
content of two different foods might be compared
based on the percentage of recommended daily
allowances of five different ingredients that each
contains. An illustration of such a comparison is
shown at the right. In this example, food A would
be considered to have a higher nutritional value
than food B, based on these five measures.
* Radar graphs can be interpreted by either

Food A
Food B

Vitamin A

C

Example of a radar graph comparing the
nutritional content of two different foods
based on daily recommended allowances

Protein reading the actual values on the axes or by

600 % comparing the areas enclosed by the polygons
/40% \ formed by the data points. In the previous example,

Niacin 20% Vitamin A the larger the polygon, the "better" the food. In
general, whether a larger or smaller polygon is

Food A "better" depends on whether the more favorable
Food C values are nearer the center or circumference.

Which ever convention is selected, it is used
Thiamin Vitamin C consistently throughout the graph. When one

When polygons intersect, as shown here, it polygon is distinctly larger than the others, as in the
is sometimes difficult to determine which example above the interpretation of the graph is
has the better overall evaluation,.xml bvteitrrtto ftegahi

straightforward. In other cases, where the curves
intersect one another (left), the interpretation is more difficult and many times involves a
judgment factor. * In radar graphs, each category axis (radii) represents a different variable.
Other than readability, there is no limitation as to the number of variables that can be
included in a single graph. Whatever number of variables there are, they are distributed
equally around the 360' of the circle. * Each axis typically has a scale along which one
characteristic element is plotted for each data series involved in the comparison. * After all
of the data elements have been plotted, adjacent data points in the same data series are
generally connected by straight lines forming closed polygons.

Multiple data series on individual graphs

In some situations,
particularly where many
data series are being
compared, each data Food L Food M
series is placed on a
separate graph and the
graphs are placed
adjacent to one another,
as shnwn at the richt Tn Food 0 Food P
ths ty f Example of how multiple data series can be compared using individual

Is type of comparison radar graphs. Axis labels and titles are often shown only in the legend.
labels and titles are many
times shown only in the

focus is on relative
comparisons, tick marks Food L Food M Food N Food L Food M Food N

can be removed and axes
reduced or eliminated, as
shown at the right. In this
form, the data graphics Food 0 Food P Food 0 Food 0 Food P Food Q

are sometimes referred to In this variation, tick marks are In this variation only the polygon
a d th removed. Radial axes are remains. Based on these data

as cons an e shortened but remain so the graphics, overall evaluations can
groupings of multiple viewer can see the relative size of be made based on area but

s as i individual variables. Icons such as differences in specific variables is
Icons as icon comparison these are sometimes referred to difficult.
displays. When making as stars, snowflakes, or profiles.
overall comparisons of many entities, putting the data in icon form can sometimes make the
contrasts between the entities stand out more clearly. See Icon Comparison Display.

Niaci

320



Radar Graph (continued) Scales
fluantitative

There are many
variations of scales
used with radar
graphs. Several
variations are
shown in these
examples. Major,
minor, or no tick
marks are some-
times used.

Zero at outermost point. ° -
Sometimes used when -

smaller is better. 2 -

4 -

6 -

10,000 1 B
1,00 00

Logarithmic 100

60

Positive values 70
with nonzero
at center 80

90

Negative values with
zero at center 35

-25

\920

Positive values
40 with zero at

center

80

Examples of some of the
types and configurations
of scales that might be
applied to radar graphs

Thiamin 35% Vitamin C Thaamin 50% Vitamin C

In this example the upper limit on In this example, all axes have
each axis is equal to the largest the same upper limit and the
value in any data series plotted on same size intervals.
that axis.

Examples of variations in scales used

Qualitative

Radar graphs are sometimes used to make
comparisons using qualitative as well as quantitative
information such as appearance, ability to get along
with people, user friendliness, etc. This is many times
accomplished by establishing an arbitrary scale, such
as 0 to 10, and then ranking each applicant, product,
group, etc., along the scale. These rankings can then
be plotted on the radar graph. Since each axis has its
own scale, qualitative information can be included in
the same graph with quantitative information, as
shown in the example at the right.

Labels

The examples shown here
illustrate several methods for
displaying labels on radar
graphs. To avoid labels
interfering with the
information being presented,
occasionally only the upper
limit of a scale is shown.
When the sole purpose of the
graph is to compare two or
more entities, it is not
uncommon to leave the
labels off completely.
Categories may progress
clockwise or counter-
clockwise.

Protein
40%/6

Niacn i 80%/.

60% vitamin A

Thiamin' 50% Virnin C

In this example each axis has a different
upper limit and intervals appropriate to
the upper limit. The relationship of the
upper limit and the data plotted on the
axis differ from axis to axis.

On radar graphs

Education (years)
16

Aptitude
(score) 200 Verbal skills
100% (test score)

Candidate A
Candidate B

10 25
Peer appraisal

Appearance (scale of 1 to 25)
(scale of I to 10)
Example of a radar graph incorporating
quantitative and qualitative information

B

Upper values only labeled

A A

Values displayed on one axis Labels displayed at data points

Examples of how labels are displayed on radar graphs

I, c
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Radar Graph (continued) Grid lines
The grid lines that radiate from the center of the graph are called radial axes, category axes,
or category grid lines. They generally appear only where categories are shown; however,
they are sometimes included between categories for appearance purposes. The circles
(sometimes multisided polygons) are called circular grid lines, radius grid lines, or value
grid lines. As with rectangular graphs, there can be major and minor value grid lines. Any
combination of circular and radial grid lines can be used. The general tendency is to keep

- AtT -Z
me nuitmer VI
grid lines to a
minimum;
frequently
circular grid
lines are not F

used at all.

Examples of grid lines used with radar graphs.

General
OVaaamuua aIMu 11as-

There are a number
of combinations of
symbols and lines
used to identify
individual data
series. Three of the
major variations are
shown at the right. Symbols only Symbols plus all the No symbols, different

same type lines types of lines

The areas within the polygons may or may not be D

colored or shaded. Most of these choices affect
the appearance or ease of reading the graph more
than i f * Ty -,hoA-rln in th,. ^--

at the upper right tends to make the differences
between the two entities stand out more clearly
than the lower example, without the shading.

Grouping

Arcs can be drawn around groups of categories to
indicate they have something in common. For exampi
when comparing personnel for a new position, one
grouping might be associated with technical skills,
another with people skills, etc.

Niacin,

lata series #1 -

%-Uaaapaa aaag ULAd serve s waIL1 manaisy vaLa aMUaC

Radar graphs are well-suited for comparing data series
that have many variables. Two different series are
compared with regards to 26 variables in the graph at
the right. When more than two data series with large
numbers of variables are to be compared, each series is
generally plotted on a separate graph.

Example of arcs used to
indicate how various
categories might be grouped

U

a A M
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Radial Column Graph Sometimes referred to as a star graph or a circular column
and graph. This type of graph is the equivalent of a rectangular
Radial Line Graph column graph wrapped into a circle. The horizontal axis of the

rectangular graph becomes the circular axis of the circular
graph, and the vertical axis of the rectangular graph becomes
the radius or value axis of the circular graph. When the width of
the coluimns annrnach that of a line. it is snmetimes called a

Radial Organization Chart

Range Symbols
and Graphs

raia le gra--h e -- -
radial line graph. See Circular Column Graph. Radial column graph

A circular hierarchical organization chart with the highest ranking person or entity in the
center and lower ranking persons or entities arranged in descending order as their names,
positions, etc., appear further from the center on the chart. The names or descriptions of the
lowest ranking persons or entities form the circumference of the circular chart. See
Organization Chart.

A family of graphs and symbols that graphically designate upper and lower
boundaries/values of groups of data. The boundaries might be measured or observed
values, calculated values, tolerance values, theoretical values, projected values,
specification values, etc. Two additional values or sets of values, referred to here as
intermediate and central values, are sometimes also designated at or between the upper and
lower boundaries. Examples of all three types of values are shown below using four of the
most widely used types of symbols.

Error - Maximum and minimum
Bar Line bar Box - Highest and lowest

Bar ........ ba B Upper - 95th and 5th percentile
T values - 90th and 10th percentile

- i 1,2, or 3 standard deviations
±- a multiple of standard error

- A percent (i.e., 1,2,5,10, etc.) of some reference
value such as the average of the data series

L r - Arbitrary values such as 5, 10, 33, etc.
. . .Lower - Upper and lower value of confidence interval

values - Upper and lower specification value

0 ~Examples of Intermnediate values:

Error - 95th and 5th percentile
Bar Line bar Box - 90th and 10th percentile

Intermediate - 75th and 25th percentile
values - ± 1 or 2 standard deviations

- ± a multiple of standard error
- Upper and lower value of confidence interval at

lower level of confidence (i.e., 90% confidence
- Intermediate versus 95% at upper value)

values - Open, close, composite, etc.

Examples of central values

Error
Bar Line bar Box - Average/mean

II
- Median
- Value for previous period (i.e., last month, year, etc.)
- Specification
- Actual value
- A specific value (i.e., first, last, bid, preferred, etc.)
- Midpoint

Enlarged examples of four symbols used extensively for designating
ranges of data and the types of data encoded into them

In many cases symbols incorporate a combination of two or more of the three types of
information shown above. In a given graph, the elements of a symbol always designate the
same value. From graph to graph, the elements of the same symbol can designate different
values. For example, in one graph a symbol might designate the minimum and maximum
values, the tenth and ninetieth percentile values, and the average value of a data set. In
another graph, that same configuration of symbol might designate plus and minus two and
three standard deviations and the median value of the data. Since the same symbol can have
many different meanings, it is generally recommended that a legend be included with the
graph clearly identifying what each element of a symbol designates. In each of the
examples above, the elements of the symbols designating the three different types of
information are all symmetrical. In actual applications this may or may not be the case and
frequently is not the case. The symbol used and the type of information conveyed by each
element of the symbol depends on the purpose of the graph and the nature of the data. 323

Examples of upper and lower values
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Range Symbols
and Graphs (continued)

Graphs that indicate ranges are very diverse and include most of the basic graph types.
They are referred to by a number of different names including range bar, error bar, high-
low, box symbol, floating column, and sliding bar. The examples shown below give some
idea of the many ways that the ranges of values can be displayed.

Upper values Ml

! -my Central values
Lower values

i- ~~~I-I-I-I-
A B C D E A B C D E A B C D E

Range bars alone, Range bars and columns Different width range
sometimes referred to as the same width bars and columns
a floating column graph. Range bars used with columns

Vertical range bars alone and in conjunction with columns

E Upper values
Central values

D Lower values\

C El

B --
A No,

0 2 4 6 8

Horizontal range bars,
sometimes referred to
as sliding bars

Examples of error bars on three different types of graphs. Error bars are frequently used to convey
statistical information such as plus or minus 1,2, or 3 standard deviations or standard errors.

Upper va~lue~s '

Central values

Lower values

- _ BA P . AA _ .AA .A_
80 '81 '92 '93 '94

Upper and lower values
defined by lines

8-

6

4

2

0

Upper vales ON

s blues

Lower values

SU 81 '82 '93 *94
Area between lines filled.
Called area silhouette,
area band, or band.

When the upper and lower values are connected with
lines, the graph is sometimes referred to as a band
graph. The symbols for the data points may or may not
be shown. This variation is helpful when attempting to
illustrate the changes in the range or spread over time.

so Upper value s60 High

40 1  tt 40

20- Central value 20 Open Clse

10 Lower value 10 Low

0 , . , . , 0-
A B C D E M T W T F

Simple high-low graph Specialized high-low graph
used for tracking stock prices

Standard and specialized high-low graphs. One of the
most widely used applications for this type of graph is
in the tracking of stock prices. See Bar Chart.

a-

6-

4-

2-

0-

IV

8

6

4

2

0
A B C D E

- Upper values
-75th percentile
- Central values
- 25th percentile
- Lower values

The box symbol can convey large
amounts of data when used to its
maximum capability. It can communicate
quantitative information about the
distribution as well as the range of data.
See Box Graph.

Inner values are seldom used with
three-dimensional range graphs.
Sometimes referred to as floating
block or flying box graph.

E4 1
6-

4-

2-

0-
Wk.l Wk.2 Wk.3 Wk.4 Wk.5 Wk.1 Wk.2 Wk,3 WA.4 Wk.S

Variable shading density Variable line density Frequency polygons Histograms
A variety of techniques have been developed to give the viewer a qualitative indication of how the
data is distributed within the range. Shown here are four examples. In the case of the two on the left,
the darker the shading or denser the lines, the more concentrated the data. The two on the right are
conventional frequency polygons and histograms of the data included in the range bars.

8-

6-

4-

2-

0-
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Range Symbols
and Graphs (continued)

Error bars
Error bars are frequently used to indicate some statistical characteristic of a data set or of a
specific data point. For example, they might be used to indicate standard deviations,
standard errors, confidence intervals, etc. If the bars run horizontal, they are referred to as X
error bars. If they run vertical, they are referred to as Y error bars. Both can be used with
the same data point if, for example, the data is variable in both directions. When X and Y
error bars are used, an oval is sometimes drawn around them and on occasion only the oval
is shown. Error bars generally have a symbol (dash, circle, dot, etc.) at their ends which is
sometimes referred to as a cap or, if it is a line, a serif. Sometimes the cap itself is referred
to as the error bar. On occasion the size of the cap encodes additional information. In some
situations the bar is eliminated and only the cap is shown, or the bar and cap are both
eliminated and the value the bar would have represented is shown. The bars can be of equal
length on both sides of the data point or, if for example the data is skewed, they might be of
different lengths on the two sides. Error bars might be shown on one or both sides of the
data point, depending on the nature of the data. The lengths of the error bars are equal to the
values they represent and are drawn to the same scale as the corresponding data series.
Variations of error bars are shown below.

+ - 27

Data point 1- - + *
Error bar 11-

Cap or serif - - - - 21 I-. --|-* i -
Y error bar X and Y Caps Values only X and Y Oval only Different One side onl

error bars only, no where caps error bars lengths on (one way)
vertical would have with oval
lines been

Examples of error bar variations

either side

if

Multiple values designated by range symbols
Range symbols are not limited to just one of each E)
type of value (e.g., upper/lower, intermediate, and desr
central). For example, if the upper and lower values and
represent a confidence interval with a 95% level of tWc

confidence, two sets of intermediate values might
represent the confidence intervals with 75% and
50% levels of confidence. If the upper and lower values
represent plus and minus three standard deviations, two
sets of intermediate values might represent plus and minus
one and two standard deviations. With regards to central
values, it is common to display both the average and
median values.

Sample of a
nge symbol
inating plus
minus one,
o, and three

standard
deviations

Example of a
box symbol with

two central
values

designating the
average and

median

I

----- - Average
4 Median

Range graphs displaying multiple data series
Range symbols for multiple data series can be plotted on the same graph. Only the range
symbols might be displayed to compare the spread of data in two or more sets of data, as

| Date series A n I shown at the left, or the 8
- F-i Data series A

range symbols may 6

provide supplemental
information and be 4

displayed in con-
junction with other
A -f -..- L.r clol e

0 i I I I I I 0! I I I I | Uataapm6 s 1LbbuLi. it 0

6-E H 1 F im

Data series B a

2 -= -
1. U

A Bc 0 E A B C D E A B C D
Values of the range Values of the range lines, columns, bars, Range symbols usi
bars do not overlap bars do overlap etc., as shown at the convey supplemen

Two examples of range symbols used to convey right information about
nriman infnrmatinn nhni it mi gifinlo rt ri right -1ti data series

E
Ad to
tal

Examples of data that lends itself to having ranges designated:
- Maximum, minimum, and average salaries by profession
- Average test values and the 10th and 90th percentile values by test series
- High, low, open, and close stock prices by day
- Average, high, and low temperatures by month
- Highest, lowest, average, and last year's sales by month
- Projected performance and associated confidence limits
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Ranking is a form of ordering based on quantitative values. Data may be ranked in
ascending order, which means placing the smallest value first, the second smallest value
second, the third smallest value third, and so forth. The other way that data is frequently
ranked is in descending order, which is the reverse of ascending order and starts with the
largest value, followed by the second largest value, etc. In graphs, when data is plotted in
ascending order with the quantitative scale on the vertical axis, it typically means that the
data element with the smallest 2c
value is the first data graphic on 11
the left, and the data element
with the largest value is the last 1c
data graphic on the right of the 5
graph. When the quantitative a
scale is on the horizontal axis, Ascending order Descending order 0 5 10 15 20 0 5 10 1;When the quantitative scale When the quantitative scale
the custom is not as clear-cut as is on the vertical axis, the is on the horizontal axis,
to which should be called orders shown here are there Is no consensus as tt
ascending and descending. generally agreed to as being which is called ascending
Examples are shown at the right. ascending and descending. and descending.

520

a

Ranking Chart A ranking chart is a variation of a comparative graph in which 1- I
multiple rankings of several entities are compared. For example, 2- -2

in 1990, five different models of cars might have been ranked c 333
based on fuel efficiency. In 1995, those same five models of cars 4

might have been ranked again on the same feature. A ranking 5
chart displays those two sets of rankings on two vertical axes with
lines connecting the pairs of rankings for each model. If there are 1995

no changes in rankings, all the connecting lines are horizontal. Example of a ranking chart
When the ranking for a given model changes from one period to in which the rankings on fuel
the other, the slope of the connecting line makes it clear whether ceariciency compare models o
the ranking increased or decreased. See Comparative Graph. different time periods.

1000

Rate-of-Change Graph Sometimes referred to as a semilogarithmic graph. This type of i......

or graph has a logarithmic scale on one axis and a linear quantitative 100 ..
Ratio Graph or sequential scale on the other. One of the major uses of such = = E ......

graphs is to determine how rapidly and consistently one variable
changes with respect to another or the rate of change of some 10-
variable with respect to time. See Logarithmic Graph. = = = =.-.........=

Example of a rate-of-change -- I
or ratio graph 0 2 4 6 8 10 12~ 14

Ray Map A map that shows multiple locations and uses Location
straight lines to show how the locations are related. dehliCverer
For example, a newspaper might have two printing
locations and fifty cities and communities the paper
is delivered to. A ray map might show all the
locations and use straight lines to indicate which Prnntinglocations
locations are serviced by which printing facility. -

- - - r I ItIlJ 01 a I ay tI Ila

Rectangular Coordinates Sometimes referred to as Cartesian coordinates. Rectangular coordinates are the values by
which data points are located on rectangular graphs. On two-dimensional graphs, two
coordinates or numbers define the location of each data 5

point. The two values are written one behind the other with 4 - - - *This data point has

a comma between (2,4 ; 5,1; 4,-3). The first number
2-

indicates how far the point is located from zero on the . . This data point has

horizontal or X-axis. The second number indicates how far ,
the point is located from zero on the vertical or Y-axis. i 1 2 3 4 5 6

Both positive and negative values can be used. With three- 2 T

dimensional graphs, the same procedure is used except 3 ..... o...Thinadteta p4on3h.as

there are three coordinates to designate the location along Examples of points located by
all three axes. means of rectangular coordinates

Rectangular Graph
or
Rectilinear Coordinate
Graph
or
Rectilinear Graph

326

Each of these three terms refers to a graph in which
the axes are straight and perpendicular to one another.
Although perpendicular, when drawn in certain
projections or views the axes
sometimes appear not to Examples of
be perpendicular. rectangular/rectilinear graphs

Ranking



50-
Reference Sometimes referred to as a datum or Reference line so

base line. A reference is a line, point, -c. \0-
surface, etc., from which values or E* 30-

information are compared, referenced, @ e 20 . ..

or measured. In many cases the D lo
reference is zero. In other cases it a 0 Reference lined
might be things such as dividing lines, a -10
industry averages, the edge of a Jan Feb Mar Apr May Example of a zero

elevation, etc. Example of a nonquantitative reference line used onproperty, an arbitrary evainet. reference line on a chart an elevation map

Reference Axis
or
Reference Line'

Sometimes referred to as a shifted reference axis. Reference axes are typically located at
some value other than zero and are included on graphs to denote differences between actual
values and some reference value(s), while still showing the actual values. For example, if
one wanted to show actual profit values but at the same time clearly designate deviations
from budget, the budget values might be used as the reference axis. The data points,
measured from the zero base line axis, would designate the actual profit values, while the
data graphics between the data points and the reference axis would indicate the deviations
from budget. A reference axis might indicate the same value for each interval or it might
vary from interval to interval. Examples of these two variations are shown below. The data
graphics between the data point and the reference axis might be columns, lines, bars, or
areas. Coloring or shading may or may not be used to differentiate favorable and
unfavorable values.
A budget with the same A budget with a different Reference axis used
dollar amount each month dollar amount each month with a category graph
used as a reference axis used as a reference axis I

Reference Line2

Reference Table

6

a25.
.54
03-0 3-
iv 2
0.1

A

ED
U

t
Russia

Europe

Africa

Mexico

Canada 41-

Jan Feb Mar Apr May Jan Feb Mar Apr May o 2 4 6 8 10
Examples of reference axes

A reference line is a faint or dashed line that is normally drawn completely across the graph
to designate or call attention to a value, event, item, etc., that is significant. Two widely
used applications of reference lines are to indicate values such as budget, specification,
control limits, etc., along quantitative scales and to highlight specific events along time
scales. The words 6.0- -Upper 4- A~~cquired Acquiredsae.Tewrs6- - - - - - - - - - - - o kiMarkers cAmupandyA company B
or numbers that 5.control limit 8 opn opn

identify the 5.0 Reference 6

reference lines 4.5 / lines 4-

are sometimes 4.0 2Lower A - __

referred to as as - - - - - - - - - - - control limit ° 8 83 84s'8w 87 88 89 90 91

markers. 1 3 5 7 9 11 Reference lines
Reference lines indicate control limits PRfaranenc ines indicate mninr events

Sometimes referred to as a source table.
The primary purpose of a reference table is
to make data easy to retrieve. Information
is generally arranged in alphabetical order,
numerical order, chronologically, by
geographic area, etc., so specific bits of
information can be located rapidly.
Examples would be interest tables, census
tables, tax tables, comfort index tables, etc.

110
£1Z 105
2 100
. 95
p 90
0
0- 85E a
0T 80
.. 75
< 70

105 112 123 137 150 Comfort Index
100 105 113 123 135 149
95 99 104 110 120 132 144
90 93 96 101 107 114 124 136
as 87 90 93 96 100 106 113 122

o0 82 84 86 88 90 93 97 102 108
75 77 78 79 81 82 85 86 88 91
70 72 73 74 75 76 77 78 79 80
65 66 67 68 69 70 70 71 71 72

10 20 30 40 50 60 70 60
Percent Relative Humidity

90 100

Example of a reference table

Regression Line

Relational Graph

Sometimes referred to as linear regression line. See Linear Regression Line.

Technically all graphs are relational graphs, since they depict the relationships between the
things plotted along the axes. In some instances the term relational graph is used more
narrowly by excluding graphs with certain types of scales from the definition. For example,
graphs with category scales are sometimes excluded. Other times graphs with time scales as
well as category scales are excluded. Scatter graphs, with quantitative scales on both axes,
are prime examples of what most people would agree fit the definition of relational graphs.
Relational graphs with quantitative scales on multiple axes are sometimes more difficult to
interpret than graphs with time or category scales. * Relational graphs, such as scatter
graphs, are used extensively for analysis purposes when attempting to determine what, if
any, relationship exists between two quantitative variables. 327
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Relationship Diagram A relationship diagram is a graphical tool for organizing and displaying things in such a
way that their interdependencies can be established, analyzed, recorded, and communicated.
A wide variety of things can be studied using relationship diagrams, including events,
concepts, actions, problems, social preferences, etc. * Relationship diagrams are constructed
by first generating a symbol for each thing that bears on the issue under investigation. For
example, if a program is falling behind, one would make symbols for all the things that
might be causing delays. Next, arrows are drawn between all things that have an
interdependency, such as the castings being late because the raw material was delivered
late, or the material being delivered late because the purchase order was placed late. The
arrows can point either direction as long as the same procedure is used throughout. In one
case the arrow might point from A to B, indicating that B was caused by A. Or the arrow
might point from B to A, indicating that A was the cause of B. Both methods yield the same
result when used consistently. In the example below, the thing at the base of the arrow
causes, affects, influences, etc., the thing at the head. * After all the arrows are drawn, it
many times is clear which things are having the greatest effect, which are isolated items,
where attention should be focused, etc. In the example below, for instance, item C is
affecting four other items (A,B,E, and H), while none are affecting C. C would generally be
considered a major or root event, activity, or cause which might need particular attention
and which when addressed may resolve some of the items that are dependent on it. On the
other hand, item J is an isolated issue that may have to be addressed independently. The
size, shape, and/or fill of the symbols are sometimes used to encode additional information
such as the relative importance of the item the symbol represents, what organization is
responsible for or affected by the item, etc. Isolated event, action, oi
The direction of the arrow indicates such Size of symbol might indicate size, problem unrelated to
things as what action results in what other magnitude, degree of importance, etc. other items noted
action. In this example the thing at the head - - -
of the arrow results I
the thing at the base

0-'

LH

Major or root event, cause, action, etc.,
since, in this example, it is not dependent
on any other event, but four other events W
are dependent on or caused by it. Ad t -

Different fills or shapes might encode such things as -
types of events, problems, actions, organizations, etc.

Example of a relationship diagram

G

Arrow heads at both
ends indicates the
cause-and-effect
relationship varies or
applies in both directions

Sometimes called a hypsometric or contour map. A relief map
shows the surface features of the terrain such as locations,
configurations, and elevations with particular emphasis on
elevations. This is accomplished largely through the use of
contour lines which connect points of equal elevation. Relief
maps might have the appearance of being two- or three-
dimensional. See Topographic Map.

Repeated Time Scale Graph In a repeated time scale graph, a single data series is broken into pieces and each of those
pieces represented by a different curve on the same graph. For example, a three-year data
-Ar-ae _nrht h. hrnlran inta thr-n far -- rin- c -c -hown ot th.

right. The same quantitative and time scales apply to all of the
curves. This type of graph makes it easier to compare a given point
in time (i.e., March, June, etc.) from time period to time period (i.e.,
year to year) and sometimes makes cyclical patterns stand out more
clearly. Un the other land, these graphs tend to maKe it more -J F M A M J J A S C
difficult to see longer term trends. See Time Series Graph. Repeated time gre

OND
kph

Representative Fraction A type of scale used on maps to relate a length on the map to the distance it represents on
or the ground or earth. For example, the fraction 1/1,000,000 or ratio 1: 1,000,000 means that 1
RF unit on the map (e.g., one centimeter, one Distance on the map Distance on the ground

inch, etc.) represents 1,000,000 of the ie t.. 1 centimeter 1 represent (eg , 1,000,000
same units on the ground. The represent- inch , etc.)
ative fraction shown at right means that
one centimeter on the map represents 1:1i,00,000
1,000,000 centimeters (10,000 meters or Eap ,000,000
10 kilometers) on the ground. Example of representative fraction or RF scale

Relief Map
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Residual

The upper graph in each case displays actual data, a fitted curve, and the differences between the
two (residuals). The lower graph plots only the residuals. Positive values on the residual-only
graphs indicates that the actual data point is above the fitted curve.

Residuals are analyzed for several reasons including:
- To determine how well the fitted curve or trend line represents the data series. (The

smaller and more homogeneous the residuals, the better the fit)
- To look for cyclical or seasonal aspects of the data
- To see if deviations from the fitted curve follow some pattern, such as getting larger or

smaller as time progresses or as the variable on the horizontal axis gets larger
- To check for unusual data points (outliers)
Examples are shown below.

I I Outlier- .

-an --- - -- ;-.;
- . . *utlI
M.0 * . *

* 4- Outlier

Uniform residuals Cyclical or seasonal Size of residuals varies Unusual residuals
fluctuations with value on X-axis

Examples of patterns sometimes formed when residuals are plotted on a separate graph

In some cases it is advantageous to convert the residuals to a percent of the value on the
fitted curve where the residual touches the curve. If the average values of the residuals
remain relatively constant but the actual values go up or down significantly, the percent that
the residuals
represent of the
actual values will
change from one end
of the data series to
the other. This will
not show up on a plot
of actual values of
residuals, but will be
noticeable on a
percentage graph.

26 Hypothetical data points
24- for illustrative purposes
22-
20-
18
16-
14 Fitted curve
12 Residuals
10 2

0 2 4 6 8 10

j

Data points with linear Actual values of residuals Residuals as a percent of
regression line fitted to data from graph at left their regression line values

Comparison of residuals plotted as their actual values and
as a percent of the corresponding value on the fitted curve.

329

A residual is the vertical distance between a data point and a fitted curve or regression line.
Residuals apply to individual data points as well as to a continuous string of data points in
the form of a line. The fitted curve or trend line to which the residuals are measured might
be straight or curved. When a data point is above the fitted curve, it is considered positive,
and when it is below the curve, it is considered negative. Residuals are sometimes displayed
on the same graph as the data series they apply to by means of vertical lines between the
data points and the appropriate fitted curve. (The reference to vertical lines assumes the
dependent variable is on the vertical axis.) * For a more detailed analysis, just the residuals
are sometimes plotted on a separate graph, as shown below. On such graphs, only the data
points might be plotted, drop lines might be added to the data points, or in some cases only
the drop lines might be plotted. Generally speaking, more meaningful observations can be
made when the residuals are plotted by themselves.

26-

24 -

22-

20-

18-

16-

14-

12-

10-



Reveal Chart Sometimes referred to as a build chart. One of a series of charts used to develop or present
an overall message, idea, or concept. For example, if used in a presentation where only text
is used to discuss a series of points, the first chart of the series will have only the first point
on it. The next chart will have
points one and two on it, and Sales Strategy Sales Strategy Sales Strategy
the next, points one, two, and
three. This continues until the ,/ More sales calls w/ More sales calls V/ More sales calls
subject is fully explained and k/ Bigger incentives v Bigger incentives
all points have appeared. A I/ More backup
similar technique can be used
with graphs, maps, diagrams, Reveal chart #1 Reveal chart #2 Reveal chart #3
etc. Examples of reveal charts in which each chart includes the material

from the previous chart, plus one or more additional points

Reversal Chart Sometimes referred to as a Point and Figure chart. See Point and Figure Chart.

Ribbon Granh A three-dimensional line
graph in which the lines
appear to have width and
depth. Data series are
typically distributed along a
third axis. The data series can
be stacked but generally are
not. Ribbon graphs are most
commonly used for
presentation purposes. Three variations of ribbon graphs

Ridge Contour Graph Sometimes called a slice graph, spectral plot, layer graph, strata graph, or partition plot. A
ridge contour graph is a
graph in which the data
points of a three-dimen- V
sional scatter graph are Cu

condensed onto a limited *i
Cunumber of planes to aid in >

the interpretation of the

Data in a standard
three-dimensional
scatter graph are

condensed into a
limited number of
planes in a ridge
contour graph.

data. See Slice Granh. vafudIeuU Urn

Ring Buffer A variation of a buffer used with maps. See Buffer Map.

Ring Graph A graph in which the widths (not radii, diameters, or areas) of concentric rings are
proportional to the values they represent. For instance, in the example below, A and B are
each equal to two ounces, L equals three ounces and L and 'n

E each equal one and one-half ounces. The total all of the W 8
data elements is ten, as designated by the outer
circumference of the graph. When a scale is not used, the 0
data graphic becomes a variation of a proportional chart. c
Ring graphs can be very misleading because it is easy for
the viewer to assume values are proportional to areas instead
of widths. For example, although A and B in the example
are equal, it would be easy for the viewer to assume B is
larger than A because it is represented by a larger area. Example of a ring graph

Robinson Projection Map A well-known variation of a world map. Two of its key
features are an appearance that many people feel
comfortable with and the fact that it reduces the large
distortions in land masses at the higher latitudes that
exist with some of the other types of world maps such
as Mercator. The Robinson map has varying degrees of
AUIMU.tIr i0 111 - 1jt Ai-.-,-- -- AU AL .Rbspocn

Rolling Average Sometimes referred to as a moving average or trend line. A
rolling average smooths the curve of a data series and makes
general trends more visible. To generate a rolling average
curve, each point is calculated by averaging the value for the
current period plus a fixed number of prior periods. Rolling
average curves are used with sequential data and are generally
superimposed over a graph of the actual data. See Moving

330 Average.
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Rolling Total Curve Sometimes referred to as a moving total curve. On a rolling total curve, the value plotted
for each interval is equal to the sum of the incremental value for that interval, plus the
values for a fixed number of preceding intervals. For instance, if one is preparing an annual
rolling total curve, the value plotted in May, for example, would be equal to the actual
value for May, plus the values for the preceding
eleven months, making it a 12-month or annual
total. In June, the plotted value would be equal to
the actual value for June plus the values for the
preceding eleven months. Any number of intervals
can be used in the total. Whatever number of
intervals are selected, that same number is used
throughout the entire graph. Incremental values
are many times plotted on the same graph with the JFMAMJJ ASONDJFMAMJJ AS ONO

total, as shown at the right. The purpose of A graph displaying a rolling total curve
rolling toaa hw ttergt h ups f as well as the actual monthly values
rolling total curves is to smooth out the interval-
to-interval fluctuations somewhat and provide a graphic indication of the overall trend of
the data. As an illustration, in the example, the rolling total indicates a general decline in
the annualized totals until about the first quarter of the second year at which time it tends to
increase. Such a trend is not as obvious in the monthly values.

Rootogram A seldom used variation of a histogram with the square root of frequency instead of the
actual frequency, plotted on the vertical axis.

Rose Chart/Graph The term rose encompasses several types of charts and graphs. See Sector Graph, Wind
Rose Graph, and Four-Fold Chart/Graph.

Rotate Sometimes referred to as spin. One of the major limitations of three-dimensional charts and
graphs is the fact that it is sometimes difficult or impossible to see or interpret all of the
data graphic when viewed from a single angle. One technique developed to overcome this
problem when viewing the chart on a computer screen is to rotate the entire chart so it can
be seen from almost any angle, e.g., front, back, side, top, etc. In this way patterns,
configurations, trends, relationships, distributions, outliers, anomalies, etc., can many times
be readily observed. Various software programs allow the graph to be rotated in 1, 2, or 3
directions (axes). In most programs, the rotation can be done in increments at the command
of the viewer. In some programs the graph is rotated continuously until the viewer gives the
command to stop. The example below shows nine views (including the top view) of the
same three-dimensional graph. In this case it is a floating column graph; however, the same
technique is applicable to almost any type of three-dimensional chart. In an actual situation
many more than nine views would be possible. Since the identification and value of specific
points in such an analysis is sometimes extremely difficult to determine, some programs
enable the viewer to point to (sometimes referred to as brush) a particular data point or
group of points and have the information for those points appear on the screen or be
highlighted in the data table.

A'
m ihe particular image on the

0 noncomputer screen.

A
Top view of a three-
dimensional floating I
column graph \' a,

Several of the many views of a three-
dimensional graph that are possible
with a computer program that allows the
viewer to spin or rotate the graph.
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Rotated Bar Graph Sometimes referred to as a bar graph, vertical bar
graph, or column graph. See Column Graph.

Rotated bar graph

Rotated Column Graph Sometimes referred to as a horizontal bar
graph, horizontal column graph, or bar graph.
See Bar Graph.

0 50 100 150 200
Rotated column graph

A route or road map is a variation of a descriptive
map. It shows the paths things take to get from one
place to another. The paths or routes might be
walkways, corridors, roads, railroad tracks, streets,
shipping lanes, overhead cables, buried pipes, etc.
Extensive amounts of information can be encoded
into the lines used for route maps, such as type
pavement, number of lanes, diameter of pipe, voltage
of cable, etc. When route maps connect multiple
locations, they are sometimes called networks.

Rows are the horizontal arrangements of words
or numbers used in tables and spreadsheets, as
shown at the right. Rows may or may not be
separated by lines that are frequently called rules.

Sometimes referred to as a grid line.
Rules are the lines used in tables to Large

separate rows and columns of Drill Medium

information and to identify, Drier Large

highlight, and organize titles, Small

headings, subheadings, etc. See W arnh semal

Table. WrnhPneurnati
Electrnc

g \r Mnneapois is

9 , <,\Louis,

Example of a route or road map

Columns

AI. 1990 1991 1992

ModelA 19 i8 15

Rows Model B 2 5 6
Model C 5 6.5 7

Model D 8 10 9

Model E 13 17 12

Sales ~4 Spanner rule
1995 Estimate 1999 Forecast

$ % $ % - Subspanner rule

. Vertical rules

, ' Horizontal rules

Sometimes called a grid line, grid rule, coordinate line,
or scale line. Rulings are thin lines used on graphs as
visual aids for the purpose of encoding and decoding
information. See Grid Line.

15 -

10 -

5-

0-

= , ..... Minor
...... ---,, rulings.......;.... ....... ........

-..'.'''''.'.'.... ..
.......... . .. .........-...,

Major
rulings

2 4 6

Run Chart
or
Run Diagram

Sometimes referred to as a trend chart. A run chart is a point or line graph used to record
sequential data regarding a repetitive process or task. Examples include the diameter of a
machined part that is mass produced, the quantity of milk dispensed into milk cartons at a
dairy, how long patients have to wait to see a doctor in a busy hospital, etc. The purpose of
run charts is to provide the viewer with a simple graphical tool for observing, analyzing,

Product A

Product B

Product C

Product D

Product E

Route Map
or
Road Map

Row

Rule
14.4 8.6 25.6 - 12.2

=28.2 16.9 45.6 21.7
40.8 24.5 76.4 36.4

8- 5t-4 - St

- 6.2 3.7 6.1
8.9 5.3 11.3 5.4

c 4.3 2.6 7.1 34
59 35 50 2.4

379 227 4.6 2.2
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Run Chart
or
Run Diagram
(continued)

monitoring, and/or controlling processes, with particular attention to such things as
establishing base lines, noting trends or sudden changes, studying erratic or cyclical
performance, etc. The horizontal axis of a run chart is always sequential. The scale might be
in terms of time, lot or sample number, sequence number, or there may be no scale at all
and the data points simply plotted one after the other in sequential order. The vertical scale
is almost always quantitative and linear. For reference and/or control purposes, horizontal
lines are frequently included on the chart. One of the horizontal lines that is many times
used represents the average or median. It might be the average or median of just the points
plotted on that graph or one that was previously established for the process. Other
horizontal lines might represent specification midpoints, maximums, and minimums;
targets or goals; customer preferences; etc. An example of a run chart is shown below with
several examples of the types of things a viewer might look for in such a chart.

T-nre Out of Erratic qtablas

Upper limit

Midvalue such
as average

points

Lower limit

Sequential scale -

Typical patterns the viewer might look for in a run chart

Sans Serif Typeface

Sawtooth Curve

* Run charts are similar to control charts but differ in several key ways including:
- Run charts frequently plot individual data points, as opposed to control charts

that often plot averages.
- Run charts are often used as an inspection tool to weed out unacceptable

performance, while control charts are more frequently used to assure that a
process continues to perform as it has in the past.

- Run charts typically use specific limits such as specified by a manufacturer,
customer, or government. Control charts use limits established statistically based
on past performance.

- Control charts are sometimes based on the results of run charts.

When the letters of a typeface have small lines (serifs)
projecting from the ends of each of their main strokes,
as shown at the right, the typeface is described as a With <Tynpeface
serif typeface. serifs-J-,

Serif typeface

Without eface When the letters of a typeface do not have the
serifsn T small projecting lines, it is said to be a sans

Sans serif typeface (without) serif typeface, as shown at the left.

A sawtooth curve is so named because it resembles the teeth on the cutting edge of a saw.
With this type of curve, a quantitative variable is plotted on the vertical axis. Generally time
is plotted on the horizontal axis. The distinguishing characteristic of a sawtooth curve is that
its value increases or decreases for a given period of time, at which point the value abruptly
changes direction and returns to some base value. That base value may be a fixed value
(e.g., a horizontal line) or a value that increases or decreases with time (an inclined line).
Examples of both types are shown below. An application where the values jump abruptly,

for example, might be inventory
a, K IIK Alevels that gradually decline as

o a a parts are used or product is sold.
> >Once the stock gets to a

Time T lime b Time W predetermined point, the parts or
Abrupt increase adGradual increase adGradual increase and products are replenished; the level
gradual decline abrupt decline abrupt decline to an

increasing value of inventory jumps abruptly and
Graphs with sawtooth curves again starts a gradual decline. An

application in which the values drop abruptly might be a hopper whose weight gradually
increases as it is filled and then abruptly drops once it is emptied. The downward portion of
each cycle on a sawtooth curve is sometimes referred to as decay.

a
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a
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Classification of scales

Scales are classified several different ways. In this book the three major classifications used
are category, quantitative, and sequence. The table below describes and differentiates the
three classifications and indicates other terms that are sometimes used when referring to
these scales.

Other terms the
scales are
sometimes called. by

Description

Type of labels

Can labels be
reordered Without
de: .grading theit:
Inforatiworn In, their

Are scales linear or

Do the scales
represent
Independent or-

Can Information61I-l
plotted:1a1o1holhe axis

manipulated In.Ia
,mean~i 'way?
average =0 utipyng

Example

Summary of Malor Classifications of Scales

Category

- Qualitative
- Nominal

A scale consisting of
an ordered or
unordered series of
words and/or numbers
that name, identify,
and/or describe
people, places, things
events, etc. Each
word or number
defines a distinct
category that contains
one or more entities.

Words or numbers.
When numbers are
used, they are for
identification purposes
only and have no
quantitative
significance.
Sometimes referred to
as nominal information.

Yes. Labels are
frequently reordered.
Alphabetizing is one of
the most common
methods. When data is
ranked by Its
quantitative values,
category labels are
automatically reordered.

Not applicable

Always independent

No

I I I I
Corn Seats Peas Rice Beans

Quantitative

- Value
- Interval
- Numeric
- Amount

A scale consisting of
numbers organized in
an ordered sequence
with meaningful and
uniform spacings
between them. The
numbers are used for
their quantitative value,
as opposed to being
used for identification.
A ratio scale is a
variation of a
quantitative scale.

Always numbers

No

Can be linear or
nonlinear

Can be independent
or dependent

Yes

0 1 2 3 4 5

Sequence

A scale consisting of
words and/or numbers
in an ordered sequence
with uniform spacings
between them. When
numbers are used, they
are for identification
and/or ordering
purposes only and
have no quantitative
significance. Time
series and order-of-
occurrence scales are
the most widely used
sequence scales.

Sequential numbers or
words (e.g., 1,2,3,4,5;
Jan, Feb, Mar; etc.). In
some cases, such as
the sequential
collection of samples,
no labels are used and
the values are simply
placed in successive
order along the
sequential axis.
Frequently terms such
as sales order
numbers, lot numbers,
etc., are used as labels
for identification
purposes.

No

Generally linear.
Sometimes time scales
covering large periods
of time are nonlinear.

Always independent

No

Jan Feb Mar Apr May
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Scale (continued) Examples of quantitative scales
Linear and logarithmic are the two most widely used quantitative scales for rectangular
graphs. There are also a number of lesser-used quantitative scales. Shown below are
examples and descriptions of linear and logarithmic scales, as well as two of the lesser-used
types, probability and power. Also shown is an angular scale of the type used as a
quantitative scale on many circular graphs.

Angular scales are sometimes used with
circular graphs. They typically are arranged
so the labels are uniformly distributed
around the circumference of the graph. The
labels generally designate even fractions of
360 degrees such as 1/24 (15°), 1/12
(30°),1/6 (600), 1/4 (900), etc. The labels
might be shown as degrees or radians (1
degree equals about 0.0175 radian). Portions
of degrees might be in terms of minutes and
seconds or decimals of a degree.

Linear scale
1 2 3 4 6 7 8 9 110 12 13 14 15 a 17 18 19 210 222324 262728 29 30

Equal distances & equal amounts Equal distances & equal amounts Equal distances & equal amounts

A linear scale is sometimes referred to as an arithmetic scale. A linear scale is arranged
such that the distance and value between any two major tick marks (major intervals), is
always the same in a given scale. For example, a major interval might be one inch and
represent ten units of measure. On the same scale, the distance between any two minor
tick marks, called minor interval, might be one-tenth of an inch and represent one unit
of measure. On a linear scale, these two criteria would apply at any point along the
entire length of the scale.
Logarithmic scale

2' 3' 4 5 7 6 9 l 26 30 40 STO 70001 200 300 400 5006 00 800 1
1 10 100 1,000

Equal distances & equal ratios Equal distances & equal ratios Equal distances & equal ratios

A logarithmic scale is arranged such that the distances between major tick marks (major
intervals) are of equal length and equal ratios. For example, the distance between any
two major tick marks or major values might be one inch and a ratio of ten. Since, in this
example, the ratio between any two major values is ten, that means that each successive
major value is ten times larger than the previous major value (i.e., 100 is ten times
larger than 10; 1,000 is ten times larger that 100, etc.). This pattern applies at any point
along the entire length of the scale. The spacing of minor tick marks follows a similar
pattern. See Logarithmic Graph.
Probability scale

I I I I I I I I I I I I I I I
.01 .1 1 5 10 20 30 50 70 80 90 95 99 99.9 99.99

One of the lesser-used scales is labeled in percent and is used on a probability graph to
determine whether a data series has a normal distribution. If the cumulative percent
frequencies of a data series form a straight line when plotted on a graph with this type
of scale, it indicates that the data series has a normal distribution. No distances between
any two major tick marks on the same side of the scale are the same. The spacings on
the right side are; however, mirror images of those on the left side.

