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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.
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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.

—Four major types of cross-referencing

— 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 o0°

- write-up for polar graph (right) is under Polar Graph but it is referenced

5 . Polar graph
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 Sometimes referred o as:

names are included at their proper alphabetical locations along with a short 2‘:,;“:,:;,1
description, an example, and a reference as to where the major write-up is gmg gir:%ﬁlm

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.

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, the information graphics are

-
different enough that each is given itsown © sute 4 N % : WMF
write-up. Each is cross-referenced . 6 stre & [IRENIN 1 W'r fi
appropriately, although all are not referenced State C g JF‘

to one another. Superscripts are assigned in A siate 0 A -

cases where the exact same name is the one T, ™3™ ™5' ¢ 2w o B 10 % w e
most frequently used for multiple graphics. Column graph Bar graph Bar chart? Bar chart2

- When a topic is related to an entry or it would be beneﬁcxal for the reader to be aware of a related topic, the related topic is

noted in the write-up.
thout class %
intervals
Five examples
from the statistical

—Maeaningful groups and families of information graphics

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. Smooth three :
. . dimensional map family Distorted
Key construction details :
Most information graphics software programs have construction details designed
. . . sla .. 3
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 Extomalto.  Intamal to Across the * Combmatlons
. . . . R . the body of  the body is (half of the vari-
the person generating the information graphic. Sections of this book are devoted the graph ogzg mrg:tleanqgn ations shown

to a discussion of each of the major construction features. Examples of tick mark iocations




Organization and major contents (continued)

—Design features that might mislead the viewer
Tertain 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.

Tk

Framed
rectangles
for
encoding

information

0 T T T
1991 1992 1983

1994
Grouped box graph for displaying
the distribution ot sets of data

1 .
into maps

Examples of some of the most recent
deveiopments in information graphics

Information graphics available as a result of new software

There are a number of information graphics that have been around for

40 40
many years, but because there was no efficient way to generate them, o 1 :gi
they have not been widely used. With the development of powerful w J ¥ r%®
desktop computer software, these graphical tools are now ® ii/ __;‘,”‘ 36 ﬁ}-— 3%
economically available to anyone interested. These charts are » II/’ A I‘\\\ ul . 1 o
discussed in the context of all of the other charts with no special 0 bﬂ,”"&,* 82 ] d] ]j L
category assigned to them. Three examples are shown here. ot ’Q‘ o S I T i { 2

1 10 194+ r
Wire frame graph used for 28 "I“L' 28

Pward Foundation displaying data with three g ! F
variables 26 4 r e 26

PERT chart used for planning and tracking major programs

Time —p»

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

Information graphics used in many different fields

50
@ - 80
g 40 3
In some cases information graphics developed in one field can be £ 201 e §
directly applied in other fields. In other cases, a slight modification 310 F2o®
might make the graphic useful, or in still other cases, a specific S TV

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.

Type or cause of reject

i

Brand A BrandB BrandC Brand D BrandE

hadlon o e o

b

Brand F BrandG BrandH Brand| BrandJ

Ilcon comparison display used to

compare three or more
characteristics for muitiple entities

1% Pareto chart for analyzing
quality situations

bidirectional
table for data

in which row and
column headings are
the same

Interrelationships of complex information graphics

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.

. Three-dimensional
~ contour graph
generated from the
same data as the_
two-dimensional ™~~~
graphs at the right

Ilustration of how the two-dimensional
graphs in a draftsman's display (right)

relate to a three-dimensional graph

(above) of the same data

X-axs Y-axds
Side view Side view looking
atthe X-Z plane atthe Y-Z plane

Draftman's display

Features such

%2 as perspective
views that might
mislead the viewer
are pointed out.

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

~Abscissa Axis A technical name for the horizontal or X-axis on a two-dimensional graph.
Abstract Graph Sometimes referred to as a diagram. An abstract Break-even graph &2’ 1} Profit -
graph typically has no scales, tick marks, or grid @@”0
!ines and is used primz?rily to investigate, 2 Bfegg;gt‘/e\f" '
illustrate, and convey ideas and concepts rather 3 . " Voume nat Variable
than specific values. A break-even graph, shown <o o * lomskes
. . | i
at right, is one of the better-known examples of | proft )
. . |

an abstract graph. This graph illustrates some of Loss 1 Fixed

. . . |
the basic concepts associated with sales, costs, :

d fi ithout usi . 1 Units sold (volume)
and profits without using numeric values. Example of an abstract graph
Abstract Map A map that conveys a focused but limited Store 1
amount of specific information such as I
K . R . R X City limits

location, direction, relationships, time, or
information by area with little concern for Store 2
the presence or accuracy of information >
outside its focus: For instance, in the Store 4 Headquarters
example at the right, the distances on the
map show equal driving times between
locations. Most of the actual ground \ )

. . Units of time
distances are distorted. Abstract maps such as minutes
generally convey one or at most a few sets An abstract mab ndoa it °'fh°”'s |

. . n abstract map indicating points of equa
of facts, ideas, concepts, etc. Many distorted driving time from a central location, taking
- maps, strip maps, cartograms, and into consideration type of roads, terrain,
. . . congestion, etc. Most of the actual ground
diagrammatic maps qualify as abstract maps. disignces are distorted. 9
Age and Sex Pyramid 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. 1086420246810
Number of females Number of males
Age and sex pyramid
Alignment Graph Sometimes referred to as a nomograph, nomogram, or calculation __*9 % ®
. . . . ‘8. - 16
.graph..An alignment graph is designed to solve an eguatlon 71~ F% 8
involving three or more variables. Such graphs consist of three or H -8
more scales arranged so that a straight line crossing all the scales 3 5 4
intersects the scales at values that satisfy the equation. The graph at 2 : 2
the right satisfies the equation A+ B =C (e.g., 8 onscale Aplus5 0+ c° &
on scale B equals 13 on scale C). See Nomograph. Alignment graph
Alignment of Text 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 Justified
Sometimes referred to as Sometimes referredto as  Sometimes referredtoas ~ Sometimes referred to as
justified left and/or ragged justified right and/or ragfged right and left. flush right and ieft. Text
right. When text is aligned ragged left. When text is Uniform spacings are that is justified normallr
left, the left edges of all ali%ned right, the right  used between words and  has the right and left
lines are even. The right edges of all lines are even. letters. Excess space is edges aligned. This is
edge of each line is e left edge of each line  distributed equally at the accomplished by varying
determined by the full is determined by the full two ends of each line. the space sizes between
words, partial words, and words, partial words, and  Generally used only with words and letters and the
spacings in the line. spacings in the line. a few lines of text. frequent use of hyphens.

Amount Scale

Sometimes referred to as a quantitative, numeric, value, or [T
interval scale. An amount scale consists of numbers organized 0 1 2 3 4 5

: : : : : Example of a linear amount
in an ordered sequence VYlth me.amngful and }mlform spacing scale. Other types of amount
between them. Quantitative variables are typically measured

scales include logarithmic,
along amount scales. See Scale. probability, and power.




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 1 118
summary table. This type of table is used 100% 1 1
primarily for analyzing information, as (_?_,g: et
opposed to referencing, scheduling, 3 To% R e 1
advertising, etc. There are always two or 5[ 5% 116 6421 20
more variables and the data in the body are | 8- e oot o
normally numeric. Information is generally | oelrlelzialely 2
arranged, ranked, or sorted to make 0%
relationships, trends, comparisons, e T 0% o OO o
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 Proposed tactory
right-hand corner of tt'1e main map, supplies answers Ancillary map used in conjunclion
to most of these questions. with a larger map
27¢°
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 (15°), 1/12 (30°), 1/6 (60°),
or 1/4 (90°). The labels might be shown as
degrees or radians. See Polar Graph.
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% istic of the data element(s) represented by the bars. For
example, if the bars are Total units sold Il Domestic sales
g 80% displaying the profitability equals 250 5\):22:‘; rsnf:::zy ales
3 of various product lines, the ‘250 =
go width of the bars might
3 o indicate what percentage of 2% Product A
g the total sales the various 2150
& oo% products represent. Bar A | Product B
widths can be displayed 5100
0% L 50/‘ L along the vertical axis in Product &
 Percent proftability terms of percents (left) or %0
Simple area bar graph showing units (right). The concept | Product D
the profitability of each product cap be used with a simple O 0% 20% 4% 60% B0% 100%

on the horizontal axis with the o

width of the bars proportional  bar graph (left) or a stacked §:5°i$,’,‘;gg$;§‘;,‘§; oxport,
to the percent the productline  par graph (right). See Bar . . )
represents of total sales. Graph ) Unit scale on vertical axis




- Area Chart Sometimes referred to as a proportional area chart. A variation of a proportional chart used
g 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

The area of Theareaofcirde Ais  Widely used variation for Column Pie chart

column A is twice twice that of circle B ; chant
resenting percent-of-the- .
that of column B P Ep Two variations of area

Two variations of area charts showing ~ Whole data. Area charts can  chanis used to present
the relative size or value of two things  also be used to compare the  percent-of-the-whole data

same thing at multiple points in time (right). ¢ Since it is

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 1980 1990 2000
indication of the Area charts used to depict changes
relative sizes of the in the value of something, such as

coffee consumption, over time.

items they represent.

Area charts are used almost exclusively for commun-

?%’ é_ ication purposes. They are seldom used for analytical
Irregularly shaped area charts  Purposes. See Proportional Chart and Pie Chart.

48%

Area Column Graph 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

indicate what percent- -
age of total sales the
various products

g
3

2

3 represent. Column 60%
g widths can be display-

< ed in terms of percents -
° (left) or units (right). 3

There may be a scale
0% 20% 40% 60% 80% 100% On the horizontal axis

0 50 100 150 200 250

% domestic, expont, & internal sales
8

Percent of total sales or a scale may be . Units sold
Simple area column graph with a X i Total units sold of A, B, C, & D equals 250
percent scale on horizontal axis. provided in 2 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
example, if all of the columns 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

Hundreds
of members Spaces are left between columns. Spaces can be
mo used between the columns if the values are not
Legend Ccumulative, the total is unimportant, and a scale is

3

8

Number of awards won by type

20
part of the legend (example at left). Sometimes
0 the widths and 25
GroupA | GroupC  Group D heights of the
Group B lumns are 207
An area column graph with spaces between colu ..
columns. In this type of graph the values  related such that  £15
along the horizontal axis are not cumulative, as one varies, the %10_
the total is unimportant, and the scale is . 2
shown in a legend. other varies also. &
For example, in a o
1 i i 1 i 0 T T T T T T T T
histogram, if the width of a'column is mcrs:ased to o 2 2 e 3 o =
encompass a broader class interval, the height of the column Class interval
is adjusted accordingly (example at right). In these cases the The histogram is probably the
area of the column is a truer measure of the thing being most widely used application
d than either the height or width. The concept of of an area column graph. In a
represented er g . The concept o histogram, as the width of a
using the width of columns to convey additional information column is expanded to cover a
is generally applied only to simple and stacked column broader class interval, the

graphs, including 100% stacked graphs. See Column Graph. helght s adjusted accordingly. 9




Area Graph

An area graph can be considered as much a 1€

process or technique as a basic graph type 5
since area graphs are generated by filling 10+
the areas between lines generated on other :: -
types of graphs. For instance, when only 44

one data series is involved, filling the area :_ ' i .

between the data curve and the horizontal 91 2 93 94 95 91 ‘%2 93 ‘94 'G5
. . . Simple line graph Simple area graph

axis, 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 graphs, 10
there are three basic 4 Stepped
types of curves used
to generate area

graphs — segmented,

stepped, and 2

smooth. An area 0 . . L ‘
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 10
on the horizontal s -
axis. Examples of
all three are
shown at the
right. With the 21
category scale,a 0+

Blue Red White Tan Gray 95 ‘96 0 2 4 6 8 12 10 14

data poin.t is Category scale Sequence 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.

20 100

-75 b
TestA TestB TestC TestD TestE gan | Feb | Mar | Apr
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




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
three-axis graph, when the area
between curves is filled, as opposed
to the areas between the curves and
the axis, the graph is generally
referred to as a surface graph. See
Surface Graph!.

10

o N 2 O o

‘9 ‘95 95 '97 ‘98

Two-dimensional line
graph for reference

Two-dimensional area graphs

Grouped area graph

In grouped area graphs,
the bottoms of all the data
series touch the horizonta!
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.

l

'98
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.

100% stacked area graph

Same as above except
each data series is shown
as a percent of the whole.

|

Three-dimensional line, area, and surface graphs

‘96
97 g
Three-dimensional line graph

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

Data series C
Data series B

Data series A

Three-dimensional
grouped area graph

When the areas below the
lines representing the data
series are filled vertically
along the Z-axis, the resutt
is a three-dimensional,
grouped area graph.

Three-dimensional
surface graph

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

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
each data series can be read directly from
the graph, as with grouped line graphs. A
comparison of a grouped line graph and a

10 10

@

. . 6
grouped area graph is shown at right. i c |
Grouped area graphs sometimes cause 47 s
confusion because there is no easy way to 2+ A
differentiate between a grouped and o :

s 91 w2 93 ‘94 95 ‘91 ‘92 ‘93 94 95
stacked 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 on
stacked. 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

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.

10 10
; mm

6 N

4

2 2
[4] 0

‘91 ‘92 '93 ‘94 95 ‘91 '92 93 ‘94 '95 91 92 ‘93 ‘94 ‘95
This is how the graph Dashed, or dotted lines  Shading or coloring
would look it no attempt are sometimes used to techniques can be

were made to identify the  indicate hidden curves. used to indicate hidden
hidden portion of the curves and areas.

curve on data series A.

10 10 10
6
4 .

‘91 '92 '93 '94 ‘95 '91 '92 '93 '94 '95 ‘91 '92 93 '94 '95
91 -9'2 -9'3 -9'4 95 One of the most straightforward methods is to make a separate
Two-dimensional grouped graph for each data series. This adds to the clarity of the individual
line graph for reference. The curves but makes it more difficult to make comparisons.

data used in this graph is the
same data used in all of the
examples at the right.

