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Preface

OVERVIEW

Human computer interaction (HCI) evolved as arecognized discipline that attracts innovation and creativity.
Forthe last 25 years, itinspired new solutions, especially for the benefit of the user as ahuman being, making
the user the focal point that technology should serve rather than the other way around. The advent of the
Internet, combined with the rapidly falling prices and increasing capability of personal computers, among
other things, made the 1990s a period of very rapid change in technology. This has major implications on HCI
research and advances, where peoples’ demands and expectations as users of technology increased.

There is currently no agreement upon definition of the range of topics which form the area of human-
computer interaction. Based on the definition given by the ACM Special Interest Group on Computer-Human
Interaction Curriculum Development, which is also repeated in most HCI literature, the following is
considered as an acceptable definition:

Human-computer interaction is a discipline concerned with the design, evaluation and implementa-
tion of interactive computing systems for human use in a social context, and with the study of major
phenomena surrounding them.

A significant number of major corporations and academic institutions now study HCI. Many computer
users today would argue that computer makers are still not paying enough attention to making their products
“usable”. HCI is undoubtedly a multi-disciplinary subject, which draws on disciplines such as psychology,
cognitive science, ergonomics, sociology, engineering, business, graphic design, technical writing, and, most
importantly, computer science and system design/software engineering.

Asadiscipline, HCl isrelatively young. Throughout the history of civilization, technological innovations
were motivated by fundamental human aspirations and by problems arising from human-computer interac-
tions. Design, usability and interaction are recognised as the core issues in HCI.

Today, profound changes are taking place that touch all aspects of our society: changes in work, home,
business, communication, science, technology, and engineering. These changes, as they involve humans,
cannot but influence the future of HCI since they relate to how people interact with technology in an
increasingly dynamic and complex world. This makes it even more essential for HCI to play a vital role in
shaping the future.

Therefore, preparing an encyclopedia of HCI that can contribute to the further development of science
and itsapplications, requires not only providing basic information on this subject, butalso tackling problems
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thatinvolve HCI issues inawider sense, for example, by addressing HCI in and for various applications, that
is, e-learning, health informatics, and many others.

CHALLENGES, CONTENT AND ORGANISATION

The following are some challenges inthe HCI field, which were taken into consideration when compiling this
encyclopedia:

. HCl is continually evolving with the fast change in technology and its cost. We, therefore, covered basic
concepts/issues and also new advances in the field.

. The need to strike a balance between covering theory, methods/models, applications, experiences, and
research. The balance was sought to provide a rich scientific and technical resource from different
perspectives.

. The most important purpose of an encyclopediain a particular discipline is to be a basic reference work
for readers who need information on subjects in which they are not experts. The implication of “basic”
is that an encyclopedia, while it should attempt to be comprehensive in breadth of coverage, cannot
be comprehensive in the depth with which it treats most topics. What constitutes breadth of coverage
isalwaysadifficult question, and itis especially so for HCI, arelatively new discipline that has evolved
over the past three decades and is still changing rapidly.

. An encyclopedia should, however, direct the reader to information at a deeper level, as this
encyclopedia does through bibliographic references, indexed keywords, and so forth.

. This encyclopedia differs from other similar related references in that it covers core HCI topics/issues
(that we see in most standard HCI books) as well as the use of HCI in various applications and recent
advances and research. Thus the choice of specific topics for this encyclopedia has required our
judgment of what is important. While there may be disagreement about the inclusion or exclusion of
certain topics, we hope and believe that this selection is useful to a wide spectrum of readers. There
are numerous articles that integrate the subject matter and put it into perspective. Overall, the
encyclopedia is a general reference to HCI, its applications, and directions.

In order to meet these challenges, we invited professionals and researchers from many relevant fields
and expertise to contribute. The resulting articles that appear in this volume were selected through a double-
blind review process followed by rounds of revision prior to acceptance. Treatment of certain topics is not
exclusive according to agivenschool or approach, and you will find a number of topics tackled from different
perspectives with differing approaches. A field as dynamic as HCI will benefit from discussions, different
opinions, and, wherever possible, a consensus.

An encyclopedia traditionally presents definitive articles that describe well-established and accepted
concepts or events. While we have avoided the speculative extreme, this volume includes a number of entries
that may be closer to the “experimental” end of the spectrum than the “well-established” end. The need to
do so is driven by the dynamics of the discipline and the desire, not only to include the established, but also
to provide a resource for those who are pursuing the experimental. Each author has provided a list of key
terms and definitions deemed essential to the topic of his or her article. Rather than aggregate and filter these
terms to produce a single “encyclopedic” definition, we have preferred instead to let the authors stand by
their definition and allow each reader to interpret and understand each article according to the specific
terminology used by its author(s).

Physically, the articles are printed in alphabetical order by their titles. This decision was made based on
the overall requirements of Idea Group Reference’s complete series of reference encyclopedias. The
articles are varied, covering the following main themes: 1) Foundation (e.g., human, computer, interaction,



XVi

paradigms); 2) Design Process (e.g., design basics, design rules and guidelines, HCI in software develop-
ment, implementation, evaluation, accessible design, user support); 3) Theories (e.g., cognitive models, social
context and organisation, collaboration and group work, communication); 4) Analysis (e.g., task analysis,
dialogue/interaction specification, modelling); and 5) HCI in various applications (e.g., e-learning, health
informatics, multimedia, Web technology, ubiquitous computing, mobile computing).

This encyclopedia serves to inform practitioners, educators, students, researchers, and all who have an
interest in the HCI field. Also, it is a useful resource for those not directly involved with HCI, but who want
to understand some aspects of HCI in the domain they work in, for the benefit of “users”. It may be used
as a general reference, research reference, and also to support courses in education (undergraduate or
postgraduate).

CONCLUSION

Human computer interaction will continue to strongly influence technology and its use in our every day life.
Inorderto help develop more “usable” technology that is “human/user-centred”, we need to understand what
HCI can offer on these fronts: theoretical, procedural, social, managerial, and technical.

The process of editing this encyclopedia and the interaction with international scholars have been most
enjoyable. This book is truly an international endeavour. It includes 109 entries and contributions by
internationally-talented authors from around the world, who brought invaluable insights, experiences, and
expertise, with varied and most interesting cultural perspectives in HCI and its related disciplines.

Itis my sincere hope that this volume serves not only as a reference to HCI professionals and researchers,
but also as a resource for those working in various fields, where HCI can make significant contributions and
improvements.

Claude Ghaoui
Liverpool John Moores University, UK
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INTRODUCTION

According to Raskin (2000), the way we interact
with a product, what we do, and how it responds are
what define an interface. This is a good starting
definition in one important respect: an interface is
not something given or an entirely predefined prop-
erty, but it is the dynamic interaction that actually
takes place when a product meets the users. More
precisely, an interface is that interaction that medi-
ates the relation between the user and a tool explain-
ing which approach is necessary to exploit its func-
tions. Hence, an interface can be considered a
mediating structure.

A useful exemplification of amediating structure
is provided by the so-called stigmergy. Looking at
the animal-animal interactions, Raskin (2000) noted
that termites were able to put up their collective nest,
even if they did not seem to collaborate or commu-
nicate with each other. The explanation provided by
Grasse (Susi et al., 2001) is that termites do interact
with each other, even if their interactions are medi-
ated through the environment. According to the
stigmergy theory, each termite acts upon the work
environment, changing it in a certain way. The
environment physically encodes and stores the
change made upon it so that every change becomes
a clue that affects a certain reaction from it. Analo-
gously, we might claim that an interface mediates
the relation between the user and a tool affording
him or her to use ita certain way*. Understanding the
kind of mediation involved can be fruitfully investi-
gated from an epistemological point of view. More
precisely, we claim that the process of mediating can
be understood better when it is considered to be an
inferential one.

BACKGROUND

Several researchers (Kirsh, 2004; Hollan et al.,
2000) recently have pointed out that designing inter-
face deals with displaying as many clues as possible
from which the user can infer correctly and quickly
what to do next. However, although the inferential
nature of such interactions is acknowledged, as yet,
no model has been designed that takes it into ac-
count. For instance, Shneiderman (2002) has sug-
gested that the value of an interface should be
measured in terms of its consistency, predictability,
and controllability. To some extent, these are all
epistemological values. In which sense could an
interaction be predictable or consistent? How can
understanding the inferential nature of human-com-
puter interaction shed light on the activity of design-
ing good interfaces? Here, the epistemological task
required is twofold: first, investigating what kind of
inference is involved in such an interaction; and
second, explaining how the analysis of the nature of
computer interaction as inferential can provide use-
ful hints about how to design and evaluate infer-
ences.

Regarding both of these issues, in both cases we
shall refer to the concept of abduction as a keystone
of an epistemological model.

THE ROLE OF ABDUCTION IN
DESIGNING INTERFACES

More than one hundred years ago, Charles Sanders
Peirce (1923) pointed out that human performances
are inferential and mediated by signs. Here, signs
canbeiconsor indexes butalso conceptions, images,
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and feelings. Analogously to the case of stigmergy,
we have signs or clues that can be icons but also
symbols and written words from which certain con-
clusions are inferred.

According to Peirce (1972), all those perfor-
mances that involve sign activities are abductions.
More precisely, abduction is that explanatory pro-
cess of inferring certain facts and/or hypotheses that
explain or discover some phenomenon or observa-
tion (Magnani, 2001). Abductions that solve the
problem at hand are considered inferences to the
bestexplanation. Consider, for example, the method
of inquiring employed by detectives (Eco & Sebeok,
1991). In this case, we do not have direct experience
of what we are taking about. Say, we did not see the
murderer Killing the victim, but we infer that given
certain signs or clues, a given fact must have hap-
pened. Analogously, we argue that the mediation
activity brought about by an interface is the same as
that employed by detectives. Designers that want to
make their interface more comprehensible must
uncover evidence and clues from which the user is
prompted to infer correctly the way a detective
does; this kind of inference could be called infer-
ence to the best interaction.

We can conclude that how good an interface is
depends on how easily we can draw the correct
inference. A detective easily can discover the mur-
derer, if the murderer has left evidence (clues) from
which the detective can infer that that person and
only that person could be guilty. Moreover, that an
inference could be performed easily and success-
fully also depends upon how quickly one can do that.
Sometimes, finding the murderer is very difficult. It
may require a great effort. Therefore, we argue that
how quick the process is depends on whether it is
performed without an excessive amount of process-
ing. If clues are clear and well displayed, the infer-
ence is drawn promptly. As Krug (2000) put it, it
does not have to make us think.

In order to clarify this point even more, let us
introduce the important distinction between theoreti-
cal and manipulative abduction (Magnani, 2001).
The distinction provides an interesting account to
explain how inferences that exploit the environment
visually and spatially, for instance, provide a quicker
and more efficient response. Sentential and manipu-
lative abductions mainly differ regarding whether
the exploitation of environmentis or isnot crucial to
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carrying out reasoning. Sentential abduction mostly
refers to a verbal dimension of abductive inference,
where signs and clues are expressed in sentences or
in explicit statements. This kind of abduction has
beenapplied extensively inlogic programming (Flach
& Kakas, 2000) and in artificial intelligence, in
general (Thagard, 1988).

In contrast, manipulative abduction occurs when
the process of inferring mostly leanson and isdriven
by the environment. Here, signs are diagrams, kines-
thetic schemas, decorated texts, images, spatial
representations, and even feelings. In all those ex-
amples, the environmentembodies clues that trigger
anabductive process, helping to unearth information
that otherwise would have remained invisible. Here,
the exploitation of the environment comes about
quickly, because it is performed almost tacitly and
implicitly. According to that, many cases have dem-
onstrated that problem-solving activities that use
visual and spatial representation, for instance, are
quicker and more efficient than sentential ones. We
can conclude that, in devising interfaces, designers
have to deal mostly with the latter type of abduction.
Interfaces that lean on the environment are tacit and
implicit and, for this reason, much quicker than
sentential ones.

Investigating the activity of designing interfaces
from the abductive epistemological perspective de-
scribed previously helps designers in another impor-
tant respect: how to mimic the physical world within
a digital one to enhance understanding.

As we have seen previously, the environment
enables usto trigger inferential processes. But it can
dothatifandonly if it can embody and encode those
signs from which one can infer what to do next. For
example, if youare working in your office and would
appreciate a visit from one of your colleagues, you
can just keep the door open. Otherwise, you can
keep it closed. In both cases, the environment en-
codes the clue (the door kept open or closed), from
which your colleagues can infer whether you do or
don’t want to be disturbed. Here are the questions
we immediately come up: How can we encode those
signs in a digital world? How can we enrich it so as
to render it capable of embodying and encoding
clues?

The question of how to enrich the digital world
mainly concerns how to mimic some important fea-
tures of the physical world in the digital one. Often,
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common people refer to an interface as easy-to-use,
because itis more intuitive. Therefore, we don’t need
to learn how the product actually works. We just
analogically infer the actions we have to perform
from ordinary ones. More generally, metaphors are
important in interface design, because they relate
digital objects to the objects in the physical world,
with which the user is more familiar.?

In the history of computer interface, many at-
tempts have been made to replace some physical
features in the digital one. For instance, replacing
command-driven modes with windows was one of
the most important insights in the history of technol-
ogy and human-computer interaction (Johnson, 1997).
It enabled users to think spatially, say, in terms of
“where is what | am looking for?” and not in terms of
“Wat sequence of letters do | type to call up this
document?”

Enriching the digital world deals to some extent
with faking, transforming those features embedded
in the physical world into illusions. For example,
consider the rule of projection first invented by
Filippo Brunelleschi and then developed by such
painters as Leon Battista Alberti and Leonardo da
Vinci. In Peircean terms, what these great painters
did was to scatter those signs to create the illusion of
three-dimensional representations. It was a trick that
exploited the inferential nature of visual construction
(Hoffman, 1998).3

Now, the question is, how could we exploit infer-
ential visual dimensions to enhance the interaction in
the digital world? In the window metaphor, we do not
have rooms, edges, or folders, such as in the physical
world. They are illusions, and they are all produced
by an inferential (abductive) activity of human per-
ception analogously to what happens in smashing
three to two dimensions. Here, we aim at showing
how visual as well as spatial, temporal, and even
emotional abductive dimensions can be implemented
fruitfully inaninterface. Roughly speaking, we argue

that enriching the digital world precisely means
scattering clues and signs that in some extent fakes
spatial, visual, emotional, and other dimensions,
even if that just happens within a flat environment.

We argued that the nature of signs can be verbal
and symbolicaswell as visual, spatial, temporal, and
emotional. In correspondence with these last cases,
one can recognize three abductive dimensions: vi-
sual, spatial, and emotional abduction.* We will
discuss each of them in detail, providing examples
taken from Web designs.

Abductive Inference

Visual dimension is certainly one of the most ubig-
uitous features in Web interaction. Users mainly
interact with Web pages visually (Kirsh, 2004;
Shaik etal., 2004). Here, signs and clues are colors,
textsize, dotted lines, text format (e.g., bold, under-
line, italics); they convey visual representations and
can assign weight and importance to some specific
part. Consider, for example, the navigation menuin
Figure 1.

Here, colors, capital letters, and text size provide
visual clues capable of enhancing the processing of
information. The attention immediately is drawn to
the menu header that represents its content (con-
ference and research); capital letters and colors
serve this function.

Then, the dotted list of the same color of the
menu header informs the user about the number of
the items. Hence, the fact that items are not marked
visibly as menu headers gives a useful overview
(Figure 2). Once the user has chosen what to see
(conference or research), he or she can proceed to
check each item according to his or her preference
(Figure 3).

In this example, the user is guided to draw the
correct inference; it enables the user to understand
what he or she could consult.

Figure 1.
CONFERENCES: RESEARCH
« MBR98 * Logic
« MBRO1 » Philosophy of Science
 MBRO4 » Epistemology and Foundations of Mathematics

« E-CAP2004_ITALY

» Visual and spatial reasoning




Figure 2.
I CONFERENCES: RESEARCH
* L]
L] -
L] L]
L] L]
Figure 4.

Conferences: MBR98, MBRO1, MBRO4, Ecap2004; Research: Logic,
Philosopy of Science, Epistemoogy and Foundations of Mathematics

Figure 6.

-hash-2.05h% rm note.txt

In contrast, consider, for example, the same
content represented in Figure 4.

In this case, even if the content is identical, the
user does not have any visual clue to understand
what he or she is going to consult. The user should
read all the items to infer and, hence, to understand,
that he or she could know something about past and
future conferences and about the research topics. If
one stopped the user’s reading after the third item
(MBRO04), the user could not infer that this page
deals also with philosophy of science, with episte-
mology, and so forth. The user doesn’t have enough
clues to infer that. In contrast, in the first example,
the user is informed immediately that this Web site
contains information about conferences and re-
search.
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Figure 3.
- MBROL .
- MBRO4 .
- E-CAP2004_ITALY

Figure 3.

Spatial Abductive Inference

As already mentioned, the windows metaphor is
certainly one of the most important insights in the
history of interface technology. This is due to the
fact that, as Johnson maintains, it enables the user to
think in terms of “where is what | am looking for?”
and not in terms of “what sequence of letters do |
type to call up thisdocument?” asinacommand line
system (Johnson, 1997). The computer becomes a
space where one can move through just double-
clicking on folders or icons, or dragging them. The
difference isdescribed well in Figure 5and Figure 6.
In Figure 5, the file named note.txt is deleted by
dragging it to the bin (i.e., the task of deleting is
accomplished by amovementanalogous to that used
in the physical setting). Whereas, in Figure 6, the
task is carried out by typing a command line com-
posed by the command itself (=, which stands for
remove) and the file to be deleted (note.rxt).
Indesigning Web pages, spatial dimension can be
mimicked in other ways. One of the most well known
examples is represented by the so-called zab. Tabs
usually are employed in the real world to keep track
of something important, to divide whatever they
stick out of into a section, or to make it easy to open
(Krug, 2000). In a Web site, tabs turn out to be very
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Figure 7.

.

b)

important navigation clues. Browsing a Web site,
users often find themselves lost. This happens espe-
cially when the Web pages they are consulting do not
provide spatial clues from which the user can easily
infer where he or she is. For instance, several Web
sites change their layout almost on every page; even
if provided with a navigation menu, they are not
helpful at all. In contrast, tabs enhance spatial
inference in one important respect.

Consider the navigation bar represented in Fig-
ure 7.

Inthis example, when the user is visiting a certain
page (e.g., a homepage) (Figure 7), the correspon-
dent tab in the navigation bar becomes the same
color of the body page. As Krug (2000) noted, this
creates the illusion that the active tab actually moves
to the front. Therefore, the user immediately can
infer where he or she is by exploiting spatial relations
in terms of background-foreground.

Emotional Abductive Inference

Recently, several researchers have argued that
emotion could be very important to improve usability
(Lavie & Tractinsky, 2004; Norman, 2004; Schaik &
Ling, 2004). The main issue in the debate is how
could emotionally evocative pages help the user to
enhance understanding?

Here, abduction once again may provide a useful
framework to tackle this kind of question. As Peirce

Figure 8.
[' wiven, searchengnesaich, com could not be found. Please check the name and by again
o

(1923) putit, emotionisthe same thing as a hypothetic
inference. For instance, when we look at a painting,
the organization of the elements in colors, symme-
tries, and content are all clues that trigger a certain
reaction.

Consider, for example, the way a computer pro-
gram responds to the user when a forbidden opera-
tion is trying to be performed. An alert message
suddenly appears, often coupled with an unpleasant
sound (Figure 8).

In this case, the response of the system provides
clues (sounds and vivid colors such as red or yellow)
from which we can attribute a certain state to the
computer (being upset) and, hence, quickly react to
it. Moreover, engaging an emotional response ren-
ders that reaction instantaneous; before reading the
message the user already knows that the operation
requested cannot proceed. Thus, a more careful
path can be devised. Exploiting emotional reactions
also can be fruitful in another respect. It conveys a
larger amount of information. For instance, univer-
sity Web sites usually place a picture of some
students engaged insocial activity ontheir homepage.
This does not provide direct information about the
courses. However, thistriggers a positive reaction in
connection with the university whose site is being
visited. Any way icons are drawn aims at emotion-
ally affecting the user. Even if they do not strictly
resemble the physical feature, they can prompt a
reaction. Consider the icon in Figure 9.

The winded envelope suggests rapidity, quick-
ness, and all the attributes that recall efficiency and
trustworthiness.

FUTURE TRENDS

In the last section, we have tried to provide a sketch
about the role of abduction in human-computer
interaction. Several questions still remain. We have
illustrated some examples related to visual, spatial,
and emotional abduction. However, other abductive

Figure 9.




aspects can be addressed. For instance, it would be
useful to investigate the temporal dimension. How is
it possible to keep good track of the history of a
user’s actions?

Another question is related to the role of meta-
phors and analogies in designing interfaces. We
have pointed out that metaphors are important in
interface design, because they relate the digital
objects to the objects in the physical world. How-
ever, the physical objects that we may find in the real
world also are cultural ones; that is, they belong to a
specific cultural setting. Something that is familiar in
a given context may turn out to be obscure or even
misleading in another one. Here, the task required is
to investigate how cultural aspects may be takeninto
account to avoid misunderstandings.

CONCLUSION

In this article, we have claimed that interfaces play
a key role in understanding the human-computer
interaction. Referring to it as a mediating structure,
we also have shown how human-computer interac-
tions can be understood better using an inferential
model. The interface provides clues from which the
user can infer correctly how to cope with a product.
Hence, we have referred to that inferential process
as genuinely abductive. In the last section, we
suggested possible future trends relying on some
examples from Web interfaces design.
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KEY TERMS

Abduction: The explanatory process of infer-
ring certain facts and/or hypotheses that explain or
discover some phenomenon or observation.

Affordance: Can be viewed as a property of an
object that supports certain kinds of actions rather
than others.

Enriching Digital World: The process of em-
bedding and encoding those clues or signs within an
interface from which the user is enabled to exploit
the functionalities of a certain product.

Inference to the Best Interaction: Any inter-
face provides some clue from which the user is
enabled to perform the correct action in order to
accomplish tasks with a product. The process of
inferring the correct action can be called inference
to the best interaction.

Interface: The way a user interacts with a
product, what he or she does, and how it responds.

Mediating Structure: What coordinates the
interaction between a user and a tool providing
additional computational resources that simplify the
task.

Stigmergy: The process that mediates the inter-
action between animals and animals through the
environment and provides those clues from which
any agent is able to infer what to do next.

ENDNOTES

! The concept of affordance is akin to that of
stigmergy. We might say that the change stored
within the environment affords a certain reac-
tion rather than others. For more information
about the concept of affordance, see Gibson
(1979).

2 There are several problems related to meta-
phors in interface design. For further informa-
tion on this topic, see Collins (1995).

8 About the inferential role of perception, see
Thagard and Shelley (1997).

4 For further details about visual, spatial, and
temporal abduction, see Magnani (2001). About
emotion as an abductive inference, see Peirce
(1972).
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INTRODUCTION

Nowadays, the use of computers and Internet in
education isonthe increase. Web-based educational
systems (WES) are now widely used to both provide
support to distance learning and to complement the
traditional teaching process in the classroom.

To be very useful in the classroom, one of the
characteristics expected ina WES is the ability to be
aware of students’ behaviors so that it can take into
account the level of knowledge and preferences of
the students in order to make reasonable recommen-
dations (Hong, Kinshuk, He, Patel, & Jesshope,
2001).

The main goal of adaptation in educational sys-
tems is to guide the students through the course
material in order to improve the effectiveness of the
learning process.

Usually, when speaking of adaptive Web-based
educational systems, we refer also to adaptable
systems. Nevertheless, these terms are not really
synonyms. Adaptable systems are abundant (Kobsa,
2004). In these systems, any adaptation is pre-
defined and can be modified by the users before the
execution of the system. In contrast, adaptive sys-
tems are still quite rare. In adaptive systems, any
adaptation is dynamic which changes while the user
is interacting with the system, depending on users’
behaviors.

Nowadays, adaptable and adaptive systems re-
cently gained strong popularity on the Web under the
notion of personalized systems. A system can be
adaptable and adaptive at the same time.

In educational context, adaptable systems in-
clude also those systems that allow the teacher to
modify certain parameters and change the response
that the system gives to the students.

In this situation, we claim that, in educational
context, it is important to provide both types of
personalization. On one hand, it is necessary to let
teachers control the adaptation to students. On the
other hand, due to a great diversity of interactions
that take place in a WES, it is necessary to help
teachers in the assessment of the students’ actions
by providing certain dynamic adaptation automati-
cally performed by the system. Inthisarticle, we will
present how we can obtain adaptable and adaptive
systems. Next, we will briefly present how we
combine both types of personalization in
PDINAMET, a WES for Physics. Finally we will
describe some future trends and conclusions.

BACKGROUND

To provide personalization, systems store the infor-
mation needed in the so-called models for adapta-
tion. These models contain information about users’
characteristics and preferences (the so-called user
model). Educational systems also need information
about the domain that is being taught (the so-called
domain model) and the pedagogical strategies that
will be followed when guiding students (the so-called
pedagogical model). The first systems in incorpo-
rating these models were the Intelligent Tutoring
systems (Wenger, 1987).

These models usually make use of an attribute-
value representation. The value of each attribute
can be obtained directly from the users by means of
initial questionnaires (for example, to acquire per-
sonal data). Other attributes can be directly obtained
from the data that the system logs from the users’
interaction (for example, number of course pages
visited) (Gaudioso & Boticario, 2002). Neverthe-
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less, certain attributes can neither be directly ob-
tained from the user nor from the data logged, and
they must be automatically inferred by the system.

Various methods can be used to infer these at-
tributes (Kobsa, 2004). These methods include simple
rules that predict user’s characteristics or assign
users to predetermined user groups with known char-
acteristics when certain user actions are being ob-
served (the so-called profiles or stereotypes).

The main disadvantage of the rule-based ap-
proach is that the rules (and the profiles) have to be
pre-defined, and so all the process is very static. To
make the process more dynamic, there exist other
methods to obtain the value of those attributes
(Kobsa, 2004). Probabilistic reasoning methods take
uncertainty and evidences from users’ characteris-
ticsand interaction data into account (Gertner, Conati,
& VanlLehn, 1998). Planrecognition methods aim at
linking individual actions of users to presumable
underlying plansand goals (Dario, Méndez, Jiménez,
& Guzman, 2004). Machine learning methods try to
detect regularities in users’ actions (and to use the
learned patterns as a basis for predicting future
actions) (Soller & Lesgold, 2003).

These systems can be considered adaptive since
the adaptation is dynamic and it is not controlled by
users. For example, once arule is defined, it usually
cannot be modified. Another review (Brusilovsky &
Peylo, 2003) differentiates between adaptive and
intelligent WES; authors consider adaptive systems
as those that attempt to be different for different
students and groups of students by taking into ac-
countinformation accumulated in the individual’s or
group’s student models. On the other hand, they
consider intelligent systems as those that apply
techniques from the field of artificial intelligence to
provide broader and better support for the users of
WES. In many cases, Web-based adaptive educa-
tional systems fall into the two categories. Accord-
ing to our classification, both adaptive and intelligent
systems can be considered as adaptive. We think
that our classification is more appropriate from a
user’s point of view. A user does not usually first
care about how the adaptation is being done but if
she or he can modify this adaptation. A complete
description of the personalization process (distin-
guishing between adaptive and adaptable systems)
can be found at Kobsa, Koenemann, and Pohl (2001)
and Oppermann, Rashev, and Kinshuk (1997).

As mentioned earlier, in the educational domain,
it is necessary to let teachers control the personal-
ization process. Thus it seems necessary to combine
capabilities of both adaptive and adaptable systems.

A HYBRID APPROACH TO WEB-
BASED EDUCATIONAL SYSTEMS

In this section, we present PDINAMET, a system
that provides both types of personalization.

PDINAMET is a Web-based adaptive and adapt-
able educational system directed to the teaching of
dynamics within the area of the physics. In
PDINAMET, we maintain three types of models:
studentmodel, domainmodel, and pedagogical model.

Besides personal data, the student model con-
tains information about the students’ understanding
of the domain. The domain model includes informa-
tionabout the contents that should be taught. Finally,
pedagogical model includes information about in-
structional strategies.

In PDINAMET, we consider an adaptation
task as any support provided by the system to
learners and teachers taking into account learners’
personal characteristics and knowledge level. In
PDINAMET, two types of adaptation tasks are
considered: static (that makes PDINAMET adapt-
able) and dynamic (that makes PDINAMET adap-
tive). Static adaptation tasks are those based on pre-
defined rules. These include assigning students to
pre-defined profiles (that can be modified by teach-
ers) in which PDINAMET based certain recom-
mendations (e.g., recommend a suitable exercise).
To come up from the lack of coverage of pre-defined
rules for every situation that could arise during the
course, some dynamic tasks are performed in
PDINAMET. These tasks include: diagnosis of stu-
dentmodels, intelligent analysis of students’ interac-
tions, and recommend instructional strategies
(Montero & Gaudioso, 2005).

FUTURE TRENDS

We have seen that teachers should have access to
the models in order to inspect or modify them. From
this point of view, an open question is how and when
we should present the models to a teacher in a
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friendly and comprehensible manner and how we can
allow interactive refinement to enrich these models.
From the point of view of technology, educational
domain poses some challenges in the development of
adaptive systems. Ineducational domain, there exists
a great amount of prior knowledge provided by
teachers, which must be incorporated in the adapta-
tion mechanisms. As an example, when using ma-
chine learning, it is necessary to efficiently combine
knowledge and data. A long-standing fundamental
problemwith machine learning algorithms is that they
do not provide easy ways of incorporating prior
knowledge to guide and constrain learning.

CONCLUSION

In this article, we have described the differences
between adaptable and adaptive systems. Adaptable
systems allow the users to modify the personalization
mechanism of the system. For example, Web portals
permit users to specify the information they want to
see and the form in which it should be displayed by
their Web browsers. Nevertheless, this process is
very static. On the other hand, adaptive systems
automatically change the response given to the users
taking into account users’ characteristics, prefer-
ences and behavior. In WES, there is a necessity of
combining both capabilities to let teachers control the
guidance given to the students and to help them in the
assessment of the students’ actions. Nevertheless,
there exist some open issues mainly regarding the
way in which we can present the teachers with this
functionality and how we can dynamically introduce
the feedback from the teachers in the models for
adaptation. Probably, if we make progress in this
direction, we will be able to provide teachers with
more useful Web-based adaptive systems.
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KEY TERMS

Adaptable Systems: Systems, which offer per-
sonalization that is pre-defined before the execution
of the system and that may be modified by users.

Adaptive Systems: Systems, which offer per-
sonalization that is dynamically built and automati-
cally performed based on what these systems learn
about the users.

Domain Model: A model that contains informa-
tion about the course taught in a WES. A usual
representation is a concept network specifying con-
cepts and their relationships.

Pedagogical Model: A model that contains
information about the pedagogical strategies which
will be followed when making recommendations.

Personalization: Ability of systems to adapt
and provide different responses to different users,
based on knowledge about the users.

Student Model: A user model in educational
systems that also includes information about the
student, for example, the student’s level of knowl-
edge.

User Model: A model that contains information
about users’ characteristics and preferences.

Web-Based Educational System: An educa-
tional system that supports teaching through the
Web.
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INTRODUCTION

Currently, organizations are under a regime of rapid
economic, social, and technological change. Such a
regime has been impelling organizations to increase
focus on innovation, learning, and forms of enter-
prise cooperation. To assure innovation success and
make it measurable, itis indispensable for members
of teams to systematically exchange information and
knowledge.

McLure and Faraj (2000) see an evolution in the
way knowledge exchange is viewed from “knowl-
edge as object” to “knowledge embedded in people,”
and finally as “knowledge embedded in the commu-
nity.”

The collaborative community isagroup of people,
not necessarily co-located, that share interests and
act together to contribute positively toward the
fulfillment of their common goals. The community’s
members develop a common vocabulary and lan-
guage by interacting continuously. They also create
the reciprocal trust and mutual understanding needed
to establish a culture in which collaborative prac-
tices pre-dominate. Such practices can grasp and
apply the tacit knowledge dispersed in the organiza-
tion, embodied in the people’s minds. Tacit knowl-
edge isaconcept proposed by Polanyi (1966) mean-
ing a kind of knowledge that cannot be easily
transcripted into a code. It can be profitably applied
on process and/or product development and produc-
tion. Therefore, community members can power-

fully contribute to the innovation process and create
value for the organization. In doing so, they become
a fundamental work force to the organization.

BACKGROUND

A collaborative community emerges on searching
for something new. It can rise spontaneously or in
response to a firm request. In both cases, each
volunteer can evaluate whether it is interesting to
become a member of the group or not.

Whenever a firm needs to make a decision
whether it is feasible to develop a new product,
usually it asks its senior engineers (experts) techni-
cal opinionsabout the undertaking. The best solution
depends on information such as: fitness of the cur-
rent production processes considering the new prod-
uct features, design requirements, characteristics of
the materials needed, time constraints, and so forth.
In short, it requires assessment and technical opin-
ions from many firms’ experts.

Depending onthe product’s complexity, priority,
constraints, and so forth, experts start exchanging
opinions with those to whom they truly know to be
competent in the subject. As the forthcoming news
about the new product spreads, a potential collabo-
rative community can emerge and make the firm’s
technical experience come afloat. This occurs as the
experts evaluate how much the firm’s production
processes fit the new product requirements, how
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many similar products it already has designed, what
are the product’s parts that could be assembled on a
partnership schema, and so on. Such opinions strongly
support the decision making process related to the
new product feasibility.

Every community can develop both individual
and collective competence by creating, expanding,
and exchanging knowledge. Mutual collaboration
among members of a community, as well as with
other groups, pre-supposes the ability to exchange
information and to make the knowledge available to
others. Therefore, collaborative communities should
be pervasive, integrated, and supported by the enter-
prise rulesthatlimitand/or direct people’sactionsin
organizations.

Recommender systems (Table 1) search and
retrieve information according to users’ needs; they
can be specialized on users’ profiles or on the users’
instantaneous interests (e.g., when users browse the
Web). “Recommender systems use the opinions of
members of a community to help individuals in that
community identify the information or products most
likely to be interesting to them or relevant to their
needs” (Konstan, 2004, p. 1). By discovering people’s
interests and comparing whether such interests are

Table 1. Recommender systems comparison

the same or similar, recommender systems aid indi-
viduals to form collaborative communities.

Usually, this kind of system is based on artificial
intelligence technologies such as machine learning
algorithms, ontologies, and multi-agent systems. Such
technologies can be used separately or combined in
different ways to find and deliver information to the
people who require it. Ontologies are well-suited for
knowledge sharing as they offer a formal base for
describing terminology in a knowledge domain
(Gruber, 1995; McGuinness, 2001).

Recommender systems can be classified as col-
laborative filtering with and without content analysis
and knowledge sharing. Collaborative filtering with
contentanalysis is based oninformation from trusted
people, which the system recognizes and also rec-
ommends. Examples of this kind of system are:
GroupLens (Konstan et al., 1997), ReferralWeb
(Kautz et al., 1997) and Yenta (Foner, 1999). Col-
laborative filtering without content analysis exam-
ines the meta-information and classifies itaccording
to the user’s current context. It can recommend
multimedia information that otherwise could be too
complex to be analyzed. PHOAKS (Terveen et al.,
1997) is an example of a system that associates

Collaborative filtering

Knowledge |Multi-agent |Uses ontology |Recommends
sharing

With content

Without content
analysis

Recommender systems
analysis

Yenta X
(Foner, 1999)

X Scientific papers

GroupLens X
(Konstan, Miller, Hellocker,
Gordon, & Riedl, 1997)

Usenet news

Referral Web X
(Kautz, Selman, & Shah, 1997)

X Scientists

Phoaks X
(Terveen, Hill, Amento,
McDonald, & Creter, 1997)

X Scientists

OntoShare
(Davies, Dukes, & Stonkus,
2002)

Opinions

QuickStep
(Middleton, De Roure, &
Shadbolt, 2001)

Web pages

OntoCoPI
(Alani, O’Hara, & Shadbolt,
2002)

Communities of
practice

Sheik
(Nabuco, Rosério, Silva, &
Drira, 2004)

Similar profiles
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scientific profiles by chaining bibliographic refer-
ences with no comprehension of the article’s con-
tents.

BUILDING COLLABORATIVE
COMMUNITIES

Thiswork focuses on the building (or establishment)
phase of a collaborative community. It is supposed
that the initial set of candidates to participate in such
a community are already motivated to that purpose;
sociological or psychological elements involved in
their decision are not in the scope of this work.

The question faced is: How to fulfill ademand for
dealing with a particular event that arises and drives
the candidates to search for partners or peers? One
potential collaborative community could emerge, trig-
gered by that event and being composed of a subset
derived from the initial set of candidates. Inside such
subset, the candidates must recognize themselves as
peers, as persons sharing particular interests that
characterize the community.

The selected approach was to develop a
recommender system that can compare candidate’s
profiles and recommend those candidates that share
similar interests as being potential members of a
community. From each candidate, the system must
gather its profile, characterized as a combination of
static information on location (Name, Project, Orga-
nization, Address) and dynamic information on skills,
described as a set of keywords. These profiles are
then processed, aiming attwo objectives: to allow the
automatic organization of the informal vocabulary
used by the candidates into formal knowledge domain
categories and to establish a correlation between
candidates by selecting those with overlapping areas
of interest (formal knowledge domains) enabling the
recommending process.

If a subset of candidates exists, that one shares
one or more knowledge domains. Such a subset is a
potential community, and those candidates are in-
formed of the existence of such acommunity, receiv-
ing information on others candidates’ locations and
on the overlapping knowledge domains. Now candi-
dates can proceed in contacting their potential
peers at will, using their own criteria of personal
networking.

14

One important remark on this process of com-
munity building is that candidates are not forced to
participate in the process, and, if they want to, the
sole requirement is to share their profile with other
candidates. Privacy is a very important issue on the
process of collaboration. Candidates are assured
that their location information will be forwarded
only to the future potential communities, and that
their complete profile will not be publicly available.

An experimental recommender system, named
SHEIK (Sharing Engineering Information and
Knowledge), was designed to act as a community-
building system. SHEIK is based on agents and
ontologies’ technologies and implemented using
Java language. It advises candidates on the poten-
tial collaborative community they could belong to.
Ontologies are used to relate knowledge domains
and a candidate’s profile while agents capture each
candidate’s interests and provide him/her with use-
ful information.

SHEIK ARCHITECTURE

SHEIK was designed in two layers: an interface
layer responsible for gathering candidates’ profiles
and a processing layer that consolidates the data
upon each candidate and enables the process of
peer finding.

The interface layer is composed of a set of
agents, one for each candidate, each agent residing
in the associated candidate’s computer. The agents
use knowledge acquisition techniques to search the
candidate’s workspace (inaway, configured by the
candidate) and communicate results to the process-
ing layer in a timely basis (usually daily). So the
interface agent automatically updates candidate’s
general information to the system, unburdening the
candidate from repetitive tasks he/she is unfamiliar
to. Also, as there is one interface agent for each
candidate, all of the interface agents operate au-
tonomously and in parallel increasing system power.

The processing layer is composed of agents,
named Erudite agents, forming a federation. Each
Erudite agent is associated to a particular knowl-
edge domain and has the ability to process
candidate’s profiles, using a knowledge base, con-
structed over a model that associates one ontology
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(related to its knowledge domain) and a data model
for the candidate’s profiles.

SHEIK BEHAVIOR

For the sake of clarity, let us consider an example of
forming an engineering team to develop a new
productinaconsortium of enterprises. This situation
is becoming frequent and permitting to illustrate
some interesting issues. First of all, the candidates to
compose the collaborative community probably do
not recognize their potential peers. Even if they
could have aninitial idea of the candidates set, based
ontheirsocial interaction inside their own enterprise,
they normally could not have the same feeling out-
side it, as they could not know in advance other
external engineering teams.

Secondly, the use of existing filtering systems,
based on Internettechnologies, is usually notenough
to find candidates for partnership as, because of
privacy, enterprises protect their data about both
engineering processes and personnel qualifications.
Using trial and error procedures for searching the
Web isdifficult because the available information is
unstructured and comes in huge quantities.

From a candidate’s perspective, the functioning
of SHEIK can be described as follows:

After the necessity of creating a new engineer-
ing team for developing a product arises, managers
start a SHEIK system, activating a Erudite agent
containing knowledge in the main area required to
the development process. Each candidate, inside
each enterprise, is informed of SHEIK’s existence
and advised to register into the system. Candidates
do their registration; during this brief process, they
agree to have an interface agent residing in their
machines, to provide location data, and also to
determinate where the agent is allowed to search for
information (usually their computer’s workspace).
The interface agent is started and automatically
analyzes the candidate’s workspace, extracting a
series of keywords that can approximately describe
the candidate’s interests. The agent repeats this
operation periodically (for instance daily), so it can
capture changes in the candidate’s interests, and
forwards the information to the Erudite agent. Many
knowledge acquisition techniques can be used; for
the first prototype, the KEA tool (Witten, Paynter,

Frank, Gutwin, & Nevill-Manning, 1999) from
Waikato University, New Zealand, was selected.

There is one interface agent for each candidate;
they work automatically and asynchronously gather-
ing information on their candidates and pushing it to
the Erudite agent.

The Erudite agent, upon receiving the informa-
tion froma particular interface agent, processes that
information and classifies the candidate (associated
to the agent) into one or more areas from its main
knowledge domain. As already mentioned, many
interface agents are flowing information in parallel
to the Erudite agent, that is continuously updating its
knowledge base. After classifying the candidate, the
Erudite agent is able to perform searches in its
knowledge base and discover for each candidate
who the other candidates are that have related
interests. The result of such a search is a potential
collaborative community in the retrieved sub area,
organized as a list of candidates and their compatible
knowledge sub domains. The candidates pertaining
to that potential community (list) are informed of
their potential peers via an e-mail message. Candi-
dates could analyze the message and decide if they
want to contact the recommended candidates, and,
after some interaction, they could decide to formal-
ize the new community. The Erudite agent uses the
Protégé system (Gennari et al., 2003), developed at
the Stanford Medical Informatics (SMI), Stanford
University, USA. Protégé is an ontology editor and a
knowledge-base editor capable of answering queries.

An experiment demonstrated the potential of
SHEIK as a tool in a scientific environment. It is
envisaged to broaden its use and application in other
domains. SHEIK is being experimented to support
collaboration among scientific researchers, in the
field of manufacturing, involving academic institu-
tions from Brazil (Nabuco et al., 2004).

FUTURE TRENDS

Since the advent of Internet browsers, the amount of
electronic information available has been growing in
an astonishing fashion, but such information some-
times cannot be brought to use in its bare form
because of its lack of structure. Basically searching
engines use syntactic rules to obtain their results;
they do not consider the information within its con-
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text. Efforts are in course to enhance the informa-
tion through some sort of pre-classification inside
knowledge domains, done via “clues” hidden in the
Internet page’s codes. One problem that arises is
that there are too many knowledge domains and inter-
national standardized knowledge classifications are
almost inexistent. This is a challenge too big to be
solved for only one standardization organism. Itmustbe
treated by a diversity of organizations bringing to light
another problem: how to describe knowledge in a way
that permits us to interchange and complement its
meaning among such diversity. Research has been
done in this area but to date no standard for knowledge
representation has found widespread acceptance.

The problem dealt with in this work is building a
collaborative community—such a community being
characterized by having interests pertaining to cer-
tain knowledge domains. The problem of formally
characterizing knowledge domains, aiming to ease
the interaction and interoperation between knowl-
edge systems, is an open issue, and such a problem
is considered as a future path to be followed, having
the use of best practices and de-facto standards as
guidelines.

In particular as the Erudite agents are organized as
a federation, each agent being responsible for one
knowledge domain, itis of interest to study the problem
of knowledge domain determination, a difficult task
because many recognized knowledge domains overlap
with each other (are not self-excluding).

The interface agents were designed to accept
different knowledge acquisition techniques, with
minor code modification; experiencing with some of
those techniques could increase SHEIK’s capacity.

CONCLUSION

An approach for aiding the establishment of a col-
laborative community was proposed, based on the
automatic determination of a candidate’s profile that
can be resolved to knowledge domains (and sub
domains). The use of ontologies was advocated as a
way of formally characterizing the knowledge do-
mains, easing, inacertainway, the job of knowledge
treatment and exchange. As a pre-requisite system,
friendliness was enforced, meaning that the system
to support such an approach must act automatically,
aiding the users (candidates to belong to a new
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community) in the process of finding peers to fulfill
their purposes of collaboration. As a natural out-
come of this requisite, the prototype system was
designed as being a multi-agent system, being scal-
able and capable of autonomous operation.

A prototype system was constructed, using pre-
existing knowledge system and knowledge acquisi-
tion tool, compatible with de-facto standards. In
operation, the system is capable of dynamically
following users’ interests as they change with time,
so it can also aid the self-emergence of new commu-
nities regardless of managers’ requests.

Initial results were encouraging, and a greater
experimentis of course in the manufacturing knowl-
edge domain.
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KEY TERMS

Agent: A software agent is a programmable
artifact capable of intelligent autonomous action
toward an objective.

Collaborative Community: A group of people
sharing common interests and acting together to-
ward common goals.

Erudite Agent: Acts as a broker locating com-
patible candidates according to specific similarities
found in their profiles. Erudite has two roles: one is
upon the requesting of interface agents, it queries its
knowledge base searching for other candidates that
seem to have the same interests; the other, is to keep
its knowledge base updated with the candidate’s
specific information provided by the resident inter-
face agents. In doing so, it implements the process-
ing part of SHEIK system’s architecture.

Filtering: Atechnique that selects specific things
according to criteria of similarity with particular
patterns.

Knowledge Base: A knowledge repository,
organized according to formal descriptive rules,
permitting to perform operations over the repre-
sented knowledge.

Machine Learning: A computer embedded
capability of data analysis with the purpose of ac-
quiring selected characteristics (attributes, patterns,
behavior) of an object or system.

Multi-Agent System: A set of software agents
that interact with each other. Inside this system,
each agent can act individually in cooperative or
competitive forms.

Ontology: In the computer science community,
this term isemployed in the sense of making explicit
the concepts pertaining to a knowledge domain.

Recommender System: A computer program
that aids people to find information by giving recom-
mendations on the searched subject. Itis up tothe user
to select useful data among the recommended ones.

Tacit Knowledge: Means the knowledge that is
embodied in people’s mind, not easily visible and
difficult to be transmitted in words by skilled people.
The conceptwas broughtto the light by Polanyi (1966).
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INTRODUCTION

Traditionally, learning material is delivered in a
textual format and on paper. For example, a learning
module on a topic may include a description (or a
tutorial) of the topic, a few examples illustrating the
topic, and one or more exercise problems to gauge
how well the students have achieved the expected
understanding of the topic. The delivery mechanism
of the learning material has traditionally been via
textbooks and/or instructions provided by a teacher.
A teacher, for example, may provide a few pages of
notes about a topic, explain the topic for a few
minutes, discuss a couple of examples, and then give
some exercise problems as homework. During the
delivery, students ask questions and the teacher
attempts to answer the questions accordingly. Thus,
the delivery is interactive: the teacher learns how
well the students have mastered the topic, and the
students clarify their understanding of the topic. Ina
traditional classroom of a relatively small size, this
scenario is feasible. However, when e-learning ap-
proaches are involved, or in the case of a large class
size, the traditional delivery mechanism is often not
feasible.

In this article, we describe an interface that is
“active” (instead of passive) that delivers learning
material based on the usage history of the learning
material (such as degree of difficulty, the average
score, and the number of times viewed), the student’s
static background profile (such as GPA, majors,
interests, and courses taken), and the student’s
dynamic activity profile (based on their interactions
with the agent). This interface is supported by an
intelligentagent (Wooldridge & Jennings, 1995). An
agent in this article refers to a software module that
isable tosense itsenvironment, receive stimuli from
the environment, make autonomous decisions, and
actuate the decisions, which in turn change the
environment. An intelligent agent in this article
referstoanagentthatis capable of flexible behaviour:

responding to events timely, exhibiting goal-directed
behaviour, and performing machine learning. The
agent uses the profiles to decide, through case-
based reasoning (CBR) (Kolodner, 1993), which
learning modules (examples and problems) to present
to the students. Our CBR treats the input situation as
aproblem, and the solution is basically the specifica-
tion of an appropriate example or problem. Our
agent also uses the usage history of each learning
material to adjust the appropriateness of the ex-
amples and problems in a particular situation. We
call ouragent Intelligent Learning Material Delivery
Agent (ILMDA). We have built an end-to-end
ILMDA infrastructure, with an active GUI front-
end—that monitors and tracks every interaction step
of the user with the interface, an agent powered by
CBR and capable of learning, and a multi-database
backend.

In the following, we first discuss some related
work in the area of intelligent tutoring systems.
Then, we present our ILMDA project, its goals and
framework. Subsequently, we describe the CBR
methodology and design. Finally, we point out some
future trends before concluding.

BACKGROUND

Research strongly supports the user of technology
asa catalyst forimproving the learning environment
(Sivin-Kachala & Bialo, 1998). Educational technol-
ogy has been shown to stimulate more interactive
teaching, effective grouping of students, and coop-
erative learning. A few studies, which estimated the
cost effectiveness, reported time saving of about
30%. At first, professors can be expected to struggle
with the change brought about by technology. How-
ever, they will adopt, adapt, and eventually learn to
use technology effortlessly and creatively (Kadiyala
& Crynes, 1998). As summarized in Graesser,
VanLehn, Rosé, Jordan, and Harter (2001), intelli-
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gent tutoring systems (ITSs) are clearly one of the
successful enterprises in artificial intelligence (Al).
There is a long list of ITSs that have been tested on
humans and have provento facilitate learning. These
ITSsuse avariety of computational modules that are
familiar to those of us in Al: production systems,
Bayesian networks, schematemplates, theorem prov-
ing, and explanatory reasoning. Graesser etal. (2001)
also pointed out the weaknesses of the current state
of tutoring systems: First, it is possible for students
to guess and find an answer and such shallow
learning will not be detected by the system. Second,
ITSs do not involve students in conversations so
students might not learn the domain’s language.
Third, to understand the students’ thinking, the GUI
of the ITSs tends to encourage students to focus on
the details instead of the overall picture of asolution.

There have been successful ITSs such as PACT
(Koedinger, Anderson, Hadley, & Mark, 1997),
ANDES (Gertner & VanLehn, 2000), AutoTutor
(Graesser et al., 2001), and SAM (Cassell et al.,
2000), but without machine learning capabilities.
These systems do not generally adapt to new cir-
cumstances, do not self-evaluate and self-configure
their own strategies, and do not monitor the usage
history of the learning material being delivered or
presented to the students. In our research, we aim to
build intelligent tutoring agents thatare able to learn
how to deliver appropriate different learning mate-
rial to different types of students and to monitor and
evaluate how the learning material are received by
the students. To model students, our agent has to
monitor and track student activity through its inter-
face.

APPLICATION FRAMEWORK

In the ILMDA project, we aim to design an agent-
supported interface for online tutoring. Each topic to
be delivered to the students consists of three compo-
nents: (1) atutorial, (2) aset of related examples, and
(3) aset of exercise problems to assess the student’s
understanding of the topic. Based on how a student
progresses through the topic and based on his or her
background profile, our agent chooses the appropri-
ate examples and exercise problems for the student.
In this manner, our agent customizes the specific
learning material to be provided to the student. Our

design has a modular design of the course content
and delivery mechanism, utilizes true agent intelli-
gence where an agent is able to learn how to deliver
its learning material better, and self-evaluates its
own learning material.

The underlying assumptions behind the design of
our agent are the following. First, a student’s
behaviour in viewingan online tutorial, and how he or
she interacts with the tutorial, the examples, and the
exercises, isagood indicator of how well the student
understands the topic in question, and this behaviour
is observable and quantifiable. Second, different
students exhibit different behaviours for different
topics such that it is possible to show a student’s
understanding of a topic, say, T1, with an example
E1, and at the same time, to show the same student’s
lack of understanding of the same topic T1 with
another E2, and this differentiation is known and can
be implemented. These two assumptions require our
agent to have an active interface—an interface
that monitors and tracks its interaction with the user.