Power scale
I lI I I I
0 4 16 36 64 100

-* *
Equal distances & Equal distances & Equal distances & Equal distances & Equal distances &
unequal amounts unequal amounts unequal amounts unequal amounts unequal amounts

In a power scale, the values shown are based on some power of the values in a linear
scale. For instance, in the example above, the values are the squares (power of two) of the
the linear values of 0, 2, 4, 6, 8, and 10. Looked at another way, a power scale is a scale
with values such that taking each of the values to a particular power yields a linear scale.
In this example, that power is 0.5 (square root) which identifies the scale. Power scales
can be constructed using any power. The physical spacings between major scale values
are all equal.
Angular (polar) scale
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Example of category scale

Scales for circular symbols
Sometimes symbols such as circles are used to convey
quantitative information, as in the bubble graph at the right.
When this is done a scale or legend is normally required so
the viewer can relate the symbol size to a value. The
examples below use circles to illustrate some of the more
widely used methods of constructing such scales. * Studies

2,000 2 000 on circles have
0 ( 1,000 1 shown that
U) sr0 100
2oo 250 A viewers tend tc

°,00 \M4 tY 250 underestimate i

Can Nested sAO relative sizes o

garithmic 0 larger circles. I
problem, techn

; ...... 2,000 systematically
100 250 500 02 00 to their diameti

Ramped Diameters
Examples of techniques for relating greater the enk
circle size to the values represented.

The example at the right compares modified and
unmodified circles. It can be seen how the difference
between the modified and unmodified circles becomes
greater as the circles get larger. Sometimes the unadjusted
circles are referred to as having an absolute scale and the
modified circles as having an apparent-magnitude scale.
Modified circles are used primarily on maps.336

10-

Profit!

8-

6-

4-

2 -

B (0
CgW(

o 2 4 6 8 10
Sales

Example of a bubble graph
using circles to convey
quantitative information

the
f
.n order to compensate for this
iques have been developed to
enlarge the circles in proportion
ars, i.e., the larger the circle, the
irgement.

Unmodified circles Modified circles
Comparison of circles based on
traditional (absolute) and modified
(apparent-magnitude) methods

Typical category scale
l l l l I

Corn Beets Peas Okra Beans
4 is 104 11, ,41 0

Typically equal physical distances
Labels on category scales can be ordered (e.g., alphabetically) but they cannot be ranked.

Examples of sequence scales (see sequence scale)

Time series scale (sometimes called chronological scale)
1 1 I I I I_ I I I I I I I I I

J'F
1
M'A' M J J A S M N DI|IF M A M J J A S O N D| J F MA M J JA SIO N DI

1990 1991 1992
Equal distances & equal times Equal distances & equal times Equal distances & equal times

A time series scale has intervals that are of equal physical size and represent equal
increments of time. The time might be shown in terms of dates, specific times, or
successive increments of time. Unlike some sequence scales, time scales often have
minor intervals as well as major intervals. For example, years can be broken into
months, weeks into days, etc. See Time Series Graph.
Order of occurrence scale

1 2 3 4 5 6 7 8 9 10 11 12

Equal physical distances but no indication of how the times, distances,
frequencies, etc., between the actual data elements compare

This type of scale plots data in the same order or progression as it occurred or is planned
to occur. An order of occurrence scale indicates which came before and which came
after, but not necessarily how long the gap was between the two entries. The numbers or
words used as the labels are primarily for identification, location, and ordering purposes
and generally have no quantitative significance.

Ordinal scale

Fourth highest position Third highest position Second highest position Highest position
* >4 *P I P

Equal physical distances but no indication of how great the differences
are between entries or whether or not the differences are equal

Ordinal designations rank information in nonquantitative terms such as small, medium,
large; first, second, third; lowest position, second lowest position; etc. Ordinal labels
appear on the scale in the same sequence as they occur in the ranking process.

Scale (continued)
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Scales for maps (also see Map)

Surface distance scale
This type of scale is used primarily for determining the size or relative location of places
and things, for example, to determine the width of Kansas or the distance from Paris to
Rome.

Simple fraction or ratio - Sometimes referred to as Distance on Distancemap (e.g., 1 on ground
representative fraction or RF. This type of scale centimeter, 1 (e.g., 1,000,000

inch, etc.) centimeters,
relates a unit distance on a map to the distance it I,.e t,ooo

actually represents on the ground or earth. For \ inches, etc.)
example, the fraction or ratio of 1/1,000,000 or
1 1,000,000 means that 1 unit on the map represents Exampleofsm
1,000,000 of the same units on the ground.

Written statement or verbal - A notation on a map such as "one inch equals one mile"
means that one inch on the map is the equivalent of one mile on the ground.

Graphic representation -

Bar scales are frequently used for
determining distances.

Distorted distance scales are sometimes
used when distances on the map are distorted
The example at the right addresses a situation
where the further one gets from the equator,
the shorter the actual distance represented by
a unit length on the map.

Elevation or vertical axis scale

When color or shading are used to indicate
elevation, a scale similar to those at the right
is frequently used. The color/shading concept
can be applied to surfaces above or below
water.

0 10 20 30 miles

I i I i I
0 10 20 30 40 kilometers

dDegrees of latitude0. FpL

I i I I I l , -
o 200 400 mie 600 800 1000

Miles
Example of a distorted distance scale

Feet

D 1,000 to 1,500 f.

E 500 to 1,000 ft.

E Oto 500 ft.

Examples of elevation scales/legends

Latitude and longitude
For determining the absolute location of places and things on the surface of the earth, a
system of latitudes and longitudes is used. See Map.

Supplementary scale
Sometimes referred to as a supplementary amount scale. The grid lines for a supplementary
scale are sometimes a series of curves that are extended as data becomes available. For
instance, in the example at the right, the
supplementary grid lines represent the
profit dollar values associated with various
percents of sales. Consequently, the values
of the supplementary grid lines cannot be
calculated until the sales and profit figures
are available. A supplementary scale
provides much of the same basic
information as a second value scale
(example below) but, in addition, lets the

93 94 95 96 97 98
Example of a graph with two
traditional value scales

- 20%
to
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o
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yl 010
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0,O-C00 3

93 94 95 96 97 98 99
Example of a graph with a supplementary
scale and associated grid lines

viewer analyze the data in ways not possible
with a pair of conventional scales. For instance,
in the example above it can be seen that the
profit was 17% in 1993. By means of the
supplementary scale, one can see that if the 1993
profit level of 17% had been maintained instead
of dropping to 12.5%, the company would have
made about two million dollars more profit in
1998. * Supplementary scales are typically ratio
or percent scales.
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Scale (continued) Upper and lower values
The smallest value on a quantitative scale is normally equal to or less than the smallest
coordinate plotted on that axis. The largest value on the scale is normally equal to or
greater than the
I--- -a-. I --ag MA - ... .
largest coordinate Ulva 1u
plotted on that axis. 8

The smallest and 6

largest values on a 4

scale are referred to 2

by several different Smallest O

Smallest Value Largest Value
Smallest Largest
Start End
Beginning End
Minimum Maximum
Bottom Top (vertical a
Left Right horizontala

VO U- 5 10 15 20 25 Inner Outer
terms. The examples Smallest Largest Lower Upper
at the right are some value value

of the more widely Examples of terms used for largest and smallest scale values
used terms.

Kes)
.l axes)

Scale Breaks
Sometimes referred to as split grid. Scale breaks are intentional discontinuities in the scales
of graphs. They are one of the more controversial aspects of graphs and are a significant
factor in misinterpretations. The major reasons scale breaks are used are to reduce the size
of the graph when scales are expanded, and to call changes in scales to the viewer's
attention. Three of the major situations in which scale breaks are used are, 1. large
differences exist between the high and low values of the data being plotted, 2. the situation
where differences between data points are small compared to the actual values of the data
points, and 3. there are changes in scale intervals or units of measure (e.g., years and
quarters on the same axis). Shown below are some of the more generally accepted methods
for incorporating scale breaks into graphs.

Full versus partial scale break
A fill -a~ll. h-esl i-

one that runs from side 95
to side or from the top 94-

to the bottom of a 93-

graph. A partial scale 2

break typically appears 1

at the two sides or the 0-
top and bottom of the

96

95

94-
93-
3=

2 *

0 - ..

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

aph Full scale breaks Example of a full scale Example of a full Example of a partialgrp *l break using wavy or scale break using scale break. This type
are better than partial ragged lines. The wavy straight lines of break may be more

brasa rnigte or ragged lines tend to easily overlooked bybreaks at bringing the get the viewers the viewer than a full
scale break to the attention, moreso than scale break.
viewer's attention. straight lines.

Data graphics extending across a scale break

Even though it is the tops of columns and the ends of bars that denote the values the data
graphics represent, viewers many times equate the area of the data graphics to the values
they represent. As a result of this, when a scale break exists, but is not extended across the
data graphic to clearly bring it to the viewer's attention, viewers are apt to draw erroneous
conclusions. For this reason, it is generally recommended that scale breaks be prominently
shown in the data graphics as well as in the scales and background.

38 38- 3 38

m lm ip
36 36 36 36E

-r 1-/; 1

I
A B A BAB B

A full scale break This variation is a Full scale break The hazards of a
including data close approximation except for data partial scale break
graphics is the of a full scale break graphics. When data are compounded if
easiest for the that Includes data graphics are not the data graphics
viewer to notice. graphics. included, the full extend across the

impact of the scale scale break.
break Is lost.
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Scale (continued) Scale breaks (continued)

Scale breaks used to expand

Sometimes a scale break is introduced so the physical size of the
scale intervals in the larger values can be enlarged to improve the
ease and accuracy of reading the data. The lower portion of the scale
is occasionally retained to help viewer's orient themselves as to how
the scale intervals are laid out. (Such scale breaks are sometimes
called interior scale breaks.) Even though there are no data points
below the break, it is advantageous to have a full scale break to alert
the viewer that the distances of the data points from the zero axis are
not proportional to the values of the data points shown.

Scale breaks in time scales
Scale breaks are seldom used in time scales. One of the major
reasons for this is that breaks in time scales many times distort a
the data, particularly when the data is being used to determine 6

trends. When a scale break becomes necessary, it is generally 4

advisable to use a full break that converts the graph into the 2

equivalent of two separate graphs. This is also true when units o
of measure change, as from years to quarters (right). As an
additional precaution, the data graphic fill is sometimes also E
changed. * If data is missing on a time series graph, the hi
intervals are included and the data is left blank or bridged over. In

Scale breaks for unusual data points

When one or a few data points are far above or below 14

all the others, the top or bottom of the graph is
sometimes cropped and the value of the point(s) noted. 6

The shape of the remaining data graphics is generally
unchanged. This particular procedure is sometimes 2

referred to as breaking off the top or bottom. ° A B C D

85
80
75-

15
10 -

5
0

A B C D E F
Example of a scale
break used to
expand the scale in
the larger values

91 92 '93 01 02 03

example of a full scale break
id change in fill used to
ghlight a change in time
tervals on the horizontal
cale.

Value of the data
4- -< point that is off the

graph

The slopes of the
lines are the same
as if the lines
actually extended to
the missing value.

E F G

Scale breaks with graphs whose data graphics are based on areas

Breaks generally are not used with any graph in which the areas of the data graphics are
proportional to the values they represent, such as histograms, area bar graphs, and area
column graphs. The introduction of scale breaks in such graphs distorts the data and
makes it difficult for the viewer to make meaningful observations.

Horizontal versus vertical

Even though the examples used here to illustrate scales breaks all have the quantitative
scale on the vertical axis, the same principles apply to graphs having a quantitative scale
on the horizontal axis. * Scale breaks have little significance when used with category
scales on either axis.

Tick marks, labels, and intervals
Scales are a series of lines (generally tick marks in conjunction with a label axis) and labels
(generally numbers or words) that are used systematically to encode and decode
information onto charts, graphs, maps, and diagrams. There are three types of tick marks:
major, minor, and intermediate. The distances between major tick marks are generally
referred to as major -

intervals. 'Me 20 30| J lI >1|
distances between Minor tick marks Intermediate tick mark minor scale intera

minor tick marks Majr tick marks Labels of

are referred to as Major scale interval major values
mre intervedtoals. Examples of terminology typically used with scales
minor Intervals.
Intervals are generally of a numerical size that will make the chart easy to read such as
1,2,5,10, etc. Unusual intervals such as 3,7,9, etc., are normally avoided. Minor intervals
are generally a logical division of the major intervals. For example, weeks might be broken
into seven minor intervals to represent the days of the week. Feet might be subdivided into
12 inches, years into four quarters, standard measures into minor intervals of 5, 10, 20, 100,
etc. There are many options as to the labels used. See Numbers, Times, and Dates.

a cOaIP
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Scale (continued) Expanded scales
When a scale is expanded, the physical distance is increased between the labels on the
scale. For example, if a scale has one-fourth inch between the values of 57 and 58 before
expanding, after expanding the two values might be separated by one-half inch. When a
scale is expanded, the graph obviously becomes larger, unless a portion of the scale is
eliminated. If one wants to keep the graph the same overall size, a section is generally
removed from the center (scale break) or bottom. Although offering advantages, the use of
scales that do not start at zero have generated much criticism. When graphs are to be
viewed by persons not familiar with them, scales frequently start at zero. For persons more
familiar with graphs, expanded scales many times offer significant advantages, even at the
risk of the viewer overlooking the fact that the scale does not start at zero. The examples
below illustrate how using expanded scales in the area under study increases the viewer's
ability to see trends and determine values more accurately. The examples also illustrate
how changing the scale can have a dramatic effect on the appearance of the graph and
therefore potentially mislead the casual observer.
100 9 09

805 8 88- 88-

so 75 86 86-

40- ~ ~1584-4-
20- 10 82-2-

5
0 0 80 80

A B C D E F A B C D E F A B C D E F A B C D E F
Example in which the Expanded scale with Expanded scale with lower Wavy lower edge to call
value scale starts at zero a full scale break portion of graph removed attention to non-zero axis

A comparison of variations of expanded scales using the same data in all four graphs

Shifted frame and scale labels

Most graphs have the scales and
axes coincident with the frame of
the graph. This sometimes makes
it difficult to read data points on or
close to the axes. One way to over-
come this problem is to shift the
frame and scale labels slightly, as
shown in the example at the right.
The dashed lines in the example on
the far right may or may not be used
in an actual application.

6

2-

0-
0 2 4 6 8 10

Standard frame and scale
placement coincident with
the axes of the graph

8 -

6 -

4 -

2 -

0-

--Amount of shift

0 2 4 6 8 103
Frame and scale labels
shifted slightly to make data
graphics more visible

Example of shifted frame and scale labels to make
data points on and near the axes more legible

Scale bars
Sometimes when studying one or more data series, a graph of the data using a zero axis is
used to get an overview of the information. For more detailed analyses, the same data is
plotted on graphs with expanded scales. When this is done it is sometimes difficult to
rapidly relate the scales on the various graphs without carefully comparing the labels. Scale
bars help to overcome this problem by giving a graphical representation of the same unit of
measure on each of the graphs. For instance, in the example below, the black vertical bar
represents the same unit of measure on each graph. Thus, without reading any numbers, one
can observe that about one vertical inch on the graph on the right is equivalent to about
one-sixteenth of a vertical inch of the graph on the left. Scale bars can be applied to
horizontal as well as vertical scales. The bars can be displayed inside the frame of the
graph, as they are here, or adjacent to the graph. Lines, arrows, or other symbols can be
substituted for the bars. The technique works equally well whether comparing related or
unrelated data.

0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 910 0 1 2 3 4 5 6 7 8 9 10
Examples of scale bars used for visually relating data plotted on different scales340
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Scale (continued) Number and location of scales
The major factors regarding the number and placement of scales include the degree of
accuracy required in reading the graph, whether or not grid lines are used, size of the graph,
and the purpose of the graph. There is significant flexibility and variety as to where scales
are located on graphs. Examples of some of the major variations are shown below.

Rectangular
On rectangular graphs a single scale is most frequently used on v-
the horizontal axis at the bottom of the graph and on the left 6-

vertical axis. Values typically increase from left to right and in 4 -
bottom to top. An example is shown at the right. , 3-

Sometimes the data is such that the scales are more helpful to 2
the viewer when located on the top, right side, or within the 1
graph. Examples are shown below. '94 '95 '96 '97 '98

'90 '91 92 5 Example of the most'90 '91 '92 i93 '94 '95

corimbina ton of scales
There are several
situations where
multiple scales are
used. One situation is
when multiple data

90 ai ~ s serie ar pio-e on
90 91 92 93 94 95 series are plotted on

Scales are sometimes When an axis is located within the graph (either the same graph and
located on the top horizontal or vertical) the labels and/or tick marks
and/or right side. are sometimes shown with the relocated axis. either the units of
measure are different for two or more of the data series, or the values of two data series are
different enough that it would be difficult to read the values for one of the data series if a
single scale were used. Examples are shown below.

120] 5 5T -120 120 - 3 75
l I Expenses Expenses . - Variable #1 I

100-

- 80-0
O ^0-

0 40-

20-

0-

1002 - 70

:CVarlabl -2 2 - 65 c
Z80- .5

DEa0 , > ,>,a X

40 -50

20 . . . . . 0 -45
'90 '91 '92 V3 94 95 90 91 2 '93 '94 '95 1 1.5 2 2.5 3 3.5 4 4.5

Two vertical scales Two vertical scales Three vertical scales
on the same side on opposite sides distributed on two sides

Examples of graphs with multiple value scales

A
Single
two sc,
data in

- 35% In a good number of cases, multiple scales are used to
30% enable the viewer to estimate the values of the data

* 25% = elements in two different units of measure, as shown at the
15% 2 left. For example, data may be read as actual values and

a.
10% percents-of-the-whole, Fahrenheit and centigrade, feet and
5% meters, etc. Multiple scales can be used on the horizontal
0% nis ne wAll a ne hp veptical nlthnugh ;t ic 1an- ucrh less

B C D E - - b"' ' - - __ , - _ , .. - .- u
data series with frequently. Two examples of multiple scales on the
aies related to the horizontal axis are shown below.
U111UM111L ways

There is no limit as to how many scales can
be used on a given graph; however, more
that two scales per side, top, or bottom is
unusual. In some cases a scale is simply
duplicated on the opposite side or the top
because the graph is large, grid lines are not
used, or a higher degree of accuracy in
estimating values is desired/required. When
two or more vertical scales are used, the

A

B

c

3 2 1 0 2 4 6 8 10

Multiple value scales
Multiple scales on

40

30 1978 -1983~

30

20 1940-1945

10

78 '79 '80 '81 '82 '83

'40 '41 '42 '43 '44 '45
Multiple time scales

the horizontal axis
graph is sometimes referred to as having multiple value scales, dual vertical scales, dual Y-
axis scales, double Y-axis scales, a second Y-axis scale, or binumerical scales. When two
or more horizontal scales are used, the graph is sometimes referred to as having dual
horizontal scales, dual or double X-axis scales, a second X-axis scale, or dual/multiple
category scales. * When there are multiple scales, each generally has its own set of tick
marks; however, typically only one set of grid lines is used for each axis. 341
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Number and location of scales (continued)
-Circular

With circular rranhq the ansrular or

circular scale is almost always
placed just outside the largest
diameter. The scale might start at
any angle and progress in either
direction. They are normally linear.
There are three major ways in which
radial scales are displayed. In almost
all cases the lowest value on the 1801

scale is at the center and the largest Typical location for Examples of typicalangular/ circumferential locations for radial
at the circumference. The radial scale scales
scales might be linear or logarithmic.

Trilinear
The examples shown here
Illustrate Lfle LWO U11erV11L
ways scales are generally
applied to trilinear graphs.
The example at the left is the
easiest to understand, but
many times the labels tend to
interfere with the plotted data.
Scales on the outside of the

010%

, ., 100% 80% 60% 40% 20% 0

Trilinear graph with the triangle, as shown at the right, Trilinear graph with the
scales in the plot area clear up the plot area but are scales outside of the

more difficult to interpret. plot area
I Scales on trilinear graphs always have their zero at the baseline, are linear, and most
times have 100% as their upper values. See Trilinear Graph.

Three-dimensional

Placement of scales on three-dimensional graphs becomes more difficult because of the
additional axis, the fact that the scales are more apt to interfere with the data graphics, and

the inclined angle at which the graph
is drawn. The examples shown here
illustrate some of the scale
placement variations used with
three-dimensional graphs. Although
technically the zero base line axes

0 are at the back of the graph, placing
the scales back there, as shown on
the left, would cause significant

971-1. -- h with - rS- inte-rfe-ren with the datfaranhirs

Withrthise layutte labels. Cosqently, the scales are Example of the most widelythe zero base line axes. Consequ used layout with scales and
tend to interfere with the generally placed in the front, as labels in the front and
data graphics. shown at the right. outside of the graph frame

i The ne nf d mlict.n gcrapei ne ultIutrntpf. an the lep ft ;A
muc- mr commono t e es g s than on
much more common on three-dimensional graphs than on
two-dimensional graphs. The
use of multiple scales with

8 different values on a given axis
e is much rarer on three

dimensional graphs than on
two. * When a zero base line
axis or reference axis is placed
within the graph, as shown in

-, , , . the example at me right, Me
mhe use ot duplicate scales Evntog er-aelnIs more common in three- scales generally remain on the or reference axes might bae
dimensional graphs than in outside of the frame. drawn on the walls, the
two-dimensional. Grid lines scales generally remain
are included in the example outside the frame.
for reference only.342
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Sometimes the same data is plotted on two or more graphs. One with the quantitative scale
starting at zero might be used for an overview. Another might have an expanded scale for a
more detailed analysis. When this is done it is often difficult to rapidly relate the scales on
the various graphs without carefully comparing the labels. Scale bars help to overcome this
problem by giving a graphical representation of the same unit of measure on each of the
graphs, as shown below.

20-

15 -

5-
- =1 vertical unit

0 1 2 3 4 5 6 7 8 9 10

23-

22- -

21 - ---

'20

t9-/ *l=1vertical

18
0 1 2 3 4 5 6 7 8 9 10

Scale bars used for visually relating data plotted on different scales
In this example, each bar represents the same unit of one.

Scale Break Scale breaks are intentional discontinuities in the scale of a graph. See Scale.

15 . ! = ....... : Minor

::::::::::..:: ...... .... scale lines

Scale Line1  Sometimes called a grid line, grid rule, coordinate line, 10-.
or ruling. Scale lines are thin lines used on graphs as : .-
visual aids for the purpose of encoding and decoding -

information. See Grid Line. ........... ... ..- ..\.Major
.... ... Major

0 .scale lines
0 2 4 6

Scale Line2  Sometimes referred to as a label axis. Scale lines are 15 Scale lines not
Scal Lie2 omeime reerrd t as lael xis Scle ine ar -4 coincident with the

the lines or axes on which the scales and labels are lo zero base line axis

located. They may or may not have tick marks and * Scale line coinci-5 dent with the zero
titles associated with them. They may or may not be b* * ase line axis

coincident with the zero base line axis. 1 2 14 16 ia

Scale Point Sometimes called a tick mark, tick, tic, stub mark or ar8 ..
stub. Scale points are short lines that intersect or abut Mapoints .. .. ...........
the axes or scale line to mark off intervals for encoding .nt........... ... ....
and decoding information and/or to serve as markers ediate < 4 ......

for labels. There are three sizes of scale points. The scale points
largest is called major and frequently has a label Minor scale
associated with it. The other two sizes are called points
intermediate and minor, with minor being the smallest. 0 , 4 6

Intermediate and minor scales points often do not have Three sizes of
labels associated with them. See Tick Mark. scale points

Scatter Graph Sometimes referred to as point, dot, or symbol graph. Two- 4

or dimensional scatter graphs are sometimes referred to as XY
Scattergram graphs or XY scatter graphs. Three-dimensional scatter graphs 3 -
or are sometimes referred to as XYZ graphs or XYZ scatter graphs. 2-

Scatterplot Scatter graphs are a variation of point graphs with all quantitative
scales or a combination of quantitative and sequence scales. They 1 *
are used extensively for exploring relationships, particularly 0
correlations between two or more data sets. See Point Graph. Scater graph

Scatter Graph Matrix Sometimes referred to as a stacked scatter graph. A <970 ,

scatter graph matrix is a variation of a matrix H ...

display that utilizes scatter graphs to make up the 0

matrix. Their major purpose is to simplify the 0
5.0

analysis of large quantities of data, particularly .*'

when one is looking for correlations or other . .:
meaningful relationships. The cells where the same > ..
variable appears on both axes are left blank, since a 7.5
given variable plotted against itself always _*

produces a straight line that yields no useful
information. Sometimes distribution graphs for >0.5 _. .
each of the variables are shown in the blank cells. 0Variable 9.0 0.5 5.0 0.5 7.5

VariableiA Variable SVariable cSee Matrix Display. Scatter graph matrix

0 1 2 3 4 5 6 7 8 9

343
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Scatter Line Graph A line graph with quantitative scales on both axes. If there are multiple data series, it is
called a grouped scatter line graph. On line graphs with category or sequence scales, the
data points are connected sequentially from left to right. The data points on scatter line
graphs are sometimes connected this way also. In other cases the data points are connected
in the order in which the data were collected or plotted. This many times correlates with the
order in which they appear on the spread sheet from which the graph is generated. As
shown at the right, the Numbers denote order in which data was plotted

shape of the curve 10 2 10 10 2 1

can be significantly 8- 83 8 3 A 3
different, depending 6 4 6 1. 6- 4 \

on which method is 4 5 4V
used. Only a person 2- 2- 2 26
familiar with the data 0 0 0I II I0 2 4 6 81012141618 20 2 4 6 8 1012141618 20 D 2 4 6 81012141618 20
can decide which is Data points connected in the same order they were Data points connected in

plotted. The number beside each data point indicates order of increasing values
the proper sequence the order in which they were plotted. along the X-axis.
for a given set of data. Line graphs on which the same data points are connected two different ways

There are many different types of scheduling charts.
Most have several things in common; 1. A tabular
format using rows and columns; 2. The things being
scheduled are shown on the vertical axis; 3. Time is
generally displayed on the horizontal axis; and 4.
When something is scheduled, an entry is made in the
cell(s) corresponding to the item scheduled and the
appropriate time. An example is shown at the right.

Vacation Schedule

Week 1 2 3 4 5 6 7 8 9

Avery, T. - I I
Chandler, A - I
Dorsey. J.
Goodman, E.
Hewell, P.
Leahy,
Mansfield, G. - -

Example of a scheduling chart

Schematic
or
Schematic Diagram

The term schematic is applied to certain types of diagrams. Exactly which types is not well
defined. In some cases the terms schematic and diagram are used interchangeably. Both are
made up of symbols, images, words, etc., frequently connected by lines. Schematics
generally show how the individual pieces of something are arranged, organized,
interconnected, interrelated, etc., or how things work, evolve, function, proceed, etc. In a
few cases schematics show how to do something. They seldom show how individual pieces
are arranged physically. Schematics often deal with the broad overview of something and
are sometimes classified as conceptual diagrams. On the other hand, schematics can be very
detailed diagrams such as flow charts, electronic circuits, PERT charts, etc. See Chart

Scientific Graph

Seasonal Graph

There are a large number of specialized charts and graphs used in the fields of science and
engineering. Although most are outside the scope of this book, most are variations or
specific applications of the basic types of charts and graphs described in this book.

Some organizations experience major seasonal fluctuations in certain aspects of their
operations. For example, with some companies, most of their sales occur over the year-end
holiday season. With others, fluctuations in sales, expenses, manpower, etc., might occur
during the summer or be associated with some annual occurrence such as schools opening
or closing. When data are plotted for these organizations, there sometimes are such
significant fluctuations that it is difficult to spot trends or note unusual deviations (below).
TrA 5AA--QQthi rL rlol :-sli~ A i- -

graphs have been developed that display *s 3,0
2,5

mathematically adjusted data that smooth o 2.0

out seasonal fluctuations. In this way trends 1,0
1,0and variations in the data can more easily a 5

be observed. This is accomplished by using Graph in which data has not been
historical data to develop a series of index adjusted for seasonal variations
numbers, sometimes called seasonal indexes. Index numbers are normally calculated for
each month of the year; however, other periods such as weeks or quarters might be used. On
the assumption that seasonal fluctuations are the same from year to year, the seasonal
indexes are then applied to past data or future projections and the resulting values plotted.

4 3'00 1990 1199i 1992 19 1994 The graph at the left shows the same data as
2 =50 used in the example above, except it has
2 2,000 been seasonally adjusted (sometimes

C1,500sesnlysoeis
E 1,001 referred to as seasonalized) and a regression
0
D 500 regession line line added. After the data has been season-

Graph with curve adjusted for seasonal variations ally adjusted, the downward trend of the344

Scheduling Chart
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Seasonal Graph (continued) data in this example becomes clearer. In addition, certain unusual or unexplained variations
stand out, - for example, the greater than normal swing of values in 1991 and the fact that
the values in the second half of 1991 were higher than the first half which is contrary to the
general pattern in other years.

Seasonal index numbers used to forecast monthly performance
The indeY nnumhPrs uedi ton mnnth the curvp in the-

preceding graph can be used to quantify the seasonal
cycle by plotting only the index values, as shown at the

lett. I he index numbers $
can also be used to
graph future monthly
values when only the .a
overall annual value is M
known. For example, -,
if a company vroiects so

Graph of seasonal index next year's sales at
numbers based on five years $20,000 ( an average
of historical data of $1,667 per month)

and the seasonal indexes as shown in the graph at the left are Projected monthly sales
applied, the projected sales for each month can be calculated by based on estimated annual
multiplying the index number (divided by 100) times $1,667. index numbers shown in the
The resulting graph of projected sales is shown at the right. graph at the left.

Graph of seasonal curve plus monthly trends

The above technique gives insight as to how a data series tends to vary from month to
month throughout the year. Another way to look at the data is to see how it varies from year
to year for each month. In this type of graph, values for the same month throughout the
entire period under study, say five years, are plotted on small graphs called icons. For
example, if there are five years being studied, the values for the five Januarys are plotted on
one icon. The values for the five Februarys are plotted on another icon, etc. The values
plotted might be actual values (used in the example below), deviations from the mean of the
monthly values, variation from a standard, etc. These small graphs or icons are then
positioned on a larger graph along a curve of the standard seasonal cycle. The seasonal
cycle on which the icons are placed might be plotted using average values, index numbers,
or some other measure representative of the seasonal cycle.

Legend for the icons

3000 -

2000-

mn i

345

Aug Sep 0CM NOV MeC Jan FIeo Mar Apr May Jun Jul w Y "' Y'

Seasonal graph showing the seasonal cycle as well as the year-to-year
trends for each individual month

With such a graph, year-to-year trends for a given month can be related to the relative
position of the month on the seasonal cycle. For instance, in the example above, in months
during the up part of the seasonal cycle (e.g., October, November and December), the year-
to-year values decreased for the last four years. At the same time, the year-to-year values
for April and May, in the down part of the annual cycle, have increased for the past four
years. The time scale on the horizontal axis might start with any month. For example, it
might start with the first month of the year or the first period of increase in the cycle, as in
the example above.
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Sectogram
or
Sector Chart

Sometimes referred to as a pie chart, cake chart, divided circle, circular
percentage chart, circle diagram, circle graph, or segmented chart.
Sectograms or sector charts, which are variations of proportional area
charts, consist of a circle divided into wedge-shaped segments. Each
segment is the same percent of the total circle as the data element it
represents is of the sum of all the data elements in its data set. The
purpose of this type of chart is to show the relative sizes of components
to one another and to the whole. The sizes may be shown in terms of
actual values, percentages, or both. See Pie Chart.

Sectogram or sector
chart

A sector is a portion of a circle bounded by
two radii and the included arc. In practice the
arc is sometimes represented by a straight line
which is called a chord. Examples of both are
shown at the right. * When used in
conjunction with pie charts and circle graphs,
a sector is sometimes referred to as a segment,
slice, or wedge.

Sector Graph Sometimes referred to as a rose or Nightingale rose chart. A sector graph is a circular graph
that is divided circumferentially into equal size segments (i.e., segments with equal angles).
The number of segments is equal to the number of data elements in the data series. Each
segment of the circle has a sector plotted in it, the relative size of which is proportional to
the data element it represents. Categories are distributed
equally around the circumference of the circle, and N
values are plotted along the radii with zero at the center
of the circle. An example of a sector graph is shown at Oct/
the right. * Sector graphs differ significantly from circle
graphs and pie charts. The wedges of a circle graph or
pie chart generally all have the same radii and the sizes Sep
of the segments are varied by changing the angle of
each. In a sector graph, all sectors have the same angle A
and the relative size of the sectors are varied by
changing the radii. Sector graphs can be constructed so Jul Jun
that either the areas or radii of the sectors are A sector graph with arcs on theends of the sectors and spaces
proportional to the values they represent. between the sectors

There may or may not be space between the
260 t 26.9 27 to 27.9 , _A - -A - I -

sectors. Ine sectors are sometimes filled witn
color or patterns for emphasis, appearance, or to
encode additional information. Sector graphs are

17.9 sometimes used to plot the distribution of
elements in a data set, in which case the class
intervals are shown as categories and the graph

18.9 is called a circular histogram (left). Other than
readability, there is no limitation on the number
of categories that can be plotted. When the same
categories are compared in multiple sector

21 to21.9 20 to 20.9 -

A sector graph with chords on the ends of graphs, the location of each category remains
the sectors and no space between sectors. the same so the viewer can easily compare the
Sometimes used as a circular histogram. same item from graph to graph. Linear, power,

or logarithmic scales can be used on the radii. A sector graph with only four segments is
sometimes called a two-by-two or four-fold chart. See Four-Fold Chart/Graph.

Segment Sometimes referred to as a wedge, sector, or slice. The termSent ent

segment is sometimes used to refer to one portion of a pie chart #4 #1

or circle graph. Each segment typically represents one data
element of a data set. The example at the right shows a circle Segment #2

divided into four segments. Pie chart consisting
of four segments

Sector
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Segmented Bar Graph Sometimes referred to as a divided, composite,
extended, stacked, or subdivided bar graph. A
segmented bar graph has multiple data series
stacked end-to-end. This results in the far right
end of each bar representing the total of all of
the components contained in that bar.
Segmented bar graphs are used to show how a
larger entity is divided into its various
components and the relative effect that each
component has on the whole. See Bar Graph.

Segmented Chart Sometimes referred to as a pie chart, cake chart, divided circle,
circular percentage chart, sector chart, circle diagram, sectogram, or
circle graph. A segmented chart (a variation of a proportional area
chart) consists of a circle divided into wedge-shaped segments. Each
segment is the same percent of the total circle as the data element it
represents is of the sum of all the data elements in its data set. The
purpose of this type of chart is to show the relative sizes of
components to one another and to the whole. The sizes may be shown
in terms of actual values, percentages, or both. See Pie Chart.

Segmented Column Graph

Segmented Line Graph

Sometimes referred to as a divided, composite, extended,
stacked, or subdivided column graph. A segmented n 204- Total
column graph has multiple data series stacked on top of 15 Sales of C
one another. This results in the top of each column E A o B
representing the total of all the components shown in 1 'Sales of B

that column. Such graphs are generally used to show O S o A
how a larger entity is divided into its various a
components, the relative effect that each component has °
on the whole, and how the sizes of the components and Segmented column graph
the total change over time. See Column Graph.

Sometimes referred to as a fever, broken line, thermometer,
or zigzag graph. A segmented line graph is a variation of a
line graph in which the data points are connected by
straight lines, as shown at the right.

10-
8 -

6 -

4-

2 -

0 -

Segmented line graph

Semilogarithmic Graph

Separated Pie Chart

Sequence Axis

Sequence Chart

Sometime referred to as a rate-of-change or ratio graph. The
semilogarithmic graph is the most widely used variation of a
logarithmic graph. It has a logarithmic scale on one axis and a
linear scale on the other. One of the major purposes of such a
graph is to determine how rapidly and consistently one variable is
changing with respect to a second variable. That second variable
frequently is time. See Logarithmic Graph.

Sometimes referred to as an exploded pie chart. A separated K
pie chart is a variation of a pie chart in which one or more K
wedges of the pie are moved radially away from the center of
the circle for visual emphasis. FL

Ex,

An axis that has a sequence scale on it.

1000-

100 -

1o-

1 -

"9~

0 2 4 6 8 10 12 14
Semilogarithmic graph

tiy separated Partially separated
samples of separated pie charts

Sometimes referred to as a time line chart. A sequence chart is generally a one-axis chart
used to display past and/or future events, activities, requirements, etc., in chronological
order. The major function of sequence charts is to consolidate and graphically display time-
related information Quotes received Contracts awarded Exterior complete Inspection
for purposes of
analysis and
communication.
See Time Line
Chart.

Vendor selection Foundation laid Interior complete occupy

I I I I 1 I I I
1/1/96 2/1/96 3/1/96 4/1/96 511/96 6/1/96 7/1/96 8/1/96 9/1/96 10/1/96 11/1/96

Example of a basic sequence chart using a horizontal axis

Product A Ends of bars

Product B total of all thecompnent
Product c contained in the

Product D-

Product E In 7

0 50 100 150 200
Sales in $ thousands

Segmented bar graph

Segmented chart
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Sequence Graph A sequence graph is a graph with a sequence scale on one axis and a value scale on the
other. In two-dimensional graphs the sequence scale is generally on the horizontal axis. In
three-dimensional graphs the sequence scale is on either the X or Y axis, and the value
scale is on the vertical axis. A sequence scale consists of words or numbers in an ordered or
progressive sequence. When numbers are used, they are only for locating, identifying, or
ordering purposes and have no quantitative significance. The three examples below
illustrate three of the major types of sequence scales and graphs.

Time series

IJ I F MMA MA J I A S
1
O NI DI d F

1 
MI Al Ml J dJ AI St O N

t 
D' JI F

t 
M

t 
A

t 
Ml J dJ Al St Ot Nt D

1990 1991 _ _ 1992 1

Equal distances & equal times Equal distances & equal times Equal distances & equal times
Example of a time series scale

Sometimes called a chronological scale. A time series scale
typically has intervals that are of equal physical size and that
represent equal increments of time. The time might be
shown in terms of dates (e.g., June 23, June 24, June 25),
specific times (e.g., 9:18, 9:19, 9:20), or successive
increments of time (e.g., 42nd week, 43rd week, 44th week).
Unlike most other sequence scales, time scales many times
have the major intervals subdivided into minor intervals. For
example, years can be broken into months, weeks into days,
minutes into seconds, etc. See Time Series Graph.

'87 '88 '89 R90 '91 '92 93
Time series sequence graph

Order of occurrence
l I I I I I I I I
1 2 3 4 5 6 7 8 9 10 11

4 ..-. e

Equal physical distances between entries but no indication of the time differences
between the entities represented. For example, entry number seven may have
occurred 10 minutes after number six, but thirty minutes before number eight.

Example of order of occurrence scale

12

This type of scale plots data in the same order or progression it occurred or the data was
collected. The time between successive data points may or may not be equal. For example,
if the data points represent samples tested, there is no indication on the graph as to how
long the time intervals were between samples. One interval may have been 10 minutes and
the next one 30 minutes. All that an order of occurrence scale indicates is which came
before and which came after. In some cases,
sequence numbers are not assigned to data points
and the values on the vertical axis are simply
plotted successively along the horizontal axis. This
method is especially likely when the data is plotted
as it is collected; in these cases a trend is often the
key thing looked for and the actual number of the
sample is unimportant. In other cases, numbers such
as lot number, sample number, patient number, etc.,
might be the labels along the horizontal axis.

(D
c 6.54
C
= 6.52

8 6.50.

E 6.48 -

* 6.46-

6.44 -

Upper control limit 0

- *

Lower control limit - - - -

I I I I I I I I1 I1 I II II

UCL

'CL

LCL

1 3 5 7 9 1113 15 17 19 2123

Order of occurrence type control chart.
In this example, the numbers along the
horizontal axis represent the sequence/
order in which the samples were taken.

Ordinal information

Fourth highest position Third highest position Second highest position Highest position I

Equal physical distances between entries but no indication of how great the differences
are between the actual entities represented or whether or not the differences are equal

Example of an ordinal scale

Ordinal headings rank information in nonquantitative
terms such as small, medium, large; first, second, third;
or lowest position, second lowest position, and third
lowest position. Such scales will many times indicate
that one thing is larger than another, but not how much
larger. Sequence scales use the same terms and order of
information along the axis as established in the ranking
process.348
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Sequence Graph (continued) Factors that differentiate sequence scales from quantitative and category scales
- A sequence scale is the only type of scale that incorporates the concept of

nonquantitative progression. The progression might be in terms of time, the order in
which things occur irrespective of time, or the progression or succession of ordinal
information such as small, medium, large or first place, second place, third place.

- A sequence scale is differentiated from a category scale in that the labels on a sequence
scale cannot be reordered without degrading the information plotted on the graph.
(reversing the scale so it progresses from right to left instead of left to right is excluded.)
For example, if the years on a time scale were reordered such that 1990 was the first
year, 1996 the second year, 1992 the third, 1994 the fourth, etc., the data plotted on the
graph would be almost meaningless, particularly if one were looking for trends.

- Sequence scales are differentiated from quantitative scales in that sequence information
cannot be mathematically manipulated in any meaningful way. For example, even if it
could be done, taking the logarithm of dates or lot numbers would yield meaningless
numbers.

Applications for sequence graphs
Sequence graphs are used extensively for many different purposes including:

- Monitoring and controlling processes, activities, performance, etc.
- Analyzing for trends
- Looking for repetitive fluctuations such as seasonal and cyclical
- Forecasting and projecting
- Comparing the performance of multiple entities
- Studying repetitive phenomenon
- Communicating sequential type information

Missing data
In most cases, when data is missing an empty
space is provided so the pattern formed by the
data is not distorted and the viewer is alerted to
the missing information. For example, if the data
for 1989 is missing, a space is normally provided
for it between 1988 and 1990 even though there
is no data point. If tests are being conducted on
every fifth part, but the data for the 25th part is
missing, a space is frequently left between the
20th and 30th sample. If the data is plotted on a
line graph, the line may or may not be broken, or
a dashed line may bridge the gap where the
missing data point would have been. Examples of
both options are shown at the right.

Sequence Scale

190 -

180 -
a)
'O 170 -

160 -

150 -

'87 88 '89 '90 '91 92 '93
A space is generally provided for missing
data. A dashed or broken line is sometimes
used where a data point is missing.

General
- Point, line, area, and column type graphs are most frequently used

for displaying sequential information.
- Multiple data series can be plotted on the same graph

A sequence scale consists of words or numbers in an ordered sequence. When numbers are
used they are only for identification and/or ordering purposes and have no quantitative
significance. A time series is one of the most widely used types of sequence scales. Other
types of sequence scales include order of occurrence and ordinal scales. Examples of these
three major types of sequence scales are shown below. See Scale and Sequence Graph.

I IF M A M IJ A IS 
1  

N D I J IFIMA M J J III A 5 O'NIII III M1 J J AI S
1 

NI D I
1990 1991 1992

Time series scale

1 2 3 4 5 6 7 8
Order of occurrence scale

9 10 11 12

Fourth highest position Third highest position Second highest position Highest position
Ordinal scale

Examples of sequence scales 349

Line broken where data is
missing

Dashed line
bridges area X
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Data point missing
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A series axis is a category type axis where the categories are the names of the data series
being plotted. It is normally used on a three-dimensional graph.

An illustration of how the information plotted on the series axis of a three-
dimensional graph relates to the same data plotted on a two-dimensional graph

Serif Typeface

Set Diagram

When the letters of a typeface have small lines
seriess) projecting from the ends of each of their With enf ef-ace
main strokes, as shown at the right, it is some- sWrithp fa c

Serif typeface
Witho t imes called a serif typeface. When the

seWittd a serif type face does not have the small lines, it
is generally called a sans (without) serif

Sans serif typeface typeface, as shown at the left.

Also referred to as a Venn diagram or Ballantine diagram. Set diagrams are typically used
to describe a relationship between two or more sets of information. They accomplish this by
the relative positioning of geometric shapes (normally circles) representing the sets of
information. For example, the two overlapping circles shown below represent two sets of
buyers. Circle A represents the set of buyers who bought brand X cars, and circle B the set
of buyers who bought red cars. The area where the circles overlap indicates the buyers who
Is :-,- i- -- ,-- -- -
rell into both categories, I.e.,
buyers who purchased red,
brand X cars. Set diagrams
might be quantitative or
qualitative. See Venn
Diagram.

The area in which the two circles
overlap represents the 25 buyers
who bought brand X cars that
were red.

Circle B represents 100 buyers of
red cars
Circle A represents 175 buyers of

Example of a set diagram

Seven and One-Half
Minute Map

Shaded Map

An area bounded by two lines of latitude and two lines of longitude is sometimes called a
quadrangle, quadrilateral, or quad and is frequently designated by the angles included in the
enclosure. For example, a seven and one-half minute map or quadrangle is a map
encompassing 7.5 minutes of latitude and 7.5 minutes of longitude. The U.S. Geological
Survey issues a series of maps referred to as 7.5-minute maps or quadrangles.