O N O ™
o N OO

Three-dimensional grouped area graphs 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 grapbhics can
help somewhat in this respect.

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 ‘83 94 ‘s ‘91 ‘2 ‘93 ‘94 ‘95 01 ‘%2 93 ‘94 95
Standard grouped area Each data graphic shifted Each data graphic shown
graph for comparison slightly with respect to the others  with a slightly different width




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.

Category scale.on
horizontal axis

Sequence scale on
horizontal axis

Quantitative scale on
horizontal axis

All data series
use common
values on the
horizontal axis

100%

80%
60%-
40%

All'data points

have unique Not applicable

values on the

vertical and On area graphs with

horizontal category scales on the

axes. horizontal axis, all data

Sometimes series use the same

called a paired categories o

area graph. 310 320 3:30 340 3:50

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
of the data graphics
representing the data series
on three-dimensional graphs
can be varied to improve
readability and/or
appearance. In addition to
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.

Examples of various widths of data graphics

70,000
70,000 60,000 -
:gvg 50,000
’ 40,000 '\
40,000 bai
30,000 30,000 7 e .
20,000 /20@/13/-
10,000 0,000
- > . /
| 1979 average income 0
1989 averaw income ABCyéHIJKLMN.OPQRSYUVWXYZ
g JLP%:S UWy~< Population City

Ilustration shozwing 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.
40

Data series B

Data series B

54883 .,3388

Data series A

Grouped line graph for reference 2-D grouped area graph

3-D grouped area graph
Examples of negative values plotted on grouped area graphs.




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 20

15~J

‘94 ‘95 ‘96 ‘97 ‘98
Linked stacked column graph
Comparison of a linked stacked column and a stacked area graph

‘94 95 ‘96 '97 ‘98 '94 '95 ‘96 '97 ‘98

Stacked area graph Stacked stepped 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

relative sizes of the components that make up the

whole. For example, stacked area graphs are 12°'°°°:] [IData series A MData series B

frequently used to show how many dollars of sales 100000 rT:pprg;:"m'sv?otal
each product line contributes to the overall dollar 80,0007 ofALB
sales of a company and how the overall sales dollars 60,0007

have trended. Such a graph also gives a rough idea :2'£:

as to how the sales of the individual product lines 0

have performed over time. When approximations are 0 5 10 15 20 25 30 35 40

all that are needed, stacked area graphs are usually The stacked area graph shown above

adequate. When accuracy is desired, this type of was generated by stacking data series
hi 1 t used. particularlv when th B on top of data series A. Individual

graph 1s genera y no' }lse » particuiarly when the graphs for A and B are shown below.

values fluctuate significantly and/or the slopes of the

curves are steep. For instance, the top graph in the :z:x_ Data series A
box at the right gives an indication as to what data £0,000
series A and the sum of data series A and B look 60,000
like, but gives little or no insight into the 40,000
performance of data series B by itself (bottom of box 20,0001
at right). In this example, reversing the relative VS T NN NENSS LIS SNA I
positions of A and B in the stacked graph would not ~ |;,0050 32 0 ¥ 20 2 0 & &
improve the situation. In other cases, reversing the 100,000 Data series B
relative positions of the components can 80,0001
significantly improve the readability of the 60,000 -
information — as shown in the example below. 40,0001

40 40 20,000

0-

30 0 5 10 15 20 25 30 35 40

20 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
what will make the overall graph

10

JFMAMJJASON JFMAMJJASON

Two stacked area graphs showing the same two data :

series. in the graph on the left, A is stacked on top of most. rqeamngful. There a’.re no

B. In the graph on the right, B is stacked on top of A, Testrictions 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.




Area Graph (continued)

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
here along with examples of
grouped and stacked area

graphs using the same data for

comparison.

10

series C

series B

A 8 C D
Grouped area graph

Value of data
Value of data

Value of data
series A

Negative values with stacked area graphs

20+

Value of
data
series C

A B C D E
Stacked area graph
Comparison of grouped, stacked, and 100% stacked area graphs

100%

80% 1 =

60%

40%

20%

0%

Percent
data
series C
is of the
whole

Percent
data
series B
is of the
whole

% data
series A
is of the
whole

E D C B A
100% stacked area graph

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 2011 A
information could be interpreted much easier and faster. L I .
— i
0 =
" » ol V
Data series A Data series B
20 -20
10 Data series A and B
— stacked with data
o series A on the bottom
30
-10
20
-20 ,
10
Examples illustrating the difficulty of interpreting stacked area ,

graphs made up of one or more data series with negative

numbers. The two simple area graphs above show the two
data series used to generate the stacked area graphs at right.
In the upper stacked area graph, data series A is on the
bottom and B on the top. In the lower example, the positions

are reversed.

——Three-dimensional stacked area graph
Two- and three-axis stacked area graphs
might be displayed as three-dimensional
(right). The two-axis variation is used
primarily for its aesthetic value. Depth
may or may not be added to the data
graphics in the three-axis graph. There
is no limit on the number of variables
that can be stacked in such graphs;
however, more than three segments

generally becomes confusing.

-10

-20

A J\/
\/

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

'98 ‘97

‘98 '95 '94
Two axes

Three axes
Three-dimensional stacked area graphs

15
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Area Graph (continued)

Range and high-low type area graphs

Range or band graph

‘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.

6
4
2_

4 Upper values
8

%

Lower values

Upper values

Lower values

A'B C DE
Line graph for reference

T T T
A B C D

Range or area 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.

10

Upper values
Midvalyes

8

6 -

Upper values

Midvalues

—
4_
2-1
Lower values Lower values
L L 0 T
A B C D E A B C D E
Line graph for reference Area high-low graph

Examples of high-low graphs

) 41— Highest price

P i

El’lvclupc
A specialized variation of a high-low graph is used to $36
record stock prices. The upper and lower ends of the :ij
symbols designate the highest and lowest prices of the Easll by
stock for the period represented. The midvalues are Y ('[ [ “ f
generally the closing or average price for the period. 31{ l‘ T
In this example, the area between the high and low 30

values is filled. The filled area is sometimes referred

to as an envelope.

41— Lowest price

Time —»
Open-high-low graph or bar

chart with the range of prices
indicated by the shaded area

Error bars
Another way of showing a range or set of
upper and lower values on an area graph is
to incorporate symbols such as error bars
into the area graph itself. With this
technique, as well as most of the others,
one can designate both an upper and lower
limit, or just one or the other. For example,
if the graph displays expected values and
values that are not to be exceeded, only the
upper half of the symbols might be
displayed, as shown in the example at
right.

Error bars can be

added to an area graph
to designate a range of
values or a set of upper

and lower limits.

‘91 '92 '93 '94 '95

‘91 '92 '93 '94 '95
Half error bars are
sometimes used to
indicate only an upper
limit, tolerance,
expectation, etc.

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
net deviations on the same graph. The cumulative net variation
graph plots a continuous sum of the net deviations.

14

12 4

Total negative

‘94 '95 '96 97 ‘98

Gross deviation graph Net deviation graph

L R B
'94 95 '96 '97 ‘98

2T T T T T 1
‘94 '95 '96 ‘97 ‘98
Gross and net deviation

graph

Variations of deviation graphs

‘94 95 ‘96
Cumulative net deviation
graph

'97 '98




Area Graph (continued)

~ aright stepped graph, and 2%

Stepped area graph

Stepped area graphs are sometimes used to differentiate various data
series more clearly, to highlight differences or comparisons rather

$10

o $8
than trends, and to emphasize the nature of the data such as abrupt 2 %
changes and then constant values — for example, prices, interest rates, £ ¢4
plant capacity, etc., that change abruptly and then remain level for a S -
period of time. The example at right clearly illustrates when the price g e 92 93‘ e

changed, by how much, and how long each price was in effect. Stepped area graph

‘Width of horizontal portions of curve

10%

. 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

2% . .

» o scale is used on the X-axis, the horizontal
With aAc ?eggry Is)caF 20 o 30 4  portions of the curve extend from point to

Al e With a quantitative or :
on the horizontal axis, sequen(tlial scaleon  point regardless of how near or far apart the
Lle-wéﬁtthf o;rtlhens of the Rorizonta: axis, points are. Plot symbols may or may not be
rizonial portio the horizontal portion ; 3

the curve are as wide of the curve ex%ends used to designate the data points. Examples
as the space allocated  from data point to are shown at the left.
to each category. data point.

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 graph is sometimes  10% 10%
referred to as left stepped 8%
graph. If the symbols are 6%
on the right ends we have 4%

10%
8%
6%
4%
2%

in the center, a center 0%t ' e o%
’ 20 30 40 20 30 40

stepped graph ngft steppe?jo area gra;% 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 is
attempting to accomplish with the graph, an area
stepped graph can sometimes highlight differences
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 Area graph displaying

O = NWHLEUON®
O = NDNWHGON®

Area graph displaying

3 : two data series using  two data series using
segmented version on the left tends to give a better segmented ine curves  stapped line curves

impression as to how the two series compare, while A comparison of grouped area graphs
the stepped graph accentuates the differences and using segmented and stepped line curves.

similarities. The same data is plotted on both graphs.

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., ~ Yicomvenional | Cemventonal ortation

Generally, viewers feel most comfortable with  areas run up and down right

the example on far right. Comparison of area graphs in which the areas
P the far right have horizontal and vertical orientations

02 46 810121416 ‘91 '92  '93 ‘94 95
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Area Graph (continued)

Other graphs where key information is designated by filling the area between lines
Midnight

) 15
Profile graph where three-
dimensional data is plotted/
analyzed incrementally along
the X- or Y-axis
20

D10
Radar/spider graph where
each filled area represents
a different entity

Circular area graphs have the
area within the data line filled

16

Shaded area is region
of all feasible solutions

12

Varig?le 2
(=]

0
Ages 13 0
&below Agesld 00500 10 20
& above Variable 1
Slices graph in which three- Graphs where areas are Three-dimensional surface

dimensional scatter graph data

filled as part of a problem-
is grouped into planes

solving process such as
graphical linear programming

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
114
12
10 -

186
14
12
10

8

6
4
2
[

‘N 92 ‘93 ‘94 ‘85 ‘AN k: ‘93 ‘94 ‘95 0

When grid lines are When drop lines are In order to present the

shown, they frequently used in conjunction with  values more accurately,

are placed behind the  grid lines, the vertical horizontal grid lines are

data graphics. grid lines are generally  sometimes brought to
omitted. the front.

91 %2 9@ ‘94 ‘%
For accuracy and/or
appearance, grid lines
are sometimes placed
only on the data
graphics.

Missing or irregular data

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.

JFMAMJ JASONDIFMAMJIIASOND
1996 1997

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

SFMAMJJASONDJFMAMJIJIASOND
1996 1997

Dashed lines sometimes bridge
gaps where data is missing.

A'SOND J\FM\A;M{JQ§6ASONDJFMAM1.19§7A;15ND
Different shading or color can be A gap in the shading or color fill

M 4 A in th i i
used to indicate missing data. gapin the curve is sometimes

makes a bold statement that used.
data is missing.




Area Graph (continued)

Scales on area graphs

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.

8

g 80

) 75

4 15

20 10

o S o e i 5 0 4 o \\\\\ i &3 R
'90 ‘91 '92 '93 '94 '95 '90 '91 '92 '93 '94 '95 ‘90 ‘91 '92 '93 '94 * '90 '91 '92 '93 '94 '95

For reference, the scale These three examples expand the scale and then take a section out of
starts at zero on this the middie (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. 90
% % 88
88 88 100 86
86 8 8 84
84 84 6o .82
82 82 bl
‘90 '91 '92 '93 '94 '95
80 80 \ 2
'90 91 '92 '93 '94 ‘95 90 9192 93 94 %5 e
An altemative to a Making the lower '90 '91 '92 '93 '94 ‘95
scale break is to portion of the graph  The use of two graphs of the same data, as shown
eliminate the lower uneven helps call here, is sometimes employed. One graph incorpor-
portion of the scale attentiontothe fact  ates a zero axis so the viewer can put the values in
and start at some that the lower portion  perspective. The enlarged graph (right) showing
value just under the of the scale is just the area with the data points lets the viewer
lowest value being missing. see the detailed variations between data elements.
plotted. However, the
viewer may overlook « Scales are generally located on the left side and bottom. There

the fact that the lower X . R . )
portion of the scale is typically is only one scale on the horizontal axis. On the vertical

ggf;scilﬂgigg%;:ﬁhoi axis the norm is one scale; however, it is not uncommon to repeat
the height or area of the quantitative scale on the right side, particularly if the graph is
the data graphic, : T : e
instead of the value at  Wide and grid lines are not used. Two dlfferer}t quantltatlve‘ scajlles
the top of the shaded can be used but seldom are. If there are two different quantitative
or filed area. scales and both do not apply to all data series, care must be taken
to identify which scale applies to which data series. Examples of
multiple quantitative scales are shown below.
100 100 80 100
1205
80 80 E . 1oo§
60 60 o 80 2 2
g4 op 2
40 40 o I} 8
22 40 T @
20 20 s 2 E __‘_é)
0 0 0 o ¥

'90 ‘91 '92 '93 '94 '95
ldentical scales on two sides Two scales specifying the Two scales specifying

same thing in different units entirely different things on
a grouped area graph. 19

‘90 '91 '92 '93 '94 '95




Area Graph (continued) Curve fitting on area graphs

Curve fitting can be applied to area Linear fitted

graphs, just as to line graphs. There are
several different types of curves that may

Polynomial fitted

be fitted, such as linear, polynomial, or 4
exponential. Examples of linear and 2
polynomial fitted curves are shown at the

ot .
right. See Curve Fitting. Time —» _
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.

20 20 20
153

15 154

10J “““ - 10

0+—= 0 i -
‘94 '95 '96 '97 '98 ‘94 '95 '96 '97 '98 ‘94 '95 '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.

Symbols only Curve and symbols  No curve or symbolé Thin curve only Bold curve only
Methods for displaying data curves and symbols on area graphs

Variations of the frame and ends of the data areas

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.

— Another method is to leave a space between
the start and finish (left and right sides) of the
data graphic and the graph frame.