Further, we want to develop an integrated, flex-
ible, easy-to-use database of courseware and
ILMDA system, including operational items such as
student profiles, ILMDA success rates, and so forth,
and educational items such as learner model, domain
expertise, and course content. Thiswill allow teach-
ers and educators to monitor and track student
progress, the quality of the learning material, and the
appropriateness of the material for different student
groups. With the ability to self-monitor and evaluate,
our agent can identify how best to deliver a topic to
a particular student type with distinctive behaviours.
We see this as valuable knowledge to instructional
designers and educational researchers as ILMDA
not only is a testbed for testing hypotheses, but it is
also an active decision maker that can expose knowl-
edge or patterns that are previously unknown to
researchers.

MODEL

Our ILMDA system is based on a three-tier model,
as shown in Figure 1. It consists of a graphical user
interface (GUI) front-end application, a database
backend, and the ILMDA reasoning in between. A
student user accesses the learning material through
the GUI. The agent captures the student’s interac-
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Figure 1. Overall methodology of the ILMDA system
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tions with the GUI and provides the ILMDA reason-
ing module with a parametric profile of the student
and environment. The ILMDA reasoning module
performs case-based reasoning to obtain a search
query (a set of search keys) to retrieve and adapt the
most appropriate example or problem from the data-
base. The agentthen delivers the example or problem
in real-time back to the user through the interface.

Overall Flow of Operations

When a student starts the ILMDA application, he or
she is first asked to login. This associates the user
with his or her profile information. The information is
stored in two separate tables. All of the generally
static information, such as name, major, interests,
and so forth, is stored in one table, while the user’s
dynamic information (i.e., how much time, on aver-
age, they spend in each section; how many times they
click the mouse in each section, etc.) is stored in
another table. After a student is logged in, he or she
selects a topic and then views the tutorial on that
topic. Following the tutorial, the agent looks at the
student’s static profile, as well as the dynamic ac-
tions the student took in the tutorial, and searches the
database for a similar case. The agent then adapts
the output of that similar case depending on how the
cases differ, and uses the adapted output to search
forasuitable example to give to the student. After the
student is done looking at the examples, the same
process is used to select an appropriate problem.
Again, the agent takes into account how the student
behaved during the example, as well as his or her
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background profile. After the students complete an
example or a problem, they may elect to be given
another. If they do so, the agent notes that the last
example or problem it gave the student was not a
good choice for that student, and tries a different
solution. Figure 2 shows the interaction steps be-
tween our ILMDA agent and a student.

Figure 2. GUI and interactions between ILMDA
and students
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Learner Model

Alearner model is one that tells us the metacognitive
level of astudent by looking at the student’s behaviour
as he or she interacts with the learning material. We
achieve this by profiling alearner/student along two
dimensions: student’s background and activity. The
background of a student stays relatively static and
consists of the student’s last name, first name,
major, GPA, goals, affiliations, aptitudes, and com-
petencies. The dynamic student’s profile captures
the student’s real-time behaviour and patterns. It
consists of the student’s online interactions with the
GUI module of the ILMDA agent including the
number of attempts on the same learning material,
number of different modules taken so far, average
number of mouse clicks during the tutorial, average
number of mouse clicks viewing the examples, aver-
age length of time spent during the tutorial, number
of quits after tutorial, number of successes, and so
on.

Inour research, we incorporate the learner model
into the case-based reasoning (CBR) module as part
of the problem description of a case: Given the
parametric behaviour, the CBR module will pick the
best matching case and retrieve the set of solution
parameters that will determine which examples or
exercise problems to pick.

Case-Based Reasoning

Each agent has a case-based reasoning (CBR)
module. In our framework, the agent consults the
CBR module to obtain the specifications of the
appropriate types of examples or problems to admin-
ister to the users. The learner model discussed
earlierand the profile of the learning material consti-
tute the problem description of a case. The solution
is simply a set of search keys (such as the number of
times the material has been viewed, the difficulty
level, the length of the course content in terms of the
number of characters, the average number of clicks
the interface has recorded for this material, etc.)
guiding the agent in its retrieval of either a problem
or an exercise.

Note that CBR is a reasoning process that de-
rives a solution to the current problem based on
adapting a known solution to a previously encoun-
tered, similar problem to the current one. Applied to

our application, the information associated with a
student and a particular topic is the situation state-
ment of a case, and the solution of the case is
basically the characteristics of the appropriate ex-
amples or problems to be delivered to the student.
When adapting, CBR changes the characteristics of
the appropriate examples or problems based on the
difference between the current situation and the
situation found in the most similar case. CBR allows
the agent to derive a decent solution from what the
agent has stored in its casebase instead of coming up
with a solution from scratch.

Case-Based Learning (CBL)

To improve its reasoning process, our agent learns
the differences between good cases (cases with a
good solution for its problem space) and bad cases
(cases with a bad solution for its problem space). It
also meta-learns adaptation heuristics, the signifi-
cance of input features of the cases, and the weights
of a content graph for symbolic feature values.

Our agent uses various weights when selecting a
similar case, asimilar example, orasimilar problem.
By adjusting these weights, we can improve our
results, and hence, learn from our experiences. In
orderto improve our agent’s independence, we want
to have the agent adjust the weights without human
intervention. To do this, the agent uses simple meth-
ods to adjust the weights called learning modules.
Adjusting the weights in this manner gives us a
layered learning system (Stone, 2000) because the
changes that one module makes propagate through
to the other modules. For instance, the changes we
make to the similarity heuristics will alter which
cases the other modules perceive as similar.

Active Graphical User Interface

The ILMDA front-end GUI application is written in
Java, using the Sun Java Swing library. Itis active as
it monitors and tracks every interaction step be-
tween a student and ILMDA. It stores these activi-
ties in its database, based on which the ILMDA
agent maintains a dynamic profile of the student and
reasonsto provide the appropriate learning material.

For our GUI, a student progresses through the
tutorials, examples, and problems in the following
manner. First, the student logs onto the system. If he
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or she is anew student, then a new profile is created.
The student then selects a topic to study. The agent
administers the tutorial associated with the topic to
the student accordingly. The student studies the
tutorial, occasionally clicking and scrolling, and
browsing the embedded hyperlinks. Then when the
student is ready to view an example, he or she clicks
to proceed. Sensing this click, the agentimmediately
captures all the mouse activity and time spent in the
tutorial and updates the student’s activity profile.
The student goes through a similar process and may
choose to quit the system, indicating a failure of our
example, or going back to the tutorial page for
further clarification. If the student decides that he or
she is ready for the problem, the agent will retrieve
the most appropriate one based on the student’s
updated dynamic profile.

FUTURE TRENDS

We expectthe field of intelligent tutoring systems to
make great contribution in the near future as the
intelligent agent technologies are incorporated to
customize learning material for different students,
re-configure their own reasoning process, and evalu-
ate the quality of the learning material that they
deliver to the students. Interfaces that are more
flexible invisualizing and presenting learning mate-
rial will also be available. For example, a tutorial
would be presented in multiple ways to suitdifferent
students (based on students’ background and the
topic of the tutorial). Therefore, an agent-supported
interface thatis capable of learning would maximize
the impact of such tutorials on the targeted students’
groups. Interfaces, with intelligent agents, will be
able to adapt to students timely and pro-actively,
which makes this type of online tutoring highly
personable.

CONCLUSION

We have described an intelligent agent that delivers
learning material adaptively to different students.
We have built the ILMDA infrastructure, with a
GUI front-end, an agent powered by case-based
reasoning (CBR), and a multi-database backend.
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We have also built a comprehensive simulator for
our experiments. Preliminary experiments demon-
strate the correctness of the end-to-end behaviour
of the ILMDA agent, and show the feasibility of
ILMDA and its learning capability. Ongoing and
future work includes incorporating complex learner
and instructional models into the agent and conduct-
ing further experiments on each learning mecha-
nism, and investigating how ILMDA adapts to a
student’s behaviour, and how ILMDA adapts to
different types of learning material.
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KEY TERMS

Active Interface: An interface that monitors
and tracks its interaction with the user.

Agent: A module that is able to sense its envi-
ronment, receive stimuli from the environment, make
autonomous decisions, and actuate the decisions,
which in turn change the environment.

Casebase: A collection of cases with each case
containing a problem description and its correspond-
ing solution approach.

Case-Based Learning (CBL): Stemming from
case-based reasoning, the process of determining
and storing cases of new problem-solution scenarios
in a casebase.

Case-Based Reasoning (CBR): A reasoning
process that derives asolution to the current problem
based on adapting a known solution to a previously
encountered, similar problem to the current one.

Intelligent Agent: An agent that is capable of
flexible behaviour: responding to events timely, ex-
hibiting goal-directed behaviour and social behaviour,
and conducting machine learning to improve its own
performance over time.

Intelligent Tutoring System (ITS): A soft-
ware system that is capable of interacting with a
student, providing guidance inthe student’s learning
of a subject matter.
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INTRODUCTION

Estimated numbers of scientific journals in print
each year are approximately close to 70,000-80,000
(Rowland, McKnight, & Meadows, 1995). Institute
of Scientific Information (I1S1) each year adds over
1.3 million newarticles and more than 30 million new
citations to its science citation databases of 8,500
research journals. The widely available electronic
repositories of scientific publications, such as digital
libraries, preprint archives, and Web-based citation
indexing services, have considerably improved the
way articles are being accessed. However, it has
become increasingly difficult to see the big picture of
science.

Scientific frontiersand longer-term developments
of scientific disciplines have been traditionally stud-
ied fromsociological and philosophical perspectives
(Kuhn, 1962; Stewart, 1990). The scientometrics
community has developed quantitative approaches
to the study of science. In this article, we introduce
the history and the state of the art associated with
the ambitious quest for detecting and tracking the
advances of scientific frontiers through quantitative
and computational approaches. We first introduce
the background of the subject and major develop-
ments. We then highlight the key challenges and
illustrate the underlying principles with an example.

BACKGROUND

In this section, we briefly review the traditional
methods for studying scientific revolutions, and the
introduction of quantitative approaches proposed to
overcome cumbersome techniques for visualizing
these revolutions.

The concept of scientific revolutions was de-
fined by Thomas Kuhn in his Structure of Scientific
Revolutions (Kuhn, 1962). According to Kuhn,
science can be characterized by normal science,
crisis, and revolutionary phases. A scientific revolu-
tion is often characterized by the so-called para-
digm shift.

Many sociologists and philosophers of science
have studied revolutions under this framework, in-
cluding the continental drift and plate tectonics
revolution in geology (Stewart, 1990) and a number
of revolutions studied by Kuhn himself. Scientists in
many individual disciplines are very interested in
understanding revolutions that took place at their
doorsteps, for example, the first-hand accounts of
periodical mass extinctions (Raup, 1999), and
superstring revolutions in physics (Schwarz, 1996).

Traditional methods of studying scientific revolu-
tions, especially sociological and philosophical stud-
ies, are time consuming and laborious; they tend to
overly rely on investigators’ intimate understanding
ofascientific discipline to interpret the findings and
evidence. The lack of large-scale, comparable, timely,
and highly repeatable procedures and tools have
severely hindered the widespread adaptation and
dissemination such research. Scientists, sociolo-
gists, historians, and philosophers need to have readily
accessible tools to facilitate increasingly complex
and time-consuming tasks of analyzing and monitor-
ing the latest development in their fields.

Quantitative approaches have been proposed for
decades, notably in scientometrics, to study science
itself by using scientific methods, hence the name
science of science (Price, 1965). Many expect that
guantitative approaches to the study of science may
enable analysts to study the dynamics of science.
Information science and computer science have
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become the major driving forces behind the move-
ment. Commonly used sources of input of such
studies include a wide variety of scientific publica-
tionsin books, periodicals, and conference proceed-
ings. Subject-specific repositories include the ACM
Digital Library for computer science, PubMed Cen-
tral for life sciences, the increasing number of open-
access preprint archives such as www.arxiv.org,
and the World Wide Web.

THE DYNAMICS OF
RESEARCH FRONTS

Derek Price (1965) found that the more recent
papers tend to be cited about six times more often
than earlier papers. He suggested that scientific
literature contains two distinct parts: a classic part
and a transient part, and that the two parts have
different citation half-lives. Citation half-lives mimic
the concept of half-life of atoms, which is the amount
of time it takes for half of the atoms in a sample to
decay. Simply speaking, classic papers tend to be
longer lasting than transient ones in terms of how
long their values hold. The extent to which a field is
largely classic or largely transient varies widely
from field to field; mathematics, for example, is
strongly predominated by the classic part, whereas
life sciences tend to be highly transient.

The notion of research fronts is also introduced
by Price as the collection of highly-cited papers that
represent the frontiers of science at a particular
point of time. He examined citation patterns of
scientific papers and identified the significance of
the role of a quantitative method for delineating the
topography of current scientific literature in under-
standing the nature of such moving frontiers.

It was Eugene Garfield, the founder of the Insti-
tute for Scientific Information (1SI) and the father of
Science Citation Index (SCI), who introduced the
idea of using cited references as an indexing mecha-
nism to improve the understanding of scientific
literature. Citation index has provided researchers
new ways to grasp the development of science and
to cast a glimpse of the big picture of science. A
citation is an instance of a published article a made
areference to a published item b in the literature, be
a journal paper, a conference paper, a book, a
technical report, or a dissertation. A citation is

directional, @ & b. A co-citation is a higher-order
instance involving three articles, a, b, and b, if we
found both @ & b,and @ & b . Articles b, and b are
co-cited. A citation network is a directed graph,
whereas a co-citation network is an undirected
graph.

Researchers have utilized co-citation relation-
ships as a clustering mechanism. As a result, a
cluster of articles grouped together by their co-
citation connections can be used to represent more
evasive phenomena such as specialties, research
themes, and research fronts. Much of today’s re-
searchin co-citation analysisisinspired by Small and
Griffith’s (1974) work in the 1970s, in which they
identified specialties based on co-citation networks.
A detailed description of the subject can be found in
Chen (2003). A noteworthy service is the ISI Essen-
tial Science Indicators (ESI) Special Topics, launched
in 2001. It provides citation analyses and commen-
taries of selected scientific areas that have experi-
enced recent advances or are of special current
interest. A new topic isadded monthly. Other impor-
tant methods include co-word analysis (Callon,
Law, &Rip, 1986). A fine example of combining co-
citation and co-word analysis is given by Braam,
Moed, and van Raan (1991).

KNOWLEDGE DIFFUSION

Knowledge diffusion is the adaptation of knowl-
edge in a broad range of scientific and engineering
research and development. Tracing knowledge dif-
fusion between science and technology is a chal-
lenging issue due to the complexity of identifying
emerging patterns in a diverse range of possible
processes (Chen & Hicks, 2004; Oppenheimer,
2000).

Just as citation indexing to modeling and visual-
izing scientific frontiers, understanding patent cita-
tions is important to the study of knowledge diffusion
(Jaffe & Trajtenberg, 2002). There are a number of
extensively studied knowledge diffusion, or knowl-
edge spillover, cases, namely liquid crystal display
(LCD), and nanotechnology. Knowledge diffusion
between basic research and technological innova-
tion is also intrinsically related to the scientific
revolution. Carpenter, Cooper, and Narin (1980)
found that nearly 90% of journal references made by
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patent applicants and examiners refer to basic or
applied scientific journals, as opposed to engineering
andtechnological literature. Research in universities,
government laboratories, and various non-profit re-
search institutions has been playing a pivot role in
technological inventions and innovations (Narin,
Hamilton, & Olivastro, 1997). On the other hand,
Meyer (2001) studied patent-to-paper citations be-
tween nano-science and nanotechnology and con-
cluded that they are as different as two different
disciplines.

Earlier research highlighted a tendency of geo-
graphical localization in knowledge spillovers, for
example, knowledge diffusion (Jaffe & Trajtenberg,
2002). Agrawal, Cockburn, and McHale (2003) found
that the influence of social ties between collaborative
inventors may be even stronger when it comes to
account for knowledge diffusion: Inventors’ patents
are continuously cited by their colleagues in their
former institutions.

The Role of Social Network Analysis in
Knowledge Diffusion

Social network analysis is playing an increasingly
importantrole in understanding knowledge diffusion
pathways. Classic social network studies such as the
work of Granovetter (1973) on weak ties and struc-
tural holes (Burt, 1992) provide the initial inspira-
tions. Singh (2004) studied the role of social ties one
step further by taking into account not only direct
social ties but also indirect ones in social networks of
inventors’ teams based on data extracted from U.S.
Patent Office patents. Two teams with a common
inventor are connected in the social network. Know|-
edge flows between teams are analyzed in terms of
patent citations. Socially proximate teams have a
better chance to see knowledge flows between them.
The chance shrinks as social distance increases.
More importantly, the study reveals that social links
offer a good explanation why knowledge spillovers
appear to be geographically localized. It is the social
link that really matters; geographic proximity hap-
pens to foster social links.

The Key Player Problem

The key player problem in social network analysis
is also relevant. The problem is whether a maximum
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or a minimum spread is desired in a social network
(Borgatti & Everett, 1992). If we want to spread, or
diffuse, something as quickly or thoroughly as pos-
sible through a network, where do we begin? In
contrast, if the goal isto minimize the spread, which
nodes in the network should we isolate? Borgatti
found that because off-the-shelf centrality mea-
sures make assumptions about the way things flow
in a network, when they are applied to the “wrong”
flows, they get the “wrong” answers. Furthermore,
few existing measures are appropriate for the most
interested types of network flows, such as the flows
of gossip, information, and infections. From the
modelling perspective, an interaction between flow
and centrality canidentify who gets things early and
who gets a lot of traffic (between-ness). The ex-
ample explained later in this article utilizes the
between-ness centrality metric to identify pivotal
points between thematic clusters.

Analysis Using Network Visualization

Freeman (2000) identifies the fundamental role of
network visualization in helping researchers to un-
derstand various properties of a social network and
to communicate such insights to others. He pointed
to interesting trends such as increasingly higher-
dimensional visualizations, changing from factor
analysis to scaling techniques such as principle
component analysis and correspondence analysis,
more widely used layout algorithms such as spring
embedder, more and more interactive images with
color and animation. He envisaged that the greatest
need for further social network analysis is integra-
tive tools that enable us to access network datasets,
compute, and visualize their structural properties
quickly and easily—all within asingle program! An
increasing number of social network analysis soft-
ware becomes available, including Pajek, InFlow,
and many others.

The information visualization community has
also produced a stream of computer systems that
could be potentially applicable to track knowledge
diffusion. Examples of visualizing evolving infor-
mation structure include disk trees and time tubes
(Chi, Pitkow, Mackinlay, Pirolli, Gossweiler, &
Card, 1998), which display the changes of a Web
site over time. Chen and Carr (1999) visualized the
evolution of the field of hypertext using author co-
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citation networks over a period of nine years. Ani-
mated visualization techniques have been used to
track competing paradigms in scientific disciplines
over a period of 64 years (Chen, Cribbin, Macredie,
& Morar, 2002).

APPLICATIONS

The CiteSpace application is discussed here.
CiteSpaceisan integrated environment designed
to facilitate the modeling and visualization of struc-
tural and temporal patterns in scientific literature
(Chen, 2004b). CiteSpace supports an increasing
number of input data types, including bibliographic
data extracted from the scientific literature, grant
awards data, digital libraries, and real-time data
streaming on the Web. The conceptual model of
Citespace is the panoramic expansion of a series of
snapshots over time. The goal of CiteSpace is to
represent the most salient structural and temporal
properties of a subject domain across a user-speci-
fied time interval T. CiteSpace allows the user to
slice the time interval Tinto anumber of consecutive
sub-intervals T, called time slices. A hybrid network
N.is derived in each 7. The time series of networks

N.provides the vehicle for subsequent analysis and
visualization. Network analysis techniques such as
network scaling can be applied to the time series.
CiteSpace helps the user to focus on pivotal points
and critical pathways as the underlying phenomenon
goes through profound changes. CiteSpace is still
evolving as it embraces richer collections of data
types and supports a wider range of data analysis,
knowledge discovery, and decision support tasks.

An Example of Trend Analysis in
CiteSpace

The example is motivated by the question: What are
the leading research topicsin the scientific literature
of terrorism research? In this case, we expect
CiteSpace will reveal themes related to the after-
math of the terrorist attacks on September 11, 2001,
and some of the earlier ones.

The initial dataset was drawn from the Web of
Science using the query “terrorism.” The dataset
was processed by CiteSpace. Figure 1 isascreenshot
of a resultant visualization, which is a chain of sub-
networks merged across individual time slices. The
merged network consists of two types of nodes: new
terms found in citing articles (labeled in red) and

Figure 1. Emerging trends and clusters in the terrorism research literature (Source: Chen, 2004a)
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Figure 2. Additional functions supported by CiteSpace
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articles being cited in the dataset (labeled in blue).
The network also contains three types of links: term-
term occurrence, article-article co-citation, and term-
to-article citation. The color of alink corresponds to
the year in which the first instance was found. There
are three predominating clusters in Figure 1, labeled
as follows: (A) post-September 11%, (B) pre-Sept
11, and (C) Oklahoma bombing. Automatically ex-
tracted high-fly terms identified the emerging trends
associated with each cluster. Cluster A is associated
With post-traumatic stress disorders (PTSD); Clus-
ter B is associated with heath care and bioterrorism;
and Cluster C is associated with terrorist bombings
and body injuries.

In Figure 2, the merged network shown in
CiteSpace. Purple-circled nodes are high in be-
tween-ness centrality. The red rectangle indicates
the current marquee selection area. Articles in the
selected group are displayed in the tables along with
matching medical subject heading (MeSH) indexing
terms retrieved from PubMed. The nature of the
selected group is characterized by the top-ranked
MeSH major terms—biological warfare (assigned
to 13 articles inthe group). The most frequently cited
article in this group is in the top row of the table by
Franz etal. (2001). Its centrality measure of 0.21 is
shown in the second column.
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The red rectangle in Figure 2 marks an area
selected by the user. The operation is called mar-
quee selection. Each node falls into the area is
selected. In this case, CiteSpace launches instant
search in PubMed, the largest medical literature
resource on the Web. If there is a match, the MeSH
terms assigned by human indexers to the matched
article will be retrieved. Such terms serve as gold
standard for identifying the topic of the article.
Frequently used terms across all articles in the
marquee selection are ranked and listed in the tables
located in the lower right area in the screen display.
For example, the most frequently used MeSH term
for this cluster is biological warfare, which was
assigned to 13 articles in the cluster.

FUTURE TRENDS AND
CONCLUSION

Major challenges include the need to detect emer-
gent trends and abrupt changes in complex and
transient systems accurately and efficiently, and the
need to represent such changes and patterns effec-
tively so that one can understand intuitively the
underlying dynamics of scientific frontiers and the
movement of research fronts. Detecting trends and
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abrupt changes computationally poses a challenge,
especially at macroscopic levels if the subject is a
discipline, aprofession, orafield of study asawhole.
Although many algorithms and systems have been
developed to address phenomena at smaller scales,
efforts aiming at macroscopic trends and profound
changes have been rare. The emerging knowledge
domainvisualization (KDviz) studies the evolution of
a scientific knowledge domain (Chen, 2003). The
need to assemble data from a diverse range of
sources also poses a challenge. IBM’s
DiscoveryLink is a promising example of a middle-
ware approach to address this challenge in the
context of life sciences.

Effective means of visually representing the struc-
tural and dynamical properties of complex and tran-
sient systems are increasingly attracting research-
ers’ attention, butitisstillinan early stage. Scalability,
visual metaphor, interactivity, perceptual and cogni-
tive task decomposition, interpretability, and how to
represent critical changes over time are among the
most pressing issues to be addressed.

There is a wide-spread need for tools that can
help a broad range of users, including scientists,
science policy decision makers, sociologists, and
philosophers, to discover new insights from the
increasingly complex information. As advocated in
Norman (1998), designing task-centered and hu-
man-centered tools is a vital step to lead us to a new
paradigm of interacting with complex, time-variant
information environments. Human-computer inter-
action holds the key to some of the most critical
paths towards integrating the new ways of analysis,
discovery, and decision-making.
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KEY TERMS

Citation Indexing: The indexing mechanism
invented by Eugene Garfield, in which cited work,
rather than subject terms, is used as the part of the
indexing vocabulary.

Knowledge Diffusion: The adaptation of knowl-
edge in a broad range of scientific and engineering
research and development.

Knowledge Domain Visualization (KDviz):
An emerging field that focuses on using data analy-
sis, modeling, and visualization techniques to facili-
tate the study of a knowledge domain, which in-
cludes research fronts, intellectual basis, and other
aspects of a knowledge domain. KDviz emphasizes
a holistic approach to treat a knowledge domain as
a cohesive whole in historical, logical, and social
contexts.

Paradigm Shift: The mechanism of scientific
revolutions proposed by Kuhn. The cause of a
scientific revolution is rooted to the change of a
paradigm, or a view of the world.

Research Fronts: A transient collection of
highly-cited scientific publications by the latest pub-
lications. Clusters of highly co-cited articles are
regarded as a representation of a research front.

Scientific Revolutions: Rapid and fundamen-
tal changes in science as defined by Thomas Kuhn
in his Structure of Scientific Revolutions (Kuhn,
1962).
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INTRODUCTION

HCI has grown up with the desktop; as the special-
ized tools used for serious scientific endeavor gave
way first of all to common workplace and then to
domestic use, so the market for the interface has
changed, and the experience of the user has become
of more interest. It has been said that the interface,
to the user, is the computer—it constitutes the
experience—and as the interface has become richer
with increasing processing power to run it, this
experiential aspect has taken center stage
(Crampton-Smith & Tabor, 1992). Interaction de-
sign has focused largely on the interface as screen
with point-and-click control and with layered inter-
active environments. More recently, it has become
concerned with other modes of interaction; notably,
voice-activated controls and aural feedback, and as
it emerges from research laboratories, haptic inter-
action. Research on physicalizing computing in new
ways, on the melding of bits and atoms, has produced
exciting concepts for distributed computing but si-
multaneously has raised important questions regard-
ing our experience of them. Work in tangible and
ubiquitous computing is leading to the possibility of
fuller sensory engagement both with and through
computers, and as the predominance of visual inter-
action gives way to a more plenary bodily experi-
ence, pragmatismalone no longer seems a sufficient
operative philosophy in much the same way that
visual perception does not account solely for bodily
experience.

Interaction design and HCI in their
interdisciplinarity have embraced many different
design approaches. The question of what design is
has become as important as the products being
produced, and computing has not been backward in
learning from other design disciplines such as archi-
tecture, product design, graphics, and urban planning
(Winograd, 1992). However, despite thinkers writ-
ing that interaction design is “more like art than
science” (Crampton-Smith & Tabor, 1992, p. 37), it
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isstill design with a specific, useful end. Itis obvious,
for example, how user-centered design in its many
methods is aimed at producing better information
systems. In knowing more about the context of use,
the tasks the tool will be put to, and the traits of the
users, it hopes to better predict patterns and trajec-
tories of use. The holy grail in the design of tools is
that the tool disappears in use. Transparency is all;
Donald Norman (1999) writes that “technology is
our friend when itis inconspicuous, working smoothly
and invisibly in the background ... to provide comfort
and benefit” (p. 115).

It is tempting to point to the recent trend for
emotional design as a step in the right direction in
rethinking technology’s roles. Butemotional design
does not reassess design itself; in both its aims and
methods, emotional design remains closely tied to
the pragmatic goals of design as a whole. Both are
concerned with precognition—good tools should be
instantly recognizable, be introduced through an
existing conceptual framework, and exhibit effec-
tive affordances that point to its functionality; while
emotional design seeks to speak to the subconscious
to make us feel without knowing (Colin, 2001).
These types of design activity thus continue to
operate within the larger pragmatic system, which
casts technology as a tool without questioning the
larger system itself. More interesting is the emerging
trajectory of HCI, which attempts to take account of
both the precognitive and interpretive to “construct
a broader, more encompassing concept of ‘usabil-
ity’” (Carroll, 2004, pp. 38-40).

Thisarticle presentsartasacritical methodology
well placed to question technology in society, further
broadening and challenging the HCI of usability.

BACKGROUND

Avrtists work to develop personal visual languages.
They strive toward unified systems of connotative
signifiers to create an artistic whole. They draw and
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redraw, make and remake, engaging directly with
sources of visual and sensory research and with
materials, immanently defining their own affective
responses, and through a body of work present their
world for open reading (Eco, 1989; Eldridge, 2003;
Greenhalgh, 2002). Artists of all kinds commonly
keep notebooks or sketchbooks of ideas for develop-
mentalong with explorations for possible expression
of those ideas. They habitually collect and analyze
source material and work through strands of thought
using sketches and models, simultaneously defining
the aspect of experience they are interested in
representing and finding ways of manifesting that
representation.

What is Represented?

Debate about what is represented in art tends to
highlightissues surrounding Cartesian duality. Com-
monly, processes of depiction and description might
seem, through their use of semiotic systems, to be
centered around the object out there; the desktop
metaphor in HCI is a good example. This apparent
combination of objectivity with the manifold subjec-
tivity involved in reading art poses philosophical
problems, not least of which is the nature of that
which is represented in the work.

Merleau-Ponty defines the phenomenological
world as “not the bringing to explicit expression of a
pre-existing being, butthe laying down of being,” and
thatart is not the “reflection of a pre-existing truth”
but rather “the act of bringing truth into being”
(Merleau-Ponty, 2002, pp. xxii-xxiii). Thus, when
we talk about arepresentation, it should be clear that
it is not symbolic only of an existing real phenom-
enon, whether object or emotion, but exists instead
as a new gestalt in its own right.

Bearing this in mind, we may yet say that the
artistsimultaneously expresses an emotion and makes
comment upon it through the means of the material-
ity of the work. Both these elements are necessary
for art to exist—indeed, the very word indicates a
manipulation. Without either the emotional source
(i.e., the artist’s reaction to the subject matter) or the
attendant comment (i.e., the nature of its material-
ity), there would appear to be “no art, only empty
decorativeness” (Eldridge, 2003, pp. 25-26). This s
where design can be differentiated as pragmatic in
relationto art: although it may be a practice “situated
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within communities, ... anexploration ... already in
progress prior to any design situation” (Coyne, 1995,
p.11), design lacks the aboutness of art, which iswhy
the position for HCI as laid out here is critical as
opposed to pragmatic.

What is Read?

Meaning making is an agentive process not only for
the artist but also for the audience; a viewer in
passive reception of spectacle does not build mean-
ing or understanding in relation to his or her own
lifeworld; the viewer is merely entertained. The
created artwork is experienced in the first instance
as a gestalt; in a successful work, cognitive trains of
thought are triggered, opening up “authentic routes
of feeling” in the viewer (Eldridge, 2003, p.71). The
difficulties in talking about art have been explicated
by Susanne Langer as hinging on its concurrent
status as expression for its maker and as impression
foritsaudience (Langer, 1953). However, thisis the
nature of any language, which is manipulated not just
to communicate explicit information but as a social
activity geared toward consensual understanding
(Winograd & Flores, 1986). The “working through
undertaken by the artist” is “subsequently followed
and recapitulated by the audience” (Eldridge, 2003,
p.70). Just as phenomenology sees language as a
socially grounded activity (e.g., in the speech acts
theory) (Winograd & Flores, 1986), so art as a
language is also primarily a process of activity
among people. The artwork is a locus for discourse,
engaged with ordinary life and, indeed, truth (Farrell
Krell, 1977; Hilton, 2003; Ziarek, 2002), as is phe-
nomenology, expressing and inviting participation in
the social activity of meaning making (Eldridge,
2003; Greenhalgh, 2002; McCarthy & Wright, 2003).
The temptation to see artists’ disengagement from
society as irrelevant to more user-centered prac-
tices is, therefore, misconceived. Empowerment of
the user or audience occurs within both processes,
only at different points, and with ramifications for
the nature of the resulting artifacts. Itis argued here
thatinvolving the user directly in the design process
correspondingly lessens the need for the user to
actively engage with the final artifact and, con-
versely, that removing the user from the process in
turn demands the user’s full emotional and cognitive
apprehension in interaction with the product. The
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user/audience thus is invited into discourse with the
artist and other viewers rather than with themselves,
as the work provides a new ground or environment
for social being.

Simultaneity: How Things Are Read

The way in which artists, their audiences, and users
apprehend artifacts is of central importance to the
way in which HCI may attempt to understand inter-
action. This section briefly introduces a new direc-
tion in phenomenologically informed methodologies
as a promising way forward.

Phenomenology says we cannot step outside the
world, yet this is supposedly what artists do as a
matter of course. People cannot remove themselves
from the worlds they find themselves in, because
those worlds and individuals create each other simul-
taneously through action (Merleau-Ponty, 2002). But
this occurs at a macro level within which, of course,
humans continue to engage in cognitive processes.
The artist indeed does attempt to examine his or her
own sensual and emotional reactions to phenomena
in the world through agentive attention to them and
uses intellectual means to produce sensual work. In
this respect, the artist popularly might be said to stand
back from his or her own immediate reactions, but the
artist does not and cannot be said to step outside of
hisor herworld asaphenomenological unity (Winograd
& Flores, 1986), in which case, the artist more
precisely could be said to be particularly adept at
disengagement within his or her world and practiced
at shifting his or her domain of concern within an
experience:

The emotion is, as Wordsworth puts it, “recollected
in tranquillity”. There is a sense of working
through the subject matter and how it is
appropriate to feel about it ... Feeling here is
mediated by thought and by artistic activity. The
poet must, Wordsworth observes, think ‘long and
deeply’ about the subject, “for our continued
influxes of feeling are modified and directed by
our thoughts. (Eldridge, 2003, p.70)

This process has come to be understood as one of
deeper engagement within the feeling process, within
the forming of consciousness itself. Here is Augusto
Boal, Brazilian theater director, on the technicalities

of acting, echoing contemporary theories of con-
sciousness:

The rationalisation of emotion does not take
place solely after the emotion has disappeared,
it is immanent in the emotion, it also takes place
in the course of an emotion. There is a
simultaneity of feeling and thinking. (Boal, 1992,
p. 47)

This finds corroboration in Dennett’s theory of
consciousness, which likens the brain to a massive
parallel processor from which narrative streams
and sequences emerge, subjected to continual edit-
ing (Dennett, 1991). In light of this, we also might
describe the artist not so much as distanced from his
or her observed world but as practiced at probing
his or her own changing consciousness of phenom-
ena and reflecting on the value of the resulting
narratives.

We have seen, then, thatart is a process not only
of representation butalso of philosophical question-
ing and narrative, and that as a provider of grounds
for discourse and meaning making, it playsa crucial
role in the healthy progression of society. The
question, of course, is how this might be of practical
use to HCI.

FUTURE TRENDS

It goes without saying that we are not all profes-
sional artists, and that of those who are, not all are
able to create successful works like those we have
just attempted to describe. If the description of the
artprocess and its products isa struggle, putting the
theory into action can only be more so. As italready
does in the domain of tools, HCI, nevertheless,
should seek to do two things: to understand the
creation process of this type of computational arti-
factand to understand the perceptions of the people
who interact with them. As a basis of any method-
ology in understanding the arts, Susanne Langer
(1953) pointed to the qualitative and even phenom-
enological, emphasizing the need for us to “know
the arts, so to speak, from the inside ... itis in fact
impossible to talk about art without adapting to ...
the language of the artist” (p. ix). The trend for
phenomenologically informed methodologiesin HCI
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isalso growing. Recent developments, especially in
the growing relations between phenomenology and
cognitive science, are now setting a precedent for a
“first person treatment of HCI ... a phenomenologi-
cally-informed account of the study of people using
... technologies” (Turner, 2004; Ihde, 2002).

Understanding art may not be as daunting as it
first appears. HCI already knows how to conduct
phenomenologically informed inquiries, is used to
methods revolving around the analysis of conversa-
tion and language, and has a history of cross-
disciplinary teams. Product designers frequently are
involved in teams looking at tools; artists and art
theorists now should be able to provide valuable
insight and be placed in teams engaged in the devel-
opment of non-tools. This section now looks at the
work of Anthony Dunne followed by that of the
author as practical examples of putting this broad
approach into practice.

Anthony Dunne

Through conceptual genotypes, Anthony Dunne
(1999) has sought to develop an aesthetics of use
based upon a product’s behavior rather than just its
form, and to extend preconceptions of our “subjec-
tive relationship with the world, our active relation-
ship with other people” (p. 5). Thief of Affections
was conceptualized as being based on an alternative
user persona, an “otaku,” or obsessive individual.
Seeking intimacy, this user would be able to “techno-
logically grope the victim’s heart” (Dunne, 1999, p.
97). Dunne’s (1999) creative process followed two
lines—an investigation of the how, and the what
like. In keeping with his criteria for value fictions as
opposed to science fictions (Dunne, 1999), the tech-
nology had to be believable although not imple-
mented. The final concept has the thief stealing
weak radio signals from unsuspecting victims’ pace-
makers, using the narrative prop developed with a
sensitivity to the connotative aspects of its materials.
The design concept is presented in a series of
photographs rather than as a conventional prototype,
emphasising its “psycho-social narrative possibili-
ties” (Dunne, 1999, p. 100). In this and in a later
work with Fiona Raby can be seen a concern with
bracketing or framing concept designs in such a way
as to encourage the audience both to contextualize
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them within their own lives and to question those
technologized lives. Dunne’s (1999) problems with
audience perceptions of his work when shown in
galleries led to later works like the Placebo project
to be placed with participants within their own
homes over a period of time. The self-selecting
participants, or “adopters” of the products, filled in
application forms detailing experiences and attitudes
to electronic products, and at the end of their allotted
time, they were interviewed (although it is not made
clear if the gallery audience also was interviewed).
Ideas and details from these interviews then were
translated into a series of photographs expressing
the central findings of the project (Dunne & Raby,
2002,2002a).

Interactive Jewelery

This project differs in its process from Dunne’s
(1999) in itsemphasis on source materials and works
through sketches and models (Figure 1) toward a
finished working product: in this case, interactive
jewelery using ProSpeckz prototype technology (see
SpeckNet.org.uk). The aims of the project are to
investigate how contemporary craft as an art disci-
pline may benefit HCI reciprocally. The demonstra-
tion pendant (Figure 2) is fabricated from acrylic,
formica, mild steel, and gold leaf, and interacts with
other pieces in the same series to map social inter-
action, specifically modes of greeting, through dy-
namic LED displays. The design is user-centered
only in the sense that fashion is user-centered; that
is, there is a target audience (a friendship group of

Figure 1. Source and sketches
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Figure 2. Interactive pendant

six women), and common elements of lifestyle and
style preference are observed, including a notable
consumption of art. The designs thus start with
source material of interest to the group (e.g., gar-
dens, landscapes) and bear in mind colors that this
age group more commonly wears (e.g., pale blue,
mauves, greens, greys), but beyond this, there is no
iterative design process as HCI would currently
understand it. Instead, the pieces of jewelery are
presented as finished and tested through observation
of the out-of-the-box experience and of longitudinal
usage as a group. Inthe manner of an art object, they
are more or less provocative and seductive, and are
succeeded quickly by further work.

Other research presents critical design examples
as the main deliverable, with the central aim of the
research as the provocation of dialogue within the
HCI community. These often promote computa-
tional elements as material in their own right (Hallnés
et al., 2001; Hallnds & Redstrom, 2002; Hallnés et
al.,2002a; Heineretal., 1999; Orth, 2001; Postetal.,
2000) or reflect on the application of a methodology
based on an inversion of the form-follows-function
leitmotif (Hallnas et al., 2002b).

While this shift in attention to the experiential is
relatively new, it is apparent that conflicts arise in
the balancing of roles of designer and user. Most
obvious is that the methods of a user-centered
approach simply cannot be transposed to meet the
needs of the artist-centered methodology. The re-
examination of the end goals in design requires no
less a thorough reworking of the means to their
realization. Thisisillustrated amply by Vitaly Komar

and Alex Melamid’s scientific approach to art.
Asking people questions like What’s your favorite
color? and Do you prefer landscapes to por-
traits? they produced profoundly disturbing exhibi-
tions of perfectly user-centered art (Wypijewski,
1999; Norman, 2004).

CONCLUSION

Methodologies in HCI have always been borrowed
from other disciplines and combined with still others
in new ways. The challenge now, caused by a
corresponding paradigm shift occurring in philoso-
phy and cognitive science, is to examine the end
goals of usability, transparency, and usefulness in
HCI and to understand that the processes of reach-
ing our goals have as much import to our ways of
living and experience as the goals themselves. In
recognition of the artwork as both expressive and
impressive, and in view of HCI’s twofold interestin
development processes and trajectories of use, the
following are suggested for consideration toward a
complementary methodology for human-computer
interaction:

. That the creative process be far less user-
centered than we have been used to, placing
trust in the role of the artist.

. That this creative process be studied through
phenomenologically informed methods.

. That computational elements be approached as
material.

. That the work is seen as open for subjective
reading, while retaining the voice of its author
or the mark of its maker.

. That a body of theory and criticism be built to
support the meaning of this type of work, much
in the way discourse is created in the art world.

. That trajectories of consumption or use be
described through phenomenologically informed
methods.

Tools help to do things, but art helps us see why
we do them. As a basis for a complementary meth-
odology, art offers an understanding of ourselves in
action in a way that instrumentality does not.
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KEY TERMS

Aesthetics of Use: The behavioral aspects of
an artifact, system, or device that precipitate an
aesthetic experience based on temporal as well as
spatial elements.

Artwork: An actively created physical instance
of a narrative. Created by a working through of
sensory perception and presented as an invitation to
social discourse.

Author: Much of the philosophy extended in
analyses of technology stems from literary theory.
Author has connotations synonymous with artist
and designer and may be useful in future discus-
sions regarding terminology across more or less
user-centered processes.

Genotype: Anthony Dunne’s alternative to the
prototype—a non-working yet complete product
specifically aimed at provoking fictive, social, and
aesthetic considerations in an audience.

Materiality: The way in which the manner of
material realization of an idea on the part of the artist
or designer implicates subsequent experience of it.

Phenomenology: A strand of philosophy that
accounts for human action without mental represen-
tation. Martin Heidegger (1889-1976), currently
demanding rereading in the HCI community, is one
of the most important thinkers in this field.

Trajectories of Use: No designer, artist, or
developer can predict the outcomes of the many and
consequential readings or uses to which a public will
put his work. The work is a starting point of social
interaction, not an end in itself.

Transparency: Also known as disappearance,
transparency is largely considered the hallmark of
good interaction design, wherein the user is able to
complete tasks without cognitive interference caused
by the interface. The user is said to act through the
computer rather than to interact with it.

User: The normative term used in the develop-
ment of information devices, tools, and systems. Has
been criticized for its impersonal, non-performative
implications. Alternative suggestions include actor,
audience, reader, and observer, depending on
context. No satisfactory term has been agreed upon
that might take into account all of these contexts.
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INTRODUCTION

Much information science research has focused on
the design of systems enabling users to access,
communicate, and use information quickly and effi-
ciently. However the users’ ability to exploit this
informationis seriously limited by finite human cog-
nitive resources. In cognitive psychology, the role of
attentional processes in allocating cognitive resources
has been demonstrated to be crucial. Attention is
often defined as the set of processes guiding the
selection of the environmental stimuli to be attended.
Access to information therefore is not only regulated
by its availability but also by the users’ choice to
attend the information—this choice being governed
by attentional processes. Recently several research-
ers and practitioners in Human Computer Interac-
tion (HCI) have concentrated on the design of
systems capable of adapting to, and supporting,
human attentional processes. These systems, that
often rely on very different technologies and theo-
ries, and that are designed for a range of applica-
tions, are called attention-aware systems (AAS).
In the literature, these systems have also been
referred to as Attentive User Interfaces (Vertegaal,
2003). However, we prefer using the former name
as it stresses the fact that issues related to attention
are relevant to the design of the system as a whole
rather than limited to the interface. The recent
interest in this field is testified by the publication of
special issues in academic journals (e.g., Communi-
cation of the ACM, 46(3), 2003; International
Journal of Human-Computer Studies, 58(5), 2003)
and by the organisation of specialised fora of discus-
sion (e.g., the workshop on “Designing for Atten-
tion”; Roda & Thomas, 2004).

In this article, we discuss the rationale for AASs
and their role within current HCI research, we

briefly review current research in AASs, and we
highlight some open questions for their design.

BACKGROUND: RATIONALE FOR
AND ROLE OF ATTENTION-AWARE
SYSTEMS

In this section, we analyze the rationale for AASs
and we discuss their role in HCI research.

Why Attention-Aware Systems?

Information overload is one of the most often men-
tioned problems of working, studying, playing, and
generally living in a networked society. One of the
consequences of information overload is the fast
shift of attention from one subject to another or one
activity toanother. In certain situations, the ability to
quickly access several information sources, to switch
activities, or to change context is advantageous. In
other situations, it would be more fruitful to create
and maintain a focus while offering the possibility to
switch attention to other contents or activities only
as a background low-noise open choice. System
awareness about the cost/benefits of attentional
shifts with respect to the users’ goals is essential in
environments where (1) attentional switches are
very often solicited, or (2) where the users’ lack of
experience with the environment makes it harder for
them to select the appropriate attentional focus, or
(3) where an inappropriate selection of attentional
focus may cause serious damage to the system, its
users, or third parties. Systems relying highly on
multi-user interaction, such as virtual communities
and certain systems supporting cooperative work,
are examples of environments where attentional
switches are often solicited. Online educational sys-
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tems are examples of environments where the lack
of knowledge and experience of users with the
subject at hand makes it harder for them to select the
appropriate attentional focus and may easily cause a
loss of focus. Life critical systems are examples of
environments where an inappropriate selection of
attentional focus may cause serious damage. The
need for 44Ss is quite widespread especially if one
considers that assessing, supporting, and maintain-
ing users’ attention may be desirable in other envi-
ronments such as entertainment and e-commerce.

Attention-Aware Systems in
HCI Research

A large portion of research on human attention in
digital environments is based on the findings of
cognitive psychology. For example, Raskin (2000)
analyses how single locus of attention and habit
formation have important consequences on human
ability to interact with computers. He proposes that
habit creation is a mechanism that can be used to
shift the focus of users from the interface to the
specific target task.

This study follows the classic “direct manipula-
tion” school (Shneiderman, 1992, 1997) which aims
at supporting the attentional choices of the user by
making the device “transparent” so that the user can
focus on the task rather than on the interface. The
wide range of systems designed with this aim is often
referred to as transparent systems, a term also
employed in ubiquitous computing (Abowd, 1999;
Weiser, 1991).

Another area of research focuses instead on
designing interfaces and systems capable of guiding
the users in the choice of attentional focus. The
system is seen as proactive, visible, and capable of
supporting the users in their choices. These types of
systems are often designed as artificial agents
(Bradshaw, 1997; Huhns & Singh, 1997) acting as
proactive helpers for the user (Maes, 1994;
Negroponte, 1997), and they are frequently referred
to as proactive/adaptive systems.

The two approaches are often regarded as diver-
gent: (1) responding to different needs and (2)
requiring different design choices. However this is
not necessarily the case, as it should become appar-
ent from the following discussion of these two
alleged differences on users’ needs and design

choices. Concerning the ability to respond to user
needs, consider for example, one of the metaphors
most often used for proactive systems: Negroponte’s
English butler (Negroponte, 1995). “The best meta-
phor I can conceive of for a human-computer inter-
face is that of a well-trained English butler. The
‘agent’ answers the phone, recognizes the callers,
disturbs you when appropriate, and may even tell a
white lie on your behalf. The same agent is well
trained in timing, versed in finding the opportune
moments, and respectful of idiosyncrasies. People
who know the butler enjoy considerable advantage
over atotal stranger. Thatis just fine” (p. 150). Isn’t
this proactive/adaptive system an exquisite example
of a transparent system? The English butler cer-
tainly knows to disappear when it is the case, but he
is there when required and is capable of proactive
behavior such as selecting the calls you may want to
receive or even telling a joke if appropriate! Con-
cerning the design choices, a few considerations
should be made. First of all, any system needs to be
proactive in certain situations (e.g., reporting errors)
and transparent in others. Secondly, certain applica-
tions, in particular those where the user has a good
knowledge of the most effective attentional focus,
require mostly transparent interfaces, while certain
others, where the user is more in need of guidance,
require more proactive interfaces. Also the users’
needs, the system’s functionality, and the use that is
made of the system, may change with time. There-
fore, it may be desirable for asystem, that isinitially
very proactive, to slowly become transparent, or
vice-versa. Finally, applications exist where the user
is expected to focus on the system/interface itself,
that is, digital art. As a consequence, just as proac-
tive adaptive behaviors may not always be desirable,
transparency itself may, under certain conditions,
not be desirable.

This brings us to another reason for studies
related to AASSs. In the last two decades, there has
been a shift on the use and market of Information
and Communication Technologies (ICT) fromstrictly
task oriented (work related) to more of a pervasive
personal and social use of these technologies. Per-
forming a task or achieving a goal may not be the
main target of the user who instead may turnto ICT
artifacts for their symbolic or affective value, enter-
tainment, or pleasure in general; see, for example,
Lowgren’s arguments for Interactive Design versus
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classic HCI in Léwgren (2002). Capturing and main-
taining user attention may then actually be the ulti-
mate goal of the system.

The real challenge of modern interface design is
therefore at the meta-level. We should not aim at
designing transparent or proactive systems. Rather
we should aim at designing systems capable of rea-
soning about users’ attention, and consequently de-
cide how bestto disappear or to gain and guide users’
attention. Focusing on attentional mechanisms also
provides a framework that reconciles the direct
manipulation user interfaces approach and the inter-
face agents approach as clearly presented and exem-
plified by Horvitz (1999).

HUMAN ATTENTION AND SYSTEMS
CAPABLE OF SUPPORTING IT

This section briefly reviews the work done so far in
AASs; for a more extensive review, see Roda and
Thomas (2006). It should be noted that attention has
not often been prioritised as a specific subject of
research in HCI (with some notable exceptions in-
cluding the Attentional User Interface project at
Microsoft research [Horvitz, Kadie, Paek, & Hovel,
2003]). As a consequence, much of the work rel-
evant to the development of AASs appears in the
context of other research frames. This is especially
the case as attention processes are related to, and
necessary for, the successful accomplishment of
many diverse activities.

Human attention has been widely researched in
cognitive psychology and, more recently, in neu-
ropsychology. Although there is no common agree-
menton adefinition of “attention”, attention is gener-
ally understood as the set of processes allowing
humans to cope with the, otherwise overwhelming,
stimuli in the environment. Attention therefore refers
to the set of processes by which we select informa-
tion (Driver, 2001; Uttal, 2000). These processes are
mainly of two types: endogenous (i.e., guided by
volition) and exogenous (i.e., guided by reaction to
external stimuli). Given this view of attention as a
selection of external stimuli, it is obvious that atten-
tion is somehow related to human sensory mecha-
nisms. Visual attention, for example, has been widely
studied in cognitive psychology, and itis particularly
relevant to HCI since the current predominant mo-
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dality for computer-to-human communication is
screen display. Using the results of psychological
studies in visual attention, some authors have pro-
posed visual techniques for notification displays
thataim at easy detection while minimising distrac-
tion (Bartram, Ware, & Calvert, 2003). Attention
on modalities other than visual, as well as attention
across modalities, have not been investigated to the
same extent as visual attention. However, Bearne
and his colleagues (Bearne, Jones, & Sapsford-
Francis, 1994) propose guidelines for the design of
multimedia systems grounded in attentional mecha-
nisms.

Systems capable of supporting and guiding user
attention must, in general, be able to: (1) assess the
current user focus, and (2) make predictions on the
cost/benefits of attention shifts (interruptions). We
conclude this section with a review of the work
done so far in these two directions.

Several sensory-based mechanisms for the de-
tection of users’ attention have been employed,
including gaze tracking (Hyrskykari, Majaranta,
Aaltonen, & Raihd, 2000; Vertegaal, 1999; Zhai,
2003), gesture tracking (Hinckley, Pierce, Sinclair,
& Horvitz, 2000), head pose and acoustic tracking
(Stiefelhagen, 2002). Horvitz and his colleagues
(2003) propose that sensory-based mechanisms
could be integrated with other cues about the cur-
rent users’ focus. These cues could be extracted
from users’ scheduled activities (e.g., using online
calendars), users’ interaction with software and
devices, and information about the users and their
patterns of activity and attention. In any case, even
whenemploying mechanisms capable of taking into
accountall these cues, a certain level of uncertainty
about users’ focus, activities, goals, and best future
actions will always remain and will have to be dealt
with within the system (Horvitz et al., 2003).