Sometimes referred to as a choropleth, crosshatched, or textured mai
A shaded map is a variation of a statistical map that displays data
with regards to areas by means of shading, color, or patterns. The
areas (sometimes called areal units) might be countries, states,
territories, counties, zip codes, trading areas, etc. The data is
generally in terms of ratios, percents, rates, etc., as opposed to
absolute units. For example, incomes are typically given in terms of
dollars per capita, dollars per household, etc., as opposed to total
dollars for the area. Data is often organized into class intervals, as
shown in the example at the right. See Statistical Map.

Shaded Relief Map A map on which elevations and variations in surface features are
indicated by means of shading. The shading is meant to simulate
shadows cast by an imaginary light source representing the sun,
thus giving the map a three-dimensional appearance. The shadows
are typically positioned as though the imaginary light source was
in the Northwest. The technique is most frequently used with
topographic maps. Shaded relief maps generally incorporate
contour lines as shown at the right. Shade relief map

Series Axis
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Shadow
or
Shading

6g I

40

Shadow darker than Shadow lighter than
object object

Shadows may be darker or lighter than the
object they apply to. In many cases they
are different shades of the same color.

Maps

Shadows are sometimes used
with maps to add emphasis and
to improve their appearance. In
some cases the shadows used
with maps are more elaborate
than those used with other chart
types. The technical difference
between an outline and a shadow
sometimes becomes blurred as An illustration of some of the many
shown at the right. Shadows and variations of shadows used with maps

shading are widely used with topographic maps to indicate changes in elevations. These
maps are frequently called shaded relief maps.

Shadows are generally used to enhance the
appearance of charts and graphs. In a small
percentage of cases they are used to identify and/or
highlight selected data graphics very much as color
and fill might be used. For example, on an
organization chart the symbols with shadows may
indicate senior employees or employees with a certain
type of training. Shadows can be used with almost
every type of chart element, ranging from the text in a
heading to an entire chart. Three of the major types of
shadows are shown at the right. Examples of specific
applications are shown below.

Graphs

44-

2 1

Shadow applied to frame Shadow applied to data
graphics

Shadows can be applied to the frame and/or the
data graphics. Care is normally taken so that the
shadow does not interfere with the display of
information, as in the example at the left, where
the shadow has hidden the tick marks.

Often referred to as a drop shadow

Examples of three of the major
types of shadows and shading
used in charts and graphs

o2 - i 2 11 1, - A 2 k o

Displaced up and to the Displaced up and to the Displaced down and to Displaced down and to
right by a small amount left by a large amount the right the left
Shadows can be displaced from the object thev aooDv to in any direction and by varvina amounts.

4 -4-

2 2 2

When an object and its
shadow are connected, 1 With three-dimensional data graphics,
the object sometimes Shadows are occasionally the same type of shading is generally
looks like it has depth or used to make it clear that a applied to similar surfaces (e.g.,
is three-dimensional. value is zero and has not fronts, tops, right sides, etc.) within a

been accidentally overlooked. given chart or graph.
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Shifted Frame and Scale On most graphs the frame and scale
lines coincide with the axes. This
sometimes makes it difficult to read data
points on or close to the axes. One way
to overcome this problem is to shift the
frame and scale labels slightly away
from the axes, as shown in the example
at the far right. This technique can be
applied to most types of axes. The
dashed lines in the example may or may
not be used in an actual application.

2 a

0 0

02 46 a 10 02 4 6 ai
Frame coincides with Frame and scale
the axes of the graph labels shifted slightly

Example of shifted frame and scale labels to make
data points on and near the axes more legible

Shifted Reference Axis Sometimes referred to as a reference axis or reference line. Shifted reference axes are
typically located at some value other than zero and are included on graphs to denote
differences between actual values and some reference A budget used as a
v .,,h.1While Still chA,-A- *ht .art-l - .1-. shifted reference axis

measured from zero. For example, if one wanted to 6

show actual profit values while clearly designating e 5
deviations from budget, the budget values might be ( 4

used as the reference axis. The data points, measured V3
from the zero base line axis, would designate the 0 1
actual profit values, while the data graphics between 0
the data points and the reference axis would indicate - Jan ' Feb' Mar' Apr ' May'
deviations from budget. See Reference Axis. Example of a shifted reference axis

Side-by-Side Bar Graph

Side-by-Side Column Graph

Silhouette Graph1

Sometimes called a clustered bar, grouped bar, or multiple
bar graph. A bar graph with two or more data series plotted
side-by-side for comparison purposes. The bars for a given
data series are always in the same position in each group
throughout a given graph. Each data series typically is a
different color, shade, or pattern. See Bar Graph.

Sometimes called a clustered, grouped, or multiple
column graph. A column graph with two or more
data series plotted side-by-side for comparison
purposes. The columns for a given data series are
always in the same position in each group throughout
a given graph. Each data series typically is a different
color, shade or pattern. See Column Graph.

ECI

E

0.!

0
Ia I

Material

Labor

-o * Plant A
Overhead a Plant B

- Plant C
0% 20% 40% 60%

Side-by-side bar graph

* Organization A
J Organization B

* Organization C
91 '92 '93 '94 '95

Side-by-side column graph

Silhouette graphs are formed by using color, shading, or patterns to fill the areas between
lines representing multiple data series or to fill the areas between a data series and a
reference line. Examples of the major variations and their alternate names are shown below.

I00 ti0;Examples of silhouette type graphs 0 j I

40- 0 04-*

30- 01 AA 3 0

20-0 ' 220

10- Uo 10 mo

1 - - 00 -I

-71

Sequence Sequence -u- Sequence Sequence 0

Can be thought of as an Can be thought of as an Can be thought of as an A variation of a line graph
area graph or a line graph area raph or a line graph overlapped area graph in which the lines intersect
with the area between the with the area between the with only the differences and the areas between the
line and the axis filled line and an axis or between the two data lines are filled. Generally

reference line filled. The series filled or as a two colors or shades are
areas above and below multiple line graph with the used to indicate when the
the axis or reference line area between the lines relative values of the two
may or may not be filled filled. In this variation the data series reverse.
with the same color, two data series do not
shading, pattern, etc. intersect.

Altebnte terms Rused for silhouett, graphs

- Silhouette graph - Deviation silhouette graph - Range silhouette graph - Intersecting silhouette graph
- Filled line graph - Deviation line graph - Band graph - Intersecting band graph
- Area graph - Filled line graph - Area band graph - Curve difference graph

- Range graph - Difference line graph
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Silhouette Graph2 A series of small, related graphs stacked on top of one another to provide an overview of a
subject, project, program, financial situation, etc. The graphs are generally of the times
series type. All use the same horizontal scale located on the lower axis, but each has its own

$10o- ------------------- vertical axis. Units of measure
Administrative and $5 on the vertical axes of the

geneal csts $50general costs * - .......................-.-.-.-.-.-.-. various graphs may or may not
$1o) ,be the same. When the units of

Land and property $75
costs $50 measure are the same, the

$2- - - intervals on the scales are

Engineering costs $75 frequently the same also so
$25 * * - - - - - - direct comparisons can be
$° - - - - - made. The graphs might display
$75

Material costs $50 values for individual periods or
$5 - cumulative values. An example

Labor costs of a series of graphs summariz-
$25 - - ing costs is shown at left.

J FM AM J JASON D J FM AM J J A
Silhouette graph used as an overview of costs on a major
project. Similar graphs can be used to show other aspects
such as manpower, equipment, and cash requirements.

Similar graphs can be generated for manpower, cash,
equipment usage, requirements from vendors, etc. For
repetitive information, a circular silhouette graph might be
used, as shown at the right. * Silhouette graphs are used
primarily for overview and planning purposes rather than
for tracking purposes.

Circular silhouette graph

Simple Graph A simple graph is typically the 10O - 10 --- 10 ' 1rs02 lA R R A
most basic format of a particular 6 6 6
type of graph with only one data 4 4 4
series displayed on it. Four 2 2 2
eamnlpl are shnown at the riaht 0 0 R r ° .-. D ° Li6uI

I Simple point Simple line Simple area Simple columnSee individual graph headings. Examples of simple graphs

Single Column Chart A variation of a proportional chart. A single column chart
consists of a single stacked column with no grid lines, tick m ;2%
marks, or scales. In a single column chart, only one data series is i -
displayed, and each segment of the column represents a different 2
dalta element nf the data spripe Thp indivciduna csaments tvnica1lv I 28% 28%

abut one another. When a small space is placed between them the
chart is sometimes said to be exploded. Multiple single column
charts can be used to compare multiple data series or to show
;1-U-g VI UIliilI ... ~ WIUI -lilI uI Lun uIIUns. .. -ingle column cnar s

Skewhart Charts Sometimes called control charts. Skewhart charts are a series of charts and graphs used
primarily in the field of quality control. See Control Charts.

Skirt Sometimes referred to as a side. Skirts are the surfaces that enclose the sides of certain
three-dimensional graphs. In some cases plain skirts are added to emphasize the shape of
the data along the two outer planes. In other cases grid lines are projected onto the sides
resulting in the equivalent of
two, two-dimensional graphs. In
still other cases the skirts are
added for aesthetic purposes and
to minimize the distraction of
the grid lines under the surface
of the data. Without skirts With skirts With grid lines on skirts

Slicel Sometimes referred to as a wedge, sector, or segment. The term slice is often used to refer
to one portion of a pie chart or circle graph. Each slice typically represents one data
element of a data set.
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Slice Graph
and
Slice2

8 12 16 20 24
Age Age- & above

Three-dimensional scatter graph with drop lines Slice graph generated from the same
data used in the graph at the left

A slice graph and a three-dimensional scatter graph generated from the same data

The outlines or frames of the selected planes may or may not be shown. Depending on the
number and nature of the data points, drop lines, connecting lines, and/or fill might be used
to make the graph easier to decode. The examples below illustrate each of these potential
variations.

1s 6,

81

Ages 13 4
&below Ages4 Ag1s24

0

t19 & above
Without frames around the planes.
Drop lines connect each data point

connecting the data points to the floor of the graph.
Examples of potential variations available for use with slice graphs

Slices displayed side-by-side

It is sometimes easier to analyze the data if the planes on which the data are condensed are
displayed side-by-side as multiple two-dimensional graphs. This is particularly true if there
are many planes. An example is shown below. Such a group of graphs is sometimes called

16 1.

9 12
t( CM4) 8

IBH

0 4 8 12 16
Variable 1

a casement display.
Scales, grid lines, 16

and tick marks on .'
the slices are N '|

optional depending 8' |

on the purpose of i

the graph and the 4 ll

type of data.
0 4 8 12 16

Variable 1
Ages 13 & below Ages 14 to 19 Ages 20 & above

Example of the slices shown in the examples above arranged
side-by-side (Sometimes referred to as a casement display)

Sometimes referred to as a spectral plot, ridge contour, layer graph, strata graph, or partition
plot. A slice graph aids in the analysis of three-dimensional scatter graphs by condensing
and displaying the data points on several planes or slices passed through the cloud of data
points. With a slice graph, it is sometimes possible to spot trends and/or relationships,
clusters of data, unusual data points, etc., that would be difficult or impossible to spot with
the standard three-dimensional scatter graph. The axis along which the data points are
condensed is largely dependent on the nature of the data and the type of analysis being
done. Usually the X or Y-axis chosen. The number and location of planes and the size of
the interval of data that is to be condensed onto a single plane are optional. The planes may
or may not be equally spaced. They generally are equally spaced. The planes do not
necessarily have to be displayed at the midpoints of the data being condensed although it is
frequently done this way. An example of a slice graph in which the data points have been
condensed onto three planes is shown below.
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Sometimes referred to as a bilateral, opposed, paired, or
two-way bar graph. This type of graph is a variation of a
bar graph in which positive values are measured both
right and left from a zero on the horizontal axis. The
major purpose of such a graph is to compare two or more
data series with particular attention to correlations or
other meaningful relationships. See Bar Graph.

E
D

C
B
A

5% 4 3 2 1 0 1 2 3 4 I

Data series #1 Data series #2
Sliding bar graph

Sometimes referred to as curve fitting or line-of-best-
fit. Smoothing is a process in which a curve that most
closely approximates a data series is superimposed
over a plot of the data points of that data series. There
are many different types of curves that can be fitted
to a given set of data points. Two examples are
shown at the right. See Curve Fitting.

Near curve fit Polynomial curve fit
Two types of curves fitted
to the same data points

Smooth Statistical Map

Snowflake Icon

A smooth statistical map is one in which the height
(sometimes referred to as the Z-axis value) of the
surface is proportional to the value of a variable being
studied. For example, to plot pollution levels, one
might plot latitude and longitude along the X and Y
axes and pollution levels along the vertical or Z-axis,
as illustrated at the right. The higher the level of
pollutants, the higher the level of the surface of the
map. Normally only data that is continuous with
smooth transitions from one point to another or one
area to another are displayed on this type of map. See
Statistical Map.

Miniature (I" square or less) graphs, frequently without titles, labels,
tick marks, or grid lines are sometimes called icons. The purpose of
these types of icons is not to convey specific quantitative information.
Instead, they are many times used as symbols to show such things as
relative sizes, overall comparisons, trends, etc. There are many types
of icons. The icon at the right has several names including snowflake,
polygon, star, and profile. It is sometimes generated using a radar
graph. See Icon and Radar Graph.

Smooth statistical map

Example of an
icon sometimes
called snowflake,
polygon, star, or
profile

A sociogram is a variation of a relationship diagram that displays sociometric data for the
purpose of studying the social interaction of groups. Sociograms are used most extensively
in the field of sociometry, a branch of social psychology. One of the key functions of this
type of chart is to provide a tool for determining the relative roles of individuals in group
settings. Sociograms are helpful in identifying potential leaders, informal groupings,
individuals who might require attention, changes in group dynamics over time, etc. They
are also helpful in such undertakings as organizing harmonious work groups and assuring
compatibility of individuals who must live together in confined environments. * Information
for constructing sociograms is frequently obtained via confidential questionnaires
completed by the members of the group under study. Each member is asked to answer one
or more questions such as: "Who would you like to be on a task force with? Who would
you like to see as chairperson of that task force? Who would you like to share a dormitory
room with?" The same or similar questions may also be asked in reverse: "Is there anyone
you would not like on a task force with you? Is there anyone you would prefer not to share
a dormitory room with?" The information from the questionnaires is then displayed on a
chart containing symbols representing each member of the group. An example is shown on
the next page. Individual names, code numbers, or letters might be used to identify the
members. If person A answers that she would like to be on a task force with person B, an
arrow is drawn from A to B. If A answers that she does not want to be on a task force with
B, a line is drawn from A to B but a short, perpendicular line replaces the arrow head. The
same procedure is followed for each response.

Sliding Bar Graph

Smoothing

Sociogram
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Sociogram (continued)
A single arrow indicates

the person at the base of
the arrow is positive about-'
the person at the head of ',

An isolate is a person with no
arrows pointing towards him or her.

Color, shape, or size can
encode an additional variable.

Short perpendicular lines by a
person indicate the person at

the other end of the line
expressed negative comments

or feelings about this person

A star is a person with many
arrows pointing towards them

directions among three
people, the formation is
called a triangle.

Example of a sociogram

People who have a higher than normal number of arrows pointing at them are generally
referred to as stars (symbol G in example). Stars may be social leaders or power figures,
depending on who the arrows are emanating from. If no arrows go towards an individual,
he or she is referred to as an isolate (symbols C and K). If arrows go both directions
between two individuals, they are referred to as a pair (symbols A & B, M & N). If arrows
go both directions among three people, they are referred to as a triangle (symbols P, Q, &
R). Groups of individuals who have chosen one another are referred to as cliques.
Additional information such a male or female can be coded into the chart by varying the
shape or color of symbols. The size of the symbol can be used to encode such things as
length of time in the group, ranking in the organization,
etc. There are three methods commonly used to indicate (3 = =C )
that two people have selected one another as shown at
the right. * Sometimes this type of chart is prepared at
various intervals of time to note changes that have 0 1 )
taken place as a result of actions initiated, or to note the Methods for indicating when two
effects of time alone. Different questions asked of the members have selected each other
same group of people many times yield entirely
different sociograms. For example, the sociogram for the question, "Who would you like
study with?" may be quite different from the chart for the question, "Who would you like to
go to the prom with?"

Sometimes referred to as ordering. Sorting is the process of
arranging information on a chart, graph, or table in some
meaningful sequence. There are several ways information can be
ordered. Four widely used methods are to alphabetize, to
organize in numerical sequence (e.g., by time card number), to
rank (e.g., place in ascending or descending order by quantitative
value or ordinal position), and to arrange by attribute (e.g.,
address, product, religion, etc.). Examples of all four are shown
here. Two major reasons for sorting are to make information
easier to locate (particularly when material is alphabetized or in
numerical sequence) and to make the information more meaning-
ful for analysis (particularly when the information is ranked).

Adams 67-
Blac~k 34 ll91

Crider 82E -

Dole 28I

E ato 541.

o 2 4 6 8 10
Sorted alphabetically
by name/category

drder 82 Eao 4 -Adams 67

Adams 67 Adas 6Cder 82

Eaton 5Black Dole 28

Black Dole 2 Black 34

Dole 2 Crider 8 Eaton 54

2 4 6 8 10 024 618 10 0 2 4 6 8 10
Sorted by numerical Ranked by Sorted by attribute
sequence quantitative value (region, East to West)

Examples of the four major methods of sorting data.
The same information is shown in all four graphs.
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Source Note

Source Table

Spatial Grid

A notation on a chart or graph indicating where the information used in constructing the
chart or graph came from. In some instances it indicates the source of the chart or graph
itself.

Sometimes referred to as a reference
table. A source table's primary purpose
is to make data easy to retrieve.
Information is generally arranged in
alphabetical order, by geographic area,
in numerically ascending or descending
order, chronologically, etc., so specific
bits of information can be located
rapidly.

10 20 30 40 50 60 70 80
Percent Relative Humidity

90 100

A source table arranged for easy access/reference

A phrase sometimes used to refer to the grid of a three-dimensional graph.

Spectral Plot Sometimes called a slice graph, ridge contour, layer graph, strata graph, or partition plot. A
spectral plot is a graph in which the data points of a three-dimensional scatter graph are
condensed onto a limited
number of planes to aid ! . I
in the interpretation of X
the data. See Slice iIii

Variable #3

Sometimes referred to as a radar or star graph. A spider graph
is a circular graph with three or more radial axes. Each axis
may have its own unique scale, or all axes might have similar
scales. Data elements are plotted on the axes and all the data
points for a given data series are connected by lines forming
polygons. When used for comparative purposes (which they
often are), the larger the polygon the higher the overall
evaluation of the entity being evaluated. See Radar Graph.

Sometimes referred to as a needle or vertical line graph. On this
type of graph a separate vertical line is used to designate each
individual data point. The tops of the vertical lines designate the
actual data points. Such graphs are used when many data points
are to be plotted at uniform intervals, as in many sequence type
graphs. Spikes can be used with either two- or three-dimensional
graphs. See Line Graph. Spike

Protein
25% Data series A

4 Data series B

Vitamin A

25%
Thiamin 35% Vitamin C

Spider graph

One of the major limitations of three-dimensional graphs is the fact that it is sometimes
difficult to see or interpret all of the data graphics when viewed from a single angle. A
technique developed to overcome this problem when viewing a three-dimensional graph on
a computer screen is to spin or continuously rotate the chart so the viewer can look at it
from almost any angle, e.g., front, back, side, top, etc. In this way, patterns, configurations,
relationships, distributions, outliers, and anomalies can better be observed. See Rotate.

Spline Graph A variation of a line graph in which all data points are
connected by gently curving lines as opposed to straight
lines. The exact shape of the curve might be based on
visual estimates or established mathematical techniques.

A split bar graph is a variation of a difference or deviation
bar graph in which positive and negative values are
plotted from a common zero for every interval along the
vertical axis. See Difference Graph and Bar Graph.

Cash out Cash in

May

Apr

Mar

Feb

Jan n

Split bar graph -6 -4 -2 0 2 4 6

Sometimes referred to as scale break. Split grids are intentional discontinuities in the scale
and grid of a graph. See Scale.

105 112 123 137 150 Comfort Index
100 105 113 123 135 149
95 99 104 110 120 132 144
90 93 96 101 107 114 124 136
85 87 90 93 96 100 106 113 122
80 82 84 86 88 90 93 97 102 108
75 77 78 79 81 82 85 86 88 91
70 72 73 74 75 76 77 78 79 80
65 66 67 68 69 70 70 71 71 72

110

,Ex 100
n3 95

E go

< 0

Spider Graph

Spike Graph

Spin

Split Bar Graph

5

4

3

2

nl .- 0
O:tpiume ytrpi - A B C D E

Split Grid
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Spreadsheet A type of table containing predominately numeric values. Spreadsheets are frequently used
for the systematic recording, organizing, and manipulation of large quantities of data. It is
common for many of the values on a spreadsheet to be mathematically interrelated such
that a change in one value or series of values affects all or many of the other values in the
table. * Spreadsheets are frequently used with computers to conduct what-if analyses. In a
what-if analysis, hypothetical, predicted, alternative, worst case, etc., type values are
entered into a matrix of information and their effect on the other values noted. For example,
sales values that are 25% below forecast might be entered into a spreadsheet of the key
financial information for a company to see what would happen to profit, cash flow, return
on assets, employment levels, etc., if there was a major down-turn in sales.

Stacked area (Graph Sometimes called a layer area, multiple- 1
strata, strata, stratum, divided, subdivided 15

area, or subdivided surface graph. A stacked 10
area graph has multiple data series stacked
ar - IC- -ar -f -rc -rt~ -L- c r at Itho -.- L. S

eries 8 R N
6

erie 2
B 2

U1n LUtJ UI WIn dJIULII, as bIiUW11 Lt UII IIg1L. - Sense 0 °

This is the area graph format most 0 ; A 97
94 '95 '96 '97 98 a pfrequently used. See Area Graph. Stacked area graphs

Stacked Bar Graph Sometimes referred to as a divided, composite, extended, A

segmented, or subdivided bar graph. A stacked bar graph has B

multiple data series stacked end-to-end. The far right end of c
each bar represents the total of all components contained in
that bar. Stacked bar graphs are used to show how a larger Efnds ot bars
entity is divided into its various components and the relative E - 1 designate totals
effect that each component has on the whole. See Bar Graph. a so 100 150 200

Stacked bar graph

Stacked Column Graph Sometimes referred to as a divided, composite, extended, segmented, or subdivided column
graph. A stacked column graph has multiple data series stacked on top of one another. The
top of each column represents the total 20-
of all components shown in that U 1 0-
column. Such graphs are generally . 15is 8-

E~6-used to show how a larger entity is 61-1 -
divided into its various components, |C 40

the relative effect that each component - 5* 2-
has on the whole, and how the sizes of 0
the components and the total change 91 92 93 94 95

over time. See Column Graph. Stacked column graphs

Stacked Histogram Stacked histograms are sometimes used to show how subcategories of a data series affect
the overall frequency distribution pattern. For example, a histogram similar to the one at the
LIrIIL 1IIIIIIL UV rVIIVLULVU LU bLUUY II UIV WUIVULIUII UL

orders based on dollar value. The black portions might
represent the number of export orders and the white C

portions the number of domestic orders. The tops of
the columns would indicate the total number of X

orders. More than two data series can be plotted on
this type of graph; however, interpretation of the 1 3 5 7 9 11 13 15

subportions of the graph sometimes becomes difficult. Stacked histogram

Stacked Line Graph Sometimes called a layer line graph. A stacked line graph has multiple data
series stacked on top of one another. In this
type of graph, the top curve represents the
total of all the components or data series
below it. This format of line graph is used
cautiously because of the potential confusion
with the more familiar grouped line graph
format, in which each curve is referenced
from the same zero axis. See Line Graph. Stacked line graphs

Stacked Pie Chart When comparing multiple data series or studying changes in the
same series over time, a series of pie charts is sometimes used.
Typically the series of charts is shown side-by-side. Occasion-
ally they are superimposed on top of one another, as shown at
the right, in an arrangement called a stacked pie chart. The
segment representing a given data element is kept in the same
relative position in each of me multiple pies. Nee Pie LChart. Stacked pie chart
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Stacked Scatter Graph
na
a

Sometimes referred to as a scatter graph matrix. A
stacked scatter graph is a variation of a matrix
display that utilizes scatter graphs to make up the
matrix. Their major purpose is to simplify the
analysis of large quantities of data, particularly
when one is looking for correlations or other
meaningful relationships. The cells where the same
variable appears on both axes are left blank, since a
given variable plotted against itself always
produces a straight line which yields no useful
information. Sometimes distribution graphs for
each of the variables are shown in the blank cells.
See Matrix Display.

1. 0

0
5.0

D.5

7.5
0
a

> 0.5

I 9.0 0.6 5.0 0.5 7.5
Variable A Variable B Variable C

Stacked scatter graph

Stacked Surface Graph A graph in which multiple quantitative surfaces are 10
located directly above one another. The values of the 8

lowest surface are plotted from the base of the graph. 6

The values for all other surfaces are measured from the
surfaces directly below them. This results in the values
for the upper surface being the cumulative total for all 2

of the surfaces shown in the graph. 0

Staggered Bar Graph Sometimes referred to as a stepped, step-by-step, or -
progressive bar graph. A staggered bar graph is the Personnel

equivalent of a stacked bar graph with only one bar Engineering

and with each segment of that bar displaced vertically R&D

from its adjacent segment(s). The segments can be Selling
displaced up or down. The purpose of staggered bar Admin.
graphs is to add visual emphasis to the individual

0 100 200 300 400segments while still maintaining the concept that the Thousands of expense dollars

segments all add up to the whole. See Bar Graph. Staggered bar graph

Staggered Column Graph Sometimes referred to as a stepped, step-by-step, or e

progressive column graph. A staggered column graph is a g 400 Administrative

stacked column graph with only one column and with each L 300 s 11n
segment of that column displaced horizontally from its E

adjacent segment(s). The segments, starting from the -200 R&D

bottom, are typically displaced to the right. The purpose of -
staggered column graphs is to add visual emphasis to the 8 Engineenng

individual segments while still maintaining the concept that g o-onnel
the segments all add up to the whole. See Column Graph. Staggered column graph

Stair Chart A chart designed to compare a current five-year plan with previous five-year plans. This is
accomplished by vertically aligning each of the plans estimates for a given year (e.g., all
plan estimates for 1997 are aligned). Each chart generally compares only one aspect of the
plan, such as projected sales, projected capital expenditures, projected contributions, etc. By
comparing the current projection for the coming year(s) with those made in previous years,
one can sometimes determine such things as whether the plans have become more or less
optimistic and whether the forecasts are consistent or erratic. By comparing the projections
of multiple years, basic changes in strategic thinking can sometimes be learned.

3 Years 2 Years I Last I Current Coming I 2 years 3 years 4 years 5 years
ago ago year year year out out o ut out

eg., 1993 e.g., 1994 e.g.,1995 e.g. 1996 eg., 1997 e.g.,1998 e.g., 199 e.g. 2000 e.g., 2001

4 year ago 4 year ago 4 year ago 4 year ago 4 year ago
('92) plan for ('92) plan for (92) plan for (92) plan for (92) plan for
1993 sales 1994 sales 1995 sales 1996 sales 1997 sales

3 year ago 3 year ago 3 year ago 3 year ago 3 year ago
('93) plan for (93) plan for (93) plan for (93) plan for (93) plan for
1994 sales 1995 sales 1996 sales 1997 sales 1998 sales

2 year ago 2 year ago 2 year ago 2 year ago 2year ago
('94) plan for ('94) plan for ('94) plan for ('94) plan for ( 94) plan for
1995 sales 1996 sales 1997 sales 1998 sales 1999 sales

Last year Last year Last year (95) Last year (95) Last year ('95)
('95) plan for (95) plan for plan for plan for plan for
1996 sales 1997 sales 1998 sales 1999 sales 2000 sales

Current year Current year Current year Current year Current year
('96) plan for ('96) plan for ('96) plan for ('96) plan for ('96) plan for
1997 sales 1998 sales 1999 sales 2000 sales 2001 sales

Example of stair chart used for comparing current five-year plan with previous year plans.
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Standard Deviation

Standard Deviation Graph

A measure of how spread out (dispersed) the data elements are in a set of data. As a general
rule, the larger the standard deviation, the more dispersed the data elements are. A standard
deviation can be calculated for each data set. The assumption is generally made that the
distribution of the data elements is normal, which may or may not be the case. See Normal
Distribution Curve.

A graph on which symbols, bars, lines, etc., are used to designate plus and minus one, two,
or three standard deviations with regards to a set of average or median values. The basic
graph designating the average or median values might be point, line, area, bar, or column
type. There are a number of techniques for designating the standard deviations, - four are
shown below, see Range Symbols and Graphs for others.

Examples of standard deviation graphs on which plus and minus standard
deviations are displayed with reference to the average values for the same data.

ProteinStar Graph' Sometimes referred to as a radar or spider graph. A star graph is 25% te s A

a circular graph with three or more radial axes. Each axis may Data series B

have its own unique scale, or all axes might have similar scales. Niacin 45%

Data elements are plotted on the axes, and all of the data points 5o y Vitamin A

for a given data series are generally connected by lines forming
polygons. When used for comparative purposes, as they often
are, the larger the polygon, typically the higher the overall 25%

evaluation of the entity being studied. See Radar Graph. Thiamin 35% Vitamin C
Star graph

Star Graph2  Sometimes referred to as a circular column, or radial column
graph. A star graph is the equivalent of a rectangular column
graph wrapped into a circle. The horizontal axis of the
rectangular graph becomes the circular axis of the star graph, and
the vertical axis of the rectangular graph becomes the radius or
value axis of the star graph. When the widths of the columns are
very thin, the graph is sometimes called a radial line graph. See
Circular Column Graph. Star graph

Star Icon Miniature (1" square or less) graphs, frequently without titles, labels, tick
marks, or grid lines, are sometimes called icons. The purpose of such icons
is not to convey specific quantitative information. Instead, they are many
times used as symbols to show such things as relative sizes, overall Example of an

icon sometimescomparisons, trends, etc. There are many types of icons. The icon at the called snowflake,
right has several names including snowflake, polygon, star, and profile. It polygon, star, or
is sometimes generated using a radar graph. See Icon and Radar Graph. profile

Statistical Graph There are a large number of specialized charts and graphs used in the field of statistics.
Although many of them are outside of the scope of this book, most are variations or specific
applications of the basic types of charts and graphs described in this book. There is no
clear-cut differentiation between business charts and graphs and those used for statistical
purposes. Some types of graphs that at one time tended to be used exclusively by statistical
personnel are now becoming commonplace in the day-to-day operations of many
organizations.
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Statistical Map Sometimes referred to as a quantitative or data map. A statistical map presents quantitative
information regarding areas, locations, distances, etc. Data might be shown as actual values
(e.g., the total number of people in each country in Europe) or derived values such as
percents, ratios, etc., (e.g., the density of people per square mile in each country in Europe).
The quantitative data that is used is sometimes referred to as attribute data. In most cases,
the base map containing geographic information onto which the attribute data is
superimposed is deemphasized with only enough detail included to orient the viewer. If city
names, highways, mountains, etc., are not germane to the theme of the map or required to
orient the viewer, they normally are left off. Statistical information on maps generally
references areas (countries, states, counties), points (city, store, intersection), distances, or
lines/bands along which all values are the same or in the same range.

Information referenced to areas
There are two widely used methods for encoding statistical information by area. One uses
class intervals; the other uses symbols. A third method relies on shades of color to encode
values; however, this method is used to a much lesser extent.

_t'll- .- Arval Co -n ----- d A. e nf
-'.Zaaa Ih.t. rVa~ U3l1 tU CVZ~lULA AIM VA IAtZOlV

When this system is used, the total range of values to be
displayed is broken into five to fifteen groups called class
intervals. Each class interval is assigned a shade, pattern,
and/or color which is applied to all areas having values
within the range of the class interval. For example, if
black is assigned to the class interval covering the range of
350 to 400, all areas with values between 350 and 400
would be filled black. If 80% gray is assigned to the class
interval covering the range of 300 to 350, all areas with
values between 300 and 350 would be filled with 80%
gray. Generally, the higher the value of the area, the
darker the fill used. An example of a class interval type
map is shown at the right. This type of map is also referred

Legend
350 to 400
300 to 349
250 to 299
200 to 249
150 to 199
100 to 149
50 to 99
0 to 49

to as shaded, crosshatched, textured, or choropleth map. to encode quantitative information

Symbols used to encode information

In this system of encoding, variations in the size,
shape, number, etc., of symbols are proportional to
the values associated with the areas. For example, a
framed rectangle symbol might be used with a full
rectangle (all black) representing 400 and an empty
rectangle (all white) representing zero. The degree
to which each of the individual rectangles is filled
indicates the value of the area (example at right). To
illustrate, if an area has a value of 310, the rectangle
for that area would be slightly over three-fourths
full (the lower three-fourths of the rectangle black).
Overlapping symbols can become a problem with
this type of map. Coding systems that do not use
class intervals are sometimes referred to as
unclassed, no class, or classless methods.

Concerns with class interval system

4
400

Statistical map using symbols to
encode quantitative information

Some of the methods that do not use class intervals were developed in response to concerns
about the class interval method of encoding statistical information. The following specific
concerns are sometimes expressed about the use of class interval with maps.

- The selection of class intervals and associated fill patterns, shades, and colors
is somewhat arbitrary. (The methods for selecting class intervals are
described at the end of this section.)

- The size of the geographic area can have a greater effect on the viewer's
perception than the intensity of the fill used.

- In many cases the fill must be within the area it refers to, which can be a
problem with very small areas.

- Sometimes a good deal of eye movement and distraction results from looking
back and forth between the map and the legend.
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Statistical Map (continued) Information referenced to points
Many of the techniques for graphically
encoding area type information can also
be applied to statistical information
related to points. The points may be such
things as cities, factories, schools, stores,
etc. The problem of data graphics
overlapping and interfering with one
another is sometimes even greater with
points than with areas. Locating the data
graphic away from the point and Example of Example of
connecting it to the point with a line can proportional circes pie segments

Examples of how quantitative data that
lessen the problem. applies to specific points might be displayed

Information referenced to distances
Distance maps differ from nonquantitative route maps in that route maps show how to get
from point A to point B, while distance maps quantify how far it is from A to B. Since the
distances are many times designated on the map with straight or gently curving lines, a
notation is sometimes included stating whether the distances are via a straight line, by road,
by train, etc. The thicknesses of the lines generally do not vary in proportion to the
I ---- -------- A - -
Uistances represenLeu. rruow
heads may or may not be
used. Many times the actual
values are shown on or
alongside of the line. In
some cases a scale of miles
and/or kilometers is also
shown. When a scale is used
it generally requires that the
entire map be laid out to the

same sce ad te ps b- Air distances in thousands of kilometers Driving distances in miles

accurately drawn. Examples of maps showing distances

Information referenced to lines or bands
Sometimes referred to as an isogram map. With line or band maps, the data graphics are
used to designate lines or areas along which the values are all the same. When points of
equal value are connected the resulting map is sometimes referred to as a contour or isoline
map. When it is bands of equal values, it is sometimes referred to as an isopleth map.
Common examples are contour maps showing equal elevations, weather maps showing
bands or lines of equal temperature or pressure, zone maps indicating where shipping
charges or message rates are the same, sociological maps showing equal levels of
education, equal crime rates, equal costs of living, etc. Generally the intervals between lines
of equal value are the same, such as five between each line or ten between each line. In
some cases the values vary geometrically between lines - for example, two between the
first and second lines, four between the second and third lines, eight between the third and
fourth lines, etc. In still other cases, the lines are chosen to fit the data available irrespective
of interval size. The lines of equal value may or may not vary in boldness as the values they
represent increase. The areas between the lines of equal value may be colored or shaded to

Map with bands of equal value. For example, to
send a package to any city in the second largest
band will cost 30 cents per pound.

Maps that display points and areas of equal value362



Statistical Map (continued)
Sometimes referred to as a proportional or value-
by-area map. A distorted map is a variation of a
statistical map in which the size of the entities on
the map are proportional to values other than the
land surface areas of the entities. For example, if a
particular resource is being studied by country, the size
each country on the map is proportional to the availabili
the resource in that country. The country with the larges
supply of that resource is drawn with the largest area on
map even if it has the smallest physical area in terms of
land. An example is shown at the right.

VT NH

MA

cT n

Distorted variations of the same six states.
Different data are used in each map.

Distorted map

* There are no well established
guidelines as to how to
construct distorted maps,
therefore, there are an
unlimited number of possible
variations. Shown at the left
are three examples of a cluster
of Northeastern states to give
some idea of how diverse
designs can be. Each example
displays a different set of data.

* Another type of distorted map keeps the shape of the
areas unchanged and simply varies the size of the
entities in proportion to the values they represent. This
generally requires that there be no shared boundaries
between the areas (i.e., a noncontiguous map), as shown
at the left. Even though the entities are not contiguous,
their relative locations are maintained as near as
possible. The retaining of their original shapes and
relative locations generally makes it easier for the

Undistorted for Sizes proportional to viewer to recognize the entities.
reference values they represent

* The distorting of the entities allows one variable to be encoded into a
map. By means of coloring, shading, stepping, or a number of other
techniques, additional variables can be encoded. For example, the size
of the states on the distorted map at the right might be proportional to
the total value of the available market. The degree of shading might be
proportional to average household income for each state.

* Distorted maps are
sometimes classified
as cartograms, One variable

abstact or hemtic encoded by distortingabstract, or thematic and a second by
maps. coloring or shading

* Although distorted maps generally
have data encoded by making the size
of the areas shown on the map
proportional to the values represented,

tes, other variations are possible. One

*"." I '- example is a map in which tne distanceArea distorted to indicate points of equal driving
time from a central location taking into consideration between various locations on the map
types of roads, terrain, traffic, congestion, etc. are proportional to the time it takes to

travel from one point to the other. For example, two stores might be the same number of
miles from their headquarters but because one has a major highway running to it while the
other has only two-lane mountain roads, the times to get to the two of them might be
significantly different. A distorted map similar to the one above might take into consider-
ation such things as the type of roads, terrain, traffic, congestion, etc., so the viewer can
read directly from the map how much time it will take to get to the various locations. 363
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Statistical Map (continued) Stepped three-dimensional map
Sometimes referred to as stepped relief, prism, or block map. In a stepped statistical map,
areas are elevated in proportion to the values they represent. For example, the height of the
various states may be proportional to the average grain produced per acre in each of the
states. The higher the grain produced per acre, the taller the prism representing that state.
Because of the difficulty of accurately estimating actual values, this type of map is
generally more qualitative than quantitative. N

Areas on the map have the same Areas on the map are distorted and do not have
shapes as the areas they represent the same shapes as the areas they represent

Stepped statistical maps with actual and distorted area shapes

Each area (prism) of a stepped three-dimensional map might have its unique height (class-
less) based on its actual value, or class intervals might be established and discrete heights
assigned to each class interval. * The actual shape of the area being represented is generally
shown; however, the areas can be distorted to encode a second variable. Examples of
distorted and undistorted stepped maps are shown above. A legend is normally required to
aid the viewer in decoding the map. Grid lines, tick marks, and scales are seldom used.

Smooth three-dimensional map

A smooth statistical map is one in which the height (sometimes referred to as the Z-axis
value) of the surface is proportional to the value of the variable being represented. For
example, if latitude and longitude are shown on the X
and Y axes, the level of pollutants associated with each
combination of latitude and longitude might be shown
by the height of the surface as shown at the right. The
higher the level of pollutants, the higher the level of the
surface. Normally only data that is continuous, with
smooth transitions from one point to another or one area
to another, are displayed on this type of map.
Atmospheric pressure or temperature are examples.
When data or information changes abruptly from one
area to another, such as the tax rates in individual states,
a stepped statistical map is often used when a three- Smooth statistical map usin
dimensional effect is desired. smooth lines to indicate lev

poiuuon al various locations

eg
els of

All values along this o All values along this
bold line have a Y 4 ,. . bold line have an X * The individual line seirments cnnnectingr dnta
value of sixt

so

60

40

20

0

points can be straight or curved. The lines may
represent points of equal value along the X, Y,

or Z axes or may simply be drawn to illustrate
general trends in the values. In order to display the
three axes, the maps are shown tilted, which
sometimes makes quantitative analysis difficult.
Consequently this type of map is many times used
primarily for qualitative analysis. For example, to
analyze the acidity of the soil in a region, one might
nlot distances on the X. and Y axes and the acidity

cSornangehct equalX avebevaeuseds to values on the Z-axis. The areas where the acidity is
the highest and lowest will be immediately

apparent. Precise levels can then be obtained from the tabulated data or a series of two-
dimensional profile maps. The angles of rotation and tilt of the map can be varied to
analyze or present the information more clearly. See Three-Dimensional Map.
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Statistical Map (continued) Methods for encoding a single variable
The following table summarizes methods for encoding a single variable into statistical
maps by area. Many can also be used to encode information for specific points.

Numeric value only - Used alone or Notation
with additional data graphics. indicating units

o meaur . 13..8
Pattern - Sometimes referred to as
hatched, crosshatched, or textured. Can Table matching
include variations in color and shades. pattern with
Each pattern represents a different class class Interval
interval. *k~0\\
Pattern in circle - Same as above,
except pattern is enclosed in a circle so Table matching
the viewer is not visually biased by the pattern with
relative sizes of the areas to which the class interval
data applies.

Shaded or colored - Sometimes Table matching
referred to as graduated color or shade' color or shade
Can be used with a class interval type with class - - _

map or an unclassed map with the interval or scale
gradation of color or shading proportional relating color or
to the value represented. shade and

values.

Dot or dot density - Each dot might
represent an absolute number such as Notaton
100 people or a ratio such as 100 people indicating how
per square mile. Spacing between dots is many units each
arbitrary. Dots can be enclosed in a dot represents
square or circle. The more dots there (i.e., 1 dot =
are, the higher the value represented. 1,000 cars)

Distributed dots - Same as above Notation
except distribution of the dots throughout indicating how
the area gives the viewer some idea as many units each
to where the items represented are dot represents
located. (i.e., 1 dot =

1,000 cars)

Circles, filled or unfilled - Sometimes
referred to as proportional symbols. The Scale relating
diameter or area of the circle is diameter or area
proportional to the value it represents. of circle to value
Shading, color or pattern, if used, can be represented, ( \
the same or vary to convey additional plus note
information. Map can have class intervals explaining use
or be unclassed. Other geometric shapes of shading
are sometimes used.

Column - Sometimes referred to as Scale relating

proportional to value represented. The to value
column might be two- or three- represented U- , "
dimensional.-

Framed rectangle - Degree to which the
rectangle is filled is proportional to the Examples
value represented. For example if an indicating how
empty rectangle represents 0 and a full much a full and v
rectangle 400, a one-fourth full rectangle empty rectangle
represents 100, one-half full 200, three- represent
fourths full 300, etc.

Pie/Sector - The size of the filled
segment is proportional to the value Examples /
represented. For example, if an empty indicating how (
circle represents 0 and a full circle 400, a much a full and
one-fourth segment represents 100. Can empty circle
also be used to designate percent from 0 represent
to 100%.

Sphere/volume - Volume of data
graphic is proportional to value Scale relating
represented. Other shapes can be used, volume of object
and the same principle applies. to value
Sometimes used when there are large represented
differences in values.
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Statistical Map (continued) Methods for encoding multiple variables
Occasionally two or more variables are displayed on the same map. Four methods
sometimes used for this purpose are shown below. The problem of overlapping symbols
sometimes becomes severe in these types of maps. Any of these methods can be used to
encode data be area (e.g., country, state, etc.) or specific point (e.g., city, intersection, etc.).

es Area A Aa B Area Cn,

Pie chart - In a map application, pie charts are
used in the same way as in any other application.
All the same size pies can be used, or the size can -
vary from area to area in response to some
variable.

Icons - Stars, as shown here, are one of several
Icons used to encode multiple quantitative
variables. A different star Is assigned to each
location on the map. With star icons, the length of
each spoke is proportional to a different variable. 4
The location of a given variable is the same on
every star on a particular map, so one can easily
compare a particular variable in several different
locations. See Icon.

Bar/Column graphs - Bars or columns might
represent different variables or the same variable
over time. If there is enough space, scales can be
included with each graph. If not, a legend is
required. Other types of graphs such as line and Lii
area can be used in place of the bar or column
graph.

Multi point - There are several variations of this
type of data graphic. The horizontal line might i 1
represent the average or median. The length of the A2ie
bar might represent such things as quartiles or T
standard deviations, and the length of the lines 2
might represent the total spread of values. Values
are generally shown beside the symbol.

Graphic methods for displaying multiple quantitative variables on maps

Methods for displaying data that changes over time
Techniques for displaying changes in data over time are shown below. To make these
graphics most meaningful, a fair amount of space is required. Because of this, they
frequently are placed in the area outside of the map. In some cases icons are used instead of
individual graphs. See Icon.

10
a
6
4
2

81 82 83 84 85

66
44
22

81 82 83 84 86
Example of single variable over time

1980 19

Example of multiple
vanaoles over time

Examples of how changes over time can be incorporated into statistical maps

Inclusion of numeric values
Data graphics used on maps tend to give a rough approximation of the values they
represent. When a higher degree of preciseness is desired, the actual numeric values are
sometimes included with the data graphics as shown below.