— A third method incorporates both
of the first two options.

‘94 95 ‘96 ‘97 '98

All four sides of the
graph frame shown

0 o
94 ‘95 '96 ‘97 ‘98 '94 '95 '96 '97 '98 ‘94 ‘95 ‘96 '97 ‘98
Top and right side of Space inserted on both Top and left side of graph
graph frame removed sides of the data graphic frame removed and space
inserted on both sides of
the data graphic

20




Area Graph (continued)

Area graph icons

Miniature (1" 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 m m A“ ‘h M
quantitative, a common scale of 0 to 1.0 is generally BanaB  BandC Brnds  Brand B
used for all variables. The highest value or rating in

each variable is assigned the value of 1.0. The lowest

value or rating is assigned some value less than 1.0 m

(often zero). Other than legibility, there is no limit to  BrandF  Brand G BrandH  Brandl  BrandJ

the number of variables that can be included in each Legend
. . .. . o 1.0 A - Hard disk capacity
icon. There also is no limit as to how many icons can | §os B - Installed RAM

. - . . LY C - Expandable RAM
be included in the same display. The data graphic Eos D - Speed
may or may not be filled and drop lines may or may £02 E m:::g: ;‘?::'“m"
not be used. Icons used in this way are sometimes © ®XBCDEFGH G- Accessories

. . . isti H - Pri

referred to as icon comparison displays. See Icon Category / characteristio e

and Icon Comparison Display. Example of an icon comparison display

Arithmetic Graph

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

Arithmetic Scale

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.

T r—tv 1t T§7 1 1 T 71 *t 1 71 1T T T T 1 1 — 1 1T T 1T T 1 T T |
12345678901112131415|6171819 21222324252627252930

<

<

»
L >

1
< >
< >

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

Arrow Diagram

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.

Power Wiring Shrubs
instalied installed planted
Comfamsndation Outer walls Inner Decorating Move
awarded laid up walls up oomplete complete
Plumbing
complete

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

Woodwork
finished

Attribute Data Control
Chart

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

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.
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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 ouz:grant 738 oua:gram
— Define the origin of the graph Zaro base 25
— Form the traditional two-dimensional quadrants (example line axes i
. . . X-axi
at right) and three-dimensional octrants o et

— Form the basic planes for three-dimensional analysis (see Plane) 2 ‘gﬂgi'n‘ o, 23
— Run perpendicular to quantitative axes

T2
— Exist whether or not they are actually drawn on a graph Quadrant | , Quadrant
— In three-dimensional graphs, the zero base line axes are actually lllustration 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.

D oint
Data point . Data point ata poi 5;’;";?,@{
6
\ 4
5 5 \ 3 4
4 44 N 2 3
3 3 Y value of 2
1
2 Y value of 2 zj(a‘::'ggirc:{ data point Y
1 data point O 1
o\
o ” o T T T x
Category axis 0 \ 1 2 3 4
Zero base line Zerobaseline  Zero base line The plane formed by the X and Y
axes for Y values axes for X values axes for Y values zero base line axes from which
Z values are measured
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.

10 o}

10 10

Zero base line axis
(normally not shown
when outside of
graph)

Zero base line axis

Zero base line axis

o o &~ N

Zero base line axis | 01 4

o N O » O

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 B C D E

10

. .. 10
line axis is independent of

the location of the labels, as : Zero baseline axis : Zero base line axis : Zero base line axis
illustrated in the three ‘ 4 ‘.
examples at the right, all of 2 2
which display the same data. 0 °

A B C D E

In 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
K 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.




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.

L T T 1 r T T T 1 T T T T Ll

T T
0 02 04 06 08 1 Brown Eaton Smith Jones 1991 1992 1993 1994

Linear scale Salesperson Year
T T T TTranm T rrIrim r T T T 1 T T T T T T T T
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 Three-axis graph
10 Which of these axes is designated X and Y
depends on the application, the software,
81 and/or the individual preparing the graph.
The vertical axis is
generally designated 6
as the Y-axis in a two- 4 . .
axis graph The vertical axisis 15
2 generally
designated as the
o} Z-axis in a three-

T B T
0 2 476 8 10 axis graph.

The horizontal axis is 0
generally designated
as the X-axis in a two-
axis graph. 10 < 6
An example of how the letter designations An example of how the
of X and Y are assigned to the axes of a letter designations of X,Y, and Z are
two-axis graph. assigned to the axes of a three-axis graph.

Axes designated by direction drawn

Referred to as vertical axes
In rectangular graphs the axes are 8 axe

sometimes referred to by the
direction in which they are drawn. 12
In one- and two-axis graphs it is 6
common to refer to axes as 6
vertical and horizontal. In three- 4] o
2
0

. 0 . l'.

axis graphs, the term vertical axis ]

is also widely used; however, the 04 1\{ 30507090 99999
term horizontal axis is seldom

Referred to as the These two axes are generally not referred

used since most three- horizontal axis to by the direction they are drawn
dimensional graphs are shown Two-axis graph Three-axis graph
tilted and consequently there are Axes names that describe the direction they are drawn

generally no horizontal axes.

o . 5-
Abscissa and ordinate axes  Ja——Ordinate axis
In two-dimensional graphs the vertical or Y- 34 )

.. . . Abscissa axis
axis is sometimes referred to as the ordinate 2
axis and the horizontal or X-axis as the 1
abscissa axis. 0+

01 2 3 4 5
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Axis, Graph (continued)

Axes designated by position on graph

Upper (top) X or horizontal axis

— Axes are sometimes referenced by their
A B yC D E

position on the graph. On two-dimensional o 8 40% 2
tex ] o
graphs it is common to refer to the upper and S 6 a0 ©
. . >0
lower horizontal axes or the right and left é—» - T
vertical axes as shown in the example at the 2 4 2% 2
right. > 24 - 10% >
5 5
— On three-dimensional graphs it is common to = 0 A Bdc p E °E
refer to the left and right vertical, or Z axes and Lower (bottom) X or horizontal axis
the upper (top) and lower (bottom) X and Y Two-dimensional graph illustrating how axes
axes. On three-dimensional graphs, caution are sometimes named based on location

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.

X is on the right

of Y at the top

Left vertical or Y axis

— With the increasing ability to rotate graphs 360°
in almost any direction, the use of terms such as X is on the left of Y at the bottom
vertical, horizontal, top, bottom, right, and left Three-dimensional graph illustrating

become less and less precise. how the relative positions of the X and Y
label axes reverse from top to bottom

Right vertical or Y axis

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.

s

20 Data points represen; actual
values as measured from \
124// the zero base line axis

15113 [ X "
Drop linesflength of bars Russia |
’,< Ial— represent the differences L
10 s v,\— between the actual values Europe
l 8 and the reference axis/value
5 4 e Africa

Reference axis

‘/\ T — Mexico
0 — Zero base line axis ———— |

4
A B C D E

Canada
Examples of reference axes A

Axis versus frame Lines without tick marks and/or

labels are sometimes referred to as
axes, scale lines, or frame lines

Some individuals and software
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.

o N O




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.

(oL LS

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 Z-axi
. N -axis for .
k- 270° Radial axis i reference Circular or
40° 300° Z-axis \ polar axis
— i, Radial axis

h
120° .

152 r '!'e 1505

“— oo 180° *
& Radial axis Ga0r 7o -
240° 270° 300° 240° 2700 300°

Circular or polar axis

Circular or polar axis

Circular axis Circular or polar axis

Three-axis spherical

One-axis circle graph Three-axis cylindrical
polar graph

Two-axis polar graph
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

. Left scale
triangle are generally used as scale or label axes. The axis
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.

Label axes

Right scale

/ axis

Bottom or harizontal scale axis

Examples of the two sets of
axes on a trilinear graph

Axis Scatter Graph

Vertical axis positioned to

A specialized scatter graph designed to assist in the highlight @eﬁstics of data

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
omiitted and the floor is frequently positioned somewhere within

the cloud of data points, many times at the vertical midpoint . . e n e
The location of the vertical axis is chosen so as to highlight * . e
particular characteristics of specific data. Axis scatter graphs are o v}
especially helpful in conjunction with the ability to rotate the Axis scatter graph
graph. with reference plane
through data points
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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
and rotated so the viewer sees the top or
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
BTg not a necessity, depth is
)

e frequently added to data
Axonometric view of a .
two-axis graph. Some- £raphics for category type
times referredtoas  data to improve appearance.
three-dimensional.  (jljystration 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
the high points on a graph or map are concen-
trated on one side or if it is important for the

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

A

Without depth With depth
added added

Data graphics on axonometric views may or
may not have depth added. They frequently do.

8
&

70 70 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
ga‘-"\ at left show maps of the same
\“e%‘ 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 90°, 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 120°. See
example below. 30°

Al
...,tlllll'll SRSk ‘\“
'{l'l ""‘\'(‘i\ ‘\“\\ A

0

°83888
053888883

No‘m NOI'[/,

Degrees of rotation
90° 60° 30° 0°

-
A

oﬂ

Z-axis -

120° 120°

3 *Q‘Vs | -

120°
An isometric view of something is N
an axonometric view in which the 90°) |
angles between each pair of axes
is 120° T

T T

2w

*
~

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.)

See Projection? for a
comparison of graphs and
maps generated using oblique
and axonometric projections.




Background

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

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.

Backgrounds - g

Chart title

Back Plane 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
qf the axes are many - Vertical or Z-axis Back planes are
times displayed on sometimes given

K pl the appearance of
the back planes. having thickness
Back Planes are Back [~ Grid lines can be
sometimes given the planes displayed on back
appearance of or walls planes
having thickness for
aesthetic purposes. XandY 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 Circle B represents 100 buyers of
or more sets of things or bits A B red cars

: : : 1 7 The area in which the two circles
of lm_:on.natlon by the r?'latwe %0 5 intersect represents 25 buyers
positioning of geometric who bought red brand X cars
shapes (normally circles). See Girclo A s 175b .

. ircle A represents uyers o
Venn Diagram. _ braad X cane i
Ballantine diagram
8

Band Graph Sometimes called a silhouetted, area band, or range graph. A band :.rllppgr vdalues of
graph displays spreads, ranges, or differences. Often the midvalue g
is displayed within the band as shown at right. An example of a
midvalue might be the average water pressure each day. In that *1
case the upper and lower boundaries of the band represent the 2 Midvalues
high and low pressure readings for the same days. The band may Lower

A . values of the band
or may not be filled. When midvalues are shown, the graph is T e e Ll
. . k ‘91 ‘94
sometimes called a high-low graph. Band or high-low graph

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

Bar and Symbol Graph Sometimes a series of symbols are shown on a bar . . o

h to desi te reference boints or points of Symbols typically designate individual
graph to designate refcr poin pointsol reference or comparison values for each bar.
comparison for each of the bars. The reference points ~ The reference values might be such things as
might designate such things as budget, plan, last year's ~ budget. lastyear's value, Specmc?tlon, etc.
value, or specification values. By means of the T
symbols, the viewer can easily make comparisons A ﬁ >/ _:I],/
between the actual values (as shown by the ends of the _ 1Y ]

: B[ ]

bars) and some other set of values designated by the _ v ]
symbols. Any symbol that crisply identifies the c _:IZI
reference value can be used. Bar and symbol graj 7 v -

- e o [ |2/
typically have only one data series represented by i .
horizontal rectangles. Multiple sets of symbolscanbe € ::D
used on the same graph to indicate two or more sets of A A 123456
reference values. Symbols are seldom used with Bar and symbol graphs
grouped or stacked type graphs.

Bar Chart! A variation of the proportional area chart family. In a bar chart, item A {3
the size of each bar is propox.'tlo.nal to thc? value it represents. Bar Hom B
charts do not have scales, grid lines, or tick marks. The value
that each bar represents is shown on or adjacent to the data tem G
graphic. The major purpose of the graphical portion of a bar e 0 [ EEIIN
chart is to visually orient the viewer to the relative sizes of the Jtem E

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.

Bar chart where the sizes of
the bars are proportional to

the values they represent
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Bar Chart?

Sometimes referred to as a price chart, vertical line chart, open-high-low-close (OHLC)
graph, high-low-close-open (HL.CO) 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.

5 The symbols generally
Both verticaland 3¢ T 36 display some combination
horizontfal grid Iir||;las aerg 35 {l’ 1|' + ,I‘ } H_ 35 of.opetr:.intg‘ pl;ice, closin
requently us | fmce, ighest price, and/or
¢ owest price for a
34 1 '_ L 34 gesignated period.
) r ometimes only one price
Price and net asset ° 3 4 M 8 plotted. Othg times all
the most common — & %2 Iy 32 are used
itl -1 L
files 3 J_ 31 The vertical scale may be on
30 30 the left side, right side, or
! both sides. It often is on the
29 2g right side since that is where
Vertical axis labels are the most current data is
generally in dollars and/or 28 - 28 shown.
cents. The 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 venticat line designates the
particular entity in the period of time price of the entity in the last sale of the
represented by the symbol. It is generally period. The value it designates is referred to
called the high. 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.

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 Thickness of Length of tick Tick marks can
price of the first sale of the period. It — tick marks can marks can be be the same or
might be located anywhere along the be varied varied difterent
length of the vertical line. The value it
designates is referred to as open. The width of the vertical line is -
optional. It generally is a simple
line. The width selected
Low - The bottom of the vertical line generally has no significance. |
designates the lowest price for which
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 called 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.

Open 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 ; when symbols and close. See
respective sides Closs tick mark only are very dense Candlestick Chart

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

Price Close the | Openthe | Open, low, | Openthe | Open the same
lationshi Close higher|Close lower | same as same as |and closeall] sameas |asiow and close
relationships | “y,an open | than open high low the same close  |the same as high

= NERNEENERAEEEN




Bar Chart? (continued)

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.