The problem of evaluating the cost/benefit of
interruptions has been researched mostly in the
context of notification systems (Brush, Bargeron,
Gupta, & Grudin, 2001; Carroll, Neale, Isenhour,
Rosson, & McCrickard, 2003; Czerwinski, Cutrell,
& Horvitz, 2000; Hudson et al., 2003; McCrickard,
Chewar, Somervell, & Ndiwalana, 2003b;
McCrickard, Czerwinski, & Bartram, 2003c). This
research aims at defining the factors determining
the likely utility of a given information, for a given
user, in a given context, and the costs associated
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with presenting the information in a certain manner,
to the user, in that context. McCrickard and Chewar
(2003) integrate much of the research in this direc-
tionand propose an attention-utility trade-off model.

FUTURE TRENDS

AASswill be crucial for the development of applica-
tions in a wide variety of domains including educa-
tion, life critical systems (e.g., air traffic control),
support to monitor and diagnosis, knowledge man-
agement, simulation of human-like characters, games,
and e-commerce. In order to unleash the whole
potential of these systems however, there are many
fundamental aspects of attention, of the mechanisms
thathumans use to manage it, and of their application
in digital environments that require further explora-
tion. As it will result obvious from the description
below, this exploration would greatly benefit froma
more interdisciplinary approach to the design of
AASs. First, although a very significant amount of
research on human attention has been undertaken in
psychology, several HCI researchers agree that the
reported theories are often too far removed from the
specific issues relevant to human computer interac-
tion to be easily applied to this field of research
(McCrickard et al., 2003c) and that more focused
research in this direction is needed (Horvitz et al.,
2003).

A second important issue in the design of AASs
is the definition of parameters against which one
could measure their efficiency. In their work on
notification systems, McCrickard and his colleagues
(McCrickard, Catrambone, Chewar, & Stasko,
2003a) advance a proposal in this direction; how-
ever, further discussion is needed in order to achieve
an agreement on parameters that are generally
accepted.

Third, although the visual modality has been
extensively researched in cognitive psychology and
HCI, this work is mostly focused on still images.
How would the principles apply to moving images?

Fourth, much work remains to be done on modali-
ties other than visual. In particular, research on
attention in speech (from phonetics to semantics and
rhetoric) (Argyle & Cook, 1976; Clark, 1996; Grosz
& Sidner, 1990) could be fruitfully applied to HCI
research in AASs. Distribution of attention over

several modalities is a field that also deserves fur-
ther research.

Fifth, most of the work on the evaluation of the
cost/benefits of interruptions has been done taking
the point of view of the user being interrupted; such
analysis, however, should also take into account the
cost/benefit to the interrupter, and the joint cost/
benefit (Hudson, Christensen, Kellogg, & Erickson,
2002; O’Conaill & Frohlich, 1995).

Sixth, certain aspects of human attention related
to social and aesthetic processes have been largely
disregarded in current research. How could these
processes be taken into consideration? Furthermore,
most of the target applications in AASs assume that
the user is in a “work”/task-oriented situation. How
would AAS design apply to different situations (play,
entertainment)?

CONCLUSION

AASs are systems capable of reasoning about user
attention. In a task-oriented environment, such sys-
temsaddress the problem of information overload by
striving to selectand presentinformation inamanner
that optimizes the cost/benefit associated with us-
ers’ shifts of attentional focus between contexts and
tasks. In this article, we have reviewed the work
done so far in this direction. We have also indicated
some issues related to the future development of
AASs. Among these, the most significant ones are
the need to further investigate the application of
AASs in environments that are not task-oriented,
and the need to take into account collaborative
situations when evaluating the cost/benefit of
attentional shifts.
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KEY TERMS

Direct Manipulation User Interfaces: Inter-
faces that aim at making objects and actions in the
systems visible by [graphical] representation. They
were originally proposed as an alternative to com-
mand line interfaces. The system’s objects and
actions are often represented by metaphorical icons
on screen (e.g., dragging a file to the recycle bin for
deleting a file). Designers of direct manipulation
user interface strive to provide incremental revers-
ible operations and visible effects.

Endogenous Attentional Processes: Refers
to the set of processes of voluntary (conscious)
control of attention. These processes are also re-
ferred to as top-down or goal-driven. An example of
endogenous attentional mechanism is the attention
you are paying at this page as you are reading.
Endogenous attention is voluntary; it requires ex-
plicit effort, and it is normally meant to last.

Exogenous Attentional Processes: Refers to
the set of processes by which attention is captured
by some external event. These processes are also
referred to as bottom-up or stimulus-driven. An
example of this mechanism would be the attention
shift from your reading due to a sudden noise.
Exogenous attention is triggered automatically, and
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itnormally lasts ashorttime before itis either shifted
or becomes controlled by endogenous processes.

Gaze Tracking: The set of mechanisms allow-
ing to record and analyse human eye-gaze. Gaze
tracking is normally motivated by the assumption
that the locus of eye-gaze may, to some extent,
correspond to the locus of attention, or it can help
capturing user interests. Several techniques exist for
eye tracking varying in their level of intrusion (from
requiring the user to wear special lenses to just
having camera-like devices installed on the com-
puter), their accuracy, and ease to use. Normally
devices need to be calibrated before use (some
systems allow to memorise calibrations for specific
users).

Gesture Tracking: The set of mechanisms
allowing to record and analyse human motion. Ges-
ture may be tracked either in 2D or 3D. Gesture
tracking ranges from the recording and analysis of
postures (e.g., head, body) to that of more detailed
elements such as hand-fine movement or facial
expression. The aims of gesture tracking in HCI
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span from recognising the user’s current activity (or
lack of), to recognising emotional states. Gesture
tracking is often used in combination with gaze
tracking.

Locus of Attention: Among all sensory input,
the locus of attention is the input to which one
allocates mental resources. Input that falls outside
the locus of attention may go absolutely unnoticed.
Anexample of locus of attention is a specific section
of a computer screen.

Visual Attention: The process by which we
select the visual information most relevant to our
currentbehaviour. In general, of all the visual stimuli
we receive, we only attend to a few, this determines
what we “see.” Visual attention controls the selec-
tion of appropriate visual stimuli both by pruning
irrelevant ones and by guiding the seeking of rel-
evant ones. Research in visual attention aims at
understanding the mechanisms by which human
sensory and cognitive systems regulate what we
see.
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INTRODUCTION

Building systems that are correct by design has
always been a major challenge of software develop-
ment. Typical software development approaches
(and in particular interactive systems development
approaches) are based around the notion of
prototyping and testing. However, except for simple
systems, testing cannot guarantee absence of er-
rors, and, in the case of interactive systems, testing
with real users can become extremely resource
intensive and time-consuming. Additionally, when a
system reaches a prototype stage that is amenable to
testing, many design decisions have already been
made and committed to. In fact, in an industrial
setting, user testing can become useless if it is done
when time or money is no longer available to sub-
stantially change the design.

To address these issues, a number of discount
techniques for usability evaluation of early designs
were proposed. Two examples are heuristic evalu-
ation, and cognitive walkthroughs. Although their
effectiveness has been subject of debate, reports
show that they are being used in practice. These
are largely informal approaches that do not scale
well as the complexity of the systems (or the
complexity of the interaction between system and
users) increases. In recent years, researchers have
started investigating the applicability of automated
reasoning techniques and tools to the analysis of
interactive systems models. The hope being that
these tools will enable more thorough analysis of
the designs.

The challenge faced is how to fold human fac-
tors’ issues into a formal setting as that created by
the use of such tools. This article reviews some of
the work in this area and presents some directions
for future work.
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BACKGROUND

Asstated earlier, discount usability analysis methods
have been proposed as a means to achieve some
degree of confidence in the design of a system from
as early as possible in development. Nielsen and
Molich (1990) proposed a usability inspection method
based on the assumption that there are a number of
general characteristics that all usable systems should
exhibit. The method (heuristic evaluation) involves
systematic inspection of the design by means of
guidelines forgood practice. Applying heuristic evalu-
ation involves setting up a team of evaluators to
analyze the design of the user interface. Once all
evaluators have performed their analysis, results are
aggregated thus providing a more comprehensive
analysis of the design. To guide analysis, a set of
design heuristics is used based on general purpose
design guidelines. Over the years, different sets of
heuristics have been proposed for different types of
systems. The set proposed by Nielsen (1993) com-
prises nine heuristics: simple and natural dialog;
speak the user’s language; minimize user memory
load; be consistent; provide feedback;, provide
clearly-marked exits; provide short cuts; good
error messages; and prevent errors.

Usability inspection provides little indication of
how the analyst should check whether the system
satisfiesaguideline. Cognitive walkthrough (Lewis,
Polson, Wharton, & Rieman, 1990) is one technique
that provides better guidance to the analyst. Its aim
is to analyze how well the interface will guide the
user in performing tasks. User tasks must first be
identified, and a model of the interface must be built
that covers all possible courses of action the user
might take. Analysis of how a user would execute
the task is performed by asking three questions at
each stage of the interaction: Will the correct
action be made sufficiently evident to users?,
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Will users connect the correct action’s descrip-
tion with what they are trying to achieve?; and
Will users interpret the system’s response to the
chosen action correctly? Problems are identified
whenever there is a “no” answer to one of these
guestions.

Informal analytic approaches such as those de-
scribed pose problems for engineers of complex
interactive systems. For complex devices, heuristics
such as “prevent errors” can become too difficult to
apply and validate. Cognitive walkthroughs provide
more structure but will become extremely resource
intensive as systems increase in complexity and the
set of possible user actions grows.

To address these issues, researchers have started
looking into the application of automated reasoning
techniques to models of interactive systems. These
techniques are generally more limited in their appli-
cation. This happens both because of the cost of
producing detailed initial models and because each
tool performs a specific type of reasoning only.
Nevertheless, they have the potential advantage that
they can provide a precise description that can be
used as a basis for systematic mechanical analysisin
a way that would not otherwise be possible.

Automated theorem proving is a deductive ap-
proach to the verification of systems. Available
theorem proversrange from fully interactive tools to
provers that, given a proof, check if the proof is
correct with no further interaction from the user.
While some systems provide only a basic set of
methods for manipulating the logic, giving the user
full control over the proof strategy, others include
complex tactics and strategies, meaning the user
might not know exactly what has been done in each
step. Due to this mechanical nature, we can trust a
proof done in a theorem prover to be correct, as
opposed to the recognized error prone manual pro-
cess. While this is an advantage, it also means that
doing a proof in a theorem prover can be more
difficult, as every little bit must be proved.

Model checking was proposed as an alternative
to the use of theorem provers in concurrent program
verification (Clarke, Emerson, & Sistla, 1986). The
basic premise of model checking was that a finite
state machine specification of a system can be
subject to exhaustive analysis of its entire state
space to determine what properties hold of the
system’s behavior. By using an algorithmto perform
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exhaustive state space analysis, the analysis be-
comes fully automated. A main drawback of model
checking has to do with the size of the finite state
machine needed to specify a given system: useful
specifications may generate state spaces so large
that it becomes impractical to analyze the entire
state space. The use of symbolic model checking
somewhat diminishes this problem. Avoiding the
explicit representation of states and exploiting state
space structural regularity enable the analysis of
state spaces that might be as big as 10% states
(Burch, Clarke, & McMillan, 1990). The technique
has been very successful in the analysis of hardware
and communication protocols designs. In recent
years, itsapplicability to software in general has also
become a subject of interest.

AUTOMATED REASONING FOR
USABILITY EVALUATION

Ensuring the quality (usability) of interactive sys-
tems’ designs is a particularly difficult task. This is
mainly due to the need to consider the human side of
the interaction process. As the complexity of the
interaction between users and devices increases, So
does the need to guarantee the quality of such
interaction. This has led researchers to investigate
the applicability of automated reasoning tools to
interactive systems development.

In1995, Abowd, Wang, and Monk (1995) showed
how models of interactive systems could be trans-
lated into SMV (Symbolic Model Verifier) models
for verification. SMV (McMillan, 1993) is a sym-
bolic model checker, at the time being developed at
Carnegie Mellon University, USA (CMU). They
specified the user interface in a propositional pro-
duction systems style using the action simulator tool
(Curry & Monk, 1995). The specification was then
analyzed in SMV using computational tree logic
(CTL) formulae. The authors proposed a number of
templates for the verification of usability related
properties. The questions that are proposed are of
the type: “Can a rule somehow be enabled?”; “Is
it true that the dialogue is deadlock free?”; or
“Can the user find a way to accomplish a task
from initialization?”.

The modeling approach was quite naive and
enabled the expression of models atavery high level
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of abstraction only. Roughly at the same time, Paterno
(1995), in his D.Phil thesis, proposed an approach
based on the LOTOS specification language (Lan-
guage of Temporal Ordering Specifications). Device
models were derived from the task analysis and
translated into the Lite tool (LOTOS Integrated Tool
Environment). The models that could be verified with
this approach were far more elaborate than with
Abowd et al.’s (1995), but the translation process
posed a number of technical difficulties. The lan-
guage used to express the Lite models (Basic LOTOS)
was less expressive than the language used for the
modeling of the system (LOTOS interactors). Nev-
ertheless, a number of property templates were
proposed for checking the specification. These were
divided into interactor, system integrity, and user
interface properties. Regarding user interface prop-
erties, templates fell into three broad classes:
reachability, visibility, and task related. Reachability
was defined as: “... given a user action, it is possible
to reach an effect which is described by a specific
action.” (Paternd 1995, p. 103). All properties are
expressed in terms of actions. This was due to there
being no notion of a system state in the models and
logic used.

The main difference between both approaches
comes exactly from the specification notations and
logics used. Abowd et al. (1995) adopted a simple
and easy to use approach. The approach might be too
simple, however. In fact, for the verification to be
useful, it must be done at an appropriate level of
detail, whereas action simulator was designed for
very high level abstract specifications. Paterno (1995)
avoids this problem by using a more powerful speci-
fication notation. This, however, created problems
when specifications needed to be translated into the
model checker’s input language (which was less
expressive).

In the following years, a number of different
approaches was proposed, using not only model
checking butalso theorem proving. Most of this work
was reported on the DSV-IS series of workshops.
d’Ausbourg, Durrieu, and Roché (1996) used the
data flow language Lustre. Models were derived
from UIL descriptions and expressed in Lustre.
Verification is achieved by augmenting the interface
with Lustre nodes modeling the intended properties
and using the tool Lesar to traverse the automaton
generated from this new system. The use of the same

language to model both the system and its proper-
ties seems to solve some of the problem of transla-
tion in Paternd’s approach, but the language was
limited in terms of the data types available.

Bumbulis, Alencar, Cowan, and Lucena (1996)
showed how they were using HOL (a Higher Order
Logic theorem prover) in the verification of user
interface specifications. They specified user inter-
faces as sets of connected interface components.
These specifications could then be implemented in
some toolkit as well as modeled in the higher order
logic of the HOL system for formal verification. An
immediately obvious advantage of this approach is
that the formalism used to perform the analysis,
Higher Order Logic, was, at the same level of
expressiveness of the formalism, used to write the
specification. So, again, the translation problems of
Paternd’s approach could be avoided. The logic
used, however, could not easily capture temporal
properties. What was specified was not so much
the interaction between the users and the interface,
but the interface architecture and how the different
components communicate with each other. Al-
though the approach used a powerful verification
environment, it had two main drawbacks. The speci-
fication style and the logic used did not allow
reasoning about some of the important aspects of
interaction, and the verification process was quite
complex.

Dwyer, Carr, and Hines (1997) explored the
application of abstraction to reverse engineer toolKkit-
based user interface code. The generated models
were thenanalyzed in SMV. This is a different type
of approach since it does not rely on developers
building models for verification. Instead, models are
derived from the code.

Doherty, Massink, and Faconti (2001) applied
HyTech, a tool for reachability analysis in hybrid
automata, to the analysis of the flight deck instru-
mentation concerning the hydraulics subsystem of
an aircraft. The use of hybrid automata enabled the
analysis of continuous aspects of the system.

One of the characteristics of model checking is
that all possible interactions between user and
device will be considered during the verification
step. While thisenables a more thorough analysis of
the design, in many situations only specific user
behaviorswill be of interest. To address this, Doherty
et al. (2001) propose that a model of the user be
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explicitly built. However, the user model used was
very simplistic: it corresponded simply to all the
actions that can be performed by the user.

Rushby (2002) also used a model of the user in his
work. In this case, the user model was built into a
previously-developed model of the system, and it
defined the specific sequences of actions the user is
expected to carry out. The analysis was performed
in Murg (the Murg verification system), a state
exploration tool developed at Stanford University,
USA (Dill, 1996), and the author used it to reason
about automation surprise in the context of an air-
craft cockpit. Also in the context of the analysis of
mode confusion in digital flight decks, there has been
work carried out at NASA Langley Research Cen-
ter (Luttgen & Carrefio, 1999). The models used
related to the inner working of the system’s mode
logic, while the goal of the other approaches men-
tioned herein is to build the models of the user
interface. While this latter view might be criticized
fromthe pointof view that notall application logic is
presented at the interface, it allows better explora-
tion of the interaction between the user and the
system, and not simply of how the system reacts to
commands.

Campos and Harrison (Campos, 1999; Campos
& Harrison, 2001) used SMV, but models were
expressed in Modal Action Logic and structured
around the notion of interactor (Duke & Harrison,
1993). This enabled richer models where both state
information and actions were present. Originally,
only device models were built for verification. When-
ever specific user behaviors needed to be discarded
from the analysis, this was done in the properties to
be verified instead of in the model. More recently,
Campos has shown how it is possible to encode task
information in the model so that only behaviors that
comply with the defined tasks for the system are
considered (Campos, 2003).

A different style of approach is proposed in
Blandford and Good (1998) and Thimbleby (2004).
Inthis case, the modeling process is centered around
a cognitive architecture (Programmable User Mod-
els) that is supposed to simulate a user. This archi-
tecture is programmed with knowledge about the
device, and it is then run together with a device
model. Observation of the joint behavior of both
models is performed in order to identify possible
errors.
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The approach is not based on model checking nor
theorem prover, rather on simulation. Hence, it
cannot provide the thoroughness of analysis of the
other approaches. The main drawback, however, is
the cost of programming the user model. According
to the authors, it seldom is cost effective to develop
a full model. Instead they argue that the formaliza-
tion process alone gives enough insight into the
designwithout necessarily having to build arunning
model.

Thimbleby (2004) uses matrices to model user
interfaces, and matrix algebra to reason about us-
ability related properties of the models. Instead of
using model checking to reason about the properties
of finite state machines representing the user inter-
faces, matrices are used to represent the transition
relation of those finite state machines. The author
reverse engineersthe user interface of three handheld
devices, and shows how they can be analyzed using
matrix algebra. The author argues that the approach
is simpler and requires less expertise than working
with model checking or theorem proving tools.

Finally, in all of the previously-mentioned ap-
proaches, the main emphasisisinthe applicability of
the model checking technology to the task of analyz-
ing properties of interactive system’s models. Little
or no effort is devoted to making the approaches
usable for awider audience. Loer and Harrison have
moved in that direction with IFADIS (Loer, 2003), a
tool for the analysis of user interface models. IFADIS
uses OFAN Statecharts as the modeling notation,
and Statemate as the tool to edit the models. Models
are than translated for verification in SMV. The
tools provides an environment for modeling, defini-
tion of properties, and analysis of the results of the
verification process.

FUTURE TRENDS

With the exception of the IFADIS tool, work on the
application of automated reasoning tools to the veri-
fication of interactive systems has, so far, attempted
mainly to prove the technical viability of the ap-
proaches. A large number of design notations and
tools for model checking have been proposed. De-
veloping an understanding of usability and verifica-
tiontechnology to go with itis not enough to guaran-
tee a useful and usable approach to verification.
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Interactive systems have specificities that make
using typical model checking tools difficult. The
richness of the interaction between user and system
places specific demands on the types of models that
are needed. The assumptions that must be made
about the users’ capabilities affects how the models
should be built and the analysis of the verification
results. Tools are needed that support the designer/
analystin modeling, expressing properties, and rea-
soning about the results of the verification from an
interactive systems perspective.

A possibility for this is to build layers on top of
existing verification tools, so that the concepts in-
volvedinthe verification of usability-related proper-
ties are made more easily expressed. The use of
graphical notations might be a useful possibility. The
area opens several lines of work. One is research on
interfaces for the verificationtools. The STeP prover,
forexample, uses diagrams to represent proof strate-
gies. Another is the need to support the formulation
of properties. Where properties are expressed as
goals, maybe graphical representation of start and
target interface states could be used.

Another area that needs further research is that
of including models of users, work, and context of
use in the verification process. Some work has
already been done, but the models used are typically
very simple. Increasing the complexity of the mod-
els, however, means larger state spaces which in
turn make verification more difficult.

Finally, some work has already been done on
reverse engineering of user interface code. This
area deserves further attention. It can help in the
analysis of existing systems, it can help verify imple-
mentations against properties already proved of the
models, or itcan help cutdown on the cost of building
the models during development.

CONCLUSION

This article has reviewed the application of auto-
mated reasoning tools to the usability analysis of
interactive systems. Reasoning about usability is a
difficult task whatever the approach used. The
application of automated reasoning to this field still
has a long way to go.

Early approaches were based around very simple
models of the interactive system. As more complex

models started being considered, recognition grew
of the need to include considerations about the user
or context of usage in the verification process. Some
authors did this directly in the models; others en-
coded thatinformationin the properties to be proved.
More recently, the need has been recognized for
better tool support, and some steps have been given
in that direction.

Applying automated reasoning tools will always
mean incurring in the costs of developing adequate
models and having adequate expertise. Tool support
should help decrease these costs. Increased recog-
nition of the relevance of good usable designs,
especially when considering safety-critical and mass
market systems, should help make the remaining
cost more acceptable.
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KEY TERMS

Automated Theorem Prover: A software tool
that (semi-)automatically performs mathematical
proofs. Available theorem provers range from fully
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interactive toolsto proversthat, givenaproof, check
if the proof is correct with no further interaction
from the user.

Cognitive Walkthrough: A model-based tech-
nique for evaluation of interactive systems designs.
It is particularly suited for “walk up and use” inter-
faces such as electronic kiosks or ATMs. Its aim is
toanalyze how well the interface will guide firsttime
or infrequent users in performing tasks. Analysis is
performed by asking three questions at each stage of
the interaction: Will the correct action be made
sufficiently evident to users?; Will users connect
the correct action’s description with what they
are trying to achieve?; and Will users interpret
the system’s response to the chosen action cor-
rectly?

DSV-IS (Design, Specification and Verifica-
tion of Interactive Systems): An annual interna-
tional workshop on user interfaces and software
engineering. The first DSV-I1S workshop was held in
1994 in Carrara (Italy). The focus of this workshop
series ranges from the pure theoretical aspects to
the techniques and tools for the design, development,
and validation of interactive systems.

Heuristic Evaluation: A technique for early
evaluation of interactive systems designs. Heuristic
evaluation involves systematic inspection of the
design by means of broad guidelines for good prac-
tice. Typically, 3 to 5 experts should perform the
analysis independently, and afterwards combine and
rank the results. A well-known set of heuristics is
the one proposed by Nielsen: visibility of system
status, match between the system and the real
world; user control and freedom,; consistency
and standards,; error prevention, recognition
rather than recall; flexibility and efficiency of
use, aesthetic and minimalist design; help users
recognize, diagnose, and recover from errors;
help and documentation.

IFADIS (Integrated Framework for the
Analysis of Dependable Interactive Systems):
A tool for the analysis of user interface models
developed at the University of York (UK).

Lesar: A Lustre model checker developed a
Verimag (France).

Lite (LOTOS Integrated Tool Environ-
ment): An integrated tool environment for working
with LOTOS specifications. It provides specifica-
tion, verification/validation, and implementation sup-
port. The tools in LITE have been developed by
participants in the LOTOSPHERE project (funded
by the Commission of the European Community
ESPRIT Il programme).

LOTOS (Language of Temporal Ordering
Specifications): A formal specification language
for specifying concurrent and distributed systems.
LOTOS’ syntax and semantics is defined by 1SO
standard 8807:1989. LOTOS has been used, for
example, to specify the Open Systems Interconnec-
tion (OSI) architecture (1SO 7498).

Lustre: A synchronous data-flow language for
programming reactive systems. Lustre is the kernel
language of the SCADE industrial environment de-
veloped for critical real-time software design by CS
Vérilog (France).

Modal User Interface: A user interface is said
to be modal (or to have modes) when the same user
action will be interpreted by the system differently
depending on the system’s state and/or the output of
the system means different things depending on
system state.

Mode Error: A mode error happens when the
user misinterprets the mode the system is in. In this
situation, actions by the user will be interpreted by
the system in a way which will not be what the user
is expecting, and/or the user will interpret the infor-
mation provided by the system erroneously. Mode
errortypically leads to the user being confounded by
the behavior of the system.

Model Checker: A tool that automatically
checks a temporal logic formula against a state
machine. In the case of symbolic model checking,
the tool does not handle the states in the state
machine directly. Instead, it handles terms that
define sets of states. In this way, it is possible to
work with much larger state machines since it is not
necessary to explicitly build it.

OFAN: A Statecharts’ based task modelling
framework developed at the Georgia Institute of
Technology (USA).
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SMYV (Symbolic Model Verifier): A symbolic
model checker originally developed at Carnegie
Mellon University (USA). Currently, two versions
exist: Cadence SMV, being developed by Cadence
Berkeley Laboratories (USA) as a research plat-
form for new algorithms and methodologiesto incor-
porate into their commercial products, and NuSMV,
a re-implementation and extension of the original
tool being developed as a joint project between the
ITC- IRST (ltaly), Carnegie Mellon University
(USA), the University of Genova (Italy), and the
University of Trento (Italy).

The STeP Prover (Stanford Temporal
Prover): Atool to support the formal verification of
reactive, real-time, and hybrid systems. SteP com-
bines model checking with deductive methods to
allow for the verification of a broader class of
systems.
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Task Model: A description of how the system
is supposed to be used to achieve pre-defined goals.
Task models are usually defined in terms of the
actions that must be carried out to achieve a goal.

UIL (User Interface Language): A language
for specifying user interfaces in Motif, the industry
standard graphical user interfaces toolkit for UNIX
systems (as defined by the IEEE 1295 specifica-
tion).

Usability: The ISO 9241-11 standard defines
usability as “the extent to which a product can be
used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a
specified context of use.”

User Model: A model that captures information
about users. User models range from simple collec-
tions of information about users to cognitive archi-
tectures that attempt to simulate user behavior.
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INTRODUCTION

Empirical methods in human-computer interaction
(HCI) are very expensive, and the large number of
information systems on the Internet requires great
efforts for their evaluation. Automatic methods try
to evaluate the quality of Web pages without human
intervention in order to reduce the cost for evalua-
tion. However, automatic evaluation of an interface
cannotreplace usability testing and other elaborated
methods.

Many definitions for the quality of information
products are discussed in the literature. The user
interface and the content are inseparable on the
Web, and as a consequence, their evaluation cannot
always be separated easily. Thus, content and inter-
face are usually considered as two aspects of quality
and are assessed together. A helpful quality defini-
tion in this context is provided by Huang, Lee, and
Wang (1999). It is shown in Table 1.

The general definition of quality above contains
several aspects that deal with human-computer in-
teraction. For example, the importance of accessibil-
ity is stressed. The user and context are importantin
human-computer interaction, and the information-
quality definition also considers suitability for the
context as a major dimension.

The automatic assessment of the quality of
Internet pages has been an emerging field of re-
search in the last few years. Several approaches
have been proposed under various names. Simple
approaches try to assess the quality of interfaces via
the technological soundness of an implementation,
or they measure the popularity of a Web page by link
analysis. Another direction of research is also based
on only one feature and considers the quality of free
text. More advanced approaches combine evidence
for assessing the quality of an interface on the Web.
Table 2 shows the main approaches and the disci-
pline from which they originated.

Table 1. Categories of information quality (IQ) (Huang et al., 1999)

1Q Category

1Q Dimensions

Intrinsic 1Q

Accuracy, objectivity, believability, reputation

Contextual 1Q

Relevancy, value-added, timeliness,
completeness, amount of information

Representational

Interpretability, ease of understanding, concise
1Q representation, consistent representation

Accessibility 1Q

Access, security

Table 2. Disciplines and their approaches to automatic quality evaluation

Approach

Discipline

HTML Syntax checking

Web software engineering

Link analysis

Web information retrieval

Indicators for content quality

Library and information science

Interface evaluation

HCI

Text quality

Human language technology

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.




These approaches are discussed in the main
sections. The indicators for content quality have not
resulted in many implementations and are presented
together with the interface evaluation in the subsec-
tion “Page and Navigation Structure.”

BACKGROUND

In the past, mainly two directions of research have
contributed to establish the automatic evaluation of
Internet resources: bibliometrics and software test-
ing.

Link analysis applies well-known measures from
bibliometrics to the Web. The number of references
to ascientific paper has been used as an indicator for
its quality. For the Web, the number of links to aWeb
page is used as the main indicator for the quality of
that page (Choo, Detlor, & Turnbull, 2000). Mean-
while, the availability of many papers online and
some technical advancement have made bibliometric
systems for scientific literature available on the
Internet (Lawrence, Giles, & Bollacker, 1999). The
availability of such measures will eventually lead to
an even greater importance and impact of quantita-
tive evaluation.

Software testing has become an important chal-
lenge since software gets more and more complex.
In software engineering, automatic software testing
has attracted considerable research. The success of
the Internet has led to the creation of testing tools for
standard Internet languages.

MAIN ISSUES IN THE AUTOMATIC
EVALUATION OF INTERFACES ON
THE INTERNET

HTML Syntax Checking

Syntax-checking programs have been developed for
programming languages and markup languages.
Syntax checkers for HTML and other Web stan-
dards analyze the quality of Web pages from the
perspective of software engineering. However, some
systems also consider aspects of human-computer
interaction.
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One of the first tools for the evaluation of HTML
pages was Weblint (Bowers, 1996). It is a typical
system for syntax checking and operates on the
following levels.

. Syntax (Are all open tags closed? Are lan-
guage elements used syntactically correct?)

. HTML use (Is the sequence of the headings
consistent?)

. Structure of asite (Are there links that lead one
hierarchy level up?)

. Portability (Can all expressions be interpreted
correctly by all browsers?)

. Stylistic problems (Is alternative text provided
for graphics? Do words like zere appear in link
text?)

The examples also illustrate how syntax-check-
ing programs are related to human-computer inter-
action. Some rules cover only the syntactical cor-
rectness. Others address the user experience for a
page. For example, missing alternative text for im-
ages poses no syntax problem, but it may annoy
users of slow-loading pages. In their generality,
these simple rules do not apply for each context. For
instance, a link upward may not be useful for
nonhierarchical sites.

A more comprehensive system than Weblint is
available from the National Institute of Standards
and Technology (NIST, http://zing.nscl.nist.gov/
WebTools/). Its system WebSAT is part of the Suite
Web Metrics. WebSAT is based on guidelines from
the IEEE and checks whether tags for visually
impaired users are present. It also tests whether
forms are used correctly and whether the relation
between links and text promises good readability.

An overview of systems for code checking is
provided by Brajnik (2000). Such systems can obvi-
ously lead only to a limited definition of quality.
However, they will certainly be part of more com-
plex systems in the future.

Link Analysis

One of the main challenges for search engines is the
heterogeneous quality of Internet pages concerning
both content quality and interface design (Henzinger,
Motwani, & Silverstein, 2002). In Web information
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retrieval, the common approach to automatically
measure the quality of a page has been link analysis.
However, link analysis is a heuristic method. The
number of links pointing to a page is considered as the
main quality indicator (Brin & Page, 1998). From the
perspective of human-computer interaction, it is as-
sumed that authors of Web pages prefer to link to
pages that are easy to use for them.

A large variety of algorithms for link analysis has
been developed (Henzinger, 2000). The most well-
known ones are probably the PageRank algorithm
and its variants (Haveliwala, 2002; Jeh & Widom,
2003). The basic assumption of PageRank and simi-
lar approaches is that the number of in- or back-links
of a Web page can be used as a measure for the
authority and consequently for the quality of a page
including its usability. PageRank assigns an authority
value to each Web page thatis primarily a function of
its back-links. Additionally, itassumes that links from
pages with high quality should be weighed higherand
should result in a higher quality for the receiving
page. To account for the different values each page
has to distribute, the algorithm is carried out itera-
tively until the result converges. PageRank may also
be interpreted as an iterative matrix operation
(Meghabghab, 2002).

As mentioned above, link analysis has its histori-
cal roots in the bibliometric analysis of research
literature. Meanwhile, link analysis is also applied to
measure the quality of research institutes. For ex-
ample, one study investigates the relationship be-
tween the scientific excellence of universities and
the number of in-links of the corresponding university
pages (Thelwall & Harries, 2003).

The Kleinberg algorithm (1998) is a predecessor
of PageRank and works similarly. It assigns two
types of values to the pages. Apart from the authority
value, it introduces a so-called hub value. The hub
value represents the authority as an information
intermediate. The Kleinberg algorithm assumes that
there are two types of pages: content pages and link
pages. The hub value or information-provider quality
is high when the page refers to many pages with high
authority. Accordingly, the topical authority is in-
creased when a page receives links from highly rated
hubs (Kleinberg, 1998). Unlike PageRank, which is
intended to work for all pages encountered by a Web
spider of a search engine, the Kleinberg algorithm

was originally designed to work on the expanded
result set of a search engine.

Link analysis has been widely applied; however,
it has several serious shortcomings. The assign-
ment of links is a social process leading to remark-
able stable patterns. The number of in-links for a
Web page follows a power law distribution (Adamic
& Huberman, 2001). For such a distribution, the
median value is much lower than the average. That
means, many pages have few in-links while few
pages have an extremely high number of in-links.
This finding indicates that Web-page authors choose
the Web sites they link to without a thorough quality
evaluation. Rather, they act according to economic
principles and invest as little time as possible for
their selection. As a consequence, social actors in
networks rely on the preferences of other actors
(Barabasi, 2002). Pages with a high in-link degree
are more likely to receive further in-links than other
pages (Pennock, Flake, Lawrence, Glover, & Giles,
2002). Another reason for setting links is thematic
similarity (Chakrabarti, Joshi, Punera, & Pennock,
2002). Definitely, quality assessment is not the only
reason for setting a link.

A study of university sites questions the assump-
tion that quality is associated with high in-link
counts. It was shown that the links from university
sites do not even lead to pages with scientific
material in most cases. They rather refer the user
to link collections and subject-specific resources
(Thelwall & Harries, 2003).

Large-scale evaluation of Web information re-
trieval has been carried out within TREC (Text
Retrieval Conference, http://trec.nist.gov; Hawk-
ing & Craswell, 2001). TREC provides a test bed
for information-retrieval experiments. The annual
eventisorganized by NIST, which maintainsalarge
collection of documents. Research groups apply
their retrieval engines to this corpus and optimize
them with results from previous years. They submit
their results to NIST, where the relevance of the
retrieved documents is intellectually assessed. A
few years ago, a Web track was introduced in
which a large snapshot of the Web forms the
document collection. In this context, link-based
measures have been compared with standard re-
trieval rankings. The results show that the consid-
eration of link structure does not lead to better
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retrieval performance. This result was observed in
the Web track at TREC 2001. Only for the home-
page-finding task have link-based authority mea-
sures like the PageRank algorithm led to an improve-
ment (Hawking & Craswell, 2001).

Link analysis is the approach that has attracted
the most research within automatic quality evalua-
tion. However, it has its shortcomings, and good
usability is only one reason to set a link. As a
consequence, link-analysis measures should not be
used as the only indicator for the quality of the user
interface.

Quality of Text

If systems for assessing the quality of text succeed,
they will play an important role for human-computer
interaction. The readability of text is an important
issue for the usability of a page. Good readability
leads to fast and more satisfying interaction. The
prototypes developed so far are focused on the
application of teacher assistance for essay grading.
However, the use of such systems for Web re-
sources will soon be debated. The automatic evalu-
ation of the quality of text certainly poses many
ethical questions and will raise a lot of debate once
it is implemented on a larger scale.

Two approaches are used in prototypes for the
automatic evaluation of texts. The first approach is
to measure the coherence of a text and use it as a
yardstick. The second typical approach is to calcu-
late the similarity of the texts to sample texts that
have been evaluated and graded by humans. The
new texts are then graded according to their similar-
ity to the already graded texts.

The Intelligent Essay Assessor is based on latent
semantic indexing (LSI; Foltz, Laham, & Landauer,
1999). LSl isareductiontechnique. In text analysis,
usually each word is used for the semantic descrip-
tion of the text, resulting in a large number of
descriptive elements. LSI analyzes the dependen-
cies between these dimensions and creates a re-
duced set of artificial semantic dimensions. The
Intelligent Essay Assessor considers a set of essays
graded by humans. For each essay, it calculates the
similarity of the essay to the graded essays using
text-classification methods. The grade of the most
similar cluster is then assigned to the essay. For
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1,200 essays, the system reached a correlation of 0.7
to the grades assigned by humans. The correlation
between two humans was not higher than that.

A similar level of performance was reached by a
system by Larkey (1998). This prototype applies the
Bayesian K-nearest neighbor classifier and does not
carry out any reduction of the word dimensions
(Larkey).

The readability of text depends to a certain extent
on the coherence within the text and between its
parts and sentences. In another experiment, LSI
was used to measure the similarity between follow-
ing sentences in a text. The average similarity
between all sentence pairs determines the coher-
ence of the text. This value was compared to the
typical similarity in a large corpus of sentences. The
results obtained are coherent with psychological
experiments estimating the readability (Larkey,
1998).

In Web pages, some text elements are more
important than others for navigation. The text on
interaction elements playsacrucial role for the usabil-
ity. Itisoften shortand cannotrely as much on context
as phrases within a longer text. These text elements
need special attention. In one experiment, similar
measures as presented above were used to determine
the coherence between link text and the content of the
pages to which the link points (Chi etal., 2003). These
measures are likely to be applied to Web resources
more extensively within the next few years.

PAGE AND NAVIGATION
STRUCTURE

Advanced quality models that take several aspects
into account are still at an experimental stage.
However, they are the most relevant for human-
computer interaction. These systems go beyond
syntax checking and analyze the design of pages by
extracting features from the HTML code of pages.
Prototypes consider the use of interaction elements
and design, for example, by looking for a balanced
layout.

Whereas the first approaches evaluated the fea-
tures of Web pages intellectually (Bucy, Lang, Pot-
ter, & Grabe, 1999), features are now extracted
more and more automatically. Most of these proto-
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types are based on intellectual quality assessment of
pages and use these decisions as a yardstick or
training set for their algorithms.

An experiment carried out by Amento, Terveen,
and Hill (2000) suggests that the human perception
of the quality of Web pages can be predicted equally
well by four formal features. These four features
include link-analysis measures like the PageRank
value and the total number of in-links. However,
simple features like the number of pages on a site
and the number of graphics on a page also correlated
highly with the human judgments (Amento et al).

The system WebTango extracts more than 150
atomic and simple features from a Web page and
tries to reveal statistical correlations to a set of sites
rated as excellent (Ivory & Hearst, 2002). The
extracted features are based on the design, the
structure, and the HTML code of a page. WebTango
includes the ratings of the Weblint system discussed
above. The definition of the features is based on
hypotheses on the effect of certain design elements
on usability. As a consequence, the approach is
restricted by the validity of these assumptions. The
human ratings could be reproduced to a great extent
by the statistical approach.

The information scentanalysis in the Bloodhound
project uses link analysis to compare the anchor text
and its surroundings with the information on the
linked page (Chietal., 2003). The system simulates
log files by automatically navigating through a site
and determines the quality measure of the site as the
average similarity between link text and the text on
the following link. The integration with log files
shows the interaction focus of the approach. Link
analysis has also been combined with log analysis.
For example, the approach called usage-aware page
rank assigns abias for pages often accessed (Oztekin,
Ertdz, & Kumar, 2003). Usage-aware page rank and
Bloodhound are limited to one site.

When comparing the systems, it can be observed
that no consensus has been reached yet about which
features of Web pages are important for the quality
decisions of humans. Much more empirical research
is necessary in order to identify the most relevant
factors.

FUTURE TRENDS

The literature discussed in the main section shows
a clear trend from systems with objective defini-
tions of quality toward systems that try to capture
the subjective perspective of individual users. The
most recent approaches rely mainly on statistical
approaches to extract quality definitions from al-
ready assessed resources and apply them to new
pages. Future systems will also rely on more and
more criteria in order to provide better quality
decisions.

Web log files representing the actual information
behavior may play a stronger role in these future
systems. The assessment of the quality of texts will
probably gain more importance for Internet re-
sources.

Quality will also be assessed differently for dif-
ferent domains, for different types of pages, and for
various usability aspects. As individualization is an
importantissue in Web information systems, efforts
to integrate personal viewpoints on quality into qual-
ity-assessment systems will be undertaken.

Automatic evaluation will never replace other
evaluation methods like user tests. However, they
will be applied in situations where a large number of
Internet interfaces need to be evaluated.

CONCLUSION

The automatic evaluation of Internet resources is a
novel research field that has not reached maturity
yet. So far, each of the different approaches is
deeply rooted within its own discipline and relies on
a small number of criteria in order to measure a
limited aspect of quality. In the future, systems will
need to integrate several of the current approaches
inorder to achieve quality metrics thatare helpful for
the user. These systemswill contribute substantially
to the field of human-computer interaction.
Automatic evaluation allows users and develop-
ers to evaluate many interfaces according to their
usability. Systems for automatic evaluation will help
to identify well-designed interfaces as well as good
interface elements. The evaluation of a large num-
ber of Internet interfaces will reveal trends in inter-
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face design and identify design elements often and
successfully used.
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KEY TERMS

Authority: Link analysis considers Web pages
of high quality to be authorities for their topic. That
means these pages contain the best, most convinc-
ing, most comprehensive and objective information
for that topic.

Bibliometrics: Bibliometrics studies the rela-
tionship amongst scientific publications. The most

important application is the calculation of impact
factors for publications. During this process, a high
number of references is considered to be an indica-
tor for high scientific quality. Other analyses include
the structure and the development of scientific com-
munities.

Hub: Hub is a term for Web pages in link
analysis. In contrast to an authority page, a hub page
does not contain high-quality content itself, but links
to the authorities. A hub represents an excellent
information provider and may be a clearinghouse or
a link collection. The high quality of these pages is
shown by the information sources they contain.

Information Retrieval: Information retrieval is
concerned with the representation of knowledge and
subsequent search for relevant information within
these knowledge sources. Information retrieval pro-
vides the technology behind search engines.

Latent Semantic Indexing: Latent semantic
indexing isadimension-reduction technique usedin
informationretrieval. During the analysis of natural-
language text, each word is usually used for the
semantic representation. As aresult, a large number
of words describe a text. Latent semantic indexing
combines many features and finds a smaller set of
dimensions for the representation that describes
approximately the same content.

Link Analysis: The links between pages on the
Web are a large knowledge source that is exploited
by link-analysis algorithms for many ends. Many
algorithms similar to PageRank determine a quality
or authority score based on the number of incoming
links of a page. Furthermore, link analysis is applied
to identify thematically similar pages, Web commu-
nities, and other social structures.

PageRank: The PageRank algorithm assigns a
quality value to each known Web page that is
integrated into the ranking of search-engine results.
This quality value is based on the number of links that
point to a page. In an iterative algorithm, the links
from high-quality pages are weighted higher than
links from other pages. PageRank was originally
developed for the Google search engine.
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INTRODUCTION

Facial expression analysis is an active area in hu-
man-computer interaction. Many techniques of fa-
cial expression analysis have been proposed that try
to make the interaction tighter and more efficient.

The essence of facial expression analysis is to
recognize facial actions or to perceive human emo-
tion through the changes of the face surface. Gen-
erally, there are three main steps in analyzing facial
expression. First, the face should be detected in the
image or the first frame of image sequences. Sec-
ond, the representation of facial expression should
be determined, and the data related to facial expres-
sion should be extracted from the image or the
following image sequences. Finally, amechanism of
classification should be devised to classify the facial
expression data.

Inthisarticle, the techniques for automatic facial
expression analysis will be discussed. The attemptis
to classify various methods to some categories
instead of giving an exhausted review.

The rest of this article is organized as follows.
Background is presented briefly firstly. The tech-
niques used in the three steps, which are detecting
the face, representing the facial expression, and
classifying the facial expression, are described re-
spectively. Then some facial expression databases
are discussed. The challenges and future trends to
facial expression analysis are also presented. Fi-
nally, the conclusion is made.

BACKGROUND

During the past decade, the development of image
analysis, object tracking, pattern recognition, com-
puter vision, and computer hardware has brought

facial expression into human-computer interaction
as a new modality, and makes the interaction tighter
and more efficient. Many systems for automatic
facial expression have been developed since the
pioneering work of Mase and Pentland (1991).
Some surveys of automatic facial expression analy-
sis (Fasel & Luettin, 2003; Pantic & Rothkrantz,
2000a) have also appeared.

Various applications using automatic facial ex-
pression analysis can be envisaged in the near
future, fostering further interest in doing research in
different areas (Fasel & Luettin, 2003). However,
there are still many challenges to develop an ideal
automatic facial expression analysis system.

DETECTING FACE

Before dealing with the information of facial expres-
sion, the face should be located in images or se-
guences. Given an arbitrary image, the goal of face
detection is to determine whether or not there are
faces inthe image, and if present, return the location
and extent of each face. Two good surveys of face
detection have been published recently (Hjelmas,
2001; Yang, Kriegman, & Ahuja, 2002).

In most of the systems for facial expression
analysis, itisassumed thatonly one face is contained
in the image and the face is near the front view.
Then, the main aim of this step is to locate the face
and facial features.

In face detection, the input can be either a static
image or an image sequence. Because the methods
are totally different, we discuss them separately in
the following paragraphs.

The techniques of face detection from static
images can be classified into four categories (Yang
etal., 2002), although some methods clearly overlap
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the category boundaries. These four types of tech-
niques are listed as follows:

* Knowledge-Based Methods: These rule-
based methods encode human knowledge about
what constitutes a typical face. Usually, the
rules capture the relationships between facial
features. These methods are designed mainly
for face localization.

. Feature-Invariant Approaches: These al-
gorithms aim to find structural features that
existevenwhenthe pose, viewpoint, or lighting
conditions vary, and then use these features to
locate faces. Usually, the facial features, such
as the edge of the eye and mouth, texture, skin
color, and the integration of these features, are
used to locate faces. These methods are de-
signed mainly for face localization.

. Template-Matching Methods: Several stan-
dard patterns of faces are stored to describe
the face as a whole or the facial features
separately. The correlations between an input
image and the stored patterns are computed for
detection. Usually, predefined face templates
and deformable templates are used. These
methods have been used for both face localiza-
tion and detection.

. Appearance-Based Methods: In contrast to
template matching, models (or templates) are
learned from a set of training images that
should capture the representative variability of
facial appearance. These learned models are
then used for detection. Many learning models
are studied, such as eigenface, the distribution-
based method, neural networks, support vector
machines, the Naive Bayes classifier, the hid-
den Markov model, the information-theoretical
approach, and so forth. These methods are
designed mainly for face detection.

The face can also be detected by the motion
information from image sequences. The approaches
based onimage sequences attemptto find the invari-
ant features through face or head motion. They can
be classified into two categories:

. Accumulated Frame Difference: In this type
of approach, moving silhouettes (candidates)

that include facial features, a face, or body
parts are extracted by thresholding the accu-
mulated frame difference. Then, some rules
are set to measure the candidates. These ap-
proaches are straightforward and easy to real-
ize. However, they are not robust enough to
detect noise and insignificant motion.

*  Moving Image Contour: In the approach,
the motion is measured through the estimation
of moving contours, such as optical flow. Com-
pared to frame difference, results from moving
contours are always more reliable, especially
whenthe motionisinsignificant (Hjelmas, 2001).

REPRESENTING FACIAL
EXPRESSION

After determining the location of the face, the
information of the facial expression can be ex-
tracted. In this step, the fundamental issue is how to
represent the information of facial expression from
a static image or an image sequence.

Benefiting from the development of image analy-
sis, object and face tracking, and face recognition,
many approaches have been proposed to represent
the information of facial expression. These methods
can be classified into different classes according to
different criteria. Five kinds of approaches are
discussed as follows.

According to the type of input, the approaches
for representing facial expression can be classified
into two categories:

. Static-Image-Based Approaches: The sys-
tem analyzes the facial expression in static
images. Typically, aneutral expressionis needed
to find the changes caused by facial expres-
sions (Buciu, Kotropoulos, & Pitas, 2003; Chen
& Huang, 2003; Gao, Leung, Hui, & Tanada,
2003; Pantic & Rothkrantz, 2000b, 2004).

. Image-Sequence-Based Approaches: The
system attempts to extract the motion or
changes of the face or facial features, and uses
the spatial trajectories or spatiotemporal infor-
mation to represent the facial expression infor-
mation (Cohn, Sebe, Garg, Chen, & Huang,
2003; Essa & Pentland, 1997; Tian, Kanade, &
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Cohn, 2001; Zhang, 2003). Because facial ex-
pressionisaspatial-temporal phenomenon, itis
reasonable to believe that the approaches that
deal with the image sequences could obtain
more reliable results.

According to the space where the information is

represented, the representations of facial expression
information can be categorized into three types:

Spatial Space-Based Approaches: The de-
formation or the differences between the neu-
tral face or facial features and the current face
or facial features is used to represent the facial
expression information (Buciuetal.,2003; Chen
& Huang, 2003; Gao et al., 2003; Pantic &
Rothkrantz, 2004). The methods used in face
recognition are usually adopted in this type of
approaches.

Spatial Trajectory-Based Approaches: The
spatial trajectory from the neutral face or facial
features to the current face or facial features is
used to represent the facial expression informa-
tion (Tian et al., 2001). The fundamental issue
of this kind of method is the motion of the face
or facial features.

Spatiotemporal Trajectory-Based Ap-
proaches: The temporal information is also
used besides the spatial trajectory (Cohenetal.,
2003; Essa & Pentland, 1997). These methods
are usually represented inside the spatiotempo-
ral models, such as hidden Markov models.

According to the regions of a face where the face

is processed, the representations can be categorized
into local approaches, holist approaches, or hybrid
approaches:
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Local Approaches: The face is processed by
focusing on local facial features or local areas
that are prone to change with facial expression
(Pantic & Rothkrantz, 2000b, 2004; Tian et al.,
2001). In general, intransient facial features
such as the eyes, eyebrows, mouth, and tissue
texture, and the transient facial features such as
wrinkles and bulges are mainly involved in fa-
cial expression displays.

Holist Approaches: The face is processed as
a whole to find the changes caused by facial
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expressions (Chen & Huang, 2003; Gao et al.,
2003).

. Hybrid Approaches: Both the local facial
features and the whole face are considered to
represent the facial expression (Buciu et al.,
2003; Cohen et al., 2003; Essa & Pentland,
1997; Lyons, Budynek, & Akamatsu, 1999).
For example, a grid model of the whole face is
used to represent the whole face, and the
properties of local facial features are also
used in the approach (Lyons et al.).

According to information of the face, the ap-
proaches can be classified into image-based, 2-D-
model-based, and 3-D-model-based approaches.

. Image-Based Approaches: The intensity
information is used directly to represent the
deformation or the motion of the face or facial
features (Chen & Huang, 2003; Donato,
Bartlett, Hager, Ekman, & Sejnowski, 1999).

. 2-D-Model-Based Approaches: The face
is described with the aid of a 2-D face model,
including the facial features or the whole face
region, without attempting to recover the volu-
metric geometry of the scene (Buciu et al.,
2003; Cohen et al., 2003; Gao et al., 2003;
Pantic & Rothkrantz, 2004; Tianetal., 2001).

. 3-D-Model-Based Approaches: The face
is described by a 3-D face model. These
techniques have the advantage that they can
be extremely accurate, but have the disadvan-
tage that they are often slow, fragile, and
usually must be trained by hand (Essa &
Pentland, 1997).

According to whether the representation is mod-
eled on the face surface or not, methods can be
classified into appearance-based and muscle-based
approaches.

. Appearance-Based Approaches: The fa-
cial expressions are all represented by the
appearance of the face or facial features, and
the information extracted from the appear-
ance is used to analyze the facial expression
(Buciu et al., 2003; Chen & Huang, 2003;
Cohen et al., 2003; Tian et al., 2001).
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. Muscle-Based Approaches: The approaches
focus on the effects of facial muscle activities
and attempt to interfere with muscle activities
fromvisual information (Essa & Pentland, 1997;
Mase & Pentland, 1991). This may be achieved
by using 3-D muscle models that allow mapping
of the extracted optical flow into muscle ac-
tions. The muscle-based approaches are able
to easily synthesize facial expressions. How-
ever, the relationships between the motion of
the appearance and motion of the muscle are
not so easily dealt with.