Examples of how numeric values can be Included with the graphics,
in addition to explanatory Information shown in the legend.
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Statistical Map (continued) Methods of establishing class intervals for statistical maps
When class intervals are used with statistical maps, there are several methods for choosing
the sizes of the intervals, depending on the nature of the data and the purpose of the map.
For example, if the data is equally distributed and the map is meant for general reference,
intervals of equal value (steps) might be selected. On the other hand, if the data has a
normal distribution and those entities that deviate from the norm are to be highlighted,
intervals based on standard deviations might be employed. The ranges for class intervals are
generally shown adjacent to the map. The method used to determine the intervals may or
may not be noted. Examples of some of the most widely used techniques for determining
class intervals are shown below.

Equal size intervals

The sizes of the intervals are equal to the total
range of the data, divided by however many
intervals are desired. For example, if the range
from the smallest value in the set to the largest
value is 100 units and five intervals is decided
on, each interval will be 20 units.

Actual data Class intervals

A I -CIDIE I

X * *- - -
SmlaT .. T.
Smallest value

-Quantiles

Values-m.
Largest value

class intervals
___ BC--o DThis process provides that each

interval contains an equal number of
observations. Any quantile can be
used (e.g., 0.1, 0.2, 0.25). Whichever
quantile is selected is then used for all
intervals on the map. 0.2 (20%) is
used in the example at the right.

Natural breaks

.5

E

a

0

0

1 (100%)-

0.8 (80%) - I L- I I..

0.6(60%) - - Iv
0.4 (Actual data

0.4 (40%) - __

0.2 (20%) - a _ . _

0(0%)-...................................
Values--

In some instances a histogram of the data
indicates clear-cut natural dips or breaks
where the data can logically be separated. In
other cases, a dip in the histogram has no
significance and, therefore, dips alone cannot
be used as the only determining factor.

Standard deviations

This method generally is applicable only
when the data approximates a normal
distribution. It is most useful when one of the
major purposes of the map is to note areas
that deviate from the norm. Fractional
standard deviations can be used for greater
detail. There are several options for grouping
the standard deviations into intervals.

Arithmetic or geometric progression

The nature of some data is such that if a
reasonable number of equal intervals were
used, the majority of the observations would
fall into just one or two of the intervals.
Systematic progressions can help alleviate
this problem.

C

U-

C

a)

Ii

Class intervals

A I B IC I D ICIB I A

Values-*

Class intavts

AlB| C iD E IF G

Actual data

Values 1.

The selection of class intervals is an important and difficult step in the preparation of a
statistical map. Because of the complexities and differences of opinion associated with the
selection process, this becomes a key element in the debate of a class interval map versus
an unclassed or classless map where class intervals are not used.

Standard
Actual data - - deviations

-2
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Statistical Quality Control Shown below is a list of the charts and graphs most widely used for statistically analyzing,
Charts and Graphs monitoring, and controlling quality. Although most of the charts and graphs were developed

for use in high-volume manufacturing processes, they are now also being used extensively
in many other areas. See the individual headings for more detail.

Scatter Graph

Used to explore correlations between changes, causes,
variations, etc., and their resultant effects. Also used to
generate regression lines.

20-

15-

10-

5.

0

Pareto Diagram/Graph
A Pareto graph plots the causes of quality problems in
descending order so the major problems can be identified,
quantified, and addressed first. Graphs generated before and
after a corrective action has been taken graphically illustrate the
effect of the correction. Quantity of rejects on the value axis can
be replaced by such measures as percent of rejects, cost-of-
rejects, lost time, number of customers lost, etc.

100 ,
- 90 -

80 LD
U) - 70

,10 6 - °
Cause of de 50

-5 6 - -40 (
.g, 4 - -30 1

cE2 10E
W F- r- _~ 0 C.

o Causes of detects

Cause-and-Effect Diagram Equipment

Sometimes referred to as a CE, fishbone, Maintenance New Motivation
or Ishikawa diagram. Used to identify and Capital M [ ZMov |
show the relationships of all the groups, In-house Design I problem

subgroups, and sub-subgroups of things Vendors Documentation

that might impact the quality of an entity. Part Process

Flow Chart Stp3 Step 4

Used to analyze, track, monitor, etc., the order
various steps in a process involving the n

thing being studied.

Control and Run Charts 3.0-

Control charts have many purposes Including: UCL
* Provide a base line to measure improvements against .D 2.0-
* Help determine what actions to take to improve quality >
* Assist in determining the capability of a piece of LCL

equipment or process
* Provide a tool to monitor and control an operation 0 10 20 30

Sample or lot number, time interval, etc.

Histogram u 20 1

Histograms are used to: = 15
* Display the value that occurs most frequently in a set of data -
* Indicate whether the data is skewed and if so how 0 10
* Show how widely the data is spread out and whether there are

any unusual data points
* Determine if data is distributed normally F 0

Other Charts and Graphs
Standard - In addition to the charts and graphs noted above, most

of the standard charts and graphs such as point, line,
area, bar, column, pie, etc., are also used.

Special - Traditional charts such as probability graphs and
PERT charts are sometimes used. In addition certain
charts that might be unique to a particular situation are
occasionally used such as decision matrixes,
relationship diagrams, and tree diagrams.

Value/class interval

10

8

6

4

2

0

Major charts and graphs used In statistical quality control

Statistical Table

368

Sometimes referred to as a summary or analytical table. This type of table is used primarily
for analyzing information as opposed to referencing, scheduling, etc. There are always two
or more variables and the data in the body is normally numeric. Information is generally
arranged, ranked, sorted, etc.; to make such things as relationships, trends, comparisons,
distributions, and anomalies stand out. See Table.
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Stem and Leaf Chart A chart that displays the distribution of data elements in a set of data similar to a histogram
or dot array. By displaying a data set in a 1 5614

stem and leaf arrangement, one can observe 3 2365480024586264 frequency)
such things as the spread of the data, the 4 565874

.g 5 537
location of the mode, whether the data is ! 6 Gap in data Skewed in this

skewed and if so, in what direction, e 7 direction

whether there are gaps in the data and 9 3
whether there are any unusual data points. 1o UnusualI 1 /data point
(example at right). A stem and leaf chart is 12 2

constructed on two sides of a vertical line. Example of a stem and leaf chart
The common first or leading digit (referred to as stem) of a group of numbers is placed on
the left side of the line. The other digits (referred to as leaves or trailing digits) are placed

4 J J lon the right of the vertical line. For
he common first 41 4 7 . Actual values example, with the numbers 41, 43,
digit is placed to 46, and 47, the common first or

the left of the \ T re g digits are leading digit, four, is placed on the
vertical line. / plae sieb-side to ledn

the right of the vertical left of the line and the remaining
367 line digits 1, 3, 6 and 7 are placed side-

Stem or leading digit Leaves or trailing digits by-side on the right. An illustration
as to how the digits are placed is

Vertical line separating the stems and leaves shown at the left
An illustration of how stem and leaf charts are constructed

Comparison with other data distribution methods
An advantage of the stem and leaf chart over simply aligning the data elements themselves
is the large reduction in the number of digits that have to be written. An advantage of the
stem and leaf chart when compared to histograms, tally charts, and dot arrays is that the
identity of each number is retained in the stem and leaf chart. These advantages are
illustrated in the table on the next page which shows a number of variations possible with
stem and leaf charts.

Ordering of leaves
3 232 To the left is an example of a typical stem and 3 223
4 5687459862 4 2455667889
5 452536587458565 leaf chart. The digits to the right of the vertical 5 234455555566788
6 02136018405 line are in a random order, typical of the way 6 00011234568
7 4520202 tpcl7 0022245
8 4502 they appear when unordered raw data is used 8 0245
9 98 to make the chart. On the right is a stem and 9 89

Example of a stem leaf chart of the same data, except that the Example of a stem
and leaf chart with the and leaf chart with the
leaves unordered leaves have been ordered by ascending values. leaves ordered

By ordering the information, observations can sometimes be made that would otherwise be
difficult. For instance, in this example it might be noted that the leaves in the second row
tend to be five or larger, while in the fourth row the reverse is true. Also, in the third row,
there is an abundance of fives.

Back-to-back stem and leaf charts

When making comparisons between two data sets,
stem and leaf charts can be placed back-to-back
similar to a paired bar graph. An example is
shown at the right.

8 1
5682 2 21

546235 3 5874
3654128901 4 15483252

3264 5 57845689213
12032014 6 6541225

512 7 356
38 8 84
7 9 7

Example of a back-to-back
stem and leaf chart comparing
two data sets

The use of a grid when generating stem and leaf charts
When there are many values and they are hand-written, an
accumulation of varying widths of numbers can give
misleading indications, since a row with lots of narrow
numbers (such as ones) might appear shorter than a row of
wider numbers, even though they have the same number of
leaves. One way this is addressed is to use a preprinted grid
similar to the one shown at the right. By this means, the
same width is allocated to each number, and the person
generating the chart has an on-going count in each row.

Stem Leaves

1 2 3 4 a 6 101L 31415 1
Example of a grid sometimes used
for generating stem and leaf charts
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Stem and Leaf Chart (continued) I A comparison of actual values, a stm

Actual values arranged In rows
Description(arrangement Is for reference only)

Basic stem and leaf chart 37,38

This example shows one of the most straight- 40,41,41,43

forward variations of the stem and leaf chart. In 60,60,62,63,63,64,66,67,67,68,
order to keep the number of digits to the right of 71,71,73,74,74,76,78,78,79

the vertical line the same in every case, the 82,82,83,85,86,88,89

lower two groups of numbers have two digits to 93,95,96,96,98

the left of the vertical line. 115106

Values with few first digits

When the data elements have just a few different
first digits (three, in this example, 6, 7, and 8), 60,62,63

multiple stems are sometimes generated for the 65,66,67,67,68,
70,71,71,73,74,74

same first digit. In this example, one stem 75,75,76,77,77,78,78,78,79

includes the last digits from 0 to 4 (e.g., 60 to 81,82,82,83,84,84

64) and the second stem encompasses the last 86,88,89

digits from 5 to 9 (e.g., 65 to 69).

Values with a single first digit 70

In the case where all data elements have the same 71,71,71

first digit, five or ten stems are sometimes used. 72,72,72,72,72,72,72
73,7373,73

In this example ten stems are used, one for each 74,74,74

second digit. Note that, just as in a histogram, 75

even though an interval has no data elements in it 76

(in this example, numbers 77 and 78), spaces are
provided in the chart. 79

Values with three digits

With three digit values the last two digits are 489

sometimes entered to the right of the vertical 515,537,572
620,641,654,672,679,691

line, instead of the single digit as above. When 708,714,768,782

this is done a comma is generally placed between 845,867

the pairs of digits.

Values with four or more digits

When the data elements are large numbers, one
or more of the trailing digits are sometimes 48,903

49,565;49,734;49,287
dropped. In this example the last two are 50,019;50,130;50,472;50,251;50,984;50,1 11

dropped. In most cases this technique has little or 51,832;51,428;51,804;51,264

no effect of the shape of the chart, but it does 52,517;52,709

detract from the value of such a chart since the
viewer can no longer see the actual values.

Values In the form of decimals

When the data elements are in the form of .0013,0015
decimals, they are sometimes multiplied by 10, .0020,.0021,.0021,.0024
100, 1000, etc., to get the data elements into a .0040,.0042,.0042,.0046
form that is usable in a stem and leaf chart. In .0052,.0053,.0057
this example the data elements were multiplied 10075'
by 10,000.

Few values for each first digit or a very wide spread
Sometimes the sparsity or spread of data 04,13
elements necessitates the use of class intervals. In 22,26

this example two first digits are combined into a 44,46,51
single stem at each level. Because of this, the 62,64,65,70,71,76

entire number must be shown on the right of the
vertical line.

Dot array chart
for reference

30 - 39 ..
40 - 49 *0

50 - 59 I*.
50 - 69 *I*...
70 - 79 ........
BO - 89 0. . .
90 - 99 .-.

DO0- 109 ..
10 -119 .

60 - 64 -.

65 - 69 .me

70 - 74 *.*..
75 - 79 ""90~

80 - 84 . .e

85 - 89 O"

70 .
71 -.
72 -
73 -
74 -
75 .
76 .
77
78
79 .

400 - 499 .
500 - 599 a
600 - 699 -

700 - 799 -
800 - 899 -

48,000- 48,999
49,000 - 49,999 b
50,000- 50,999
51,000- 51,999 -

52,000 - 52,999 -

.0010 -. 0019.

.0020- .0029 -

.0030 - .0039 -..

.0040 - .0049 -

.0050 - .0059

.0060- .0069 .

.0070 - .00791.

0-19 -

20 - 39
40-59 -

60 - 79 -

80 - 99 -

370
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Step-by-Step Chart There are several time and activity bar charts that are sometimes referred to as step-by-step
charts. Gantt and milestone charts are two examples. In step-by-step charts, a major project
or program that has a distinct beginning and end is -
subdivided into a series of subprojects. Each of January February March April
these subprojects is represented by a bar on a chart Activity #1 -- -

that generally has time on the horizontal axis and Activity #2 --
Actrvrty #3 =II

the names of the subprojects on the vertical axis, as Activity #4 . . s

shown at the right. Step-by-step charts are often Activity #5

used for planning, monitoring, and controlling Activity #6 -s
programs. See Time and Activity Bar Chart. Activity #7

Step-by-step bar chart

Stepped Bar Graph Sometimes referred to as a staggered or progressive Personnel

or bar graph. A stepped bar graph is the equivalent of a -s -
Step-by-Step Bar stacked bar graph with only one bar and with each Engineenng *
Graph individual segment of that bar displaced vertically R&D

(Also see Stepped Graph) from its adjacent segment(s). The segments can be Selling
displaced up or down. The purpose of stepped bar Administrative
graphs is to add visual emphasis to the individual 0 0 , 20 , 400

segments while still maintaining the concept that the Thouaands of expense dollars

segments all add up to the whole. See Bar Graph. Stepped or step-by-step bar graph

Stepped Column Graph Sometimes referred to as a staggered or progressive Iv

or column graph. A stepped column graph is the equivalent 400 Administrative

Step-by-Step Column of a stacked column graph with only one column and a 3 00 sell 1

Graph with each individual segment of that column displaced
(Also see Stepped Graph) horizontally from its adjacent segment(s). The segments, 200 R&DGrApho witeechinivduleegeneodtatcoumadspacd)

starting from the bottom, are typically displaced to the
right. The purpose of stepped column graphs is to add 100 Engineering

visual emphasis to the individual segments while still 0 0- Personnel

maintaining the concept that the segments all add up to Stepped or step-by-step
the whole. See Column Graph. column graph

Stepped Frequency Graph Typically a histogram is made up of a series t 15
columns. Occasionally the lines between the 0

= 10
columns are eliminated in which case the figure is e

sometimes referred to as a stepped frequency graph, L 5
as shown at the right. Functionally a stepped C
frequency graph is the same as a histogram. Class interval

Stepped frequency graph

Stepped Graph Graphs in which the data graphic forms a stair-step appearance are sometimes called
stepped graphs. Examples of the four major graph types are shown below. See Area Graph,
Bar Graph, Column Graph, and Line Graph.

A B C D E F 6 A B C D E F G
Stepped area graph Sometimes called stepped, Sometimes called

joined, or connected stepped, joined, or
column graph. Also called connected bar graph
histogram.

Examples of stepped graphs

Stepped Map Sometimes referred to as a prism or block map.
or In this type of statistical map, areas are elevated
Stepped Relief Map in proportion to the values they represent. For

example, the height of the various states might be
proportional to the grain produced per acre in
each of the states. The higher the grain produced
per acre, the taller the prism representing that
state. See Statistical Map.

371

Stereogram A term occasionally used to refer to certain variations of three-dimensional graphs. See
Three-Dimensional Graph.
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Strata Graph'
or
Stratum Graph

Sometimes called a layer area, multiple-strata, stacked area,
divided, subdivided area, or subdivided surface graph. A
stratum graph is an area graph in which multiple data series
are stacked on top of one another. This is the area graph
format that is most frequently used. See Area Graph.

Seres
c

Scenes
B

*94 9 9 '97 '98

Stratum or strata graph

Strata Graph2  Sometimes called a slice graph, spectral plot, ridge contour, layer graph, or partition plot.
See Slice Graph.

Strip Chart A long narrow chart generally used to record data automatically over time. The paper
(sometimes film) used for strip charts typically is supplied on rolls ranging from a few
inches to a foot or more in width. Time is measured along the length of the chart.

Stripe Graph Sometimes referred to as a density stripe graph. A stripe graph is a variation of a one-axis
distribution graph. The major purpose of this type of graph is to show graphically how the
data elements of a data set are distributed. This is accomplished by having a separate
symbol represent each data element of a data set, as shown below. From density stripe

I ,1 I 1 11111 1,1 1111IIIIIIIIIIII I II, 11 I I I I I I , I ,
0 1 2 3 4 5 6 7 8 9 10 11 12
Example of a stripe graph displaying the distribution of data points in a single data set.

graphs one might observe such things as the largest and smallest data elements in a set,
whether the points are clustered and if so where, whether the points are skewed towards one
end or the other, whether there are many or few data elements in
the set, and whether there are any points at the extremes that look 100

90
like they don't belong with the set. The widths of the stripes in a 80-

given graph are uniform and typically have no significance. (D 70 -

Overlapping of stripes can be misleading since what appears to c 60 -

be a single line may actually be multiple lines representing two 50
40-

or more data elements. Additional information such as average, 30

median, etc., are sometimes superimposed over stripes in the 20e

form of symbols, columns, bars, or boxes. Stripes can be used to Multiple density stripes
display the distribution of a single set of data or to compare the comparing the distribution
distribution of multiple data sets, as shown at the right. of data elements in

multiple data sets

Strip Map Strip maps are sometimes classified as diagrammatic maps, cartograms, or abstract maps.
They are frequently drawn in a long narrow format. They might run vertically or
horizontally and are sometimes as much as several feet long. Exceptionally long strip maps
are often segmented and bound. They are generally not to scale, although distances many
times are noted. The main focus is generally on the sequential relationship of the items
shown, as opposed to directional or geographic relationships. For example, the purpose
might be to relate highway exit numbers with route numbers and their relative locations
with regards to cities. Selected information that might orient the viewer is frequently
included. Shown below is an example of a highway strip map showing exit markers.

I fth, Q City D

Strip map denoting exit and route numbers

Stub' or Stub Mark Sometimes called tick mark, tick, tic, or scale point. See Tick Mark.

Stub2  Sometimes referred to as a row The text at the top of the
first column is sometimes 4 Type car 1990 1991 1992

or heading, row label, category, line called the stub heading. r l Model A 19 18 15
Stub Item category, or caption. Stubs are the /- Model B 2 5 6

descriptive words in the first column These descriptive words -m Model C 5 6.5 7
of a table. Occasionally the entire first areuso s tite callems Model D 8 10 9
column is referred to as a stub and the . . \ c Model E 13 17 12.. , , ,The entire first column
words at the top of the column as the with the descriptive text _

stub heading.is occasionally referredstubheadng.to as a stub.372



Sometimes called a layer area, multiple-strata, stacked area,
strata, stratum, or divided area graph. A subdivided area graph
has multiple data series stacked on top of one another. This is the
area graph format that is most frequently used. See Area Graph.

Sometimes referred to as a divided, composite,
extended, segmented, or stacked bar graph. A
subdivided bar graph has multiple data series
stacked end-to-end. This results in the far right
end of each bar representing the sum or total of
all of the components contained in that bar.
Subdivided bar graphs are used to show how a
larger entity is divided into its various
components and the relative effect that each
component has on the whole. See Bar Graph.

'94 '95 '96 '97 '98

Subdivided area graph

series
C

Series
B

Series
A

Product A l Ends of bars
designate the

Product B - total of all the
components

Product C contained in

Product D

Product E c in

0 50 100 150 200
Sales in $ thousands

Subdivided bar graph

Subdivided Column Graph Sometimes referred to as a divided, composite, extended, segmented, or stacked column
graph. A subdivided column graph has multiple data series stacked on top of one another.
This results in the top of each column
representing the sum or total of all of the c"
components shown in that column. Such r

graphs are generally used to show how a
larger entity is divided into its various
components, the relative effect that each
component has on the total entity, and how
the sizes of the components and the total
change over time. See Column Graph.

603t
C5

(0
a)
co

Co

ae Total company sales
ales of product line C

ales of product line B

Dales of product line A

Subdivided column graph

Sometimes referred to as a conceptual or explanatory diagram.
Summary diagrams are typically made up of geometric shapes,
lines, arrows, sketches, and text to aid in the visualization and
understanding of relationships. The key purpose of summary
diagrams is to provide a graphical overview of how people,
things, ideas, influences, actions, etc., interrelate. These
diagrams can effectively condense large amounts of information
into a single chart; therefore, they are sometimes used as the
starting point for the study or discussion of both simple and
complex subjects and ideas. See Conceptual Diagram.

Sometimes referred to as a statistical or
analytical table. This type of table is used
primarily for analyzing information, as
opposed to referencing, scheduling, etc.
There are always two or more variables,
and the data in the body is normally
numeric. Information is generally
arranged, ranked, or sorted to make such
things as relationships, trends,
comparisons, distributions, and anomalies
stand out.

Mr

An example of a simple
summary diagram

Number of students with given combination of scores
Total | 3 | 8 | 13_ 22 21| 20| 14| 10 4 | 3 1 |119
100% 1
90% = - 1 1 1 3

< 80% I - 2 4 3 2 1 - 12

n70% N o1 3 4 3 4 1 16
S 60% - 1 4 5 6 4 2 - - - 22

o50% 1 6 6 4 2 1 - 20
5D40% A 2 4 6 3 2 1 - 19830% 1 2 4 2 2 1 12

20% 1 3 2321 12

10% 1 1 2

0 0% 0 O40% 6% 60 0% % 90% Total

Score on test B
Summary table for analyzing information

Summation Graph Sometimes referred to as a cumulative frequency graph or ogive graph. A summation graph
is the equivalent of a cumulative histogram with the columns replaced by a curve. It is a
line graph with values or class intervals plotted on the 250 100%

horizontal axis and the cumulative number of times (.
each of those values or groups of values occurs )200 a.% c
(cumulative frequency) plotted on the vertical axis. !D 150- 60% o

The frequency might be plotted in terms of cumulative l 4 l
counts, cumulative percentages, or both. Summation i: 100

graphs are used to graphically display the probability E 50- 20%

of a given value or group of values occurring, to C. l%
determine whether a data set has a normal 11 12 13 14 15 16 17 1 19 2021 22 23

distribution, and to compare the distributions of Value or class interval
multiple data sets. See Cumulative Frequency Graph. Summation graph

Subdivided Area Graph
or
Subdivided Surface Graph

Subdivided Bar Graph

Summary Diagram

Summary Table
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Sunflower Symbol When multiple data points with the same coordinates are plotted on
a scatter graph, it is impossible for the viewer to know how many * t +
data points are present unless some additional method is used to One Two Three Four
encode that information into the data graphic. One such method is point points points points
to use what is called a sunflower symbol. A sunflower symbol is a Examples of sunflower
dot with short, radiating lines called petals. The number of symbols for repre-
radiating lines corresponds to the number of data points the symbol senting multiple data

ponts plotted on
represents. Two radiating lines means there are two data points identical or almost
represented. Three radiating lines means three data points, etc. If identical coordinates.
only one point is represented there are no radiating lines.

Superimposed Charts Sometimes referred to as overlaid charts or graphs. A chart that has 10-
and Graphs multiple groups of data laid on top of one another. The groups of 8

data may or may not use the same types of data graphics. The graph 6-
at the right has three data series superimposed on top of one another. 4

* A statistical map is a superimposed chart with quantitative 2-

information superimposed on a base map. - The opposite of a-

O8 I

Mu - Three data series super-
8 - 8 - imposed over one another
6- 6- superimposed is juxtaposed

4-L 1l 4i - where the various groups
2 - 2 l - of information are placed

92 i l H l al 91 . . . . . . .. adjacent to one another, as
SO0 '91 '92 '93 '94 SSG.O'15S 3 '946S 9 '97 L L .. . -

Pvamnla tof ivitannsadl nranhe snown at the leWt.

Supplementary Map Sometimes referred to as an inset or ancillary map. Suppleme
If a viewer is not familiar with the area shown on a
detailed map, a small supplementary map may be
used to help with orientation. For example, the
larger map at the right shows a hypothetical area in
northern Georgia. If shown just the detailed map,
most people would not know what state it was New store*
located in, whether it was in the north, south, east,
or west portion of the state, and what was close to it o
that they might recognize. A supplementary map, Alt. P sa
as shown in the upper right corner of the example, 6 proposed factory
supplies answers to most of these questions.

Supplementary Scale/Grid The grid lines for a supplementary scale are sometimes a series of curves that are extended
as data becomes available. For instance, in the example below, the scale on the supple-

-nt-rvlaL i 51iS flrmA IO- SA-'L f l fhfl - . .a

percent of sales. Consequently, the locations
of the supplementary grid lines can not be .2

determined until the sales and profit figures E,
are available. * A supplementary scale
provides much of the same information that !
would be available from a conventional
graph (example below) but, in addition, lets %

1 2 r20%o

C10- rftas apercent of sales 93 94 95 96 97 98 99
0 - 15% Example of a graph with a supplementary

scale and associated grid lines.

LA 6 - - tw% 2 the viewer analyze the data in ways not possible_ co with a pair of conventional scales. For instance, in

Actual profit dollars 5% , the example above it can be seen that the profit
a2- was 17% in 1993. By means of the supplementary

- L scale, one can see that if the 1993 profit level of
93 94 95 96 97 96 97 17% had been

Example of a graph with two maintained in 1998,
traditional value scales instead of dropping to

12.5%, the company would have made about two million
dollars more profit in 1998. Supplementary scales on graphs
are frequently in terms of ratios or percents. * On maps,
supplementary scales are sometimes included to enable the
viewer to estimate the distances from a specific point to any
other location within the scope of the supplementary scale. An
example is shown at the right.374
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Supply and Demand
Graphs

There are many different supply and demand graphs used to describe how various aspects
of a market economy function and interrelate. One of the most basic graphs (shown at
right) has both a supply curve and a demand curve plotted The higher the price, the fewer
on it The demand c'urvP iliuctratpe the nrinrinlP that with I people willing to buy.-a ... -.- .--- W- ,9*." - - us} -- , - - -, .. -
all other things being equal, the number of people willing to
buy a product or service (demand) is inversely proportional
to its price. For example, as the price goes up, the quantity
sold goes down. The supply curve illustrates the principle

The higher the
price, the more

'companies
willing to supply
the product.

that, with all other things being equal, the number of I / Equilibrium \N'

companies willing to supply a product or service is directly Quantity
proportional to its selling price. For example, if the price Basic supply and demand graph
customers are willing to pay for a product or service goes up, more companies will want to
supply more of it. The point at which the two curves intersect is called the equilibrium point
which defines the equilibrium price and quantity. For example, at any price above the
equilibrium price there is more product supplied than there are people willing to buy it and
the price drops to the equilibrium point.

Supply and demand graphs used to depict changing conditions
A c --Ant,--rn rAnra f. hI-,no vU-IUnUsIwa -llanngt, Uln uan..

graph is modified to reflect those
changes. One example at the right
illustrates a change in demand while
supply stays the same, and the other
example illustrates a change in
supplv while demand stays the
same. In reality, a change in either A market change such as new
aspect generally results in a change fashions or government r
in the other; consequently, a new regulations sometimesgenerates a new demand
curve is generated for both, curve and a new equilibrium E
resulting in a new equilibrium point. point/selling price.

Quantity
A producer change such as a
najor new supplier or a plant
destroyed by fire sometimes
generates a new supply curve
and a new equilibrium point/
selling price.

SunDlv and demand granhs used to depict outside influences

Supply and demand graphs are
also used to illustrate the effects
of actions or conditions that
sometimes impact a market
economy system. Examples are
rice ceilings and trice support

rorl price

quilibrium

ashwattelf.Quantity Quantity
as shown at the left. A graph illustrating one A graph illustrating one

effect of price controls effect of price support

Supply and demand graphs used to depict market sensitivity to price

Based on the slope and location of the supply and
demand curves, certain observations or predictions can
be made. For example, the more vertical the curve is, the
less elastic it is said to be and the less effect changes in
price have on volume. Conversely, the more horizontal
the curve is (more elastic), the greater the impact that
price changes have on volume.

Quantity
The slope of the curve indicates how
WOoIL. it 1 i I Th- LIIr i OO

- lasLIc IL lb. I HU stleeperl ILsbLIet less
effect changes in price have on volume.

Supply and demand graphs used to depict things other than price and quantity

In addition to being used to
analyze relationships of price
and quantity, supply and demand
graphs are used to study and
describe other relationships. Two
of these are shown at the right.

Quantity of funds and loans
Interest rates and their effect on Supply & demand for
loans and availability of funds dollars in foreign exchange '7i

-- -I ---- --

n
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Surface Graph' Surface graphs are three-dimensional wireframe graphs in which the areas between the
wires (lines) are opaque. When color or shading is added to the opaque areas, the charts are
sometimes called filled surface graphs. In a number of situations, wireframes are generated
with the sole purpose of making a surface graph. For example, instead of looking at a large
quantity of three-dimensional data in the form of a column graph, a wireframe might be
generated by connecting the tops of adjacent columns and the areas between the lines made
opaque to form a surface graph. In applications such as this, a surface graph sometimes
makes the high points and patterns of data stand out more clearly than does a three-
dimensional column graph. In the case of three-dimensional equations, wireframes and
surface graphs are sometimes the only way to get a graphical representation. Examples
showing the relationship between line and column graphs, wireframes, and surface graphs
are shown below. See Three-
Dimensional Graph.

Conventional graph for reference

With many three-dimensional
equations there is no conventional
counterpart.

Wireframe graph
When a finite number of data elements
are plotted, all adjacent data points are
connected with lines. With equations
and certain continuous data, uniformly
spaced isolines are frequently drawn.

Surface graph
In the simplest form of surface graph,
the areas between the lines are made
opaque, forming a continuous surface.
Sometimes called fishnet or lined
surface graph.

Filled surface graph
When shading or color is added to the
surfaces, the graph is many times
called a filled surface graph. The fill
might be uniform or varied to encode
quantitative information.

123 B

Line graph

B
Adjacent data
points connected

Column graph

Tops of all adjacent
columns connected

In the case of three-
dimensional
equations, there
often are no
conventional
counterparts to wire
frame or surface
graphs.

Selected lines of
data points with
equal values

|A

L
Equally spaced lines connecting data points of equal value
When specific data points are available for plotting, as in the line and column graph
examples above, the construction of a wireframe is straight forward. In certain situations
where continuous data is graphed, if all the possible data points were plotted and connected
the data graphic would appear as a solid silhouette and thus yield little useful information.
The way this problem is generally solved is to plot only data points along equally spaced

------------- - - - -
iines 0o equal values,
sometimes called
isolines. The two major
options are lines of
equal X and Y values
(called fishnet) or lines
of equal Z values (called
contour). The spacing

between tines is
optional. Determining
the optimum distances
between the lines some-
times requires some trial
and error. Examples
with various distances
between isolines are Example of three different spacings of lines using equal values of Z (contour lines:

shown at the right. Examples of three different spacings. Generally speaking, the
376gree - e - p-cin- me or -i-rinO e aaganc

lI

� _-___ __ V- - - - -

grealer the spacang me more distortion of me data graphic.376



Surface Graph' (continued) Equally spaced lines connecting data points of equal value (continued)

Sometimes it is difficult to envision the equal value lines, as shown in the examples on
the previous page. The following two draftsman's displays provide top and side views of
two additional graphs as further illustrations of the concept.

Diagonal lines added to form a mesh pattern

In addition to the lines of equal value along the X and Y axes,
diagonal lines are occasionally added to give a denser pattern,
sometimes call a mesh. An example is shown at the right. The
same process can be applied to wire frame graphs and surface
graphs with contour lines. The number and location of the
additional diagonal lines are optional.

Surface graph with diagonals
added between isolines

Filled surface graph

When color or shading is added to the areas between the isolines, the figure is frequently
referred to as a filled surface graph. Examples are shown below with top and side views for
illustrative purposes. The boundaries between the filled areas represent the lines of equal
value. Actual lines may or may not be included between the shaded areas. Legends are
many times used to enable the viewer to decode the values (fill) on the graph.

X-axis
Two-dimensional side view

Filled surface contour graph
Filled surface graph with different shades
of gray between Z-axis Isolines

X-axis- go-
- g -

-E T 7-

E i H
E i a
-E -

.x
0

e
0

Y-axis
Two-dimensional side view

Filled surface graph
Filled surface graph with different shades
of gray between X and Y axis isolines

I I - -
X-axis

Two-dimensional side view
Three-dimer

contour surface

Surface graph with selected lines of eq
values uniformly spaced along the verti

377
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Filled surface graph (continued)

With some filled surface graphs, particularly contour types, a
legend is frequently used to indicate the values associated with the
various colors or shades. In cases where the isolines are clearly
marked, a legend may not be necessary. Shown at the right are two
ways legends are constructed for filled contour graphs. When color
or shading is used for nonquantitative purposes, a legend may not
be required.

Fill without isolines

-19 l9 to 10
L8 stog
7 7n tos

AL6 E[ 6 to7
5l 0 5to6
4 * 4to4
3 M 3 to4
2 0 2to3
I1 0 1to2

Two examples of
legends relating color
or shading and values

On some surface graphs, where the configuration is not complex and all that is required is a
general feel for the shape, isolines are eliminated and shading is used to show the general
outline as shown below.

For reference only Three examples in which shading is used to give the
viewer a general feel for the shape of the surface

Combination of filled surface and wire frame
On complex surfaces it is sometimes advantageous to use a combination of fill and
wireframe in order to obtain additional information about inner surfaces of the data graphic
(center below). In other cases an entire section of the filled surface is removed (right below)
to enable the viewer to see hidden surfaces.

I I -1 I

L JL
I I

PI.

Areas between all lines filled Selected areas between Selected lines and surfaces
lines in the front are unfilled in the front are removed

Illustration of how selected portions of the surface can be removed or
left unfilled to provide better visibility of hidden lines and surfaces

Multiple surfaces on the same graph
Most surface graphs have a single surface displayed. On
occasion, multiple surfaces are plotted on the same graph. The
example on the right shows multiple surfaces in a layered format.
On such a graph, all of the surfaces can be generated using the
XY plane as a reference from which each of the surfaces is
measured (grouped surface graph) or they might be arranged in

such a way that the lower surface is
meacr^A fr-m t*h. YV nl-n1 anA the

other surfaces referenced off of the XS planeSurface graph with multiple
surfaces immediately below them nonintersecting surfaces
(stacked surface graph). In this second variation, the top
surface represents the total of all the surfaces shown on the
graph. * On the left is an example of multiple planes that
intersect. This type of graph is sometimes used to determine
the line along which the two planes have points in common.
On lu, h crranhce there might he t-a nr mare crfFajep 'TM.Surface graph with -Bus outer *%fl- ...l. *Jt. -- .--- .Si-tl' OtfliuutO.-

Intersecting surfaces surfaces might be flat or curved and might run any direction.

Scales
The scale on the vertical axis is almost always quantitative. The scales on the other two
axes might be quantitative, categorical, or sequential. When equations are plotted or the
data is entered electronically, all three axes normally have quantitative scales.

The term surface graph is sometimes used to refer to an area graph. See Area Graph.

Surface Graph I (continued)
. -- ]I poundJ-,VrCILJIa

PI

-, b

1172 Surface Graph 2
,0



Symbol
Symbols are typically small graphic representations of things, either tangible or intangible. The same symbol might serve two
or more functions at the same time in the same chart, e.g., location and type of facility. In other cases, the same symbol
might be used for one function on one chart and for a completely different function on another chart. Symbols serve a variety
of functions. Seven of the major functions are illustrated below.

Major functions of symbols
'oUnvey quaUazsLLULv uuuriauuLo

In graphs, the sizes, shapes, and colors of the plot symbols are sometimes varied in
proportion to the values they represent. In maps and tables, the size of the symbols
are sometimes varied to denote different values, or in some cases, the number of
symbols shown is proportional to the value represented. In still other situations,
different symbols are assigned different values or the width of a line is
proportional to the value represented.

nUUvey uW3U1jLpUVW IU1s Usmasuu

Descriptive symbols are used extensively on maps. Such symbols not only indicate
where something is located but frequently also convey considerable additional
information such as what it is, what it might be used for, how big it is, etc. In
tables, symbols are sometimes used to minimize text, overcome language
differences, denote availability of various services, etc.

Almost any type of symbol can be used for this purpose. Small geometric symbols
called plotting symbols are most frequently used to locate data points on graphs.
On maps, small geometric shapes are frequently used to denote specific locations.
Lines are used to designate the locations of highways, paths, railroads, etc., and
polygons are most widely used to designate the boundaries of areas. On diagrams
enclosures are used to locate things and events with regards to one another.

Differentiate, identify, etc.
When multiple data series are plotted on the same graph, it is important to
identify all the data points that belong to the same series and to differentiate them
from other data series. Different symbols are typically used for this purpose. In
diagrams, different shapes of enclosures are sometimes selected so that various
types of events or activities such as decisions, government approvals, etc., can be
easily identified.

Serve as an enclosure

Enclosures around text on organization charts, flow charts, diagrams, etc., tend to
organize the information, make the chart more legible and easier to understand,
and improve the appearance in general. The use of enclosures also makes the
termination of connecting lines crisper, allowing patterns in the material being
diagrammed to stand out better. The values derived from the use of enclosures are
realized whether one or multiple shapes are used.

Highlight specific information

One of the simplest uses of symbols is to highlight information on charts (sometimes
called bullets). When used on text charts, symbols indicate to the viewer that a new
idea, thought, bit of data, etc., is beginning. When different types of symbols are used
they might help to differentiate between major points and subordinate points.
Symbols such as arrows are occasionally used on all types of charts to call attention
to a particular location, a specific value, a change in direction, etc.

Form meaningful displays by themselves

In some cases the symbols by themselves are used to convey meaningful
information. In the example of the icon comparison display shown at the right,
many bits of information are encoded into each symbol (icon). In the example of
the three-dimensional array at the far right, a single bit of information is
communicated using many symbols (cubes).

S
01

symbols identifying types
events in a diagram

symbols as enclosures

Sales Strategy
,/ More sales calls

+Three per day
+Ten per area

,/ Bigger incentives
+ Plus 10%

VI More backup

Text chart with symbols
highlighting key points

A 6L C D

A am
E F G H

I J K L

Symbols only used in
icon comparison display

I * 0. 0

~,

Value
Graph with symbols
identifying data series

Expedmonl

Cowl Caw2JSaW
Plan A 125 '1110075

Plan B 150 i120 90

Plan C 75 60 45

Plan D 50 40 30

Plan E 10rJ 30 Rio

Plan F 0111-01 0

Table with symbols
highlighting key data

Symbols only used in
three-dimensional array 379
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Symbol (continued)

Symbols for encoding descriptive and quantitative information

The table below illustrates how relatively standard forms of symbols can be used to represent quantitative and descriptive
information. In most of the examples, the symbol represents a single bit of information. With each basic form (i.e., literal,
point, line, area, and volume) a row of examples is included to show how multiple bits of information might be incorporated
into that type of symbol. Some symbols are applicable to only one type of information. In most cases the same symbol can be
used with several or all types of data.

I library, coal mine, plant L, M, S
large, medium, small

10 ton
20 passengers
50 births

2.7 tons per acre
2,080 passenger-miles

1.2 births per family
I

.U

09

F-

380 Examples of symbols used to represent quantitative and qualitative information

Portland = In the west NEW YORK = Largest Portland= 1 00k to 500k current year
New York = In the east Portland = Medium New York = 50k to 1 00k F2._1 = previous year
IIAA = In the south TULSA = Smallest Tulsa = .5k to 1k (:D = 5yr. average

*unincorporated city = rnnr0= $100 Sales 11= X$ purchases per household
S = average S= $200 Sales S= Y$ purchases per household

*incorporated city = major 0 = $300 Sales 0= Z$ purchases per household

-~airport A has feature A, = third place A, 10 to 99 employees A = 112 depeted
S= second place 0 =l00 to 499 employees 0 = 3/4 depleted

church 03 tin deposit = first place U 500 to 999 employees U = fully depleted

NA - it used in multiples leastwice size of Athey become quantitative mid-value =200-BtwcsiefA
*..,..=most =500 ElC four times size ofA

,1~ Bridge ~ +minor airport 62% 86 size of A
.s& Bigclsd38% S ~B twice size of ABdgclsdaverage airport * = 100 kilograms J

Eitn 0Prpsd - major airport * = 200 kilograms OoC three times size of A
0 Eistng0 Popoed0 = 300 kilograms 0Oseasoned * not seasoned

- original contours unimproved road 10 messages - 2 messages per hour
- natural changes - light duty road - 100 messages - 4 messages per hour
- man-made changes - primary highway - 1000 messages - 8 messages per hour

- property boundary - highest elevation 300 ft. elevation lOX elevation
----township boundary -- middle elevation -- 200 ft. elevation -- 5 X elevation

county boundary ---- lowest elevation ---- 100 ft. elevation ---- 1 X elevation

wall ---.- most curves ~ ~ 100 hertz "~"""~ 1 00%
stream -'----.--.medium nJFJF 200 hertz rn~nxu_-1 200%
power line ------ least curves FULFLFFL 300 hertz FL-FLJLFLF- 300%

walking trail narrowest road 10 ton capacity 1 ton per axle
- bike tail average width road 20 ton capacity = 2 tons per axle

walking & bike trail widest road 30ton capacity 3 tons per axle

* - fence line -- densest llllllllI11 iI'''IIIIIII1llllllllIIII0i'II3 X base

_11l- 11111- truck route sparsest I orE I width of road in meters base

rairoa stepst nclne50 to Wsrira/ steeticieby truck -*-P speed of A
.V intermediate incline - 2 X speed of A

abandoned railroad 60 oinln to East - b 3 X speed of A
- H- HnoH-incline - by air

E]- children's parkc E smallest -i \ F Z -all products
medium ~ ~ ,~-rh) Ir H product A

adl' largest 500 1,000 2,000 prodctV

foot rint50% completeplott LjIT 75% complete

oil reserves #1 rank #2 rank #3 rank 10 102 10 G 1 00% complete

by type, category,
F-1 F]characteristic,

patterns designate features by class, category, feature, etc. 500 1,000 2,000 1 etc.

77777771



Symbol (continued) Variations possible with a single type of symbol
The previous chart gives an indication of the breadth of relatively standard symbols that are
available. The chart below illustrates the depth that is possible within a single type of
symbol. The circular symbol is used since it is the most versatile and widely used of all the
symbols. The variations depicted here can also be used with other types of symbols.

To specify locatlol
The size and fill of the cir

To show density
and distribution
Typically each dot
represents a fixed
number of entities. * This
type of display is used to
show not only how many
there are of something
but also where they are
concentrated.
Sometimes referred to
as a dot density map.

To indicate qualite
characteristics
Can be used in
conjunction with
quantitative symbols

*a

e

U)

E
I-

0

0
0

size proportional Fill
to value cla

0 *0 k J
designates Fill or dashed Size of segment
s interval line proportional proportional to

to value value

0 e t

Proportional Class interval (fill) Multiple
sizes plus fill for plus segments for sem e
class intervals 2nd vanable s

00

888
00000
00000
00000

Number of circles
proportional to
value

OS

00@

00000
05555
Multiple circles
plus color for
class intervals

Examples of how a single type of symbol can be used to convey multiple types of information

Legends used with circles that encode quantitative information
When symbols are used to encode quantitative 2,000 2,000

information, a scale or legend is normally o iooo / ,ooo

required. The examples at the right illustrate some 2 A o50 o

of the more widely used methods of constructing @i(00 0 250

such a scale or legend. * Studies on circles have . > ' Can be Nested 500

shown that viewers tend to underestimate the linearithmc/ t oro

relative sizes of larger circles. In order to - 1000

compensate for this problem, techniques have
been developed to systematically enlarge the 100250500 1,00 2000 2,000

circles in proportion to their diameters, i.e., the Ramped Diameters
Examples of legends for relating

larger the circle, the greater the enlargement. circle size to the value it represents
Sometimes the unadjusted circles are referred to as having an absolute scale and the
modified circles as having an apparent-magnitude scale. There is not universal agreement

as to which scale should be used. The series of
circles on the right side of the adjacent illustration
were drawn using the modified technique. It can
be seen how the difference between the modified
and unmodified circles becomes greater as the

Unmodified circles Modified circles circles get larger. Modified circles are used
Comparison of unmodified (absolute) and
modified (apparent-maonitude) circles primarily on maps. 381

How used I Examples

To encode
quantitative
information

- .. . ..
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Symbol (continued) General variations
The following options are available with a wide variety of symbols. The various techniques
might be used to encode additional information, improve the legibility of the chart, or to
improve the appearance of a chart.