36 36 36 36
35 |35 35 I35
34 34 34 34
33 A 33 33 33
32 32 a2 4 - 32
31 31 31 + - 31
30 30 30 - 30
29 29 29 - 29
28 28 28

Open, high, and low values included
Closing values connected by lines

All values except close eliminated

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.

by % Fte %
L 1 " 3L
1*1'HH§ }*1'Hf‘r33i
N pemal R e :
EYAIEN: 2 EAMER: ®
R e 1t ; T
1 T 31 1T 31
T 30 ¥ 30
29 29
Both vertical and horizontal grid lines can # When exact time intervals are notimportant, 2
be shown when greater detail is desired. vertical grid lines are sometimes eliminated.
3% 36~ -3%
|}l’l'li““lll!l'l|l|||:§ - Hits
|||”||HI|H|”H “” IS i }HT } -
”I“ H || -3t 3 -H Jf -3
il }
30 30 - - 30
29 29 - —-29
28 28 28

When the purpose of the chart is to give an
overview of spreads and/or trends, grid lines
are frequently not required.

vertical grid lines typically group the intervals by month.

eliminate

d.

To provide increased focus on the data itself, the
frame as well as the grid lines are occasionally

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

Insets and notes

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

+——1994——Pp-4—1995——»

Exampile of an inset of historicat
performance. On a chart such as
this, there is typically a one-year
overlap between the data on the
inset and the data on the main chart.

90
70 Competitor Interest rates
60 ] - introduced major increased to 7.5% |-
50 I new product ¥
wil g | 80
Voo zmen " || F \ " || -

il sl BTN
New
- AN president -
50 Dividend raised 20% announced

+—1994———p-4¢——1995——>

Notes describing significant events
that may be related to the data being
presented are many times shown on
or adjacent to the bar chart.

70

- 60

50
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Bar Chart?2 (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

in it. In most cases the units on the vertical scale are in dollars. In :215,2
specialized cases the units might be in cents, points, multipliers, etc. 5816/5,
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/g,
the lowest to the highest value is small, fractions or decimals might 5832

Different ways the same
value ($58.50, in this
example) may be
displayed on bar charts.

be used. Depending on the minimum size units at which the entity is
traded and the customs of the particular market, fractional values
may be displayed in several different ways. See examples at right.

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

80 These graphs illustrate 1000
P /‘ how the use of a o ==
8400 logarithmic scale B100 o
Bao /‘ makes some values £ 0] i
5 20 /| more legible. For g —
£ J example, in the graph £ ' 3%

100 on the left with a linear &

Oderoemmm et 1 price scale, it is R

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

250 These two graphs 1000
200 illustrate the value of 2 § ] s eeeesls?
. . L] L]
%150- L(?gial.ll‘?ﬂ';lrr‘uc SC}E:IC for. ,§1°°§ .o et 4.5%9row?r_:e
g ighlighting changesin 5 3 °°
£ 100 rates of growth of the E 0. ﬁzso% growth rate
E 5. price of a stock. Based & "3
on the graph on the left &
o With the linear scale it LI L A L R A U

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

250 Parallel lines 10003
indicate the 3
i o stocks are ———J] -
2200 rowingat 2
8 Stock A gasicalythe B1004 \-
@ 1507 same rate. g —3
. e
I g5 1 Nonparallel
5 100 £ 10 lines indicate
2 € 3 the two stocks
£ £ 3 !
3 504 £ 7 are growing at
Stock B s ] different rates,
3 with B growing
[ e e BLBan B B o o o o o 2 o o = A4+ rrTrTTr T 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.




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

Vertical grid lines many times designate
five-day intervals. Saturda¥s and Sundays
are typically not inciuded. 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

*H ]‘ JT Jﬁ% I i s
SURERNAYL

sometimes used to

A space or gap is generally — -——
shown for holidays. The word
*holiday" may or may not be
included in the space.

—
=+

_—

Typically only one date
per week is shown, Jf
generally either

Monday or Friday. If ———» 7 14 21 28 4 tt 18 25 2 %i_:signa(enggglrponths.
space is scarce, one ese vertical lines
date might be shown 1 May l Jun | i frequently do not

coincide with the lines
designating weeks.

A

ep Oct

for every two weeks. Example of a time scale on a bar chart with

daily time intervals grouped by weeks

The scale format shown above grouping daily symbols by
week is one of the most widely used. Occasionally, daily } i
symbols are grouped by month, as shown at the right. . ' ” m'
With this high concentration of symbols, many times only ' ”lill H
Aug

the vertical lines are displayed, or specific points such as
closing are connected by lines and the other ticks are
eliminated.

Daily time intervals grouped by month

Weekly stock price chart

Each symbol
summarizes the results
for an entire week.

Irregularly spaced grid g J

o oty oot ‘[”r T“J[Jf”rh]l
b, e

since some months
include the results of four
May jJdun | Jul | Aug | Sep | Oct Nov

weeks while others
include five weeks.

Typically months are
designated without dates.

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 ‘ ‘ M w} ‘
grouped by year, as shown at the right. With this many "« % "Mm « u W hM
symbols, ticks are often omitted. When data is this dense,

specific points such as closing are sometimes connected 1992 1993 1994

spaced grid lines and no gaps. (Holidays are typically not
noted in weekly graphs.) Occasionally weekly results are
by lines and the open and close ticks eliminated. Weekly time intervals grouped by year

Monthly stock price chart

Each symbol summarizes the
results for an entire month.

When price data is summarized by month, it

| 1 Wl |
S e ] gt *‘*ﬂwhﬁ iy,

Example of a time scale typically used on a
stock price chart with monthly time intervals
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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.

Valleys ic}\ price data

$36 - xSy - $36
Minor PN t
35 - downtrend Ny H_ -
' . line ' ;[_;”hp
2 Major downtrend line L 3
8 l 9
= 33 L 33 -
£% T, eyt F = &
® \\' I»Lrl. ©
1 -
31 4 Minor uptrend line \\ ,/” Major uptrend line L 31
Peaks in\ f)rice data
0 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.

$36 Major bullish resistance line $36
(ascending tops)
354 Minor bullish . . ) Minor bearish bor f” i ®
resistance line Major bearish resistance resistance line e
a4 | line {(descending tops) ( 34
§ - Minor bearish [ §
o
%21 - a2
Minor bullish
AN . H H i - 31
support line  pp.: . . Major bullish support line
jor bearish support line
® {(descending bottoms) (ascending bottoms) »

Time —p
Examples of support and resistance lines




Bar Chart? (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.

$36 - - 836

35 1 Minorup f [H iy 35
channel Major down channel ik

24 (descending) L 34

Rectangular 3
channe Major up channel | 33 g

(ascending)

- a2
Minor down
channel | 31
% Time—» ®
Examples of channels formed by trend lines, support lines, and resistance lines.
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
patterns used with bar charts are shown below.
$35 1 Head and shoulders 830
Pennant H' i
N = i
( F b I'|' th‘ [l'
o B U— l Triangle Wedge 1. 3 ®
£ ut } £
T ‘} [ L » T
31 t F 31
if
30 30

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 G

Linear regression line Linear regression line
by means of dashes, 251 of closing prices if of closing prices if
. 24 time period B is used time period A is used
colors, or shading.
One of the more : 1
difficult aspects of o 21 !
. . h |
applying regression £ ol : i‘ !
lines to bar charts is wl ! '_ i
. qe . |
deciding what period 8l ) H'
. [}
of time should be wd[H } !
used, since different 16 et Time period A - E
. . | !
u_me pt?n9d§ can 154 1 Time period B N
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
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Bar Chart? (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.

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

Variations in number of periods in average

Price

5-day moving average
10-day moving average
20-day moving average

"
Actual price data ———.1"

{
!
]
!
f

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

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.

Unweighted 10-day moving average A

I\
AN S
Y

Envelope or band
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.)

Shifted moving average curve
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.

(3
2
o
Comparison of weighted and unweighted
moving average curves
Envelope
5-day moving average
plus 5 percent
§-day moving average
[+]
£
o
5-day moving
average minus 5
percent
Moving average envelope
Standard 10-day moving average A
10-day moving average
shifted horizontally to
the left s
1
Actual price data —_ !} 7
[
e !
a

Crossover points that
analysts sometimes
look for

Shifted moving average curve




Bar Chart?2 (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 Whefe

. upward trend ended
33%, and 50%, the viewer can
determine what perf:ent re'tracem'ent has 28% of diference
taken place at any time. Lines might be 23 | 50% of difference i ’
shown for the full width of the graph, as 63% of difference W l I
tick marks, or any variation in between, ] }
Retracement lines can be used when
prices are ascending or descending. "
Sometimes arcs are used instead of il
straight lines; in this case both vertical 19 4 l
and horizontal distances are taken into 1 | ” t
consideration. Examples of horizontal
retracement lines are shown at the right.

l

4l
Ill

Price

‘ T
i

8

Total vertical difference between
stant and finish of upward trend

\ First reference point where
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 1

second bit of information. 8300'000 «

Two variations of volume  32000%]

graphs are shown at the > 100,000 ' ' it i i
esu 11 L
not part Of? bar chart; Volume chart using a \;enical ‘Iine graph. This format
however, since they are is sometimes referred to as a volume histogram.

most frequently displayed 300,000 11 )

and used in conjunction °g’ 200,000 / \ / \’\ LN A

with bar charts theyare 2 1/ | A connd S A
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
Price cyrve M [ vertical line graph format; however
\ 'l'th | ll l . p T ’
g occasionally a segmented line graph format
e phl"rl'[ is used. In both types of graph, volume is
sl ""-L., X recorded on the vertical axis and time on the
Pl it Jlrt horizontal axis. * The example at left
K represents a typical combination chart
Volume graph showing stock price information at the top by
Wmmmmmﬂﬂmmﬂmm means of a bar graph and volume
information at the bottom using a vertical
Time (typically days, weeks or months) ————#= line graph. In this example, the two graphs

Typical price and volume chart in which : :
the same time scale applies to both share a chrnon time scale, but each has its
own vertical value scale.

Price

Shares
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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.

o 0
4 A oot | 8 g
» ® pper limit 5 5
] @ 4 3
2 2
8 V. 0 ohttiilLy l i
o 3
2 \/\/J £ 8 8 ”””“ |
2 . Lower limit 2 3
& With or without a T ®
< reference line 3 T T
Time —» Time —» Time — 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

0 Indicator #1
80 V
70 1

Some indicators are
superimposed on the
stock price chart while 35
others are juxtaposed,

36

Price \ f

Indicator #1 ||j||1,|

generally above or :_ o ,h"m" le"|
below. Whether super- 3 5 “"wr.:'(':j bt
imposed or juxtaposed, 2 T, g,

the indicator graph ® 3 W

frequently‘ shares a o 15 Indicator #2

common time scale with Indicator #2| sz\m/\l
the price chart as shown e — Time —

at right. If the actual
values of the indicator
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.

Example where indicators are

Example where indicators are juxtaposed
superimposed on the price chart

above and below the price chart

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.

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

Even though there
may be two or more
scales, generally
only one set of

The price curve many times has its own
scale because the values are frequently
larger than those used by the other
curves, and they often are logarithmic.

horizontal grid lines
One or more 45— > Joo are shown. That
indicators are 3 % one set generally
Dggqugirr\)tslgyot:]ste#. 4033 } ‘WL’L ol 80 ggg[eleas ntg the stock
en e 3 n h“" 14 i
values and units of 3. 35 N iy 70 § associated curves.
measure, they may or g \G7 B 60 8 Eamings per share
may notrequire their - = "“Suh Ly /1 | & curve with values
own scale. 2 80 unllh n.["' / 0.2 rofarenced to the
o it bt ] e finear scale on the
Itis common tohave 8 2% =t Y o et [ D 2 @ |gft, The symbols
5 = W A P 40 8 indicate when the
one or more curves - I~ / 2 e
.. comparing the 2.0 [y ont s 33'""’1‘93 were
individual stock pncz - ] Y Ve Aot 2 3 reported.
against some stoc| 1.5 — =
market norm such as e e el a -cli'i?/iedgl;g: rf,"’;y use
the Dow Jones 103 \ the same linear
Industrial Average. S scale as the
" 200,000 3 2 earning.l_sh per shg(n;e
Avolume curveis £ 100,000 curve. The symbols
typically included to % ] m' I | i ‘ ' g‘isi'g::fd;’cvee':;he
indicate the number_2—%3 aid
of shares of stock ‘88 89 90 ‘91 '92 '93 94 95 paid.

sold during each time

) llustration of how additional information is
interval.

sometimes superimposed over a bar chart




Bar Graph

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

The end of the bar designates the
—— value of the data element being
represented by the bar.

The vertical axis of a bar graph

generally has a category type scale. > City B

City C

™~ width of bar

or gap

Each bar represents a data element
The scale on the horizontal axis is 0123456 of a data series and a complgte set
always quantitative. : Millions of people of bars represents a data series.

Typical bar graph

City D
Inter-bar space|
City E

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.

Simple bar graph
When a bar graph displays a single data series similar to the
Cars example at left, it is generally referred to as a simple bar graph.
Buses The bars can be any width; however, with few exceptions, bars
are uniform in width throughout a given graph. The same is true
Vans for the spaces between the bars. The horizontal scale is always
Trucks quantitative and both positive and Grade 5]
Bikes negative values can be plotted as Grade 7]
- shown in the example at right. When  Grade 6|

0 1 2 3 4 5 6 pothpositive and negative values are Grade 5|

Typical simple bar graph plotted it is sometimes referred to as ~ Grade 4 ]
o s . Grade 3
a deviation graph. Linear scales are almost always used onthe ..~
quantitative scale. When the bars become so wide there are n0 grade 1 I:]
spaces between them, the graph is sometimes called a joined 64202468
b Change in class size
ar graph, connected bar graph, stepped bar graph, or Both positive and negative
histogram. Two examples are shown below. In some cases a values can be plotted
along the horizontal axis.
Condition 7 ] joined graph is used to emphasize
Condition 6 212 abrupt changes from one item or
Condition 5 £10] condition to another. In a few
[ . -
Condition 4 88 cases quantitative scales are
Condition 3 5 81 applied to the vertical axis of a
Condition 2 3 4] joined bar graph. When this is
Condition 1 > 2] done the graph is sometimes
T T T T T o T T T

0 1 2 3 4 5 & o 5 1o 15 gz referredto asafrequency bar

With no spaces between bars  Bar graphs with quantitative graph, histogram, or area bar
the graph is sometimes called  scales on the vertical axis
a joined bar graph, connected  are many times referred to gTaPh- Area bar graPhs are

bar graph,stepped bar graph,  as frequency bar graphs, discussed below. Histograms are

or histogram. histograms, or area bar ; :
graphs. discussed under that heading.
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. Bar Graph (continued)
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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 (sce
example at left). The bars from each data series that
correspond to the first category on the vertical axis are

[ Plant A placed side-by-side to form a group or cluster in the center
O Plant B of the space allocated to the first category. The bars from

M PlantC 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% eo% the graph. To illustrate the procedure, a graph might be

% of manufacturing costs  generated to compare the percents that material, labor, and

Example of a grouped bar graph.  gyerhead 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 pattem 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  Resource A

used on the vertical axis. Bars can be of any width.