After determining the representation of the facial
expression, the information of the facial expression
can be extracted according to the representation
approach. In general, the methods of extracting
facial expression information are determined by the
type of facial expression representation.

Each approach has its advantages and disadvan-
tages. In a facial expression analysis system, the
facial expression information is always represented
using the combination of some types of facial ex-
pression representation.

Because facial expression is a spatial-temporal
phenomenon, itismore reasonable to believe that the
approaches that deal with image sequences and use
the spatiotemporal trajectory-based approaches could
obtain more reliable results. The facial expressionis
the effect of the whole face, and any small change
of facial appearance means the change of facial
expression. Though affected by accuracy and the
time consumed, the approaches using hybrid ap-
proaches or 3-D models to represent the face may
be more promising. The muscle-based approaches
seem to be sound; however, the relationship of the
appearance and the motion of muscle is not so clear,
and is affected by the development of the image
processing. Most of the approaches that deal with
the changes of appearance directly are more rea-
sonable.

CLASSIFYING FACIAL EXPRESSION

After the information of facial expression is ob-
tained, the next step of facial expression analysis is
to classify the facial expression conveyed by the

face. In this step, a set of categories should be
defined first. Then a mechanism can be devised for
classification.

Facial Expression Categories

There are many ways for defining the categories of
facial expressions. In the area of facial expression
analysis research, two ways for categorizing are
usually used. One is the Facial Actions Coding
System (FACS; Ekman & Friesen, 1978), and the
other is prototypic emotional expressions (Ekman,
1982). Usually, the process of classifying the facial
expressioninto action units (AUs) in FACS is called
facial expression recognition, and the process of
classifying the facial expression into six basic
prototypic emotions is called facial expression inter-
pretation (Fasel & Luettin, 2003). Some systems can
classify the facial expression to either AUs (Pantic
& Rothkrantz, 2004; Tian et al., 2001) or one of six
basic emotions (Buciu et al., 2003; Chen & Huang,
2003; Cohen et al., 2003; Gao et al., 2003). Some
systems perform both (Essa & Pentland, 1997;
Pantic & Rothkrantz, 2000b).

Mechanism for Classification

Like other pattern-recognition approaches, the aim
of facial expression analysis is to use the information
or patterns extracted from an input image and clas-
sify the input image to a predefined pattern. Gener-
ally, rule-based methods and statistic-based meth-
ods are applied to classify facial expressions.

. Rule-Based Methods: In this type of method,
rules or facial expression dictionaries are de-
termined first by human knowledge, then the
examined facial expression is classified by the
rules or dictionaries (Pantic & Rothkrantz,
2000b, 2004).

. Statistic-Based Methods: Statistic-based
methods are the most successful approachesin
pattern recognition. Most of the approaches in
the literature classify facial expressions using
statistic-based methods (Buciu et al., 2003;
Chen & Huang, 2003; Cohen et al., 2003; Essa
& Pentland, 1997; Tian et al., 2001). Since the
early 1980s, statistic pattern recognition has
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experienced rapid growth, especially in the
increasing interaction and collaboration among
differentdisciplines, including neural networks,
machine learning, statistics, mathematics, com-
puter science, and biology. Each examined
facial expression isrepresented as a pointin an
N-dimensional feature space according to the
representation of the facial expression infor-
mation. Then, given a set of training patterns
from each class, the objective is to establish
decision boundaries in the feature space that
separate patterns belonging to different classes.
Of course, according to the learning methods,
the statistic-based methods could be classified
into many subcategories. For more details,
refer to the papers of Fasel and Luettin (2003),
Jain, Duin, and Mao (2000), and Pantic and
Rothkrantz (2000a).

FACIAL EXPRESSION DATABASE

Many facial expression analysis systems have been
developed. Without a uniform facial expression da-
tabase, these systems could not be compared. Some
considerations for a facial expression database are
the following (Kanada, Cohn, & Tian, 2000).

Level of description

Transitions among expressions
Deliberate vs. spontaneous expression
Reliability of expression data
Individual difference among subjects
Head orientation and scene complexity
Image acquisition and resolution
Relation to nonfacial behavior

Nk~ R

Several databases have been developed to evalu-
ate facial expression analysis systems. However,
most of them are not open. A few databases that can
be obtained freely or by purchase are as follows:

. CMU-Pittsburgh AU-Coded Face Expres-
sion Image Database (Kanada et al., 2000):
The database is the most comprehensive test
bed to date for comparative studies of facial
expression analysis. Itincludes 2,105 digitized
image sequences from 182 adult subjects of
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varying ethnicity and performs multiple tokens
of most primary FACS action units.

. CMU AMP Face Expression Database:
There are 13 subjects in this database, each
with 75 images, and all of the face images are
collected inthe same lighting condition. It only
allows human expression changes.

. The Japanese Female Facial Expression
(JAFFE) Database: The database contains
213 images of seven facial expressions (six
basic facial expressions and one neutral) posed
by 10 Japanese female models. Each image
has been rated on six emotion adjectives by 60
Japanese subjects. The database was planned
and assembled by Miyuki Kamachi, Michael
Lyons, and Jiro Gyoba (Lyons et al., 1999).

. Japanese and Caucasian Facial Expres-
sion of Emotion (JACFEE) and Neutral
Faces: The database consists of two sets of
photographs of facial expression. JACFEE
shows 56 different people, half male and half
female, and half Caucasian and half Japanese.
The photos are in color and illustrate each of
seven different emotions. JACNEUF shows
the same 56 subjects with neutral faces.

FUTURE TRENDS AND
CHALLENGES

Inspite of the applications, we think the future trends
would deal with the problems mentioned above and
try to establish an ideal facial expression analysis
system. Of course, the development of facial ex-
pression analysis would benefit from other areas,
including computer vision, pattern recognition, psy-
chological studies, and so forth.

The challenge to facial expression analysis can
be outlined by an ideal facial expression system,
whichis proposed to direct the development of facial
expression analysis systems, as shown in Table 1.

Many researchers have attempted to solve the
challenges mentioned above. However, in currently
existing systems of facial expression analysis, few
of them did.

In many systems, strong assumptions are made in
each step to make the problem of facial expression
analysis more tractable. Some common assumptions
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Table 1. Challenges to facial expression analysis

Automatic processing

For all steps - -
Real-time processing

Deal with subjects of any age, ethnicity and outlook

Deals with variation in imaging conditions, such as lighting and
camera characteristics

Detecting face

Deal with variation in pose or head motion

Deal with various facial expressions

Deals with partially occluded faces

Deal with both static images and image sequences

Representing facial

Deal with various size and orientation of the face in input image

expression Deal with various pose of face and head motion
Deal with occluded face/facial features
Distinguishes all possible expressions and their combinations
Distinguishes unlimited interpretation categories
Classifying facial | Quantifies facial expressions or facial actions
expression Deal with inaccurate facial expression data

Deal with unilateral facial changes

Features adaptive learning facility

are the use of a frontal facial view, constant illumi-
nation, a fixed light source, no facial hair or glasses,
and the same ethnicity. Only the method proposed by
Essaand Pentland (1997) in the literature deals with
subjects of any age and outlook. In representing
facial expression, it is always assumed that the
observed subject is immovable.

None of the methods could distinguish all 44
facial actions and their combinations. The method
developed by Pantic and Rothkrantz (2004) deals
with the most classes, that is, only 32 facial actions
occurring alone or in combination, achieving an 86%
recognition rate.

Though some methods claim that they can deal
with the six basic emotion categories and neutral
expression (Cohen et al., 2003), it is not certain that
all facial expressions displayed on a face can be
classified under the six basic emotion categories in
psychology. This makes the problem of facial ex-
pression analysis even harder.

CONCLUSION

Facial expression isan important modality in human-
computer interaction. The essence of facial expres-
sion analysis is to recognize the facial actions of
facial expression or perceive the human emotion

through the changes of the face surface. In this
article, three steps in automatic facial expression
analysis, which are detecting the face, representing
the facial expression, and classifying the facial
expression, have been discussed. Because of the
lack of a uniform facial expression database, the
facial expression analysis systems are hard to evalu-
ate. Though some developments have been achieved,
many challenges still exist.

ACKNOWLEDGMENT

This work has been supported by Grant RFDP-
20020003011.

REFERENCES

Buciu, 1., Kotropoulos, C., & Pitas, I. (2003). ICA
and Gabor representation for facial expression rec-
ognition. IEEE International Conference on Im-
age Processing, 2, 855-858.

Chen, X., & Huang, T. (2003). Facial expression
recognition: A clustering-based approach. Pattern
Recognition Letters, 24, 1295-1302.

65




Cohen, I., Sebe, N., Garg, A., Chen, L., & Huang, T.
(2003). Facial expression recognition from video
sequences: Temporal and static modeling. Com-
puter Vision and Image Understanding, 91(1-2),
160-187.

Donato, G., Bartlett, S., Hager, C., Ekman, P., &
Sejnowski, J. (1999). Classifying facial actions.
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 21(10), 974-989.

Ekman, P. (1982). Emotion in the human face.
Cambridge University Press, UK.

Ekman, P., & Friesen, W. V. (1978). Facial Action
Coding System (FACS): Manual. Palo Alto, CA:
Consulting Psychologists Press.

Essa, I., & Pentland, A. (1997). Coding, analysis,
interpretation and recognition of facial expressions.
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 19(7), 757-763.

Fasel, B., & Luettin, J. (2003). Automatic facial
expression analysis: A survey. Pattern Recogni-
tion, 36, 259-275.

Gao, Y., Leung, M., Hui, S., & Tanada, M. (2003).
Facial expression recognition from line-based cari-
catures. IEEE Transactions on Systems, Man,

and Cybernetics Part A: Systems and Humans,
33(3), 407-412,

Hjelmas, E. (2001). Face detection: A survey. Com-

puter Vision and Image Understanding, 83, 236-
274.

Jain, A. K., Duin, R. P. W., & Mao, J. (2000).
Statistical pattern recognition: A review. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 22(1), 4-37.

Kanada, T., Cohn,J. F., & Tian, Y. (2000). Compre-
hensive database for facial expression analysis.
Proceedings of Fourth IEEE International Con-
ference on Automatic Face and Gesture Recogni-
tion (pp. 46-53).

Lyons, M. J., Budynek, J., & Akamatsu, S. (1999).
Automatic classification of single facial images.

IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 21(12), 1357-1362.

66

Automatic Facial Expression Analysis

Mase, K., & Pentland, A. (1991). Recognition of
facial expression from optical flow. IEICE Trans-
actions, E74(10), 3474-3483.

Pantic, M., & Rothkrantz, L. (2000a). Automatic
analysis of facial expressions: The state of the art.
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 22(12), 1424-1445.

Pantic, M., & Rothkrantz, L. (2000b). Expert system
for automatic analysis of facial expression. Image
and Vision Computing, 18(11), 881-905.

Pantic, M., & Rothkrantz, L. (2004). Facial action
recognition for facial expression analysis from static
face images. IEEE Transactions on Systems, Man,
and Cybernetics, 34(3), 1449-1461.

Tian, Y., Kanade, T., & Cohn, J. (2001). Recogniz-
ing action units for facial expression analysis. IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 23(2), 97-115.

Yang, M. H., Kriegman, D. J., & Ahuja, N. (2002).
Detecting faces in images: A survey. IEEE Trans-
actions on Pattern Analysis and Machine Intelli-
gence, 24(1), 34-58.

Zhang, Y., &Ji, Q. (2003). Facial expression under-
standing in image sequences using dynamic and
active visual information fusion. Proceedings of

the IEEE International Conference on Computer
Vision (vol. 2, pp. 1297-1304).

KEY TERMS

Face Detection: Given an arbitrary image, the
goal of face detection is to determine whether or not
there are any faces in the image, and if present,
return the image location and extent of each face.

Face Localization: Given a facial image, the
goal of face localization is to determine the position
of asingle face. This is a simplified detection prob-
lem with the assumptionthatan inputimage contains
only one face.

Face Model Features: The features used to
represent (model) the face or facial features, such
as the width, height, and angle in a template of the
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eye, or all nodes and triangles in a 3-D face mesh
model.

Facial Action Coding System (FACS): It is
the most widely used and versatile method for
measuring and describing facial behaviors, which
was developed originally by Ekman and Friesen
(1978) inthe 1970s by determining how the contrac-
tion of each facial muscle (singly and in combination
with other muscles) changes the appearance of the
face.

Facial Expression Recognition: Classifying
the facial expression to one facial action unit defined
in FACS or a combination of action units, which is
also called FACS encoding.

Facial Expression Representation: Classify-
ing the facial expression to one basic emotional
category or a combination of categories. Often, six

basic emotions defined by Ekman (1982) are used,
which are happiness, sadness, surprise, fear, anger,
and disgust.

Facial Features: The prominent features of the
face, which include intransient facial features, such
as eyebrows, eyes, nose, mouth, chin, and so forth,
and transient facial features, such as the regions
surrounding the mouth and the eyes.

Intransient Facial Features: The features that
are always on the face, but may be deformed due to
facial expressions, such as eyes, eyebrows, mouth,
permanent furrows, and so forth.

Transient Facial Features: Different kinds of
wrinkles and bulges that occur with facial expres-
sions, especially the forefront and the regions sur-
rounding the mouth and the eyes.
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INTRODUCTION
The Development of Broadband

Broadband commonly refers to Internet connection
speeds greater than narrowband connection speed
of 56kbs. Digital subscriber lines (DSL) and cable
modems were the most popular forms of broadband
in public use over the last 10 years. In 2004, over
80% of U.S. homes were equipped with cable
modems, and up to 66% of U.S. households were
able to receive DSL transmissions. It is expected
that the impact of broadband technologies will con-
tinue toplay animportantrole inthe U.S. and the rest
of the world. It is predicted that the number of
broadband-enabled homes will exceed 90 million
worldwide by 2007 (Jones, 2003). Canada and Ko-
rea currently are the two countries leading the way
in broadband saturation. The following discussion
focuses on the Canadian case of broadband devel-
opment.

Canadian Broadband

A bandwidth revolution is underway in Canada
driven by an explosion in computing power and
access to the world’s fastest research network.
(Lawes, 2003, p. 19)

As is the case almost everywhere, the develop-
ment of broadband in Canada began with narrowband
Internet. Canada’s main broadband initiative,
CANARIE (Canadian Network for the Advance-
ment of Research, Industry and Education), can be
traced to regional-federal cooperative network prin-
ciplesestablished by NetNorth (forerunner to Ca*net)
in the late 1980s and growing public and private
sector interest in developing high-speed networks
during the early 1990s (Shade, 1994). By 1993,
CANARIE emerged as a not-for-profit federally

incorporated organization consisting of public and
private sector members. Its goal was to create a
networking infrastructure that would enable Canada
to take a leading role in the knowledge-based
economy. The initial three-phase plan to be carried
out within an eight-year period was expected to cost
more than $1 billion with more than $200 million
coming from the federal government. The objectives
of the first phase were to promote network-based
R&D, particularly in areas of product development,
with expected gains in economic trade advance-
ment. The objectives of the second phase were to
extend the capabilities of CA*net to showcase new
technology applications that advance educational
communities, R&D, and public services. The objec-
tive in the third phase were to develop a high-speed
test network for developing products and services
for competing internationally in a knowledge-based
economy. CANARIE’s overarching aim in the first
three phases was to leverage Canada’s information
technology and telecommunication capacities in or-
der to advance the Canadian information economy
and society. By the end of CANARIE’s three
phases, high-speed optical computing networking
technology connected public and private institutions
(i.e., universities, research institutes, businesses,
government agencies and laboratories, museums,
hospitals, and libraries, both nationally and interna-
tionally) (Industry Canada, 2003). CANARIE’s con-
tribution to sustaining the Ca*net 4 broadband net-
work (now in its fourth generation) made it possible
for networks to share applications, computing power,
and other digital resources nationwide and interna-
tionally.

CANARIE also provided funding for anumber of
organizations carrying out innovative initiatives re-
quiring broadbandtechnology, including Absolu Tech-
nologies Inc., Shana Corporation, HyperCore Tech-
nology Inc., Cifra Médical Inc., Broadband Net-
works Inc., Callisto Media Systems Inc., The Esys
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Corporation, PacketWare Inc., NBTel InterActive,
Nautical Data International Inc., and Miranda Tech-
nologies Inc. CANARIE has funded more than 200
projectsinvolving 500 Canadian companiesand pro-
viding an average of 30% of total project costs
(CANARIE, 2003).

BACKGROUND

Recent broadband-based research and development
initiatives in areas of interinstitutional networking
and learning object and learning object repository
development are particularly relevant to the field of
human-computer interaction (HCI). A growing num-
ber of broadband-based research and development
projects is appearing worldwide, such as, ICONEX
(UK), JORUM (UK), JISC Information Environ-
ment (UK), AESharenet (AU), COLIS project (Aus-
tralia), TALON Learning Objects System (US), and
Multimedia Educational Resource for Learning and
Online Teaching (International).

Over the last decade, a number of important
interinstitutional networking and learning object re-
pository initiatives were spearheaded in Canada.
Through the advancement of grid computing, satel-
lite communications, and wireless networks, com-
puters in research labs around the world and in the
field could be connected to a computer network,
allowing usersto share applications, computer power,
data, and other resources. Canada’s broadband
network provided a technology infrastructure for a
wide range of large-scale research and development
initiatives, such as virtual astrophysics communities
(Canadian Virtual Observatory), microelectronic
online testing (National Microelectronics and
Photonics Testing Collaboratory), remote satellite
forestmonitoring (SAFORAH), and brain map data-
base sharing (RISQ), SchoolNet, and the Canadian
Network of Learning Object Repositories. SchoolNet
was a federal government institutional networking
project developedin 1994 to increase connectivity to
public schools and to promote social equity by allow-
ing all Canadian schools and public libraries to be
interconnected, regardless of geographical distance.
Through this project, Canada became the first coun-
try in the world to connect all of its public schools to
the Information Highway (School Net, 1999). An-
other major initiative was the Canadian Network of

Learning Object Repositories (EduSource Canada)
created in 2002 to develop interoperable learning
object repositories across Canada. EduSource
Canada sponsored a number of learning object re-
pository projects, including Broadband-Enabled Life-
long Learning Environment (BELLE), Campus
Alberta Repository of Educational Objects (CAREQ),
and Portal for Online Objects in Learning (POOL).

NON-TECHNICAL ASPECTS OF
BROADBAND TECHNOLOGY

Key Non-Technical Problems of
Broadband Technology

A selected review of federal government databases
on major broadband initiatives in Canada over the
last decade reveals a number of problems high-
lighted in government documents and news reports
on government broadband efforts. Particularly sa-
lient are problems revolving around public knowl-
edge, education, and systemic organization.

Problem of Public Knowledge

Although more than $1 billion was invested in
CANARIE’s projects, very few people know of its
existence. With little public knowledge of its exist-
ence, CANARIE is in danger of being eliminated
through economic cutbacks. Efforts to gain media
attention have not been effective. Despite the pres-
ence of numerous CANARIE-sponsored gophers,
Web sites, and press releases, there is a paucity of
public information available in popular media.

Problem of Education

The success of projects like SchoolNet was mea-
sured in terms of how many computers there were
in schools and libraries and how many were con-
nected to the Internet. One major criticism was that
efforts from project leaders to promote public inter-
est overemphasized the physical aspects of comput-
ersand connectivity and underemphasized how indi-
viduals employ technology for educational ends.
This partly explains resistance from local network
users to participate in many learning object reposi-
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tory initiatives currently in progress. There is little
point in amassing thousands of learning objects for
users if they do not see how the objects enhance
learning.

Problem of Organization

The organization of broadband and broadband-based
initiatives can create problems, particularly where
public support is vital. There is strong potential for
public interestin the developmentin Canadian learn-
ing object repositories and repository networks ac-
cessible by all Canadians. The problem is that
EduSource (established in 2002) and some of the
learning repository initiates emerged almost a decade
after broadband initiatives were funded. From an
engineering perspective, it made sense to invest
infrastructure development first and content second.
From a public interest perspective, however, earlier
development of learning repository networks could
have raised public interest sooner by providing open
access. For instance, learning object repositories
could have been created on narrowband networks
while broadband network development was still un-
derway.

Problem of Funding

Another problem s related to project advancement is
funding and funding continuity. For instance, the
future of CANARIE and CANARIE-sponsored ini-
tiatives was uncertain in 2003 due to delays in federal
funding commitment to renew the project (Anony-
mous, 2003). The trickledown effect of funding un-
certainty for umbrella projects like CANARIE af-
fected researchers and developers across the county.
The suspension of funding slowed and, in some
cases, eliminated projects that previously were
funded.

FUTURE TRENDS
Lessons Learned
A focus on non-technical aspects of broadband tech-

nology and broadband-based developments revealed
problemsrevolving around public knowledge, educa-
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tion, organization, and funding. Based on the afore-
mentioned problems, valuable lessons can be de-
rived to advance future development within Canada
and insimilar contexts. First, the existing problem of
public knowledge suggests that increased public
understanding of broadband technology is needed.
One option is to gain greater private-sector partici-
pation in promotional activities connected to
CANARIE (i.e., supporting charities, scholarships,
donations to public institutions, etc.), since compa-
niesare interested in gaining popular support. Greater
private-sector interestin CANARIE could increase
media attention. On the other hand, there also must
be careful consideration of the value structure
governing stakeholder participation in broadband-
based initiatives in the public sphere. Parrish (2004)
also raises similar concerns in discussing the value
of metadata development recommendations from
organizational entities like the ADRIADNE Foun-
dation and the Advanced Distributed Learning
(ADL) Initiative, which have invested financial
interests. Next, the problem of education and the
underemphasis on how diverse individuals in differ-
ent contexts employ technology for educational
ends suggests that that more efforts must be in-
vested into building pedagogical elements into broad-
band technology development that satisfy the needs
of diverse populations in different contexts. This is
particularly important in the case of learning object
and learning object repositories, where learningisa
major concernin project development. Whiley (2003)
and Friesen (2003) make similar points in recent
criticisms of learning object repository trends. Also,
existing problems of organization suggest that the
sequence of developmental effortsisalso an impor-
tant consideration. Assuming that public supportis
vital, the organization of broadband and broadband-
related development efforts should take public in-
terest into consideration when planning develop-
mental phases. In the case of Canada, if more effort
were placed on learning object repository develop-
mentinthe early 1990s, then stronger public support
of current broadband technology could have oc-
curred. Moreover, existing financial problems sug-
gest that more stable funding investment for large-
scale projects like CANARIE is crucial.

The aforementioned problems concerning broad-
band development are not limited to the Canadian
context. For instance, financial difficulties in the
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U.S. arising from limited public interest in broadband
services (i.e., Excite@Home) destabilized broad-
band development by the end of the 1990s. As was
the case in Canada, limited public knowledge and
interest were key elements. Despite the efforts of a
small group of researchers, developers, and compa-
nies to explore the potential of broadband, the gen-
eral population was unaware of the benefits and the
challenges that broadband introduced into their lives.

Defining Features of Non-Technical
Dimension of Broadband

Based on the discussion of broadband technology,
broadband-based developments, and non-technical
aspects of broadband, this section identifies key non-
technical criteria that must be satisfied in order to
develop abroadband application that will be useful in
a national context. Toward this end, Table 1 de-
scribes four key non-technical dimensions of broad-
band development: public knowledge, education, or-
ganization, and funding continuity.

The dimensions listed in Table 1 are not intended
to be an exhaustive list. Rather, they are to be used
as a foundation for exploring other non-technical
questions related to broadband technology and de-
velopmental strategies for broadband application
planning. Broadband and broadband-based applica-
tions have the potential to change the way people

work, learn, entertain themselves, and access fun-
damental government services (Ostry, 1994). How-
ever, the general public is still unaware of what
broadband can do for them. If people are to capital-
ize on these new technologies in order to improve
their standard of living and their quality of life, then
greater attention to non-technical aspects of broad-
band technology in the field of human-computer
interaction (HCI) is required.

CONCLUSION

The purpose of this article was to extend under-
standing of non-technical aspects of broadband tech-
nology by focusing on Canadian broadband technol-
ogy and broadband-based application development.
Itwas based on the apparent lack of attention to non-
technical human aspects of broadband develop-
ment. The article explored how problems of public
awareness, education, organization, and funding in-
fluenced broadband development in Canada. Based
on lessons learned, the article posited four important,
non-technical dimensions of broadband develop-
ment intended to be used as a foundation for explor-
ing other non-technical questions related to broad-
band technology and developmental strategies for
broadband application planning.

Table 1. Four important, non-technical dimensions of broadband development

Non-Technical Defining Features
Dimension
Public Knowledge . Public knowledge of broadband technology and its application
. Public knowledge of broadband applicability to diverse cultures
and contexts
. Public knowledge of public access opportunities to broadband-
based services
Education . Integration of diverse perspectives to guide broadband
development and its conceptualization
. Inclusion of pedagogical and instructional design considerations
in new developments
. Emphasis on broadband applications in areas of learning and
skills development
Organization . Involvement from all stakeholder groups in project planning
and development
. Indication of multi-level broadband planning and development
Funding . Indication of adequate social and economic benefits of
broadband
. Indication of adequate funding and funding continuity to
support new developments
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KEY TERMS

Broadband: Refers to Internet connection
speeds greater than narrowband connection speed
of 56kbs.

Grid Computing: Linking computers from dif-
ferent locations to a computer network, which al-
lows users to share applications, computer power,
data, and other resources.

Human-Computer Interaction: The study of
relationships between people and computer tech-
nologies and the application of multiple knowledge
bases to improve the benefits of computer technol-
ogy for society.

Learning Objects: Learning objects are reus-
able digital assets that can be employed to advance
teaching and learning.

Learning Object Repositories: Digital re-
sources within a structure accessible through a
computer network connection using interoperable
functions.

Satellite Communications: The amplification
and transmission of signals between ground stations
and satellites to permit communication between any
two points in the world.

Telecommunications: The exchange of infor-
mation between computers viatelephone lines. This
typically requires a computer, a modem, and com-
munications software.

Wireless Networks: Computer networking that
permits users to transmit data through a wireless
modem connecting the remote computer to Internet
access through radio frequency.
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INTRODUCTION

Interface evaluation of a software system is a
procedure intended to identify and propose solutions
for usability problems caused by the specific soft-
ware design. The term evaluation generally refers to
the process of “gathering data about the usability of
adesign or product by a specified group of users for
a particular activity within a specified environment
or work context” (Preece et al., 1994, p. 602). As
already stated, the main goal of an interface evalu-
ation is to discover usability problems. A usability
problem may be defined as anything that interferes
with a user’s ability to efficiently and effectively
complete tasks (Karat et al., 1992).

The most applied interface evaluation method-
ologiesare the expert-based and the empirical (user-
based) evaluations. Expert evaluation is a relatively
cheap and efficient formative evaluation method
applied even on system prototypes or design speci-
fications up to the almost-ready-to-ship product.
The main idea is to present the tasks supported by
the interface to an interdisciplinary group of experts,
who will take the part of would-be users and try to
identify possible deficienciesin the interface design.

According to Reeves (1993), expert-based evalu-
ations are perhaps the most applied evaluation strat-
egy. They provide a crucial advantage that makes
them more affordable compared to the empirical
ones; in general, it is easier and cheaper to find
experts rather than users who are eager to perform
the evaluation. The main idea is that experts from
different cognitive domains (at least one from the
domain of HCI and one from the cognitive domain

under evaluation) are asked to judge the interface,
everyone from his or her own point of view. It is
important that they all are experienced, so they can
see the interface through the eyes of the user and
reveal problems and deficiencies of the interface.
One strong advantage of the methods is that they
canbe applied very early inthe design cycle, evenon
paper mock-ups. The expert’s expertise allows the
expert to understand the functionality of the system
under construction, even if the expert lacks the
whole picture of the product. A first look at the basic
characteristics would be sufficient for an expert. On
the other hand, user-based evaluations can be ap-
plied only after the product has reached a certain
level of completion.

BACKGROUND

This article focuses on the expert-based evaluation
methodology in general and on the walkthrough
methodologies in particular. The Cognitive Graphi-
cal Jogthrough method, described in detail in
Demetriades etal. (1999) and Karoulis etal. (2000),
belongs to the expert-based evaluation methodolo-
gies. Its origin is in Polson et al.’s (1992) work,
where the initial Cognitive Walkthrough was pre-
sented (Polsonetal.,1992; Whartonetal., 1994) and
inthe improved version of the Cognitive Jogthrough
(Aedoetal., 1996; Catenazzietal., 1997; Rowley &
Rhoades, 1992). The main idea in Cognitive
Walkthroughs is to present the interface-supported
tasks to a group of four to six experts who will play
the role of would-be users and try to identify any
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possible deficiencies inthe interface design. In order
to assess the interface, a set of tasks has to be
defined that characterizes the method as task-based.
Every task consists of a number of actions that
complete the task. The methods utilize an appropri-
ately structured questionnaire to record the evalua-
tors’ ratings. They also are characterized as cogni-
tive to denote that the focus is on the cognitive
dimension of the user-interface interaction, and spe-
cial care should be given to understand the tasks in
terms of user-defined goals, not just as actions on the
interface (click, drag, etc.).

The evaluation procedure takes place as follows:

. A presenter describes the user’s goal that has
to be achieved by using the task. Then the
presenter presents the first action of the first
task.

. The evaluators try to (1) pinpoint possible
problems and deficiencies during the use of the
interface and (2) estimate the percentage of
users who will possibly encounter problems.

. When the first action is finished, the presenter
presents the second one and so forth, until the
whole task has been evaluated. Then, the pre-
senter introduces the second task, following
the same steps. This iteration continues until all
the tasks are evaluated.

. The evaluators have to answer the following
questions in the questionnaire:

1. How many users will think this action is
available?

2. How many users will think this action is
appropriate?

3. How many users will know how to per-
form the action? (At this point, the pre-
senter performs the action)

4. s the system response obvious? Yes/No

How many users will think that the system

reaction brings them closer to their goal?

o

These questions are based on the CE+ theory of
exploratory learning by Polson etal. (1992) (Rieman
et al., 1995). Samples of the evaluators’ question-
naire with the modified phrasing of the questions
derived from the studies considered here can be
obtained from http://aiges.csd.auth.gra/academica.
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THE COGNITIVE GRAPHICAL
WALK- AND JOG-THROUGH
METHODS (CGW/CGJ)

The basic idea in modifying the walk- and jog-
through methods was that they both focus on novice
or casual users who encounter the interface for the
first time. However, this limits the range of the
application of the method. Therefore, the time factor
was introduced by recording the user’s experience
while working in the interface. This was
operationalized through the embodiment of diagrams
in the questionnaires to enable the evaluators to
record their estimations. The processing of the
diagrams produces curves, one for each evaluator;
so, these diagrams graphically represent the intuition
and the learning curve of the interface. The learning
curve in its turn is considered to be the main means
of assessing the novice-becoming-expert pace, which
is the locus of this modification.

Two main types of diagrams are suggested in
Figure 1.

The differentiation of the diagrams refers mainly
to their usability during the sessions, as perceived by
the evaluators. The main concern of the applications
was to pinpoint the easiest diagram form to use.

THE FOUR APPLICATIONS
Application I: The Network Simulator

The modified method of the Graphical Jogthrough
was firstapplied for the evaluation of an educational
simulation environment, the Network Simulator. Any
simulation is a software medium that utilizes the
interactive capabilities of the computer and delivers
a properly structured environment to the learner,
where user-system interaction becomes the means
for knowledge acquisition (Demetriadesetal., 1999).
Consequently, the main characteristics of a simula-
tion interface that can and must be evaluated are
intuitiveness (using proper and easily understand-
able metaphors), transparency (not interfering with
the learning procedure) (Roth & Chair, 1997), as
well as easy mapping with the real world (Schank &
Cleary, 1996).
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Figure 1.
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A. The digital form of the diagram (utilizing boxes) and countable assessment (horizontal axis in attempts)
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B. The analog type of the diagram (utilizing lines) and internal assessment (horizontal axis depicts experience)

Application Il: Perivallon

The second application of the modified method con-
cerned a software piece called Perivallon. This edu-
cational software addressed to junior high school
students isaimed at supporting the multimediatuition
of biology and is described analytically in Karavelaki
et al. (2000).

In this particular evaluation, there is additional
evidence concerning the reliability of the method,
since the results of this session have been compared
and combined with the results of an empirical (i.e.,
user-based) evaluation session that followed. The
details of this approach as well as its results can be
found in Karoulisand Pombortsis (2000). In brief, the
results proved the method to be unexpectedly reli-
able. The goal-task-action approach was followed in

both sessions. This approach led to an accordance
of over 60% of the expert-based results when
compared to the empirical ones.

Application lll: Orestis

The next application of the method was done in
order to evaluate an educational CD called Orestis,
which was produced in our laboratory within the
framework of an EU-funded program. The soft-
ware to be evaluated lies in the category of CBL
(Computer-Based Learning) software.

This session was organized using a minimalist
concept; namely, with the participation of only four
evaluators and with the fewest possible resources
in order to assess the efficiency of the method, in
the case where only the bare essentials are used.
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Application IV: Ergani CD

This particular evaluation took place during the first
software usability seminar at the Department of
Informatics of the University of Athens. The soft-
ware under evaluation is called Business Plan: How
to Start and Manage Your Own Business. It is
vocational software that was constructed by the
company Polymedia. The main characteristic of this
session was that all the evaluators were informatics
experts, and all except one HCI were experts.

OVERALL RESULTS
AND DISCUSSION

What was actually performed in the present work is
an empirical observational evaluation of the modi-
fied CGJ method. The evaluators actually acted as
users who perceived the method as a tool for achiev-
ing their goal, which was the evaluation of the
software under consideration. So, through the utili-
zation of this tool in four applications, qualitative
results were collected. Therefore, the results of this
study are, in fact, the results of an empirical (user-
based) evaluation of the modified methods of CGW/
CGJ.

Throughout all the applications, the use of the
diagrams was characterized as successful. After a
short introduction in which the presenter described
the method and the use of the diagrams, the evalu-
ators were able to easily record their assessments
during the session by ticking the appropriate boxes.
There was no indication that assessing the augmen-
tation of the user’s experience during the use of the
interface would be a difficult task; on the contrary,
the diagrams were considered to be the appropriate
tool for assessing this variable, and they quickly
became transparent in their use.

The minimized conduct of one of the sessions
brought controversial results. The unexpected oc-
currence of a dispute concerning the notion of the
expert evaluator made it necessary to have a camera
clear; however, the whole minimalist approach of
this session speeded up the procedure. A tentative
conclusionisthatthis minimalist design provides the
best cost/performance combination; however, it is
inadequate in case a dispute occurs.
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Avresearch question inthis study was also whether
these modified versions are applicable to interfaces
of a broader scope. The research has shown that the
modified methods performed efficiently in both mul-
timedia and educational interfaces, and valuable
results with fewer resources (time, money, effort,
etc.) were obtained.

However, one always should bear in mind that
these methods belong to the category of expert-
based methodologies, and consequently, they show
the respective advantages and disadvantages. The
advantages of these methods are that they are
inexpensive and efficientin relation to the resources
that are needed, since only a few experts are able to
pinpointsignificant problems. Moreover, they can be
conducted at almost every stage of the design pro-
cess, from the system specification stage to the
construction phase of the product.

On the other hand, there are certain drawbacks.
The evaluators must be chosen carefully so that they
are not biased. Moreover, the nature of the method
is such that it focuses on the specific tasks and
actions, often missing the pointinthe overall facet of
the system.

FUTURE TRENDS

There are some suggestions for further investigation
regarding the general reliability of the method. A
fundamental issue that should be examined is the
validation of the suggestion regarding the augmenta-
tion of the reliability of the methods by means of its
combinationwithempirical sessions. Therefore, there
is a need a for more combinatory evaluations evi-
dence, as suggested in Karoulis and Pombortsis
(2000).

Another issue for further investigation is the ideal
composition of the evaluating team. Which disci-
plines are considered to be of most importance?
Which are the desired qualities and skills of the
evaluators? However, often the appropriate evalua-
tors are not available. In this case, what are the
compromises one can make, and how far can the
results be threatened in the case of having evalua-
tors with limited qualities and skills? Finally, are
teachers of informatics, because of their additional
cognitive background, an appropriate group for se-
lecting the evaluators? Of course, these are all major
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questions not yet addressed, the answers to which
mightsignificantly enhance the potential of the meth-
ods.

CONCLUSION

About the Cognitive Graphical
Jogthrough

While the main aim of the original cognitive
walkthrough was only to locate problems and mal-
functions during the use of the interface, the incor-
poration of the diagrams adds the possibility of
assessing the intuition and the overall usability of the
interface. So, in the modified CGW/CGJ methods
presented in this article, the aforementioned draw-
backs either are diminished or eliminated. There-
fore, it can be claimed that the methods provide both
augmented reliability compared to all previously
reported studies and augmented usability during
theirapplication.

The Final Proposal

The final form that the method can take now can be
proposed. The following can be suggested:

. The Cognitive Graphical Walkthrough with the
optional use of a video camera. The taped
material needs to be processed only in case of
an emergency, such as an important dispute.

. The conductors of the session are reduced to
only one person, the presenter, since it has
been proved (during the last two applications)
that one person is sufficient.

. The evaluation questionnaire must be printed
double-sided, so that the evaluators are not
discouraged by its size.

. The analog type of diagram should be used
primarily, since it seems to be more favored by
the evaluators.

. A verbal modification of the questions is nec-
essary, as follows:

1. How many users will think that this action
is available, namely, that the system can do
what the user wants and simultaneously af-
fords the mode for it to be accomplished?

2. How many users will consider this action,
and not some other, to be appropriate for
the intended goal?

3. How many users will know how to per-
form this action?

4. s the system response obvious?

5. How many users will consider that the
system response brings them closer to
their goal?

These modified questions are still in accordance
with the CE+ theory, the theory of exploratory
learning by Polson et al. (1992) (Rieman et al.,
1995), on which all mentioned methods are based.

The graphical gradations in the text (bold type
and smaller-sized characters) are considered to be
important, since they also contribute in their own
way to clarifying the meaning of the questions.

Irrespective of the final form of the evaluation,
the importance of the appropriate evaluating team
must be emphasized once more. Cognitive science
experts are indispensable, since they can lead the
session along the right path, using their comments
and also focusing on the cognitive dimension of the
evaluation. The (anticipated) lack of double experts
(i.e., those with expertise in the cognitive domain as
wellas in HCI) is a known weakness of the methods.
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KEY TERMS

Cognitive Graphical Walkthrough: A modifi-
cation of the initial «Cognitive Walkthrough» inter-
face evaluation method, which materializes dia-
grams to enable the evaluators to assess the time
variable as well as accelerating the evaluation pro-
cedure.

Cognitive Jogthrough: A modification of the
initial «Cognitive Walkthrough» in order to speed up
the procedure. A video camera now records the
evaluation session.

Cognitive Walkthrough: An expert-based in-
terface evaluation method. Experts perform a
walkthrough of the interface according to pre-speci-
fied tasks, trying to pinpoint shortcomings and defi-
ciencies in it. Their remarks are recorded by a
recorder and are elaborated by the design team.

Empirical Interface Evaluation: The empiri-
cal evaluation of an interface implies that users are
involved. Known methods, among others, are «ob-
servational evaluation», «survey evaluation», and
«thinking aloud protocol».

Expert-Based Interface Evaluation: Evalua-
tion methodology that employs experts from differ-
ent cognitive domains to assess an interface. Known
methods included in this methodology are (among
others) «heuristic evaluation», «cognitive
walkthrough», and «formal inspection».

Interface Evaluation: Interface evaluation of a
software system is a procedure intended to identify
and propose solutions for usability problems caused
by the specific software design.

Usability Evaluation: A procedure to assess
the usability of an interface. The usability of an
interface usually is expressed according to the fol-
lowing five parameters: easy to learn, easy to re-
member, efficiency of use, few errors, and subjec-
tive satisfaction.
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INTRODUCTION

The rich contributions made in the field of human
computer interaction (HCI) have played a pivotal
role in shifting the attention of the industry to the
interaction between users and computers (Myers,
1998). However, technologies that include hypertext,
multimedia, and manipulation of graphical objects
were designed and presented to the users without
referring to critical findings made in the field of
cognitive psychology. These findings allow design-
ers of multimedia educational systems to present
knowledge inafashion that would optimize learning.

BACKGROUND

The long history of human computer interaction
(HCI) has witnessed many successes represented
in insightful research that finds its way to users’
desktops. The field influences the means through
which users interact with computers—from the
introduction of the mouse (English etal., 1967) and
applications for text editing (Meyrowitz & Van
Dam, 1982) to comparatively recent areas of re-
search involving multimedia systems (Yahaya &
Sharifuddin, 2000).

Learning is an activity that requires different
degrees of cognitive processing. HCI research rec-
ognized the existence of diversity in learning styles
(Holt & Solomon, 1996) and devoted much time and
effort toward this goal. However, Ayre and Nafalski
(2000) report that the term learning styles is not
always interpreted the same way and were able to
offer two major interpretations. The first group
believes that learning styles emerge from personal-
ity differences, life experiences, and student learn-
ing goals, while the second group believes that it
refers to the way students shape their learning

method to accommodate teacher expectations, as
when they follow rote learning when teachers ex-
pect it.

Thefirstinterpretation includes, in part, a form of
individual differences but does not explicitly link
them to individual cognitive differences, which, in
turn, caused researchers more ambiguities as to
interpreting the different types of learning styles. In
fact, these differences in interpretations caused
Stahl (1999) to publish a critique, where he cites five
review papers that unite in concluding the lack of
sufficient evident to support the claim that accom-
modating learning styles helps toimprove children’s
learning when acquiring the skill to read. He criti-
cized Carbo’sreading style inventory and Dunn and
Dunn’s learning inventory because of their reliance
on self-report to identify different learning styles of
students, which, in turn, results in very low replica-
tionreliability.

These criticisms are positive in that they indicate
a requirement to base definitions on formal repli-
cable theory. A candidate for this is cognitive learn-
ing theory (CLT), which represents the part of
cognitive science that focuses on the study of how
people learn the information presented to them and
how they internally represent the concepts mentally
inaddition to the cognitive load that is endured during
the learning process of the concepts.

Some of the attempts that were made to take
advantage of the knowledge gained in the field
include Jonassen (1991), van Jooligan (1999), and
Ghaoui and Janvier (2004).

Jonassen (1991) advocates the constructivist
approach to learning, where students are given
several tools to help them perform their computation
or externally represent text they are expected to
remember. This allows them to focus on the learning
task at hand. Jonassen (1991) adopts the assumption
originally proposed by Lajoie and Derry (1993) and
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Derry (1990) that computers fill the role of cognitive
extensions by performing tasks to support basic
thinking requirements, such as calculating or holding
text in memory, and thus allowed computers to be
labeled cognitive tools. Jonassen’s (1991) central
claim is that these tools are offered to students to
lower the cognitive load imposed during the learning
process, which, in turn, allows them to learn by
experimentation and discovery.

Van Jooligan (1999) takes this concept a step
further by proposing an environment that allows
students to hypothesize and to pursue the conse-
quences of their hypotheses. He did this through
utilizing several windows in the same educational
system. The system was composed of two main
modules: the first supports the hypothesis formation
step by providing menus to guide the process; the
second provides a formatted presentation of experi-
ments already tested and their results in a structured
manner. They also added intelligent support to the
system by providing feedback to students to guide
their hypothesis formation approach.

Ghaoui and Janvier (2004) presented a two-part
system. The first part identified the various person-
ality types, while the second either had an interactive
or non-interactive interface. They report an in-
crease in memory retention from 63.57% to 71.09%
that occurred for the students using the interactive
interface. They also provided a description of the
learning style preferences for the students tested,
which exhibited particular trends, but these were not
analyzed in detail.

Montgomery (1995) published preliminary re-
sults of astudy aimed at identifying how multimedia,
in particular, can be used to address the needs of
various learning styles. Results indicate that active
learners appreciate the use of movies and interac-
tion, while sensors benefit from the demonstrations.

Although a glimmer of interest in CLT exists,
there is a distinct lack of a clear and organized
framework to help guide educational interface de-
signers.

ALIGNMENT MAP FOR MULTIMEDIA
INSTRUCTIONAL INTERFACE

The problems that arose with learning styles reveal
a need for a more fine-grained isolation of various
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cognitive areas that may influence learning. Conse-
guently, analignment map, as shown in Table 1, may
offer some guidelines as to what aspects of the
multimedia interface design would benefit from what
branch of the theory in order to gain a clearer
channel of communication between the designer and
the student.

CASE STUDY: DATA STRUCTURES
MULTIMEDIA TUTORING SYSTEM

The alignment map presents itself as an excellent
basis against which basic design issues of multime-
dia systems may be considered with the goal of
making the best possible decisions.

The multimedia tutoring system considered here
(Albalooshi & Alkhalifa, 2002) teaches data struc-
tures and was designed by considering the various
design issues as dictated by the alignment map that
was specifically designed for the project and is
shown in Table 1. An analysis of the key points
follows:

1.  Amount of Media Offered: The system pre-
sents information through textual and animated
presentation only. This is done to avoid cogni-
tive overload caused by redundancy (Jonassen,
1991) that would cause students to find the
material more difficult to comprehend.

2. How the Screen is Partitioned: The screen
grants two-thirds of the width to the animation
window that is to the left of the screen, while
the verbal description is to the right. Although
the language used for the textual description is
in English, all students are Arabs, so they are
accustomed to finding the text on the right side
of the screen, because in Arabic, one starts to
write from the right hand side. This design,
therefore, targeted this particular pool of stu-
dents to ensure that both parts of the screen are
awarded sufficient attention. It presents an
interface that requires divided attention to two
screens that complement each other, a factor
that, according to Hampson (1989), minimizes
interference between the two modes of pre-
sentation.

3. Parallel Delivery of Information: Redun-
dancy is desired when it exists in two different
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Table 1. Alignment map from multi-media design questions to various cognitive research areas that

may be of relevance

Multimedia Design Issues

Cognitive Areas That May Be of Relevance

1. Amount of media offered

1
2.
3.

Cognitive load

Limited attention span

Interference between different mental
representations

2. How the screen is partitioned

Perception and recognition
Attention

3. Parallel delivery of information

Redundancy could cause interference

Limited working memory (cognitive load issues)
Limited attention span

Learner difference

4. Use of colors

Affects attention focus
Perception of edges to promote recall

5. Use of animation

Cognitive load reduction
Accommodates visualizer/verbalizer learners

6. Use of interactivity

Cognitive load reduction
Raises the level of learning objectives

7. Aural media

Speech perception issues like accent and clarity
Interference with other media

8. Verbal presentation of material

NENEINEINEIND RS WD BN e

Clarity of communication
Accommodates verbal/serialist learners

media, because one re-enforces the other. It is
not desired when it exists within the media, as
when there is textual redundancy and things are
explained more than once. Consequently, the
textual description describes what is presented
in the animation part, especially since only text
and animation media exist in this case, which
means that cognitive load issues are not of
immediate concern (Jonassen, 1991).

4.  Use of Colors: Colors were used to highlight
the edges of the shapes and not on a wide scale
to ensure that attention is drawn to those. By
doing so, focus is expected to be directed to-
ward the object’s axes, as suggested by Marr
and Nishihara (1978), in order to encourage
memory recall of the shapes at a later point in
time.

5. Use of Animation: The animated data struc-
tures are under the user’s control with respect
to starting, stopping, or speed of movement.
This allows the user to select whether to focus
onthe animation, text, or both in parallel without
causing cognitive overload.

6. Use of Interactivity: The level of interactivity
is limited to the basic controls of the animation.

7. Aural Media: This type of media is not offered
by the system.

8. Verbal Presentation of Material: The ver-
bal presentation of the materialsis concise and
fully explains relevant concepts to a sufficient
level of detail, if considered in isolation of the
animation.

EVALUATION OF THE SYSTEM

The tool first was evaluated for its educational
impact on students. It was tested on three groups:
one exposed to the lecture alone; the second to a
regular classroom lecture in addition to the system;
and the third only to the system. Students were
distributed among the three groups such that each
group had 15 students with a mean grade similar to
the other two groups in order to ensure that any
learning that occurs is a result of the influence of
what they are exposed to. This also made it possible
for 30 students to attend the same lecture session
composed of the students of groups one and two,
while 30 students attended the same lab session
composed of the students of groups two and three
in order to avoid any confounding factors.

Results showed a highly significant improve-
ment in test results of the second group when their
post-classroom levels were compared to their lev-
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els following use of the multimedia system, with an
overall improvement rate of 40% recorded with
F=9.19, with p < 0.005 from results of an ANOVA
test after ensuring all test requirements had been
satisfied. The first and third groups showed no
significant differences between them.

Results shown indicate that learning did occur to
the group that attended the lecture and then used the
system, which implies that animation does fortify
learning by reducing the cognitive load. This is
especially clear when one takes the overall mean
grade of all groups, which isaround 10.5, and checks
how many in each group are above that mean. Only
six in group one were above it, while 11 were above
it in group two and 10 in group three. Since group
three was exposed to the system-only option and
achieved a number very close to group two, which
had the lecture and the system option, then clearly,
multimedia did positively affect their learning rate.

Since one of the goals of the system is to accom-
modate learner differences, a test was run on group
two students in order to identify the visualizers from
the verbalizers. The paper-folding test designed by
Frenchetal. (1963) was used to distinguish between
the two groups. The test requires each subject to
visualize the array of holes that results from asimple
process. A paper is folded a certain number of folds,
a hole is made through the folds, and then the paper
is unfolded. Students are asked to select the image
of the unfolded paper that shows the resulting ar-
rangement, and results are evaluated along a median
splitas high vs. low visualization abilities.

These results then were compared with respect
to the percentage of improvement, as shown in Table
2. Notice that the question numbers in the pre-test
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are mapped to different question numbers in the
post-test in order to minimize the possibility of
students being able to recall them; a two-part ques-
tion also was broken up for the same reason.
Results indicate that, although the group indeed
was composed of students with different learning
preferences, they all achieved comparable overall
improvementsin learning. Notice, though, the differ-
ence in percentage improvement in Question 4. The
question is: List and explain the data variables that
are associated with the stack and needed to operate
on it. This particular question is clearly closer to
heart to the verbalizer group than to the visualizer
group. Therefore, it should not be surprising that the
verbalizer group finds it much easier to learn how to
describe the data variables than itis for students who
like to see the stack in operation. Another point to
consider is that the visualizer group made a bigger
improvement in the Q1+Q8 group in response to the
question: Using an example, explain the stack con-
cept and its possible use. Clearly, this question is
better suited to a visualizer than to a verbalizer.

FUTURE TRENDS

CLT already has presented us with ample evidence
of its ability to support the design of more informed
and, therefore, more effective educational systems.
This article offers a map that can guide the design
process of amultimedia educational system by high-
lighting the areas of CLT that may influence design.
The aim, therefore, is to attract attention to the vast
pool of knowledge that exists in CLT that could
benefit multimedia interface design.

Table 2. The percentage improvement of each group from the pretest to the posttest across the

different question types

QIPLUSQ8 Q3MAPPED Q4 MAPPED Q6 MAPPED
MAPPED TO TOQ2 TOQ3 TOQ6
Q1
VISUALIZER 27.8% 18.6% 9.72% 9.76%
GROUP
T-TEST 004 003 09 01
RESULTS
VERBALIZER 20.7% 22.8% 21.4% 15.7%
GROUP
T-TEST 004 005 003 009
RESULTS
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CONCLUSION

This article offers a precise definition of what is
implied by a computer-based cognitive tool (CT) as
opposed to others that were restricted to a brief
definition of the concept. Here, the main features of
multimedia were mapped onto cognitive areas that
may have influence on learning, and the results of an
educational system that conforms to these design
requirements were exhibited.

These results are informative to cognitive scien-
tists, because they show that the practical version
must deliver what the theoretical version promises.
At the same time, results are informative to educa-
tional multimedia designers by exhibiting thatthere is
areplicated theoretical groundwork that awaits their
contributions to bring them to the world of reality.

The main conclusion is that this is a perspective
that allows designers to regard their task from the
perspective of the cognitive systems they wish to
learn so that it shifts the focus from a purely teacher-
centered approach to a learner-centered approach
without following the route to constructivist learning
approaches.
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KEY TERMS

Alignment Map: A representation on a surface to
clearly show the arrangementor positioning of relative
items on a straight line or a group of parallel lines.