Option Examples
Opacity
Solids stand out. Transparency
sometimes improves readability
when data points overlap. Solid Transparent

Orientation
Symbols might be oriented in any of
390 either for appearance or to Increasing or Decreasing or
encode specific information. Above, upward, etc. Below, downward, etc. positive negative

View
The symbol might appear as .IA'
though one is looking down on the Fco ~ '*/Tetop of an object or at the side of the Factory r a D Tree Factory Tre
object. For improved appearance,
an oblique or perspective view is Plan or top view Profile or side view
occasionally used.
Two- or three-dimensional
Either two- or three-dimensional
symbols might be used. Two- 0 ET
dimensional symbols are the most
common. Two-dimensional Three-dimensional

Color, shading, fill, etc. Used extensively for encoding many types of information on both a
quantitative and qualitative basis (e.g., size, magnitude, similarities,
condition, status, proposed, etc.). Color, shading, and/or pattems can
be used with most types of symbols.

Framed rectangle symbol
Even though circles are widely used to encode quantitative information, there is a general
concern about the accuracy of decoding such information. The framed rectangle symbol
(described below) offers an alternative that improves the accuracy of decoding.
- The symbol consists of a rectangle that is taller than it is

wide. I
- There are tick marks on both sides that generally designate

a distance half way up the rectangle. 100 200 300 400 500
- The symbol can be any size. Typically all rectangles on Examples of rectangle symbols.

the same chart are the same size. Exceptions are when the width of the
rectangle is used to encode an additional variable.

- When the rectangle is empty (all white), a lower value is indicated. When
the rectangle is full (all black), an upper value is indicated. When it is half
full (the lower half black), a value midway between the lower and upper is
indicated. The same reasoning applies to any fractional fill of the rectangle.

- The upper and lower values can be any numbers, actual or percent. They i
generally are explained in a legend.

- A framed rectangle is used primarily to designate the values of a single Map using
variable. It is particularly useful for encoding quantitative information onto framed
maps. rectangles

Dingbat symbols
Small symbols, typically entered by means of a keystroke, are many times called dingbats.
In specific applications they are sometimes called bullets, plot symbols, markers, etc.
Typical applications of this type of symbol are designating data points on graphs,
differentiating one data series from another, emphasizing points on a text chart, locating
cities on maps, organizing information, or simply improving the appearance of a chart.
A group of conventional dingbats that are XX HE3c0lN 11n1 *O*O .z* #*
frequently available on computers is * 0000 *40oIVYAA +0++ V*X
shown at the right. Examples of some Examples of conventional dingbats
I 31 of the less conventional dingbats that are more and
E of less c' t more available with computer software are shown at

Examples of less conventional dingbats the left. The symbols that incorporate two geometric
shapes (e.g., a circle or an X in a square) or combinations of a single shape (e.g., filled and
unfilled, bold and fine line) enable one to convey two or more bits of information with a
single symbol.382



Symbol (continued) Symbols used to encode descriptive information
In addition to other functions that symbols perform, they can also encode descriptive/
nonquantitative information. For example, symbols may denote what a facility is, what is
done at a location, what type of equipment is involved, whether it is day shift or night shift,
etc. The descriptive aspect of symbols is closely related to the function of differentiating
and identifying. In addition to literal symbols (e.g., words and numbers), there are three
other widely used types of descriptive symbols as shown below.
Standard geometric shapes 0 0 .Automobiles built in the United

C
0 0Stte

A * * Automobiles built in EuropeEL L * \D Automobiles built in Pacific
E * o Rim countries

' - Weight of automobile

Individual examples Used in a graph

L C' I Variable inductor Resistor

Individual examples Used in a network diagram

Symbols that resemble the thing they represent -, A
This type of symbol is sometimes referred to as a picture, image, or icon

Used in a flow chart Individual examples

Examples of three major categories of descriptive symbols

Plotting symbols
Plotting symbols (sometimes called plot symbols or markers) are the symbols used to
designate the location of data points on graphs. They generally are simple geometric
shapes; however, they can be any shape, size, configuration, or color. Two problems that
are occasionally encountered when using plotting symbols are, 1. the difficulty of spotting
patterns, relationships, and trends when multiple data series are plotted on the same graph
and 2. the problem of data points overlapping one another and thus making it difficult or
impossible for the viewer to know how many data elements are present at a particular
location (set of coordinates).

Multiple data series on one graph
When multiple data series are plotted on the same graph, a different type of symbol is used
for each series. In one graph, a particular combination of symbols might make each of the
data series perfectly visible. In
another graph, due to the number
and location of the data points, a
different set of symbols might
make it easier to analyze the data.
Examples of several combin-
ations of symbols are shown at
the right using the same set of
data in each example. These
examples illustrate how one
combination of symbols might
make the symbols stand out
somewhat better, another might
make the overlapping data points
most visible, and still another
may make it easiest to identify
the data series without repeatedly
referring to a legend. Sometimes
trial and error is required to
determine the combination of
symbols that best satisfies the
objectives of the graph.

to- F1 *[]wisconsin1
E Missouri l

8 - A California I
S E 0 Legend

6- E * O l
*Al ED -

4 E AE * l
A E A

2 A4A *A
A AA

0
0 6 10 15 20 25

Filled and unfilled geometric shapes

10-

8 -

6 -

4

2

0
0

* Wisconsin
* * * Missouri

A California
S S 0 Legend

U A MO
A U A

AOA a A
A AA

I I I

5 10 15 20 25
Filled geometric shapes

0 -

8

4

2

0-

10 -

8 -

6 -

4 -

2-

0-

i Wisconsin
C] 0 0 Missouri

A Califomia
o El 0 Legend

El ED O
i L 0 0
LI0 A AA E a

Oag D A
A AL

5 10 15 20 2!
Unfilled geometric shapes

W Wisconsin
WM M Missouri

1 C California
M W M Legend
W A W

M V WIAM
W C W M

C W C
CM C VC C

C CC
- , I 1 1 1

0 5 10 15 20 25
First letter of names as symbols

Comparison of various types of symbols and letters used
as symbols. The same data is plotted in each example.

Specialized symbols with a specific meanir

GID iII a AC source

['?i 2 W*sZ
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Symbol (continued) Plotting symbols (continued)
Overlapping plotting symbols

Hidden data points due to overlapping symbols can present a major problem when
analyzing point and scatter graphs. Shown below are methods for addressing this problem.
The top graph is included for reference to show how the data points appear without any
modification.

* Reference - A point graph with 20 data points distributed
along a single axis is used to illustrate the problem and
potential solutions. The completely over-lapping symbols
make it impossible to know how many data points are
represented. The partially overlapping symbols require an
estimate as to how many points are represented.

* Stacking - In this technique overlapping symbols are
stacked on top of one another on one side of their actual
location. This method makes the completely overlapped
symbols visible. A variation of the stacking process can be
used with the partially overlapped symbols.

* Distributing - In this technique the symbols are
distributed equally on two sides of their actual location.
This technique is similar to the stacking method.
However, in this method the data points at the ends of the
stacks are closer to their original location.

* Jittering - With jittering, all data points are randomly
shifted by a slight amount in the vertical direction for
horizontal plots and in the horizontal direction for vertical
plots. The distance points are shifted may be determined
visually or mathematically. This method gives visibility to
both the completely and partially overlapping symbols.

* Unfilled circles - When solid dots are replaced by unfilled
circles it gives some increased visibility to the partially
overlapping symbols but does not improve the visibility of
the completely overlapped symbols.

* Graduated unfilled circles provides a partial
solution to both the total and partially overlapping
problems. With this technique a legend is generally
required.

* Sunflower symbols - In this method the number of
lines radiating from a data point corresponds to the
number of overlapping data points, thus solving the
completely overlapping problem, but not the
partially overlapping situation. A modification of
the technique is to group partially overlapping
symbols and represent them by a single symbol.

0 1
0 2
0 3
Q4

05
Legend

0.8 0.9 1.0 1.1 1.2

0.8 0.9 1.0 1.1 1.2

* The spreading out of the symbols in the stacking, distributing, and jittering methods does
not imply an additional axis. The symbols are simply spread out for improved visibility.
To minimize misunderstanding and keep the graph as accurate as possible, the symbols
are kept as close together as practical. If the viewer is not familiar with the technique, a
note is sometimes included explaining what has been done. * Dots and circles have been
used to illustrate the techniques. Most of the techniques are applicable to other types of
symbols. * For simplicity, single-axis graphs have been used in the examples. All of the
methods work equally well with two-axis graphs.384

2 points completely 3 points partially
overlapped overlapped

3 points W 5 points 2 points
completely\ completely partially
overlapped overlapped overlapped

i. 0.9'1 ,( 1 120ee 0 * me 1e

0.8 0.9 1.0 1.1 1.2

* 0

0.8 0.9 1.0 1.1 1.20 0 0 0 1 1.2

0.8 0.9 1.0 1.1 1.20.8 0.9 1.0 1.1 1.2



Symbol (continued) Enclosures as symbols
Enclosures around text on diagrams like organization charts, flow charts, tree diagrams,
PERT charts, etc., help organize the information, sometimes convey additional information,
make it easier easier to read and understand, and improve the appearance. In many charts
the enclosures are all the same and have no significance. In other charts, features of the
enclosures/symbols are used to encode additional information such as position, skill, type of
equipment, function, timing, etc. Shown below are examples.

Methods for encoding additional information into enclosure symbols

| | Standard rectangular enclosure for
reference

m Ii
------ I----

Enclosure 100% colored or shaded
encodes one additional bit of data

Enclosure partially colored or
shaded to indicate partially
completed, partial responsibility, etc.

Dashed border to indicate new, to
be eliminated, proposed, etc.

Number of enclosures corresponds
to the number of people, forms,
orders, etc., in that location

Variations in the shape of the
enclosure can have many
interpretations.

i Enclosures with shadows or other
decorations can have significance.

9 17 Enclosures can be compart-
mentalized to display multiple bits

Event 12 of data in a standardized format.

Each method might be used independently or in conjunction with other variations.
1?vxamnles

8 8 5
P Event #4 l

PERT chart with compartmentalized enclosures

Flow charts make
extensive use of different
shapes of symbols to
denote different types of
operations. See Flow
Chart.

Unique symbols for encoding multiple variables

Most symbols encode only one or two pieces of information. Some specialized but widely
used symbols have been developed that routinely encode three or more bits of data. Two
examples of these specialized symbols are shown below.

WinA cnon and direotin cv.mhnl

This symbol is used on meteorological maps to encode
multiple bits of information about weather conditions.

The angle of the flag The number of
indicates the direction of pennants and bars

the wind. e indicates the speed
of the wind.

The location of circle T
designates the point on The percent of the

the map at which the data circle that is black
was collected. indicates how cloudy

it is.
Example of a specialized meteorological symbol

Stock price symbol
TiM1 cyIrlUUI - 1 w W U U-A _n _11riL LU ----- A - c- --

combinations of stock prices for given periods of time.
The highest price for which

the stock sold (high) 1
The price of the last sale of

L 4the period (close)
The midpoint, average, or-- -

weighted average price -
'M- nrir nfthe fpiod (n)- _f

the pi(en) - M The lowest price for which
4 the stock sold (low) Exaus le of the symbol

Example of a specialized stock price symbol
385
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Symbol (continued) Icons as symbols
Miniature graphs without titles, labels, tick marks, or grid lines are sometimes used as
symbols. In this form they are sometimes referred to as icons (See Icons). As many as 10 to
20 variables can be encoded on this type of symbol. The variables might be quantitative or
qualitative. Four examples are shown below.

Icon /Symbol Names sometimes Descriptionused to describe
n k Each point on the curve represents a different variable. The higher
1AX Area or profile the point, the more favorable that characteristic. The greater the area
- ... Iof a symbol, the higher the overall rating of the thing represented.

R F Similar to an area Icon except a border is added as a frame of
Lin L Lie reference for estimating relative values. When a scale of zero to one

- - is used, the bottom of the frame is zero and the top Is one.

Column or Each column represents a different variable. The height of the
histogram columns are proportional to the values they represent.

1 Polygon, star, Each point on the polygon represents a different variable. The
snowflake, or length of the spoke leading to the point is proportional to the value it
profile represents.

Aug Sep Oct Nov Dec Jan Feb

Brand A Br1nd B Brand C Brnd D Brnd E

Brnd F Band G Brand H Brand I Bnd J

Example of an icon comparison display using
segmented lines. The legend is shown below.

l CD Legend
l 1.0 A A Hard dask craedty

O B \A A B - InstaBld RAM
go. 6]\< \/ C - Epandaba RAM
E 0 4 I V O-Spad
E o2 E - Mandtarolutl
°o F Monitor siz
OO ABcDEFGH G- Ar ean

Category / characteristic H - P"0a

Icon symbols used on a graph Icon symbols used Symbols used as a meaningful
on a map display by themselves

Legends
Legends are generally used when there are multiple types of symbols, a standard symbol is
used in some unusual way, or the viewer is unlikely to be familiar with the symbols.

Symbol Display
or
Symbolic Display

Sometimes called an icon comparison display. A symbol or symbolic display is a group of
icons or symbols assembled for the purpose of simultaneously comparing and/or screening
a sizable number of entities with regards to three or more variables. In this type of display a
separate icon/symbol is generated for each entity under review. The function of the icons is
not to convey specific quantitative information. Instead, they are used to show such things
as relative sizes, overall comparisons, trends, patterns, etc. The icon used in the example
below is only one of many that are used for this purpose. See Icon Comparison Display.

Legend
*10 A-Harddiskcapacity

0.8 B - Installed RAM
06 q V IC - Expandable RAM

Brand A Brand B Brand C Brand D Brand E 6 0o -6Speed

FT F F 1 1 7 ~ 0.2 E - Monitor resolution
0 m III I~t~oII/1|F- Monitor size

V\Il~l I ''II ABCDEFGH G -Accessonies

[iEi[ V]i I1 Category / characteristic H - Price
Brand F Brand G Brand H Brand I Brand J

Example of a symbol or symbolic display using a separate icon for each entity being compared.
Since there are no scales on the icons, a legend always accompanies such a display.

Symbol Graph Sometimes referred to as point, scatter, or dot graph. See Point Graph.

Symbol Table Some tables use symbols to convey information instead of or in addition to words and
numbers. Such tables are sometimes called symbol tables. In the example below, symbols
are used to indicate
whether certain features are Brand A Brand B Brand C Brand D Brand E

available in two different Product 1 O OA O A 0 F A 0 0 0 Black and white
______________________________ 016 colors

products produced under Product 2 0 00 0IL lA 0 A 256 colors

five different brand labels. Example of a symbol table
See Table.

3,000

2,000

to

1,000

n

386



Table
Sometimes referred to as a matrix. Tables are charts with information arranged in rows and columns in some meaningful way.
The following list summarizes some of the major reasons for using tables.

- They are one of the best ways to convey exact numerical values.
- They present data more compactly than in sentence form.
- They assist the viewer in making comparisons, determining how things are

organized, noting relationships between various sets of data, etc.
- They are one of the most convenient ways of storing of data for rapid reference.
- They are an excellent vehicle for recording and communicating repetitive

information (forms).
- They organize information for which graphing would be inappropriate.

Terminology and location of key elements

Table heading -- le ---------------- Sales Predictions for 1996 Planning Meeting --- -
(Subtitle, subheading, or headnote --------- (By Product Line) -

Spanner headings
- bridge two or more

columns

- Spanner rule

Two or more levels of
headings are

sometimes referred to
as decked.

Sometimes referred to --
as the stub heading

Row headings, row
labels, stubs, stub

items, line categories, - -^---------
categories, or captions

Subheadings --------------

A line generally indicating
a computation, such as a

total, has occurred. If no or
few horizontal lines are
used in the body of the

table, a single line is
frequently used. If lines are
used in the body, a double

line may be used.

Shaded area is referred
to as field or body

Vertical
axis

-- - Product

I .-- 1 " , I

Sales -- --- Subspanner headings
1995 Estimate 1999 Forecast ---- -

Dollars % of total Dollars
(000) (000)

% of total - -

Large 14.4 8.6 25.6 12.2
Drills Medium 28.2 X169 45.6 21.7

Small 40.8 24.5 76.4 36.4

-Nail Large 8.7 5.4 13.2 6.3
Drivers Small 11.4 6.8 15.1 7.2

------- Large 6.2 3.7 6.1 . 2.8A

Torque Small 8.9 5.3 11.3 5:,-.
Wrench Pneumatic 4.3 2.6 7.1 3.4

Electric . 5.9 3.5 5.0 2.4
Saws . - 37.9 22.7 4.6 2.2

Total ...-.. 166.7 100.0 210.0 100.0

.|- sometimes referred --
to as the stub

Horizontal axis

Columns

-~---- -SuDspanner rule

-. -Column headings,
column captions,
column titles, column
labels, or boxheads

The area where a
column and row
intersect (indicated
here by the bold line)
is called a cell.

- Rows

Vertical grid lines or
rules

Horizontal grid lines or
rules

-- Base line

Leader The bottoms of columns
are sometimes referred to
as feet.

If multiple terms are used to describe the same thing, each of the terms are shown above. * When tables are used in specific
applications, parts of the tables are sometimes given additional names related specifically to the application. For example,
when used in a database, a column might be called a field and a row referred to as a record.

Tables are sometimes described by the number of rows and
columns of data they contain. For example, this table can be
described as a 4 by 3 (sometimes written 4 X 3), since it has
four rows and three columns of data. Total and summary
columns and rows are generally excluded. Except for
bidirectional tables, there is no required relationship between
the number of rows and columns.

Negative numbers might use
parentheses or minus signs. In
the field of accounting,
parentheses are often the
preferred method.

When there are one orUtility 1994 1995 1996 Total Wo dem ae all
Missing data is Electric ....... $24 $24.94 $25.6,' $ 74.54 numbers frequently
sometimes indicated have the same number
with a dash or N/A Gas ... ......... 2 1.80 (0.9) 2.90 ------- - of digits after the
(standing for not --- - Telephone ..... 11 11.92 12.5 35.42 , , - decimal point. With

available) to indicate L. Water....,.-- - 12.41 15.7 28.11 three or more decimal
t hs nt been places, they may or mayoteen Total ........ $37 $51.07 $52.9 $140.97 not have the sameoverlooked.

- Notes that apply to the table as a whole number of digits.
,-, Notes that apply to only parts of the table

Notes are generally
shown directly belo'
the table

- -- - - Dollar signs are generally aligned in each
IW column even if this causes large spaces in

some numbers. Dollar signs are typically shown
in the top and bottom rows but can be used
with every value if preferred.

Examples of general practices used in the construction and description of tables

General
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Table (continued)
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Applications in which tables are used
In many cases the application or purpose of a table influences how the table is designed and
how the data in it are organized. For example, when used for reference, material is many
times alphabetized or sorted in numerical sequence. When used for analysis, the
information is many times ranked in ascending or descending order. The examples below
illustrate some of the major ways tables are categorized by application or purpose.

Analysis Number of students with given combination of scores
|Total |T3 | a8 T13 22 21 |20 14 10 4 | 3| 1119

Tables used for analysis are sometimes 90% 1 1 1
called statistical, summary, or analytical 80% - - 2 4 3 21 - 12

tables. Their major function is to assist <7% 1 1 3 4 1 - -4 1
the viewer in analyzing the information D 60% = 1 4 5 6 4 2 = = - 22

included in the table. There are always 9 50% - 1 6 1 - - 20

two or more variables and the data in the 40% 1 2 4 6 3 2 1 - 19

body is normally numeric. Information is 2 30% 1 2 3 2 T - - -

generally arranged, ranked, sorted, etc., 10% 11 -1- -- --- 2

to make such things as relationships, 0%

trends, comparisons, distributions, and % 310% 20 30% 40% 50% 60 7 0% 90% 1000,osi

anomalies stand out. o- - - cre on test B - - - -

Example of a table for analyzing sizable quantities of data

Reference 110 105 112 123 137 150 Comfort Index
by 105 100 105 113 123 135 149

This type of table is frequently called a 100 95 99 104 110 120 132 144
reference or source table. The major 95 90 93 96 101 107 114 124 136
emphasis of such tables is on easy retrieval a) 90 85 87 90 93 96 100 10 3
of data. Information is generally arranged in E 80 8 6 90 93 7 102 108

W 0 75 77 78 79 8i 82 as 86 88 91
alphabetical order, by geographic area, 75 70 72 73 74 75 76 77 78 79 ao
numerically in ascending or descending <70 65 66 67 6a 89 70 70 71 71 72

order, chronologically, etc., so specific bits of 10 20 30 40 50 60 70 80 90 100
information can be located rapidly. Percent Relative Humidity

A table with data arranged for easy access/reference

Scheduling Vacation Schedule

Week 1 2 3 4 5 6 78 9

Tables used for scheduling purposes are many times Avery, T. mm
referred to as charts, such as machine loading Chandler, A -m-

charts, Gantt charts, milestone charts, etc. The things Dorsey, J. - - - -II --I
being scheduled are typically listed on the vertical Goodman, E. -
axis and the time intervals or increments on the Hewell, P.

Leahy, F. m
horizontal. Names, numbers, symbols, color, etc., Mansfield, G. --- -I --
might be used in the body of the table. Scott, H.

Example of a scheduling chart

Calendar Sun Mon Tue Wed Thur Fri Sat
1 2 3 4

Calendars represent one of the simplest 5 6 7 8 9 10 11

forms of tables. They have a unique 12 13 14 15 16 17 18
characteristic in that the information shown on
them flows from one line to the next the same 19 20 21 22 23 24 25
as text does.

26 27 28 29 30 31

Example of a calendar table for a month

Forms Ordered by: Ship to:

Line Quantity Description Unit Amount
Item Ordered Dcrpin Price

Endless varieties of forms utilize a tabular
format.

Example of a purchase order form

General Over-all Health Factors Value Housing Social
l_ _ |Rating Method A Method B Method C Value Value

HospitalA High 125 100 75 50 0

There is a huge number of tables, such as Hospital B High 150 120 90 0 1
the one at the right, that cannot be easily Hospital C Med. 75 60 45 30 6

categorized. They probably constitute the Hospital D Med. 50 40 30 25 25

majority of the tables in use today. Hospital E Low 100 so 60 0 0

HospitalF Low 0 |0 0 10 20

Example of one of many types of tables
that cannot be easily categorized



Table (continued) Table format
How a table is formatted depends on a number of things including the type of data, the
amount of data, the number of variables, the purpose of the table, and how it will be used.
Shown below are examples of three commonly used formats.

One-way table _ _ _

A one-way table is a table displaying two c
more variables (sets of data) along the sam
which might be either the horizontal or ver
The vertical axis is most frequently used at
resulting table is sometimes referred to as I
or vertical format. If only one variable is si
in a single column, it is called a list.
Examples of one-way tables with two,
three, and four variables are shown on
this page.

Two-way table

Year Product Value

1990 A 2
1990 B 10
1990 c 8
1990 D 22
1991 A 4
1991 B 12
1991 C 7
1991 D 29
1992 A 6
1992 B 17
1992 C 6
1992 D 20

A one-way table of
the same data shown
in the two-way tables
at the right

A table displaying thr
variables, one along e
of the two axes and tlI
third in the body of th
table, as shown at the
right. The source of tl
data for the two table!
the right is the one-wa
table at the left. A
comparison of the twi
formats indicates hov
much easier it is to an
data in the two-way f
than in the one-way.

Multiway table

A table displaying four or more
variables distributed between the two
axes and the body of the table. Two
examples of three-way tables with four
variables are shown at the right. In one
example, two variables are displayed
along the horizontal axis, one on the
vertical axis and the fourth in the body
of the table. In the other, two variables
are displayed on the vertical axis and
one on the horizontal. The data for both
three-way tables was taken from the
one-way table below. In this type of
multi-way table, an additional set of
columns or rows is introduced for every
additional variable over three.
Year Sex Age Value

1980 Male Under 40 69
1980 Male Over40 49
1980 Female Under40 21 * An alternz
1980 Female Over 40 27
1990 Male Under40 41 multiway fc
1990 Male Over40 66 uses the eqi
1990 Female Under 40 of a series
1990 Female Over 40 52
A one-way table of the same way tables,
data displayed in the multiway shown at th
tables shown at the right In this desil
additional set of two-way tables is generate
each additional variable over three. In this'
large numbers of variables can be displaye:
the number of variables increases, however
becomes more and more difficult to spot tr(
and relationships within the data.

;)r
e axis
tical.
id the
he list
iown

Name
Alice
Bill
Harry
Sue

Age
6
7
4
5

Two variables along the
vertical axis without rules

Name Age|
Alice 6
Bill 7
Harry 4
Sue 5

Two variables along
vertical axis with rules

Two variables along . Nam Alc BilHry[u
horizontal axis with | Nme Alice |Bil Harry Sue

rules- Age 6 7 4 l 5

Three variations of one-way tables

'ee 1990 1991 | 1992
:ach Product A 2 4 6
he Product B 10 12 17
e ProductC 8 7 6 - Third variable

ProductD 22 l 29 l20 in body of tableProduD 22 9 20 (shaded area)

he T I
One variable Second variable along

s at along vertical horizontal axis
-,Vy axis I

I | Product A ProProduct Product c Proc
_ -_ III

[alyze
Drmat

1990 2 1 10 8 22
1991 4 12 7 29
1992 6 17 6 20

Two variations of two-way tables
using the same data

Two variables Male Female

horizontal axis o Under 40 Over 40 Under 40 Over 40
years old years old years old years old

69 49 21 27

19 41 66 43 %52

One variable Fourth variable in body of table
along vertical axis

Fourth variable in body of table

One variable along horizontal axis 198

Under 40 years old 69
Male

Over 40 years old 49

FemaleUnder 40 years old 21

. Over 40 years old 27

Two variables along vertical axis

Two variations of three-way tables. In the design
above, an additional set of columns or rows is
introduced for every additional variable over three.

One variable
tat on the vertical One variable

axis Under 40 Over 40 on the
alent years old years old horizontal
wo- Male axis

1980 69 4-9 4 One variable
eight. as spanner
an 1990 41 | §6- headings

or Female
One variable

1980 21 27 inthe body of
A43 s2 the table

Is Example of a multiway table design in
which an additional two-way table is
generated for each variable over three. 389
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Table (continued) Table format (continued)
Full and one-half (bidirectional) matrix

When the same headings are used for both the rows and columns, the table is referred to as
matrix or bidirectional table. Such tables are frequently used to indicate distances between
locations. In a full bidirectional table, shown on the left below, the data is repeated in the
upper and lower triangles. In some cases different units of measure such as miles and
kilometers are used in the two halves to enhance the value of the table. In other cases the
duplicate values are eliminated, in which case the table is referred to as a one-half
bidirectional table (shown on right below).

0i um --uu.(- I -

City A 15 1940 37 5 24 43 19
City B 15 - 24 13 4 10 11 30 10
CityC 19 24 28 24 15 15 34 15
City D 40 13 28 -10 3s 15 34 i5
City E 37 4 24 10 = 33 12 31 11
City F 5 10 15 36 33 -30 396A
City G 24 11 15 15 12 30 19 2
City43 30 34 34 31 3919 _21

City I1910 151 11 16- 2 21

Example of full bidirectional table

Irregularly shaped tables -

There are no restrictions as to the sha
of a table, although most are rectangi
Irregularly shaped tables can sometin
be helpful in highlighting relationship
that might otherwise be difficult to sf
This example shows how the estimate
sales for a given year vary from year]
plan to yearly plan.

pe
ilar.
ries
)s

pot.
-d
Ply

Examples of one-half bidirectional tables

Year 11992 11993 11994 11995

1992 Plan 1,942 2,224 2,318 2,46

1993 Plan 2,375 2,411 2,50

1994 Plan 2,309 2,38

1995 Plan 2,01

1996 Pla

1997 1 1998 1 1999 1 2r 0|

- All sales values in
2,657 thousands of dollars

2,482 2,512]

2,258 2,390 2.471

2,054 2,169 2,3541 2,466

r A VeUVtMLV MAU FV1 %.V1sL WULu

When a table displays how frequently
various things occur or how many
there are of different things, the table
is sometimes referred to as a
frequency table. An example is
shown at the right. When the counts
are replaced by the percents they

Product A
Product B
Product C
Product D

Total
rejects

(N)
12

39

21

71

Reject Reject Reject
type A type B type C

17% 33% 50%

26% 31% 43%

38% 33% 29%

31% 41% 28%
Total 143 30% 36% 34%

Numbers indicate what percent each
value is of the total for the row

Product A
Product B
Product C
Product D

Total
rejects

(N)

12
39
21
71

Reject Reject Reject
type A type B type C

5% 80/0 12%

24% 23% 35%
19% 13% 12%
52% 56% 41%

Total 143 100% 100% 100%
Numbers indicate what percent each
value is of the total for the column

Product A
Product B
Product C
Product D

Total
rejects

N) q
12
39
21
71

Reject Reject Reject
*ye A type B type C

1% 3%/6 4%

7%/ 8%/6 12%

6% 5% 4%

16% 20% 14%

Total 143 30% 36% 34%
Numbers indicate what percent each
value is of the total for the entire table390

i [ Reject Reject Reject Total
type A type B type C rejects

Product A 2 4 6 12 8% Sometimes
|ProductB 10 12 17 39 27% calledProdct Bmarginal
Product C 8 7 6 21 15%\ values or

Product D 22 29 20 71 50% \ marginaldistributionn
Total 42 52 49 143 100% because the

values areExample of a frequency table noting the shown in the
number of times various things occurred margin of the

Total table.

1100% represent of a whole, the table is sometimes
100% called a percent table. Three different types
100% of percents are sometimes calculated
100% depending on the nature of the data. The
100% values might be calculated as a percent of

the totals for the rows, the totals for the
columns, or the totals for the entire table.
Examples of all three are shown at the left.

Total

8%

27% When percentages, totals, etc., are shown in
50% the margin just to the right and/or bottom of

100% 6 the table, they are sometimes referred to as
marginal values or marginal distributions.

Total In percentage tables, an additional column is
many times added to designate the total

280/ number of items from which the percentages
27% were calculated (many times denoted by the
15% letter N). This column might be added in the

body of the table (left) or placed in the
margin.

t;->'rv"xwannv DnH



Table (continued) Table format (continued)
Three-dimensional tables

I. ID IJ I. io

Although three-dimensional tables can be F

constructed, they are not widely used, primarily Featu

because they are difficult to construct and
interpret. Three-dimension tables are sometimes
used for their aesthetic value.

A

ature 1

re2

A A 4.
Example of a three-dimensional table

Doubling up long tables
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Store #1 8 6 5 8 4 7 5 9 8 10 9 8
Store #2 22 25 23 19 24 26 21 23 25 27 20 22
Store#3 11 14 10 9 12 14 13 15 12 10 11 14

Example of a wide and shallow table

1988 1989 1990 1991 1992 1993
Store #1 8 6 5 8 4 7

When tables become too long for easy Store #2 22 25 23 19 24 26
analysis or to fit in the space available, Store #3 11 14 10 9 12 14

they are sometimes divided into two 1994 1995 1996 1997 1998 1999
or more smaller tables and placed Store #1 5 9 8 10 9 8

Store #2 21 23 25 27 20 22
above or beside one another. Store # 1 13 15 12 10 11 14

Example of same table as above, except the
horizontal axis has been divided into two pieces

Year Product Value and the vertical heading repeated
1990 A 2
1990 B 10
1990 C 8
1990 D 22 Year Product Value Year Product Value Th
1991 A 4 1990 A 2 1991 C 7e examples shown here
1991 B 12 1990 B 10 1991 D 29 divide (sometimes referred
1991 C 7 1990 C 8 1992 A 6 to as double up) the tables
1991 D 29 1990 D 22 1992 B 17
1992 A 6 1991 A 4 1992 C 6 into two pieces. If desired,
1992 B 17 1991 B 12 1992 D 20 they could have been
1992 C 6
1992 D 20 Example of the same data as shown in divided into three, four, or

the example at the left, except the vertical more pieces.
Example of a long axis has been divided into two pieces and
and narrow table the horizontal headings repeated

Multiple values in cells
In most tables a single piece of information is included in each cell. There is; however, no
limitation on the amount of data that can be included in a given cell and in some cases
multiple entries per cell can be extremely useful. For example, if average or median values
are shown, it might also be helpful to note the maximum and minimum values. If end-of-
the-month membership counts are shown, it
might be helpful to also show comparable
figures for the previous year or the five-year
average. In some cases combining data in Income
cells can avoid generating multiple tables. A

1st shift

2nd shift

Total

Number of employees

Weekdays
320

287 Full-time
33 Part-time

215
198 Full-time

=17 Part-time

535
485 Full-time

50 Part-time

Saturday

135
82 Full-time
53 Part-time

57
52 Full-time

5 Part-time

192
134 Full-time
58 Part-time

50 Part-time 58 Part-time
In this example, the total number of employees is
shown (in bold type) as well as a breakdown of
how many of the total are full-time and part-time.

Income
B

Income
C

Total

/J

Income in thousands of dollars
Source 1

22 (34%)
(24%)

7 (18%)
(8%)

62 (56%,)
(68%)

9 1 (43%)
(100%)

.Source 3

17 (27%)
(26%)

150)12 (32%) 3(0%
(18%)

37 (33%)
(56%)

5 66 (31%)
(10% 00%) (0%

Source 2

25 (39%)
(45%)

19 (50%)
(34%)

12 (11%)

56(21%)

\(1 00%)

Value Percent the value Percent the value
represents of total represents of total for
for the row the column

In this example, in addition to displaying the
actual values in the cells (in bold type), the
percents that the values represent of the
column and row totals are also included.

391

Total

64 (100%)
(30%)

38 (100%)
(18%)

111(100%)
(52%)

213 (100%)
(100%)



Table heading options
Words, numbers, and symbols

Words, numbers, and symbols might be used alone or in conjunction with one another.
Examples are shown Delow.

Words used as headings
Example of a table with words used as
row and column headings

Numbers used as headings
Example of a table with numbers used
as row and column headings. In some
cases, such as this one, the numbers
represent quantitative values. In other
cases the numbers are used for
identification purposes and have no
quantitative significance.

Symbols used as headings
Example of a table with symbols used as
row and column headings. Some symbols
are called icons, images, pictures, etc.
Symbols sometimes:

- Convey more information in less space
- Are faster for orienting the viewer
- Overcome language barriers

Accompanying text is sometimes required
for a full understanding of the meaning of a
symbol.

Over-all Health Factors Value Housing Social
Rating Method A Method B Method C Value Value

Hospital A 295 125 100 75 50 0

Hospital B 305 150 120 90 0 1

Hospital C 179 75 60 45 30 6

Hospital D 245 50 40 30 25 25

Hospital E 263 100 80 60 0 0

Hospital F 223 0 0 0 10 20

110 105 112 123 137 150 Heat Index
105 100 105 113 123 135 149
100 96 99 104 110 120 132 144
95 90 93 96 101 107 114 124 136

O 90 85 87 90 93 96 100 106 113 122a 85 80 82 84 86 88 90 93 97 102 108
E 80 75 77 78 79 81 82 85 86 88 91
I 75 70 72 73 74 75 76 77 78 79 80

c 70 65 66 67 68 69 70 70 71 71 72
10 20 30 40 50 60 70 80 90 100

Percent Relative Humidity

= - - - Toatl

t 55 61 28 32 15 191

if 42 27 72 39 63 243

Total 97 88 100 71 78 434

Location of headings

Row headings are most frequently located on the left of the table and column headings at
the top of the table. It is not uncommon, however, to see headings located elsewhere, as in
the example of the heat index table shown above, in which the column headings are located
at the bottom. In some cases when the table is very wide, the row headings are repeated on
the right.

Order in which headings appear in tables

* If the headings represent sequential (e.g., time series, order of occurrence, etc.) or
quantitative variables, the individual headings are arranged in their proper
sequential or numerical order progressing from left to right along the horizontal
axis. On the vertical axis they might progress either up or down.

* Headings representing categories can be arranged in any order. Some typical
methods of arranging them are:

- Alphabetical
- Ascending or descending order ranked by some row or column of

data in the body of the table.
- Chronological, even if it is not a true sequential series. For

example, the thing that happened first, second, third, etc.
- Geographical
- Qualitatively - for example, the thing assumed to be best, second

best, etc.
- Frequently compared columns and rows placed closet together

when possible
- Related columns and rows located close to one another, for example

columns with actual and cumulative values, or a column of values
and the column displaying the percents of the whole that each value
represents.

- More important values placed near the top or left side where they
are most easily noticed by the viewer.

* Total columns and rows are frequently located at the far right or bottom. Some
people consider total columns and rows the most important in the table, and
therefore often make them the first row or column after the headings.

392
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Table (continued) Table headings (continued)
Dependent versus independent variable

In tables there is no generally accepted standard as to which axis the independent variable is
placed on; therefore, it is sometimes found on the vertical axis and other times on the
horizontal axis.

Interchangeability of column and row headings
In many tables the row and column heading can be transposed with no degradation of the
information. To a large extent, the decision as to which variable goes on which axis
depends on such things as:

- Which combination makes the data most meaningful
- The number of variables
- The number of entries. Those variables with large numbers of entries are

often are placed on the vertical axis.
- The lengths of the headings. Long headings can be accommodated better on

the vertical axis.
Examples of the same data arranged on tables with the headings transposed are shown
below.

1990 1991 1992 Product A Product B Product C Product D

Product A 2 4 6 1990 2 10 8 22

Product B 10 12 17 1991 4 12 7 29

Product C 8 7 6

Product D 22 29 20 1992 6 17 6 20
Products listed on vertical axis Products listed on horizontal axis

Illustration of how headings can be transposed with no degradation of information
Positioning of headings

Shown here are some of the practices used for positioning row and column headings.
Although the same method is generally used throughout a given table, it is not uncommon
to see two or more methods used in the same table.

Text in the column as well as Information in the columns as well as the
the column heading are headings are sometimes centered.
sometimes aligned to the left. Numbers and If there is a space limitation,

column heading are the heading is sometimes
sometimes aligned to rotated. Rotation seldom
the right. e d 900.

Options for aligning
headings and data in
the same row

Data in body and
headings aligned

Data in body
aligned with lowest -
line in heading
Data in body
aligned with vertical -
center of heading

Data in body
aligned with first
line in heading

-- School No. 1

School No. 1
located on

- Rock Road

School No. 1
located on
Rock Road

School No. 1
located on
Rock Road

Contributions
to local
high schools

25,000

None

On hold

500

Contributions
to local

high schools

25,000

None

On hold

500

Contributions
to local

high schools

25,000

None

On hold

500

C 20
l 0
i 0

M-u-

C- 0 .

25,000

None

On hold

500

25,000

None

On hold

500

Positioning of material in body of table
Numbers

Aligned Aligned
If the numbers have decimal points, they are almost Centered right on decimal
always aligned on the decimal points. If the column 4,255 4,255 4,255.1
contains no decimal places, the numbers might be aligned 2,978 2,978 2,978.500

1,029 1,029 1,276.
to the right or centered. Numbers are almost never 1,276 1,276 1,029.5
aligned to the left except occasionally as scales on graphs. 119 119 119.73

127 127 12.4
Aligned Aligned

left Centered right
Words in a column are usually aligned to the left, Suspended Suspended Suspended
although they may be centered or aligned to the right. Void Void Void
When the column has a mixture of words, numbers, Accepted Accepted Accepted
and/or symbols, all of them are often centered. Requested Requested Requested

Rejected Rejected Rejected
N/A N/A N/A 393



Table (continued) Body/field of table
Options for encoding information into the body of tables

There are many options as to how information might be encoded into tables. Shown here
are some of the major variations used. When graphics are used instead of words or
numbers, the table is sometimes referred to as a graphic table.

Numbers 1990 1991 1992 1993 1994 Total

Product A 2 4 6 3 5 20

Most tables that are used for analysis Product B 10 12 17 15 13 67
purposes use numbers in the body.

Product C 8 7 6 9 9 39

Product D 22 29 20 24 21 116

Words Product Product Productintroduced growing maturing

Sometimes referred to as word tables. The Sales Negligible Rapid increase Stable
number of words used might vary from a
single word to a sentence or even a Profit Negative Break even Positive
paragraph.

Cash flow Negative Stable Positive

In its simplest form, a geometric symbol is
used to indicate yes or no, available or not
available, done or not done, etc. Color or
fill can be used to encode additional
information. -o Available in 10 volts only

* Available in 110 & 220 volts

Brand A Brand B Brand C Brand D Brand E

Feature 1 0 C _ _ 0
Feature 2 * *

Feature 3 00 0 0
Feat e 4 0 I 0 0

A number of techniques can be used to I I Dent. A I Dent. B I Deot. C I Dent. D I Dent. E I
indicate such things as varying degrees of ,-
something, a phasing In and out, etc. For |
example, the responsibility for a task may -
gradually shift from one department to L
another or one product might be phasing I
out and another in. Total responsibility-

- Partial responsibility _

The size of the symbol can be shown in Brand A I Brand B I Brand C I Brand D I Brand E
proportion to some feature such as price, I Feature 1 Q 1 | 0 I 0 |
rating, volume, etc. --- I. A I l lAdze ur circW is feature ZI C)I

ronrtir nal to orice I I U I U I

Various shapes can be used to indicate l A l l l l l
yes or no to multiple questions: Is a given Brand A Brand B Brand C Brand D Brand E
feature available? Is it 0 Back and white Product 1 l E A 0 A 0 O A O E
available at a given store? 0 16 colors | _ l l__ _ l__ A l_
etc. A2ss colrs Product2 0 0111 O2A 0

Qualitative or ordinal
information can be
communicated by using
different color, size, or
numbers of symbols.

;; Very good | Brand A Brand B Brand C Brand D Brand E

n Good Feature 1 SEE | M ON NNE
0: Fair Feature 2 N I * mm * | I

*Poor I
Quantitative information ) No backup Brand A Brand B Brand C Brand D Brand E
can be encoded by the use (
of symbols such as small @ 5o% backup Fetr 1 i C I (A
pie charts, framed 100% backup Feature 2 ( I ()O ( (
rectangles, etc. w 0' '- .' ~ ~

Trends, directions, & Market share increasing I 19 90 1991 | 1992 1993 | 1994
political positions, I dramatically
etc., can be Indi- | Market share stable Company 1 A I | J |
cated by symbols * Market share decreasinglll _l _l _ l_ l
such as arrows. v dramatically company 2 I I I

Icons and Images Country Country Country
Icons and images are sometimes Included in A B C
the category of symbols. When used In the l cm
body of a table, pictures, images, or icons Exports it it it
become quantitative If their size or quantity is I 1-
proportional to some value associated with + | | ' l vv
the entity they represent. Accompanying text min e
is normally required for full understanding of Imports
a table with images or icons. Sometimes
called pictorial table. I III _ I

'n
0
.0
E
e0
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Table (continued) Body/field of table (continued)

Spreadsheet

A type of table in which the body of the table contains predominately numeric values.
Spreadsheets are used for many different applications including the systematic recording,
organizing, and manipulation of large quantities of data. It is common for many of the
values on a spreadsheet to be mathematically interrelated such that a change in one value or
series of values affects all or many of the other values in the table. * Spreadsheets are
frequently used with computers to conduct what-if analyses. In a what-if analysis,
hypothetical, predicted, alternative, worst case, etc., values are entered into a matrix of
information and their effect on the other values noted. For example, sales values that are
25% below forecast might be entered into a spreadsheet of key financial information for a
company to see what would happen to profit, cash flow, return on assets, employment
levels, etc., if there was a major down-turn in sales.

Y11 4 0IE 1 I II a A UUI4a AuW IUaL

This format, sometimes referred to as a
matrix display, capitalizes on the
advantages offered by graphs as well as the
benefits of a tabular display. (See Matrix
Display.) Although the example uses
scatter graphs, the same concept is
applicable to other types of graphs. In
addition to displaying graphs in a tabular
format, maps, diagram, and even small
tables can be arranged in a similar fashion.

a

coa
a

>

(a

co
n)
0
0

Combinations of words, numbers, and other graphics

Sometimes tables that display data using words, numbers, and other graphic images can be
particularly informative. The example below uses words, numbers, graphs, maps, and
symbols. There are no restrictions as to the combination of methods that can be used.

Company A Company B Company C
Headquarters Dallas, Texas Paris, France Tokyo, Japan
Ownership Public Public Private
1996 Sales $56,000,000 $76,000,000 $87,000,000
1996 Net profit $4,000,000 $5,000,000 $6,000,000

15% 15% - 15%-
Percent 10% 10 *t%- 10%- - -
administrative 1EhEE* ll mi 5% l E H~
expenses 0% 0(% -f~'-~i~i~1 0%

'2 '349596 2 3495 '96 '92 3'94956

Type sales force Manufacturers' Direct and agents All direct

Distributed to Wholesalers and Wholesalers Direct from factory
retailers by distributors

15% 15% 15%

Percent marketing 10% l*f 10% -0
expenses E% E | lEl, |o% - l , l , l

0% -------- l 0% - -i--,--l 0% t
'92 _3 '94VS'9596 '93 '94'95 '96 923'94'9596

Product strategy Emphasize new Emphasize service Emphasize improved
I__products___ I__ _ _ _ __ _ _ _ _ _ I__ _ _ _ __ _ _ _ _ existing products

4 iI KfI
Area where major
sales efforts are
focused

shareninmarket loTshren [ [ _ _ _ _ _ _ _ _ _ -
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Table (continued) Grid lines, rules, guidelines, etc.
Methods involving grid lines (sometimes called rules), guidelines, bold text, etc., have been
developed to do such things as:

- Help organize information in tables
- Assist the viewer in visually tracking data
- Emphasize key information
- Improve the appearance of tables

Examples of several of the more widely used techniques are shown below. Many
organizations have standards for how they would like tables constructed to achieve
uniformity. There are no industry standards.