They are generally all the
Resource B | wwm" same width on a given graph
Tick marks may or may not be =

used on the vertical axis.

The spaces between groups
(sometimes referred to as
inter-group spaces) can be of
any width. They are generall
all the same on a given graph.

Space {sometimes called bar (T '2 l j; la Legend
margin) is generally provided M Europe
on the sides between the bars T [J 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 Test4
number goes above three or four the graph becomes Test 3

confusing. Most variations of grouped bar graphs can s
accommodate both plus and minus values on the horizontal Test2
axis, as shown in the example at right. Three-dimensional

grouped bar graphs (shown below) are sometimes used for

Test 1

T T T T T T

o 75 50 25 0 25 50 75 100
Condition B Grouped bar graph with
Test4 Condition A positive and negative
values

Test3 their aesthetic value. The

three-axis variation is

Series 1

Test 2

Series 2 sometimes difficult to
Test 1 0 construct and interpret and
75 50 25 0 25 50 75 100 3 S therefore, a three-axis .
Oblique view of a two-axis Three-axis grouped grouped column graph is
grouped bar graph bar graph frequently used instead.




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 [ c cp
T R —
B[ 1 B ﬂ B __-
Wi e —
A A A
lIII _ .
13 T T T T L T T L T
0 20 40 60 80 100 0O 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
25% overlap 50% overlap 75% overlap 100% overlap

Examples of varying amounts of bar overiap

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 Domestic  Export company

has on the total entity. For example, a graph might i

show the domestic, export, and inter-company Product A E;‘rdss of
components of sales for each major product line, as  proguct B __g;:i'gsnaa;tees
shown at the right. Each data series is identified by . . Sfr é’éﬁ'c :

a different shade, color, or pattern (explained in a
legend). Depending on the nature of the data, the
largest, most important, or least variable
components might be placed on the bottom of the 0 50 100 150 200
stack. There are no rigid rules regarding relative Sales in § thousands
placement of the various components. Stacked bar graph

100% stacked bar graph

Product D

Product E

Sometimes called percent-of-the-whole. Percent that domestic Percent that export Percent that inter-
sales represent of sales represent of company sales

An important variation of the stacked total sales of product total sales of represent of total

f duct li les of product
bar graph is the 100% stacked bar. With ne \pm petine :sa os ol pro :‘um ne
this type of graph, instead of plotting the actual values for

each data series, the percents the values represent of the Product A
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 B [
Product C [

Product D

shows the percent that Product E
Product A

export sales represent of % 20% 40% 60% B80% 100%
Frodue® the total sales of product A, 100% stacked bar graph

Product C with spaces between bars

and the third component
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.

Product D

Product E

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

100% stacked bar graph
without spaces between bars
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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 A
Product B Product B B ::':)t;r;')any
sales
Product C Product C
Export
Product D Product D [ s;‘;‘;
Product E Product E n Domestic
sales
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

Product E
A third axis is seldom used with stacked bar graphs. Product D ¢
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.

Product C
Product B

Example of an oblique view of
a two-axis stacked bar graph

Negative values

Department A

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.

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

) N 0% 20% 40% 60% 80% 100%
0% 20% 40% 60% 80% 100% ata given point in time or .

p—————————"~ under one set of conditions.
Sometimes the interest is in Single stacked bar with a
just one point in time or one percent-of-the-whole scaie
condition, in which case a Value
Value single bar is used (left). When 0 10 20 30 40
Example of a stacked bar d in thi th h /
graph with a single bar used 1n this way, Ihe grap
functions very much like a - =
. . . t Ty muc . ‘_a' Single stacked bar with a
circle graph. » When a single bar is used, the quantitative quantitative value scale
scale is some-times placed directly on the top or bottom of
the bar. The resulting graphic is sometimes referred to as a 0% 20% 40% 60% B0% 100%

one-axis graph. Actual value scales, percent-of-the-whole
scales, or both might be used,

0 10 20 30 40

as shown at the right. * Some- Value
i imi Single stacked bar with percent-
times the scales are eliminated ik b ey quanmpa?ive
and the values placed on the value scales.
Example of a bar chart . .
(Sinca it has no scales, it~ data graphic. Without the scale, | gy, o g graphs with only
Is not called a graph.) the graphic is called a bar chart | one bar. Sometimes called one-

instead of a bar graph (left). axis bar graphs.




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.

No
Profession Degree gegree  Degree
osion | 1005 Lo
Profession | ] | tes0 Profession| NN
regen | e Profgssion ]
P'°'°Bss'°" 1 1980 Profgssion | [ ]
Prof%ssmn ] 1975 ProfeBssion -
§ 4 3210 o1 2 3 4 100% 50% 0%  50% 100% i :
Female Male With degree  Without degree Profisswn - -
Simple paired bar graph 100% paired bar graph 6 4 2 0 2 4 6 8
(The percents on the 91100 Male Female
) two sides of the vertical  81-% Stacked paired
Profession axis always add up to 71-80 bar graph
b 100 % for a given o o170
Profession category.) g5 -
c 41-50
31 -40
Protfession 21-30
8 1.20
Profession [] 1980 o- 10 [N
A [ 1990 Male Female

Paired bar graph without spaces
. between the bars. Sometimes called a
Grouped paired bar graph pyramid graph or two-way histogram

Examples of paired bar graphs

Pictorial bar graph

Town A
Sometimes referred to as a pictographs. A
pictorial bar graph is a graph in which the Town B
rectangular bars have been filled with pictures, Town C
sketches, icons, etc., (below), or where pictures,
sketches, icons, etc., have been substituted for Town D
the rectangular bars (right). In both variations, 100
one or more symbols might be used in each bar. Housing starts .
The two major reasons for using pictorial graphs Eﬁ%’h:ﬁ"gft’&'\ii??ﬁfgif}fbgfgﬁ'?h o
are to make the graph more appealing visually end is cropped such that the edge of
and to facilitate better communications (see the graphic is in line with the value on

the scale that the bar represents.

Town A I =
] —=]
(1|
(o |

Pictorial Charts and Graphs).

Planes E Town B

Trucks h‘-ﬁ“ Town C
Boats__‘LéAé&_M Town D
vans (G G i) 9 G 69 G5 G5 659 0 20 40 60 80 100
T T T T T T USSR 1 Housing starts
0 200,000 400,000 600,000 800,000 1,000,000 A single symbol is stretched such
Bar graph in which the rectangles are filled with symbols that the end of the symbol is in
depicting the items the bars represent line with the value on the scale

that the bar represents 4l
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Bar Graph (continued)

Range 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.

i
Item #1_ '/]
tem#2 | | [

Item #3

Item #5

Average ol
Test #1 I:D msd?an
ﬁ score
Test #2 1
B Highest

Test #3

Test #4

Test #5 M

When inner values are included it is
often called a high-low bar graph.

_4

|| -

™~ Upper

ltem #4 | Lower ..4/ [/ values

- values
T

T T

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

Lowest
score on test
yi

— Score on
test

(L]

T 1 1T T
0 20 40 60 80 100
Range bar graph showing the
highest, lowest, and average
scores on a battery of five tests

T

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.

Tost #1_ A
Test#2 | ——{ 1] |+
Test #3
Test #4

Test #5

— Minimum
10th percentile
— 25th percentile
— Average/mean
~— Median
— 75th percentile
90th percentile
|— Maximum

YWYV Yyy

.

I

H—{t I+
T

L T T

0 5 100 150 200 250
Range bar graph showing
information on the distribution
of the data as well as the
inner, upper, and lower

values. This ty,)e of graph is
sometimes called a box graph.

4

Grouped range bars

Reading = Dept. Al [T] n
[ ] -
Van|  — oept8| 1] m
History —— oot c‘1 D] Il
= | oo} [ MM
) R -
Science = m Dept. E m -l IStore #1
LI S T —————1—| M Store #2
0 20 40 60 80 100 40 42 44 48 48 50 52
M Class 1 O Class 2 B Class 3 % gross profit
Grouped range bar Grouped range bar
graph where the graph where the
ranges of multiple ranges of multiple
entities overlap entities do not overlap

A grouped range bar graph format
can be used to compare the ranges
of muitiple 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.




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.

Midvalue designated by end of bar Midvalue designated by end of bar Midvalue designated by end of bar
tower value | Upper value Lower value J Upper value Lower value Upper value
A A ~a_Y
N A [ Ay A f.__‘/
E—
s HN B ™ B
cl 1l c ::' el b
S
o HNE Y I e o b
E ll E E :j !
T T T T T T T T
0 2 4 8 8 0 2 4 6 8 o 2 4 -
Symbol the same width Narrow symbols may be This type of symbol is

as the bar on the top or bottom of sometimes referred to as

the bars 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 The actual value lies

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.

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.

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.

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.

tha vihua of A s tho vihia of A tes tha velua of A s tha vhia of A pas
—»
AJI Al I A Ll A
sl W 3 I— ] 3 P ]y o
R cl_— Jmm cﬂ::]lllllmlllll c ﬂ:>
CY NN [ Y S— 1] - E— D_%
E || 11 A 1117 =

0 2 4 6 8

"] 2 4 6 8

0 2 4 6 8

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.

W M greater than F
F - female; M - male ) F greater than M

Test 1 Tost 1 F[_Im Tost 1 [ ]

- . 4

Tost zl m Test2| M I:] F Teost 2 ‘:]

Test 3 Test 3

FE]M Test3 -

Test 4 Test 4 M [_:_l F Test 4 [:]
0 20 40 60 80 100 0 20 40 60 80 100
Sometimes there is no Sometimes the data
indication as to which data graphics are coded to
series value is the largest indicate which data
for each category. series value is the
largest for each item.
Variations of simple difference bar graphs

0 20 40 60 80 100
Sometimes the name of
the data series is encoded
along side of the value.

——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

g v [___] Favorable
- Tip of arrow is subsequent value

'95 greater than ‘96
I Unfavorable

196 greater than '95

Measure A Measure A . Measure A Unfav.
Measure B Measure B [:> Measure B | Fav. [::l
Measure C Measure C <:] Measure C Fav.

Measure DW

Measure D @

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

Unfav.‘j
T T T T

0 20 40 60 80 100
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.

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

Variations of change bar graphs




Bar Graph (continued)

Difference bar graph (continued)

Deviation bar graph

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.

Reference
(e.g., no fertilizer)

Fertilizer A !

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

Gross deviation when

< $50

@ $50t0 $100
8 i
&

= $100t0$150

i $150 to $200J

> $200

T T T T T T
642024678
— — —
Gross Gross
percent of percent of
stocks that stocks that
decreased increased

Gross deviation graph

< $50

$50 10 $100

$100 to $150

ock price

& $150 to $200

> $200

T 1T T 1 71
64202468
Decreased  Increased
Net percent of stocks that
changed price (i.e., difference
between the percent of stocks

Net deviation when comparing two data series

Deviation when comparing a data series against a reference

The graph on the left displays the
actual data with a vertical

N reference line indicating the
rerizer B-:f reference or control value of the

1 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 from
the reference or control value of
the plants without fertilizer.

Fertilizer A

Fertilizer B

Fertilizer C
4 4

Fertilizer D

Fertilizer E

2 0 2 a4

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.

comparing two data series

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.

Stock price
<$50

]
$5010$100 | ]
$100t0 $150] |
$150t0$200 |
]

>$200

LI |
6-420

Gross
percent of
stocks that
decreased

Gross deviation graph

percent of
stocks that
increased

Gross Net Gross
percentthat change percent that

The graph on the left is decreased | Increased
referred to as a deviation < $50
or net deviation graph. §
o $5010$100
The values shown are £ J
. (=%
equal to the algebraic 3 $100t0$150
sum of the gross values & $150 to $200
shown above. The graph 7
. . > $200
at the right combines the e

gross and net information
into a single graph.

that increased and the percent

that decreased)

6-4-20 2468
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
100% of the bars might indicate
what percentage of the total
sales the various products
represent. Bar widths can be 200
displayed along the vertical
axis in terms of percents (left)
or units (right). There might
be a scale on the vertical axis
or provided in a legend. In 50
still other cases the values
might be noted directly on the 0
graph. Examples of all three
variations are shown below.

B Domestic sales
[} Export sales
Intercompany sales

3
2

@
S
X

Product A

-3
o
B

2
c
o

Percent of total sales

3
2

Q
R®

0 5 10 15 20 25

Percent profitability
Simple area bar graph
with a percent scale on
vertical axis

0O 20 40 60 80 100

100% stacked area bar graph
with a unit scale on vertical axis

25%
Legend

40% 7%
E 20% 23%
0%

Scale for
vertical axis

012 3 45 0 t 2 3 4 5 01 2 3 4 5
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 (¢.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
two criteria: 2
1. The widths of the bars are
basically descriptive
with little or no
Legend relationship to the length
0 of the bars. For example,
the width might denote
the population of cities
10 and length might
designate the number of

Group A

Group B

Group C

Class interval
5 8 8

n
5

Group D

0 20 4 60

8 B

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.

violent crimes. In this
case the actual area of the
columns have little or no
significance.

2. The widths and lengths of the bars are related such that as
one varies, the other varies correspondingly. For example, in
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.