Attention: An internal cognitive process by
which one actively selects which part of the environ-
mental information that surrounds them and focuses
on that part or maintains interest while ignoring
distractions.

Cognitive Learning Theory: The branch of
cognitive science that is concerned with cognition
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and includes parts of cognitive psychology, linguis-
tics, computer science, cognitive neuroscience, and
philosophy of mind.

Cognitive Load: The degree of cognitive pro-
cesses required to accomplish a specific task.

Learner Differences: The differences that exist
in the manner in which an individual acquires infor-
mation.

Multimedia System: Any system that presents
information through different media that may in-
clude text, sound, video computer graphics, and
animation.
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INTRODUCTION

Traditionally, programming code that is used to
construct software user interfaces has been inter-
twined with the code used to construct the logic of
that application’s processing operations (e.g., the
business logic involved in transferring funds in a
banking application). This tight coupling of user-
interface code with processing code has meant that
there is a static link between the result of logic
operations (e.g., a number produced as the result of
an addition operation) and the physical form chosen
to present the result of the operation to the user (e.g.,
how the resulting number is displayed on the screen).
This static linkage is, however, not found in in-
stances of natural human-to-human communication.

Humans naturally separate the contentand mean-
ing that is to be communicated from how it is to be
physically expressed. This creates the ability to
choose dynamically the most appropriate encoding
system for expressing the content and meaning in
the form most suitable for a given situation. This
concept of interchangeable physical output can be
recreated in software through the use of contempo-
rary design techniques and implementation styles,
resulting in interfaces thatimprove accessibility and
usability for the user.

BACKGROUND

This section accordingly reviews certain theories of
communication from different disciplines and how
they relate to separating the meaning being commu-
nicated from the physical form used to convey the
meaning.

Claude Shannon (1948), a prominent researcher
in the field of communication theory during the 20®"
century, put forward the idea that meaning is not
transmitted in its raw form, but encoded prior to
transmission. Although Shannon was primarily work-
ing in the field of communication systems and net-
works such asthose used intelephony, his theory has
been adopted by those working in the field of human
communications. Shannon proposed a five-stage
model describing a communication system. Begin-
ning with the first stage of this model, the sender of
the communication creates some content and its
intended meaning. In the second stage, this content
is then encoded into a physical form by the sender
and, in the third stage, transmitted to the receiver.
Once the communication has been received by the
receiver from the sender, itis then at its fourth stage,
whereby it is decoded by the receiver. At the fifth
and final stage, the content and meaning communi-
cated by the sender become available to the re-
ceiver.

An example of how Shannon’s (1948) model can
be applied to human communication is speech-based
communication between two parties. First, the sender
of the communication develops some thoughts he or
she wishes to transmit to the intended receiver of the
communication. Following on from the thought-gen-
eration process, the thoughts are then encoded into
sound by the vocal cords, and further encoded into a
particular language and ontology (i.e., a set of map-
pings between words and meaning) according to the
sender’s background. This sound is subsequently
transmitted through the air, reaching the receiver’s
ears where it is decoded by the receiver’s auditory
system and brain, resulting in the thoughts of the
sender finally being available to the receiver.
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This split between meaning, its encoding, and the
physical transmission of the meaning is recognised in
psychology. Psychology considers that there are
three stages to receiving data: (a) the receiving of
sensory stimuli by a person, (b) the perception of
these stimuli into groups and patterns, and (c) the
cognitive processing of the groups and patterns to
associate cognitively the meaning with the data
(Bruno, 2002). Thus, for example, a receiver may
see a shape with four sides (the data) and associate
the name square (the meaning) with it. There is
accordingly a split between the input a person re-
ceives and the meaning he or she cognitively asso-
ciates with that input.

Consider, for example, the words on this page as
an example of the psychological process through
which meaning is transmitted. The first stage of the
process is where the reader receives sensory stimuli
inthe form of black and white dots transmitted to the
eyes using light waves of varying wavelength. Upon
the stimuli reaching the reader, the brain will percep-
tually group the different dots contained within the
received stimuli into shapes and, ultimately, the
reader will cognitively associate the names of letters
with these shapes and extract the meaning conveyed
by the words.

Semiotics, which is the study of signs and their
meanings (French, Polovina, Vile, & Park, 2003;
Liu, Clarke, Anderson, Stamper, & Abou-Zeid, 2002),
also indicates a split between meaning and its physi-
cal presentation. Within semiotics, the way some-
thing is presented, known as a sign, is considered to
be separate from the meaning it conveys. Accord-
ingly, in semiotics there are three main categories of
signs: icons, indexes, and symbols. This delineation
is, however, not mutually exclusive as a particular
sign may contain elements of all categories. Vileand
Polovina (2000) define an icon as representative of
the physical object itis meant to represent; a symbol
as being a set of stimuli, that by agreed convention,
have a specific meaning; and indexes as having a
direct link to a cause, for example, the change of a
mouse pointer from an arrow shape to an hourglass
to reflect the busy state of a system.

This classification of the physical representation
according to its relationship with the content and
meaning it conveys provides further opportunities to
distinguish content and meaning from its physical
presentation, and to classify the different elements
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of presentation. For example, a shop selling shoes
may have a sign outside with a picture of a shoe on
it. The image of the shoe is the sign, or the physical
presence of the meaning, which in this case is an
icon, while the fact that it is a shoe shop is the
intended meaning. Equally, this could be represented
using the words shoe shop as the physical sign, in
this case asymbol of the English language, while the
meaning is again that of a shoe shop.

This split of content and meaning from its physi-
cal presentation, which occurs naturally in human
communication, allows for the same content and
meaning to be encoded in avariety of different forms
and encoding methods. For example, the meaning of
“no dogs allowed” can be encoded in a variety of
visual images. For instance, there might be (a) an
image of a dog with a cross through it, (b) the words
“no dogs allowed,” (c) an auditory sequence of
sounds forming the words “no dogs allowed,” or (d)
the use of tactile alphabets such as Braille, which is
used to encode printed writing into a form for the
blind. However the content and meaning is con-
veyed, it remains the same regardless of how it is
physically presented.

SOFTWARE ARCHITECTURES FOR
CONTENT SEPARATION

For the true separation of presentation from content
to occur therefore in software, the content (namely
the dataorinformation itself aswell asthe application’s
operations, i.e., its business logic as indicated ear-
lier) is stored in a neutral format. This neutrality is
achieved when the content is untainted by presenta-
tion considerations. Thisallows any given content to
be translated and displayed in any desired presenta-
tion format (e.g., through an HTML [hypertext
markup language] Web browser such as Microsoft’s
Internet Explorer, as an Adobe Acrobat PDF [Por-
table Document Format], as an e-book, on a mobile
phone, on a personal digital assistant [PDA], or
indeed on any other device not mentioned or yet to
be invented). The theories of detaching content and
meaning from its physical presentation thus give a
framework to separate content from presentation.
Once that conceptual separation can be made, or at
least continually realisable ways toward it are
achieved, then this approach can actually be de-
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ployed inthe design and implementation of computer
systems.

There are a number of methods offered by con-
temporary software languages and architectures to
achieve this detachment between the content and
meaning, and how the content can thus be displayed.
In the sphere of Web development, the extensible
markup language (XML) is one such example. XML
provides a useful vehicle for separating presentation
from content (Quin, 2004a). Essentially, unlike HTML
in which the tags are hard coded (e.g., Head, Body,
HI, P, and so forth), XML allows designers or
developers to define their own tags particular to their
domain (e.g., Name, Address, Account-number,
Transactions, Debits, Credits, and so forth in, say,
a banking scenario). How this content is presented
has, of course, to be defined by the designer or
developer; he or she can no longer rely on the
browser to format it by simply recognising the hard-
coded HTML tags. The extensible stylesheet lan-
guage (XSL) is the vehicle to achieve this (Quin,
2004b). Equally, the scaleable vector graphics (SVG)
format, based on XML, is another World Wide Web
format capable of separating content and meaning
from presentation. SVG specifies drawing objects,
their dimensions, colour, and so forth, but leaves the
determination of presentation modality to the client
viewer application (Ferraiolo, Jun, & Jackson, 2003).

Within enterprise systems, this separation can be
achieved through the use of object-orientated and -
tier design methodologies. Object orientation works
through its embodiment of the four goals of software
engineering (Booch, 1990; Meyer, 1988; Polovina &
Strang, 2004). These four goals of software engi-
neering, namely (a) abstraction, (b) cohesion, (c)
loose coupling, and (d) modularity, determine the
principled design of each object that makes up the
system. They seek to ensure that the object only
performs the functions specific to its role, for ex-
ample, to display a piece of information or to perform
a calculation. Accordingly, these goals seek to en-
sure that presentation objects only present the infor-
mation, while logic objects only perform calculations
and other business-logic operations. These content
objects thus do not concern themselves with how the
information is presented to the user; instead these
content objects communicate their information via
presentation objects to perform this function.

In addition to embodying the four goals of soft-
ware engineering, object orientation builds on these
by providing three further principles: (a) encapsula-
tion, (b) inheritance, and (c) polymorphism (Booch,
1990; Meyer, 1988; Polovina & Strang, 2004).
Inheritance allows an object to inherit the charac-
teristics and behaviours of another object. Utilising
this feature, itis possible to extend the functionality
ofan objectto include new functionality, which may
be new buttons or other interface elements within a
user interface. Polymorphism is used to select an
object based on its ability to meet a given set of
criteriawhen multiple objects perform similar func-
tions. For example, there may be two objects re-
sponsible for displaying the same interface ele-
ment; both display the same content and meaning,
but using different languages. In this scenario, the
concept of polymorphism can be used to select the
one appropriate for the language native to the user.
Thus, object-orientated design can be used to natu-
rally compliment the process of separating content
and meaning from its method of presentation.

A common practice within the field of software
engineering is to base software designs on common,
predefined architectures, referred to as patterns.
One pattern, which lends itself well to the separa-
tion of content and meaning from its method of
presentation, is the n-tier architecture. The n-tier
architecture separates the objects used to create
the design for a piece of software into layers
(Fowler, 2003). The objects contained within each
layer performa specific group of functions, such as
data storage. In the three-tier architecture, for
example, one layer is responsible for handling the
software’s input and output with the user, another
handles its business-logic processes, and the final
layer handles the persistent storage of information
between sessions of the software being executed.
Through the use of an n-tier architecture and the
separation of the different areas of an application’s
design that it creates, it is possible to separate the
content from its mode of presentation within soft-
ware design.

Software engineering’s ability to separate con-
tentand meaning fromits physical presentation can
be aided by some contemporary implementation
methods. These methods are based on component
architectures that aim to create reusable segments
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of code that can be executed. This enhances object
orientation, which seeks to create reusable seg-
ments of software at the source-code level. While
there is not much difference in the design, having
reusable segments of executable code translates to
faster time to change segments, further enhancing
the plug-and-play nature of software. Microsoft’s
Component Object Model (COM) is a client-side
Windows-based componentarchitecture (Microsoft
Corporation, 1998). This architecture enables pro-
grams to be built as individual components that are
linked together using a client application to form a
complete software program. This approach to soft-
ware implementation provides the ability to con-
struct similar pieces of software using the same
components, where the functionality is common
between the pieces of software. For example, if the
storage and logic elements of a piece of software
were to remain the same but the user interface were
to be changed due to the differing needs of user
groups, the same components forming the storage
and logic sections could be used for all versions of
the software. Furthermore, this could occur while
different components were created to provide the
differentuser interfaces required. This method would
reduce the time taken to build and deploy the soft-
ware amongst a group of diverse users.

Another implementation technique, built around
distributed components located on different physical
machines, are Web services (MacDonald, 2004).
Instead of the components used to build the software
being located on the same machine, different com-
ponents can be placed on different machines. This
results in users being able to share and access the
same physical instance of objects. This enhances
COM, which although it gives access to the same
components, forces each user to use different in-
stances of them. One advantage of Web services is
that they allow the existence of different user inter-
faces while letting users access the same physical
objects used for the logic and storage processes.
Thistype of deploymentwill ensure thatall users are
accessing the same data through the same logic
processes, but allows the flexibility for each user or
user group to use an interface that is the most
optimal for their needs, be they task- or device-
dependant needs.
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THE HUMAN-COMPUTER
INTERACTION BENEFITS

The human race rarely uses fixed associations be-
tween content or meaning and its physical represen-
tation. Instead, people encode the meaning into a
form appropriate for the situation and purpose of the
communication. Communication can be encoded
using different ontologies such as different lan-
guages and terminology. Communication isthus able
to take different physical channels (e.g., sound
through the air, or writing on paper), all of which
attempt to ensure that the content or meaning is
communicated between the parties in the most accu-
rate and efficient manner available for the specific
characteristics of the situation. Currently, this is not
the case with computer interfaces; contemporary
interfaces instead tend to adopt a “one size fits all”
approach for the majority of the interface.

In taking this one-size-fits-all approach, content
and meaning may not be transmitted to the user in the
most accurate form, if itiscommunicated at all. The
characteristics of the situation and participants are
not taken into account. This makes the interface
harder to use than might be, if it can be used at all.
Some users, such as those with a sensory disability
or those with a different native language, may not be
able toaccess the information as it has been encoded
using an inaccessible physical form (e.g., visual
stimuli are inaccessible for the blind). Or it has been
encoded using a foreign language, which the user
does not understand. This immediately prevents the
user from accessing the content and meaning con-
veyed by that form of presentation.

Equally, terminology can be prohibitive to the
ease of use of a user interface. The set of terms that
we know the meaning for (i.e., ontology) is based on
factors such as the cultural, educational, and social
background of the user as well as the geographic
area the user inhabits. This leads to different groups
of people being familiar with different terminology
from those in other groups, although there is some
degree of overlap in the ontologies used by the
different groups. The user is forced to learn the
terminology built into the interface before they can
extract the meaning that it conveys. This imposes a
learning curve on the user, unless they are already
familiar with the particular set of terms used. Hence,
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by using a one-size-fits-all user interface, some
users will find it difficult or impossible to use.

By utilising the facilities offered by contempo-
rary software-engineering practices, itis possible to
avoid this one-size-fits-all approach and its inherent
disadvantages in terms of human-computer interac-
tion. By allowing the encoding scheme used to
present software interfaces to change with different
users, interfaces will begin to mimic the processes
used to encode content and meaning that are found
in natural human-to-human communication. This
change will resultininterfacesthatare accessible by
those who could not previously access them, and will
also result in greater ease of use for those who
previously had to learn the terminology used within
the interface, hence improving interface usability.

FUTURE TRENDS

One emerging trend is the use of explicit user
modeling to modify the behaviour and presentation
of systems based on a user’s historic use of that
system (Fischer, 2001). Explicit user modeling in-
volves tracking the preferences and activities of a
user over time, and building a model representing
that behaviour and associated preferences. This,
coupled with the concept of presenting the content
and meaning in the form most suitable for the user,
holds the ability to tailor the content to a specific
individual’s needs. By monitoring how a user re-
ceives different types of information over time, a
historic pattern can be developed that can subse-
quently be used to present the content and meaning
based on an individual’s actual requirements, not on
a generalized set of requirements from a specific
group of users.

CONCLUSION

Currently, by entwining the association between
content and meaning and the physical form used to
represent it, software user interfaces do not mimic
natural human-to-human communication. Within
natural communication, the content and meaning
that is to be conveyed is detached from its physical
form, and it is only encoded into a physical form at

the time of transmission. This timing of the point at
which the content and meaning are encoded is
important. It gives the flexibility to encode the
contentand meaning inaform that is suitable for the
characteristics of the situation (e.g., the channels
available, the languages used by the parties, and the
terminology that they know). This ensures that
humans communicate with each other in what they
consider to be the most appropriate and accurate
manner, leading to encoding schemes from which
the parties can access the content and meaning in an
easy method.

This is not currently the case for software user
interfaces, which use a too tightly coupled associa-
tion between the content and meaning and the
physical form used to encode it. By utilising contem-
porary Web-based or object-orientated component
architectures, this problem of fixed encoding schemes
can be overcome. Therefore, software user inter-
faces can more closely mimic natural language
encoding and gain all the benefits that it brings.
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KEY TERMS

Accessibility: The measure of whether a per-
son can perform an interaction, access information,
or do anything else. It does not measure how well he
or she can do it, though.

Content: The information, such as thoughts,
ideas, and so forth, that someone wishes to commu-
nicate. Examples of content could be the ideas and
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concepts conveyed through this article, the fact that
you must stop when a traffic light is red, and so on.
Importantly, content is what is to be communicated
but not how it is to be communicated.

Encoding: Encoding is the process by which the
content and meaning that is to be communicated is
transformed into a physical form suitable for com-
munication. It involves transforming thoughts and
ideas into words, images, actions, and so forth, and
then further transforming the words or images into
their physical form.

Object Orientation: A view of the world based
on the notion that it is made up of objects classified
by a hierarchical superclass-subclass structure un-
der the most generic superclass (or root) known as
an object. For example, a car is a (subclass of)
vehicle, a vehicle is a moving object, and a moving
object is an object. Hence, a car is an object as the
relationship is transitive and, accordingly, asubclass
must at least have the attributes and functionality of
its superclass(es). Thus, if we provide a generic
user-presentation object with a standard interface,
then any of its subclasses will conform to that
standard interface. This enables the plug and play of
any desired subclass according to the user’s encod-
ing and decoding needs.

Physical Form: The actual physical means by
which thoughts, meaning, concepts, and so forth are
conveyed. This, therefore, can take the form of any
physical format, such as the writing or displaying of
words, the drawing or displaying of images, spoken
utterances or other forms of sounds, the carrying out
of actions (e.g., bodily gestures), and so forth.

Software Architecture: Rather like the archi-
tecture of a building, software architecture de-
scribes the principled, structural design of computer
software. Contemporary software architectures are
multitier (or n-tier) in nature. Essentially, these stem
from a two-tier architecture in which user-presenta-
tion components are separated from the informa-
tion-content components, hence the two overall
tiers. Communication occurs through a standard
interface between the tiers. This enables the easy
swapping in and out of presentation components,
thus enabling information to be encoded into the
most appropriate physical form for a given user at
any given time.
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Usability: A measure of how well someone can
use something. Usability, in comparison to accessi-
bility, looks at factors such as ease of use, efficiency,
effectiveness, and accuracy. It concentrates on

factors of an interaction other than whether some-
one can perform something, access information, and

so forth, which are all handled by accessibility.

91



92

Computer Access for Motor-Impaired Users

Shari Trewin
IBM T.J. Watson Research Center, USA

Simeon Keates
IBM T.J. Watson Research Center, USA

INTRODUCTION

Computers can be a source of tremendous benefit
for those with motor impairments. Enabling com-
puter access empowers individuals, offering im-
proved quality of life. This is achieved through
greater freedom to participate in computer-based
activities for education and leisure, as well as in-
creased job potential and satisfaction.

Physical impairments can impose barriers to ac-
cess to information technologies. The most preva-
lent conditions include rheumatic diseases, stroke,
Parkinson’sdisease, multiple sclerosis, cerebral palsy,
traumatic brain injury, and spinal injuries or disor-
ders. Cumulative trauma disorders represent a fur-
ther significant category of injury that may be spe-
cifically related to computer use. See Kroemer
(2001) for an extensive bibliography of literature in
this area.

Symptoms relevant to computer operation in-
clude joint stiffness, paralysis in one or more limbs,
numbness, weakness, bradykinesia (slowness of
movement), rigidity, impaired balance and coordina-
tion, tremor, pain, and fatigue. These symptoms can
be stable or highly variable, both within and between
individuals. In a study commissioned by Microsoft,
Forrester Research, Inc. (2003) found that one in
four working-age adults has some dexterity diffi-
culty or impairment. Jacko and Vitense (2001) and
Searsand Young (2003) provide detailed analyses of
impairments and their effects on computer access.

There are literally thousands of alternative de-
vices and software programs designed to help people
with disabilities to access and use computers (Alli-
ance for Technology Access, 2000; Glennen &
DeCoste, 1997; Lazzaro, 1995). This article de-
scribes access mechanisms typically used by indi-
viduals with motor impairments, discusses some of

the trade-offs involved in choosing an input mecha-
nism, and includes emerging approaches that may
lead to additional alternatives in the future.

BACKGROUND

There is a plethora of computer input devices avail-
able, each offering potential benefits and weak-
nesses for motor-impaired users.

Keyboards

The appeal of the keyboard is considerable. It can be
used with very little training, yet experts can achieve
input speeds far in excess of handwriting speeds
with minimal conscious effort. Their potential for
use by people with disabilities was one of the factors
that spurred early typewriter development (Cooper,
1983).

As keyboards developed, researchers investi-
gated anumber of design features, including key size
and shape, keyboard height, size, and slope, and the
force required to activate keys. Greenstein and
Arnaut (1987) and Potosnak (1988) provide summa-
ries of these studies.

Today, many different variations on the basic
keyboard theme are available (Lazzaro, 1996), in-
cluding the following.

. Ergonomic keyboards shaped to reduce the
chances of injury and to increase comfort,
productivity, and accuracy. For example, the
Microsoft® Natural Keyboard has a convex
surface and splits the keys into two sections,
one for each hand, in order to reduce wrist
flexion for touch typists. The Kinesis® Ergo-
nomic Keyboard also separates the layout into

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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right- and left-handed portions, but has a con-
cave surface for each hand designed to minimise
the digit strength required to reach the keys and
to help the hands maintain a flat, neutral posi-
tion.

. Oversized keyboards with large keys that are
easier to isolate.

. Undersized keyboards that require a smaller
range of movement.

. One-handed keyboards shaped for left- or right-
handed operation. These may have a full set of
keys, or a reduced set with keys that are
pressed in combinations in the same way a
woodwind instrument is played.

. Membrane keyboards that replace traditional
keys with flat, touch-sensitive areas.

For some individuals, typing accuracy can be
improved by using a key guard. Key guards are
simply attachments that fit over the standard key-
board with holes above each of the keys. They
provide a solid surface for resting hands and fingers
on, making them less tiring to use than a standard
keyboard for which the hands are held suspended
above. They also reduce the likelihood of accidental,
erroneous key presses. Some users find that key
guards improve both the speed and accuracy of their
typing. Others find that key guards slow down their
typing (McCormack, 1990), and they can make it
difficult to see the letters on the keys (Cook &
Hussey, 1995).

The Mouse

A mouse is a device that the user physically moves
across a flat surface in order to produce cursor
movement on the screen. Selection operations are
made by clicking or double clicking a button on the
mouse, and drag operations are performed by hold-
ing down the appropriate button while moving the
mouse. Because the buttons are integrated with the
device being moved, some people with motor impair-
ments experience difficulties such as unwanted
clicks, slipping while clicking, or dropping the mouse
buttonwhile dragging (Trewin & Pain, 1999). Trem-
ors, spasms, or lack of coordination can cause
difficulties with mouse positioning.

Trackball

Trackballs offer equivalent functionality to amouse,
but are more straightforward to control. This device
consists of a ball mounted in a base. The cursor is
moved by rolling the ball in its casing, and the speed
of movement is a function of the speed with which
the ball is rolled. Buttons for performing click and
double-click operations are positioned on the base,
which makes it easier to click without simulta-
neously moving the cursor position. For dragging,
some trackballs require a button to be held down
while rolling the ball, while others have a specific
button that initiates and terminates a drag operation
without needing to be held down during positioning.

Thumb movementis usually all thatis required to
move the cursor to the extremities of the screen, as
compared to the large range of skills necessary to
perform the equivalent cursor movement with a
mouse.

Joystick

The joystick is a pointing device that consists of a
lever mounted on a base. The lever may be grasped
with the whole hand and have integrated buttons, or
may be operated with the fingers, with buttons
mounted on the base. The cursor is moved by moving
the lever in the desired direction. When the lever is
released, itreturnstoitsoriginal, central position. Of
most relevance are models in which the cursor
moves at a fixed or steadily accelerating rate in the
direction indicated by lever movementand retains its
final position when the lever is released. The buttons
are often located on the base of such models, and a
drag button is generally included since it is difficult
to hold down a button while moving the lever with a
single hand.

Isometric Devices

Isometric devices measure force input rather than
displacement. An example is the TrackPoint device
supplied with IBM laptops: asmall red button located
in the center of the keyboard. These devices do not
require any limb movement to generate the input,
only muscle contractions. As it has been postulated
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that some spasticity in particular is brought on by limb
movement, these devices offer a means of avoiding
that.

Studies performed using isometric joysticks (Rao,
Rami, Rahman, & Benvunuto, 1997), and an adapted
Spaceball Avenger (Stapleford & Maloney, 1997),
have shown that the ability to position the cursor is
improved by using isometric devices.

Touch Pad

The touch pad is a flat, touch-sensitive surface
representing all or part of the screen. The cursor is
moved by sliding a finger across the surface in the
desired direction. It requires only a small range of
motion. Buttons for object selection are located near
the touch surface, and a drag button may or may not
be available.

Switch Input

The most physically straightforward input device to
operate is a single switch. Switches can come in
many different formats (Lazzaro, 1995) and be acti-
vated by hand, foot, head, or any distinct, controlled
movement. There are also mouth switches, operated
by tongue position or by sudden inhalation or exhala-
tion (sip-puff switches). If a user is capable of
generating several of these motions independently,
then itis possible to increase the number of switches
to accommodate this and increase the information
transfer bandwidth.

Giventheir cheapness and the relatively low level
of movement required to operate them, switches
have become extremely popular as the preferred
method of input for the more severely impaired users.
However, they do have drawbacks.

Itis necessary to use switches in conjunction with
some kind of software adaptation to generate the full
range of input of a keyboard-mouse combination.
The most frequently used method for this is scanning
input. This involves taking a regular array of on-
screen buttons, be they symbols, letters, or keys, and
highlighting regions of the screen in turn. The high-
lighting dwells over that region of the screen for a
predetermined duration, then moves to another part
of the screen, dwells there, and so on until the user
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selects a particular region. This region is then
highlighted in subregions and this continues until a
particular button is selected. Therefore, this pro-
cess can involve several periods of waiting for the
appropriate sections of the screen to be highlighted,
during which the user is producing no useful infor-
mation.

Brewster, Raty, and Kortekangas (1996) report
that for some users, each menu item must be
highlighted for as much as five seconds. There has
been much research on efficient scanning mecha-
nisms, virtual keyboard layouts, and other ways of
accelerating scanning input rates (e.g., Brewster et
al., 1996; Simpson & Koester, 1999).

A switch can also be used to provide input in
Morse code. This can be faster than scanning, but
requires more accurate control of switch timing and
the ability to remember the codes.

Head-Motion Transducers

Head-pointing systems operate by detecting the
user’s head position and/or orientation using ultra-
sonic, optical, or magnetic signals, and using that
information to control the cursor. Nisbet and Poon
(1998) describe a number of existing systems and
note them to be easy to use, providing both speed
and accuracy. The majority of these systems are
ultrasound based, such as the Logitech 6D mouse
and the HeadMaster system (Prentke-Romich).
An alternative system is the HeadMouse (Origin
Instruments), which involves the user wearing a
small reflective patch on either the forehead or the
bridge of a pair of spectacles.

As with most of the mouse-replacement sys-
tems, no software-interface modifications are nec-
essary to access most existing applications. How-
ever, some kind of switch device is needed to make
selections. This is often a mouth-mounted sip-puff
switch as most users of these systems do not have
sufficiently good arm movement to operate a hand
switch.

Learning to use head movements to control the
cursor can take a little while as there is a lack of
tactile feedback from the input device, but once
used to it, users can control the cursor quite suc-
cessfully.
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Eye Gaze Input

A review of these and other input devices in the
context of wheelchairs and environmental controls
is presented by Shaw, Loomis, and Crisman (1995).
Edwards (1995) reports that the most successful
eye-gaze systems operate by detecting infrared light
bounced off the user’s retina, but there are still many
unsolved problems with this technology, such as
coping with head movements. Today’s eye-gaze sys-
tems may be either head mounted or remote, can be
accurate to within 1 cm, and can be used to control
off-the-shelf applications (e.g., ERICA, http://
www.eyeresponse.com/ericasystem.html).

Speech Recognition Systems

Speech input is widely touted as the eventual suc-
cessor to the keyboard, being a natural form of
human communication. Speech is a potentially very
good input medium for motor-impaired users, al-
though speech difficulties accompanying motor im-
pairments may impede the recognition process. Nisbet
and Poon (1998) also note that some users have
reported voice strain from using this input technique.

Besides the technical difficulties of the actual
recognition process, environmental considerations
also have to be addressed. Users with motor impair-
ments may be self-conscious and wish to avoid
drawing attention to themselves. An input system
that involves speaking aloud fails to facilitate this.
However, there have been cases in which speech
recognition systems have been found to be a good
solution.

Speech recognition systems can be programmed
to offer verbal cursor control and so can replace both
the keyboard and mouse in the interaction process.
However, true hands-free operation is not provided
in most of today’s products.

SOFTWARE SUPPORTING PHYSICAL
ACCESS

Software programs can be used to alter the behaviour
of input devices or the input requirements of applica-
tions. Software modifications can tackle inputerrors
by changing an input device’s response to specific

inputs. They can reduce fatigue by reducing the
volume of input required, or they can provide alter-
natives to difficult movements. They can also
minimise the input required of the user, thus reducing
effortand opportunities for error. Some examples of
useful facilities that can be implemented in software
are the following.

. The keyboard and mouse configuration, or the
way the keyboard or mouse reacts to a given
input, can be changed. For example, the delay
before a key starts to repeat can be altered, or
the cursor can be made to move more slowly
relative to the mouse. Another option sets the
computer toignore repeated key presses within
asettime less than a particular threshold value.
This filters the input for tremor cases in which
the user depresses a key more than once for a
single character input. Another powerful op-
tion is Sticky Keys. This registers the pressing
of keys such as Shift and Control and holds
them active until another key is pressed. This
removes the need for the user to operate sev-
eral keys simultaneously to activate keyboard
shortcuts, hence simplifying the degree of co-
ordination demanded for the input. Simple al-
terations like these can be very effective
(Brown, 1992; Nisbet & Poon, 1998; Trewin &
Pain, 1998).

. For those who do not use a keyboard but have
some form of pointing device, an on-screen
keyboard emulator can be used to provide text
input. On-screen keyboards are builtinto many
modern operating systems. Several commer-
cial versions also exist, such as WiViK.

. For users who find input slow or laborious,
macros can be used to perform common se-
quences of operations with a single command.
For example, a user who always enters the
same application and opens the same file after
logging on to a system could define a macro to
open the file automatically. Many word-pro-
cessing packages also include macro facilities
to allow commonly used text to be reproduced
quickly. For example, a user could create a
macro representing his or her address as it
appears at the top of a letter.

e Whenknowledge about the user’s task is avail-
able, more advanced typing support can be
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provided through word prediction. Many word-
prediction systems have been developed, and a
number are reviewed in Millar and Nisbet
(1993). As a user begins to type a word, the
prediction system offers suggestions for what
the word might be. If the desired word is
suggested, the user can choose it with a single
command. In practice, word-prediction sys-
tems have been observed to reduce the number
of keystrokes required by up to 60% (Newell,
Arnott, Cairns, Ricketts, & Gregor, 1995).
Newell et al. report that using the PAL word-
prediction system, some users were able to
double their input speed. However, studies
with disabled users have also shown that a
reduction in keystrokes does not necessarily
produce an increase in input rate (for more
detailed summaries, see Horstmann, Koester,
& Levine, 1994; Horstmann & Levine, 1991).
Word prediction is most useful for very slow
typists, particularly switch users. Those who
type at a rate of greater than around 15 words
aminute may find that the time spent searching
the lists of suggestions for the right word is
greater than the time saved (Millar & Nisbet).
Nevertheless, faster users may still find word
prediction helpful in reducing fatigue, reducing
errors, orimproving spelling (Millar & Nisbet).

Input acceleration and configuration are
complementary approaches. The former improves
accuracy and/or comfort while the latter reduces the
volume of input required, thus increasing the input
rate. For users with slow input rates, or those who
tire easily, both techniques can be useful.

CHOOSING AN APPROPRIATE
INPUT MECHANISM

Finding the best input mechanism for a given indi-
vidual requires the analysis and adjustment of many
interrelated variables, including the choice of device,
its position and orientation, the need for physical
control enhancers such as mouth sticks, and the
available configuration options of the device itself
(Cook & Hussey, 1995; Lee & Thomas, 1990). This
is bestachieved through professional assessment. In
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anassessmentsession, anindividual may try several
devices, eachinanumber of different positions, with
different control enhancers.

Users often prefer to use standard equipment
whenever possible (Edwards, 1995). Alternative
input devices can often be slower to use and may not
provide access to the full functionality of applica-
tions the user wishes to use (Anderson & Smith,
1996; Mankoff, Dey, Batra, & Moore, 2002; Shaw
et al., 1995). Also, skills for standard equipment
learned at home can be transferred to machines at
work, college, or other public places. Finally, their
use does not identify the user as different or dis-
abled.

Many less severely impaired users can use stan-
dard input devices with minor modifications. For
some people, positioning is very important. Adjust-
able tables allow keyboard and screen height to be
adjusted, and this in itself can have a dramatic effect
on input accuracy. The keyboard tilt can also be
adjusted. For those who find it tiring to hold their
arms above the keyboard or mouse, arm supports
can be fitted to tables. Wrist rests can also provide
a steadying surface for keyboard and mouse use.
Some users wear finger or hand splints while others
use a prodder or head stick to activate keys.

The potential effectiveness of physical modifica-
tions to input devices is illustrated by Treviranus,
Shein, Hamann, Thomas, Milner, and Parnes (1990),
who describe three case studies of users for whom
modification of standard pointing devices was re-
quired. They define the physical demands made by
direct manipulation interfaces, and the difficulties
these caused for three users with disabilities. In all
cases, the final solution involved a combination of
pointing devices or minor modifications to a standard
device.

FUTURE TRENDS

Clearly, the field of input device technology is an
evolving one, with new technologies emerging all the
time. For example, some of the most exciting devel-
opments in computer inputin recent years have been
in the field of brain-computer interfaces. For re-
views of recent research progress, see Moore (2003)
and Wolpaw, Birbaumer, McFarland, Pfurtscheller,
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and Vaughan (2002). A brain-computer interface is
a system in which electrical brain activity is mea-
sured and interpreted by a computer in order to
provide computer-based control without reliance on
muscle movement. Contrary to popular opinion, such
interfaces do not read a person’s thoughts. Instead,
the person learns to control an aspect of his or her
brain signals that can be detected and measured.

Such interfaces represent what may be the only
possible source of communication for people with
severe physical impairments such as locked-in syn-
drome. Brain-computer interfaces have been shown
to enable severely impaired individuals to operate
environmental-control systems and virtual keyboards,
browse the Web, and even make physical move-
ments (Moore, 2003; Perelmouter & Birbaumer,
2000; Wolpaw, Birbaumer, et al., 2002). Clinical
trials are under way for at least one commercial
system, the BrainGate by Cyberkinetics Inc. (http:/
/www.cyberkineticsinc.com).

A related computer-control system already on
the market, Cyberlink Brainfingers, isa hybrid brain-
and body-signal transducer consisting of aheadband
that measures brain and muscle activity in the fore-
head. Information is available from Brain Actuated
Technologies Inc. (http://www.brainfingers.com).

Computer input devices will also have to evolve
to match changes in software user interfaces. For
example, the next generation of Microsoft’s ubiqui-
tous Windows operating system will apparently move
from two-dimensional (2-D) interfaces to three-
dimensional (3-D) ones. While the dominant output
technologies, that is, monitors and LCD panels,
remain two-dimensional, it is likely that 2-D input
devices such as the mouse will continue to be used.
However, when three-dimensional output technolo-
gies become more common, there will be a need to
migrate to 3-D input devices. If the 3-D outputs are
genuinely immersive, this may benefit motor-im-
paired users as the targets could be enlarged, allow-
ing for larger gross movements for selecting them.
However, if the outputs remain comparatively small,
then the difficulties of locating, selecting, and acti-
vating targets in two dimensions on the screen are
going to be further compounded by the addition of a
third dimension. Consequently, the jury isstill outon
whether the move to 3-D will be beneficial or not for
motor-impaired users.

CONCLUSION

Many computer access options are available to
people with motor impairments. For those individu-
als who prefer to use standard computer input
devices, accuracy and comfort can be improved
through modifications to device positioning, the use
of control enhancers such as wrist rests, appropriate
device configuration, and software to accelerate
input rates. Where standard devices are not appro-
priate, the above enhancements can be used in
conjunctionwith alternative devices such as trackballs
and head or eye gaze systems. When choosing an
input setup, professional assessment is highly ben-
eficial.

Speech input is useful for some individuals but
has significant drawbacks. Brain-computer inter-
faces show great promise, offering hope to individu-
als with severe physical impairments.
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KEY TERMS

Accessibility: A characteristic of information
technology that allows it to be used by people with
differentabilities. In more general terms, accessibil-
ity refers to the ability of people with disabilities to
access public and private spaces.

Assessment: A process of assisting an indi-
vidual with a disability inthe selection of appropriate
assistive technology devices and/or configurations
of standard information technology devices.

Input Acceleration: Techniques for expanding
user input, allowing a large volume of input to be
provided with few user actions.

Motor Impairment: A problem in body motor
function or structure such as significant deviation or
loss.

Transducer: An electronic device that converts
energy from one form to another.
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Computer-Based Concept Mapping

Sherman R. Alpert
IBM T.J. Watson Research Center, USA

INTRODUCTION

A concept map (also known as a knowledge map)
isavisual representation of knowledge of adomain.
A concept map consists of nodes representing con-
cepts, objects, events, or actions connected by direc-
tional links defining the semantic relationships be-
tween and among nodes. Graphically, a node is
represented by a geometric object, such as a rect-
angle oroval, containing atextual name; relationship
links between nodes appear as textually labeled lines
with an arrowhead at one or both ends indicating the
directionality of the represented relation. Together,
nodes and links define propositions or assertions
about a topic, domain, or thing. For example, an
arrow labeled %as beginning at a node labeled bird
and ending at a wings node represents the proposi-
tion “A bird has wings” and might be a portion of a
concept map concerning birds, as portrayed in
Figure 1.

BACKGROUND: CONCEPT MAPS AS
KNOWLEDGE REPRESENTATION

Representing knowledge in this fashion is similar to
semantic network knowledge representation from
the experimental psychology and Al (artificial intel-
ligence) communities (Quillian, 1968). Some have
argued that concept maps accurately reflect the
content of their authors’ knowledge of a domain
(Jonassen, 1992) as well as the structure of that
knowledge in the authors’ cognitive system (Ander-
son-Inman & Ditson, 1999). Indeed, in addition to
the structured relationships among knowledge ele-
ments (nodes and links) that appear in a single map,
some concept mapping tools allow for multiple layer
maps. The structure of such maps is isomorphic to
the cognitive mechanisms of abstraction, wherein a
single node at one level of a map may represent a
chunk of knowledge that can be further elaborated
by any number of knowledge elements at a more

Figure 1. A concept map in the Webster concept mapping tool. Nodes in this concept map portray a
variety of representational possibilities: A node may contain a textual description of a concept,
object, event, or action, or may be an image or a link to a Web site, audio, video, spreadsheet, or any

other application-specific document.
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detailed level of the overall map (Alpert, 2003).
Concept maps, thus, can be viewed as knowledge
visualizationtools.

CONCEPT MAPS AS
COGNITIVE TOOL

Concept maps have been used in educational set-
tings since the early 1970s as both pedagogical and
evaluationtoolsin virtually every subjectarea: read-
ing and story comprehension, science, engineering,
math word problems, social studies, and decision
making (see, e.g., Bromley, 1996; Chase & Jensen,
1999; Fisher, Faletti, Patterson, Thornton, Lipson, &
Spring, 1990; Novak, 1998). Concept maps permit
students to demonstrate their knowledge of a do-
main; actas organizational and visualization tools to
aid study and comprehension of adomain, astory, or
an expository text; and support the generation and
organization of thoughts and ideas in preparation for
prose composition. They are also used as instruc-
tional materials whereby teacher-prepared maps
present new materials to learners, showing the
concepts and relationships among concepts of a
domain new to the students. Concept maps con-
structed by students help those students to learn and
exercise the metacognitive practice of reflecting on
what they know to explain or demonstrate their
knowledge to others. Such activities may lead to
self-clarification and elaboration of their knowledge.
There is considerable anecdotal and experimental
evidence that the use of graphical knowledge-visu-
alization tools such as concept maps helps improve
student comprehension and enhance learning. For
example, Fisher et al. (1990) have reported that
providing concept maps constructed by domain ex-
perts to present new information to learners and
illustrating how an expert organizes concepts of the
domain results in demonstrable pedagogical ben-
efits. Dunston (1992) and Moore and Readance
(1984) have shown that concept maps are pedagogi-
cally effective when students create their own maps
to reflect on and demonstrate their own knowledge.

In educational environments, the use of concept
maps has evolved from paper-and-pencil to com-
puter-based tools. A number of computer-based
concept-mapping tools have been reported by re-
searchers (e.g., Alpert & Grueneberg, 2000; Fisher

et al., 1990; Gaines & Shaw, 1995b; Kommers,
Jonassen, & Mayes, 1992), and there exist shareware
programs as well as commercial products for this
activity (e.g., Inspiration,* Axon,? Decision Explorer,®
SemNet,* SMART Ideas,®> and the IHMC
CmapTools®). With such tools, users using a mouse
and keyboard can create, position, organize, modify,
evolve, and store and retrieve the nodes and links
that comprise concept maps. Concept-mapping soft-
ware offers the same sorts of benefits that word
processors provide over composing written works
on paper. That is, such software facilitates revision
of existingwork, including additions, deletions, modi-
fications, or reorganizations. In fact, students often
revisit their existing maps to revise them as their
knowledge of asubject evolves (Anderson-Inman &
Zeitz,1993).

Computer-based concept mapping tools have
also been used outside educational settings. In busi-
ness settings, for example, concept-map tools have
been used for organizing notes taken during meet-
ings and lectures, and for the preparation of presen-
tations and written works. There have also been
efforts to use concept maps as organizing vehicles
for both designers and end users of Web sites and
other hypermedia environments (e.g., Gaines &
Shaw, 1995a; Zeiliger, Reggers, & Peeters, 1996).
In this context, concept maps have provided visual-
izations of the structure of the pages, documents, or
resources of a site and the hyperlink relationships
among them, as well as a mechanism for directly
navigating to specific pages.

FUTURE TRENDS

More recently, concept-mapping tools have been
enhanced to enable the representation of informa-
tion or knowledge that is neither textual nor propo-
sition based. In many tools, for example, anode may
be an image rather than a geometric shape with an
embedded textual description. In the Inspiration
product, nodes in a concept map may also reference
mediafiles, suchasvideo and audio, and application-
specific files, such as spreadsheet or presentation
documents. The Webster knowledge mapping tool
(Alpert & Grueneberg, 2000) offers a Web-enabled
version of these facilities, in which nodes in a
concept map may reference any media that can be
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presented or played in a Web browser (including
Web-based tools and applications, such as
Flash™interactive programs). As new sense-based
resources, such as tactile, haptic, and aroma-based
media, become available on inexpensive computers,
concept maps should also be capable of incorporating
nodes representing such information for end-user
navigation and playback with the goal of having
concept maps comprehensively represent knowl-
edge of a domain (Alpert, 2005).

Concept-map tools have now integrated other
Web facilities as well, such as nodes that act as
hyperlinks to Web sites. This innovation allows con-
cept maps to incorporate the vast amount of knowl-
edge and information available on the World Wide
Web. For learning, users need content organized in
some fashion, focused on a particular topic or do-
main. Rather than a generic search engine to, hope-
fully, find relevant content and its resulting flat view
of information, a concept map provides a centralized
place to access knowledge and information. Such a
tool visually organizes relevant content in lucidly
structured ways while providing semantic links be-
tween knowledge and information elements. Con-
cept maps can thereby help students by imposing
order on the perhaps overwhelming amounts and
complexity of information germane to adomain. This
can be especially useful when that information is
distributed across numerous locations on the Web.
Concept maps can thereby serve as personal knowl-
edge managementtools for students and other knowl-
edge workers.

Concept maps are also emerging as visualization
tools for the nascent area of topic maps. Topic maps
are used to organize, for end-user navigation, re-
sources available on the Web that are germane to a
particular domain of interestand/or multiple topically
related domains. A topic map is defined as a model
“for representing the structure of information re-
sources used to define topics, and the associations
(relationships) between topics” (Pepper & Moore,
2001). Thus, the conceptual connection to concept
maps is obvious. Topic maps are consistent with the
ideas expressed above regarding knowledge man-
agement: The value of atopic map is that it organizes
for the user, inasingle location, resources that reside
inmultiple disparate locations on the Web. However,
topic maps are defined using a textual language and
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typically presented to end users textually as well.
The XML (extensible markup language) Topic Maps
(XTM) specification is an ISO/IEC standard that
defines an XML-based language for defining and
sharing Web-based topic maps (International Orga-
nization for Standardization & International
Electrotechnical Commission, 2002). But the speci-
fication does not specify or suggest tools for the
visualization of a map’s topics, Web-based re-
sources, or their interrelationships. In practice to
date, topic maps are often displayed for users using
atextual (plus hyperlink) format. However, several
developers are beginning to apply the concept map
visualization model to provide users with agraphical
mechanism for both understanding topic maps and
navigating to specific pages contained therein (e.g.,
HyperGraph? and Mondeca®).

CONCLUSION

Concept maps are a form of knowledge represen-
tation and knowledge visualization portraying knowl-
edge and information about a domain of interest in
avisual and organized fashion. Concept maps have
evolved from paper-and-pencil tools, to computer-
based text-only applications, to computer-based
tools that permit the incorporation of any sort of
knowledge or information source available in any
computational form. As new forms of sensory
output become available in digital form, concept
maps should provide facilities for the inclusion of
such media in order to fully represent and share
knowledge of any domain. Concept maps have
been used as cognitive tools, especially in educa-
tional settings, for organizing thoughts and ideas, for
knowledge elicitation, and for learning.
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KEY TERMS

Concept Map: A visual representation of knowl-
edge of a domain consisting of nodes representing
concepts, objects, events, or actions interconnected
by directional links that define the semantic relation-
ships between and among nodes.

Knowledge Management: Organizing knowl-
edge, information, and information resources and
providing access to such knowledge and information
in such a manner as to facilitate the sharing, use,
learnability, and application of such knowledge and
resources.
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Knowledge Map: See Concept Map.

Knowledge Representation: According to
Brachmanand Levesque (1985, p. xiii), itis “writing
down, in some language or communicative medium,
descriptions or pictures that correspond...to the
world or a state of the world.”

Knowledge Visualization: A visual (or other
sense-based) representation of knowledge; a por-
trayal via graphical or other sensory means of
knowledge, say, of a particular domain, making that
knowledge explicit, accessible, viewable, scrutable,
and shareable.

Proposition: A statement, assertion, or declara-
tion formulated in such amanner that it can be judged
to be true or false.

Semantic Network: A knowledge-representa-
tion formalism from the cognitive-science commu-
nity (understood by cognitive psychologiststorepre-
sent actual cognitive structures and mechanisms,
and used in artificial-intelligence applications) con-
sisting primarily of textually labeled nodes repre-
senting objects, concepts, events, actions, and so
forth, and textually labeled links between nodes
representing the semantic relationships between
those nodes.
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ENDNOTES

1 Flash™is a trademark of Macromedia, Inc.
Inspiration® is aregistered trademark of Inspi-
ration Software, Inc. http://www.inspiration.
com/

2 Axon is a product of Axon Research. http://
web.singnet.com.sg/~axon2000/index.htm

8 Decision Explorer® is a registered trademark
of Banxia® Software. http://www.banxia.com/
demain.html

4 SemNet® is a registered trademark of the
SemNet Research Group. http://www.biology
lessons.sdsu.edu/about/aboutsemnet.html

S SMART Ideas™ is a trademark of SMART
Technologies, Inc. http://www.smarttech.com/
Products/smartideas/index.asp

6 Institute for Human & Machine Cognition’s
CmapTools, http://cmap.ihmc.us/

7 http://hypergraph.sourceforge.net/example_
tm.html

8 http://www.mondeca.com/english/documents.
htm
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INTRODUCTION

In computer-supported collaborative learning
(CSCL), information and communication technolo-
gies are used to promote connections between one
learner and other learners, between learners and
tutors, and between a learning community and its
learning resources. CSCL isacoordinated, synchro-
nous activity of a group of learners resulting from
their continued attempt to construct and maintain a
shared conception of a problem (Roschelle &
Teasley, 1995).

CSCL systems offer software replicas of many
of the classic classroom resources and activities
(Soller, 2001). For example, such systems may
provide electronic shared workspaces, on-line pre-
sentations, lecture notes, reference material, quiz-
zes, student evaluation scores, and facilities for chat
or online discussions. This closely reflects a typical
collaborative learning situation in the classroom,
where the learners participating to learning groups
encourage each other to ask questions, explain and
justify their opinions, articulate their reasoning, and
elaborate and reflect upon their knowledge, thereby
motivating and improving learning.

These observations stipulate both the social con-
text and the social processes as an integral part of
collaborative learning activities. In other words,
CSCL is a natural process of social interaction and
communication among the learners in a group while
they are learning by solving common problems.

BACKGROUND
Theory

Collaborative learning is studied in many learning
theories, such as Vygotsky’s socio-cultural theory—
zone of proximal development (Vygotsky, 1978), in
constructivism, self-regulated learning, situated cog-

nition, cognitive apprenticeship, cognitive flexibility
theory, observational learning, distributed cognition,
and many more (see Andriessen, Baker, & Suthers,
2003; Dillenbourg, Baker, Blaye, & O’Malley, 1996;
Roschelle & Teasley, 1995; TIP, 2004, for a more
comprehensive insight). A number of researchers
have shown that effective collaboration with peersis
a successful and powerful learning method—see,
for example Brown and Palincsar (1989), Doise,
Mugny, and Perret-Clermont (1975), Dillenbourg et
al. (1996), and Soller (2001). However, there is an
important prerequisite for collaborative learning to
resultinimproved learning efficiency and bring other
learning benefits—the group of learners must be
active and well-functioning. Just forming a group
and placing the students in it does not guarantee
success. The individual learners’ behaviour and
active participation is important, and so are their
rolesinthe group, their motivation, their interaction,
and coordination. Soller (2001) makes an important
observation that “while some peer groups seem to
interact naturally, others struggle to maintain a bal-
ance of participation, leadership, understanding, and
encouragement.”

One should differentiate between cooperative
and collaborative learning. In cooperative learning,
the learning task is split in advance into sub-tasks
thatthe partners solve independently. The learning is
more directive and closely controlled by the teacher.
Onthe other hand, collaborative learning is based on
the idea of building a consensus through cooperation
among the group members; it is more student-
centered than cooperative learning.

The Goals of CSCL
The goals of CSCL are three-fold:
e Personal: By participating in collaborative

learning, the learner attains elimination of mis-
conceptions, more in-depth understanding of

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.



the learning domain, and development of self-
regulation skills (i.e., metacognitive skills that
let the learner observe and diagnose his/her
self-thinking process and self-ability to regu-
late or control self-activity);

. SupportInteraction: Maintaining interaction
with the other learners, in order to attain the
personal goal associated with the interaction;
this leads to learning by self-expression (learn-
ing by expressing self-thinking process, such as
self-explanation and presentation), and learn-
ing by participation (learning by participating as
an apprentice in a group of more advanced
learners);

. Social: The goals of the learning group as a
whole are setting up the situation for peer
tutoring (the situation to teach each other), as
well as setting up the situation for sharing
cognitive or metacognitive functions with other
learners (enabling the learners to express their
thinking/cognitive process to other learners, to
get advise from other learners, discuss the
problem and the solution with the peers, and the
like).

Web-Based Education

Web-based education has become a very important
branch of educational technology. For learners, it
provides access to information and knowledge
sources that are practically unlimited, enabling a
number of opportunities for personalized learning,
tele-learning, distance-learning, and collaboration,
with clear advantages of classroom independence
and platform independence. On the other hand,
teachers and authors of educational material can use
numerous possibilities for Web-based course offer-
ing and teleteaching, availability of authoring tools
for developing Web-based courseware, and cheap
and efficient storage and distribution of course ma-
terials, hyperlinks to suggested readings, digital li-
braries, and other sources of references relevant for
the course.