Basic table for reference 1992 1993 1994 1995 1996 Total

For reference, this example has no grid lines, Product A 23.1 23.7 24.2 24.9 25.6 121.5

rules, shading, or boxes to emphasize Product B 2.7 3.1 2.5 1.8 0.9 11.0
ProductC 10.7 11.2 11.5 11.9 12.5 57.8

particular information or to assist the viewer Product D 5.9 7.2 9.8 12.4 15.7 51.0

in visually tracking information. Total 42.4 45.2 48.0 51.0 54.7 241.3

Horizontal and vertical grid lines P1 992 1993 1994 1995 1996 Total
-Product A 23.1 23.7 24.2 24.9 25.6 121.5

This example has grid lines Product B 2.7 3.1 2.5 1.8 0.9 11.0
Product C 10.7 11.2 11.5 11.9 12.5 57.8

separating all rows and columns. Product D 5.9 7.2 9.8 12.4 15.7 51.0

Total 42.4 45.2 48.0 51.0 54.7 21.3

Horizontal grid lines 1992 1993 1994 1995 1996 Total

When the key flow of information is from left Product A 23.1 23.7 24.2 24.9 25.6 121.5

to right, vertical lines are sometimes omitted Product B 2.7 3.1 2.5 1.8 0.9 11.0
Product C 1 0.7 11.2 1 1.5 1 1.9 12.5 57.8

so they do not interfere with the horizontal Product 0 5.9 7.2 9.8 12.4 15.7 51.0

flow of information. Total 42.4 45.2 48.0 51.0 54.7 241.3

Vertical grid lines 1992 1993 1994 1995 1996 Total

When the key flow of information is vertical, Product A 23.1 23.7 24.2 24.9 25.6 121.5
Product B 2. 31 25 18 0.9 11.0

horizontal lines are sometimes omitted so as Product C 10.7 11.2 11.5 11.9 12.5 57.8

not to interfere with the vertical flow of Product D 5.9 7.2 9.8 12.4 15.7 51.0

information. Lines are generally continuous. Total 42.4 45.2 48.0 51.0 54.7 241.3

Shading or color 1992 1993 1994 1995 1996 Total

Product A 23.1 3.27 24W 24.9 26,6 t21m 5
In place of or in addition to grid lines, Product B 2.7 3.1 2.5 1.8 0.9 11.0

shading or coloring might be used to help the ProductC S 10.7 1t2 11.5 11.9 2.5 O 7.8
Product 0 5.9 7.2 9.8 12.4 15.7 51.0viewer track data, particularly in wide tables. Otl 42.4 4.2 4O451 0 541.7 241.

Bolding of selected information 1992 1993 1994 1995 1996 Total

Product A 23.1 23.7 24.2 24.9 25.6 121.5
Using bold type in selected rows or columns Product B 2.7 3.1 2.5 1.8 0.9 11.0

highlights key data and assists in the visual Product C 10.7 11.2 11.5 11.9 12.5 57.8

tracking of data. Prodtal 4254 462 4890 51.0 547 241 3

Boxes around related data 1992 1993 1994 1995 199

If the material in the table consists of distinctly Salea 23.1 23.7 24.2 24.9 25.6

different groups of information, boxes are Profit 2.7 3.1 2.5 1.8 0.9

sometimes drawn around the groupings. The lExpens B 150.9 .72 9.8 112.4 1.5

boxes might run horizontal or vertical.

Boxes around summary data 199 1993 1994 1995 1996 Total

Product A 23.1 23.7 24.2 24.9 25.6 21t.5
When the major focus is on particular data, Product 8 2.7 3.1 2.5 1.8 0.9 11.0

grid lines or boxes might be used selectively Product C 10. 7 211.5 11.9 12.5 57 8
Product 0 5.9 7.2 9.8 12.4 15.7 51.0

to emphasize that information. Total 42.4 45.2 48.0 51.0 54.7 241.3

Guide lines used with symbols Brand Brand Brand Brand Brand

Guide lines aligned with headings and Feature 1 1 A
symbols can sometimes be more effective than Feature 2

grid lines between them. Guide lines always Feature 3 l

pass behind whatever data graphics are used. Feature 4 I

Guide lines used with text 1992 1993 1994 1995 1996
Product A -23.1 - 23.7-24.2 -24.9 -25.6Guide lines can be used with numbers; ProductB- 2.7- 31- 2.5- 1.8- 0.9

however, they are generally not as effective Product C -10 7 - 11.2-1 1.5 -11.9- 12.5

as when used with symbols. Product D- 5.9 - 7.2- 9.8 -12.4- 15.7
396



Tally Chart

Tally chart generated using frequently (mode), the spread, and general pattern of
a preprinted form the data, the tally marks do not have to be counted. If

exact values are desired, the hatch marks are counted for each column or row. In cases
where a task is repetitive, preprinted forms can be used similar to the example shown at the
left. With preprinted forms, frequencies can generally be read directly from the form.

Sometimes referred to as a master chart or graph. A template chart or graph contains all or
most of the common elements of a series of charts or graphs. Detailed information is then
added to copies of the template to form specific variations. For example, if the sales
performance of three different salespersons were to be looked at individually, a template
might be generated and the sales data for the individual salespersons added to three copies
of the template as shown below. In the example, the three specific charts generated from the
template are all column graphs. It is not required that they all be the same, nor is there a
restriction as to the type of chart or graph that can be generated using templates. Templates
allow more rapid construction and revision of repetitive types of charts and graphs and
generally improve accuracy and consistency in a series of charts. Templates are frequently
used as the background for presentation charts to provide a uniform appearance throughout
the presentation.

20- 20- 20- 20

-15e- .215 .2|
EE E

0 0 E I | '
'91 92 '93 '94 '95 '9192939495 91 '92 93 '94 '95 '91 '92 '93 '94 95

This template was used Salesperson A's Salesperson B's Salesperson C's
to generate the three performance performance performance
graphs at the right. These three graphs were generated by adding

specific information to the template at the left.

Sometimes called a triangle, triangular, or trilinear graph. The ternary graph is the only
triangular-shaped graph in popular use today. It is used to plot information that has three
variables, the sum of which always equals the same amount. That amount can be any
value; however, it is typically 1 or 100% since the data is
generally plotted in terms of percent of the whole or its
equivalent in decimal form (0 to 1). The ternary graph
consists of an equilateral triangle with lines from the vertexes
to the bases representing each of the three axes. Scales are
placed on the axes with zero at the base and 100% at the
vertex. To prevent scale labels from interfering with the data
points and with one another, the scales are frequently
projected onto the sides of the triangle. See Trilinear Graph.

Sometimes referred to as a drop line or drop grid. Tethers are thin
lines drawn from data points to a reference point, line, or plane to
assist the viewer in determining the value or location of the data
point. See Drop Line.

01 00%
/ \ 20%

0X%

100%180% 60% 40% 20% 0
Variable B

Ternary graph

a

6

4
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A type of a frequency distribution chart in which tally or hatch marks are used to record
and graphically show the distribution of data elements in data sets. In constructing a tally
chart, values or class intervals are shown on one axis, either
the horizontal or vertical. Each time a value occurs in the -

data set, a tally is added to the chart in the appropriate -

column or row. When all the data elements are accounted
0

for, the resulting series of tally marks forms the equivalent . =X

of a simple histogram, as shown at the right. This technique r a )

74 hastheuniquefeature __-_____

73 tat ahisogra is67 68 69 70 71 72
2 thata histogramis Value or class interval
72 ,deve- -- Iloped as the date is
tI70 Ttk- -[K t~- - - -K II -Tally chart used for analyzing
70 - --- - -4 I collected, as opposed to the distribution of data elem

O -- =- collecting all the data in a data set
.2 67 ¶4
> and then developing the histogram. If one is only

5 10 15 20 25 30 35 40 45 50 5 looking for such things as the value that occurs most

73

ents

Template Chart /Graph

Ternary Graph

Tether



Text

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the
chart. Brief paragraphs t
sometimes appear below I
charts and graphs to
explain the contents of the
chart. 9-point leading

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the
chart. Brief paragraphs
sometimes appear below
charts and graphs to

1 1-point leading

Brief paragraphs
sometimes appear below
charts and graphs to
explain the contents of the ±
chart. Brief paragraphs
sometimes appear below

13-point leading

Tracking
Tracking changes the horizontal spacing between letters and words, as shown in the
examples below. Number nine size type is used in each example.

Loose spacing This is an example of changing horizontal spacing
Typical spacing - This is an example of changing horizontal spacing
Tight spacing Ths is an example of changing horizontal spacing

398

The text used with charts and graphs can sometimes have a significant impact on the
appearance and clarity of the material. The purpose of this section is to define some of the
major terms used with text and give examples.

Typeface
Sometimes referred to as font. When a set of letters, numbers, and characters have the same
design features they are sometimes called a typeface. There are hundreds of typefaces. They
have such names as Helvetica, Times, Geneva, etc. Three major categories of typefaces are
serif, sans (without) serif, and decorative. Examples of the three types are shown below.

This is an example of a serif typeface named Times. '1
i typac Serif letters have small lines projecting from the ends of With:'*

each of their main lines or strokes. serifs --

This is an example of a sans serif typeface named
S Helvetica. Sans serif letters do not have the small Without 3

lines projecting as the serif typefaces do. sensfs -
r his is an ex'amp( of a decorative typeface nmedZapf Chancery.

DecoratIve Decorative typefaces are many times usedfor hearings, specaf
__eCi_____V; effects, and/or to improve Se appearance of charts.

Type size
Type size is frequently designated in terms of points, based on a standard of 72 points to the
inch. Thus, if a type is designated as 12-point, it means it is 12/72 or 1/6 of an inch tall, and
36-point is 36/72 or 1/2 inch tall. The height is measured from the highest point (highest
ascender) on any letter of the typeface to the lowest point (lowest descender) of any letter of
the typeface. Examples of various type sizes are shown below.

z 4Highest ascender
Size 4 A,,,,O,,,,.,,,,, -.~
Size 6 A comparson of typeses Type size Bselinelne
Size 8 A comparison of type sizes Lowest descender h Leading

Size 10 A comparison of type sizes the p ages Lai

Size 12 A comparison of type sizes Baseline

Size 14 A comparison of type sizes
Size 16 A comparison of type sizes
Size 18 ,A comparison of type sizes
Size 20 A comparison of type sizes

Leading
Sometimes referred to as line space. Leading (pronounced weddingg") is the vertical distance
between lines of type. It is measured from the baseline of one line of type to the baseline of
the next line of type. (See example above.) Leading is generally specified in the same point
system used to specify type size (i.e., 72 points to the inch). The examples below show
three different readings using the same number nine-point type size in each.



Kerming
Tracking changes the horizontal spacing of whole words, lines,
or paragraphs. Kerning changes the horizontal spacing
between pairs of letters, one of which is generally a capital. Its
major function is to improve appearance in those cases where
the normal spacing between letters would seem too large.

No keming9 e Ty
Slight kemingYe

Tight kemingYe

Examples of keming

Type style
Different styles of text are used for many reasons, including placing special emphasis on
certain text, indicating book titles, denoting totals, highlighting names, etc. Shown below
are some of the more widely used styles. All examples are in nine-point type except the
superscript and subscript.

Bold An example of a particular style

Italics An example of a particular style

Underlined An example of a particular style

Shaded or colored An example of a particular style

Full size capitals AN EXAMPLE OF A PARTICULAR STYLE.

Small capitals AN EXAMPLE OF A PARTICULAR STYLE

Reverse type 0 1r-

Outlined An example of a particuDar style

Superscript An example of superscript or 325(2x -4)

Subscript An example of subscript or 325j, k, I

Alignment
A term that is generally used to describe how text and/or numbers are positioned. There are
five major types of alignment, as noted below. Examples of how each applies to stand-
alone text, tables, columns of numbers, and graphs are shown.

tadalone text

Sometimes referred to as
justified left and/or ragged
right. When text is aligned
left, the left edges of all
lines are even. The right
edge of each line is
determined by the full
words, partial words, and
spacings in the line.

Sometimes referred to as
justified right and/or

ragged left. When text is
aligned right, the right

edges of all lines are even.
The left edge of each line

is determined by the full
words, partial words, and

spacings in the line.

Sometimes referred to as
ragged right and left.

Uniform spacings are
used between words and
letters. Excess space is
distributed equally at the
two ends of each line.

Generally used only with
a few lines of text.

Sometimes referred to as
flush right and left. Text
that is justified normally
has the right and left
edges aligned. This is
accomplished by varying
the space sizes between
words and letters and the
frequent use of hyphens.

Not
applicable

Sales |4255
Costs 2,978
Gross profit |1276 |
Expenses |1,029 |
Taxes 119
Income 127

Sales 4,255
Costs 2,978

|Gross profit |1,276 |
Expenses 1,029]

Taxes 119
Income 127

| Sales I4,255
| Costs |2,978

|Gross profit |1,276|
|Expenses |1,029|
| Taxes | 119
| Income 127 |

Not
applicable

lSales 14,255
Costs 2,978.5

|Gross profit |1,276.5|
Expenses 1,029.73

Taxes 119.37
l Income |127.4

Column of
Inumbrs

18,250
5,750
7
0
60,563
145

18,250
5,750

7
0

60,563
145

18,250
5,750

7
0

60,563
145

Not
applicable

12,365.87
(658.14)

3.7985
0.0

65,88.05
0.872

Gap

1000
-800
-600
400

l200

1000

800\

600I

400I
200l

0-

1000

800 -

600 -
400 -
200 -

0

Not
applicable

1.25

1.20
1.15

1.10-
1.05-
1.00-

Text (continued)
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Sometimes referred to as a word chart. A text chart is a single document, page, slide, etc.,
made up solely or mainly of words and used primarily in presentations. Although a text
chart is generally one of a series of charts, each chart tends to stand on its own. Text charts
normally contain only the key words or phrases of a
subject. Typical guidelines recommend that the
number of lines per chart and the number of words
per line be limited to between five and eight. Most
text charts have no graphics associated with them
except for decorative purposes. Two examples are
shown at the right. Shown below are five of the
major variations of text charts

Improved benefits

- More Iffe insurance

- Bonus program

- 401 K improvements

Improved Features

* Speed
* Memory
* Price

Examples of text charts with
and without graphics

1 - ... - I
Title Text Chart

Typically used as the
introductory page or slide in a
presentation. In addition to the
title, this chart might include
such information as purpose
of meeting, outline of meeting,
key points to be covered, etc.

Paragraph Text Chart
'Last year was a
good year for our

A text chart in which a company. This
complete paragraph is used as year promises to
opposed to just a few key be an even better
words as in the other types of year thanks to all of
text charts. our employees."

Mary Evans

Bullet Text Chart Column Text Chart

A text chart where symbols * Adult activities archanr e t t i s Product Comparison
(bullets) highlight the key arrangedctiinietwoluorsthree Ours Theirs
thoughts or phrases. Dots are newspaper. Sometimes - 5 pounds - 6.5 pounds
most widely used; however, * Table games used for making - 8 outlets - 6 outlets
any symbol will work Different Races comparisons, organizing - 5 colors - 3 colors

sybl a eue related information, or - 2 speeds - 1 speeds
indicate different types of * Cookout displaying questions and - $37.50 - $39.25
material or level of indentation, answers.

Build Text Chart
Sometimes referred to as a reveal chart. A
build chart is one of a series of charts used Sales Strategy Sales Strategy Sales Strategy
to develop/ present a broad message, idea,
or concept. The first chart of the series I/ More sales calls v/ More sales calls WI More sales calls
would have only the first point on it. The v/ Bigger incentives v' Bigger incentives
next chart would have points one and two X/ More backup
on it. The next chart would have points one,
two, and three on it. This would continue
until the subject has been fully explained
and all points had appeared. Chart #1 Chart #2 Chart #3

Variations of text charts

Sometimes referred to as a choropleth, crosshatched, or shaded
map. A textured map is a variation of a statistical map that
displays data with regards to areas through shading, color, or
patterns. Data is often organized into class intervals, as in the
example at the right. See Statistical Map.

. 350 t 400
X300 l 349

- X 2S0 So 29
1i 200 o 249
13 c1so W 1s

1 I *001 '49
[ E to,9913 otor9

03 0 49
Example of a textured map

Thematic Map A thematic map addresses one or at most a few themes, ideas,
characteristics, attributes, types of data, etc., over a given geographic area.
The map might display quantitative and/or qualitative information in
relationship to areas such as geographic, administrative, political, trading
zones, sales areas, trade routes, networks, etc. Typical themes displayed on
this type of map include population density by state; crops grown by region
of the world; people who voted for a given candidate by ward; market
potential by county; traffic by highway; resources by location, etc. The
purpose of thematic maps is to allow visual overviews or impressions as
well as to convey detailed information about a specific subject. Topographic
maps are generally not included in the category of thematic maps.

Thermometer Graph Sometimes referred to as a a segmented line, fever,
broken line, or zigzag graph. Thermometer graph is a
term occasionally used to describe a line graph in
which the data points are connected by straight lines.

Text Chart

Textured Map

400
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Three-Dimensional (3-D)
Graph

Sometimes referred to as a stereogram or three-dimensional map. See Three-Dimensional
Map. General aspects of three-dimensional graphs are discussed in this section. Details for
three-dimensional variations of specific types of graphs are discussed under the headings
for those graphs. * The phrase three-dimensional (sometimes abbreviated 3-D) graph is used
in two significantly different ways, which sometimes causes confusion. In one case the
phrase is used to mean that a graph has the appearance of having depth which makes it look
three-dimensional. This frequently is done for cosmetic purposes. In the other case, the
phrase three-dimensional granh refers to
a graph that has three axes. I his may be 10
done for cosmetic purposes or to display 8

the data in a way that simplifies an
overall analysis or provides insights not - 6

possible in other formats. In this book, i 4

three-dimensional graph generally refers 2

to a graph with three axes. The majority
of this section is devoted to three- 0

dimensional, three-axis graphs. Two axes

Praieetian or vie v J .. L.* - -- -* J V-_ IV - 11w

Almost all three-dimensional graphs,
whether generated for cosmetic or tech-
nical purposes, are drawn with one of
three techniques, sometimes referred to as
projections or views. These are oblique,
axonometric, and perspective. One-, two-,
or three- axis graphs can be drawn with
either technique. Generally the oblique
VYtW IS UbCU WWI 011C- aIU EWU)- Sap o
graphs and the axonometric view with Axonometno projection or view
three-axis graphs. The perspective view
is generally used for aesthetic purposes
and works with one, two, or three axes.
Examples of two- and three-axis graphs
using each of the three different
projections are shown at the right. See
Oblique Projection (View), Axonometric
Projection (View), and Perspective
* l JLn1i~rin {Vie fl ThJ -UIL.-U1IiL4,nuiann4

Two axes Three axes
graphs are seldom used for monitoring or Perspective projection or view
controlling. They are almost never used
where estimating relatively exact values from the graph itself is required, since it is difficult
or impossible to determine exact values from such graphs. If it is necessary or desirable for
the viewer to read exact values, the values are many times noted on the graph or a reference
table is provided. When used for analytical purposes, the inability to read exact values is
often not a problem since many such graphs are used to look at the general shape or nature
of the data as opposed to determining specific values.

Terminology

Wall or back
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Three-Dimensional (3-D)
Graph (continued)

One of the most basic options with three-
dimensional graphs is the type of graph that will
be used. The six examples shown at the right are
simplified representations of the major choices
available in three-dimensional rectangular
graphs. For illustrative purposes, all six graphs
were plotted using the same three data series,
which, altogether have a total of fifteen data
points. Each graph type has its advantages,
disadvantages, and individualized features which
are discussed under the specific graph headings.
Which type of graph to use is based on such
things as whether the data is discrete or
continuous; if continuous, is it continuous along
one, two, or three axes; is the objective of the
graph to show specific values or the overall
pattern of the data; are there many data points or
just a few; are distinct values used or will the
graph describe an equation; is the graph for
analytical or presentation purposes; etc.

Point/scatter graph Column graph

Une graph Area graph

Wireframe graph Surface graph

Six basic types of three-dimensional
graphs. For comparison purposes, they
are shown here displaying the same
three data series (fifteen data points).

Drop lines

Drop lines to floor Drop lines to wall

Drop lines used
with circular graph

Multiple drop lines used
with each data point

When specific data points are
plotted, drop lines are
sometimes used to help more
accurately determine the
location and/or value of the
points. In other cases drop lines
might be used to call the
viewer's attention to specific
data points or values. The drop
lines generally extend from the
data point to the floor of the
graph. On occasion they extend
to a wall. When there are only a
few data points, drop lines can
extended to two or more
surfaces of the frame. See Drop
Line.

Drop line variations

Patterns of lines used on graph surfaces

When data is
continuous along all
three axes, surface
type graphs are often
utilized with patterns
of lines describing
the surfaces of the
data graphics. The
examples at the right
illustrate three of the
major types of line
patterns used for this
purpose. See Surface
Graph.
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Contour lines Isolines along the X Random lines
and Y axes The types of lines used in

This type of line connects This type of line connects this variation of graph are
points with equal values on points of equal X and Y optional. Sometimes a
the vertical (Z) axis. See values. They are some- combination of isolines,
Contour Graph. times called fishnet contour lines, and diagonal

graphs. See Surface lines are used. Many times
Graph. called a mesh graph.

Line pattems used to Identify surfaces on three-dimensional data graphics

Graph type



Three Dimensional (3-D)
Graph (continued)

Number of lines used to form the surface pattern
The number of lines used in the pattern of surface graphs has to do with the amount of data
available, the nature of the data, the amount of detail desired, the purpose of the graph, and
its desired appearance. When selected data points are plotted, often just those data points
will be connected with lines. When data is input by means of an equation or when a
continuous series of data points is interpolated between isolated points, there is a fair
amount of flexibility as to the number of lines used. The only limitations are that at one
extreme, if too many lines are shown, the resulting data graphic is a solid silhouette, while
at the other extreme, if too few lines are shown, the data graphic becomes distorted. The
illustration below shows the two extremes and two intermediate examples. The illustration
uses graphs with isolines. The same principle applies with any type of lines. See Surface
Graph.

Plotting too many lines There is a wide range of number of lines between the two Plotting too few lines
results in a solid silhouette. extremes that produce acceptable data graphics. results in distortion of

the data graphic.
Illustration of the effect the number of surface lines can have on the appearance of a data graphic

Opaque versus transparent for the spaces between lines
The areas between lines on three-dimensional graphs may be transparent or opaque.
Sometimes they are left transparent so the viewer can see the nature of the data behind the
front surfaces. In other cases the graph
becomes too confusing with all of the lines
exposed and the areas are made opaque so the
front surfaces stand out clearly and the
relationships between multiple surfaces are
easier to see. Three comparisons are shown
here.

Transparent Opaque Transparent Opaque

Comparison of transparent and opaque data graphics

Color and shading

Four major reasons
for using color or
shading in three-
dimensional graphs
are:
- To identify and
group data graphics
- To designate
areas or data
graphics that have
equal values
- To make the data
graphic more
understandable and
easier to interpret
- To improve the
appearance of the
graph.
Examples of each
are shown here.

Color or shading used
to identify elements
belonging to a common
data series

Shading used to indicate Shading used to indicate
areas of equal values areas of equal values
between isolines between contour lines

Shading or colors used to indicate areas
of equal values or ranges of values

Top and bottom of
surface the same shade

Shading or colors used to make data
graphic more understandable

Color or shading used to
improve the appearance
of the graph
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Three-Dimensional (3-D)
Graph (continued)

Cross sections of data
With some three-dimensional information it is helpful to have a more detailed graphical
representation of hidden surfaces or to see what the data looks like at various points along
an axis. Shown below are three techniques for achieving these goals.

Section of data graphic removed

With this method a section of the data
graphic is removed or separated exposing
the inside/underside. The section might be
removed along any of the axes. The plane
at which the section is taken might be flat
or curved, perpendicular to the axis or
slanted. With complex data, multiple
sections may be removed or separated.

Data condensed into selected planes

With three-dimensional scatter graphs, the
data points for uniform intervals along a
given axis are sometimes condensed into
selected planes, as shown at the right. In
this way patterns within the larger cloud of
data points can be noted. See Slice Graph.

Profiles at selected intervals

Three-dimensional graphs that represent a
volume as opposed to specific data points
or a surface are sometimes shown as a
series of area graphs called profiles. The
profiles might be spaced regularly or
irregularly along the X or Y axis. See
Profile Graph 1.

Without section removed
Example of a section of a graph removed to
expose the inside or underside of the data graphic

Standard scatter graph Data points condensed
onto three planes

Example of data points condensed into
selected planes along one axis

Standard three-dimensional Multiple cross sections
graph with isolines displayed at selected points

Example of planes passed through data graphic to
depict profiles of the data graphic at selected points

Projections
Projecting the details of a data graphic onto the walls, ceiling, or floor of the graph can
provide assistance in its interpretation. The amount of detail shown in the projection varies
depending on the type of graph and the purpose of the projection. In some cases only the
outline or profile of the data graphic (sometimes called shadow) is projected on to the
walls, as shown on the left below. When more detail is desired, isolines, contour lines,
outlines, etc., might be projected, as shown in the two center examples. Another use of
projections is to identify hidden data graphics such as columns that would normally not be
seen in the standard three-dimensional view. An example of this is shown on the right
below. The lines, areas, surfaces, etc., displayed in projections may or may not be labeled
or color-coded to convey quantitative information.

Shadows of 3-D graph Surfaces of 3-D graph Contour lines of 3-D graph Projections on the ceilin
projected onto the walls projected onto the floor projected onto the ceiling help identify hidden

Examples of various types of information projected onto
the floor, ceiling, or walls of three-dimensional graphs
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Three-Dimensional (3-D)
Graph (continued)

Two- and three-dimensional graphs used together
Two-dimensional graphs are good at conveying specific values.
Three-dimensional graphs are good for depicting the general nature
of the data. Using the two in conjunction with one another provides
the advantages of both. In some situations one two-dimensional graph
in conjunction with a three-dimensional graph is adequate. In other
cases, two or more of one type or the other is advantageous and in
some cases multiples of both types are ideal. See Draftsman's
Display.

X-axis

Two-dimensional top view

X-axis

Three-dimensional
contour graph

Two- and three-dimensional
graphs of the same data. The
three-dimensional graph and the
top view are contour type graphs.

X-axis
Two-dimensional side

Y-axis
Twa-dimensional side

view along the X-axis Three-dimensional view view along the Y-axis

Two- and three-dimensional isoline graphs used
in combination to analyze a single set of data

Tilt and rotation

The amount and direction of tilt
and rotation of a three-
dimensional graph displayed in an
axonometric view can sometimes
improve the viewer's ability to
discern key features of the data
graphics. The example at the right
illustrates how the direction of
rotation can effect the graph. The
examples below illustrate how the
degree of tilt and rotation can
sometimes make the graph easier
or harder to interpret. See
Axonometric Projection (View).

When rotated clockwise, more detail
is available regarding the lower peak
than when rotated counterclockwise.

Rotated clockwise Rotated counterclockwise
The same data shown on two graphs with different orientations.
In this illustration, more detail is available when the graph is
rotated clockwise. With other graphs, the opposite might be true.

Illustration of the effects of various combinations of rotation and tilt on three-dimensional graphs
405
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Three-Dimensional (3-D)
Graph (continued)

Width and depth of data graphics
With some graphs, such as wireframe
and surface, the width and depth of the
data graphics are dictated by the scale
and the data itself. In other cases, such
as column and bar type graphs, width
and depth of the data graphics are
optional and can sometimes have an
effect on one's ability to read the graph
accurately. With oblique views, the
width and depth of data graphics have
an effect on appearance but generally do
not affect one's ability to interpret the
data graphics. See examples at right.
When three-dimensional graphs are
displayed in axonometric view, the
width and depth of the data graphics
become more of a factor, as shown
below. The combination of width and
depth that is best for any particular
graph is sometimes unique to that graph.

Examples illustrating that wide variations in width and
depth of data graphics in the most common type of
oblique view have little effect on one's ability to read the
graph. The same data is plotted on all three graphs.

In this illustration the only things varied are the width and depth of the columns. Three columns
are totally hidden in the graph on the left. All columns are visible in the two graphs on the right.

Spin or continuous rotation

This is a technique available only on computer screens. With the spin method, the entire
graph can be rotated so the viewer can look at it from almost any angle. Depending on the
specific program, the graph might be viewed from any of 3600 around any of the three
axes. In this way patterns, trends, relationships, distributions, outliers, anomalies, etc., can
many times be observed. Shown below are nine views (including the top view) of the same
three-dimensional floating column graph to crudely illustration what one might see with
this process. In an actual application, many more views would be available, however, only
one view is available at a time.

Arrows indicate the angle
at which the three-

B dimensional graph was
ME] i1 m viewed in order to generate-

n nwthe particular image on the
0 000 computer screen.

A
Top view of a 3-D \ 11
column graph. I d

Several of the many views of a three-
dimensional graph that are possible
with a computer program that allows the
viewer to spin or rotate the graph
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Three-Dimensional Map Sometimes referred to as a perspective map whether or not it is truly drawn in perspective.
See Perspective Projection (View).

Three major types of three-dimensional maps
There are three major categories of what are sometimes called three-dimensional maps.

* One type of map that is sometimes referred to as
three-dimensional is a two-axis map that has
been tilted and rotated with depth added for
cosmetic purposes, as shown at the right. This
type of map yields the same information as a T
conventional two-dimensional map. been

* A second type of three-dimensional map is often
called a shaded relief map. These are two-dimensional
maps; however, they have have a third variable,
elevation, encoded by means of contour lines. Shading
is used to simulate shadows which gives the maps the
appearance of being three-dimensional, as shown at
the right. The primary function of the shading is to
make it easier to interpret the map. Shaded relief maps
are a variation of topographic map.

* This variation has a third axis along which elevations
or quantitative Z-axis values are plotted. They are
sometimes referred to as three-axis, three-dimensional
maps. When statistical information is plotted on a
three-axis map, it frequently resembles and functions
like a three-dimensional graph (example at right). The
coordinates to locate each point are plotted along the
X- and Y-axes (e.g., latitude and longitude). The
elevation, or some other quantitative variable, is plotted
along the Z- (vertical) axis.

a
4i

75 ax

o~.a

50 9

25 e

Ca
00a

A three-axis variation of a
three-dimensional map

Variations of three-axis, three-dimensional maps
Although vertical scales on maps with three-axes are generally quantitative, in most cases it
is difficult to accurately determine actual values from the maps. For this reason, three-axis
maps are generally used to indicate the general nature of the data or terrain as opposed to
supplying detailed information. For example, they might be used for such things as
displaying population figures to see where major markets are located, plotting pollution
levels to see where major efforts should be concentrated, or showing the strength of a
magnetic field around an electrical device to see where shielding should be provided. Since
it iS SO difficult to determine
exact values from three- a
dimensional maps, the values .
are sometimes noted on the U?
map, provided by means of a 2

0
reference table or document, X

or in the case of some
computer programs, the data
are displayed on the screen by
pointing at a specific point
jith thp i--revnr -vnmn1c nf Discrete data plotted such that theWet 619WIIiZX.AXI~tJ^iAV- height of each area is proportional Continuous data plotted using

five types of three-axis, three- to the value it represents. Some- isolines. Sometimes called a
dimensional maps are shown times called stepped statistical map. smooth statistical map.
here. Examples of three-dimensional statistical maps

.z F75

L, s-5
0

"~~ 0

-' 25

0

Contour map with lines connecting Block map showing general
points of equal elevation features of the terrain

Examples of three-dimensional topographic maps

'15 1z

Three-dimensional profile map
displaying cross-sections
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Three-Dimensional Map
(continued)

Direction of rotation
With three-axis maps the direction of rotation can have significance if, for example, the
higher elevations are concentrated on one side or if it is important for the viewer to see a
particular side. The examples at
the right show maps of the
same data rotated in two
different directions. It can be
noted that there is more detail
available regarding the shorter
peak on the map rotated
clockwise than the one rotated
counterclockwise. Examples of two maps of the same data with two different

orientations. The one on the left is most frequently used.

Amount of tilt and rotation of three-axis maps
With three-axis maps the amount of tilt and rotation can be instrumental in making the map
more readable and meaningful. For example, when the values on the Z-axis are relatively
small, a slight amount of tilt might be adequate. When there are many high peaks relatively
close together, a greater amount of tilt might be advisable so the peaks in the front do not
obscure the ones in the back. Examples of several different combinations of tilt and rotation
are shown below. Values close to those of the example in the middle are frequently used
when there are no special requirements that suggest some other combination. When the
degree of rotation and/or tilt is close to zero or a multiple of 900, some of the advantages of
a three-dimensional map are lost since it begins resembling a two-dimensional map.

Examples of the same three-dimensional map with varying amounts of rotation and tilt
(Degrees of rotation and tilt are based on an arbitrary set of reference angles. A different set of reference
angles would result in different numbers of degrees, but the appearance of the maps would be the same.)

Amount of tilt and rotation on two-axis maps

With two-axis maps the amount of rotation and tilt are less critical; however, orientations

Examples of the same two-axis map with
various amounts of tilt and rotation

Box diagram maps

When three-dimensional maps repre:
sometimes referred to as block diagr;
hachures and outlines were used
to generate such maps. Today
most are of the fishnet or shaded Ln

relief type. When a block I
N

diagram map is used as a
topographic map, the sides of
the block sometimes display
geological information (e.g., soil
layers, rock layers) or man-made
structures (e.g., tunnels. sewers).

close to multiples of 90"
can be a problem, the
same as with three-axis
maps. The concern with
extreme degrees of either
tilt or rotation is that the
large amounts of
distortion it introduces
can mislead the viewer.
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Tick Mark
or
Tick
or

General characteristics
I y pe Uk LIoLf 111111 ar

There are three types of tick marks.
They are called major (the longest),
minor (the shortest), and intermediate
(between the major and minor tick
marks in length). Axis labels are
normally associated with major tick
marks. Unless it is a very large
graph, axis labels many times do not
accompany minor or intermediated

2.0-

1.5-

1.0

0.5-

0-

tick marks.

Minor tick mark -

1.5 -

1.0J1

Major tick mark 0.5 -

I 0 -

I1 2
Major tick
marks only

Orientation of tick marks with regard to the axis
Tick marks might be located 4- 4 -
external or internal to the body of -
the graph, across the axis
(portions internal and external), 2 2

or in some combination of the
three. Which method to use is 1 1
largely a matter of preference. 0 0
One potential hazard with using ° 1 2 ( )
internal tick marks is their External to Internal
possible interference with the the body of the bodi
data being plotted. the graph the grae

Lengths of tick marks
Tick marks are normally kept short; however, there
are no restrictions as to how long they can be. If too
long they can detract from the key focus of the chart.
The examples at the right illustrate four different
lengths of the same set of tick marks. The length of
tick marks are many times specified in terms of
inches, millimeters, or points (72 points per inch).

Axes on which tick marks are located

0
Ma
mir
ma

2

to
fy of
ih

2.0_

Intermediate
tick mark--&

II, II I 0 - l I I l Il I l I

1 2 0 1 2
jor and Major, minor,
ior tick and intermed-
rks iate tick marks

4

3 I

2 :

0
0 1 2

Across the
axis (portions
internal and
extemal)

4- 4 -

3 3-

2- 2-

1 - 1 -

0- 0

4 --

3 -

2 -

0
0 1 2

Combinations
of the vari-
ations shown
at the left

4-

3 -

2 -

1 -

4

3-

2-

=

=

Examples of four lengths of tick marks

The axes on which the tick marks are shown is optional. The most widely used practice is to
place the tick marks on the axes with the labels. They sometimes are also placed on the
second vertical or horizontal axis, a reference axis, or combinations thereof. Labels may or
mnu nnt hp ii~e.i with the aw.'-i-ifnna tick mark

3-

2-

0
0 1 2 3
Tick marks and
labels on left and
bottom

4

3

2

0
0 1 2 3
Tick marks on
both sides and
bottom

4-

3-

2-

1-

0-

l lI

I I
0 1 23

Tick marks on both
sides plus top and
bottom

4-

3-

2-

1-

0-

1 2 3
lI 4

-3

-2

- 1

-0
0 1 23

Tick marks and
labels on both sides
plus top and bottom

Tick marks in the body of the chart Tick marks in the body of the chart 5 -

Tick marks are typically located on the axes. Occasionally additional $X+ + + .
tick marks are located in the body of the chart to improve the 2 +++
accuracy of decoding the information. Such tick marks are more 1 . . .
common on maps than on graphs. 1 2 3 4 5

Sometimes referred to as a stub, stub mark, or scale point. Tick marks are short lines
generally drawn perpendicular to a larger line and used to mark off uniform increments
along that larger line. Frequently that larger line is an axis or scale line on a graph. The
uniform increments might represent intervals of values on a quantitative scale, intervals of
time on a sequence scale, distance on a map scale, or simply mark off uniform segments on
a category or ordinal scale. Tick marks are optional and frequently are not used, particularly
on maps. How many tick marks to use, what type, and where generally depends on the
purpose of the chart, the nature of the data, whether or not grid lines are used, and the
degree of accuracy desired in decoding the information. Tick marks are used on several
different types of charts but are used most extensively on graphs.
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Tick Mark
or
Tick
or
Tic
(continued)

Tick marks and frames

Tick marks can be
used with or
without graph
frames. Variations
ranging from full
frame to no frame
are shown at the
right.

10

8

6

4

2

0
A B C O E A B C D E

Tick marks with frame Tick marks on left and
bottom without a frame

Tick marks used with other types of graphs
Mr-n---mnsn -rnnrrnn

In three-dimensional
rectangular graphs, the tick
marks on the outside edges
might be parallel or
perpendicular to their
respective planes. When tick
marks are drawn internally on
this type of graph, there is a
hazard that they may interfere
with the data on the graph.

When tick marks are drawn external to the graph, the ones

Tick marks drawn Tick marks drawn Tick marks drawn
parallel to the planes perpendicular to the Internal to the graph
they apply to planes they apply to

Circular graphs
Examples of tick marks on three types of circular graphs.

100%
0%

90% 10t %

80% 20%

70% 30%

60% 40%
50%

Major and minor tick
marks are generally
external on circle graphs

-'Frilinear Lranhs

Protein
25%

Niacin 45%
50% Vitamin A

25%
Thiamin 35% Vitamin C
Radar graph with different
numbers of tick marks on
each axis

3300 0°

3000 * 600
012

270 . .* ,.,,.,' 90°

240 e g1200

210 150

Polar graph with tick marks on
the radial and circular axes

When used with trilinear
graphs, tick marks serve
the additional function
of helping to orient the
viewer as to which grid
line a label refers. As
shown at the right, tick
marks on trilinear graphs
typically appear as 0
continuations of the grid
line to which they apply.

410

Variable 2 Variable 1
Example in which the labels Example in which the labels
progress clockwise progress counterclockwise

Tick marks and grid lines
To a large extent, tick marks and grid lines serve the same function: helping the viewer
decode information in a chart, rapidly and accurately. Thus, many times, if grid lines are
used, tick marks are not. Combinations of tick marks and grid lines are also widely used.
Several of the more common combinations are shown below. When tick marks and grid
lines are used on the same graph they are aligned at the axis.

4 4 4 4 4

3 3 - 3- 3 3

2 2 2 2 2

0 0 0 -......... 0........... . .................... 0... .....

Tick marks and Tick marks and Tick marks plus Major and minor Major and minor
no grid lines major grid lines major and minor grid lines with only grid lines and no

grid lines major tick marks tick marks

4 A.



Positioning along axis
Where the tick marks are positioned along the axis depends on the type of data plotted on
the graph. Examples of some of the key variations are shown below.

Onantitative data

Tick Mark
or
Tick
or
Tic
(continued)

23 24 25 26 27 28 29 30 31 3 33 34 35 36 37 38
Tick marks for quantitative data
with specific values plotted

If class intervals are used, the tick marks
are frequently located at the boundaries of
the intervals.

Z-A.A - {A* A J-

3to . 24 to 24.9 to 5.9 26 to 29 2 to 27.9

Tick marks for data with class intervals

With sequential data, the tick marks may or
may not be aligned with the labels. Factors
sometimes influencing the decision as to
which method to use include:
- When tick marks are not aligned with

labels, it is sometimes easier to partition
time series information into subgroups
such as months or years;

- When period data (e.g., average number
of employees for the month) are plotted,
tick marks between labels are often
used;

- When point data (e.g., number of
employees the last day of the month) are
plotted, tick marks are sometimes
aligned with labels.

Tick marks between sequential labels

c m between sequential l ae l A 5 0 'Is
Tick marks between sequential labels

O J F M A U J J A S O N D J F M A M J J A S O N D

1996 1997
Tick marks aligned with sequential labels

Tick marks are frequently not used with
category type data. When they are used,
they generally are located between the
labels and serve as sort of dividers
separating one category from another.
Minor and intermediate tick marks are
seldom used with category type data.

Egypt Nigeria Kenya
Category data frequently use no tick marks

Egypt Nigeria Kenya
Tick marks between category labels

Number of minor and intermediate tick marks

Minor and intermediate tick marks divide the space between major tick marks into logical
numbers of smaller intervals. For example, if major intervals represent years, minor tick
marks might divide the years into 12 smaller intervals to represent months. On a
quantitative scale, if the major ticks represent units of ten, the minor tick marks might
divide the intervals into units of 1, 2, or 5. Minor tick marks seldom generate intervals that
make it difficult for the viewer to relate to. For example, minor tick marks would seldom
form intervals such as 1.67, 3.33, 14.3, etc. An exception is when the prescribed parameters
require it. For example, if one sets the upper value on the class interval scale of a histogram
at 20 and the lower value at 13 and requires there be 10 class intervals, each interval will be
0.7 units wide and the values on the scale will be 13, 13.7, 14.4, 15.1, 15.8, etc.

Sometimes called bank, cycle, deck, or phase. The major interval on a logarithmic scale.Tier
411

When quantitative data is plotted using
specific data points, the major tick marks
are generally aligned with the labels.
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Time and Activity Bar Chart The bar chart is the most widely used type of time and activity chart. There are many
different variations and applications. Most have the following things in common:

- The major purpose is to relate events, activities, actions, etc., to time.
- Time is displayed on the horizontal axis.
- Either the activities or the people, places, or things involved with the activities are

displayed on the vertical axis
- Horizontal bars, colors, symbols, etc., are used to designate blocks of time.

Major functions of time and activity bar charts

Five of the major functions of this type of bar chart are scheduling, loading, project
planning, monitoring/managing of activities, and communicating. Almost all charts
accomplish the function of communicating, and the majority accomplish two or more of the
other four functions. Below are examples of charts used for the first four functions.

Charts for scheduling

Shown below are two simple examples of time and activity bar charts used for scheduling.
The chart on the left has people's names on the vertical axis. The other has activities on the
vertical axis. Key objectives of this type of chart include indicating when things will
happen, assuring that things do not overlap, coordinating multiple activities or individuals,
etc. There generally is no attempt to fill all of the cells. Additional information can be
encoded into the bars such as priorities, required or optional, status, etc.

Meeting Schedule

Time 8AM 9MM 1OAMr 11AM 1 2PM 1PM 2PM I3PM

Breakfast - _ = =
Introductions - I
Presentations - _ -
Lunch go- -
Assignments = = =

Goups meet
Wrap-up I - i i - _ -

Examples of time and activity bar charts used for scheduling.
Charts for loading

When time and activity bar charts are used for assigning work to individuals, machines,
facilities, etc. (sometimes referred to as loading), the charts are laid out basically the same
as above; however, they are filled in differently, as shown in the example below. When the
cell is blank it generally means that nothing is scheduled for that time period. When an

Machine Loading Chart for Tuesday assignment has been made, the cell is
Time 8AM I 9AM 10AM I 1AM |12PM I 2PM I 3PM filled. In this tvne of chart. the

Machine #1
Machine #2
Machine #3
Machine #4
Machine #5
Machine #6
Machine #7
Machine #8

= Work assia

objective frequently is to have every
cell filled since that would indicate
maximum utilization of the resource.
Bars are often drawn so they fill the
entire cell. Additional information is
sometimes included in cells such as

nn -tar -in - -m~ rniw
Example of a bar chart used for loading UIJVIaLUI, JOU ILUI11UCO, pILrILy, CLU.
(e.g., assigning work)

Charts for project planning
Time and activity bar charts are frequently used to plan activities such as projects that have
a distinct beginning and end. Such charts are sometimes referred to as Gantt charts. In this
type of chart, each subprogram or activity that is involved in the completion of an overall
program is represented by a horizontal bar. There may be one or more horizontal bars per
line. The ends of the bar
represent the start and finish
of an activity. In addition to
indicating the time intervals,
bars can include
considerable additional
information. In the example
at the right, whether the
work is to be done internally
or externally is encoded.
Other examples are shown
on the next page.412

January I February March I April

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Subprogram #1

Subprogram #2 | l

Subprogram #3

Subprogram #4
Subprogram #5 F r
Subprogram #6
Subprogram #7
r | Work to be done internally Work to be done by outside source

Example of a bar chart used for planning major programs.
Sometimes referred to as a Gantt chart.

Vacation Schedule

Week |11 2 |3 |4 1 1 6 | 7 8 9 |1 1 12

Avery, T. Iea E l TI I

Dorsey, J. = I
Goo~dman, E..