0 5 10 15 20 25
Frequency

The histogram is an example
of an area bar graph where the
width and length of the bar are
related. As the width of a bar is
expanded to cover a broader
class interval, the length of the
bar is changed accordingly.

* 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.




Bar Graph (continued)

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 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
are uniformly spaced
along the radial or
category axis. The
ends of the bars

Circular or value axis
2 «— Circular scale

Radial or category axis
14 .' Category labels

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.

- Normally a value scale

- Can have any upper and lower values
- Can progress in either direction

- Can start at any point on the circle

Circular grid lines for radial axis
18 Radial grid lines for circular axis

designate the values
they represent. The

lengths of the bars

have no significance
and can be misleading

since the lengths are
not proportional to the

Midnight

Noon

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

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.

A_ ',/
]

3 —

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 4

)

i/

T 1T T

01 2 3 45 6

0

12 3 45 86

Exampies 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)

Progressive bar graph (continued)

In the example at the right, the major O% ~20%  4D%  BO0% - B0%  100%
overhead expenses for a hypothetical Personnal
company are shown. The bottom scale Engineeri S70

. R . ngineering 17%)
enables the viewer to determine cumulative U7

13
and overall expense dollars. The upper scale R&D
enables the viewer to determine cumulative Selling ( 860,
percents. The actual dollar value and/or -
Administrative 5105

percent that each expense represents of the e (25%)
total may or may not be shown on each data 0 100 200 300 400

Thousands of Dollars
Progressive bar graph with
| Drama |  Comedy | Musical | multiple quantitative scales

graphic. As shown in the next example,

Event A
Event B
EventC
Event D
Event E

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

Total charts are sometimes considered variations of a
T T i T al . .
0 100 200 300 400 progressive bar graphs where the intervals on the
Tickets sold quantitative horizontal scale are units of time

g}gﬁ‘;‘,};ﬁ’:ﬁ;‘ CZ?,{;?,',‘,‘;’,?{; gn pbe such as days, weeks, or months. With this type of

grouped into similar categories 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  pept. E
sub-program, and the T T T T T T T T T T T
pg‘r,‘d‘ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
cumulative units of time Weeks
int i Progressive bar graph indicating various tasks
consun}ed at any point in in an overall projact
the 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.

Total sales >
—r 100%
90%
80%
0%
60%
50%
Material hater ' 40%
represents 55% of | Raw mate Fabncatedy Payroll | -30%
the total cost to . | Toch- Foon
manufacture ' : nical

40% 50%  60% 70% 100%
J Percent of total sales

r Cost to manufacture represents
Raw material 50% of the total sales
represents 36% of the .
total material costs Mosaic graph




Bar Graph (continued)

Curve fitting on bar graphs — Actual data

o3 Fitted curve
Although seldom done, curves can be fitted to bar graphs. Most &3
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 g 3
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 o 2 4 6 8 1
assumption i . . Bar graph with a fitted
ption is made that the data points are located in the center curve. Fitted curves are
of the end of each bar. 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

The zero axis used
/ as a reference

] E—

This example is for reference only. It is a standard bar graph with Brown [ ]

bars drawn from the zero axis to the actual values represented by phm;',s_—_—]
the bars. 7
Story

Whaley

+—— Goal

T T T 1
0123 45€86
Sales in $ millions

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 I
plotting the sales performance of each salesperson against a $2 Brown D
]

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

A

Cramer

million sales goal for each salesperson, the reference axis might

Phili
be shifted to correspond to that $2 million goal as shown at the h

right. In this way, the bars for salespersons who exceeded goal Story I
extend to the right, and the actual values are designated by the Whaley i
right ends of the bars. The bars for the salespersons who were LR S
below goal extend to the left, with actual values designated by the ° s;|e: in3$ ,;,‘i."g',’nss
left ends of the bars.
Unique reference value for each category
Cramer ::J
If each salesperson had a different goal, the Brown |
reference line would be stepped as shown at the . ,
right. As in the example above where the goals ~ P"Ps | > ’2;’;’.{1’2{25%2?'52?{
were all the same, the bars for those who Story
exceeded their goal extend to the right, and the T
bars for below goal extend to the left. Whaley
c 123458
Sales in $ millions
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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 tobacco
Clothing, accessories, and jewelry
Cars, vans, and recreation vehicles
Travel, sports and leisure equipment

Home and patio furniture

0 2 4 6 8
Long labels including descriptive information

Comparison of Regions
Rank| Region I Overall rating T Jobs |Crime
1 | Eastem _ 207 | 312
2 | Southem — 191 | 151
3 | wesen | N o | 110
4 | Central - 154 | 172
5 | Northem _ 215 | 235

T

0 2 4 6 8
One or more bar graphs can conveniently be

can be accommodated on either the left or ; ;
right side of a bar graph. included in a table of data.
Food, beverages, Food, beverages,
and tobagoco ! and tobacco
Clothing, accessories, Clothing, accessories, :I
and jewelry and jewelry
Cars, vans, and Cars, vans, and
recreation vehicles recreation vehicles
Travel, sports and Travel, sports and
leisure equipment leisure equipment
Home and Home and :J
patio fumiture patio funiture
LA T 1
o] 2 4 6 8 4 -2 0 0 2 4 6 8
An alternative to long lines of text is In paired bar and certain deviation
to shorten the lengths and use two graphs, the labels can sometimes be
or more lines for each label. positioned in the center.
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.

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.

us. us.

Japan Japan

China China 1224

Russia Russia—‘ _- FH

Evrope Europe [EEREEERERE
1 T

Condition 1
Condition 2
Condition 3
Condition 4

Condition 5

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

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
Brown
Philips

Story

Whaley

O
.
=
O

L

Cramer
Brown
Philips

Story

Whaley

[\ 0 0 10 15
Grouped and stacked bar graphs typically have each
data series identified with a different color or shade.

4202 46 8
Bars representing positive and negative values
may or may not be identified with different colors.

-

T T T
4 2 0 2 4 6 8

ftem A
Item B
ltem C
ltem D

Item E

2 4

3

T
8

1 5 20




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

—r—\ A
0 51015 75808590 0 51015 75808590 0 51015 75808590
These three examples expand the scale and then take a section out of the
middle (sometimes referred to as a scale break) to maintain the same size
graph. The center example tends to make the break most obvious. The lower
portion of the scale is sometimes retained to help the viewer more easily deter-
mine the size of the intervals.

0 20 40 60 80 100
For reference, the scale on this
example starts at zero. Because of
the large actual values and small
differences, the variations from bar
to bar are difficult to estimate.

mTm oo o >

0 20 40 680 106,
80 82 84 86 88 %0

T T T T T

80 82 84 86 88

An altemative to a scale break is Making the left hand A

to eliminate the lower portion of portion of the graph B

the scale and start the scale at uneven helps to call the

some value just under the viewers attention to the c

lowest value on the graph. This fact that the lower p

is one of the most dangerous portion of the scale is

variations since it is easy for the missing.

viewer to overlook the fact that F

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

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

the end of the bar.

enlargement of the critical area (lower graph).

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.

0O 20 40 60 80 100
b

A
B
C
D'\
E
F

T T T T T

0 20 40 60 80 100

Identical scales on
top and bottom

02468
Units
Two scales specifying
entirely different things
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Bar Graph (continued)

Grid lines

Grid lines are generally temA| tem A [N | tem Al

displayed behind the data ftom B i:] iem 5 ERERERN temB| ]

g.raphlc‘s. Occasionally the grid 1 1T [hemc MmN | temc '

lines will be shown on the bars '

themselves or drop lines will ~ "*"° tem 0 S tem0l ]

be used. Examples of all three  ttemC tem C Mem ] |

variations are shown at the 0123456 0123456 0123456

right. See Grid Lines. Grid lines behind Grid lines on data Vertical drop
the data graphics graphics lines only

Values on graph

When it is desirable to convey exact values, they are cl 7w ]
sometimes placed directly on the data graphics, as shown |
below. Generally only the value represented by the bar is B E}
shown; however, it is possible to include additional values - 4
for example, the percent-of-the-whole that each value A E
represents, the percent or ratio the value is to a given reference . : .
value, the amount the value deviates from a standard, etc. An o 2 4 6 8
. . . Example of muitiple bits of
example of multiple values is shown at the right. information shown with each bar
Cc c c 3 o] 7.3

A Al 3s A A 35
T T T T T T T T T T T T T
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.

Itom A tom A itom A [ item A Gl
ltem B Itern B ttern B NG OER item & (R
#tem C item C Item C - Item C -

ltem D

= B

- T T —T T T T T 1 | 1 ' |

o 2 4 6 8 0 2 4 & B o 2 4 &
Variations in frames ranging from four-sided to none

Item D

Item E ltem E

Bar chart

. o4t . item A REY
For presentation purposes, the quantitative scale is some-
times eliminated as well as the frame. When this is done the tem & IR
values are generally noted on or adjacent to the data graphics. ltem C
Without a quantitative scale, the resulting configuration is no ttem D
longer a graph, but a proportional area chart in which the item E 5.1
size/areas of the data graphics are proportional to the data Proportional area bar chart
elements they represent. See Proportional Chart. with no quantitative scale

Column graph

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. 91 2 %3 ‘94 ‘65

This type of graph is sometimes referred
to as a bar graph. In this book it is
classified as a column graph.




Base Line Sometimes referred toasa rqferencc ® TBudget used as base fine 50
or datum. The base line is a line, 5 5 %
plane, or point on a chart, graph, or 2 4] 2 .
. c
map from which other values or 'é ad S 20
. . =]
information are compared, u% ’ S0
i S 104
referenced, or rpeagured. In many N & o< Sea lovel used as.
cases the base line is zero. Other base line or datum
o T—T T -10
values are also used such as budget, Jan Feb ' Mar | Apr ' May Example of a zero
prior performance, industry average, Example of a nonzero base line used on
an arbitrary elevation, sea level, efc. base line used on a graph an elevation map
Base 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.
Statistical information
7 in the form of framed [‘r’-’\?
Natural feature rectangles Northem
Northem Territory ﬂ
o Territory Q?S,?Qs' ‘ﬂ' ‘H’ Waestem Queenslan
m
Australia South — Asgt‘rlgl‘ia
Australia New + -—
South ‘i} ‘i
Wales Legend Leg;M
Victoria ﬂ» «H— i ﬂ, J} i i
Man-made features 0 200 400 i 0 200 400
Base map with natural Statistical map consisting of a
and man-made features Attribute information base map with attribute

information superimposed
An fliustration of how attribute data is superimposed on a base map to form a statistical map

Bathtub 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 o |—Nomal expected life of product ]

first goes into service. Uniform periods of ® ) f,g;}g;%s.
time are measured along the horizontal axis £ Early failures ggp"g‘g’}'a';@*
and the percent of failures for each period of § \<

time are plotted on the vertical axis. The

higher failure rates at the left of the graph Time —»

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.

Bathymetric Map A bathymetric map is a map that portrays the form of the land (floor or bed) below the

and surface of a body of water. Looked at another way, a bathymetric map indicates the depth of

Bathymetric Contour Lines  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.

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

Bell shaped curve
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Belt Chart

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 L
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.

< || O{0O|lw|w G ||~ )
PAs Headings apply to both
g 5 g g g 5 g g g o rows and columns
City A 151940 37| 5 |24 |43 [ 19 &G
CiyB{ 15 24|13 4 [0 [11[30[10 ml®™ o
CityCl 19|24 28|24 15[ 153415 wlm( &«
CityD| 40 | 13128 0] l15]aalis] 1770 &/«
CiyE[37| 4 [24] 10 B[Z{3 [ 11 10 & o
CiyF| 5 |10 15 [ 26 [ 33 30|30 [18] | S [10 115136 ]33 o
CityG| 24 [ 11|15 | 15 | i2 | 30 92| |24l 15115 [12 30 c'§$
ICity H 43 | 30 [34 | 34 [31 [39 [ 19 21| {43 |30 [34 [34 |31 39 |19 -~
Cyl j19f10]15]15]11 6] 2]21 wlw || [njwel2 (a1]
Fuli 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
into which a set of data is divided for purposes
of generating any one of several data
distribution graphs or maps. An example of a
graph using bins is shown at the right. See 501

Histogram and Frequency Polygon for a 0 ﬁ/ ¥ -
discussion of bins used with graphs and itniduats oroubed into bint based on sce.

o ! ‘ Individuals grouped into bins based on age
Statistical Map for bins used with maps. Graph using bins

150+ Bins

Number _gt people
8

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.

D%‘gfni?" Yo% Event#2 Dg‘gisnit"" Yis»‘ Event #4 Dgc(:)i?ni{m Ye ! Event #5 —ﬂ Event #6
#1 #2 #3
No No No
Event #1 Event #3 Stop

Horizontal binary decision diagram




Bivariate A subcategory of multivariate. A chart, graph, map, group of data, etc., with two variables.

=

Block Chart A variation of a unit chart. A block chart is a chart used for Coooog [T
representing quantities of things by making the number of O —
geometric symbols displayed proportional to the quantity of things [

1

being rgpresented. For example, 50 cars might be depicted by E;;sau;re— Each cube .-

displaying five symbols, where each symbol represents 10 cars. fepresents 1 ropresents

Block charts might be two- or three-dimensional. See Unit Chart. E;;:neples of blocf(acr:sharts
Block Diagram 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 . Assemble

blocks representing five key elements. Developideaor | | - dement

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 productand | | 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- -
Develop idea or Raise capital » management ities, product, b:!::?;:s
concept team and work force

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
the purpose of the block diagram is simply to indicate
Function A m} such thipgs as relative physical location or the existence

of marginally related ideas, or information, there may be
—1 no interconnecting lines (below). Block diagrams
generally address the broad overview of a subject. When
they become detailed descriptions of the subject, they are

Function C

' many times referred
if,“gggf,’gn‘fg ot to as flow charts, Engine Passenger || Luggage
with others process charts, or compartment|compartment| (compartment
Block diagram using multiple procedural charts.