Adaptivity and Intelligence
Typically, an adaptive educational system on the

Web collects some data about the learner working
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with the system and creates the learner model
(Brusilovsky, 1999). Further levels of adaptivity are
achieved by using the learner model to adapt the
presentation of the course material, navigation
through it, its sequencing, and its annotation, to the
learner. Furthermore, collaborative Web-based edu-
cational systems use models of different learners to
formamatching group of learners for different kinds
of collaboration. This kind of adaptivity is called
adaptive collaboration support. Alternatively, such
systems can use intelligent class monitoring to com-
pare different learner models in order to find signifi-
cant mismatches, for example, to identify the learn-
ers who have learning records essentially different
from those of their peers. These learners need
special attention from the teacher and from the
system, because their records may indicate that they
are progressing too slow, or too fast, or have read
much more or much less material than the others, or
need additional explanations.

Intelligence in a Web-based educational system
nowadays usually means that the system is capable
of demonstrating some form of knowledge-based
reasoning in curriculum sequencing, in analysis of
the learner’s solutions, and in providing interactive
problem-solving support (possibly example-based)
to the learner. Most of these intelligent capabilities
exist in traditional intelligent tutoring systems as
well, and were simply adopted in intelligent Web-
based educational applications and adapted to the
Web technology.

CSCL Model

CSCL technology is not a panacea. Learners who
use it need guidance and support online, just as
students learning in the classroom need support from
their instructor. Hence, developers of CSCL tools
must ensure that collaborative learning environ-
ments support active online participation by remote
teachers, as well as a variety of means for the
learners to deploy their social interaction skills to
collaborate effectively.

In order for each CSCL system to be effective,
it must be based on a certain model, such as the one
suggested by Soller (2001) that integrates the fol-
lowing four important issues:
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. indicators of effective collaborative learning;

. strategies for promoting effective peer interaction;
. technology (tools) to support the strategies and;
. a set of criteria for evaluating the system.

CSCL system should recognize and target group
interaction problem areas. It should take actions to
help the learners collaborate more effectively with
their peers, improving individual and group learning.

Figure 1shows the typical context of CSCL on the
Web. A group of learners typically uses a CSCL
system simultaneously. The system runs on one or
more educational servers. The learners’ activities
are focused onsolving aprobleminthe CSCL system
domain collaboratively. A human teacher can partici-
pate in the session too, either by merely monitoring
the learners’ interactions and progress in solving
problems, or by taking a more active role (e.g.,
providing hints to the learners, suggesting modes of
collaboration, discussing the evolving solution, and so
on). Intelligent pedagogical agents provide the nec-
essary infrastructure for knowledge and information
flow between the clients and the servers. They
interact with the learners and the teachers and col-
laborate with other similar agents in the context of
interactive learning environments (Johnson, Rickel,
& Lester, 2000). Pedagogical agents very much help
in locating, browsing, selecting, arranging, integrat-
ing, and otherwise using educational material from
different educational servers.

Figure 1. The context of Web-based CSCL
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MAIN ISSUES IN CSCL
The Types of Interaction

Since the issue of interaction is central to CSCL, it
is useful to introduce the types of interaction the
learner typically meets when using such systems
(Curtis & Lawson, 2001):

. interaction with resources (such as related
presentations and digital libraries);

. interaction with teachers (teachers can par-
ticipate in CSCL sessions);

. interaction with peers (see the above descrip-
tion of the goals of CSCL) and;

. interaction with interface (this is the most
diverse type of interaction, ranging from lim-
ited text-only interactions, to the use of spe-
cific software tools for dialogue support, based
on dialogue interaction models, to interaction
with pedagogical agents [see Figure 1]).

The Kinds of CSCL

Starting from the theory of collaborative learning
and applying it along with Al techniques to CSCL
systems on the Web, the research community has
made advances in several directions related to
collaboration in learning supported by Web tech-
nologies:
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. Classical CSCL: This comprises setting up
CSCL in Web classrooms, as well as infra-
structure for CSCL in distance learning;

*  Learning Companions: These are artificial
learners, forexample, programs that help human
learners learn collaboratively if they want so,
even when no other peer learners are around,

. Learning Communities: Remote learners
can communicate intensively not only by solv-
ing a problem in a group, but also by sharing
common themes, experiences, opinions, and
knowledge on the long run;

e Web Services: This general and extremely
popular recent technology is nowadays used in
learning situations as well;

. Hybrid Modes: Some, or even all of the above
capabilities can be supported (at least to an extent)
in an intelligent Web-based CSCL system.

Design Issues

It is quite understood that the learning process is
more effective if the user interface is designed to be
intuitive, easy-to-use, and supportive in terms of the
learners’ cognitive processes. With CSCL systems,
additional flexibility isrequired. The learners have to
work collaboratively in ashared workspace environ-
ment, but also use private workspaces for their own
work. Moreover, since work/learning happens in
small groups, the interface should ideally support the
group working in one environment, or in synchronous
shared environments. It also must support sharing of
results, for example, exchanging settings and data
between the groups and group members, as well as
demonstrating the group’s outcomes or conclusions.
Asuitable way todo itis by using a public workspace.
This division of learning/work into shared and
private workspaces leads to the idea of workspaces
that can contain a number of transparent layers
(Pinkwart, 2003). The layers can have “solid” ob-
jects (synchronizeable visual representations), that
is, handwriting strokes or images. Also, the layers
can be private or shared, for example, a private
handwriting layer used for personal annotations.

Group Formation

If for any reason a learner wants to participate in
collaborative learning on the Web, the learning effi-
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ciency depends on joining an appropriate learning
group. Hence the question, “How to form a group?”
isimportant.

Opportunistic group formation (OGF) is a frame-
work that enables pedagogical agents to initiate,
carry out, and manage the process of creating a
learning group when necessary and conducting the
learner’s participation to the group. Agents in OGF
supportindividual learning, propose shifting to col-
laborative learning, and negotiate to form a group of
learners with appropriate role assignment, based on
the learners’ information from individual learning.

In OGF, collaborative learning group is formed
dynamically. A learner is supposed to use an intelli-
gent, agent-enabled Web-based learning environ-
ment. When an agent detects a situation for the
learner to shift from individual to collaborative learn-
ing mode (a “trigger,” such as an impasse or a need
for review), it negotiates with other agents to form
a group. Each group member is assigned a reason-
able learning goal and a social role. These are
consistent with the goal for the whole group.

APPLICATIONS

Two practical examples of CSCL systems described
in this section illustrate the issues discussed earlier.

COLER

COLER is an intelligent CSCL system for learning
the principles of entity-relationship (ER) modelling
in the domain of databases (Constantino-Gonzalez,
Suthers, & Escamilla de los Santos, 2003). The
learners using the system through the Web solve a
specific ER modelling problem collaboratively. They
see the problem’s description in one window and
build the solution in another one, which represents a
shared workspace. Each learner also has his/her
own private workspace in which he/she builds his/
her own solution and can compare it to the evolving
group solution in the shared workspace. A learner
can invoke a personal coach (an intelligent peda-
gogical agent) to help him/her solve the problem and
contribute to the group solution. In addition to such
guidance, there is also a dedicated HELP button to
retrieve the basic principles of ER modelling if
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necessary. At any time during the problem solving,
a learner can see in a specially-designated panel on
the screen which team-mates are already connected
and can ask for floor control. When granted control,
the learner contributes to the group solution in the
shared workspace by, for example, inserting a new
modelling element. He/she can also express feelings
about the other team-mates’ contributions through a
designated opinion panel, and can also engage in
discussion with them and with the coach through a
chat communication window.

Cool Modes

The idea of using transparent layers in the design of
user interface is best exemplified in the intelligent
Web-based CSCL called Cool Modes (COllaborative
Open Learning, MOdelling and DEsigning System)
(Pinkwart, 2003). The system supports the Model
Facilitated Learning (MFL) paradigm in different
engineering domains, using modelling tools, con-
struction kits, and system dynamics simulations. The
focus of the learning process is on the transforma-
tion of a concrete problem into an adequate model.
The shared workspace, Figure 2, is public and looks
the same to all the learners in the group. However,
the handwritten annotations are placed in private
layers and can be seen only by individual learners.
Cool Modes also provides “computational objects to
think with” in a collaborative, distributed frame-

work. The objects have a specified domain-related
functionality and semantics, enriched with rules and
interpretation patterns. Technically, Cool Modes is
integrated with visual modelling languages and has a
set of domain-specific palettes of such objects (see
the palette on the right-hand side of Figure 2). The
palettes are defined externally to encapsulate do-
main-dependent semantics and are simply plugged-
in the system when needed. Currently, the system
has palette support for modelling stochastic pro-
cesses, system dynamics, Petri nets, and other engi-
neering tools, as well as for learning Java.

FUTURE TRENDS

Open Distributed
Learning Environments

There is an important trend in software architec-
tures for CSCL—open distributed learning envi-
ronments (Muehlenbrock & Hoppe, 2001). The idea
here is that learning environments and support sys-
tems are not conceived as self-containing, but as
embedded inrealistic social and organizational envi-
ronments suitable for group learning, such as Web
classrooms. Different Web classrooms can be inter-
connected among themselves letting the learners
communicate with the peers and teachers not physi-
cally present in the same classroom, but logged onto

Figure 2. A screenshot from Cool Modes (after Pinkwart, 2003)
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the same network/application. Moreover, the CSCL
application can link the learners with other relevant
learning resources or remote peers and tutors through
the Internet.

CSCL and the Semantic Web

Semantic Web (SemanticWeb.org, 2004) is the new-
generation Web that makes possible to express
information inaprecise, machine-interpretable form,
ready for software agents to process, share, and
reuse it, as well as to understand what the terms
describing the data mean. It enables Web-based
applications to interoperate both on the syntactic and
semantic level. The key components of the Semantic
Web technology are ontologies of standardized ter-
minology that represent domain theories; each ontol-
ogy is a set of knowledge terms, including the
vocabulary, the semantic interconnections, and some
simple rules of inference and logic for some particu-
lar topic.

At the moment, educational ontologies are still
scarce—developing ontologies of high usability is
anything but easy, and the Semantic Web is around
for justacouple of years. Still, CSCL community has
already ventured in developing CSCL ontologies. In
their pioneering but extremely important work,
Supnithi, Inaba, Ikeda, Toyoda, and Mizoguchi (1999)
have made a considerable effort towards developing
the collaborative learning ontology (CLO). Al-
though still not widely used, CLO clarifies the con-
cepts of a collaborative learning group, and the
relations among the concepts. It answers general
questions like:

e What kinds of groups exist in collaborative
learning?

e Who issuitable for attaining the group?

e Whatrolesshould be assigned to the members?

e What is the learning goal of the whole group?

CONCLUSION

This article surveyed important issues in CSCL in
the context of intelligent Web-based learning envi-
ronments. Currentintelligent Web-based CSCL sys-
tems integrate a number of Internet and artificial
intelligence technologies. This is not to say that
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learning theories and instructional design issues
should be given lower priority than technological
support. On the contrary, new technology offers
more suitable ways for implementing and evaluating
instructional expertise in CSCL systems.
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KEY TERMS

Adaptive Collaboration Support in CSCL:
Using models of different learners to form a match-
ing group of learners for different kinds of collabo-
ration.

Computer-Supported Collaborative Learn-
ing (CSCL): The process related to situations in
which two or more subjects build synchronously and
interactively a joint solution to some problem
(Dillenbourg, 1999; Dillenbourg et al., 1996;
Dillenbourg & Schneider, 1995).

Group Formation: The process of creating a
suitable group of learners to increase the learning
efficiency for both the individual peers and the group
as a whole.

Pedagogical Agents: Autonomous software
entities that support human learning by interacting
with learners and teachers and by collaborating with
other similar agents, in the context of interactive
learning environments (Johnson et al., 2000).

Private Workspace: Part of the CSCL system,
usually represented as a designated window in the
system’s GUI, where a member of the learning
group builds his/her own solution of the problem the
group solves collaboratively, and where he/she can
also take notes, consider alternative solutions, and
prepare contributions to the group solution.

Shared Workspace: Part of the CSCL system,
usually represented as a designated window in the
system’s GUI, where the members of the learning
group build the joint solution to the problem they
solve collaboratively.
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INTRODUCTION

The study of conceptual models is both a complex
and an important field within the HCl domain. Many
of its key principles resulted from research and
thinking carried out in the 1980s, arguably in the
wake of Norman (1983). Since then, the importance
of conceptual models in affecting the usability of an
Information and Communication Technology (ICT)
system has become well-established (e.g., they fea-
ture prominently in the widely cited design guidelines
for interfaces defined by Norman [1988], which are
summarized in Figure 1 by Lienard [2000]).

Today, most HCI professionals are able to at-
tribute significant meaning to the term conceptual
model and to recognize its importance in aiding
usability. However, two problems seem to prevail.
First, some HCI researchers and practitioners lack
a precise understanding of conceptual models (and
related ideas), and how they affect usability. Sec-
ond, much of the research in this field is (necessar-
ily) abstract in nature. In other words, the study of
conceptual models is itself highly conceptual, with
the result that practitioners may find some of the
theory difficult to apply.

This article is designed to help both researchers
and practitioners to better understand the nature of
conceptual models and their role in affecting usabil-
ity. This includes explaining and critiquing both
contemporary and (possible) future approaches to
leveraging conceptual models in the pursuit of im-
proved usability.

BACKGROUND

Key to understanding the role of conceptual models
in promoting usability are clear definitions of these
terms, related ideas, and their appropriate
contextualization within the HCIl domain.

Definitions of Usability

Probably the first widely cited definition of usabil-
ity, as it applies to ICT systems, was established by
Shackel (1991) and is shown in Figure 2.

The definition provided by Shackel (1991) is
reasonably comprehensive, which is one reason it
remains useful today. However, a more concise

Figure 1. Design guidelines for interfaces defined by Norman (1988), summarized by Lienard (2000)

A. Good visibility means you can:
o tell what the alternatives for actions are

available actions

o tell the state of the system by looking at it

o identify controls to make the system perform the

B. Good conceptual models provide:

e consistent presentation of the system’s state
e consistent controls, possible actions, and results

System image =

o relationship between actions and results

o system state from what is visible

C. Good mappings mean you can determine the:

o relationship between controls and actions

User’s model of system

D. Good feedback involves:

actions
o timely (i.e., rapid) response times

o full and continuous presentation of the results of

A “good” user model makes

the user feel:

¢ in control of the system

o confident of getting the
required result(s)

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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Figure 2. Definition of usability by Shackel (1991)

Effectiveness

the user’s environment)
Learnability

time each time for intermittent users
Flexibility

Attitude

usage of the system

Improvement in task performance in terms of speed and/or error rate by a given
percentage of the population within a given range of the user’s tasks (related to

Within some specified time from commissioning and start of user training based
upon some specified amount of user support and within some specified relearning

With flexibility allowing adaptation to some specified percentage variation in task
and/or environments beyond those first specified

Within acceptable levels of human cost in terms of tiredness, discomfort,
frustration and personal effort, so that satisfaction causes continued and enhanced

definition was established in 1ISO 9241-11:1998 and
is summarized by Maguire (1998):

. Effectiveness: How well the user achieves
the goals he or she sets out to achieve using the
system.

»  Efficiency: The resources consumed in order
to achieve his or her goals.

. Satisfaction: How the user feels about his use
of the system.

These definitions are widely cited. However, the
1ISO 9241-11:1998 arguably has superseded that of
Shackel (1991) and is, therefore, used throughout
the remainder of this article.

Definitions of a Conceptual Model

The word model implies an abstraction of the sub-
ject matter, or artefact, being modeled. This is true
whether that artefact is an ICT system, a motor-
cycle, or a house. Inevitably, a model lacks the full
detail present within an actual artefact, so, in pro-
ducing the model, some properties of the artefact
will be ignored or simplified. The particular abstrac-
tion will depend on the (intended) use of the model
(e.g., atechnical drawing of a motorcycle used in its
manufacture abstracts different properties from that
of an artist’s sketch used in a sales brochure).
Similarly, ausability engineer may model only those
properties of an ICT system concerned with its
interface, while atechnical architect might model in
terms useful to coding the system. In both cases, the
subject matter is common, yet the abstractions and
resulting models are very different.

The word conceptual stems from the word
concept. This also implies some form of abstraction
and, hence, a model. In psychology-oriented fields,
this term may be used synonymously with the word
idea and, therefore, has connotations relating to
cognition, perception, innovation, and, most impor-
tantly, models stored in the mind. Alternatively, in
(product) design-oriented fields, a conceptual model
is more likely to be interpreted as an abstraction
concerned only with the key or fundamental proper-
tiesofanartefact (i.e., amodel considerably lacking
detail). Further, such models typically are expressed
in concrete terms (e.g., a designer’s sketch, clay
model, or engineer’s prototype).

The HCI domain incorporates principles related
to both psychology and (product) design (an ICT
system is a product). Similarly, both of the two
(overlapping) definitions of aconceptual model pre-
sented have relevance here.

Mental Models

More in keeping with a (product) design-oriented
view of conceptual models, we might define and
express the conceptual model of an ICT system in
concrete terms, using devices such as storyboards
and Entity Relationship Diagrams (ERDs). How-
ever, these conceptual models only can be utilized
once inside our minds (i.e., once converted into a
mental model). Indeed, most cognitive scientists
agree that our entire perception of the world, includ-
ing ourselves, is constructed from models within our
minds. Further, we only can interact with the world
through these mental models. This is an insight
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generally credited to Craik (1943), although its ori-
gins can be traced back to Plato.

Mental models inevitably are incomplete, con-
stantly evolving, and contain errors (Khella, 2002).
They usefully can be considered as an ecosystem, a
term used by Ratey (2002) to describe the brain,
which, of course, stores and processes our mental
models. This means that particular models can come
and go, increase or decrease in accuracy, and con-
stantly mutate and adapt, both as a result of internal
processing and in response to external stimuli.

A person may maintain simultaneously two or
more compatible mental models of the same subject
matter, as with the example of the technical drawing
and the artist’s sketch used for a motorcycle (Khella,
2002). Similarly, itis possible for a person to maintain
simultaneously two or more contradictory mental
models, a condition known as cognitive dissonance
(Atherton, 2002).

In the early 1980s, the idea was established that a
person may acquire and maintain two basic types of
mental models foran ICT system: a functional model
and a structural model. Functional models, also
referred to as task-action mapping models, are con-
cerned with how users should interact with the
system in order to perform the desired tasks and
achieve their goals. ICT professionals such as usabil-
ity engineerstypically are concerned with this type of
model. Structural models are concerned more with
the internal workings and architecture of the system
and on what principles it operates (i.e., how a system
achieves its functionality). This type of model is
generally the concern of ICT professionals such as
systems architects and coders. Of course, this fits
well with the idea that an individual may maintain
simultaneously two or more compatible mental mod-
els—an informed user of an ICT system may have
both agood functional and structural mental model of
the system.

MENTAL MODELS AND USABILITY

The arguments for a user possessing a good mental
model of the ICT system they are using can be
expressed using the elements of usability defined in
1ISO9241-11:1998:
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»  Efficiency: Users with a good mental model
will be more efficient in their use of an ICT
system, because they already will understand
the (optimal) way of achieving tasks; they will
not have to spend time learning these mecha-
nisms.

. Effectiveness: Users will be more effective
due to their understanding of the system’s
capabilities and the principles by which these
capabilities may be accessed.

. Satisfaction: As a result of increased effi-
ciency and effectiveness and because users
can predict more successfully the behavior of
the system, they also are likely to be more
satisfied when using the system.

Conversely, users with a largely incomplete,
distorted, or inaccurate mental model may experi-
ence one or more of the following usability prob-
lems, which again, are categorized using the ele-
ments of usability defined in ISO 9241-11:1998:

»  Efficiency: The user may execute functions
ina (highly) suboptimal way (e.g., notutilizing
available shortcuts).

. Effectiveness: The user’s understanding of
the system will be limited detrimentally in
scope, so (potentially) useful functionality might
be hidden from him or her.

. Satisfaction: The user’s mental model may
work (to a certain degree) until task complex-
ity increases or until completely new tasks are
required. At this stage, catastrophic model
failure may occur (e.g., a user fails to predict
the consequences of a particular input to the
system and gains an outcome very different
from that expected). Such failure can be quite
disastrous, leaving users confused and
demotivated. Indeed, this is one pathology of
so-called computer rage, a term popular at
the time of writing.

These factors explain why the highest level of
usability occurs when an individual operates a sys-
tem that they have designed themselves. Here, the
designer and user’s model of the system can be
identical (since they belong to the same person).
This also explains why these user-designed sys-
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tems very often fail when rolled out to other users
(Eason, 1988). These systems often are successful
in the designer’s hands, but this success is attributed
to the design of the system itself rather than simply
being a consequence of the fact that the designer
inevitably has an excellent mental model of (how to
use) the system.

Given this, it seems obvious that a user’s mental
model of an ICT system benefits from being as
comprehensive and accurate as possible. This is
why Norman (1988) included this element in his
design guidelines for interfaces (summarized in Fig-
ure 1 by Lienard [2000]). The question then is how
do we develop and exploit these models to promote
usability?

The Intuitive Interface Approach to
Developing Users’ Mental Models

Today, many ICT systems are designed with the
anticipation (or hope) thatusers will be able to (learn
how to) operate them within a matter of minutes or
even seconds. Further, these users often are anony-
mous to the system designers. This is particularly
true in the case of pervasive ICT systems such as
those found on the World Wide Web (WWW).

Many contemporary practitioners propose that
quick and easy access to pervasive ICT systems can
be achieved by designing an intuitive interface.
This term is widely interpreted to mean that a user
can operate a system by some innate or even nearly
supernatural ability (Raskin, 1994). However, this
notion is ill founded in the HCI domain (Norman,
1999; Raskin, 1994) and lacks supporting empirical
evidence (Raskin, 1994). Rather, so-called intuitive
interfaces simply rely on the fact that users already
possess mental models that are sufficiently relevant
to a system such that they can (at least) begin to use
the system. In other words, the term intuitive simply
implies familiar (Raskin, 1994). This familiarity is
often exploited through the use of metaphors,
whereby a mental model that was developed for use
inthe physical world (e.g., Windows) is leveraged by
the system designers to aid its use. Important in this
approach is the idea (or hope) that, from a position
of (some) familiarity, users then are able to develop
their understanding of the system by self-exploration
and self-learning, or self-modeling.

Norman (1981) hypothesized that if users are left
to self-model in this way, they always will develop a
mental model that explains (their perception of) the
ICT system, and research carried out by Bayman
and Mayer (1983) supports this hypothesis. Norman
(1981) also argued that, in these situations, the
mental models developed by the users are likely to be
incorrect (e.g., a user simply may miss the fact that
a metaphor is being used or how the metaphor
translates into the ICT system (a scenario that is
likely toresultinthe usability problems cited earlier).
Another problem with this approach is that with
pervasive ICT systems where users are often anony-
mous, it can be extremely difficult to predict accu-
rately what mental models already are possessed by
the target user group.

The Conceptual Model Approach to
Developing Users’ Mental Models

Analternative approach to exploiting mental models
istoexplicitly provide users with a conceptual model
of the ICT system that accurately reflects its true
properties. This conceptual model approach was
advocated in hypothetical terms by Norman (1981),
Carroll and Olson (1988), and Preece (1994). In
practice, this approach generally is realized by pre-
senting the users with suitable schemas or meta-
phors relevant to the system. In relation to this,
Norman (1983) offered some revised definitions of
modeling terminology—he distinguished between
the tangible conceptual model that is provided to the
user as an explanation of the system, which might
use, for example, a story board or ERD and the
resulting mental model that is formed in the user’s
mind. This distinction is useful and will be used
throughout the remainder of this article.

With the conceptual model approach, it seems
unlikely that a user’s mental model will overlap
completely with the conceptual model presented.
This is because the formation of mental models is a
highly complex process involving human beings with
all of their individual abilities, preferences, and idio-
syncrasies. Further, determining the degree of over-
lap is somewhat problematic, since it is notoriously
difficult to elicit and understand the mental model a
user has of an ICT system and how it is being
exploited during interaction. Indeed, many studies
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have attempted to do this and have failed (Preece,
1994; Sasse, 1992). Givenrthis, itisdifficult to prove
a casual link between the conceptual model ap-
proach and increased usability. However, a large
number of studies has demonstrated that, when
users are explicitly presented with accurate concep-
tual models, usability can be improved significantly.
These studies include Foss, et. al. (1982), Bayman
and Mayer (1983), Halasz and Moran (1983), Kieras
and Bovair (1984), Borgman (1986), and Frese and
Albrecht (1988). As an example, Borgman (1986)
showed how users could better operate a library
database system after being provided with a concep-
tual model of the system that utilized a card index
metaphor, as compared with users in a control group
who were taught in terms of the operational proce-
dures required to achieve specific goals and tasks.
Further, research from Halasz (1984) and Borgman
(1986) demonstrated that the usability benefits of the
conceptual model approach increase with task com-
plexity.

While these studies demonstrated well the us-
ability benefits of the conceptual model approach,
they were limited in that the conceptual models were
explained through some form of face-to-face teach-
ing. This presents two interrelated problems within
the context of modern-day pervasive ICT systems.
First, thistype of education is expensive. Second, the
user population may be diverse and largely unknown
to the system vendors. In summary, this sort of face-
to-face approach is often unviable within this con-
text.

FUTURE TRENDS

Progression in this field might be sought in two
important ways. First, to address the limitations of
the conceptual model approach cited previously, it
would be useful to establish viable means of present-
ing users with conceptual models when the ICT
system is pervasive. Second, the opportunity exists
to develop better conceptual models with which to
explain ICT systems.

Online Conceptual Models

A means of providing conceptual models where the
ICT system is pervasive is through the use of online
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digital presentations. These might constitute a type
of mini-lecture about the conceptual model for the
system, perhaps utilizing (abstractions of) the very
schemas used to design the system (e.g., storyboards
and ERDs or suitable metaphors). This is a similar
idea to online help, except that the user support is
much more conceptual and self-explanatory in na-
ture.

Many organizations produce (online) digital pre-
sentations to complement their products and ser-
vices. However, such presentations typically are
exploited to sell the system rather than to explain its
use. There are digital presentations that are educa-
tionally biased. These include a vast amount of
computer-based training (CBT) resources available
both online (WWW) and in compact disk (CD)
format. However, these tend to focus on how par-
ticular tasks are performed rather than developing a
deep understanding of the concepts that underpin
the system. Similarly, there are some good examples
of how digital presentations have been used to
communicate concepts (e.g., EDS). However, these
presentations generally are not directed at using a
specific ICT system or for use by the typical user.

Site maps in WWW-based systems are (argu-
ably) an example of online devices designed to
convey conceptual understanding. However, while
their use is now widespread and these devices are
sometimes useful, they are limited in the scope of
what they convey and their ability to explain them-
selves. This is in contrast to an online presentation
specifically designed to explain asuitable conceptual
model of a system.

Better Conceptual Models

Works related to both of the approaches discussed
in the previous section (intuitive interface and con-
ceptual model) share some similarity in that they
both focus on the user’s knowledge of the system’s
interface and, therefore, the development of func-
tional mental models. This might be expected in an
HCl-related field. However, over reliance on (just)
functional mental models inevitably limits the user’s
understanding of the system, and it can be argued
that this consequentially limits usability.

Some researchers (e.g., Preece, 1994) have
hypothesised that users might benefit greatly from
(also) acquiring structural mental models of the
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systems they use. Such models may better help the
users to anticipate the behavior of the system,
particularly in new contexts of use and when the
systemis being used nearly at its performance limits.
Indeed, the benefit of having a good structural
mental model helps to explain why the user-designed
ICT systems discussed earlier are so usable—the
designer of asysteminevitably has a good structural
mental model. The problem with thisapproach is that
simply inferring structural models through self-mod-
eling isextremely difficultand likely to fail (Miyake,
1986; Preece, 1994). However, it may be possible to
develop useful structural mental models in users by
providing them with appropriate conceptual models.

Further, if users are provided with both structural
and functional conceptual models with which to form
their mental model, triangulation can take place—
a user is able to think critically about whether the
functional and structural models are complementary
or are the source of cognitive dissonance; in which
case users may seek greater clarity in their under-
standing. Indeed, such use of triangulation is an
established principle of understanding any subject
matter (Weinstein, 1995).

CONCLUSION

The meritin users having agood mental model of an
ICT system would seem to be universally recognized
and has been inferred by many research studies.
Some professionals in this field might argue that
progression has slowed since the 1980s and that the
arguments and conclusions presented here might
make a useful agenda for future research and
consultancy. Specifically, we might proceed by en-
couraging users to develop more structural mental
models of ICT systems. Similarly, presenting con-
ceptual models using online digital presentations
may be of key importance in improving the usability
of pervasive ICT systems.
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KEY TERMS

Cognitive Dissonance: The situation where a
person simultaneously holds two contradictory mod-
els of the same subject matter (e.g., an ICT system).

Conceptual Model: A model concerned with
key, or fundamental, properties of the system. Typi-
cally concerned with the rationale and scope of a
system, what the system is designed to do, the basic
principles on which the system operates. Also, the
basic principles utilized in operating the system.
Alternatively, the model specifically offered to a
user, which explains these ideas (Norman, 1983).

Functional Model: A model concerned prima-
rily with how to interact with a system, how it is
operated.

Mental Model: A model stored and processed
in a person’s mind.

Model: A simplified abstraction that shows prop-
erties of some subject matter relevant to a particular
purpose, context, or perspective.

Self-Modeling: The process whereby an un-
aided user develops his or her own mental model of
a system to explain its behavior, achieved through
exploration or trial and error learning.

Structural Model: A model concerned prima-
rily with the internal workings and architecture of
the system and on what principles it operates and
how a system achieves its functionality.

Task-Action Mapping Model: Synonym for
functional model.

Triangulation: When a subject is viewed from
more than one perspective during the learning or
perceptual process.

Usability: Defined in 1ISO 9241-11:1998 as hav-
ing three elements, as summarized by Maguire (1998):
effectiveness—how well users achieve the goals
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they set out to achieve using the system; effi-
ciency—the resources consumed in order to achieve
their goals; and satisfaction—how users feel about
their use of the system.
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INTRODUCTION

Through pervasive computing, users can access
information and applications anytime, anywhere,
using any device. But as mobile devices such as
Personal Digital Assistant (PDA), SmartPhone, and
consumer appliance continue to flourish, itbecomes
asignificant challenge to provide more tailored and
adaptable services for this diverse group. To make
iteasier for people to use mobile devices effectively,
there exist many hurdles to be crossed. Among them
is small display size, which is always a challenge.

Usually, applications and documents are mainly
designed with desktop computers in mind. When
browsing through mobile devices with small display
areas, users’ experiences will be greatly degraded
(e.g., users have to continually scroll through a
document to browse). However, as users acquire or
gain access to an increasingly diverse range of
portable devices (Coles, Deliot, & Melamed, 2003),
the changes of the display area should not be limited
to a single device any more, but extended to the
display areas on all available devices.

As can be readily seen from practice, the sim-
plest multi-device scenario is when a user begins an
interaction on a first access device, then ceases to
use the first device and completes the interaction
using another access device. This simple scenario
illustrates a general concern about a multi-device
browsing framework: the second device should be

able to work cooperatively to help users finish
browsing tasks.

In this article, we propose a cooperative frame-
work to facilitate information browsing among de-
vices in mobile environment. We set out to over-
come the display constraint in a single device by
utilizing the cooperation of multiple displays. Sucha
novel scheme is characterized as: (1) establishing a
communication mechanism to maintain cooperative
browsing across devices; and (2) designing a dis-
tributed user interface across devices to coopera-
tively present information and overcome the small
display area limited by a single device.

BACKGROUND

To allow easy browsing of information on small
devices, there is a need to develop efficient methods
to support users. The problems that occur in infor-
mation browsing on the small-form-factor devices
include two aspects: (1) how to facilitate information
browsing on small display areas; and (2) how to help
user’s access similar information on various de-
vices.

For the first case, many methods have been
proposed foradapting various media on small display
areas. InLiu, Xie, Ma, and Zhang (2003), the author
proposed to decompose an image into a set of
spatial-temporal information elements and generate

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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an automatic image browsing path to display every
image element serially for a brief period of time. In
Chen, Ma, and Zhang (2003), a novel approach is
devised to adapt large Web pages for tailored display
on mobile device, where a page is organized into a
two-level hierarchy with athumbnail representation
atthe top level for providing aglobal view and index
to a set of sub-pages at the bottom level for detail
information. However, these methods have not con-
sidered utilizing multiple display areas in various
devices to help information browsing.

For the second case, there exist a number of
studies to search relevant information for various
media. The traditional image retrieval techniques
are mainly based on content analysis, such as those
content-based image retrieval (CBIR) systems. In
Dumais, Cutrell, Cadiz, Jancke, Sarin, and Robbins
(2003), a desktop search tool called Stuff I’ve Seen
(SIS) was developed to search desktop information
including email, Web page, and documents (e.g.,
PDF, PS, MSDOC, etc.). However, these ap-
proaches have not yet taken into account the phase
of information distribution invarious devices. What’s
more, user interface needs further consideration
such as to facilitate user’s access to the information
that distributes in various devices.

In this article, we propose a cooperative frame-
work to facilitate user’s information browsing in
mobile environment. The details are to be discussed
in the following sections.

OUR FRAMEWORK
Uniting Multiple Displays Together

Traditionally, the design of user interface for appli-
cations or documents mainly focus on desktop com-
puters, which are commonly too large to display on
small display areas of mobile devices. As a result,
readability is greatly reduced, and users’ interac-
tionsare heavily augmented such as continual scroll-
ing and zooming.

However, as users acquire or gain access to an
increasingly diverse range of the portable devices,
the thing changes; the display area will not be limited
to asingle device any more, but extended to display
areason all available devices. According to existing

studies, the user interface of future applications will
exploit multiple coordinated modalities in contrastto
today’suncoordinated interfaces (Colesetal., 2003).
The exact combination of modalities will seamlessly
and continually adapt to the user’s context and
preferences. This will enable greater mobility, a
richer user experience of the Web application, and a
more flexible user interface. In this article, we focus
on overcoming display constraints rather than other
small form factors (Ma, Bedner, Chang, Kuchinsky,
& Zhang, 2000) on mobile devices.

The Ambient Intelligence technologies provide a
vision for creating electronic environments sensitive
and responsive to people. Brad (2001) proposed to
unite desktop PCs and PDAs together, in which a
PDA acts as a remote controller or an assistant input
device for the desktop PC. They focused on the shift
usage of mobile devices mainly like PDAs as ex-
tended controllers or peripheries according to their
mobility and portability. However, it cannot work for
many cases such as people on the move without
access to desktop computers.

Though multiple displays are available for users,
there still exist many tangles to make multiple de-
vices work cooperatively to improve the user’s
experience of information browsing in mobile de-
vices. In our framework, we design a distributed
interface that crosses devices to cooperatively
present information to mobile users. We believe our
work will benefit users’ browsing and accessing of
the available information on mobile devices with
small display areas.

Communication Protocol

The rapid growth of wireless connection technolo-
gies, such as 802.11b or Bluetooth, has enabled
mobile devices to stay connected online easily. We
propose a communication protocol to maintain the
cooperative browsing with multiple devices. When a
user manipulates information in one device, our task
is to let other devices work cooperatively. To better
illustrate the communication, we introduce two nota-
tions as follows: (1) Master device is defined as the
device that is currently operated on or manipulated
by a user; and (2) Slave device refers to the device
thatdisplays cooperatively according to user’s inter-
actions with a master device.
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We define a whole set of devices available for
users as a cooperative group. A rule is regulated that
there is only one master device inacooperative group
at a time, and other devices in the group act as slave
devices. We call a course of cooperative browsing
with multiple devices as a cooperative session. In
such a session, we formulate the communication
protocol as follows:

. A user selects a device to manipulate or access
information. The device is automatically set as
the master device in the group. A cooperative
request is then multicast to the slave devices.

. The other devices receive the cooperative re-
quest and begin to act as slave devices.

e When the users manipulate the information on
the master device, the features are automati-
cally extracted according to the analysis of
interactions, and are then transferred to slave
devices.

. According to the received features, the corre-
sponding cooperative display updates are auto-
matically applied on the slave devices.

e When auser quits the manipulation of informa-
tion in the master device, a cooperative termi-
nation request is multicast to the slave devices
to end the current cooperative session.

Two-Level Browsing Scheme

We set out to construct distributed user interfaces by
uniting the multiple display areas on various devices
to overcome the display constraintin asingle device.
In our framework, we propose a two-level coopera-
tive browsing scheme, namely within-document and
between-document. If a document itself needs to be
cooperatively browsed across devices, we define
this case as within-document browsing. Otherwise, if
a relevant document needs to be cooperatively
browsed across devices, we consider this case as
between-document browsing.

1: Within-Document Cooperative Browsing
There exist many studies to improve the browsing
experiences on small screens. Some studies pro-

posed to render a thumbnail representation (Su,
Sakane, Tsukamoto, & Nishio, 2002) on mobile de-
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vices. Though users can browse an overview
through such a display style, they still have to use
panning/zooming operations for a further view.
However, users’ experiences have not been im-
proved yet since these operations are difficult to be
finished in a thumbnail representation.

We propose awithin-document cooperative strat-
egy to solve this problem, where we develop a so-
called two-level representation for a large docu-
ment: (1) presenting an index view on the top level
with each index pointing to detailed content portion
of a document in the master device; and (2) a click
in each index leads to automatic display updates of
the corresponding detailed content in the slave
devices.

We believe such an approach can help users
browse documents on small devices. For example,
users can easily access the interesting content
portions without scrolling operations but a click on
the index view.

2: Between-Document Cooperative
Browsing

As shown in previous studies (Hua, Xie, Lu, & Ma,
2004, 2005; Nadamoto & Tanaka, 2003), users tend
to view similar documents (e.g., image and Web
page) concurrently for a comparative view of their
contents. User’s experience will be especially de-
gradedinsuch scenarios due to two reasons. Firstly,
it’s difficult for users to seek out relevant informa-
tion on amobile device, and the task becomes more
tedious with the increase of the number of devices
for finding. Secondly, it’s not feasible to present
multiple documents simultaneously on a small dis-
play area, and it’s also tedious for users to switch
through documents for a comparative view.

In our system, we propose a between-document
cooperative mechanism to address this problem.
Our approach comprises of two steps: (1) relevant
documents are automatically searched based on the
information a user is currently focusing on the
master device; and (2) the searched documents are
presented on the slave devices. Therefore, this
method can facilitate users’ comparative view with-
out manual efforts. Thus, users can easily achieve
a comparative view with a simple glimpse through
devices.
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APPLICATION OF OUR
COOPERATIVE FRAMEWORK

To assess the effectiveness of our framework, we
apply it to several types of documents that are
ubiquitous in mobile devices, including images, text
documents (such as e-mail, PDF file, MS documents
like DOC or PPT files) and Web pages. In the
following sections, we illustrate each in detail.

Cooperative Browsing of Documents
1: Within-Document Cooperative Browsing

Document readability is greatly degraded due to the
small display areas on current mobile devices; users
have to continually scroll through the content to
browse each portion in detail. In this case, we
believe our between-documentsolution is capable of
solving thisproblem: (1) partitioning adocumentinto
a series of content sections according to paragraph
or passage information; (2) extracting a summary
description from each portion using atitle or sub-title
(summary instead if no titles); and (3) generating an
index view for the document where each index
points to the relevant detailed content portion in a
large document.

Figure 1 shows an example of our solution, where
an MSWord document is represented through its
outline index, and a click leads to the display of
detailed content in its slave devices. The design for
slides is really useful in practice. For instance, for a
speaker who often moves around to keep close
contact with his/her audiences, it’s necessary to

Figure 1. An example for within-document
cooperative browsing

develop a mechanism to facilitate the speaker’s
interaction with the slides when he or she moves
around. We present an indexed view on small de-
vices like SmartPhone, which can be taken by users,
and the interaction with this phone generates the
display updates on the screen.

2: Between-Document Cooperative
Browsing

In our multi-device solution, we search relevant
documents automatically and then deliver them to
the slave devices to help browsing. We automati-
cally identify the passages that are currently dis-
played on the center screen in the master device as
the indicative text to find out relevant information.
As has been pointed out by many existing studies, it
is sometimes better to apply retrieval algorithms to
portions of a document text than to all of the text
(Stanfill & Waltz, 1992). The solution adopted by our
system was to create new passages of every appro-
priate fixed length words (e.g., 200 words). The
system searches a similar document from each
device by using the passage-level feature vectors
with keywords. The similarities of passages are
computed using the Cosine distance between the
keyword feature vectors (e.g., TFIDF vector model).
In this way, our system searches for similar pas-
sages in the available document set, and the docu-
ment with the greatest number of similar paragraphs
becomes the similar page.

Figure 2 shows an example of this case, where
(b) is the search results by our approach according
to the content information that is extracted from (a).

Figure 2. An example for between-document
cooperative browsing
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Furthermore, our system automatically scrolls the
relevant document to the similar passages that hold
the maximal similarity.

Cooperative Browsing of Web Pages

With the pervasive wireless connection in mobile
devices, users can easily access the Web. However,
Web pages are mostly designed for desktop comput-
ers, and the small display areas in mobile devices are
consequently too small to display them. Here, we
apply our framework to employ a cooperative way to
generate a tailored view of large Web pages on
mobile devices.

1: Within-Page Cooperative Browsing

Different from documents (e.g., MSWord), Web
pages include more structured contents. There exist
a lot of studies on page segmentation to partition
Web pages into a set of tailored blocks. Here, we
adopt the methods by Chen, Xie, Fan, Ma, Zhang,
and Zhou (2003), in which each page is represented
with an indexed thumbnail with multiple segments
and each of them points to a detailed content unit.
Figure 3 shows an example of this case. In our
system, we deliver the detailed content blocks to
various devices. Additionally, each detailed content
block is displayed on a most suitable display area.

2: Between-Page Cooperative Browsing

Besides improving page readability in small display
areas of mobile devices, users also need to browse

Figure 3. An example for within-page cooperative
browsing
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relevant pages that contain similar information. In
common scenarios, users need to manually search
these relevant pages through a search engine or
check-through related sites. Here, we develop an
automatic approach to present relevant Web pages
through a cross-device representation.

Our method to find out similar pages comprises
three steps: (1) extracting all links from the page,
which are assumed to be potential candidates that
contain relevantinformation; (2) automatically down-
loading content information for each extracted links,
and representing each document as a term-fre-
quency feature vector; and (3) comparing the simi-
larity of extracted pages and current page based on
the Cosine distance through the feature vector.
Thus, the page with the maximal similarity is se-
lected as the relevant one, and its URL is sent to
other devices for an automatic display update. An
example is shown in Figure 4.

Cooperative Browsing of Images

Lpictures are not fitful for the display on mobile
devices with small display areas. Here we apply our
framework to facilitate users’ image browsing
through a cooperative cross-device representation.

1: Within-Image Cooperative Browsing

Inadditionto all previous automatic image browsing
approaches in a single small device (Chen, Ma, &
Zhang, 2003; Liu, Xie, Ma, & Zhang, 2003), we
provide inourapproach aso-called smart navigation
mode (Hua, Xie, Lu, & Ma, 2004). In our approach,

Figure 4. An example for between-page
cooperative browsing
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Figure 5. An example for within-image
cooperative browsing

an image is decomposed into a set of attention
objects according to Ma and Zhang (2003) and
Chen, Ma, and Zhang (2003), and each is assumed
to contain attentive information in an image. Switch-
ing objects inamaster device will resultin adetailed
rendering of the corresponding attention object on
the slave device (e.g., Figure 5).

2: Between-Image Cooperative Browsing

Inour previouswork (Hua, Xie, Lu, & Ma, 2004), we
proposed a synchronized approach called ASAP to
facilitate photo viewing across multiple devices,
which can simultaneously present similar photos on
various devices. A user can interact with either of
the available devices, and the user’s interaction can
automatically generate the synchronized updates in
other devices. In Figure 6, there are two PDAS
denoted PDA1 and PDAZ2, and each stores a num-
ber of pictures. When a user clicks a photo in PDA1
(Figure 6a), there are two steps to be done simulta-
neously: (1) PDAL searches out similar images and
displays them (b); (2) PDA1 sends image feature to
PDAZ2, which then search out the similar photos (c).

FUTURE TRENDS

Now, we are planning to improve our work in three
aspects. First, we will develop more accurate algo-
rithms to search out relevant information of various

Figure 6. The synchronization between PDAI
and PDA2
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media types including image, text and Web page.
Second, we plan to devise more advanced distrib-
uted interfaces to facilitate users’ information brows-
ing tasks across various devices. Third, we plan to
apply our work to other applications such as more
intricate formats of documents and execution appli-
cation GUIs. We also plan to conduct a usability
evaluation among a wide number of users to collect
their feedbacks, which will help us find the points
they appreciate and the points that need further
improvements.

CONCLUSION

In this article, we developed a cooperative frame-
work that utilizes multiple displays to facilitate infor-
mation browsing in mobile environment. A two-level
browsing scheme is employed in our approach,
namely within- and between- document browsing.
We apply our framework to a wide variety of
applications including documents, Web pages and
images.
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KEY TERMS

Ambient Intelligence: Represents a vision of
the future where people will be surrounded by
electronic environments that are sensitive and re-
sponsive to people.

ASAP System: The abbreviation of a synchro-
nous approach for photo sharing across devices to
facilitate photo viewing across multiple devices,
which can simultaneously present similar photos
across multiple devices at the same time for com-
parative viewing or searching.

Attention Object: An information carrier that
delivers the author’s intention and catches part of the
user’s attention as a whole. An attention object often
represents a semantic object, such as a human face,
a flower, a mobile car, a text sentence, and so forth.

Desktop Search: The functionality to index and
retrieve personal information that is stored in desk-
top computers, including files, e-mails, Web pages
and so on.
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Small Form Factors: Mobile devices are de-
signed for portability and mobility, so the physical
size is limited actually. This phase is called small
form factors.

TFIDF Vector Model: TF is the raw frequency
of a given term inside a document, which provides
one measure of how well that term describes the
document contents. DF is the number of documents
inwhichatermappears. The motivation for using an

inverse document frequency is that terms that ap-
pear in many documents are not very useful for
distinguishing a relevant document from a non-
relevant one.

Visual Attention: Attention isaneurobiological
conception. It implies the concentration of mental
powers upon an object by close or careful observing
or listening, which is the ability or power to concen-
trate mentally.
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INTRODUCTION

Cooperation with computers, or Computer Sup-
ported Cooperative Work (CSCW), started in the
1990s with the growth of computers connected to
faster networks.

Cooperation and Coordination

CSCW is a multidisciplinary domain that includes
skills and projects from human sciences (sociology,
human group theories, and psychology), cognitive
sciences (distributed artificial intelligence), and com-
puter science (human/computer interfaces; distrib-
uted systems; networking; and, recently, multime-
dia).

The main goal of the CSCW domain is to support
group work through the use of networked computers
(Ellisetal., 1991; Kraemer etal., 1988). CSCW can
be considered a specialization of the Human-Com-
puter Interaction (HCI) domain in the sense that it
studies interactions of groups of people through
distributed groups of computers.

Two main classes can be defined within the
CSCW systems. Asynchronous Cooperations do not
require the co-presence of all the group members at
the same time. People are interacting through asyn-
chronous media like e-mail messages on top of
extended and improved message systems. At the
opposite, Synchronous Cooperations create stron-
ger group awareness, because systems supporting
them require the co-presence of all the group mem-
bers at the same time. Exchanges among group
members are interactive, and nowadays, most of
them are made with live media (audio- and
videoconferences).

Groupware (Karsenty, 1994) is the software and
technological part of CSCW. The use of multimedia
technologies leads to the design of new advanced
groupware tools and platforms (Williams et al.,
1994), such as shared spaces (VNC, 2004), elec-
tronic boards (Ellisetal., 1991), distributed pointers
(Williams et al., 1994), and so forth. The major
challenge is the building of integrated systems that
can support the current interactions among group
members in a distributed way.

Coordination deals with enabling and controlling
cooperation among a group of human or software
distributed agents performing a common work. The
main categories of coordination services that can be
distinguished are dynamic architecture and compo-
nents management; shared workspace access and
management; multi-site synchronization; and
concurrency, roles, and group activity management.

Related Projects

Many researches and developments for distance
learning are made within the framework of the more
general CSCW domain.

Some projects, such as Multipoint Multimedia
Conference System (MMCS) (Liu et al., 1996) and
Ground Wide Tele-Tutoring System (GWTTSs)
(GWTTS project, 1996), present the use of video
communications with videoconference systems, com-
munication boards, and shared spaces, built on top of
multipoint communication services. The Distance
Education and tutoring in heterogeneous teleMatics
envirOnmentS (DEMOS) project (Demos project,
1997) uses common public shared spaces to share
and to control remotely any Microsoft Windows
application. The MultiTeam project (MultiTeam
project, 1996) is a Norwegian project to link distrib-
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uted classrooms over an ATM network through a
giant electronic whiteboard the size of an ordinary
blackboard. Microsoft NetMeeting (Netmeeting,
2001), together with Intel Proshare (now Polycom
company) (Picture Tel, 2004), are very popular and
common synchronous CSCW toolkits based on the
H.320 and H.323 standards and both composed of a
shared electronic board, a videoconference, and an
application sharing space. These tools are used most
of the time on top of the classical Internet that limits
their efficiency due to its not guaranteed quality of
service and its irregular rate. Most of their ex-
changes are based on short events made with TCP/
IP protocol in peer-to-peer relationships. The
ClassPoint (ClassPoint, 2004) environment has been
created by the First Virtual Communications society
(formerly White Pine society). It is composed of
three tools: a videoconference based on See You
See Me for direct video contacts among the distrib-
uted group members, the dialogs, and views of the
students being under the control of the teacher. An
electronic whiteboard reproduces the interactions
made by classroom blackboards. A Web browser has
been customized by asynchronous browsing function
led by the teacher and viewed by the whole-distrib-
uted class. This synchronous browsing can be relaxed
by the teacher to allow freer student navigation.

BACKGROUND

A Structuring Model for Synchronous
Cooperative Systems

Different requirements are identified for the design
of networked synchronous CSCW systems. Such

systems may be designed to improve the efficiency
of the group working process by high-quality multi-
media material. The networked system must support
both small- and large-scale deployments, allowing
reduced or universal access (Demos project, 1997).
Defining the requirements of a networked synchro-
nous CSCW system needs multidisciplinary exper-
tise and collaboration. For this purpose, we distin-
guish three distinct viewpoints: functional, architec-
tural, and technological.

Moreover, several objectives may be targeted by
the networked solution retained for the synchronous
CSCW system, including adaptability, upgradability,
multi-user collaboration, and interaction support. In
practice, the design and development of a networked
solution firstinvolve general skills such as software
architecture, knowledge organization, and other work
resources management; and the second develop-
ment of domain-specific multimedia cooperation
tools. We identify three generic interaction levels
that are likely to be significant for the different
viewpoints: the cooperation level, the coordination
level, and the communication level. Their content is
summarized in Tablel.

For software architecture design, level-based
layering allows different technologies to be used for
implementing, integrating, and distributing the soft-
ware components. This separation increases the
upgradability of the systems. Layering allows the
implemented system to likely guarantee the end-user
quality of service while taking advantage of the
different access facilities. For adaptability, multi-
user collaboration, and interaction support, level-
based decomposition allows functional separation
between individual behaviors and group interaction
rules definition.

Table 1. The three levels and three viewpoints of the structuring model

Interaction Levels/
Viewpoints

Cooperation

Coordination Communication

User-to-user interaction
paradigms

Functional view

(sharing, and awareness)

User-to-user information
exchange conventions

User-level group
coordination functions

Architectural view Cooperation tools

coordination services (for

software-level group Group communication
protocols (multipeer

tools and components) protocols)

Individual tool
implementation
technology (interfacing,
and processing)

Technological view

Components integration

Component distribution
technology (request
transport protocols)

technology
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Fromafunctional viewpoint, the cooperation level
describesthe interaction paradigms that underlay the
member interactions during the group working pro-
cess. From an architectural viewpoint, it defines the
tool set covering the above paradigms. From a tech-
nological viewpoint, the cooperation level describes
the different technologies that are used to implement
the individual tools, including interfacing and pro-
cessing.

According to the functional viewpoint, the coordi-
nation level lists the functions that are used to man-
age the user collaboration, providing document shar-
ing and group awareness. From an architectural
viewpoint, it describes the underlying user services,
as tools group coordination, membership manage-
ment, and component activation/deactivation. Froma
technological viewpoint, the coordination level de-
finesthe integration technology used to make compo-
nents interact, including interaction among peers
(different components of the same tool), tools, and
users.