Hewell, P. -- ==== ===--

Masild, G. = -===
Scott, H. I I



Time and Activity Bar Chart Major functions of time and activity bar charts (continued)
(continued) Charts for project planning (continued)

i Mu tm -- !-

.0 Minimum time -

The uncertainty in the estimated time
to complete an activity can be shown.

1 93 manhours - 3 Deoole - $17.000

- Work time 1

Calendar time

The difference between the time an order is in a
department and the time it is actually worked on.
Such differences might be due to delays in
receiving materials or information, workload, etc.

Fabrication Approval

Information can be displayed on the bars Major steps of the activity can be indicated

Examples of the additional types of information that can be encoded into bars

- Charts for monitoring and managing

Charts used for monitoring and managing purposes generally are expansions of the same
charts used for planning purposes. Key information about the tasks, such as the name of the
activity, accounting numbers, departments or individuals involved and/or responsible,
dollars budgeted and spent, man-hours budgeted and used, etc., are sometimes included on
the chart. Color, shading, or patterns can be used to identify certain types of activities.
Reference lines and markers can be used to identify key external events, such as when the
chart was last updated or when a competitor is expected to introduce a new product that will
compete with the one being developed by the project. In some cases bars are darkened or a
second set of bars is added to indicate the amount of an activity that has been completed.
Examples are shown below.

White bars indicate
planned times for
accomplishing activity.

Black bars indicate actual time
required to complete the activity.
This specific bar indicates that
activity #3 started late, was
completed late, and took longer
than planned.

Jan ary February

Week 1 2 4 5 6 7 8
1 D

Activity #2 Dept. A

Activity 2 Dept. B-

Activity #3 Dept. C I

Line indicating when
chart was last updated

| March fApil Budgetedt
Spent to-date

9 10 11 12'13 14 15 16

,A> $80,000
l_ 83,500

$12,000 ,
11,900

F $10,000
- I 13,200

Activity #4 Dept. D $65,000-- 42,600

Activity #5 Dept. F $8,500
4,000

Activity #6 Dept. G * $85,000U 2,400

Activity #7 Dept. H $3,000

Activity scheduled Work accomplished to-date

Example of a Gantt chart used for monitoring and managing a program

Upper values
might be the total
dollars budgeted

- for the activity.

Lower values
might be the
dollars actually
spent to-date for
the activity or
spent totally, if the
activity is
complete.

Interdependencies between activities

Bar charts typically do not indicate interdependencies between the various bars or
subprograms; thus, there typically is no way to know which tasks must be completed before
which other tasks can be started. This problem can be partially overcome by including
arrows on the chart. For example, if an arrow leads from one bar to another, it indicates that
the task represented by the bar at the base of the arrow must be completed before the task at
the tip of the arrow can be started. If January February March Apil

bars are one above the other without Week 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16

interconnecting arrows, it indicates that Subprogram #1
Subprogram #2

the tasks represented by the bars can Subprogram #3

proceed independently. An abbreviated Subprogram #4

example is shown at the right. For time Subprogram #5

and activity charts that display all Subprogram #6

interdependencies, see PERT chart and Bar chart where dependencies between
Critical Path Method (CPM). activities are indicated by arrows.

Responsible
for activity

413
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Time and Activity Bar Chart
(continued)

Milestone chart
When a subprogram or activity is scheduled to take a fair amount of time, it is sometimes
broken into smaller pieces and the completion of each smaller piece recorded. This provides
closer control of the project and allows difficulties to be detected earlier. Some sort of
symbol or notation is located at the points where the smaller tasks are to be started and
completed. These are called milestones and the chart itself is sometimes referred to as a
milestone chart. Shown below are four different ways milestones are sometimes denoted.

Standard Build prototype
bar Standard bar graph of same project for reference

Material Machining Assembly Painting

Variation I available complete complete complete
Text used to describe milestones

Variation 2 Ill 12 3 141
Milestones placed inside bar

Variation 3 I (i 11 1 1
Breaks in bar with milestones above

Acquire materials

| Machine part
Variation 4

v Assemble I
V V

Separate bars for each subprogram with milestones at each end

Week i I Week 2 I Week 3 I Week 4 I Week 5

A comparison of a standard bar chart with variations of milestone charts

E O Material available

n2 ®Machining complete

3 (®) Assembiy complete

E4 (i) Painting complete

IALl iL r by AyliuiIJ U JL i ULJLir - --

Once a program is begun there are several methods for tracking
the various activities against the proposed schedule. One of the
most widely used methods is to darken the bars and/or milestones
(see examples below) to indicate what portion has been completed
to date. By means of variations in milestone symbol shapes,
colors, locations, etc., the status of each aspect of a project can
also be tracked. See examples at the right.

Task 1

Task 2

Task 3

Task 4

Task 5

Time of
update

_ _ _ Finish

Starts

i Scheduled Y r I 7

* Completed I

Complete

On sched

Behind sc

Ahead of

Scheduled but not started

Started and finished

Extemal activity scheduled

milestonesExternal activity finished

~\\T V.V

D \ \^ Scheduled late start

ule
\cheduled late start & finish

hedule

schedule Started late, finished late
Milestone variations

Not scheduled to start yet

Time 11
One method for recording progress
on a bar chart using milestones

General
The lengths of the bars in Gantt and milestone charts are generally proportional to the times
activities will take. * In the case of scheduling and loading charts, activities are often
deleted as they are completed. With Gantt and milestone charts, subprograms are generally
not deleted as they are completed. * The only limitation on the number of activities or
length of time the activities might take in a time and activity bar chart is the physical size of
the chart. An alternative to one large chart is to have a master chart plus several small
charts covering major segments of the main program.
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Time and Activity Charts These charts relate activities and time using combinations of words, numbers, and graphics
to represent activities and events. In some cases the sizes of the graphic elements are
proportional to the time allotted or required to perform the given activities (e.g., Gantt and
milestone charts). In other cases, such as PERT and CPM charts, the graphic elements are
not proportional. The size and complexity of these charts ranges from small scheduling
charts used in most offices to very complicated charts that require a computer to update
them. A few of the basic types of time and activity charts have names associated with them.
Many do not. Even those that have acquired names over the years (and in some cases have
had books written about them) are generally modified by individual users to fit their unique
requirements. The major purposes for time and activity charts include documenting,
scheduling, analysis, planning, monitoring, controlling and communicating. Shown below
are examples of the major types of time and activity charts. See chart types for more detail.

Time line chart Quotes received Contracts awarded Exterior complete Inspection

Time line charts Vendor selection Foundation laid Interior complete Occupancy

show the
chronological
sequence of l l l l l l
activities. 1/1/98 2/1/98 3/1/98 4/1/98 5/1/98 6/1/98 7/1/98 8/1/98 9/1/98 10/1/98 11/1/98

activties.Time line chart

Time and activity bar chart _Bar charts that are used for relating time and
January February March April activities are referred to by a number of different

ActN#y -- ,- __ names including:
Activity -.2mm - Gantt chart
Activity #3 - *lE

Activity #4 - .- *- - Milestone chart
Activity #5 - Scheduling chart
Activity #6 - Loading chart
Activ"ty #7 -__Many bar charts used for these purposes are

Example of a typical bar chartu ped to relate tyimcand bachtii customized for specific applications.used to relate time and activities
Process chart
There are several types of time and
activity charts used to document and
analyze processes in detail. Included
among them are:

- Operation process charts
- Flow process charts
- Operator process charts
- Machine use charts
- Multiple activity process charts

Description Time Symbol Equipment

Parts in stockroom 0c* X E -

Pick up parts 7 cD CV

Transport to station #3 4 O WD C] V Forklift
Unload to bench 7 001 DIC V
Strip parts 37 a > D [] V Power drivers

Move to degreaser 2 0 - D El V Trolley
Load into basket 2 D E V
Degrease 6 i -D -V Degreaser
Allow to cool 12 Q _ a V

Example of one of several types of process charts

Critical path method (CPM) chart
Critical Path Method (CPM) charts are used to plan, analyze, and monitor large programs.
In addition to showing the time required to accomplish each activity, they also display the
interrelationships of the various activities.

Example of a critical path method chart

PERT chart
PERT charts accomplish the same functions as CPM charts. The major difference is that
instead of noting how long it will take to accomplish each task or activity, as shown in the

.rD1v1 oari n , nIVrr
-- r-vJL cnAMI, L1ne -re

chart denotes where
events (shown in
the ovals) will
happen.

Example of a PERT chart 415



Time Line Chart Sometimes referred to as a sequence chart. Generally a time line chart is a one-axis chart
used to display past and/or future events, activities, requirements, etc., in the order they
occurred or are expected to occur. The major function of time line charts is to consolidate
and graphically display time-related information for purposes of analysis and

communication. Quotes received Contracts awarded Exterior complete Inspection
In addition to Vendor selection Foundation laid Interior complete occupy

enabling the
viewer to see
graphically II
graphically 1/1/98 2/1/98 3/1/98 4/1/98 5/1/98 6/1/98 7/1/98 8/1/98 9/1/98 10/1/98 t11/9
when things Basic time line chart using horizontal axis.
occurred or are
to occur, a time line lets the viewer assess the time intervals between events. For example,
in addition to seeing when each customer placed orders, one can graphically observe
whether there is a pattern to the intervals between orders. If the chart is historical in nature
and covers very long periods of time, it is sometimes referred to as a chronology chart. The

January 1,1992 Event Bl axis of a time line chart can run horizontally
i A(above) or vertically (left). Time almost always

January 1,1993 progresses from left to right when the axis is
Activity A2 Event B2 horizontal. On a vertical axis, time might

progress up or down. Progression from top to
Activity A3 11994 bottom is frequently used.

January 1, 1995 Event 83 -

Activity A4 3,500 -
January 1, 1996 Event 84

Activity A5 3,000 -

J.anur . 1997 FvAnt RN

Vertical time line chart with two series
of data, major time intervals of years
and minnr internal nf months.

t)
Z

2,500 -

- .. . ... . ~.- E 2,000

Scales might be in terms of specific times (e.g., w
three o'clock, four o'clock, five o'clock), specific 1= 1.500 -

dates (e.g., June, July, Aug) or in terms of
elapsed time such as first year, second year, third 1 ,000 -

year; ten minutes, twenty minutes, thirty minutes;
etc. * Time scales can be linear or logarithmic, 500 -
but are generally linear. * Multiple data series can
be shown on the same chart (above). n-

wU,UUU -
Event #8

1,000 -

Event #7 , t100 -
C

E
CD

E 10-
F-

Event #6

Event #5 1
Event #4
Event #3
Event #2

= vent #I1 01

- Event i
- Event s
- Event 4

- Event i

18

#8
#7

#6

#5

- Event #4
-Event #3

- Event #2

- Event#1

iparison of time line charts with
ir and logarithmic scales

* For repetitive activities,
circular time lines are
occasionally used, as shown at
the left. With this
configuration, additional
information can be noted or
encoded into the segments of
the circle. * In some cases time
intervals are recorded as

Circular time lines are sometimes opposed to specific times. In
used for activities that are repetitive these cases, the line is

generally thickened to become a bar (example below) and increments of the bar used to
identify the various time periods. Alternate increments are many times colored or shaded so
the transitions from one period to another stand out. Different colors or shades can be used
for the increments to encode additional information.

Phase I Phase H Phase IN Phase IV Phase V Phase VI Phase VII

1/1/98 2/1/98 3/1/98 4/1/98 5/1/98 6/1/98 7/1/98 811/98 9/1/98 10/1/98 11/1/98
Time line chart in which time periods or intervals are noted instead of specific events

Christma
promotio

Cards to

Make de

An axis with a time series scale.

I i- , -I. I -1�

41 (, Time Series Axis
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Time Series Graph
and
Time Series Scale
or
Time Scale

Sometimes called a chronological scale or graph. A time series graph is a variation of a
sequence graph that has a time series (frequently abbreviated to time) scale on the
horizontal axis and a quantitative scale on the vertical axis. Time progresses from left to
right. In a three-dimensional time series graph, the time scale is displayed on either the X or
Y axis and a quantitative scale on the vertical axis. In circular graphs the time series scale is
almost always on the circular axis. Three widely used time series formats are shown below.

Time series formats
Simple time series

This is the most widely used type of time series graph.
This format is probably the easiest to read and makes
it easier to spot long term trends. It has the advantage
over the repeated time scale format, shown below, in
that it does not have the discontinuities associated
with one time period ending on the right side of the
graph and the next time period beginning on the left.

Repeated time scale
In a repeated time scale graph, a single data series is
broken into pieces and each of those pieces represented
by a different curve on the same graph. For example, a
three-month data series might be broken into three one-
month periods, or a three-year data series into three
one-year periods, as shown at the right. The same
quantitative scale applies to all the curves. This type of
graph makes it easier to compare a given point in time
(e.g., March, June, etc.) from time period to time period
(e.g., year to year) and sometimes makes repetitive
patterns stand out more clearly.

-Multiple time scale
Multiple time scales are used on graphs that have
multiple data series covering different time periods
(e.g., two post-war periods, the start-up years for
several different stores) plotted on them. Since the data
series cover different time periods, each must have its
own time scale on the horizontal axis. The data series
may or may not use the same quantitative scale on the
vertical axis.

40

30

20

10

0

40

30

20

10

0

40

30

20

10

0

,I

1989 1990 1991
Simple time series format

1991

1I- 990

J F M A M J J A S O N D
Repeated time series format

1978 -1983

19 40 1945

1978 1979 1980 1981 19A2 1983
1940 1941 1942 1943 1944 1945

Multiple time series format

Basic types of graphs most frequently used with time series
Line and column type graphs frequently incorporate time series scales. Time scales are
sometimes used with point and area graphs, but seldom with bar graphs. With circular
graphs, the line format is most frequently used with the time
series scale on the circumference. Several examples of time
series graphs are shown here.

Point graph with drop lines
Midnight

1996 1997 1998
Grouped column graph Point graph with range symbols

J F M A M J J A S O N D

Grouped line graph 100% stacked column graph 417
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Circular line graph
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Time Series Graph
and
Time Series Scale
or
Time Scale
(continued)

Period, point, and cumulative data
Period data

Period data is data that applies to some interval of time - for example the total cash collect-
ed for a month, the average temperature for a week, or the average membership for the year.

Point data
Point data is data that applies to a specific point in time - for example, the cash on hand the
last day of the month, the temperature at midnight on Sunday, or the membership as of the
last day of the year.

Cumulative data
Cumulative data is period data that is accumulated over an interval of time - for example
cumulative sales are the total sales from the beginning of the year to any given point during
the year. They are sometimes referred to as year-to-date sales. * Point data is not cumulated.

Equal scale intervals
With few exceptions, the time intervals and the distances between the labels representing
the intervals are equal on a given time scale. Exceptions are:

- When very long times are involved and the emphasis is on the most recent times. In
these cases the spacings occasionally resemble those of a logarithmic scale.

- When the most recent time period is Annual sales Quarterly sales
divided into smaller increments to 125 a anulzg

100
provide greater detail. For example, if 75 Actual quarterly
annual data is presented on a graph, so sales
sometimes the current year will be 25

broken into quarters or months. The 0 l a Ic 2 3 X

example at the right illustrates one of 1995 1996 1997 1998 1999An illustration of the effect that changing scale
the hazards of doing this and offers a intervals can have on a graph when period data is
partial solution to the problem. being plotted. The dashed line indicates a partial

solution to the problem.

Missing or irregular data

It is generally recommended that there be no breaks or
irregularities in a time scale since breaks can distort the
pattern or trend of the data. Even though data might be
irregular and in some cases missing, the time scale should
be continuous and uniform. An exception is the common
practice of eliminating intervals that are immaterial to the
graph. For example, if a company never does business on
Sunday, that day may not be shown on the graph of daily
sales. The key is how the scale intervals are defined. If
they are defined as all calendar days, Sundays will
normally be shown. If the intervals are defined as all
business or working days, Sundays will frequently not be
shown. * When data is irregular or missing there are
several alternatives for addressing the situation. In column
or vertical line graphs, a gap is generally left where there
is no data. A value can be interpolated and a dashed
column or vertical line drawn in the gap, but this is
generally not done. With standard line or area graphs an
alternative to leaving a gap is to bridge the gap with a
solid or dashed line. The dashed line is sometimes
recommended because it calls the viewer's attention to the
missing data. When the data is very irregular, a point
graph, with or without drop lines, is sometimes used so
there are no decisions as to whether or not to bridge gaps.
When a line graph is used, plotting symbols are sometimes
shown in conjunction with the line so the viewer can see
the exact data from which the curve was drawn.

Title Text Chart

418
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1996 1997

Vertical line graph with gaps
where data is missing

Methods for dealing with gaps in data

A variation of a text chart. A title text chart is frequently used as the introductory page or
slide in a presentation. In addition to the title or subject of the presentation, meeting, event,
etc., this chart might include such information as the purpose of the meeting, an outline of
meeting, or key points to be covered. See Text Chart.



Topographic Map
or
Topo Map

Topographic maps portray the shape and elevation of sections of the earth's surface.
Included on such maps are natural features (mountains, valleys, rivers, lakes, etc.) as well
as a limited number of man-made features (roads, quarries, reservoirs, political boundaries,
etc.). Topographic maps are many times used as base maps over which buildings, power
lines, recreational facilities, airports, statistical data, etc., are superimposed. Two-
dimensional types are the most widely used; however, three-
dimensional variations are becoming increasingly popular. Years ago, o
short lines called hachures (example at right) were used to indicate
changes in elevations (relief). Today, contour lines (a form of isoline) are
used almost exclusively on two-dimensional topographic maps. Topo-
graphic maps are sometimes enhanced by filling the areas between ,,,, 'G

contour lines with different shades or colors (called hypsometric tints) or
by applying shading to represent shadows cast Example of hachurf

which were used to
by an imaginary light source (called shaded indicate changes in
relief). The shading gives the map the elevation beforerelif).The hadng gvescontour lines becanT
appearance of being three-dimensional as widely used

shown at the left. One additional variation of a topographic map
simply shows selected elevations (called spot elevations) on a
standard two-dimensional map. * An example of a two-
dimensional topographic map with contour lines is shown below.
An elevation (sometimes called section or profile) map is included

Snadea reliet map
to assist in the interpretation of the contour map.

Contour lines above the water
The bold index lines are used to are some-times called

ad
oc

Intermec

Values an
on the coi

repeated if

a

Sing contour lines to indicate elevations

I , . I . . . . . . . . I

40/
.0

°20/
iU 10 Even though contour

Datum lines under water are
plane - below the datum plane

W 10 they frequently are stated as
20' positive values (e.g., 20 below
-- the surface of the lake)

the opographic map above
Example of contour map and a map of elevations at one cross-
section of the map

Contours are shown as solid lines on maps and represent imaginary lines on the terrain
along which all points have the same elevation. For example, a contour labeled 50 feet
represents every point on the land surface that is 50 feet above a reference plane (referred to
as a datum plane). That reference plane frequently is sea level. The numbers indicating
elevations of the contour lines are normally shown directly on top of the line to avoid
misunderstanding. The change in elevation represented from one contour line to another
(called contour interval) depends on the scale of the map and the elevations in the area
being plotted (i.e., mountains have larger intervals than plains). Whatever interval is
selected, it is generally used consistently throughout a given map. When the changes in
elevation are very gradual, contour lines are so far apart that additional lines must be added. 419
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Topographic Map
or
Topo Map
(continued)

These additional contour lines, called auxiliary contour lines, are shown as dashed lines and
placed at one-half the interval between regular contour lines. * For identification purposes
every fifth contour line is sometimes drawn with a bolder line. These bolder lines are
referred to as index contours, and the dashed lines in-between as intermediate contours. In
addition to quantitatively designating elevations, the spacing and shape of contour lines also
give graphic indications of the nature of the terrain, as shown in the examples below.

Lines further apart in
gentler slopes.

Closed contour lines
hills or depressions.
of the closed contour
become progressive
closer they get to thE
or the bottom of the,

U shaped contour lin
lower elevations repi
U shaped contour lin

-ia
110'
130'

150'
Lines closer
together indicate a
steeper slope or, if
ion, Aloen to-ether

'_, ....... tDepressions or holes are
sometimes differentiated from hills
by the addition of short lines on the
inside of the contour lines pointing

higher elevations represent valleys to the center of the depression. -

Examples of information that can be graphically communicated by contour lines

Three-dimensional topographic maps
Topographic maps are sometimes drawn as three-dimensional. The illustration below shows
the relationship between two- and three-dimensional types. An elevation map is included
tor reterenc

jID
IL

Three-dimensional topographic topographic map at the left.
map using contour lines

A comparison of two- and three-dimensional topographic maps using the
same data In both. The elevation Is included for general information.

Inere are a number or possible variations or three-
dimensional topographic maps. One variation uses
contour lines as shown above. In some cases the areas
between the contour lines are filled with different colors,
tints, and/or shading. Another variation is to draw
isolines along the X and Y axes, as shown at the left.
This variation is many times referred to as fishnet. In still
other cases the topographic map appears as though
drawn by hand, as

Example of a topographic map using shown at the right.
isolines along the X and Y axes. This All three types are
map was generated with the same
data used In the three-dimensional occasionally
contour map shown above. referred to as
block diagram maps. Quantitative information is
difficult to determine from either the isoline or hand-
drawn variations; however, both types frequently
make it easier for the viewer to visualize the overall Example of a hand-drawn topographic
terrain than with contour lines. Smap. Geological information can bethown an the -ide~ of th-- h -l---420
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Tracking refers to the horizontal spacing between letters and words as shown in the
examples below. Number nine size type is used in each example.

Loose tracking This is an example of changing horizontal spacing
Typical tracking This is an example of changing horizontal spacing
Tight tracking This is an exairple of changing horizontal spacing

Trajectory Line Graph A three-dimensional graph containing one or more smooth
three-dimensional line curves, as shown at the right. Typically
such a graph has three quantitative axes.

Trajectory grap

To transpose is to interchange the rows and columns in a table or matrix. For example,
when a table is transposed, the information that originally was shown in the columns is
then shown in the rows, 'OralnsData Au Transposed Dai
and the data originally in I

the rows is shown in the Iceland Greenland Finland

columns. The data itself 1995 70 65 45
remains unchanged. In 1996 60 60 65

some computer programs, 1997 so 55 85
when the data in a table is 19 5 5
trln4nApnd the ornnhs I Data in tabular form I Data in tabular form

associated with that table
are correspondingly
affected. An example of a
transposed table is shown
at the right. Also shown is

eap o t e c 1995 1996 1997 Ho Greriad Find
an example of the effect Graph of original data In some computer programs the

such a change sometimes graphs associated with the table
has__onagraphof_____ automatically changed as shown

has on a graph of the Example of transposed data and the effect transposing
data. sometimes has on araphs generated from the data.

Tree Diagram'
or
Tree Chart

Sometimes referred to as a dendrite diagram. A tree diagram typically starts or finishes with
a single entry or junction. If it begins with a single entry, that entry has one or more paths
leading from it, some or all of which subdivide into multiple paths. Some or all of these
subpaths, in turn, subdivide into additional subpaths. This process can be repeated any
number of times. If the diagram ends with a single entity or junction, the process works in
reverse. Two of the best-known examples of a tree diagrams are organization charts and
family or genealogical trees. The point where a
single path subdivides into multiple paths is
sometimes referred to as a node or junction. These
points typically represent such things as people,
actions, events, decisions, accomplishments,
positions, options, etc. The paths between nodes
are sometimes called branches, arms, arcs,
connecting lines, or links. Paths are generally used
to indicate how the nodes are connected or
interrelated. Nodes are sometimes organized into
levels, such as levels of management or levels in a
food chain.

Orientation of tree and how it is read

(divergent) (convergent) (divergent) (convergent)
Horizontal tree diagrams Vertical tree diagrams
are read left to right are read top to bottom

Sometimes referred to as paths, branches,
links, arcs, arms, connecting ins

Someatimes refre oa
--- * p odes or junctions

Level 1 - Level 2 - Level3 '

Terminology used with tree diagrams

Circular tree diagrams are
read from the center out 421

Tracking

Transpose

100

E Iceland 80 V u 5

l Greenland 60 - n 7 .....
40 -IEI EII Xi

0 Finland 20 -1 199l
L o-X20 -1

1995

1996

1 997

are
here
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Tree Diagram'
or
Tree Chart
(continued)

Variations in connecting lines and symbols

Symbols nor Symbols at line Information boxes Lines can be Names or numbers Arrows are some-
arrows are intersections between line straight, slanted, can be in or beside times used with all
required (nodes) intersections or curved symbols or some of the lines

Examples of the four major types of tree d

DivisionAcapital

requests Cnoijtr

Division c i osoijao
cvapital - -id"a

requests

Example of a horizontal convergence
tra rtA:--.- -b char
i* re uILayI C II IJI ACI all

WerI WbrnernrI Whanr of iveo
L ro I 1 oui1 \ ro=7 1T

Example of a vertical convergent
tree diagram or chart

I-

n 4 Outcome A

-FDec is-ion Dco Outcome B

DinOutcome C

Deci-on - Outcome D

Decision-2 2 Outcome E

i 9 - Outcome F

DoOutcome G

Di Decis3ion 1 I Outcome H

i 1 Outcome I

Example of a horizontal divergent
tree diagram or chart

Corporate Headquarters

Business Unit 2 BusinesU 2 as Unit 3

Division A Division D Division G |

|Division B | Division E Division H |

DivisionC | Division F Division I |

Example of a vertical divergent tree diagram or chart

Tree Diagram2  Sometimes referred to as a cluster map, linkage tree, or dendrogram. This type of tree
diagram is a graphical means of organizing information for the purpose of establishing
groupings and/or categorizing individual elements. See Dendrogram.

Tree Diagram3  A variation of a decision diagram. See Decision Diagram.

Trend Line The term trend line is used in several different applications. In each case it refers to a line or
and curve that indicates the general direction of the data over time. For example, Are costs
Trend Chart/Graph trending up and at what rate? Is attendance trending down? Are interests rate leveling off?

Is the process stable? The graph on which the trend line is displayed is sometimes referred
to as a trend chart or graph. Examples are shown below. In some cases a line is drawn that
connects all the actual data points. In other cases a line that smooths or approximates the

eIne1r patteLLr1n1 or UVI1U UI UIe 17

actual data points is drawn. 16

Such lines might be drawn
based on visual observations or, 15
as is frequently the case, arrived 14

at mathematically. The data 13

points through which the trend _

50 -Actual data

40 -

30
20

10 6-month simple
moving average

line is drawn, or that it Sequential scale Time-1-
rpeet Run charts that are used to Moving average curves areapproximates, might represent analyze and monitor processes sometimes referred to as

individual data elements or are sometimes called trend charts. trend lines.

groups of data elements such as 60

averages or medians. Trend lines 5.
may or may not be accompanied 40

by additional lines, such as 30

upper and lower statistical 20

limits, specification values, 10 * * Fitted curve
goals, targets, confidence limits,
etc. In some cases the data Time-10 Tfme-111

Fitted curves and linear regression In stock price charts (e.g., bar
points alone are referred to as lines are sometimes called trend charts), there are many
the trend line, with no additional lines when used on a graph with different lines that are called

time on the horizontal axis. trend lines.
lines superimposed. Examples of curves that are sometimes referred to as trend lines

422



Trilinear Graph
or
Triangle Graph
or
Triangular Graph

Sometimes referred to as a ternary graph. Trilinear graphs are the only triangular-shaped
graphs in popular use today. They are used to plot information that has three variables, the
total of which always equals the same amount. That amount can be any value; however, it is
generally 1 or 100%. A typical example is the percent of material, labor, and overhead in
the total cost of a product. Different products have different percentages of the three ele-
ments, but the percentages of the three elements for most products add up to 100%.

Description of a trilinear graph

able 1 A utmial grapn CUIISISLS 01 duI a qutateradl ultnglC kani -
sides of equal length) with each line from a vertex
(apex) to the opposite base representing one of the three
variables. (The line from the vertex to the opposite base
is called an altitude.) Scales are distributed along the

rex for altitudes with zero
able 1 at the base and

100% at the vertex,
as shown at the
l.ft Tn nr--t the

Variable 3 '-' " . - k..- " -
Basic layout of a trilinear graph with scales and labels
scales on each of the three altitudes. from interfering
with the data points and with one another, the scales are
sometimes projected to the sides of the triangle. The

process Lur prUJcuCing LHO scales LU LC sIUeS is ouuthned In An illustration of how the scale ofthe illustration at the right and examples of the graphs an altitude is projected to the side
after all three sets of labels have been transferred are by drawing grid lines parallel to thi

Eacn ailuxue scale can be
yed on one of two sides. Thi
n side is then used with aill
altitudes.

shown at the left. As
the illustration above
indicates, each altitude
scale can be transferred
to one of two sides.
Depending on the sides

s

El

a4

C

selected, the values
Variable 2 increasing Variable 1 increasing in th

When the scales are placed on the When the scales are placed on the sides Increase e
sides as shown here, they are said as shown here, they are said to increase clockwise or
to increase in a clockwise direction. in a counterclockwise direction.

Examples of trilinear graphs after all three counterclockwise
scales have been transferred to the sides. direction. Where the

labels are located has no effect on the location of data points; however, it does have an
effect on the location of the scale for a particular variable. For instance, in the example
where the scales proceed clockwise, the scale for variable 1 is on the right side of the graph.
When the scales proceed counterclockwise, variable 1 is on the bottom.

Labels, tick marks, and grid lines
Whether to display the scales on the altitudes or sides is not an easy decision. Graphs tend
to be easier to interpret when the scales are on the altitudes, but they tend to be less visually
confusing when scales are located on the sides of the graph. When scales are displayed on
the sides of the triangle, care must be taken to make it clear as to which grid line each label
applies to, since two grid lines converge at each label. To address this issue, projected tick
marks are sometimes added, or the labels are tilted to orient the viewer as to which set of

010

20% 4?eZ

Projected Projected Projected Labels on
tick marks labels tick marks grid lines

and labels
Examples of techniques used to relate axis
labels to the appropriated grid lines

423

grid lines the labels apply to. In still other
cases the label is placed on the grid line just
inside the triangle. Examples are shown at the
right. * All three scales on trilinear graphs
typically range from zero to 1 or zero to 100%.
No two zeros are at the same vertex of the
triangle. * Major grid lines and tick marks may
or may not be shown, though both generally
are. Depending on the particular data and the
degree of accuracy desired, minor grid lines
and tick marks may or may not be used.
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Trilinear Graph
or
Triangle Graph
or
Triangular Graph
(continued)

Axis terms and titles
The nvpe nf tril-nr, arnnhe arP referred tn in three dfiffPrPnt

ways: by their position such as left, right, or bottom (also
referred to as horizontal or base); by the specific thing
measured along the axis such as material, labor,
ingredient A, ingredient B, etc.; or by the
letters X,Y, and Z. There are no guidelines as
to which letter should be assigned to which
axis. Scale titles are placed either beside the
axis to which they apply or at the vertexes.

loath... - Lr 0
NDUUI WUr IlIUbUdrU UII UII bd.ii, gr14aP1 at uII Variable B 10

right. When the titles are placed at the
vertexes, it is sometimes difficult to Examples ctitles are lo(
determine which axis they apply to. difficult to d

Variable C

0% 80% 60% 40% 20% 0
Ingredient F Vanable A

if two locations for scale titles. When
cated at vertexes, it is sometimes
etermine which axis they apply to.

Drop lines
When there are just a few data points, drop lines are sometimes used instead of grid lines. A
comparison of the two variations is shown below. Drop lines are drawn perpendicular to the
altitudes (parallel to the
bases), not perpendicular
the sides of the triangle.
Drop lines have the
advantage of more easily
directing the viewer's
eye to the appropriate
scale, thus making the
estimating of values 0

accurate. t0% 80% 60% 40% 20% 0 100% 80% 60% 40% 20% 0more acrt.7..., M

Example of graph with grid lines

Multiple data series plotted on the same graph

Multiple data series can be plotted on the same graph
using different symbols to differentiate them. The
multiple data series can be for the same set of things at
two points in time, or for two different sets of things at
the same point in time.

Multiple variables plotted on the 0
same graph using different symbols

to differentiate them

Data points connected by lines

When changes over time are to be noted, the data
points are sometimes connected by lines or arrows in
sequential order as shown at the right. In this way,
trends or drifts can easily be noted.

Example of a trilinear graph used to 0
track a set of values over time. The
lines connect successive readings.

Example of graph with drop lines

Variable B

* C omp nen C
CCom`ponent c

Isolines
In some cases trilinear graphs are used to establish or
record the various combinations of three main ingredients
that yield a common result. For example, the combinations
of virgin aluminum, recycled aluminum, and scrap
aluminum that yield the same compression strength of the
resulting metal. Such lines are referred to as isolines. The
example at the right illustrates such a graph.

Example of a graph with isolines of
some property that is a function of the

relationship of the three variables424
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Trilinear Graph
or
Triangle Graph
or
Triangular Graph
(continued)

Trilinear graphs as monitoring devices
As a monitoring device, repetitive data can be recorded on a trilinear graph along with a
tolerance or specification area. Periodic data can be added to the chart as it becomes
available. In the example below, the circle indicates the specification limits for a given
nrn-1ir.* and the. rnt. rp-nard ortii1 tent Anta Tt -an he c.n- 20%

that the data is concentrated
the specification, with sever;
specification. * When it is kr
points will be concentrated i
small area, sections of the gi
can be separated and enlarge
shown at the right. When
this is done the scale
labels are the same as in
the larger graph and do
not run from 0% to
100%.

0
100% 80% 60% 40% 20% 0

Variable B
Trilinear graph used for quality control purposes
where each dot represents a different sample and
the circle represents the specification limits

Other uses of trilinear graphs
Trilinear graphs can be used in applications where the
scales are not in percents. For example, in evaluating
personalities, candidates are sometimes rated on the
relative importance they place on people, things, and
ideas. Any number between 0 and 5 can be assigned to
each of the three measurements, but the total of the
three must add up to 5. After a group of scores are
plotted on a graph similar to the one at the right, those
people with similar interests form clusters. Any values
can be used on the axes as long as they are all the same
and no two zeros are at the same vertex.

specification limits

acquirers
Trilinear graph with unique scales

General
* There are no three-dimensional trilinear graphs in general use.
* Although each data
point represents three
values, only two are
required to plot the data
point. For example, if a
data element has the
values of 20%, 30%,
and 50%, the 20% and
30% values will
accurately locate the
point and the 50%
occurs automatically.
Or, the 30% and 50%
values might be used
and the 20% occurs
automatically.

2

0*
RhO, - S6 Fk i0_6 ° '016, e0 l to o

Component A Component A
In this example, the same data point In this example, the same data point
as shown in the example at the right as shown in the example at the left
was located using only the 20% and was located using only the 30% and
30% values. The 50% value 50% values. The 20% value occurred
occurred automatically. automatically.

Examples illustrating that only two of the three values of a data element
are required to locate the data point on a trilinear graph

A subcategory of multivariate. A chart, graph, map, group of data, etc., with three variables.

Two-Axis Graph
or
Two-Dimensional Graph

A graph with data on two axes, usually the horizontal and vertical axes. This is the most
widely used graph format; most of the examples in this book are of the two-axis type. They
are frequently referred to as two-dimensional graphs. The companions to the two-axis graph
are the one-axis and three-axis graphs.

80%

hen
ire

ph.

Trivariate
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Sometimes referred to as a four-fold chart. See Four-Fold Chart/Graph.

Sometimes referred to as a bilateral, opposed, paired, or
sliding bar graph. This type of graph is a variation of a bar
graph in which positive values are measured both right and
left from a zero on the horizontal axis. The major purpose of
such a graph is to compare two or more data series with
particular attention to correlations or other meaningful
relationships. See Bar Graph.

E -
D

CI
B
A =-

5 4 3 2 1 0 1 2 3 4 5
Data series #1 Data series #2

Two-way bar graph

Two-Way Column Graph Sometimes referred to as a floating column graph. This type
of graph is a variation of a column graph in which positive
values are measured both up and down from a zero on the
vertical axis. The major purpose of such a graph is to
compare two or more data series with particular attention to
meaningful relationships and changes over time. See Column
Graph.

Sometimes referred to as a pyramid graph. A two-way
histogram is a variation of a paired bar graph in which
spaces between bars are eliminated and the values of the
data get smaller as they get higher on the vertical axis.
One of the best-known applications of a two-way
histogram is a population pyramid, an example of which
is shown at the right. See Bar Graph and Population
Pyramid.

75 & o
70.74
65 .6
650 - 64
55. 56
50, 564

,,45 4r4

3.36
25 25
20-24
15. 1
10-14

5.6
Usedr S

10 8 6 4 2 0 2 4 6 8 10
Number of females I Number of males

Two-way histogram

A table displaying three
Year Product Value variables, one along each

1990 A 2 of the two axes and the
1990 B 10 third in the body of the
1990 C 8 table, as shown at the
1990 D 22
1991 A 4 right. The source of the
1991 B 12 data for the two-way
1991 297 tables at the right is the

1992 A 6 one-way table at the left.
1992 B 17 A comparison of the two
1992 C 20 formats indicates how

A one-way table of much easier it is to
the same data shown analyze data in the two-
In the two-way tables way format than in the
at the rightone-way.

1990 1991 1992

Product A 2 4 6
Product B 0 12 17:
Product C 8 7 8 Third variable
Product D 29 2 in body notable

T (shaded area)
One variable Second variable along
along vertical horizontal axis

axis I

l|Product A Product B Product c Pro uct D

1 991 2 4 t12 87 45 290
1992 l 06 0 0 000170000 00006 000i 000

rwo variations of two-way tables using the same data

Sometimes referred to as a font. When a set of letters, numbers, and characters have the
same design features, they are sometimes called a typeface. There are hundreds of
typefaces. They have such names as Helvetica, Times, Geneva, etc. Three major categories
of typefaces are serif, sans serif, and decorative. Examples of each are shown below. The
size of the type in each example is nine-point.

This is an example of a serif typeface called Times.
Serif letters have small lines projecting from the ends of With5 KT
each of their main lines or strokes. serfs T
This is an example of a sans serif typeface called
Helvetica. Sans (without) serif letters do not have Without
the small lines projecting, as the serif typefaces do. series ,

2lis is an example of a decorative typeface namedZapf chancery.
Decorative typefaces are many times usedforfiead s, special
effects, and/or to improve the appearance of charts. T7

Unclassed Map

426

Sometimes referred to as a no class or classless map. A map that does not use class
intervals to encode statistical information. See Statistical Map.

Two-Way Bar Graph

Two-Way Histogram

Two-Way Table

Typeface

Two-by-Two Chart



Unit Chart

A symbol can represent any number of actual units. oacclorn
Each symbol might represent any number of actual 0 0 8888O88
units such as one, ten, fifty, one thousand, one 0 00F ornoco0 1-00 Fr IE
million, etc. Thirty cars are depicted by each of the Each unit Each unit Each unit

t r represents represents represents
arrays at the right. In each case one symbol 10 cars 5 cars 1 car
represents a different number of cars. Each array represents 30 cars.

Shape and color are used to encode additional information.
Any shape or color symbol can be used in a unit chart. In
most cases shape and color are used to encode qualitative
information. In some cases the color or shape indicate that the
symbol represents different quantities (e.g., white equals one
unit, black ten units, etc.)

Size is generally not a factor with unit charts.
Unlike proportional charts, size is typically not used to
communicate quantitative information. Size sometimes
is used to convey qualitative information.

One-, two-, and three-dimensional arrays
Symbols might be three-dimensional or they might be
arranged in one-, two-, or three-dimensional arrays.
When there are many symbols, they are sometimes C

c
clustered into small groups such as 10 or 100. a

Partial symbols and the use of actual values
The actual numeric values may or may not be shown along
with the graphical representation. When partial images are
shown, as in two of the cases at the right, it is sometimes
advisable to include the actual number so the viewer does
not have to estimate what fraction of the symbol is
remaining.

Symbols that look like the thing they represent
When pictorial symbols are used they may depict the
actual thing represented or something typically
associated with it. For example, the icon at the right
might represent a certain number of ships or a certain
number of passengers or tons of cargo carried by ships.

Representing multiple conditions or situations * I
A unit chart might be used to describe a single I I
condition or situation (e.g., barrels of oil I I
required to heat an average home) or to I I
compare conditions or situations (e.g., barrels Barre

to hei
of oil to heat an average home in three different avera
cities). in sor

Unit charts in the form of a table

To organize multiple bits of data, unit charts can be
arranged in the form of tables. Additional information
can be encoded into the symbols by variations in size,
shape, color, shading, etc. Information encoded in this
way is generally qualitative, not quantitative.

163 soldiers 135 sailors

Different colors used to
differentiate entities

Each symbol = 10 units

0
000

Small hats Medium hats Large hats

3- Two- Three-
ensional dimensional dimensional
ky array array

F-
F- eC

35 20 29
Hammers Pliers Wrenches

Symbols do not necessarily
represent the thing they resemble

Elm II Il Io
III 11-. into I
IBM III I I I
III Ill 111 Ii
Is of oil City A City B City C
at an A comparison of how
age home much oil it takes to heat
ne city an average home in

three different cities

Apartment A Apartment B Apartment C

HI Hiii I
111111 111111 111111

o8 8D88a 888

888880n888 WM 88888Hll ltle IIl
I= one man 6= one woman l= one child

lim
rra
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A chart used to communicate quantities of things by making the number of symbols on the
chart proportional to the quantity of things being represented. For example, if one symbol
represents ten cars and five symbols are shown, the viewer mentally multiplies ten times
five and concludes that the group of symbols represented 50 actual cars. Simple geometric
shapes or irregular shapes such as pictures and icons are generally used. Each provides
basically the same degree of accuracy. When the symbols are geometric shapes, the chart is
occasionally called a block chart. When pictures, sketches, or icons are used, the chart is
often referred to as a pictorial unit chart. Unit charts are used almost exclusively in
presentations and publications such as newspapers, magazines, and advertisements.
Legends are generally required with unit charts. Examples of unit charts are shown below.

:£0
0
.2

C;
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Univariate Graph Sometimes referred to as a one-axis data distribution graph, number axis, or number line.
See One-Axis Data Distribution Graph.

An axis with a value scale on it.

Value-by-Area Map Sometimes referred to as a distorted or proportional map. See Statistical Map.

Sometimes referred to as quantitative, numeric, amount, or
interval scale. A value scale consists of numbers organized in an
ordered sequence with meaningful and uniform spacings between
them. The numbers are used for their quantitative value as
opposed to being used to identify entities. See Scale.

I i- I I I iI I i i I I i, I I I7I

0 1 2 3 4 5

Example of a linear value
scale. Other types of value
scales include logarithmic,
probability, and power.

A variable is something that changes or has the ability to change. For example, the outside
temperature is a variable because it can, and generally does, change from hour to hour. The
heights of students in a classroom is a variable because height differs from individual to
individual. When reporting election results, the names of the states are variables. Variables
are many times referred to by terms such as dimensions, characteristics, attributes,
responses, results, etc. Other than the fact that it must have the ability to change, there are
few restrictions as to what might be considered a variable. Variables might be tangible,
intangible, hypothetical, measurable, theoretical, historical, projected, etc. * The
information that constitutes a variable is frequently organized and displayed in tables,
graphs, maps, and diagrams. An example of the data for three related variables is shown
below in the form of two different types of tables and a graph.

Air Relative
Temperature Humidity

70 10
70 20
70 30
70 40
70 50
70 60
70 70
70 80
70 90
70 100
75 10
75 20
75 30
75 40
75 50
75 60
75 70
75 80
75 90
75 100
s0 10
80 20
80 30
80 40
80 50
80 60
80 70
80 80
80 90
so 100

@ 85 1 0 1
. 85 Z 20 o

s85 X 30
(0 5 ( 40 (

85 > 50

85 60
85 70
85 80
85 90
85 100
90 10
90 20
90 30
90 40
90 50
90 80
90 70
90 80
90 90
85 10
95 20
85 30
95 40
95 50
95 60
85 70
85 80

100 10
100 20
100 30
100 40
100 50
100 60
100 70

One-way table

Heat
Index

65
66
67
68
689
70
70
71
71
72
70
72
73
74
75
76
77
78
79
780

75
77
78
79
81
83
85
86
88
91
80
82
84
86
88
90
93
97

102
108
85
87
90
93
96

100
106
113
122

90
93
96

101
107
114
124
136

95

99
104
110
120
132
144

CM
ID
e0
Co
.(_

E
I

cc

100

90

80

70

60
so

40

30

20

10

72

71

71

70

70

69

68

67

66

65

80

79

78

77

76

75

74

73

72

70

91

88

86

85

83

81

79

78

77

75

108

102

97

93

90

88

86

84

82

80

70 1 75 180 o 85 1

Air Tempen

in the body of the table
122 represent variable #3.

113 136

106 124 144

100 114 132

96 107 120

93 101 110

90 96 104

87 93 99

85 90 95

90 1 95 1 100

nature

Variable #1
Two-way table

This illustration shows how variables are sometimes
displayed in tables and graphs. For illustrative purposes the
same data is used in all three examples. In these examples,
numbers are used to express the variables. In other cases,
words or symbols might be used.