Block dia%ram of a typical automobile

geometric shapes to encode showing the location of major elements

additional information

Block Diagram Map When three-dimensional maps represent portions of a larger entity, they are
sometimes referred to as block diagram maps (examples below). Originally
hachures and outlines were used
to generate such maps. Today
most are of the fishnet or shaded
relief type. The sides of the
block sometimes display
geological information or details
on man-made structures such as
tunnels, sewers, shelters, etc.

Z-axis

Block Map 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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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 g=w‘ Q ;,(’.,'

soil, agricultural usage, wetlands, efc., are ‘E..i“’jg"“ Blots o
identified with filled areas. The size and shape ‘ “'-“ <7 X7 filled areas

—' .—e“\:§ designate

B

of the filled areas generally approximate the T} > such things
entities they represent. The meaning of the fills 2 pesource a -!!“' as nature
is explained in a legend. Bl Resource B 7" Blot map

Hl Resource C

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

Boldface
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 ™——. word or a few words will be put in boldface.
ﬁ'rﬁ%&f':ggr—_" Occasionally single letters are bolded, such as the first letter of the first
Halics word in a paragraph. Boldface can apply to any type size, plain or
in boldface ————» italicized.
Borderl 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 ﬁ‘ 1986 SALES MEETING
* Chart border/frame .
* Map border/frame (sometimes referred to as neat line) 141
» Table border/frame 124
» Graph border/frame (sometimes referred to as grid border, box, ) o
rectangle, plot area border, scale line, label axis, scale axis, or axis) 64
» Data graphic border/frame
* The area outside of a graph, map, ta_lble, or diagram. > (": I—I
is sometimes called border or margin 1990 1991 1992 1993
* Legend border/frame > Legend
. No?e border/frame p| Notes m
Also see Frame. Borders/frames
Border? On maps, the term border sometimes Neat line —|
and has a definition that encompasses

Border Line

. ) Grid labels —__|
more than just one line. When used

in this way, the term border includes Border line ——
the neat line, the border line (a Border - includes neat

3 : X line, border line, and
second line Ol}ts1de of the neat line) anything in between
and the material between the two such as labels
lines, including any labels.

An illustration of how the
term border is sometimes
used with maps

DT RVRONT TR TTBET

10 —
Border Plot Sometimes referred to as a marginal frequency L. S —
distribution graph. Border plots are used for displaying 8} . L=
the distribution of data along one axis of a two-axis L R
graph by putting a plot of the data in the margin/border 6 . S . . =
of the graph. The technique, normally used with scatter v e N t =
graphs, can be applied to one or both axes. The graphic 4 - S : =
displays in the borders might be one of a number of s .. —
different types including one-axis point graphs, stripes, ,| « . ¢ =
boxes, or histograms. An example is shown at the right. . . . —
See Marginal Frequency Distribution Graph. ol " . . : =
2 4 6 8 10
Two border plots used with a
scatter graph
Bottom Sometimes referred to as a floor or platform. The Vertcalor Zaxis

term bottom is used to identify the lower plane of a 7XandY axes

three-dimensional graph.
Bottom, floor, or platform

Bottom on a three-dimensional graph




Box Graph
or
Box Diagram

or
Box Plot

or

Box-and-Whisker Plot
and

Box Symbol

An individual box symbol summarizes the Gl * <— Individual data points
distributio_n of data within a data set. For I —— T <— 90th or 95th percentile
example, if the times it takes 25 people to do a 64 » .e—— Referred to as whisker
task are measured, only the average of the § § . <— 75th percenrtti.I'e e
. c - upper quartiie

measurements would typically be shown. By 3 g § pRera

. . L >
using a box symbol, in addition to the average '3‘324{ < ] <— Average/mean '
value, a significant amount of other R § 3 <«— 50th percentile - median
. . . . . =
information about the distribution of the 6.1 ¢ § 25th percentile
measurements can also be encoded, as shown N <— -lower quartile (LQ)

. . @ }¢—— Referred to as whisker
at right. A box symbol con§1sts ofa r;ctangle f I 101h or 5th percentile
(box) that generally has a line extending from 20 + <— Individual data points
both ends (whiskers). The ends of the rectangle
generally designate the 25th and 75th Individual box symbol

percentiles of the data set. The ends of the lines projecting from the rectangle generally
designate the Sth 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., Sth 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.

Key measures indicated Example of symbol

Average,10th, 25th, 75th and 90th percentiles 10,' h E—_l:] gml h
Average, 5th, 25th, 75th and 95th percentiles 5t|h I l l 9|5th

Average, 25th percentile, 75th percentile, p——D:l——|
minimum and maximum Mi M

Average, median, 25th percentile, 75th
percentile, plus one standard deviation, and
minus one standard deviation -18D +18D

Median, plus and minus one standard deviation,

minimum and maximum i

m aximu Min. -4SD; ;. : +1SD Max.
Average, median,10th, 25th, 75th, and 10th N 90th
90th percentiles, plus markers . . }—o—m——oﬂ * *
indicating plus and minus one, two, 38D 25D 18D +1SD +2SD  +3SD

and three standard deviations .

Average, 5th, 25th, 75th, and 95th percentiles,
plus individual points beyond the 5th and 95th ~ °© st 95; ° 0

percentiles

Average, 5th, 25th, 75th, and 95th percentiles. [ 1 | l

Sometimes referred to as a percentile graph 4
5th 1 95th
25th percentile
Average / mean

Median
75th percentile

Examples of potential variations in box symbols
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Box Graph

or

Box Diagram

or

Box Plot

or

Box-and-Whisker Plot
and

Box Symbol

(continued)

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

6 —-

1 11T T 1
0 2 4 6 8 10
24 Horizontal

0~ Vertical

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.

24
0 0 0
Variations in the width of whiskers

———Symbols at ends of whiskers

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.

10 T 10 W 10 W 10-} 10 W
8 8 8- 8 8 -
6 6 6 6 ﬁ 6]
4] 4 4 4 4]
2 2] 2 2 2]
0 0 0 04 0.
Nothingat  Ticksat  Ticks only, Symbols Box
end of end of no at end of replaces
whiskers whiskers  whiskers whiskers whiskers

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.

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

T T T T T 1

A'e'c'DTE'FTe"HTI T
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

Averages

i
?

1

1991 | 1992 | 1993 | 1994 !
Clustered or grouped box graph




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 E . T

varied to encode additional information, as § i

shown at right. Box widths might be 2 Male

proportional to such things as the size of the f;’ 1 vae

sample represented by the box, the size of the i

entire family of data from which the sample Female Fermale

yvas taken, ma.rket share,.or ‘relatlve o Profession A Profession B

importance. Either quantitative or qualitative Grouped box graph in which the box

characteristics might be encoded. 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 "fwhed s;\r\]/ae?aegi

. . verage
shading, as shown at the right. Confidence
The two ends of the notch or intervals ‘

s e o .. that are .
shading indicate the two limits of within the — e —» le—
the confidence interval. This rectangle Confidence Contidence

. . interval interval
communicates to the viewer that, p
although, due to such things as Confidence »—D:[—1

i that extend
sample size, the average value beyond the o o
shown may not be the average of rectangle intorcal bl

the entire family from which the
sample was taken, there is a 90%

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

12
10 Confidence
interval out-
8- - Average| side the
25th & 75th
6 percentiles
47 [ Average
24 Confidence interval
inside the 25th &
Y T T T 75th percentiles

A B c D
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.

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.

Box graph and point graph combined

When additional detail on the distribution of the data
is desired, the actual data points are sometimes
superimposed over the box symbol as shown at the
right. In this way the viewer can see the summary
information of the box plot as well as the distribution

o[ —EE b

and clustering of the actual data points. Either dots or o 10 0 @ 4

stripes can be used in this application.

lllustration 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.

Cc

A B
=C-30XH =C-15XH )

* % [ BN

V\. /
Different symbols indicate

the ranges in which outlying
data points are located.

Low hinge

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

Median

D E F
! =D+15XH =D+3.0XH

A ' ]

-«
H = Hspread \

e e e
Different symbols indicate

the ranges in which outlying
data points are located

High hinge

(equal to the median
of the data elements
between the highest The largest data point

value in the data set  between the high hinge and a
and the median of value equal to the high hinge
the entire data set) plus 1.5 times the Hspread




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

point. The same concept and graph can also be
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 of the variables on the vertical
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,
though both yield the same result.

Dollars

Profit

|

: Volume that
1, must be soldto
(" reach break-
| even point
|
T
I
I
I
]

Fixed
costs

] i

Units sold (volume)
Example of typical break-even graph

Dollars

Profit

& )
Break-even point S Fixed

costs

Variable
costs

Volume that
must be sold to
reach break-
even point

1
|
I
|
|
1
i
|
I
|

L
Units sold (volume)

Alternate variation of break-even graph

- Broken Line Graph Sometimes referred to as a segmented line, fever, thermometer, or 84
zigzag graph. A broken line graph is a variation of a line graph in 8-
which the data points are connected by straight lines as shown at *1
the right. 21
Broken line graph © “yon Tue wed T F1
Brushing Sometimes referred to as querying. A technique used to relate data points, in a graph or

60

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.




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 6
encode one or more 5+
additional variables by 4.
means of the bubble ;|
symbol. Bubble
graphs might be two-
or three-dimensional,

10

-
O
O

o)
O

14 1 5

. —
as shown in the '91 ‘92 '93 '94 ‘95 0t 2 3 4 5 8 Nl
examples at the right. Line graph Point graph Three-dimensional
Two-dimensional bubble graphs bubble graph

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,

as shown in the comparison at e
. ® o . . theleft Toenable the viewer to f Linsaror ©
o 05 :;L |1e-:5 decode the quantitative O logarithmic scale
p:oponional to the information, a legend is LA 2 %mgasu""g circle
values they represent  5rovided, the values are shown Y\
. ’ Qe O the bubbles, or the circles are 3 “ @
20 10 5 25125 codedand across reference is 8 @
sr'gggrgf)g;f’g?ﬁ . included. Examples of legends yurew—— (DExamples v
values they represent  are shown at the right. « All in the circles selected values
Comparison of shown

positive or negative values can

bubbles bases on Various ways the values of the
diameters and areas b€ encoded by means of bubbles bubbles might be indicated

— but not mixtures of the two.

Bubbles representing qualitative variables :,_,'0 Eacem
When bubbles are used to convey qualitative or o8 region
ordinal information, only a fixed number of § o (—O ° —(OD— Wegem
different sizes of circles is generally required. In 3 6 o region
the example at the right, each bubble represents = ° O
the sales/expense information for a different sales 3 ° 0, 6 o Nr%';?:,:“
person. The sizes of the bubbles indicate what gz T O O
region the sales person is assigned to. Since there g || Southem

(=

2 4 6 8 10 region
Sales in millions of $
Bubble graph with quatitative information
encoded into bubbles

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 600 Tyiree major categories of expenses
& s00

Multiple variables can be encoded by using pie 3 400

charts as the bubbles. The pie charts might be E’ 3001

all the same size or still another variable can be g 200

encoded by varying the sizes of the pie charts ‘g’ 100

similar to the techniques discussed above. =

1991 1992 1993 1994 1995
Multiple variables encoded into bubbles

General When opaque bubbles are @

10 used, there is the risk of
e

8

.

4

some of the circles being O
hidden. One solution is to
make the bubbles transparent
as shown at right.

2 Opaque circles Transparent circles

cloe Transparent bubbles with Transparent bubbles are sometimes used

® > 4 & s 1o dotsattheir centers are to assure that all bubbles are visible.
Dots in the centers help  sometimes used in conjunction with grid lines to enable the viewer
determine the locations lv d ine th t locati f the dat int. A
of data points more to more accurately determine the exact location of the data point. An

accurately. example is shown at the left.

R

P
ALY
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Buffer Map

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-
Line around which corridor buffer is drawn

mile radius of the proposed
new site (called a ring
buffer). If one is studying
crime along a highway, a
buffer might be established
to collect data on crimes
committed one mile on
either side of the highway
(called a corridor buffer).
In still other cases, the
buffer zone might be
irregularly shaped and
defined by natural and/or
man-made features, such
as express ways, ravines,
political boundaries, etc.

Corridor buffer - A buffer parallel to
a line such as a road, river, state

¥ border, etc.

See example at right.

Ring buffer - A circular buffer
around a point such as an
intersection, proposed store site,
school, etc.

Muitiple 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
bufters are drawn are nomally
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

g Buffer map local streets are used.

; Multiple buffers can be used in conjunction with
one another. There is no limit as to how many
bufters can be used in the same map.

Buffers can be displayed within a larger map, as shown
above, or as a stand-alone map, as shown at the left. It is
\ common for buffers to be used inside of buffers. For
example, if someone wants to open a liquor store within a
one-mile radius of a given point they might draw a circle
with a radius of one mile. If there is a restriction that liquor
stores can not be located within one block of a school,
smaller buffer zones might be drawn around each school, as
Stand alone buffer map with a shown at the left. « Buffers do not have to be symmetrical,
smalier buffer zone drawn within it can be shaded or colored, and sometimes include
dimensions and statistical data on the map.

Build Chart

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
appeared. A similar technique
can be used with graphs, maps,
diagrams, etc.

Sales Strategy

v More sales calls

Sales Strategy

v More sales calls
Vv Bigger incentives

Sales Strategy

v More sales calls
v Bigger incentives
v More backup

Build chart #1

Build chart #2

Build chart #3

Build charts in which each chart includes the material from
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.
Bullets are a
variation of dingbats.

* Encode additional information (e.g., time, optional, new, etc.)
* 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;

however, any symbol is Picnic Agenda || Picnic Ag'e.r'\da P!i’;:f,’; aAmg';vir;ga
iti » Aduit activities o Adult activities .
acceptable. In addition to 9Bingo
highlighting individual poi « Cookout o Cookout oDancing
1ghlighting individual points, « Races « Cookout
different symbols can be used to * Races « Table games . R?g:
encode information into the * Table games * Youth activities « Table games
indi i . iviti © Moring activi « Youth activities
;;harlt orft 0 l;dlcat.e dlfoeIﬁm Youth activities L Af::g:'lr'io%rila azi%y ©OSwimming
eve’s of indentation. . u et. Example where the Example where Example where
charts are used extensively in same symbol is used  information is encoded  differant symbols are

presentations.

for the entire chart

into the symbols

used for indents

Variations of bullet charts




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.