From a functional viewpoint, the communication
level describes the conventions that manage the
information exchange between users. From an archi-
tectural viewpoint, itenumerates multicast protocols,
allowing user-to-user or tool-to-tool group communi-
cation. From a technological viewpoint, the commu-
nication level defines the protocols used to handle
groups and to exchange requests between compo-
nents, including tools and services.

In the sequel of this article, this multi-view/level
model for cooperative applications has been applied
for the analysis, comparison, and development of a
group-based networked synchronous platform. The
application domain of this platform relates to Distrib-
uted System Engineering.

DISTRIBUTED SYSTEM
ENGINEERING (DSE)

The Distributed System Engineering (DSE) Euro-
pean Project—contract IST-1999-10302—started in
January 2000 and ended in January 2002 (DSE
project, 2002). It was conducted by an international
consortium, whose following members have strong
involvement in the space business: Alenia Spazio
(ALS), coordinator of the project; EADS Launch
Vehicles (ELV); and IndustrieAnlagen
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BetriebsGesellshaft (IABG). The other members
of the DSE project belong to technology providers
and research centers: Silogic, Societa Italiana
Avionica (SIA), University of Paris VI (LIP6),
LAAS-CNRS, and D3 Group.

Research Objectives

The Engineering Life Cycle for complex systems
design and development, where partners are dis-
persed in different locations, requires the setup of
adequate and controlled processes involving many
different disciplines (Drira et al., 2001; Martelli et
al., 2000).

The design integration and the final system physi-
cal/functional integration and qualificationimply a
high degree of cross-interaction among the part-
ners. The in-place technical information systems
supporting the life cycle activities are specialized
with respect to the needs of each actor in the
process chain and are highly heterogeneous among
them.

Toglobally innovate in-place processes, involved
specialists will be able to work as a unique team in
a Virtual Enterprise model. To this aim, itis neces-
sary to make interoperable the different Technical
Information Systems and to define Cooperative
Engineering Processes that take into account dis-
tributed roles, shared activities, and distributed pro-
cess controls. DSE is an innovative study in this
frame. It addressed this process with the goal of
identifying that proper solutions (in terms of design,
implementation, and deployment) have been car-
ried out.

DSE Software Platform

The software platform that has been realized to
support Cooperative Engineering scenarios is com-
posed of several distributed subsystems, including
Commercial Off-The-Shelf (COTS) components
and specifically developed components.

Session Management

The Responsibility and Session Management sub-
system is the central component (Figure 1) devel-
oped at LAAS-CNRS (Molina-Espinosa, 2003). It
is in charge of session preparation and scheduling.
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Figure 1. Responsibility and session management
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It supports the definition and programming of user
profiles, roles, and sessions characteristics, using a
remote responsibilitiesand schedule repository. Both
synchronous and asynchronous notification medi-
ums are provided by this environment for trouble-
shooting, tuning, and negotiation during the prepara-
tion and enactment of the collaboration sessions. Its
Graphical User Interface (GUI) isimplemented with
Java Swing.

DSE Architecture

The DSE global collaboration space integrates (i)
multipoint communication facilities (Multicast Con-
trol Unit [MCU]—the MeeetingPoint server); (ii)
several Groupware tools (videoconferences: CU-
See-Mee or Netmeeting—document sharing tools:
E-VNC); and (iii) domain-specific tools (Computer
Aided Design [CAD] tools or System Engineering
tools).

The DSE architecture is composed of several
clients and servers. The link between clients and
servers is made through high-level communication
facilities based on CORBA, JAVA-RMI, and XML
messages.

The Main DSE server contains an Enterprise
Data Repository (EDR) to store documents handled
by the session members and an HTTP server as
unique front-end.

The EDR is implemented using the following
technologies:

ORACLE Portal 3.0 for EDR features
ORACLE database 8i release 2

Communications are implemented with:

. DSE WEB Portal (HTML page foreseen to be
generated and managed by ORACLE Portal
3.0)

. Servlet Engine: Jserv (Apache’s JSP/Servlet
Engine)

The DSE front-end provides a unique entry point
to all DSE users. It allows transparent access to all
the DSE subsystems described in the sequel. The
chosen HTTP server is:

. Apache server included with ORACLE Portal
3.0

The DSE Awareness Subsystem is a notification
service. Itiscomposed of a notification server based
on commercial CORBA 2.3-compliant ORB Ser-
vice.

The DSE Responsibility and Session (RMS and
SMS) management sub-subsystem provides com-
munication facilities for the managing and activating
sessions. It is composed of an HTTP server for
using servletsand a JAVA middleware that provides
RMI communications.

Atypical configuration of a DSE client contains:

(i) Groupware tools
H.323 videoconference client: MS NetMeeting
or CuSeeMe
Applicationsharing client: Extended-VNC pack-
age (E-VNC) (Client, Proxy with chairman
GUI, Server).

(i) Genericcommunicationtools
Web Browser (Internet Explorer, Netscape, or
Mozilla)
Mail client (NT Messenger, Outlook Express,
or Eudora)

(iiiy Management interfaces
Session and Responsibility Management GUI
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(iv) Domain-specific interfaces
A graphical client component for distributed
simulation based on High Level Architecture
(HLA)

Remark: Some light DSE clients are only com-
municating with Web-based protocols and are not
using CORBA services.

A Preliminary Design Review (PDR) server is
added for the domain-specific application. The PDR
validation scenario will be presented in a next sec-
tion.

DSE Deployment Architecture

Figure 2 shows the architecture of the DSE platform
with clients and servers distributed among the in-
volved partners. The network connections used by
the partners during the Integration and Validation
phases are listed below:

. ALS (Turin): ISDN 2xBRI1 with IABG, Public
Internet

CSCW Experience for Distributed System Engineering

. ELYV (Paris): ATM 2Mbps to/from LIP6, Pub-
lic Internet

« TABG (Munich): ISDN 2xBRI with ALS,
Public Internet

. SILOGIC (Toulouse): Public Internet

. D3 (Berlin): Public Internet

. SIA (Turin): Public Internet, High Speed local
connection with ALS

. LAAS (Toulouse): ATM to/from LIP6, Pub-
lic Internet

. LIP6 (Paris): ATM to/from LAAS and ELV,
Public Internet

Machines used for validation were running Win-
dows NT 4.0. However, the light DSE clients also
canrunon PCswith Windows 2000 or on Solaris 2.x
SUN workstations.

Validation Scenario

The context of collaborative design and analysis
scenarios is based on real design material from the
flight segment development program of the Auto-
mated Transfer Vehicle (ATV). The ATV missions
are to:

Figure 2. The global DSE servers deployment architecture
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. Deliver freight to the International Space Sta-
tion (ISS)

. Reboost ISS

. Collect ISS garbage and destroy them

Preliminary Design Review

The precise DSE validation scenario is called Pre-
liminary Design Review (PDR). The PDR process
is a very codified design phase for which a set of
contractors has to submit a large set of documenta-
tion to the customer review team. The PDR Review
Objectives can be detailed in:

. Obtaining an independent view over program
achievements

. Identifying difficulties and major risks in order
to reduce them

. Assessing the progress report

. Putting documents and product in a validated
baseline

. Supporting the managementin deciding to con-
tinue or not

The PDR actors form a large group composed of
review committees, project team interfaces, and
review boards. The review committees contain 50 to
100 experts split into five to 10 thematic groups.
They are controlled by a review chairman and a
secretary. They examine documents and make Re-
view Item Discrepancy (RID), which is a kind of
codified comments. The project team interfaces are
composed of eight to 12 project team members.
They answer to committee comments and board
recommendations. The review board is composed of

Table 2. An overview of the DSE model

the customers with the support of prime contractors.
They decide to implement or reject the review
committee’s recommendations. Then, they decide
to begin the next program phase or not.

Distributed PDR Scenario

The main applicative goal of the DSE project is to
realize the PDR process in a distributed way. The
three phases of the PDR review (prepare the re-
view, execute the review, and process the review
results) were supported through the set of distrib-
uted networked tools and components that has been
developed and integrated. Using this set of compo-
nents, the session manager was able to organize the
review. Thisincluded definitions of group members,
tasks, roles, and progress level of the review. The
second offered service was the management of the
data issued during the PDR activity, the Review
Items Discrepancies (RID). Using the EDR data-
base from the main DSE server, the RID documents
were created remotely, accessed, shared, and modi-
fied during the review process.

MODEL-BASED OVERVIEW OF THE
DSE ENVIRONMENT

Table 2 represents the design model instance de-
scribing the DSE environment. The functional view
directly refers to the DSE PDR scenario. The
architectural view represents all the tools and com-
ponents used to support the PDR scenarios. The

Interaction Levels/ Cooperation Coordination Communication
Viewpoints
Functional view - Actions on Review Item - PDR role attribution - PDR role based:
Discrepancies (RIDs) (Review Committee, Project |- Comment/Answer

Team, Review Board)

- Commit/Reject

Architectural view

- Videoconference

- Session management

- Audio/Video multicast

- Application Sharing Tool services (definition and protocol
- Text Chat enactment) - IP multicast
- Multi-user coordination - Reliable multicast
Technological view |- H.263 video cards - JAVA applets - JAVA RMI
- JAVA AWT/SWING - JAVA/CORBA objects - CORBA 110P protocol
- XML Canvas - WWW/HTTP protocol
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technological view focuses on infrastructure, lan-
guages, and protocols used for the development and
the integration of the global environment.

FUTURE TRENDS

Future trends will be to apply the proposed design
framework in different application contexts where
CSCW technology also should be useful. The next
application domain considered is distance learning.

We are now involved in a European IST project
called Lab@Future, which started in May 2002 and
will last for three years. It aims to define a generic
and universal platform for mixed and augmented
reality. This platform must be able to support inter-
actions through mobile devices and wireless net-
works.

Itwill be applied in the framework of new educa-
tional theories as activity theory and constructivism
to give remote access to schools to advanced labo-
ratory experiments.

These theories, through canvas as real-time prob-
lem solving, collaborative, exploratory, and interdis-
ciplinary learning, consider the learning activity as a
strongly interactive building process through various
knowledge exchanges.

The mixed and augmented reality platform will be
deployed ineight European countries. It will be used
for laboratory teaching experiments within fluid
mechanics, geometry, art and humanities, and hu-
man science.

CONCLUSION

In this article, we presented an overview of recent
research results in the design of cooperative sys-
tems for supporting distributed system engineering
scenarios. A layered multi-viewpoint structuring
approach is adopted as a design framework. It
covers three viewpoints: functional, architectural,
andtechnological views involved in CSCW environ-
ments. It also identifies three interaction levels:
cooperation, coordination, and communication.
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KEY TERMS

Application-Sharing Space: A groupware tool
that produces multiple distributed remote views of a
particular space. Any single-user application put
under the control of the particular space can be
viewed remotely and controlled by the group mem-
bers that have access to this space. Therefore, the
application-sharing space transforms any single-
user application put under its control into a multi-user
shared application.

Asynchronous Cooperation: Members are not
present in the same time within the cooperation
group (no co-presence). They communicate with
asynchronous media (e.g., e-mail messages) on top
of extended and improved message systems.

Computer Supported Cooperative Work
(CSCW): According to Ellis, et al. (1991), CSCW
platforms are “computer-based systems that sup-

port groups of people engaged in a common task (or
goal) and that provide an interface to a shared
environment” (p. 40). Another similar definition
(Kraemer et al., 1988) is computer-based technol-
ogy that facilitates two or more users working on a
common task.

Cooperation: A group of people working on a
common global task.

Coordination: Enabling and controlling the co-
operation among members of a group of human or
software-distributed agents. It can be considered as
software glue for groupware tools, including archi-
tectural and behavioral issues. Coordination includes
several synchronization and management services.

Electronic Board: A classic groupware tool
that supports the functionalities of a traditional
whiteboard (sharing sketches, pointing, annotating)
through a set of distributed computers.

Groupware: The software and technological
part of CSCW. It contains application studies and
platforms adapted to groups and supporting group
working.

Synchronous Cooperation: Members are
present in the same time within the cooperation
group (co-presence). The communications among
them are interactive and made with live media, such
as videoconferences or application sharing spaces.

System Engineering: The branch of engineer-
ing concerned with the development of large and
complex systems. It includes the definition and setup
of adequate and controlled processes for the design
and development of these complex systems.
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Cultural Diversity and Aspects of Human
Machine Systems in Mainland China

Kerstin Rése
University of Kaiserslautern, Germany

INTRODUCTION

Addressing intercultural considerations is increas-
ingly important in the product development pro-
cesses of globally active companies.

Culture has a strong relevance for design, which
means that culture influences the daily usage of
products via design. During humans’ “growing up”
time and socialization, the daily usage and the inter-
action with different products are very important.
This forms the user behavior because it supports the
forming of users’ basic interaction styles. Education
and interaction styles vary in different cultures.
Hence, it should be interesting to look at the relation
of users’ behavior and culture.

BACKGROUND

For many years, researchers of social sciences have
analyzed cross-cultural differences of interpersonal
communication stylesand behavior (Hofstede, 1991;
Trompenaars, 1993). During the last ten years,
usability engineers also have focused on intercul-
tural differences of icon/color coding, navigation,
and other human-machine interface components
(Hoft, 1996; Marcus, 1996; Prabhu & Harel, 1999).
The time for product development and the time
between redesign efforts both are becoming shorter
than ever before. Consequently, to prepare effec-
tively interactive products for the global market, one
must engineer their intercultural attributes of such a
market. One basic step for intercultural engineering
is the analysis of user requirements in different
cultures.

Within the framework of this project described in
the following, a requirement analysis of user needs
in mainland China was conducted as first step of a
human machine system localization. But, why do you

have to localize your product? Why is itimportant to
know the culture of a target user group?
Bourges-Waldegg (2000) says:

...Design changes culture and at the same time is
shaped by it. In the same way, globalization is a
social phenomenon both influencing and
influenced by design, and therefore by culture...,
both globalization and technology have an effect
on culture, and play a role in shaping them.

This article describes the analysis of culture-
specific information from users in Mainland China
and the application of different methods for different
design issues, especially in an intercultural context.
Selected results of this analysis will also be pre-
sented. The analysis and their results are part of the
project INTOPS-2: Design for the Chinese market,
funded by several German companies.

The project was carried out by the Center for
Human Machine Interaction (the University of
Kaiserslautern, Germany). The aim of the project
Intops-2 was to find out the influence of culture on
the design of human machine systems, and to ana-
lyze local specifics for the area of machine tools and
the requirement analysis of the Chinese user from
that area.

USER REQUIREMENT ANALYSIS IN
MAINLAND CHINA

Study Outline

Therequirementanalysis in Chinawas carried out at
the end of 2000. During two months, 32 Chinese
organizations in Shanghai, Beijing, and Chongging
were visited, of which 26 were Chinese industrial
enterprises (including Chinese machine tool produc-

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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ers and some machine users). The other six organi-
zations included some governmental organizations
for import administration and some research insti-
tutes for machine user-interface design in China.
The analysis was conducted by a native speaking
Chinese researcher from the Center for Human-
Machine-Interaction in Kaiserslautern, Germany.

Study Methods
The following three investigation methods were

applied inthe INTOPS-2 project: test, questionnaire,
and interview. These methods have been followed

Table 1. Overview of implemented tests

by another similar previous project, namely INTOPS-1
(see also zZihlke, Romberg, & Rdse, 1998). The
tests are based on the analysis of the following:
Choongand Salvendy (1998); Shihand Goonetilleke
(1998); Dong and Salvendy (1999); Piamonte,
Abeysekera, and Ohlsson (1999); and Rdse (2002a).
However, to find out more details of the Chinese
user requirements, a few new tests and a more
detailed questionnaire and interview checklist have
been developed for the INTOPS-2 project. An over-
view of all the implemented tests is presented in
Table 1.

No [Test lAim Material Subject Analysis
1 Preference to Eliciting preferred 10 cards with No special Average
color color composition  differently colored  requirement preference
composition and difference to machine tools. degree for each
for machine German one composition
tools
2 Recalling Testing information 3 pieces of paper No special Average recall
performance processing ability with different ways  requirement rate for each
for graphical for different of info. method.
information vs.  information presentations: Characters for
textual presentation only Text better recalled
information methods only picture info.
text & picture
3 Understanding ~ Testing the 7 standard colors of  Matching for The color
of color coding understanding of IEC 73. 3 groups of  concepts at work  association rate
standard color concepts in daily only for machine  for each
coding and lifeand at work (5  operators concept
difference to in each one)
German one
4 Symbol Testing the Icons from ISO and  Machine Average
understanding  understanding of Windows. 2 kinds ~ operators recognition
standard 1SO of materials: rate for each
symbols and 18 icons, each with icon
eliciting the 3 possible Character for
preferred symbol meanings; better matched
characteristics for 14 meanings, each icon
information coding  with 3 possible
icons
5 Familiarity Testing the Integrated with Machine Recognition
with Windows  familiarity with the  Test 4 operators rate for
interface Windows interface Windows icons
6 Concept of Eliciting the 74 cards with Only with Preferred
grouping grouping rule and different CNC experienced structure for
(Type of Card  the difference to machine functions ~ CNC machine grouping
Sorting) German one operators
7 Preference for  Eliciting the Over 20 different CNC machine Preferred
screen layout familiar screen cards in form and operators layout for
layout characters size representing different
and difference to the screen elements screen
German one elements
8 Understanding ~ Testing the English  One table with 54 Machine Average
of English understanding English technical operators understanding
terms ability terms rate
Character for
better
understanding
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Figure 1. Part of the questionnaire, originally used in Chinese
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The main categories of questionnaire and inter-
view checklist are the following:

. Questionnaire: Basic information about vis-
ited companies, information about machine pur-
chasing, requirements on machine service, re-
quirements on machine user-interface and re-
quirements on machine technical documenta-
tion (e.g., Figure 1)

. Interview: Basic information about visited com-
panies, information about machine purchasing,
application situation of imported machines in
practice, requirements on machine user inter-
face, requirements on technical documentation,
requirementson service, information about work
organization, and training.

Study Conditions

The tests were conducted in the break room. The
subjects were all Chinese machine operators. A total
of 42 users have participated in the tests, most of
them in more than one test. The total test span was
controlled within 30 minutes, which has proven in
practice as almost the maximum acceptable time for
one subject being willing to participate. Due to this
constraint, none of the subjects had participated in
more than four tests.

The interviews were mainly conducted in the
office of the interviewees. All interviews were con-
ducted in Chinese. Since the investigator was a
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native-speaking Chinese, there was no problem in
language communication.

In total, 35 main interviewees were involved.
Fifty-eight percent of the interviewees were ma-
chine tool users in China. They came from different
application areas, like automobile, motorcycle, and
machine tool industrial sector. The interviewees
were either responsible for machine purchasing
decisions (the chief manager, chief engineer, and
factory/workshop director) or responsible for ac-
tual machine applications in practice (the chief
engineer, factory/workshop director, equipment
engineer, and technician).

Most of the questionnaires were filled out di-
rectly after the interviews by the same interviewees
or by other people in charge. A total of 19 question-
naires were obtained in the investigation. About
63% of the questionnaires were filled out by the
state owned firms in China. Forty-seven percent of
the questionnaires were filled out by machine tool
users in China.

Brief Results

As an example for test results, the results of the
English understanding test revealed that Chinese
machine operators have generally unsatisfactory
English understanding for safe and effective ma-
chine operation (see test in Table 1 and Rose, Liu,
& Zihlke, 2001). Table 2 shows the results for the
understanding rate of the English terms.
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Table 2.
Terms | OK | OFF | Stop [Home| Help | kg | ON | Start | mm | End |Enter| Del
% 95,7 | 82,6 | 82,6 | 73,9 | 739 | 739 | 69,6 | 69,6 | 69,6 | 652 | 56,5 | 52,2
Terms | Exit |Reset| Shift [Menu| Edit | rpm | inch | Disk [Undo| Esc | Icon | PIN
% 4351391(391|391|304]|261|261)|261|217|217|130]| 87

Therefore, text coding in English should be
restricted inavery limited scope (see also del Galdo,
1990). More detailed requirements at this point are
summarized in the following:

1. The most important information should at any
time be encoded using Chinese text (and with
combination to other information coding meth-
ods such as color, shape, and position, etc.).

2. Onlywhenitisreally necessary, English texts
which express some general machine opera-
tions such as On, Off, Start, Stop, and so forth,
and are closely related to some daily use such
as Ok, Yes, Help, Home, and so forth, could be
applied for information coding. Butthe applica-
tion of most English abbreviation in text label-
ing should be avoided.

3. Inmany cases, other information coding meth-
ods should be applied together with Chinese
text to ensure that the machine can be well
maintained by foreign-service engineers.

Chinese machine operators have often very little
experience with the operation of a Microsoft Win-
dows user interface. Therefore, the application of
the Windows user interface for machine operation in
China will meet some problems at the beginning.
Furthermore, the more freely structured dialogue
provided by Ms Winpows user interface, in compari-
son to guided dialogue, also could make Chinese
machine operators unsure about their operations.
The results suggested that the application of the Ms
Winpows user interface in China is not encouraged
for machine operation at present time.

The most obviously different requirements in
menu structure come from the different working
organization in China. A Chinese operator’s task
range is narrower than that for a German machine

operator. In fact, the interviews have pointed out
that the Chinese users require a self-defined user
interface to fit their individual production tasks. In
conclusion, the menu structure should correspond
well to the operation tasks of the Chinese machine
operators and the cultural-based organizational and
structural diversity. The new menu structure should
be characterized by separated (and hierarchical)
access rights of different machine operators to
different machine functions, with the menu structure
for each operator group thus simplified. For machine
operators, the operation functions should be much
simpler. This could also make the operation of
specific machine functions more quickly reachable.

Because the actual working organization for each
customer is different, it is impossible for machine
producers to provide an individual menu structure
for each customer. Generally, there should be one
consistent menu structure provided by machine pro-
ducers and the flexibility of users to configure the
structure specifically for a particular working orga-
nization. Based on this consideration, the
modularization of the menu structure to leave room
for further adaptation is a good design strategy.
Then, the menu structure for a specific customer
could be configured according to individual needs.

Chinese customers have a very low assessment
of their own machine operators. The operators
themselves also have very low self-evaluations.
Both groups often made a remark that operators
have quite low qualifications and could not under-
stand complicated machine operations. This status
suggests that machine operators could have poten-
tial fear to actively interact with the machine and
would prefer to follow the definite operation instruc-
tions provided by the system. Consequently, the
dialogue system must provide more error tolerance
for the operation and should have a very clear guide
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for workers to enable them to follow the operation
process.

The questionnaire’s results show that the main
problem of the Chinese machine operators is based
on a bad understanding of different machine func-
tions and different operation processes. Accord-
ingly, the user interface must provide a navigation
conceptthat presents general machine functions and
operation processes in an overview to enable opera-
tors to establish easily a clearer overall image of
machine operation.

FUTURE TRENDS

Finally, thisarticle should mention cultural diversity
in user requirements and their relevance in time of
globalization. Mainland Chinaisonly an example for
anew and increasing market with an interesting and
diverse user culture.

Product localization is not possible without re-
quirement analysis in the target user culture. Only
this can guarantee to meet the user expectations on
productuse inthe future. This method is, howeverin
internationalization or localization context, a needed
base to engineer user-oriented human machine sys-
tems (see Rose, 2002).

For researchers and developers working on ad-
vancing user-oriented design, one must realize that,
intime of globalization, the culture-orientationis an
essential component for successful usability and
user friendliness. Culture is an influence factor on
user interface design, and it is also an element of
user-experiences. Engineers of products for the
global market have to address this issue (see Rdse,
2001).

CONCLUSION

This article described the INTOPS-2 project and
summarized general advice of lessons learned for
such intercultural study.

First, it needed around nine months to prepare
the study, which included analyzing cultural specif-
ics, studying regulations and analyzing system docu-
mentations, construction of test, and questionnaire
materials, building up an industrial-based and founded
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working group to discuss problems detailing the
focus of the study, contacting firms, arranging visits,
conducting pre-tests, and many other tasks. Careful
preparation is very important for completing an
evaluation of an intercultural project. For such field
analysis, everything must be made easy

Second, all the test material was translated to
Chinese. This is the only acceptable method of
localization research and a guarantee for the collec-
tion of trustworthy relevant data.

Third, the investigation in Mainland China was
carried out by a native-speaking Chinese member of
the team. His background knowledge was product
design and usability, and he was deeply involved in
the preparation of the study.

Without these frame conditions, it is not possible
to get real cultural impact data from a user target
culture. Culture-oriented design will continue tobe a
challenge. The sooner software engineers start to
integrate cultural diversity of users into international
product development, the sooner products become
more fit for a global market.
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KEY TERMS

CNC Machine: Tool machine with a computer
numeric control; a standard in the mechanical engi-
neering field.
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Culture-Oriented Design: Specific kind of
user-oriented design. Also focused on the user as a
central element of development, but taking into
accountthe cultural diversity of different target user
groups.

INTOPS-1: Requirements of the non-European
market on machine design. This project was founded
by the German ministry of education and research
(1996-1998).

INTOPS-2: Requirements of the user in Main-
land China for Human Machine Systems in the area
of production automation. This project was founded
by several companies from Germany and Switzer-
land (2000-2001).
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Product Localization: Optimization of a prod-
uct for a specific target culture; could also be the
development of a product only and alone for this
specific target culture (not so often).

Target User Group: Refers to a focus user
group, which a product or a development process
specifically targets or aims at. The qualities of such
a group are a relevant baseline for the developer
(used as orientation and target for the development
process and the features of the new designed prod-
uct). Their requirements are relevant for the orien-
tation of the developer.

User-Oriented Design: Development approach
with a focus on user requirements and user needs as
a basis for a system or product development.
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The Culture(s) of Cyberspace
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INTRODUCTION

Computer-mediated communication between hu-
mans is becoming ubiquitous. Computers are in-
creasingly connected via high-speed local and wide-
area networks, and via wireless technologies. High
bandwidth interaction is increasing communication
speed, offering the possibility for transmission of
images, voice, sound, video and formatted data as
well as text. Computer technologies are creating the
possibility of entirely new interfaces of human-
machine interaction, and entirely new virtual “spaces”
for human-humaninteraction. Asacollectivity, these
new spaces of communication are known as
cyberspace.

Human-human interaction is the foundation of
culture. Vygotsky and Luria’s (1994) model of cul-
tural development highlights the need to consider the
culture(s) of cyberspace (“cyberculture(s)”) in any
examination of computer-mediated human commu-
nications, because it invokes both the communica-
tive and behavioural practices that humans employ
as they interact with their environment.

BACKGROUND

Vygotsky and Luria (1994) propose that human
beings use multiple psychological structures to me-
diate between themselves and their surroundings.
Structures classified as signs include linguistic and
non-linguistic mechanisms of communication; struc-
tures classified as rools encompass a wide range of
other behavioural patterns and procedures that an
individual learns and adopts in order to function
effectively within a culture or society. Together,
signs and tools allow individuals to process and
interpret information, construct meaning and inter-
act with the objects, people and situations they
regularly encounter. When these elaborate mediat-
ing structures, finely honed to navigate a specific

environment, encounter a different one, they can
malfunction or break down completely.

In the context of the Internet, human beings do
not simply interact with digital interfaces. Rather,
they bring with them into cyberspace a range of
communicative and behavioural cultural practices
that impact their ability to interact with technology
interfaces, with the culture of the virtual spaces they
enter, and with other humans they encounter there.
Their individual and group cultural practices may or
may not “match” the practices of the virtual culture(s)
of cyberspace. Some investigators have gone as far
as to suggest that the sociocultural aspects of com-
puter-mediated human interaction are even more
significant than technical considerations of the inter-
face in the successful construction and sharing of
meaning. This article surveys current theories of the
nature and construction of cyberculture(s), and of-
fers some brief thoughts on the future importance of
cyberculture studies to the field of HCI.

KEY DEBATES IN
CYBERCULTURE STUDIES

Perhaps the most striking feature of the body of
current literature on cyberculture is the polarization
of debate on almost every issue. A few authors
examine these emerging paradoxes directly. Fisher
and Wright (2001) and Poster (2001) explicitly com-
pare and contrast the co-existing utopian and
dystopian predictions in discourse surrounding the
Internet. Lévy (2001a), Poster (2000), and Jordan
(1999) go as far as to suggest that the very nature of
the Internetitself is paradoxical, being universalizing
but non-totalizing, liberating and dominating, em-
powering and fragmenting, constant only in its
changeability. Most writers thus far have tended,
however, to theorize for one side or the other within
polarized debates, as will become evident next.
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Utopia or Dystopia?

While notexplicitly espousing technological instru-
mentalism (an assumption that technology is “cul-
ture neutral”), a number of writers offer utopian
visions for the so-called Information Superhighway.
Such theorists predict that the emancipatory poten-
tial of Internet communications will help to bring
about new forms of democracy and new synergies
of collective intelligence withinthe Global Village of
cyberspace (Ess, 1998; Lévy, 2001a, 2001b; Morse,
1997).

Their detractors argue that these writers ignore
the reality that culture and cultural values are inex-
tricably linked to both the medium and to language
(Anderson, 1995; Benson & Standing, 2000; Bijker
& Law, 1992; Chase, Macfadyen, Reeder, & Roche,
2002; Gibbs & Krause, 2000; Pargman, 1998; Wil-
son, Qayyum, & Boshier, 1998) and that cybercul-
ture “originates in a well-known social and cultural
matrix” (Escobar, 1994, p. 214). These theorists
more commonly offer dystopian and technologically
deterministic visions of cyberspace, where money-
oriented entrepreneurial culture dominates (Castells,
2001), which reflects and extends existing hierar-
chies of social and economic inequality (Castells,
2001; Escobar, 1994; Jordan, 1999, Keniston & Hall,
1998; Kolko, Nakamura, & Rodman, 2000; Luke,
1997; Wilson et al., 1998), and which promotes and
privileges American/Western cultural values and
the valorization of technological skills (Anderson,
1995; Castells, 2001; Howe, 1998; Keniston & Hall,
1998; Luke, 1997; Wilson et al., 1998).

These and other thematically polarized argu-
ments about cyberculture (such as “Internet as locus
of corporate control” versus “Internet as new social
space” (Lévy, 2001a) or “Internet as cultural con-
text” versus “Internet as a cultural artifact”
(Mactaggart, 2001) are evident in the philosophical
arguments underlying work listed in other sections of
article.

Modern or Postmodern?
Asecond major division intheoretical discussions of
the nature and culture of the cyberspace is the

question of whether the Internet (and its associated
technologies) is a modern or postmodern phenom-
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enon. Numerous writers frame the development of
Internet technologies, and the new communicative
space made possible by them, as simply the contem-
porary technical manifestation of “modern ideals,
firmly situated in the revolutionary and republican
ideals of liberty, equality and fraternity” (Lévy,
2001a, p. 230). Emphasizing the coherence of cur-
renttechnologies with ongoing cultural evolution(s),
Escobar (1994) discusses the Western cultural foun-
dations of technological development, and Gunkel
and Gunkel (1997) theorize that the logic of
cyberspace is simply an expansion of colonial Euro-
pean expansionism. Castells (2001) sees cybercul-
ture as emerging from an existing culture of scien-
tific and technological excellence “enlisted on a
mission of world domination” (p. 60). Orvell (1998)
pointedly argues that “debates about postmodernity
have evinced a kind of amnesia about the past” (p.
13) and claims that cyberspace and virtual reality
technologies are continuous with the Romantic imagi-
nation as it developed in the 1830s and 1840s.
Disembodiment, he argues, is not a new product of
the modern age, but was the “triumph of the Roman-
tic imagination” (p. 16).

More recently, other writers have begun to envi-
sion the cultural sphere of cyberspace as radically
new, postmodern, and signifying a drastic break with
cultural patterns of community, identity and commu-
nication. For example, Webb (1998) suggests that
the frontier metaphors of cyberspace symbolize a
postmodern shift from human/territorialized to non-
human/deterritorialized computer-mediated environ-
ments. Poster (2000) claims that Internet technolo-
gies have actually broughtinto being a “second order
of culture, one apart from the synchronous exchange
of symbols and sounds between people in territorial
space” (p. 13). He predicts that the cultural conse-
guences of this innovation must be “devastation for
the modern” (p. 13), and (2001) reformulates for this
context the propositions of postmodern theorists
such as Foucault, Heidegger, Deleuze, Baudrillard
and Derrida who challenge modernist notions of
progress, definable “authentic” selfhood and the
existence of absolute foundations for or structures
of, knowledge (for a short review of postmodern
thought see Schutz, 2000). Poster argues effectively
that postmodern perspectives on life and culture that
go beyond old notions of fixed social structures may
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be most relevant for the fluid, dynamic, and even
contradictory cultured environment of cyberspace.

Cybercultural Values

Are the values of cyberculture simply the imported
values of existing non-virtual cultures? Or does cy-
berculture represent a newly evolving cultural mi-
lieu? Various authors speculate about the nature and
origins of cybercultural values. Anderson (1995)
argues that cyberculture values are “speed, reach,
openness, quick response” (p. 13). Castells (2001)
believes that “hacker culture” is foundational to
cyberculture, and carries with it meritocratic values,
an early notion of cybercommunity, and a high valu-
ing of individual freedom. Jordan (1999) contends
that it is power which structures culture, politics and
economics, and theorizes the existence of
“technopower” as the power of the Internet élite that
shapes the normative order of cyberculture. Later
(Jordan, 2001), and similarly to Castells, he elabo-
rates on the Anglo-American language and culture
bias of cyberspace, which he argues is founded on
competition and informational forms of libertarian
and anarchist ideologies. Knupfer (1997) and Morse
(1997) explore the gendered (masculine) nature of
cyberculture, while Kolko et al. (2000) theorize that
(the predominantly Anglo-American) participantsin
new virtual communities bring with them the (pre-
dominantly American) values of their home cultures.
As a result, and as Star (1995) had already pointed
out, “there is no guarantee that interaction over the
net will not simply replicate the inequities of gender,
race and class we know in other forms of communi-
cation” (p. 8). Essays in Shields’ (1996) edited col-
lection examine features of cybercultural values and
practice such as attitudes to censorship, social inter-
action, politics of domination and gendered practices
of networking.

Others, however, speculate that cyberspace is the
site of creation of an entirely new culture. Lévy
(2001a) argues, for example, that cyberculture ex-
presses the rise of “a new universal, different from
the cultural forms that preceded it, because it is
constructed from the indeterminateness of global
meaning” (p. 100), and Healy (1997) characterizes
cyberspace as a middle landscape between civiliza-
tion and wilderness, where new cultural directions
and choices can be selected.

Subcultures of/in Cyberspace

Are subcultures identifiable within the cultural mi-
lieu of cyberspace? A number of theorists discuss
the online cultures of specific subgroups: Castells
(2001) discusses the “hacker culture” in detail,
Leonardi (2002) investigates the online culture and
website designs of U.S. Hispanics, and Gibbs and
Krause (2000) explore the metaphors used by dif-
ferent Internet subcultures (hackers, cyberpunks).

Rather than simply itemizing and describing
cyberspace subcultures, however, a growing num-
ber of studies are exploring the marginalizationinor
lack of access to cyberspace of some cultural
groups. Howe (1998) argues, for example, that
radical differences in cultural values make
cyberspace inhospitable for Native Americans.
Keniston and Hall (1998) offer statistics on the
English language and Western dominance of the
Internet; they discuss the reality that 95% of the
population of the world’s largest democracy—In-
dia—are excluded from computer use because they
lack English language fluency. Anderson (1995)
suggests that the “liberal humanist traditions of
Islamic and Arab high culture” (p. 15) are absent
from the world of cyberspace, not because they do
not translate to new media, but because they are
literally drowned out by the cultural values attached
to the dominant language and culture of cyberspace
asitiscurrently configured. Similarly, Ferris (1996),
Morse (1997) and Knupfer (1997) suggest that the
gendered culture of cyberspace has tended to ex-
clude women from this virtual world. Interestingly,
Dahan (2003) reports on the limited online public
sphere available to Palestinian Israelis relative to
the Jewish majority population in Israel. Rather
than being the result of Anglo-American cultural
domination of the Internet, this author convincingly
argues that this imbalance demonstrates that “ex-
isting political and social disenfranchisement” (1 1)
in Israeli society is simply mirrored in cyberspace.
More generally, Davis (2000) reports on the poten-
tial for disenfranchisement from the “global
technoculture” depending on their different mani-
festations of “a diversity of human affinities and
values” (p. 105). Stald and Tufte (2002) meanwhile
present a series of reports on cyberspace activities
of a number of discrete and identifiable minority
communities: rural black African males in a South
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African university, South Asian familiesin London,
women in India, Iranian immigrants in London, and
young immigrant Danes.

In Search of Utopia: Cultural Impact
and Technology Design

If we accept cyberculture as a value system that
embodies free speech, individual control, and a
breaking down of the barrier of distance, does this
imply thatexisting (or perceived) inequalities can be
corrected in pursuit of this utopia? Keniston and Hall
(1998) attempt to detail issues that must be faced in
such efforts: attention to nationalist reactions to
English-speaking élites, development of standard-
ized forms for vernacular languages, and the “real
(and imagined)” (p. 331) challenges faced by North
American software firms when dealing with South
Asian languages. Benson and Standing (2000) con-
sider the role that policy plays in the preservation of
cultural values, and present a new evaluation frame-
work for assessing the impact of technology and
communication infrastructure on culture. Wilson et
al. (1998) propose that a framework based on
Chomsky’s 1989 analysis of mass media can help
determine the extent to which American corpora-
tions and institutions dominate (and thus determine
the culture of) cyberspace.

Of particular relevance to the field of HCI may
be some preliminary efforts to tailor online environ-
ments to particular cultural groups. For example,
Turk (2000) summarizes recent attempts to establish
relationships between the culture of users and their
preferences for particular user interfaces and WWW
site designs, while Leonardi (2002) reports on a
study of the manifestation of “Hispanic cultural
qualities” (p. 297) (cultural qualities perceived within
the US-American context to derive from “Spanish”
cultures) in Web site design, and makes design
recommendations for thiscommunity. Heaton (1998)
draws on Bijker and Law’s (1992) notion of “tech-
nological frame” to explain how Japanese designers
invoke elements of Japanese culture in justifying
technical decisions. The theoretical and method-
ological challenges of this approach to technology
design are explored in greater detail in “Internet-
Mediated Communication at the Cultural Interface”
(Macfadyen, 2006), contained in this encyclopedia.
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FUTURE TRENDS

Anongoingtensionisapparentinthe existing cyber-
culture literature between theories that assume “im-
portation of pre-existing cultures” and theories that
anticipate new “cultural construction” in the emerg-
ing communicative spaces of cyberspace. In the
former, theorists have tended to identify and charac-
terize or categorize groups of communicators in
cyberspace using rather deterministic or essentialist
(usually ethnic) cultural definitions, and have then
theorized about the ways in which such groups
importand impose, or lose, their cultural practicesin
the cyberspace milieu. Sociopolitical analyses have
then built on such classifications by positioning
cyberspace communicators as constrained or privi-
leged by the dominant cyberculture. While problem-
atic, application of such static definitions of culture
has allowed some preliminary forays into develop-
ment of so-called culturally appropriate “versions”
of human-computer interfaces and online environ-
ments.

A continuing challenge, however, is perceived to
be the lack of an adequate theory of culture that
would allow analysis of the real complexities of
virtual cultures and virtual communities (Ess, 1998),
and that could guide better technology and interface
design. Recently, however, a few theorists have
begunto question the utility of static and “classifica-
tory” models or definitions of culture. Abdelnour-
Nocera (2002) instead argues that examination of
“cultural construction from inside the Net” (1 1) is
critical. Benson and Standing (2000) offer an en-
tirely new systems theory of culture that emphasizes
culture as an indivisible system rather than as a set
of categories. Importantly, challenging postmodern
theorists such as Poster (2001) argue that the Internet
demands a social and cultural theory all its own.
Common to these theories is an underscoring of the
dynamic nature of culture, and of the role of individu-
als as active agents in the construction of culture—
online or off-line.

CONCLUSION

Whenever humans interact with each other over
time, new cultures come into being. In cyberspace,
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networked computer technologies facilitate and shape
(or impede and block) the processes of cultural
construction. Although debates over the nature of
cyberculture continue to rage, one point is increas-
ingly clear: in the field of human-computer interac-
tion, it is no longer sufficient to focus solely on the
interface between individual humans and machines.
Any effort to examine networked human communi-
cations must take into consideration human interac-
tion with and within the cultures of cyberspace that
computer technologies bring into being.
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KEY TERMS

Culture: Multiple definitions exist, including es-
sentialist models that focus on shared patterns of
learned values, beliefs, and behaviours, and social
constructivist views that emphasize culture as a
shared system of problem-solving or of making
collective meaning. The key to the understanding of
online cultures—where communication is as yet
dominated by text—may be definitions of culture
that emphasize the intimate and reciprocal relation-
ship between culture and language.

Cyberculture: As a social space in which hu-
man beings interact and communicate, cyberspace
can be assumed to possess an evolving culture or set
of cultures (“cybercultures”) that may encompass
beliefs, practices, attitudes, modes of thought,
behaviours and values.

Cyberspace: While the “Internet” refers more
explicitly to the technological infrastructure of net-

worked computers that make worldwide digital com-
munications possible, “cyberspace” is understood as
the virtual “places” in which human beings can
communicate with each other, and that are made
possible by Internet technologies. Lévy (2001a)
characterizes cyberspace as “not only the material
infrastructure of digital communications but...the
oceanic universe of information it holds, as well as
the human beings who navigate and nourish that
infrastructure.”

Dystopia: The converse of Utopia, a Dystopia is
any society considered to be undesirable. It is often
used to refer to a fictional (often near-future) soci-
ety where current social trends are taken to terrible
and socially-destructive extremes.

Modern: In the social sciences, “modern” re-
fers to the political, cultural, and economic forms
(and their philosophical and social underpinnings)
that characterize contemporary Western and, argu-
ably, industrialized society. In particular, modernist
cultural theories have sought to develop rational and
universal theories that can describe and explain
human societies.

Postmodern: Theoretical approaches charac-
terized as postmodern, conversely, have abandoned
the belief that rational and universal social theories
are desirable or exist. Postmodern theories also
challenge foundational modernist assumptions such
as “the idea of progress,” or “freedom.”

Technological Determinism: The belief that
technology develops according to its own “internal”
laws and must therefore be regarded as an autono-
mous system controlling, permeating, and condition-
ing all areas of society.

Technological Instrumentalism: The view that
technologies are merely useful and “culture-neu-
tral” instruments, and that they carry no cultural
values or assumptions in their design orimplementa-
tion.

Utopia: A real or imagined society, place, or
state that is considered to be perfect or ideal.
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INTRODUCTION

Design frameworks are a phenomena appearing in
the field of new media (e.g., Brook & Oliver, 2003;
Fiore, 2003; Dix, Rodden, Davies, Trevor, Friday, &
Palfreyman, 2000; Taylor, Sumner, & Law, 1997).
They appear to be a response to the multi-disciplin-
ary nature of the field and have a number of things
in common. They are usually developed in response
to a perceived lack of common understanding or
shared reference. Frameworks often advocate a set
of principles, a particular ethos, or expound a philo-
sophical position, within which a collection of meth-
ods, approaches, tools, or patterns are framed. They
aimto support design analysis, decision-making and
guide activity, and provide acommon vocabulary for
multi-disciplinary teams. In contrast to some design
methods and models, they tend to be broad and
encompass a wider area of application. Rather than
prescribe asingle “correct” way of doing something,
they provide a guiding structure that can be used
flexibly to support a range of activity. This article
describes one design framework, the experience
design framework (Jefsioutine & Knight, 2004) to
illustrate the concept.

BACKGROUND

The experience design framework (EDF) illustrates
a number of the features of design frameworks
identified previously. It was developed in response
to the low take-up of user-centred design observed
by the authors and identified in the literature (e.g.,
Landauer, 1996; Nielsen, 1994). For example, Sade
(2000, p. 21) points out that some of the large-scale
user-centred design (UCD) methods “do not suit the
varied and fast paced consulting projects of a design

firm.” Nielsen suggests that one of the key reasons
why usability engineering is not used in practice is
the perceived cost. He argues that a “discount
usability engineering” approach can be highly effec-
tive and describes a set of “simpler usability meth-
ods” (Nielsen, 1994, pp. 246-247). Eason and Harker
(1988) found that, as well as perceived cost and
duration, user-centred methods were not used be-
cause designers felt that useful information was
either notavailable when needed or was not relevant
and that methods did not fit in with their design
philosophy.

The authors thus set about identifying a set of
user-centred methods that would be cost effective,
flexible enoughto apply to any design life cycle and,
most importantly, would be useful and relevant to the
needs of the designer. Through a combination of
literature reviews and application to practice, the
authors identified different aspects of designing a
user experience and the way in which these aspects
can be drawn together to focus design research and
practice. The EDF is thus based on the principles of
user-centred design and represents a way of using a
range of methods to achieve a set of qualities that
work at all dimensions of experience.

USER-CENTRED DESIGN
PRINCIPLES (UCD)

Human-centred design processes for interactive
systems identifies the following characteristics of a
user-centred design process: “The active involve-
ment of users and a clear understanding of user and
task requirements; Anappropriate allocation of func-
tion between users and technology; The iteration of
design solutions; Multidisciplinary design” (Interna-
tional Organization for Standardization, 1SO/IEC
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13407,1999). Additionally, Gould and Lewis (1985)
emphasise the importance of early and continual
user testing and integrating all aspects of usability.

These principles of UCD setout a clear approach
around which to plan a design life cycle, but they
focus very much on design for usability. The EDF
proposes that the same principles be applied to other
qualities of design.

Qualities, Dimensions and Effectors of
an Experience

It was felt that one of the reasons UCD methods
were seen as irrelevant and limited was that the
traditional focus on usability does not capture other
aspects of the user-experience. The EDF identifies
a broader set of qualities that address the less
tangible aspects of an experience, such as pleasure
and engagement. It then identifies the different
dimensions of experiencing, visceral, behavioural,
reflective, and social (from Jordan, 2000; Norman,
2003) that need to be addressed to design a holistic
user experience. It identifies a number of aspects
that have an effect on an experience, such as who,
why, what, where, when, and how, that help to guide
research, design, and evaluation.

METHODS AND TOOLS

Product design, HCI, and human factors research
are awash with methods and tools that can be used
to supportuser-centred design. Generally, tools have
focused on technological aspects of design, either in
terms of making coding easier or automating aspects
of design. Where tools have related to usability, this
has often focused on evaluation. A less developed
area is in tools that support the understanding of the
user at early stages of design and supporting the
entire user-centred design process (some rare ex-
amples are HISER, 1994; NIST’s WebCAT, 1998).

Jordan (2000) describes a collection of empirical
and non-empirical methods suitable for the “new
human factors approach” to designing pleasurable
products. Rather than prescribing a process or a set
of key methods or tools, the EDF suggests that a
range of tools and techniques can be employed
provided they cover four basic purposes of observ-
ing/exploring, participation/empathy, communicat-

ing/modelling, and testing/evaluation. Furthermore,
by applying these methods in the context of the EDF,
a better understanding of the user experience as a
whole can be achieved.

Observation and Exploration

These methods are about finding out and can be
drawn from demography, ethnography, market re-
search, psychology, and HCI (e.g., task analysis,
field observation, interviews, questionnaires, focus
groups, affinity diagramming, laddering, and experi-
ence diaries). The EDF indicates the kind of infor-
mation that should be sought, such as the range of
user characteristics including personality, motiva-
tions, social affiliations, physical or mental disabili-
ties, and so forth.

Communicating and Modelling

These methods serve to communicate the research
data, design requirements, and ideas to a multi-
disciplinary team who may not have a common
vocabulary (e.g., user profiles and personas, use
cases or task scenarios, scenario-based design, mood
boards, written briefs and specifications,
storyboarding, and prototypes). Again, the EDF
helps to focus the information that is communicated
on issues pertinent to the whole user experience.

Participation and Empathy

These methods represent an approach aimed at
gaining a deeper understanding and empathy for
users, socio-political and quality of life issues (e.g.,
immersive methods such ethnographic participant-
observation and the “eat your own dog food” ap-
proach). Other methods such as participatory design
advocate designing with users rather than for them
(see Schuler & Namioka, 1993).

Testing and Evaluating

Gould and Lewis (1985) recommend iterative design
based on empirical testing (e.g., usability testing
through controlled observation and measurement).
The EDF broadens the test and evaluative criteria
fromthe traditional focus on cognitive and behavioural
measures, like the time taken to complete a task or
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Figure 1. The experience design framework
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the number of errors or deviations from a critical
path, to include methods such as transcript analysis,
attitude measurement, and emotional response.

User-Lab has used the EDF to adapt and focus
methods for requirements research, brief develop-
ment, ideation, and testing, and has developed arange
of services and training based on this research.

FUTURE TRENDS

The growing number of design frameworks results
from an increasingly multi-disciplinary field where
any single approach is not sufficient. They are,
perhaps, indicative of a rejection of prescriptive
approaches to design. Competitive work environ-
ments demand flexibility, and practitioners are at-
tracted to tools and methods that can be adapted to
their working practices. A design framework pro-
vides a general approach for framing these methods
and for disseminating multidimensional researchina
way that is neither daunting nor demanding extensive
study. It is likely that, as the boundaries between
disciplines blur, the number of design frameworks
will continue to grow.

CONCLUSION

The EDF is an example of a design framework. It
was developed to provide a flexible set of methods
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and tools to guide and support the design process
withinaprincipled context, without being prescrip-
tive or restricting, and as such can be used within
any design life cycle, and at any stage. It provides
a common vocabulary to a multi-disciplinary team
and also serves to direct research and the develop-
ment of new methods and tools. Although designed
primarily for digital media productdesign, itis broad
enough to be applied to other areas of product
design. It is illustrative of what seems to be a
growing trend in multi-disciplinary approaches to
design and in bridging the gaps between research
and practice.
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KEY TERMS

Design Framework: An open-ended design
methodology that combines research and design
activity.

Design Methods: Methods, tools, and tech-
niques employed during research, design, and devel-
opment.

Design Research: Exploratory activities em-
ployed to understand the product, process of design,
distribution and consumption, and stakeholders’ val-
ues and influence.

Discount Usability Methods: A focused set of
design and evaluation tools and methods aimed at
improving usability with the minimum resources.

Human-Centred Design: An alternative name
for user-centred design (UCD) used in ISO process
standards.

Multidisciplinary Design: A collaborative ap-
proach to design that shares research and design
activities among a range of disciplines.

Product Design: An overall term that covers
the study and execution of design pertaining to
physical products.
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INTRODUCTION

User-centred development (Norman & Draper,
1986; Vredenburg, Isensee, & Righi, 2001) pro-
cesses advocate the use of participatory design
activities, end-user evaluations, and brainstorming in
the early phases of development. Such approaches
work in opposition of some software-engineering
techniques that promote iterative development pro-
cesses such as in agile processes (Beck, 1999) in
order to produce software as quickly and as cheaply
as possible.

One way of justifying the profitability of develop-
ment processes promoted in the field of human-
computer interaction (HCI) is to not only take into
account development costs, but also to take into
account costs of use, that is, costs related to employ-
ment, training, and usage errors. Gain, in terms of
performance (for instance, by providing default val-
ues in the various fields of a computer form) or in
reducing the impact of errors (by providing undo
facilities, for instance), can only be evaluated if the
actual use of the system is integrated in the compu-
tation of the development costs.

These considerations are represented in Figure
1. The upper bar of Figure 1 shows that development
costs (grey part and black part) are higher than the
development costs of RAD (rapid application devel-
opment), represented in the lower bar (grey part).
The black part of the upper bar shows the additional
costsdirectly attributed to user-centred design. User-

Figure 1. Comparing the cost of development
processes

B Development costs
m Additional costs related to user-centred design

O Costs of the user of the system

User-centred
development
processes

Classical
development
proc

centred development processes compensate addi-
tional costs by offering additional payoffs when the
system is actually deployed and used.

The precise evaluation of costs and payoffs for
usability engineering can be found in Mayhew and
Bias (1994).

Design-rationale approaches (Buckingham Shum,
1996) face the same problems of profitability as
user-centred development processes. As payoffs
are not immediately identifiable, developers and
designers of software products are still reluctant to
either try it or use it in a systematic way.

Design rationale follows three main goals.