#

.0
(U
(U_

I

I

0 10 20 30 40 50 60 70 80 90 100
Relative humidity

Variable #2
Une graph

Examples of how the data that make up variables might be displayed in tables and graphs428
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Value Scale

Variable

T - 1.* : - .... 1..

A



Variable (continued) The illustration on the previous page has all quantitative variables. In the illustration below,
one variable is qualitative (territory) and the other quantitative (sales). The purpose of these
two illustrations is to show examples of what might be considered as variables, to
demonstrate that the same variable can be displayed in different ways, and to illustrate that
the way a variable is displayed can have a significant effect on the types of observations
that might easily be made about the variable or groups of variables.

Territory Sales
Boone $11,587
Branch 9,471
Calhoun 14,128
Cass 12,332
Clinton 19,147
Cook 4,158
Dodge 11,482

# Ford 965
Fulton 6,879

n Hancock x 10,547
. Hillside . 1,025
X Jackson c> 7,314
2 Kent - 18,511

Mason 7,814
McLean 2,687
Oakland 2,567
Rush 13,210
Shelby 19,387
St. Clair 13,542
Tipton 3,256
Vernon 6,152
Wayne 8,832

One-way table

Shelby -
Cillton-l

Kent-
Calhoun
St. Clair-

Rush
Cass99

, Boone
Z Dodge
a. Hancock
,d Branch
2 Wayne
2 Mason
2 Jackson
E Futon

Vernon
Cook

Tipton Average
McLean

Oakland
Hillside

Ford *

$0 $5 $10 $15 $20
Sales (Variable #2)

Bar graph

u lU7 *Q,. LJ
$5,000 to $9,999 L

$10,000 to $14,999 U
$15,000 to $19,999 U
Shaded map

Illustration of the same two variables displayed three different ways

Classification of variables - Variables are classified in a number of different ways. Several
of the more widely used classification systems are described on the following pages.

Quantitative, category, and sequence
Quantitative

Sometimes referred to as a value, numeric, or interval I
0

variable. Quantitative variables are typically made up of
entities that have specific numeric values such as heights,
weights, ages, etc. Because they have specific values, they
can be plotted on graduated, numbered scales. The elements .01 .
of a quantitative variable can be ranked and/or
mathematically manipulated, such as averaging, subtracting Exa

while
to determine differences, taking logarithms, etc. mig

Category
Sometimes referred to as a nominal, nonquantitative or
qualitative variable. Categorical variables are typically made v-
up of word descriptions of entities such as people, places, Cot
things, events, etc. When numbers are used to describe things, F-
they are used only for identification purposes and have no 78;
quantitative significance. Each word or number defines a
distinct category which contains one or more entities. The 7
elements of category variables can be ordered (e.g.,
alphabetized, sorted by families, etc.) but not ranked or Exe

whimathematically manipulated. Reordering of categorical data mig
may make it easier or harder to read a graph or table, but it
generally does not degrade the integrity of the data.

Sequence
Included in this category are time series, order of occurrence, r
and ordinal variables. Sequence variables are typically made '95
up of words or numbers that have an ordered, chronological, o
or nonquantitative numeric progression. The progression
might be time, the order in which events occur, the ranking
of importance, etc. Time series are the best known examples X
of sequence variables. When numbers are used they are only pla
for identification and/or ordering purposes and have no
quantitative significance (e.g., cannot be mathematically wl
manipulated). mi

1 2 3 4 5
Linear

11111111 lirii 7l

10 100 1000
Logarithmic

1 10 30 50 70 90 99 99.9
Probability

.mples of scales along
oh quantitative variables
ht be plotted

I I I IF _ _
am Beets Peas Okra Beans

Vegetable

I I I IF _
3 297 326 417 512

Part number

I I I T _
ne Tom Mary Sue Jim

Driver

imples of scales along
ch categorical variables
jht be plotted

I I I I
5 96 '97 a8 99

Year

Iple leI I Sample I Sample
I #2 #3 #4

Order of occurrence

art SecondI Third Fourth
ice place place place

Ordinal ranking

amples of scales along
iich sequence variables
ght be plotted
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Variable (continued)

430

Independent and dependent variables

Two related variables are many times designated as independent and dependent with
respect to one another. There is no single or simple definition as to which variable should
receive which designation or whether the terms are even applicable to a given situation. In
some cases the decisions are easy. For example, category and sequence variables are almost
always independent variables. In other cases it is more difficult. For example, if one is
plotting the concentrations of two unknown substances, there may or may not be any
interdependency and therefore it would be difficult to decide which, if either, is the
independent and dependent variable. Dependent variables are generally plotted on the
vertical axis of most graphs except bar. On bar graphs, the dependent variable is typically
plotted on the horizontal axis. On three-dimensional maps, the dependent variable is
typically plotted on the Z-axis. There is no comparable, generally accepted practice for
tables and diagrams. Shown below are several examples of how independent and dependent
variables are sometimes defined or described .

Independent variable Dependent variable
Cause ........................ Effect (the variable that is affected)
Known variable ................. The variable that one is trying to predict
Things that are manipulated ......... Things that are measured

Subject to independent change ....... Affected by changes in independent variable

Explanatory .................... Response
Under experimental control ......... Response

Case ......................... Variable
Invariant ...................... Component

Variable described by type of data/measurement

* Interval
Sometimes referred to as quantitative or value. With this type of variable, each entity has
a distinct quantitative value, such as temperatures in degrees, currency in dollars, weight
in kilograms, etc. Data for interval variables typically consists of numbers. Interval data
can be ranked, compared, and mathematically manipulated.

* Ratio
Sometimes considered a subcategory of interval. With this type of variable, entities are
mathematically compared to one another or some reference value. For example, the data
might indicate that A is twice as big as B, or B is 3.7 times as big as C. Data for ratio
variables are typically expressed as numbers.

* Ordinal
Sometimes considered sequential. Nominal type variable

This type of variable allows the Ordinal type variable

ranking of entities in terms of some Ratio type variable

nonquantitative criteria such as which I
entity has more or less of a particular I
quality or characteristic. For example,
things might be ranked as having the Field Tons of Compared to Ecological Type soilthnsmgtcrop last year's ranking
most, average, least; first, second, average

third; upper, middle, lower; or best, A 24 1.5 2 Saidicy

average, worst. With this type of c 31 1.1 3 Neutral
variable the viewer can tell whether D 35 1.3 1 Marshy

one thing is bigger, better, faster, etc., Examples of the four types of variable data
than another, but not by how much.

* Nominal
Sometimes referred to as categorical or qualitative information. Nominal values are
typically made up of words constituting the names or descriptions of people, places,
things, or events. Nominal data can be sorted alphabetically but cannot be ranked or
mathematically manipulated. Sometimes numbers are assigned to nominal data as
identifiers or labels, but the numbers do not change the nature or classification of the
data. It still remains nominal data.



Variable (continued) Continuous and discrete
* Continuous variable
Sometimes call indiscrete. A continuous variable is a quantitative variable that can take on
any value within a given range. For example, the outdoor temperature can be any fraction
of a degree between its lowest and highest temperatures. The amount of rainfall can be any
fraction of an inch from
zero to its maximum.
Values for continuous
variables are typically
determined by
measurement.

* Discrete variable
Sometimes referred to
as discontinuous. A
discrete variable might
be quantitative or
qualitative. When
quantitative, the
elements take on only
specific values and no
values in between. For
example, when counting
people, there are only
whole numbers and

CO 71.5
0

.' 71.0
R0

,,, 70.5
Cu

" 70.0
0.
CuE
,T 69.5

8:50 9:00 9:10 9:20 9:30 9:40 9:50
Time (continuous)

$7.00-
,0 $6.00
o $5.00-
.c $4.00-
° $3.00-
XI $2.00-
E $1.00

$0.00-

Type of buyer (discrete)

.5T -::: ---------------------
-o-- -- - --- -- ---. --- -

. - ---

1 - -- - - - - - - - - - - - - - - - - - -

C 4 ------ . . . . . .

x, ----2---
E

3ft 4ft 5ft 6ft
Distance from stage (continuous)

-6 A

C uC~

E
OD

0 5 10 15 20
Number of employees (discrete)

Examples of continuous and discrete variables. The terms in the
parentheses behind titles apply only to that particular variable.

nothing in between. There are either ten or eleven people, not ten and a fourth, etc. In
many cases the elements of a discrete variable have no relationship to one another,
especially if they are categorical. For example, companies A, B, C, and D are discrete
entities with no gradations in between and perhaps nothing more in common than that
they are all companies. * When a discrete variable is quantitative, the values are
frequently determined by counting.

Univariate, bivariate, multivariate, etc.
If a chart, graph, table, or map displays only one variable, it is sometimes referred to as
univariate. If it displays two variables, it is sometimes referred to as bivariate, three
variables as trivariate, etc. Any number of variables above one may be referred to as
multivariate or multidimensional. * There are several different interpretations as to what
qualifies as a variable when using these terms. Some people only take into account
quantitative variables and therefore they would say a graph with one quantitative and one
categorical variable is a univariate graph. Others would call it a bivariate graph. * A similar
situation exists with maps. Some people consider the longitude and latitude of a location as
two variables. In this case, if a single variable such as population was encoded into each
location, the map might be called a trivariate map. Others ignore the latitude and longitude
and call the same map a univariate map.

Dummy variable
Sometimes a variable is designated to get more insight into a data a, :o.oo ..

series, as opposed to seeing how it varies with respect to some * . a .

other variable. For example, if a study is done to see how reaction .; * I
time varies with age, a group of people of all ages might be tested c **

and the data plotted on a scatter graph, as shown at the right. In *

this example, age and reaction times are the independent and
dependent variables, respectively. As an extension of the study, tests on a cross-

one might identify those data points section of a population
.u oo@ 0 0o. O that represent individuals with some particular characteristic,

E . 00,, *, , such as those who are active in sports. This would be called a

0 - .dummy variable. If circles were used to identify those individuals
COD * . active in sports, the graph might look like the one at the left,

0. which indicates that those individuals active in sports tend to
score higher than those who are not. * There is no limit as to how

lAge many dummy variables can be designated for a given data series;Individuals active in sports
identified with circles however, generally only one is shown per graph. 431



Variable Data Chart

Vector

Certain quality control charts are categorized as variable data charts. In terms of these
quality control charts, variable data is defined as being continuous data that can be
measured and expressed numerically. Typical examples would be lengths, diameters,
weights, temperatures, strengths, etc. * The counterpart of variable data charts are attribute
data charts, which display discrete data that can be counted but not measured. Typical
examples would be the quantity of acceptable parts, the number of parts that pass a no-go
gauge, the number of scratches, the defects per unit, etc. See Control Charts.

A measurable entity that has magnitude and
direction. Vectors are generally shown as lines or
arrows. The length of the line or arrow is
proportional to the magnitude of the vector, and
the direction of the line or arrow corresponds to
the direction of the vector. An example of a vector
would be an arrow indicating wind speed and
direction as shown at the right. See Vector Graph.

The length of the vector
(arrow) designates the
speed (8) of the wind ---
and the angle indicates

0- Aill Cttfl- I -O .lI0- -

Example of a vector

Vector Chart A vector chart uses the angle and/or size of arrows to communicate qualitative information.
For example, the angle of an arrow might describe the nature of a market. Straight up might
mean the market is growing rapidly. Pointing slightly down might mean it is shrinking
slightly, etc. In a situation dealing with legislators and their positions on different
legislation, an arrow tilted to the left might mean the lawmaker is taking a liberal approach,
and an arrow tilted to the right, a conservative approach. Vector charts are often
constructed in the form of a matrix or table. The items being reviewed are distributed in
rows and columns in some meaningful fashion. The only guideline regarding placement of
headings in rows and columns is that similar things be handled uniformly. For instance, if
time periods are one of the variables and it is decided to make them into column headings,
all time periods should be displayed as column headings and distributed in chronological
order. If diseases in various countries are being compared, all diseases might, for example,
be placed in rows and all countries in columns. Specific information is encoded into the
matrix by placing a vector (arrow) in each of the cells, as shown below.

New Home Rental Office
housing repair property property
market market market market

Product A 7 /

Product B \ -.

Product C \

ProductD / -

Vector chart relating products and
markets. An arrow straight up indicates
the market is doing very well, straight
down means it is doing poorly, and level
means the market is static.

Legislation Legislation Legislation Legislation
#1 #2 #3 #4

Legislator A - -

Legislator B / 4

Legislator C 7 > t

Legislator D

Vector chart on legislators and legislation.
Arrows tilted to left indicate the degree of
liberalism shown by the legislator, tilted to the
right the degree conservativeism. The size of
arrow is proportional to the importance the
legislator places on the legislation.

The length of the arrow is sometimes used to convey additional information. In the case of
the legislators, the angle of the arrow might indicate a conservative or liberal position,
while the length of the arrow might indicate how important the lawmaker considers the
issue. For example, if the arrow is short, it might indicate the legislator considers the
legislation to be of little importance. If the arrow is long, it might indicate the lawmaker
considers the legislation of prime importance. Multiple arrows might be used in each cell to
address multiple subjects if the arrows are coded in some way so the viewer can tell them

apart. - Occasionally any chart that has
Step 4 symbols, groups of words, enclosures, etc.,

Charts that have symbols, groups of words connected by arrows is referred to as a vector
enclosures, etc., connected by arrows are chart. * Vector charts are generally qualitative
sometimes referred to as vector charts. while vector graphs are generally quantitative.
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Vector Graph Vector graphs are used to plot things that have a value (magnitude) and a direction
associated with them. For example, vector graphs are used to plot wind speed and direction,
a force and its direction, a vehicle's acceleration and direction, a projectile's velocity and
direction, or the distance an object is displaced and the direction of the displacement. The
data graphic frequently used with this type of graph is a straight line or arrow called a

vector. The length of the line or arrow is proportional to the magnitude of the thing being
represented, and the direction of the line or arrow is the same as that of the thing it
represents. Arrows are generally used when the thing being represented is unidirectional.
Vector graphs can be constructed on two- or three-dimensional, rectangular or circular
grids as shown below. Arrows are sometimes coded to indicate multiple data series or
different families of vectors.
10

8

6

4

2

0
02 4 810 ~102 4 6 8 to 6 O8 Degrees

Two-dimensional graph Three-dimensional graph Three-dimensional Two-dimensional circular
using lines as vectors with multiple data series spherical graph using graph using arrows as

using arrows as vectors arrows as vectors vectors
4- Using rectangular coordinatesae- .- -a - - Using polar coordinates - -

Examples of vector graphs.

Starting points of vectors
In many cases, the vectors all originate from the
same point. That point might be the origin of
the graph or some other meaningful point. The
examples at the right show vectors originating
from locations other than the origin. The upper
two examples show all vectors emanating from
a common point. The lower two examples show
each vector starting from a different point. In
one case, the beginning of each successive
vector coincides with the end of the preceding
vector, as it would when an airplane flies a
zigzag course (e.g., fifty miles east, thirty miles
northeast, fifteen miles southeast, etc.). In this
type of graph only one pair of coordinates is
required for each vector, since the coordinates
for the tip of each arrow become the coordinates
for the base of the next arrow. In the other
example, the start and finish of each vector is
independent of all other vectors (e.g., the speed
and direction of a group of boats at a given
point in time). In this case two pairs of
coordinates are required for each vector.

0 2 4 6 8 10 0 2 4 6 8 10
Vector graphs in which the vectors all originate
from a common point other than the origin

4 -

0 2 4 6 8 10
Vector graph in which the tip of each vector has
the same coordinates as the tail or base of the
next arrow

6-

42- - *-J

0 2 4 6 8 10
Vector graph in which the tip and base of every
vector has a unique set of coordinates

Examples of vector graphs in which
the vectors do not start at the origin

Vector graphs to display flow or fields

In some situations vectors are used to depict the flow or field of
things such as air, water, magnetism, etc. With this type of
graph, each arrow is independent of all others; however, it is the
composite of all the arrows that conveys the full pattern of the
thing being plotted. In this type of display, the scales on the
graph often locate the point at which the arrow will be placed. A
scale in the legend is used to relate the length of the arrows to
the actual values they represent. If directions other than north,
south, east, and west are used for orienting the vectors, this too
is explained in the legend.

8

6

4

2

0
0 10 20 30 40

Vector diagram showing
the flow or field of
something such as water,
air, magnetism, etc.
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Vector Graph (continued) vector diagrams
Vector graphs are many times used to analyze systems of
forces. When used in this way they are generally referred to
as vector diagrams. When vector diagrams are drawn, the
length of the vector (arrow) represents the magnitude of the
force and the position of the arrow indicates The resultant

tsar1A~;AAEAA;fA+;AAAs 7AAsaped EAL vector is a e51b -
tile caMiun anu direction Il 0h iurce. Ine force atlr ; V , U 1u31bforce

resultant of two forces can be determined by drawing the -- --

diagonal of the parallelogram formed by the two forces. Example of vector diagram
Vector diagrams can be constructed using either a circular or Theydashed arrow represents
rectilinear type grid. The example at the right uses a circular the resultant (equivalent) of the
or polar type grid. 3 and 4 pound forces.

Methods for specifying vectors
There are two major methods for specifying vectors. One is called the polar coordinate
method and the other the rectangular coordinate method.

Polar coordinate method
90' Angular distance

In this method the length of the vector and an angle from the X-axis

associated with it are specified. The length of the vector Vector
(sometimes referred to as radius), is typically positive but
can be either positive or negative. The base of the vector
may or may not be located at the origin of the graph. In
two-dimensional graphs (example at right) or diagrams, ) 1 2 3 4 5
the angle of the vector (angular coordinate) is generally Length of vector

measured from the X-axis, but can be referenced from Two-dimensional vectordescribed by the length of the
any line. Degrees can be measured in either the clockwise vector and an angular coordinate
or counterclockwise direction and therefore must be stated or agreed to by convention.
With this method, the angle is not limited to 3600 and consequently the same data point on

Additional coordinate - Angular coordinate a graph can have a
required with three- /
dimensional vectors / limitless number of

N N 'angles describing it
i Vertcal coordinate based on the number ofThe length qi

Angular the arrow is Angular revolutions involved.
coordinate one coordinate coordinate With three-dimensional

1200 9 1200 00 vectors, one additional

500y \ > 300 1500( ' 30 angle or linear
180\ 0\ /\ 00 coordinate is required

2100 Radial 2100 330° for each vector, as
240 27 300 coordinate 240° 270° 300°a l

Vector described by a radial Vector described by the length of the shown in the examples
coordinate, a vertical coordinate, vector and two angular coordinates at the left.
and an angular coordinate

Examples of how three-dimensional vectors might be specified
Rectangular coordinate method

The second method for specifying vectors is to describe the distances along the axes that
the tip of the vector is from its base. With two-dimensional graphs, this distance is a certain
number of units along
both the X- and Y-axes.
With three-dimensional
graphs, coordinates
along all three axes are
required, as shown at
the right. With this
method, each point on
the graph has only one
set of coordinates that
describe it.

Z-axis
5 X coordinate 5

4-
4------- 3- Vector

Y3 coordinate coordinate

/2 Y coordinate X coordinate

I 0

0 1 2 3 4 5 8 5 4
X-axis °

Two-dimensional Three-dimensional

Examples of rectangular vector graphs

Polar and rectangular coordinates can be converted from one to the other graphically or
mathematically. * In both the polar and rectangular methods, the point at which the vector
starts must be known. When not specifically indicated, the starting point for the base of the
vector is generally assumed to be at the origin of the graph.
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Venn Diagram Sometimes referred to as a set diagram or Ballantine diagram. Venn diagrams are graphical
tools used in many different fields including mathematics, psychology, education,
advertising, and sociology. They are used for such diverse purposes as the study of
complex concepts, the introduction of young children to mathematics, the analysis of
interrelationships between groups of people, the illustration of ideas in presentations and
promotions, etc. Venn diagrams are typically used to describe a relationship between two or
more sets of things or information. They accomplish this by the relative positioning of
geometric shapes (normally circles) representing the sets of information. For example, two
circles might be used to qualitatively depict two sets of buyers. One circle might indicate
the set of buyers that bought brand X cars from a given dealer and the other circle the set of

Circles used to represent one
set of buyers that purchased
brand X cars and another set
of buyers that bought red cars

Marker ce

A Venn diagram with two
levels of overlap

buyers that bought red cars from Buyers of red
, . ,, brand X cars
the same dealer, as shown at the
left. If one wanted to convey the
idea that some of the same buyers
appear in both circles (i.e., they
bought red brand X cars), the two
circles might be drawn over- Venn diagram indicating that
lapped, as shown at the right. some of the people in thecircle of buyers of red cars
* An example of a Venn diagram are also in the circle of

with three symbols and two levels buyers of brand X cars
of overlapping is shown at the left. One level of overlap
indicates that each pair of departments shares responsibility in
some areas (gray). The other level indicates that all three
departments share responsibility in other areas (black).
Nonquantitative Venn diagrams, such as these, are sometimes
considered variations of conceptual diagrams.

Quantifying Venn diagrams
Venn diagrams can be quantified by placing values directly on the data graphics or by
means of identification numbers or letters and a legend. Generally no attempt is made to
have the size of the symbols proportional to the values they repri
is a repeat of the car example above, except values have been
added and a rectangle drawn around the circles. Translating
this diagram into words, it says that out of 500 people who
bought cars, 175 bought brand X cars; 100 bought red cars;
25 bought red, brand X cars; and 250 people bought cars that
were neither brand X nor red. The illustration below explains
how this information is encoded into the diagram. Same diagram as above,,

Rectangle - The rectangle is
normally a part of the diagram and
everything inside it constitutes
universe or universal set. It car
eliminated if not applicable to t
specific situation, as in the
management example above.
Complement - The gray area
that part of the total population
(universe) that is not part of se
& B - in this case, 250 buyers.
Sometimes referred to as the
complement of A & B.
Intersection - Those element
that are common to both A & E
this example there are 25 buye
(elements) common to A and E

with
values and a box added

Universe or universal set - The total population containing all elements of all
sets is called the universe. In this example it is 500 buyers of cars made up of:

not buy brand X or red cars
ght brand X cars that were not red
lht red, brand X cars
lht red cars that were not brand X

Sets and elements - Sets
contain elements or members. In
this example, set B contains 1 00

-buyers (elements) of red cars; 25
bought brand X cars; 75 did not.

Set A contains 175 buyers
(elements) of brand X cars; 25
bought red cars; 150 did not.

Terminology generally used with Venn diagrams

Variations of Venn diagrams
Subsets

When a set is totally inside
another set, it is referred to as a
subset. For example, two-door
brand X cars form a subset of all
brand X cars. The example at the
right incorporates a subset into
the example from above. 435
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Venn Diagram (continued) Variations of Venn diagrams (continued)
Disjointed sets

When two sets have no common elements or members, they are
referred to as disjointed sets. For instance, in the example at the
right the A set represents all the buyers of brand X cars and the B A B
set represents all the buyers of gray cars. Since brand X does not
product a gray car, there are no common members and thus no
overlap of A and B. Sets that do not touchare said to be disjointed

Union

When two sets combine it is
called a union. Unions
function the same as a single
set and can intersect with
other sets. A union occurs when two sets combine

into one such as A and B on the left into D
on the right.

A union functions like
a single set and can
intersect with other sets.

General
Number and arrangement of sets

Most diagrams use between two and
four sets. Technically, there is no
restriction on the number that can be
used or the way they might be

-i _-45 t.

Shape of symbols

Although circles are typically used with Veni
diagrams, other shapes are sometimes substiti
The symbols representing each of the sets in
diagram do not have to be the same shape.

Four sets Three sets arranged two different ways

a given A

uted.

Examples of noncircular symbols
~.VJeusI, 3zaunza5 azu jpa".~ri

Shading, coloring, and/or patterns are
used extensively to designate specific
areas or to highlight certain features.

Variations in the use of shading or color

The letters or numbers identifying the sea
placed inside the circles or on the circunr
On the circumference is sometimes prefe
because it reduces the potential confusio:
whether the label applies to the entire sel
portion of the set.

Sometimes the individual segments of
the intersecting circles are identified by
lowercase letters and uppercase letters

Labels identifying
sets might be
located Inside the
set or on the
circumference.

used to idenuiy entire sets. A=28

Other times the actual values for 14

various segments are shown, including 9 2

the totals for the sets. 0=24

Vertical Axis In both two- and three-dimensional graphs, the
vertical axis is the one that runs up and down.
In two-dimensional graphs, it is frequently
called the Y-axis. In three-dimensional graphs
the vertical axis is generally called the Z-axis.
Positive values typically progress upward.

Generally referred to as
the vertical or Y-axis in a
two-dimensional graph.
Positive values typically
increase from bottom to
top.
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Vertical Bar Graph Sometimes referred to as a bar graph, rotated
bar graph, or column graph. See Column
Graph.

Vertical bar
graph. Sometimes
called a column
graph.

'91 '92 '93 '94 '95

Vertical Line Chart Sometimes referred to as an open-high-low-close (OHLC)
35graph, high-low-close-open (HLCO) graph, high-low-close 34

(HLC) graph, high-low graph, bar chart, or price chart. This ,33
type of chart is used extensively to record and track the 32

selling prices of securities, commodities, markets, etc. 31
30

Several prices are typically recorded for each time period 29
Wraith ~ ~ --- --hc Ivlc ravoA ---- n L.-in- themac-

WIUI I1gInIIL, IUWrL, -,IUbV 41U UJIUpe UUII1e UIV IIIUbL Time lo
common. See Bar Chart 2, Vertical line chart

Vertical Line Graph Sometimes referred to as a needle or spike graph. On this type of
graph a separate vertical line is used to designate each individual data
point. The top of the vertical line designates the actual data point.
Such graphs are frequently used when many data points are to be
plotted at uniform intervals, as in many sequence type graphs. Vertical
line graphs might be two- or three-dimensional. See Line Graph.

10

8 8

6 -

Vertical line grap

Volume Chart A variation of proportional charts, volume charts use the volume of data graphics to convey
information about the relative sizes of the data elements they represent. For example, if data
element B is twice as big as data element A, the volume of the data graphic representing
element B will be twice as large as the volume of the data graphic for A. Volume charts are
difficult to interpret and therefore are generally used only for aesthetic purposes or to give a

Side-by-side Nested
Two examples of proportional volume charts.

typically represents a single value. On rare
occasions an effort is made to quantify variables
on all three sides of the data graphics, as shown at
the right. * When "depth" is added to the data
graphics on an area proportional chart for
aesthetic purposes, it does not reclassify it as a
proportional volume chart since the depth is
typically uniform on all data graphics and
included for cosmetic purposes only.

general impression when values vary
significantly. The data graphics can be
displayed several different ways, including
side-by-side, stacked, and nested. Two
examples are shown at the left. * Even
though each data graphic on a proportional
volume chart appears three-dimensional, it

Variable #1

Variable #2

Variable #4 Variable #3
Example of a seldom-used technique for
quantifying multiple dimensions on a data
graphic of a proportional volume chart

Volume Graph Volume graphs are often used for recording the number of shares of a stock sold in a given
interval of time (i.e., day, week, month, etc.). The shares might be of an individual security
or commodity, a family of securities, an exchange, a market, etc. Volume charts are also
used for recording such things as number of contracts executed, number of contracts open
a) 300,000

120o,0: a

Time (typically days, weeks or months) -

Volume chart using a vertical line graph

a, 300,000A
E 200,000 /AZ
0 -
> 100,000-\

Time (typically days, weeks or months)

Volume chart using a segmented line graph.
Volume charts recording shares sold are generally
used in conjunction with price charts, since the
price-volume relationships are sometimes consid-
ered as important as the volume chart alone. This
combination is sometimes referred to as a price-
volume chart. An example is shown at the right.

at the end of trading, number of price
reversals, etc. Volume figures are
recorded on the vertical axis and time
on the horizontal axis. Vertical line
graphs are generally used. Segmented
line graphs are sometimes used.
Examples of both are shown at the left.

36-
35-

32 4

xl 30

30

c Time (typically days, weeks or months)

Example of typical price and volume chart
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Voronoi Diagram A graph consisting of a series of reference points and a web of lines. The lines form cells or
polygons around each reference point such that any point within a given cell is closer to the
reference point in that cell than it is to any other reference point on the graph. For instance,
in the example at the right, every point in the cell shaded gray is closer to reference point D
than to any other reference point on the Eve% point in the gray area is closer

to reference points than to any
graph (reference points are the black dots other reference point on the graph
with letters alongside). If this were a map ,lO
instead of a graph and every reference e
point represented a restaurant, the people e
whose homes were in the gray area would 16 6

be closest to the restaurant designated by C

the letter D. Some companies use this E

technique to locate their nearest outlet for 2

potential customers who phone in. In such N

an application, the scales on the graph a o

Wage and Salary Graph

Reference
points. In an
actual situation
they might be
stores,
restaurants, fire
stations, etc.

Artificial
boundaries
generated
mathematically
to form cells.
Each reference

0 2 4 6 a 10 PJU.ht aba dUV,.
might be latitude and longitude, miles from Distance or means of referencing

a known reference point, or some arbitrary Voronoi diagram in which each point in a cell
is closer to the reference point in that cell than

scale that can be referenced back to a map. to any other reference point on the diagram.

A wage and salary graph summarizes wage and salary information in such a way that key
information and relationships are graphically displayed. Rate of pay is plotted on the
vertical axis. The scale is typically graduated in values such as dollars per hour, dollars per
week, dollars per month, etc. Wage and salary grades are shown along the horizontal axis
with the lowest grade on the left. For each grade, a box is shown with the top of the box

reUpLUNCeLLn UII

maximum specified for
the grade, the bottom
the lowest, and a line
across the middle
representing the
midpoint. A dot is
entered above each
grade for every
employee in that grade.
If the employee's pay is
within specification,
the dot for that
Pmn1nve.P lies-z with in

5 6 7 8 9 10 11 12 13 14 15 16' 17 '.
Wage and/or salary grades the box. If it is above

Example of a wage and salary graph or below specification,
the dot will lie outside the box. * The following are typical obser-vations that might be
made from such a graph.
- The grades in which there are high concentrations of employees
- The distribution of employees along the entire spectrum of grades
- Whether employees are clustered in particular sections within a grade
- How many employees are above the maximum or below the minimum in each grade
- The relationships between the midpoints of each of the grades
- The spreads between maximum and minimum for the various grades
- The overlapping of pay levels from grade to grade
- Whether or not salary grades form a smooth progression
By superimposing competitive or industry standards on top of such a graph, the relative
position of the company against an outside benchmark is possible.

Wall Sometimes referred to as a back plane. Walls are the vertical planes on three-dimensional
graphs formed by the vertical or Z-axis and the X and Y axes. Grid lines for one or more
of the axes are Vertical Walls are
many times or Z-ax sometimes given

many the appearance of
displayed on the having thickness.
walls. For aesthetic Grid lines are
purposes, walls often displayedpurbackon walls.
sometimes are planes
given the
appearance of x and Y axes
having thickness. Examples of walls on three-dimensional graphs438



Weather Map Weather maps are a blend of descriptive, statistical, and flow maps. Below are examples of
some of the more widely used weather maps and the graphics used to encode information.
Temperature
Colored bands are used to indicate areas of equal
temperature ranges. This usage is sometimes
referred to as an isopleth (bands of equal values)
map, or an isotherm (bands of equal temperature)
map. The range of values that apply are generally
shown in the bands. For example, a band labeled
40s means that the temperatures for the areas
included in the band range from 400 to 49°.
Pressure
When lines connect points of equal pressure, the
map is sometimes called an isoline or isobar map.
Values are shown on the lines and are generally
stated in terms of millibars (mb), using only the
last two or three digits. For example, 20 on the
map equals a value of 1020 mb; 207 equals 1020.7
mb, and 996 equals 999.6 mb. The letters H and L
designate the points of highest pressure in the
region. Precipitation is sometimes also shown.

I ¢ I 'j \

M Rain

low presu ice
L = low pressure point H = high pressure point

Warm and cold fronts
Symbols for fronts conv
type of front it is, where
directions it is moving.:
used symbols for fronts

~-L-L- Surface warm fi
-A - Surface cold frc

Surface station.

Local weather information
Certain maps give very detailed data for
specific locations using a combination of
meteorological symbols and numerical data.
The example at the right shows how symbols
are sometimes used to designate the weather
at specific points. Variations of the X ) \-O
information shown below are generally sr b (
encoded into or included with the symbol. Speed

Direction wind is from sci usn combations of

rEast t Each pennant = 50 knots
Loc n of e c d statn long bar (full-felag) = 1i0 knots

Northes t ach short bar (ha-flag) = 5 knots
oth th West tThisexampledesignatesawind

/ AX0i 0;U0 speed of 65 knots. Any five-knot
Temperature in degrees 6 increment of wind speed can be

Visiiliy inmils =specified using combinations of

symoaio of ciirnclecatlled station Pres re sure in millibars

on the map at which the data / t:/G ?0$iX\Pressure change
was collected during time period
Dew point in degrees chess of precipitationduring time period

Type of weather

9 Intermittent drizzle

v 9 Continuous drizzle

V Rain showers

* Intermittent rain

0 0 Continuous rain

K Thunderstorm

5 Heavy thunderstom

V Squall

0 Tropical storm

* Hurricane

V Snow shower = Mist

* Intermittent snow - Fog

* * Continuous snow

+ Slightly drifting snow s; Lightning

+ Heavy drifting snow

A Sleet

V Hail shower

r\ Freezing rain

Type of clouds

k-J

ZZ

6U

Altocumulus

Altostratus

Cirrocumulus

Cirrostratus

Cirrus

m Cumulonimbus

e Cumulus

ZA Nimbostratus

-\_ Stratocumulus

--- Stratus

Amount of clouds

Of Clear sky

(o A few clouds

(e Scattered clouds

( Partly cloudy

Q Mostly cloudy

* Cloudy/overcast

(8 Sky obscured
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Sometimes referred to as a slice, sector, or segment. The
term wedge is frequently used to refer to one portion of a
pie chart or circle graph. Each wedge typically represents
one data element of a data set. The example at the right
shows a pie chart divided into four wedges.

l/ D-l
#4#1

\ Wedge|
Pie chart Wedge \ 2

consisting of #3
four wedges

Wind Rose Graph A wind rose graph summarizes wind information over a period of time such as a day, week,
month, or year. A series of roses are frequently used to compare wind patterns in multiple
locations or in the same location over different time periods. Wind rose graphs can be used
as stand alone graphs or as symbols on maps. The graphs generally show actual wind values
for eight to sixteen different directions, equally spaced around the 3600. Each value or set
of values might be shown separately (below left) or connected by lines to form a polygon or
series of polygons (below right), which may be filled or unfilled. The angle denoted by the
symbol or data point designates the direction from which the wind was blowing. The total
length of the symbol or the distance of the furthest data point from the center of the circle
indicates the percent of time the wind came from that direction. Different widths, colors, or
patterns of the data graphics can be used to give an indication as to what proportion of the
winds from that direction were of various speeds. For example, the graphs below indicate
the wind was from the east 6% of the time. There were no winds from that direction above
38 miles per hour. One third of the time the winds were in the range of 16 to 38 mph.
Another third of the time the winds were between 9 and 15 mph and the rest of the time
they were less than 9 mph.

N - -
01 IoWIl

w

S Legend

Two variations of wind rose graphs. Both display the same data.

wind was

/en

3 to 8 mph

9 to 15 mph

16 to 38 mph

239 mph

Legend

A wireframe is a line drawing consisting of a series of lines that simulate the surface of an
object or data graphic. The areas between the lines are transparent. If the areas between the
lines are made opaque, the result is generally called a surface or lined surface. The purposes
of wireframes in graphs include:

- Serving as a mechanism for graphically displaying complex information
- Better visualization of the arrangement and patterns of data points
- Providing a framework frote*wich surfaces can be generated

In some cases wireframes are generated by connecting all adjacent data point with lines.
This many times results in very irregular patterns but does help define the relationships of
the data points. Another method is to draw lines connecting points of equal value along one
or more axes. If equal values along the vertical axis are used, the graph is often called a
contour graph. If equal values along the X and Y axes are connected, the pattern that results
is many times call a fishnet. Examples of both are shown below. (See Surface Graph)
Lines of equal value plus Lines of equal value equals A wireframe with a
along the X-axis along the Y-axis fishnet pattern

A wireframe of the same
\I L Y data shown at the left,

Illustration of how a wireframe Is generated using excg tep lines ofreqa vseu
lines of equal values along the X and Y axes along the Z-axis are used

In some cases the fishnet and contour lines are combined on the same drawing. In still other
cases, the lines are drawn randomly, choosing only those lines that best portray the surface.
There are no requirements as to what or how many lines should be used. Some computer
programs give the operator the option as to how many lines they would like and in some
cases which lines. Wireframes can be two- or three-dimensional, but are generally three-
dimensional.440
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Wireframe (continued) The examples below compare data displayed using wireframes and other techniques. The
column on the left shows the data using standard scatter, column, and line graphs. The
second column shows the same data using wireframes. The two columns on the right show
what the graph looks like when the areas between the lines of a wireframe are made opaque
(called surface or lined surface) and then filled with a color, shading, or pattern (called
filled surface).

Alternative type graph l d aire I Areas between lines Fill added to opaque
of the same data I a I made opaque areas between lines

30 030

20 * 20

10 ' 10 10 -. - ,.

-34 5 A - V 7 a 4 :; - _ i 4 5 A - 54 _s A
Scatter graph <X00 _ _ _ _ ___ __ __ __

[ 1 1 I I I

w11 ~ 1 7-~~ I `I ~
Column graph I Jj __

Line graph i

Sometimes referred to as a text chart. A word chart is a single document, page, slide, etc.,
consisting solely or mainly of words and used primarily in presentations. Although a word
chart is generally one of a series of charts, each chart
tends to stand on its own. Word charts normally Improved benefits
contain only the key words or phrases of a subject. - M1
Typical guidelines recommend that the number of Improved Features
lines per chart and the number of words per line be - Bonus program Speed
limited to between five and eight. Most word charts - 401K improvements Memory
have no graphics associated with them except for Price
decorative purposes or general orientation. Two
examples are shown at the right. See Text Chart. Word charts with and without graphics

a

A table consisting largely or entirely of
words, as shown at the right. The
number of words in each cell might
vary from a single word to a sentence
or even a paragraph.

Product Product Product
introduced growing maturing

Sales Negligible Rapid increase Stable

Profit Negative Break even Positive

Cash flow Negative Stable Positive

Word table

In a two-dimensional graph, the X-axis is
traditionally the horizontal axis. Positive
values generally increase from left to right
and negative values become more negative
from right to left. In three-dimensional graphs
the X-axis might be either of the nonvertical
axes. See Axis, Graph. 441

Word Table

X-Axis
or
X Axis

Word Chart



X-Bar/R Chart

XY Graph

X-bar (sample average) and R (range) type charts
are used extensively in the field of quality control.
When used together they are often referred to as an
X-Bar/R chart. The two charts are sometimes shown
separately, with the R chart below the X-Bar chart.
In other cases the two are merged to appear as a
single chart with a common horizontal scale and two
different quantitative scales on the vertical axis, as
shown at the right. The X-Bar chart generally
displays sample averages of consecutive lots. The R
chart displays the range of values for the same data.
Based on the combination of these two charts,
observations can be made about the process being
moinitored %.. Se Cntrol Charts.

X-Bar/R chart

The letters XY are many times used in front of the name of a graph to indicate that it is a
two-axis, two-dimensional graph with quantitative scales on both axes. The XY prefix is
almost never used when the graph has a category scale. It is occasionally used when one of
the axes has a sequence scale. Examples are: XY scatter graph, XY scatter line graph, and
XY area graph. Occasionally the term XY graph refers to a two-axis scatter graph.

The two-letter prefix designates the two axes that form the plane being referred to. For
example, the XY plane is formed by the X and Y axe

The YZ plane is formed
by the Y and Z axes. \

The XY plane is formed
by the X and Y axes.

X-axs
Two-axis graph

Major planes formed by the axes on two- and three-axis graphs

The letters XYZ are many times used in front of the name of a graph to indicate that it is a
three-axis, three-dimensional graph with quantitative scales on all three axes. The XYZ
prefix is almost never used when the graph has a category scale. It is occasionally used
when one of the axes has a sequence scale. Examples are: XYZ scatter graph, XYZ scatter
line graph, XYZ wireframe graph, and XYZ surface graph. Occasionally the term XYZ
graph refers to a three-axis scatter graph.

Y-Axis In a two-axis graph, the Y-axis is
or traditionally the vertical axis. Positive values The Y-axis can be either

Y Axis generally increase in an upward direction and Y-axis or one becomes the X-axis
negative values become more negative in a vt i t X-
downward direction. In three-axis graphs the
Y-axis might be either of the nonvertical - I I ,
axes. See Axis, Graph. Two-axis graph Three-axis graph

Sometimes referred to as term structure of interest rates. A yield curve displays the
relationship of interest rates on fixed-income securities (e.g., bonds), and their time to
maturity. Length of time to maturity is shown along the horizontal axis and percent yield
along the vertical axis.

Scales
The vertical scale is always linear with units of percent. The lower and upper values are
typically slightly below and above the lowest and highest values plotted, respectively. The
lower and upper values on the horizontal axis are usually three months and 30 years,
respectively. The placement of values on the horizontal axis varies widely. Sometimes they
are placed uniformly, other times there is no apparent pattern. As a result, curves of the
same data can look quite different, as shown in the examples below.

10% 1o% 10% 1o%-
9% 9% 9% - 9S% -
8% 8% / 8%- 8%-

7% 7%/ 7% -
> 6% 6% / 6%- 6%-

5% 5% / 5% - 5%-
4% 4%/ 4%l 4%-
3% 3% 3% 3% . . . . . . .

3 6 1 5 102030 3 6 1235710 30 .25.51 5 10 20 30 '90 '95 V0'05 '10 '15 20
mos. years mos. years Years

Time to maturity Time to maturity Years to maturity Year bonds mature
A comparison of four different ways times to maturity are sometimes displayed on the horizontal axis

XY Plane
XZ Plane
YZ Plane

.9G

XYZ Graph

The XZ plane
is formed by
the X and Z
axes.

'4iThree-axis I

Yield Curve
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Yield Curve (continued) Positive and negative yield curves 10%
9 Positive yield

When the percent yield is higher on 8% curve

bonds with longer term maturities, A 7% -

the curve is called a positive yield 6% /

curve. When the percent yield is 4% -

lower on bonds with longer term 3% . . .

maturities, the curve is referred to as Time to maturity

a negative or inverted yield curve. Long term interest rateshigher than short term rates

The term Z-axis generally refers to the
vertical axis on a three-axis, three-
dimensional graph. Positive values generally
increase in an upward direction and negative
values become more negative in a downward
direction. In some two-dimensional graphs,
such as contour graphs, the Z-axis is
considered perpendicular to the paper.

On three-axis graphs, On some two-dimensional
the Z-axis is tradition- graphs, such as contour
ally the vertical axis. graphs, the Z-axis is

perpendicular to the paper.

A zero base line axis serves as a reference from which quantitative values are measured in
order to establish the proper location of data points. In addition, they define the origin,
quadrants or octrants, and basic planes of a graph. A plane serves the same function in a
three-dimensional graph that the zero base line axis does in the two-dimensional graph.
Examples are shown below. See Axis, Graph.

Data point

6 I

2 !*Ivv alue of

\ Category axis

Zero base line
axes for Y values

Graph with one zero
base line axis

Data point

5 ----- - - - - - - - -

4 -

3 - X value of Y value of
2 - data point data point

0
0 1 2 3 4

Zero base line Zero base line
axes for X values axes for Y values

Graph with two zero base line axis

Z value of
data point

4

3 Zero
2 base
1 line

axes
0-x

The plane formed by the X and Y
zero base line axes from which
Z values are measured

Graph with a plane formed
by two zero base line axes

A Z graph is a special application of a line graph. Its major attribute is its ability to
graphically display three different aspects of a given variable on the same graph. The three
aspects are monthly values, cumulative values, and twelve-month total values. This type of
graph is generally started at the beginning of a twelve-month period, at which point the
graph consists of three points, two of which are on top on one another (monthly and
cumulative). As the year progresses, the Z configuration begins to form, until at the end of
the twelve-month period the lines for the three different values converge to form a Z shape.

12-month rolh,
80 - * uses 11 montlA previous year

60 - In January the
0 cumulative ye

, 40 - value and the
2 / value are the

020

*4- Monthly value
0

J F M A M J J A S ON D J F M A M J J A S ON D J F M A M J J A S ON D
Z chart at end of January Z chart six months into year Z chart at end of year

Examples of Z charts at three different times throughout the year
After about six months of data, the cumulative and the twelve-month total lines can be
projected to get an estimate of what the year-end total will be, assuming no major seasonal
element. In some cases a dual value scale is required to make all three curves legible.
Graphs can be plotted in terms of dollars or units. Z charts are frequently used for tracking
sales type information.

Sometimes referred to as fever, thermometer, broken
line, or segmented line graph. A zigzag graph is a
variation of a line graph in which the data points are
connected by straight lines, as shown at the right.

1018 -

6-
4-

2 -
Zigzag graph o
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20%/
19%_
18%- Negative or inverted

~0 17% yed uv
5-16%r

15%-
14%-
13%/~'

Time to maturity

Long term interest rates
lower than short term rates

Z-Axis
or
Z Axis

Zero Base Line Axis

Z Graph

Zigzag Graph
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