112% 14 20 10 100%
108% 127 o,
" o] 154 8 80%
104% 84 104 6 60%
100% 100% 67 ] 4 40%
96% ;_ . 51 2 20%
92% 0 L — 0 T 0 0%
; 1991 0246810 0246081 13578911315 ABCDEF
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.

25 36

10 3 60
5 \ 50 20 %] i
; @ el e o gy |
4 ! % 10 33 f '
20 [ m
2 01 10 54 2
0 -1 0 . o - 3t -
Time —» JMAMJJ Time —» Sample —» Time —»
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.

Business Matrix

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.

I
[~
=

Product B People [ Problem
\ 5 < | Product A oriented @ Smith solving
K=J oriented
I . @ Green
Company A £ u:
4 ‘g‘, g
> Company B ?_, £ % Adams @ @ Story
T3 % 3 ProductC | 3
3 83 c
c 2 = o
8 0
2 Comp. =] 3
NS a N 8 Kelly @
‘Company z [ @ White
D 3 Product D
1 Self Goal
Low oriented oriented
1 2 3 4 5 High Medium Low Low B —- 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
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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.

. Inventories
In most cases, if no word
description is g{iven,
addition is implied Accounts Assets
Receivable
Fixed
Assets
Sales as %

Words instead of mathematical of assets
symbols are used to describe (tumover)
the mathematical operation ~~—_ - Before tax

performed. Multiplied By retum on
Operating

Operating Assets
Divided By

Divided By

7

Total
Assets

Material
Costs

Factory
Overhead

Cost of
Goods Sold

Selling
Expenses

General

Expense

profit as %
of Sales

Minus
Calculating chart for determining

Total Costs
& Expenses
return on assets

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
— Helps in explaining and trouble shooting variations in the final result
— Defines the areas, departments, indicators, etc., that impact the end result
using different calculation methods.
The complexity of a calculation chart depends on its intended purpose. If, for example, the
diagram might have had only three boxes — one each for operating profit, total assets, and
- return on assets (as shown at the left). If, on the other hand, its
Operating
assets, it might have broken each of the categories down even
further. Fixed assets might have been broken into land, facilities,
chart for calculating return ~ Taw 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
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
- Values in thousands of dollars
internally or externally controlled, value '"‘éi"g;’;es Sties
increasing or decreasing, etc. The
Receivable Plus Divided By
vertically and use arrows or plain lines. $6,334 Total Assets
.. $11,
planned values, specification values, or $1.216
combinations of different types of data Example indicating how actual dollar amounts can

— Shows the elements that go into the final result
— Shows by the use of multiple charts, how the same result can be arrived at by
purpose of the above chart was to show the simplest way to calculate return on assets, the
purpose was to show more of the elements that affect return on
Divided By
- . equipment, and vehicles. Inventories might have been itemized as
Simplest form of calculation quip g
value of each element to give the viewer a feel for the actual size of each element and its
g
responsible, over or under budget,
Current Assets
$46,255
diagrams might run horizontally or Jcoounts 312425 }
Data included may be actual values, Cash Fixed Assots $24,371
such as planned and actual values be included in boxes along with headings

Calculation Graph

Sometimes referred to as a nomograph, nomogram, or alignment ~.
graph. A calculation graph is designed to solve an equation

involving three or more variables. Graphs consist of three or more
scales arranged so that a straight line crossing all the scales

intersects the scales at values that satisfy an equation. The graph at
the right satisfies the equation A + B = C (e.g., 8 on scale A plus 5

on scale B equals 13 on scale C). See Nomograph.
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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,

40 40 i

weeks, and months are among J - Both vertical and

+ horizontal grid lines are
the most frequently used. One 38 - frequently used
symbol represents each time . £
; ; ; 36 - 36
interval. Vertical price scales i - [ The symbols consistently
can be shown on the left side, , display opening price,

. . o34 34 closing price, highest
right side, or both. Because of & ¢] T price, agg lt%west price for
. m
the width of the charts, the 34k T M qe e periedthe sy

fact that most charts include T 43 |+ i L‘- [

30 Vertical axis scales are
large amounts of data, and the ] » | \ generally in dollars. The
fact that usually the greatest 28 '» fi: 28 fg;;ztrrrl\'n%zt pr?l gr:/eee:{i :;I
interest is in data on the right . ' - scale may be on both
side of the chart, two vertical 26 T 26 Setes o e graph or only
scales or a single scale on the Time -

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

period of time. It is generally called the

Open - The top of 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 designated by the top of the rectangle \ closing value if the
rectangle is filled Referred to as upper rectangle is unfilled.
/ shadow or wick T,

The filled body of the
symbol is a strong
graphical indicator that

the closing price of the —»
stock during that period
was lower than the
opening price.

Referred to as real body. In some

cases two different colors are used
instead of black and white. Typically

the width of the rectangle has no —»
significance. Occasionally, however,

it iIs proportional to the volume of

shares sold during that period.

\ Referred to as Iower/
Close - Th% bottom of the \ shadow or wick
rectangle designates the Low - The bottom of the vertical line
°]°s't"9 Vlah.’e f',f"":f designates the lowest price for which that
rectangie is fiiea. particular stock sold for in that period of
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.

The unfilled body of the
symbol is a clear
graphical indicator that
the closing price of the
stock during that period
was higher than the
opening price.

Open - The bottom of the
rectangle designates the
opening value if the
rectangle is unfilled.

. " Closethe | Openthe |Open, low, | Openthe |Open the same
relati P"rf.e 5"'059 higher t(':_.'°s° lower| sameas | sameas [andclosealll sameas |aslow and close
elationship | than open anopen | high low the same close the same as high

Bar symbol
configuration
Candlestick
configuration
and name

assot;\l’z;\ttheg Spinning top when Shaved Shaved |Grave stone Doji Close cut

real is small head bottom

A comparison of bar and candlestick symbols for similar sets of data
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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 .

N T' ‘1 Zi | . b
m—pM!' HO I’ 1 lh' m-p]“ﬂllw | }J rhl'
1 " e ll -
19-ﬁ ﬂ 19_} “

Candlestick chart

Bar chart

A comparison of a candlestick chart and bar chart using the same data

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.
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Examples of patterns used for analyzing candlestick charts




Candlestick Chart

Graphical methods to assist in the interpretation of candlestick charts

(continued) Since candlestick charts contain the same data 25
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
| |
é] T * TT 17 T T T T T T T T T
+ ? 4 11 18 25 1 8 1B 2 1 8
27 }\ H Candlestick chart with resistance
line, trend lines and channel
ni L I |
20 Scales, gird lines, insets, frames, and
volume charts are handled on candlestick
19 ﬁ charts the same as they are on bar charts.
00 An example of a volume chart used in
50, N . . \
1 Volume chart conjunction with a candlestick chart is
26,0001 l l l ) l l shown at the left. See Bar Chart -
ETnnnninim
1 8 15 2 29
Time —»
Candlestick price chart and volume chart combined
Caption 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-
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 14---1
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.

44 --- .This data point has
3 , coordinates 2,4
2 This data point has

coordinates 5,1
------ ®

gl Y
o V1——F—7—7—+— X-axis
Sap 123458

24 :

Y . o 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
form to present a specific type of information. For
example, if the key purpose of a subway map is to
match terminal numbers with the towns in which they
are located, unnecessary information such as miles
between stations, the direction the train travels from
point to point, etc., is not shown. Distances, sizes, or
shapes are frequently distorted to make the key
message easier to understand. Distorted maps, strip
maps, and diagrammatic maps are sometimes
classified as cartograms.

Terminal 1 Terminal 4
City G City A
Teém ingl 5
ity

Terminal 2 Tran('s:%ri(atbf\/
City F Hub
Terminal 3 \

City E ) Terminal 6
Terminal 7 CityC
City D

Cartogram matching city names with
terminal numbers and showing
general locations for a subway system
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Cartoon Faces

Sometimes called faces or Chernoff faces. Cartoon

faces are icons that are occasionally used as d h
symbols to encode three or more variables into

charts, graphs, maps, or icon comparison displays. ~ . .

The variables are encoded by assigning values, E,‘;;’:gg}f?o Earsizomay  Face size may

characteristics, etc., to variations in facial features. V;"ab'e"l\ h Vafﬁab_'el? X VaﬁaP‘i th
xample of how facial features might be
See Chernoff Faces. used to encode variable information

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

-
=2

o 12
slices passed through a three-dimensional scatter graph. E 6
The purpose of casement displays is to assist in the £ %
analysis of data with three variables by summarizing the >4 2 %
data incrementally along one of the variables/axes. An 0 i s §
example of a casement display is shown below. In 8 2 e B A

e
Standard three-dimensional

addition, two graphs are shown at the right to illustrate )
scatter graph with drop lines

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.
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18 L 25
N SRPIR g
2 2 i Sy
@ [ j@ 8| | = IS\
] 2
s, 2, 0l *
Ages 13
HE H i Ages 14 >
o I N raTET o e Y T & below %3519 Ages 20° ¥
Variable 1 Variable 1 Variable 1 Age & above
Ages 13 & below Ages 14 to 19 Ages 20 & above

Same data as in the scatter graph
above, except that the data points
are condensed into three planes
along the age axis

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

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 (inore money
coming in than going out) until more than Phase

halfway into the growth phase. A companion Developmentl Introduction|  Growth [ Maturity | Decline
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 e tures
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
some of the data series.

Sales

Dollars

Cash flow

IO —p+
A

Time ——»
Cash flow graph for projecting and/or tracking key
financial figures through the phases of a program

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
category scales are not quantitative. Each word or number
defines a distinct category which contains one or more entities.
In other words, a category might refer to one man or to many
men. See Scale.

1
Com IBaets' F’easI Rice'Beans

Category scale. Sometimes
called qualitative or nominal
scale.




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
N Manuals
> Training
/ Maintenance
Capital
Design P

In-house

Tools

Cannot meet noise
specification

Get wet
Documentation

Not updated

Damaged in process

Rough handling

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.

Clarity

Precision Availability
Fixtures
People

Personnel

Getwet

Drawings Specifications  paps

Rough handlin,
9 9 Cannot meet noise

Availability specification

Personnel Testing

Parts
Vendors Personnel

Documentation
Not updated

Gages

Source

Same objective as above, except clusters have been arranged differently and without arrows

Raw material

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
Sy . or contributors
: Clarity |
Lowest level of | : Precision “Availability
potential { |
contributors are < | Drawings ! Fixtures
sometimes called i P
roblem or
root causes. : e Spec'rlications: Personnel objective
| Avallsbiity \ | a0 ! Supervision: Produce a
quieter
T product
Bones, branches, or category lines Spine

Terminology sometimes used with cause-and-effect diagrams 69




Ceiling or top

Ceiling Sometimes referred to as a top. The term ceiling is Vertical or Z-axis
used to identify the upper plane of a three- L-X and Y axes
dimensional graph.

Ceiling on a three-
dimensional graph
1990 | 1991 | 1992 | 1993

Cell2 The area of a table or chart ModelA | 19 | 18 | 15 | 18
defined by the intersection of M°d°:2 2 65 6 4 Q rcrggésgh?hzrea
arow and a column. Mode 5 5 71 5 ] itorssction of a

Model D 8 10 9 | 12 ?oluré\gdand a romtll
sha gray in the
ModelE | 13 17 | 12 | 125 oxample).

Cell? Sometimes referred to as a class, class 200

interval, group interval, or bin. Cells are the 1 Cells

-
a
?

groupings into which a set of data is divided
for purposes of generating any of several data
distribution graphs or maps. An example of a
graph using cells is shown at the right. See

8

Number of people
8

.//./l

(=]
L

Histogram and Frequency Polygon for a

201020 ' 301039 ' 401049 ' 501050 ' 601089 ' 701079
Individuals grouped into cells based on age
Graph using cells

discussion of cells used with graphs. See
Statistical Map for use with maps.

Center Stepped Line Graph

10%

A variation of stepped line graph in which the plot symbols are ::Z_
located in the center of the horizontal portions of the curve, as 4%
opposed to being located at the right, left, or at both ends. See also % ]
Line Graph. o

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 torecast [ Favorable A '95 greater than '96

B —Tipofarrow is April forecast I Untavorable [T '96 greater than '95

a 100 100

@ Unfav.

- Measure A m Fav.

£ =] Bl * mL

Z 60 1 Measure B 60 Uﬁ' " Fav.

b i

g M @& | D

Q pasure C

: _

'é 2 Measure D m ®

©w O T T T T T T T 0 T — T

® May Jun  Jul  Aug 0 20 40 60 80 100 In:ex Intéex Ingex lngex
Arrows indicate the direction Color, shading, or pattemns Color, shading, or pattems
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
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Characteristic Diagram

Sometimes referred to as a cause-and-effect diagram. See Cause-and-Effect Diagram.




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.

f S Major Categories of Charts
" Graph (plot) Map Diagram Table Other Charts
| >
3 °<'g
fi res Quantitative Spatial and - Preciseness of . .
Koy o patterns and directional il;l‘?:qula?tltatlhvie information and Br"ﬁ:rse qfe.pert:dl’rtlg
comparisons relationships rrelationships ease of reference pecilic cha
Primary Function Examples are shown below
. Area graph
Bar graph Contour map
Shows patterns Circle graph Demographic map Analytical table lcon comparison display
ahilor P Column graph Distorted map Bidirectional table Pie chart
relationshins of Line graph Elevation map General table Proportional chart
i antltatlvgsdata Nomograph Prism map Quantitative table Ranking chart
® 2’[ point in time Polar graph Shaded map Reference table Unit chart
i Radar graph Smooth statistical map Spreadsheet Venn diagram
£ ?q?tter graphh Weather map
€ rilinear grap!
3 Area graph
o ( Candlestick chart . Comparative chart
Shows patterns. Cash flow graph Analytical table Ieon comparison displa
P play
and/or Column graph General table ; .
latlonships of grap Quantitative table Point & figure chart
re Control chart Proportional chart
quan