1. Provide means (notations, tools, techniques,
etc.) for the systematic exploration of design
alternatives throughout the development pro-
cess

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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2. Provide means to support argumentation when
design choices are to be made

3. Provide means to keep track of these design
choices in order to be able to justify when
choices have been made

Such approaches increase the production of ra-
tional designs, that is, where trust in designers’
capabilities can be traced back. One of the main
arguments for following a rationale-based-design
development process is that such processes in-
crease the overall quality of systems. However,
when it comes to putting design rationale into prac-
tice, that is, within development teams and real
projects, more concrete arguments around costs and
benefits have to be provided.

Figure 2 reuses the same argumentation process
as the one used in Figure 1 for justifying the profit-
ability of user-centred approaches. While user-
centred approaches find their profitability when
costs related to the actual use of the system are
taken into account, design rationale finds its profit-
ability when costs are taken into account amongst
several projects. Figure 2 is made up of three bars,
each representing a different project. The grey parts
of the bars represent the development cost for the
project. The black parts represent the additional
costs for using a development process following a
design-rationale approach. As shown, the lengths of
the black parts of the bars remain the same, repre-
senting the fact that costs related to design-rationale
activities remain the same across projects. Accord-
ing to the projects we have been working on, it is
clearly nottrue for the first projectinagiven domain.

Figure 2: Profitability related to design rationale

m Design costs
= Additional costs related to design rationale
5 Cost reductions related to reuse of previous designs

Project 3

Project 2

Project 1

Indeed, the basic elements of design rationale have
to be gathered first, such as the pertinent criteriaand
factors according to the domain and the character-
istics of the project. The other interesting aspect of
Figure 2 is the fact that the cost of the development
of the project decreases according to the number of
projects as reuse from design rationale increases
accordingly. The white parts of the bars represent
the increasing savings due to the reuse of informa-
tion by using the design-rationale approach of previ-
ous projects. This amount is likely to follow a loga-
rithmic curve, that is, to reach a certain level where
the cost decrease will reduce. However, our expe-
rience of design-rationale approaches is not wide
enough to give more precise information about this.

Development processes in the field of safety-
critical systems (such as RTCA/DO-178B, 1992)
explicitly require the use of methods and techniques
for systematically exploring design options and for
increasing the traceability of design decisions. DO-
178B is a document describing a design process.
However, even though such development processes
are widely used in the aeronautical domain, the
design-rationale part remains superficially addressed.

We believe that this underexploitation of such a
critical aspect of the design process lies in two main
points.

. There is no integration of current practice in
user-centred design processes and design ra-
tionale. For instance, no design-rationale nota-
tion or tool relates to task modeling, scenarios,
dialogue models, usability heuristics, and so
forth that are at the core of the discipline.

. There is no adequate tool to support ademand-
ing activity such as design rationale that is
heavily based on information storage and re-
trieval as well as on reuse. In software engi-
neering, similaractivities are supported by case
tools that are recognised as critical elements
for the effective use of notations.

The next section presents a set of design-ratio-
nale notations and a tool, based on the QOC (ques-
tions, options, criteria) notation (MacLean, Young,
Bellotti, & Moran, 1991) that is dedicated to the
rationale design of interactive systems.

155




Design Rationale for Increasing Profitability of Interactive Systems Development

BACKGROUND

In this section, we briefly describe the design-ratio-
nale notation, and then we detail the QOC notation.

IBIS (issue-based information system; Kunz &
Rittel, 1970) was designed to capture relevant infor-
mation with low-cost and fast information retrieval.
IBIS has some scalability problems due to the
nonhierarchical organisation of the diagram. DRL
(decision representation language) was conceived by
Lee (1991). The goal was to provide a notation for
tracing the process that would lead the designers to
choose an alternative. DRL, based on a strict vo-
cabulary, captures more information than necessary
for design rationale. Diagrams quickly become in-
comprehensible.

QOC is a semiformal notation (see Figure 3)
introduced by MacLean et al. (1996) that has two
main advantages: It is easy to understand but still
useful in terms of structuring. QOC was designed for
reuse.

The easy-to-understand characteristic is critical
for design rationale as the models built using the
notation must be understandable by the various ac-
tors involved in the development process (i.e., de-
signers, software engineers, human-factors experts,
and so forth). A QOC diagram is structured in three
columns, one for each element (questions, options,
criteria), and features links between columns’ ele-
ments. For each question that may occur during the
development process, the actor may relate one or
more relevant options (i.e., candidate design solu-
tions), and to these options, criteria are related (by
means of a line) in order to represent the fact that a
given option has an impact (if beneficial, the line is
thick; if not, the line is dashed). In QOC, an option
may lead to another question (as, for instance, Ques-
tion 2 in Figure 3), thus explicitly showing links
between diagrams. In addition, arguments can be
attached to optionsin order to describe further detail:
either the content or the underlying rationale for
representing the option.

HCI-RELATED EXTENSIONS
In this section, we detail the extensions that we

propose. These extensions integrate HCI principles
into the notation.
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Figure 3. Schematic view of a QOC diagram
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Adding Task Models to QOC Diagrams

This extension (Lacaze, Palanque, & Navarre, 2002)
aims at integrating task models in QOC diagrams in
order to be able (through scenarios extracted from
the task models) to assess the respective perfor-
mance of the various options under consideration
(Lacaze, Palanque, Navarre, & Bastide, 2002).

This extension is critical for an efficient,
rationalised development process as it takes into
account task analysis and modeling as well as
scenarios that are important and expensive activi-
ties in user-centred design.

Adding Factors to QOC Diagrams

This extension has been introduced by Farenc and
Palanque (1999). In original QOC, there is no way
to store and thus to argue with respect to user
requirements. However, it is clear that in user-
centred development, users take an important role
in the decisions made. In these extensions, user
requirements are expressed as a set of factors. The
factors correspond to high-level requirements such
as learnability, safety, and so forth, and the satisfac-
tion of those factors can be checked against their
corresponding criteria. The early identification of
factors has been based on McCall, Richards, and
Walters’ (1977) classification thatiswidely used in
software engineering. The elements of the classifi-
cation are the following.

. Quality factors: requirements expressed by
the clients and/or users
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*  Quality criteria: Characteristics of the prod-
uct (technical point of view)

. Metrics: The allowing of the actual valuation
of a criterion

Figure 4 shows some metrics; however, factors
would be directly related to criteria.

TOOL SUPPORT

We have developed a case tool called DREAM
(Design Rationale Environment for Argumentation
and Modelling) supporting the previous extensions
as well as several others that have not been pre-
sented here due to space restrictions. A snapshot of
this tool is presented in Figure 5. The tool can be
accessed at http://liihs.irit.fr/dream/. DREAM pro-
poses several visualisations for the same diagram. In
the bottom right-hand corner of Figure 5, the dia-
gram is displayed as a bifocal tree (Cava, Luzzardi,
& Freitas, 2002).

FUTURE TRENDS

Design rationale clearly has to be integrated in the
design process and merged with UML (Booch,
Rumbaugh, & Jacobson, 1999). This will improve
the quality of interactive systems (Newman &
Marshall, 1991). Interactive systems will be de-
signed and built rationally, and they will not depend
solely on the designers’ beliefs.

Figure 4. Scenario and task-model extensions to
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CONCLUSION

The work presented here offers a plea for more
extensive use of design-rationale approaches for the
design of interactive systems. Notations closely
related to current practice in the field of HCI and
adequate tools are the ways to achieve this goal.
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KEY TERMS

Bifocal Tree: “The Bifocal Tree (Cava et al.,
2002) is a visual representation for displaying tree
structures based on a node-edge diagram. The tech-
nique displays a single tree structure as a
focus+contextvisualisation. It provides detailed and
contextual views of a selected sub-tree” (Freitas,
Cava, Winckler, & Palanque, 2003, p. 1093).

Criterion: The expressed characteristics of an
interactive system. The criterion must be valuable,
and it denies or supports options.
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Design Rationale: “A design rationale is an
explanation of how and why an artefact, or some
portion of it, is designed the way it is. A design
rationale is a description of the reasoning justifying
the resulting design—how structures achieve func-
tions, why particular structures are chosen over
alternatives, what behaviour is expected under what
operating conditions. In short, a design rationale
explainsthe ‘why’ of adesign by describing what the
artefact is, what it is supposed to do, and how it got
to be designed that way” (Gruber & Russell, 1990,

p. 3).

DREAM (Design Rationale Environment for
Argumentation and Modelling): DREAM is a
tool dedicated to design-rationale capture by the
way of an extended QOC notation.

Factor: The expressed requirement of the cus-
tomer.

QOC: QOC is a semiformal notation dedicated
to designrationale. Problemsare spelled outinterms
of questions, options to solve the questions, and
criteria that valuate each option. See MacLean et al.
(1991).

RAD: A software-development process that al-
lows usable systemsto be builtinas littleas 90to 120
days, often with some compromises.

Task Model: “Task models describe how ac-
tivities can be performed to reach the users’ goals
when interacting with the application considered”
(Paterno, 2001, p. 359).
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The Development of the Personal Digital

Assistant (PDA) Interface

Bernard Mark Garrett
University of British Columbia, Canada

INTRODUCTION

The original idea of a portable computer has been
credited to Alan Kay of the Xerox Palo Alto Re-
search Center, who suggested this idea in the 1970s
(Kay, 1972a, 1972b; Kay & Goldberg, 1977). He
envisioned a notebook-sized, portable computer
named the Dynabook that could be used for all of the
user’s information needs and used wireless network
capabilities for connectivity.

BACKGROUND

The first actual portable laptop computers appeared
in 1979 (e.g., the Grid Compass Computer designed
in 1979 by William Moggridge for Grid Systems
Corporation [Stanford University, 2003]). The Grid
Compass was one-fifth the weight of any model
equivalent in performance and was used by NASA
on the space shuttle program in the early 1980s.
Portable computers continued to develop in the
1980s onwards, and most weighed about 5kg without
any peripherals.

In 1984, Apple Computer introduced its Apple llc
model, a true notebook-sized computer weighing
about 5kg withoutamonitor (Snell,2004). The Apple
Ilc had an optional LCD panel monitor that made it
genuinely portable and was, therefore, highly suc-
cessful.

In1986, IBM introduced its IBM Convertible PC
with 256KB of memory, which was also a commer-
cial success (Cringely, 1998). For many, this is
considered the first true laptop (mainly due to its
clamshell design) that soon was copied by other
manufacturers such as Toshiba, who also was suc-
cessful with IBM laptop clones (Abetti, 1997). These
devices retained the A4 size footprint and full
QWERTY keyboards and weighed between 3 and 4
kg. Following these innovations, Tablet PCs with a

flat A4 footprint and a pen-based interface began to
emerge in the 1990s.

There were several devices in the 1970s that
explored the Tablet, but in 1989, the Grid Systems
GRiDPad was released, which was the world’s first
IBM PC Compatible Tablet PC that featured hand-
writing recognition as well as a pen-based point-and-
selectsystem. In 1992, Microsoft released Microsoft
Windows for Pen Computing, which had an Applica-
tion Programming Interface (API) that developers
could use to create pen-enabled applications. Focus-
ing specifically on devices that use the pen as the
primary input device, this interface has been most
successfully adopted in the new breed of small
highly portable personal digital assistants.

In 1984 David Potter and his partners at PSION
launched the PSION Organiser that retailed for just
under £100 (Troni & Lowber, 2001). It was a
battery-powered, 14cm x 9cm block-shaped unit
with an alphabetic keyboard and small LCD screen,
with 2K of RAM, 4KB of applications in ROM, and
a free 8KB data card (which had to be reformatted
using ultraviolet light for reuse). Compared to the
much larger notebook computers of the time, it was
a revolutionary device, but because of its more
limited screen size and memory, it fulfilled a differ-
ent niche in the market and began to be used for
personal information management and stock inven-
tory purposes (with a plug-in barcode reader).

In the late 1980s and 1990s, PSION continued to
develop commercially successful small computing
devices incorporating a larger LCD screen and a
new fully multi-tasking graphical user interface (even
before Microsoft had Windows up and running).
These small devices were truly handheld. The di-
mensions of the PSION 3c (launched in 1991) were
165mmx85mmx22 mm, with a 480 x160-pixel LCD
screen; the device weighed less than 400g. A small
keyboard and innovative touch pad provided control
of the cursor, and graphical icons could be selected
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to start applications/functions and select items from
menus. The small keyboard proved difficult to use,
however, and the following 5¢ model in 1997 used an
innovative foldout miniature QWERTY keyboard.
These genuinely handheld devices with their inter-
face innovations and ability to synchronize data with
a host personal computer made the PSION models
particularly successful and firmly established the
personal digital assistant (PDA) as a portable com-
puting tool for professionals.

ALTERNATIVE INTERFACES AND
THE INTEGRATION OF MULTIMEDIA

The limitations of keyboard-based data entry for
handheld devices had been recognized, and follow-
ing PSION’s lead, Apple Computers introduced the
Newton Message Pad in 1993. This device was the
first to incorporate a touch-sensitive screen with a
pen-based graphical interface and handwriting-rec-
ognition software. Although moderately successful,
the device’s handwriting recognition proved slow
and unreliable, and in 1998, Apple discontinued its
PDA development (Linzmayer, 1999). However,
the PDA market now was becoming based firmly
upon devices using pen-based handwriting recogni-
tion for text entry, and in mid-2001, PSION, with
dwindling sales and difficulties with business part-
nerships, ceased trading. US Robotics launched the
PalmPilotin 1996, using its simple Graffiti handwrit-
ing recognition system, and Compagq released the
iPAQ in 1997, incorporating the new Microsoft
Windows CE/Pocket PC operating system with the
first PDA color screen (Wallich, 2002).
Microsoft’s relatively late entry into this market
reflected the considerable research and develop-
mentitundertook indeveloping a user-friendly pocket
PC handwriting recognition interface. This remains
a highly competitive field, and in November 2002,
PalmSource (the new company owning the Palm
Operating System) replaced the Graffiti system with
Computer Intelligence Corporation’s JOT as the
standard and only handwriting software on all new
Palm Powered devices. Computer Intelligence Cor-
poration (CIC) was founded in conjunction with
Stanford Research Institute, based on research con-
ducted by SRI on proprietary pattern recognition
technologies (CIC, 1999). The original Graffitti sys-

tem relied on the user learning a series of special
characters, which, though simple, was irksome to
many users. The CIC JOT and Microsoft Pocket PC
systems have been developed to avoid the use of
special symbols or characters and to allow the user
to input more naturally by using standard upper and
lower case printed letters. Both systems also recog-
nize most of the original Palm Graffiti-based special
characters.

Thearrival of the Short Messaging Service (SMS),
otherwise known as text messaging, for cellular
phones in the late 1990s led several PDA manufac-
turers to adopt an alternative Thumb Board inter-
face for their PDAs. SMS allows an individual to
send short text and numeric messages (up to 160
characters) toand fromdigital cell phonesand public
SMS messaging gateways on the Internet. With the
widespread adoption of SMS by the younger genera-
tion, thumb-based text entry (using only one thumb to
input data on cell phone keypads) became popular
(Karuturi, 2003). Abbreviations such as “C U L8er”
for “see you later” and emoticons or smileys to
reduce the terseness of the medium and give short-
hand emotional indicators developed. The rapid com-
mercial success of this input interface inspired the
implementation of Thumb Board keyboards on some
PDAs (i.e., the Palm Treo 600) for text interface.
Clip-on Thumb Board input accessories also have
been developed for a range of PDAs.

Current developments in PDA-based interfaces
are exploring the use of multimedia, voice recogni-
tion, and wireless connectivity. The expansion of
memory capabilities and processor speeds for PDAS
has enabled audio recording, digital music storage/
playback, and now digital image and video record-
ing/playback to be integrated into these devices.
This and the integration of wireless network and
cellular phone technologies have expanded their
utility considerably.

Audio input has become very attractive to the
mobile computer user. Audio is attractive for mobile
applications, because it can be used when the user’s
hands and eyes are occupied. Also, as speech does
not require a display, it can be used in conditions of
low screen visibility, and it may consume less power
than text-based input in the PDA. The latest PDA
interface innovations include voice command and
dictation recognition (voice to text), voice dialing,
image-based dialing (for cell phone use, where the
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user states a name or selects an image to initiate a
call), audio memorecording, and multimedia messag-
ing (MMS). Several devices (e.g., the new Carrier
Technologies i-mate) also incorporate a digital cam-
era.

Wireless connectivity has enabled Internet con-
nectivity, enabling users to access e-mail, text/graphi-
cal messaging services (SMS and MMS), and the
Web remotely (Kopp, 1998). These developments
gradually are expanding the PDA’s functionality into
a true multi-purpose tool.

FUTURE TRENDS

Coding PDA applications to recognize handwriting
and speech and to incorporate multimedia requires
additional code beyond traditionally coded interfaces.
PDA application design and development need to
support this functionality for the future.

One of the key limitations of PDA interfaces
remains the outputdisplay screen size and resolution.
This arguably remains a barrier to their uptake as the
definitive mobile computing device. As input tech-
nologies improve and as voice and handwriting rec-
ognition come of age, attention to the display capabili-
ties of these devices will need to be addressed before
their full potential can be realized. The display size
and resolutionalready is being pushed to the limits by
the latest PDA applications such as global positioning
system (GPS) integration with moving map software
(deHerra, 2003; Louderback, 2004).

Data and device security are key areas for highly
portable networked PDAs, and the first viruses for
PDAs have started to emerge (BitDefender, 2004).
As multimedia interfaces develop, the specific secu-
rity issues that they entail (i.e. individual voice recog-
nition, prevention of data corruption of new file
formats) also will need to be addressed.

CONCLUSION

Since the early models, manufacturers have contin-
uedtointroduce smaller and improved portable com-
puters, culminating in the latest generation of power-
ful handheld PDAs offering fast (400 MHz and
faster) processors with considerable memory (64MB
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of ROM and 1GB of RAM or more). This area of
technological developmentremains highly competi-
tive, and by necessity, the user interface for these
devices has developed to fulfill the portable design
brief, including the use of pen- and voice-based data
input, collapsible LCD displays, wireless network
connectivity, and now cell phone integration. Mod-
ern PDAs are much more sophisticated, lightweight
devices and are arguably much closer to Kay’s
original vision of mobile computing than the current
laptop or tablet computers and possibly have the
potential to replace this format with future interface
developments. Indeed, if the interface issues are
addressed successfully, then it is probable that
these devices will outsell PCs in the future and
become the major computing platform for personal
use.
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KEY TERMS

Audio Memo: A recorded audio message of
speech. Speech is digitally recorded via a built-in or
attached microphone and stored as a digital audio file
on the storage media of the PDA.

Emoticon: Text (ASCI) characters used to indi-
cate an emotional state in electronic correspon-
dence. Emoticons or smileys, as they are also called,
represent emotional shorthand. For example :-) rep-
resents a smile or happiness.

Laptop: A portable personal computer small
enough to use on your lap with a QWERTY key-
board and display screen. It usually has an A4-sized
footprintinaclamshell configuration and may incor-
porate avariety of peripheral devices (e.qg., trackball,
CD-ROM, wireless network card, etc.).

Media Player: A device or software application
designedto play avariety of digital communications
media such as compressed audio files (e.g., MPEG
MP3files), digital video files, and other digital media
formats.

Multimedia: Communications media that com-
bine multiple formats such as text, graphics, sound,
and video (e.g., a video incorporating sound and
subtitles or with text attached that is concurrently
displayed).

Multimedia Messaging Service (MMS): A
cellular phone service allowing the transmission of
multiple media in a single message. As such, it can
be seen as an evolution of SMS with MMS support-
ing the transmission of text, pictures, audio, and
video.

Palmtop: A portable personal computer that can
be operated comfortably while held in one hand.
These devices usually support a QWERTY key-
board for data input with asmall display screeninan
Ab5-sized footprint.

PDA: Personal Digital Assistant. A small
handheld computing device with data input and
display facilities and a range of software applica-
tions. Small keyboards and pen-based input systems
are commonly used for user input.

Pen Computing: A computer that uses an elec-
tronic pen (or stylus) rather than a keyboard for data
input. Pen-based computers often support handwrit-
ing or voice recognition so thatusers can write on the
screen or vocalize commands/dictate instead of
typing with a keyboard. Many pen computers are
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handheld devices. It also is known as pen-based
computing.

Personal Information Manager (PIM): A
software application (i.e., Microsoft Outlook) that
provides multiple ways to log and organize personal
and business information such as contacts, events,
tasks, appointments, and notes on a digital device.

Smartphone: A term used for the combination
of amobile cellular telephone and PDA in one small
portable device. These devices usually use a small
thumb keyboard or an electronic pen (or stylus) and
a touch-sensitive screen for data input.

SMS: Short Message Service. A text message
service that enables users to send short messages
(160 characters) to other users and has the ability to
send a message to multiple recipients. Thisisknown
as texting. It is a popular service among young
people. There were 400 billion SMS messages sent
worldwide in 2002 (GSM World, 2002).
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Synchronization: The harmonization of data on
two (or more) digital devices so that both (all)
contain the same data. Data commonly are synchro-
nized on the basis of the date they were last altered,
with synchronization software facilitating the pro-
cess and preventing duplication or loss of data.

Tablet PC: A newer type of format of personal
computers. It provides all the power of a laptop PC
but without a keyboard for text entry. Tablet PCs
use pen-based input and handwriting and voice
recognition technologies as the main forms of data
entry, and they commonly have an A4-size footprint.

Wireless Connectivity: The communication of
digital devices between one another using data
transmission by radio waves. A variety of standards
for wireless data transmission now exist, established
by the Institute of Electrical and Electronics Engi-
neers (IEEE) and including Wi-fi (802.11) and
Bluetooth (802.15).
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INTRODUCTION

There are various development methodologies that
are used in developing ISs, some more conventional
than others. On the conventional side, there are
two major approachesto systems development meth-
odologies that are used to develop IS applications:
the traditional systems development methodology
and the object-oriented (OO) development ap-
proach. The proponents of HCI and interaction
design propose life cycle models with a stronger
user focus than that employed in the conventional
approaches. Before the researcher looks at these
approaches, he or she needs to ponder about the
method of comparing and assessing the various meth-
odologies. There are always inherent problems in
comparing various development methodologies
(The Object Agency, 1993).

It is, in many instances, difficult to repeat the
results of a methodology comparison with any accu-
racy. Since few (if any) of the comparisons cite page
referencesindicating where a particular methodology
comparison item (e.g., a term, concept, or example)

Figure 1. Contemporary approach to business
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can be found in the methodology under review, it is
difficult, if not impossible, to verify the accuracy of
these methodology comparisons. The researchers did
not compare the methodologies step-by-step, but
rather in terms of whether and when they address the
human element. Researchers have to acknowledge
that methodologies are always in a state of flux. In
theory, one thing happens, and in practice the method-
ologiesare modified to suitindividual business needs.

BACKGROUND
Development Methodologies

This section gives an overview of the three primary
groups of development methodologies and the major
phases/processesinvolved. The aim of all these meth-
odologies is to design effective and efficient I1Ss. But
how effective are they when the wider environment
is considered? A more contemporary approach is that
the information system is open to the world and all
stakeholders can interact with it (see Figure 1).

Business
Transaction

T Department

System

Suppliers

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.



Traditional Systems Development
Approaches

Under the traditional development approaches, there
are various methodologies. All of these approaches
have the following phases in common: Planning
(why build the system?): Identifying business value,
analysing feasibility, developing a work plan, staff-
ing the project, and controlling and directing the
project; Analysis (who, what, when, where will the
system be?): Analysis, information gathering, pro-
cess modelling and data modelling; Design (how will
the system work?): Physical design, architecture
design, interface design, database and file design
and program design; Implementation (system deliv-
ery): Construction and installation of system. We
will look atthe Dennis and Wixom Approach (2000).

OO Methodologies

Although diverse in approach, most object-oriented
development methodologies follow a defined system
development life cycle, and the various phases are
intrinsically equivalent for all the approaches, typi-
cally proceeding as follows (Schach, 2002): require-
ments phase; OO analysis phase (determining what
the product is to do) and extracting the objects; OO
(detailed) design phase; OO programming phase
(implementing inappropriate OO programming lan-
guage); integration phase; maintenance phase; and
finally retirement. OO stages are not really very
different from the traditional system development
approaches mentioned previously.

The OO development approach in general lends
itself to the development of more effective user
interfaces because of the iterative design process,
although this process does not seem to be effectively
managed and guidelines for doing so are often
absent. The authors analyzed three OO methodolo-
gies: The Rumbaugh, Blaha, Premerlani, Eddy, and
Lorensen (1991), Coad and Yourdan (1991), and
IBM (1999) approaches and their relationship to the
aspects illustrated in Figure 1.

HCI-Focused Life Cycle Methodologies

The HCI proponents aim to focus more on the
human and end-user aspects. There are four types
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of users for most computer systems: These are
naive, novice, skilled, and expert users. With the
widespread introduction of information and commu-
nication technology into our everyday lives, most
computer users today have limited computer experi-
ence, but are expected to use such systems.

Usability is a measurable characteristic of a
product user interface that is present to a greater or
lesser degree. One broad dimension of usability is
how easy for novice and casual users to learn the
user interface (Mayhew, 1999). Another usability
dimension is how easy for frequent and proficient
usersto use the user interface (efficiency, flexibility,
powerfulness, etc.) after they have mastered the
initial learning of the interface (Mayhew, 1999).

Williges, Williges, and Elkerton (1987) have pro-
duced an alternative model of systems development
to rectify the problems in the traditional software
development models. In their model, interface de-
sign drives the whole process. Preece, Rogers, and
Sharp (2002) suggest a simple life cycle model,
called the Interaction Design Model, consisting of
identifying needs/establishing requirements; evalu-
ating; building an interactive version; and
(re)designing. Other life cycle models that focus on
HCI aspects include the Star Model of Hartson and
Hix (1989), the Usability Engineering Life Cycle of
Mayhew (1999), Organizational Requirements Defi-
nition for Information Technology (ORDIT) method,
Effective Technical and Human Implementation of
Computer-based Systems (ETHICS), visual
prototyping and Hackos and Redish’s model (1998).
These methods also introduce various strategies for
the development of effective user interfaces.

ASSESSING THE METHODOLOGIES

One of the problems with the traditional model for
software development and the OO approaches is
thatthey do not, in general, clearly identify arole for
HCI in systems development. User interface con-
cernsare “mixed in” with wider development activi-
ties. This may result in one of two problems: either
HCI is ignored, or it is relegated to the later stages
of design as an afterthought. In either case, the
consequences can be disastrous. If HCI is ignored,
then there is a good chance that problems will occur
in the testing and maintenance stages. If HCI is
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Table 1. Methodology matrix

Approach

Ul
Component
Internal
Users
Customers
Suppliers
1T
Department
Government

The Dennis and Wixom (2000) Approach

Planning no yes not involved notinvolved | actively part | notinvolved
of
Analysis no yes not involved not involved | actively part | not involved
of
Design yes yes not involved notinvolved | actively part | notinvolved
of
Implementation yes yes not involved not involved | actively part | not involved
of
The Rumbaugh et al. (1991) model 7 1T 1
Analysis phase attempts attempts not part of not part of actively part | not part of
of
System design no not involved not part of not part of actively part | not part of
of
Object design no not involved not part of not part of actively part | not part of
of
The Coad and Yourdan (1991) Model I A Y A B
Analysis no attempts not part of not part of actively part | not part of
of
Design yes attempts not part of not part of actively part | not part of
of
The IBM (1999) model
OO design phase yes attempts not part of not part of actively part | not part of
of
The design the business model phase no not part of not part of not part of not part of not part of
Wilges cr l (195 I S — — S —
Initial Design yes yes attempts attempts actively part | attempts
of
Formative Evaluation yes yes attempts attempts actively part | attempts
of
Summative Evaluation yes yes attempts attempts actively part | attempts
of
Hackos and Redish (1998) Approach - ° 177 ]
Systems development no attempts attempts attempts actively part | attempts
of
Interface design yes yes attempts attempts actively part | attempts
of
Design and implementation yes yes attempts no actively part no
of
Testing phase yes yes attempts no actively part no
of

relegated to the later stages in the developmentcycle  a.  In the Dennis and Wixom (2000) approach,

then it may prove very expensive to “massage” interface design is only considered in the later
application’s functionality into a form that can be stages of development. The components of
readily accessed by the end-user and other stake- Figure 1 only partially map onto thisapproach,
holders. with no reference to the customers, suppliers,
If we examine the methodology matrix (Table 1) the IT department specifically, or the govern-
in more detail in respect of all the components mental issues.
reflected in Figure 1, we find the following with  b.  Inthe Rumbaughetal. (1991) approach, there
regard to the structured development and OO devel- is no special consideration given to the design
opment methodologies: of the user interface or any of the other

components reflected in Figure 1.
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c. In the Coad & Yourdon (1991) model, the
human interaction component includes the ac-
tual displays and inputs needed for effective
human-computer interaction. This model is a
partial fitonto Figure 1. While the internal users
of the system are well catered for, the other
stakeholders are not actively involved in the
process at all.

d. The IBM (1999) model considers the users in
the development of the system, but Figure 1 is
still only a partial fit onto this model. The
internal users are considered in the develop-
ment of the system, but the external users and
other stakeholders are sidelined.

Itis clear from this that there are several missing
components in all these software developments life
cycles (SDLCs). The Coad and Yourdan (1991)
approach explicitly takes into account the HCI as-
pect and tends to ignore the other aspects of Figure
1. The same appliesto the IBM (1999) approach, but
the process is much shorter. The Rumbaugh et al.
(1991) approach is very detailed but still ignores the
issue of direct mapping to the final user interface
application. Although in this approach, use case
scenarios are actively employed and users get in-
volved in systems design, it does not map directly
onto the system’s user interface design.

The root cause of this poor communication is that
all the conventional development methodologies (in-
cluding the traditional development approach and
the OO approach) do not devote adequate attention
to the human aspect of systems development. Many
researchers have proposed ways of improving the
systems’ interface, but most of this has not been
integrated into the development techniques. The
researchers’ findings are a confirmation of the work
of Monarchi and Puhr (1992).

When we consider Table 1 with regard to the
HCI-focused development models, we find that: (a)
Williges et al. (1987) try to introduce the usability
issues at a much earlier stage of the development
process, but this model is not widely used; (b) The
Hackos and Redish (1998) model seems to be the
most comprehensive one we assessed. The short-
coming of this model is, however, that it still ignores
the outside stakeholders, unless the corporate objec-
tives phase states categorically that the organization
should give special consideration to the external

168

Development Methodologies and Users

users, such as customers, suppliers, and govern-
ment. Hackos and Redish (1998) are silent on this
issue, however, and do not elaborate on what they
mean by “corporate objectives.” If the corporate
objectives doinclude the outside stakeholders, this
isthe only model that we investigated that does this.
In fact, if this is the case, the model maps onto
Figure 1. The usability engineering is done in par-
allel with the systems development, and integrated
throughout.

FUTURE TRENDS

There are major gaps of communication between
the HCI and SE fields: the methods and vocabulary
being used by each community are often foreign to
the other community. As a result, product quality is
notas high as it could be, and (avoidable) re-work is
often necessary (Vanderdonckt & Harning, 2003).
The development of mutually accepted standards
and frameworks could narrow the communication
gap between the HCI and SE fields.

CONCLUSION

The shortcomings of all the methodologies are there-
fore related to the complexity of the wider environ-
mentintroduced by the issues highlighted in Figure 1,
and how these aspects should inform the system’s
development process. None of the development
methodologies addressed the human component or
the issue of other stakeholders sufficiently. Both the
traditional SDLC and OO approaches fall short on
the issue of human aspects and stakeholder involve-
ment. Although we expected the OO approaches to
fare better on these issues, the results given earlier
clearly illustrate that these methodologies still have
a long way to go in fully integrating environmental
issues. Which one fared the best? Although the
Willigesetal. (1987) and Hackos and Redish (1998)
approaches focusing on the user go a long way
towards achieving this, several shortcomings can
still be identified. There has to be a balanced ap-
proach to systems development and HCI develop-
ment components in the overall systems develop-
ment process.
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KEY TERMS

Effective Technical & Human Implementa-
tion of Computer-Based Systems (Ethics): A
problem-solving methodology that has been devel-
oped to assist the introduction of organizational
systems incorporating new technology. It has as its
principal objective the successful integration of com-
pany objectives with the needs of employees and
customers.

Object-Oriented Design (OOD): A design
method inwhich asystemis modelled asacollection
of cooperating objects and individual objects are
treated as instances of a class within a class hierar-
chy. Four stages can be discerned: identify the
classes and objects, identify their semantics, identify
their relationships, and specify class and object
interfaces and implementation. Object-oriented de-
signis one of the stages of object-oriented program-
ming.

Ordit: Based on the notions of role, responsibil-
ity, and conversations, making it possible to specify,
analyze, and validate organizational and information
systems supporting organizational change. The Ordit
architecture can be used to express, explore, and
reason about both the problem and the solution
aspects in both the social and technical domains.
From the simple building blocks and modelling lan-
guage, a set of more complex and structured models
and prefabrications can be constructed and rea-
soned about. Alternative models are constructed,
allowing the exploration of possible futures.

System Development Life Cycle (SDLC):
The process of understanding how an information
system can support business needs, designing the
system, building it, and delivering it to users.

Usability: 1SO 9241-11 standard definition for
usability identifies three different aspects: (1) a
specified set of users, (2) specified goals (tasks)
which have to be measurable in terms of effective-
ness, efficiency, and satisfaction, and (3) the context
in which the activity is carried out.

Usability Engineering: Provides structured
methods for optimizing user interface design during
product development.
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INTRODUCTION

With the ubiquitous availability of the Internet, the
possibility of creating a centralized repository of an
individual’s knowledge has become possible. Al-
though, at present, there are many efforts to develop
collaborative systems such as wikis (Leuf &
Cunningham, 2002), Web logs or blogs (Winer,
2002) and sharable content management systems
(Wikipedia, 2004), an area that is overlooked is the
development of a system that would manage per-
sonal knowledge and information. For example, inan
educational setting, it has been found that most
lecturers customize content to suit their particular
delivery styles. This article outlines a framework
that uses Web technologies allowing the storage and
management of personal information, the sharing of
the content with other personal systems, and allows
for annotations to be captured within context from
people who visit the personal knowledge portfolio.

BACKGROUND

Continuing with the case of a lecturer, a vastamount
of knowledge will be accumulated. This needs to be
organised in a way so that it can be delivered in a
variety of contexts. For example, a piece of knowl-
edge about image resizing could be useful in the
following domains: Web page design, databases,
multimedia, and digital photography. But, this knowl-
edge is continually changing as printed media are
read or other people contribute with their comments
or observations. Also, knowledge does not exist is
one format, for example, an image can be used to

illustrate a concept, a video can be used to show
directions, and so forth.

With the ability to manage a wide variety of
digital formats, Web technologies have become an
obvious way to organise an individual’s knowledge.
In the early 1990s, the Web was primarily made up
of many static Web pages, where content and layout
were hard coded into the actual page, so managing
the ever-changing aspect of content was a time
consuming task. In the late 1990s, database tech-
nologies and scripting languages such as ASP (ac-
tive server pages) and PHP ( A recursive acronym
for personal home page: hypertext pre-processor)
emerged, and with these opportunities to develop
new ways to capture, manage, and display individual
and shared knowledge.

But, what is knowledge? Generally, itis attached
toanindividual, and can be loosely defined as “what
we know” or “what you have between the ears”
(Goppold, 2003). Experience shows that as an
individual’s content is personalized, as mentioned
earlier, lecturers tend to customize content to suit
their particular delivery style. So combining the
notions that knowledge is something dynamic and is
attached to an individual, that it may be enhanced
and modified by other individuals, and that Web
technologies can assist in its management, the “Vir-
tual Me framework” has been developed.

THE Virtual Me FRAMEWORK

Figure 1 illustrates the concept of Virtual Me frame-
work. The framework essentially is made up of three
parts, the sniplet model which includes the multime-
dia object model, and an annotation capability.

Copyright © 2006, Idea Group Inc., distributing in print or electronic forms without written permission of IGI is prohibited.
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Figure 1. Rich picture of Me framework
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In order to manage knowledge, the smallest useful
and usable piece of content needs to be defined.
Several prototypes indicated that a workable size for
the content is that the one which can be represented
by a single overhead projection. In order to refer to
this, the term sniplet was coined (Verhaart, 2002).
A sniplet needs to maintain context of the content
with respect to everything else in the environment.
Hence, they are initially classified in a backbone
taxonomy (Guarino & Welty, 2002). The proposed
Virtual Me framework allows for alternative tax-
onomies to be created where the content can be used
in other domains.

In an electronic sense, an overhead can consist
of many media elements, or digital assets, such as
images, sounds, animations, and videos. Butadigital
asset also has other issues that need to be consid-
ered. For example, an image displayed on a com-
puter screen (at 75 dpi) produces poor quality results
when produced in hardcopy (600 dpi and above). If
accessibility issues are included, then the ability to
representadigital asset in multiple formsis required.
Forexample, an image needs to be described in text,
or alternatively in a sound file, to assist screen
readers or for those visitors who have sight impair-
ments. Finally, if the digital asset is to maintain its
original context and ownership, some meta-data
needs to be attached to it. There are many meta-data

standardsavailable, forexample, Dublin Core (DCMI,
2004) describes the object, and vCard (1996) de-
scribes the creator. EXtensible Markup Language
(XML) is a portable way for data to be described on
the Internet, by providing a structure where data is
easily categorized. For example, an XML file could
contain <author>Verhaart</author>. vCard is com-
monly distributed using its own format, butina paper
for the World Wide Web Consortium W3C (lannella,
2001) described vCard in the Web formats XML and
the Resource Definition framework (RDF) (Miller,
Swick, & Brickley, 2004). Another important fea-
ture is that the digital asset has some permanency,
thatis, inthe future it can be located. On the Internet,
the Uniform Resource Identifier (of which a Uni-
form Resource Locator—URL—is a subset) is one
way to give a resource an address. The Resource
Definition Framework (RDF) takes this a stage
further and also structures the resource using
eXtensible Markup Language (XML) (W3C, 2004b).
This is one of the cornerstones of the semantic Web
where objects of the Web maintain some meaning.

To cope with the available standards, a digital
asset is described in the Virtual Me framework
using a multimedia object (MMO) (Verhaart,
Jamieson, & Kinshuk, 2004). An MMO essentially is
a manifest of files that address the issues described
previously. It is made up of the actual files that form
the digital asset (multiple images, maybe a sound
file) plus a special file that manages the meta-data
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for the digital asset. In order to describe the meta-
data and associated files, a description language
(Media Vocabulary Markup Language — MVML)
has been developed (Verhaart & Kinshuk, 2004), and
is based on the standards mentioned previously:
XML, RDF, Dublin Core and vCard.

Annotations

The ability to capture the many types of knowledge
possessed by an individual is an integral part of
creating a Virtual Me. Implicit knowledge is the
simplest, since it can be easily written down, while
tacit knowledge (Polanyi, 1958) is often impossible
to be communicated in words and symbols (Davidson
& Voss, 2002) and is much more difficult to capture.
Tacit knowledge is often recalled when a context is
presented, and in the physical world can be preceded
with “Oh.. | remember...”. What about missing
knowledge, that is, the knowledge “we don’t know
we don’t know”? This is where visitors can assist. In
the real world, this is made up of research or personal
contacts filling in the blanks. The Virtual Me needs
the ability for visitors to add their own annotations at
various levels. Annotations can be classified at three
levels: creator only (intended to operate like post-it
type notes, although they should be viewable by site
owner), creator and site owner (a direct communica-
tion between them), and public (viewable to any
visitor).

Another technology gaining popularity to capture
missing knowledge is the wiki. Cortese (2003) indi-
cated that a wiki is Web collaboration software used
by informal online groups, and is taking hold in the
business realm. First coined in 1995 by Ward
Cunningham, wiki means quick in Hawaiian
(Jupitermedia Corporation, 2004). Itis proposed that
in the Virtual Me, a wiki type field is available to
users for each sniplet (Figure 1). Here, a visitor
would make a copy of the sniplet and be able to edit
it. The site owner could then update the actual sniplet
from the wiki to allow inclusion of missing knowl-
edge.

FUTURE TRENDS

Development of learning resources is a costly and
time consuming process. In order to facilitate the
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sharing and management of content, there is con-
siderable research in the construction and stan-
dardization of learning object repositories (McGreal
& Roberts, 2001). IEEE Learning Technology Stan-
dards Committee (IEEE LTSC) (1999) and Shar-
able Content Object Reference Model (SCORM)
(Advanced Distributed Learning, 2003) compliancy
is considered to be the current standard although
many countries are developing standards based on
these, such as United Kingdom Learning Object
Metadata (UK LOM) Core (Cetis, 2004) and the
Canadian equivalent, Cancore (Friesen, Fisher, &
Roberts, 2004). Content packagers such as RE-
LOAD (2004) are evolving to allow manifests of
files to be easily bundled together with learning
object meta-data. A survey by Verhaart (2004)
indicated that problems such as ownership have
caused learning object repositories to become meta-
data sites linked to personal content. This is a
persuasive argument for the Virtual Me frame-
work.

The second major trend is that of the semantic
Web. This is the vision of the modern Internet’s
creator Tim Berners Lee, and the W3C (2004) is
investing a significant part of its resources to mak-
ing this vision a reality. The semantic Web is
fundamentally about adding context and meaning to
the Web content. Use of the structures suggested in
thisarticle will enable mediaand multimedia objects
to retain and maintain their original context even
when used in many different contexts.

CONCLUSION

This article presents a discussion where the man-
agement of information is returned back to the
individual, eventhoughthereisaprevailingtrend to
centralize information. Observations in an educa-
tional setting indicate that many content deliverers:
tutors and lecturers, prefer to customize material to
reflect their personal styles. Further, personal own-
ership is a powerful motivator in the management
and evolution of information.

The Virtual Me framework attempts to address
this issue, allowing for the creation of a personal
learning portfolio where visitors can contribute to
the building of the content repository.
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KEY TERMS

Digital Asset: An electronic media element,
that may be unstructured such as an image, audio, or
video, or structured such as a document or presen-
tation, usually with associated meta-data.

Dublin Core: A set of 15 meta-data fields such
as title and author, commonly used by library sys-
tems to manage digital assets. (All fields are op-
tional.)

Learning Object: An artifact or group of arti-
facts with learning objectives that can be used to
increase our knowledge.

Media Vocabulary Markup Language
(MVML): A XML-based language that describes a
media element.
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Meta-Data: Commonly data about data. For
example, a digital asset has meta-data which would
include the derived data (size, width) and annotated
data (creator, description, context).

Multimedia Object (MMO): A self-describ-
ing manifest of files used to encapsulate an elec-
tronic media element. Consists of media files con-
forming to a defined naming standard and an asso-
ciated MVML file.

Resource Definition Framework (RDF): Part
of the Semantic Web, and is a way to uniquely
identify a resource whether electronic or not.

Sniplet: A piece of knowledge or information
that could be represented by one overhead transpar-
ency.

vCARD: A meta-data format that enables a
person to be described. This is used extensively in
commercial e-mail systems and can be thought of as
an electronic business card.

Virtual Me: A framework that uses Internet
technologies to structure a personal portfolio and
allows external users to add annotations. A snipletis
its basic unit, and digital assets are structured as
multimedia objects (MMOs).

Web Log (Blog): An online diary, typically
authored by an individual, where unstructured com-
ments are made and annotations can be attached.

Wiki: A publicly modifiable bulletin board, where
anyone can change the content. Some provide fea-
tures so that changes can be un-done. From “wiki”
meaning “quick” in Hawaiian, and coined by Ward
Cunninghamin 1995.
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INTRODUCTION
What is the Internet?

The development of the Internet has a relatively
brief and well-documented history (Cerf, 2001,
Griffiths, 2001; Leiner et al., 2000; Tyson, 2002).
The initial concept was first mooted in the early
1960s. American computer specialists visualized the
creation of a globally interconnected set of comput-
ers through which everyone quickly could access
data and programs from any node, or place, in the
world. Inthe early 1970s, aresearch project initiated
by the United States Department of Defense inves-
tigated techniques and technologies to interlink packet
networks of various kinds. This was called the
Internetting project, and the system of connected
networks that emerged from the project was known
as the Internet. The initial networks created were
purpose-built (i.e., they were intended for and largely
restricted to closed specialist communities of re-
search scholars). However, other scholars, other
government departments, and the commercial sec-
tor realized the system of protocols developed during
this research (Transmission Control Protocol [TCP]
and Internet Protocol [IP], collectively known as the
TCP/IP Protocol Suite) had the potential to revolu-
tionize data and program sharing in all parts of the
community. A flurry of activity, beginning with the
National Science Foundation (NSF) network
NSFNET in 1986, over the last two decades of the
20" century created the Internet as we know it
today. In essence, the Internet is a collection of
computers joined together with cables and connec-
tors following standard communication protocols.

What is the World Wide Web?
For many involved in education, there appears to be

an interchangeability of the terms Internet and
World Wide Web (WWW). For example, teachers
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often will instruct students to “surf the Web,” to use
the “dub.dub.dub,” or alternatively, to find informa-
tion “on the net” with the assumption that there is
little, if any, difference among them. However, there
are significant differences. As mentioned in the
previous section, the Internet is a collection of
computers networked together using cables, con-
nectors, and protocols. The connection established
could be regarded as physical. Without prior knowl-
edge or detailed instructions, the operators of the
connected computers are unaware of the value,
nature, or appropriateness of the material stored at
the node with which they have connected. The
concepts underlying the WWW can be seen to
address this problem. As with the Internet, the
WWW has a brief but well-documented history
(Boutell, 2002; Cailliau, 1995; Griffiths, 2001). Tim
Benners-Lee is recognized as the driving force
behind the development of the protocols, simplifying
the process locating the addresses of networked
computers and retrieving specific documents for
viewing. It is best to imagine the WWW as a virtual
space of electronic information storage. Information
contained within the network of sites making up the
Internet can be searched for and retrieved by a
special protocol known as a Hypertext Transfer
Protocol (HTTP). While the WWW has no single,
recognizable, central, or physical location, the spe-
cific information requested could be located and
displayed on users’ connected devices quickly by
using HTTP. The development and refinement of
HTTP were followed by the design of a system
allowing the links (the HTTP code) to be hidden
behind plain text, activated by a click with the mouse,
and thus, we have the creation and use of Hypertext
Markup Language (HTML). In short, HTTP and
HTML made the Internet useful to people who were
interested solely in the information and data con-
tained on the nodes of the network and were uninter-
ested in computers, connectors, and cables.
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BACKGROUND
Educational Involvement

The use and development of the Internetinthe 1970s
was almost entirely science-led and restricted to a
small number of United States government depart-
ments and research institutions accessing online
documentation. The broader academic community
was not introduced to the communicative power of
networking until the start of the 1980s with the
creation of BITNET, (Because It’s Time Network)
and EARN (European Academic and Research
Network) (Griffiths, 2001). BITNET and EARN
were electronic communication networks among
higher education institutes and was based on the
power of electronic mail (e-mail). The development
of these early networks was boosted by policy
decisions of national governments; for example, the
British JANET (Joint Academic Network) and the
United States NSFNET (National Science Founda-
tion Network) programs that explicitly encouraged
the use of the Internet throughout the higher educa-
tional system, regardless of discipline (Leiner etal.,
2000). By 1987, the number of computer hosts
connected to networks had climbed to 28,000, and by
1990, 300,000 computers were attached (Griffiths,
2001). However, the development of the World
Wide Web and Hypertext Markup Language, com-
bined with parallel development of browser soft-
ware applications such as Netscape and Internet
Explorer, led to the eventual decline of these e-mail-
based communication networks (CREN, 2002). Educa-
tional institutions atall levels joined the knowledge age.

FUTURE TRENDS

The advances in and decreasing costs of computer
software and hardware in the 1980s resulted in
increased use of and confidence in computer tech-
nologies by teachers and learners. By the mid-
1990s, a number of educational institutions were
fully exploiting the power of the Internet and the
World Wide Web. Search engines to locate and
retrieve information had been developed, and amini-
publication boom of Web sites occurred (Griffiths,
2001). In the early stages, educational institutions
established simple Websites providing potential stu-
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dents with information on staff roles and responsi-
bilities; physical resources and layout of the institu-
tion; past, present, and upcoming events; and arange
of policy documents. As confidence grew, institu-
tions began to use a range of Web-based applica-
tions such as e-mail, file storage, and exams, to make
available separate course units or entire and pro-
grams to a global market (Bonk et al., 1999). Cur-
rently, educational institutions from elementary lev-
els to universities are using the WWW and the
Internetto supplement classroom instruction, to give
learners the ability to connect to information (in-
structional and other resources), and to deliver learn-
ing experiences (Clayton, 2002; Haynes, 2002; Rata
Skudder et al., 2003). In short, the Internet and the
WWW altered some approaches to education and
changed the way some teachers communicated with
students (McGovern & Norton, 2001; Newhouse,
2001). There was and continues to be an explosion
of instructional ideas, resources, and courses on the
WWW during the past decades as well as new
funding opportunities for creating courses with
WWW components (Bonk, 2001; Bonk et al., 1999;
van der Veen et al., 2000). While some educators
regard online education with suspicion and are criti-
cal that online learning is based on imitating what
happens inthe classroom (Bork, 2001), advocates of
online, Web-assisted, or Internet learning would
argue that combining face-to-face teaching with
online resources and communication providesaricher
learning context and enables differences in learning
styles and preferences to be better accommodated
(Aldred & Reid, 2003; Bates, 2000; Dalziel, 2003;
Mann, 2000). In the not-too-distant future, the use of
compact, handheld, Internet-connected computers
will launch the fourth wave of the evolution of
educational use of the Internet and the WWW
(Savill-Smith & Kent, 2003). It is envisaged that
young people with literacy and numeracy problems
will be motivated to use the compact power of these
evolvingtechnologiesin learning (Mitchell & Doherty,
2003). These students will be truly mobile, choosing
when, how, and what they will learn.

CONCLUSION

The initial computer-programming-led concept of
the Internet first mooted in the early 1960s has
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expanded to influence all aspects of modern society.
The development of the Hypertext Transfer Protocol
to identify specific locations and the subsequent
development of Hypertext Markup Language to dis-
play content have enabled meaningful connectionsto
be made from all corners of the globe. As procedures
and protocols were established, search facilities were
developed to speed up the discovery of resources. At
this stage, educationalists and educational institutions
began to use the power of the Internet to enhance
educational activities. Although in essence, all we
basically are doing is tapping into a bank of comput-
ers that act as storage devices, the potential for
transformation of educational activity is limitless.
Increasingly, students will independently search for
resources and seek external expert advice, and stu-
dent-centered learning will have arrived.
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KEY TERMS

HTML: Hypertext Markup Language (HTML)
was originally developed for the use of plain text to
hide HTTP links.
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HTTP: Hypertext Transfer Protocol (HTTP) is
a protocol allowing the searching and retrieval of
information from the Internet.

Internet: Aninternet (note the small i) is any set
of networks interconnected with routers forwarding
data. The Internet (with a capital 1) is the largest
internet in the world.

Intranet: A computer network that provides
services within an organization.

Node: These are the points where devices (com-
puters, servers, or other digital devices) are con-
nected to the Internet and more often called a host.

Protocol: A set of formal rules defining how to
transmit data.

TCP/IP Protocol Suite: The system of proto-
cols developed to network computers and to share
information. There are two protocols: the Transmis-
sion Control Protocol (TCP) and the Internet Proto-
col (IP).

World Wide Web: A virtual space of electronic
information and data storage.
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INTRODUCTION

Two decades ago, the U.S. Air Force asked human
factors experts to compile a set of guidelines for
command and control software because of software
usability problems. Many other government agen-
cies and businesses followed. Now hundreds of
guidelinesexist. Despite all the guidelines, however,
most Web sites still do not use them. One of the
biggest resulting usability problems is that users
cannot find the information they need. In 2001,
Sanjay Koyani and James Mathews (2001), re-
searchers for medical Web information, found, “Re-
cent statistics show that over 60% of Web users
can’t find the information they’re looking for, even
though they’re viewing a site where the information
exists”. In 2003, Jakob Nielsen (2003), an interna-
tionally known usability expert, reported, “On aver-
age across many test tasks, users fail 35% of the
time when using Web sites.” Now in 2005, Muneo
Kitajima, senior researcher with the National Insti-
tute of Advanced Industrial Science and Technol-
ogy, speaks of the difficulties still presentin locating
desired information, necessitating tremendous
amounts of time attempting 