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Abstract

The user interface is a complex but fascinating phenomenon. There are signs to
be discovered with semiotic tools that provide new and dif ferent perspectiveson
relevant user interface issuessuch as design, redesign and evaluation. This re-

port focuseson the valuable insights that semiotic analysis can offer reseachers
in these elds.
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Chapter 1

Introduction

This project covers a very broad range of topics that challenge user interface designers and
reseacherstoday.

A major challenge is the nature of design. To design is to create, but it is not a rigor ous
activity that can be guided by strict rules and conventions. Thus, it is not an easy process,
especially for user interface design. Designing the user interface is a creative activity and
yet user interfaces are required by usersfor specialised and highly structured tasks. There-
fore, user interface design processesface the task of attempting to impose structure on an
inherently chaotic activity, while still allowing enough opportunity for user interface de-
signersto produce novel but usable solutions. Usage-Centeled Design hasbecomeawidely

accepted user interface design processand has been successfulin a number of projects of
varying sizes. It is an attractive reseach opportunity to attempt to determine what makes
this processso successful.

An approach that has started making more headway into all facets of computer scienceis

semiotics — the study of signs. From a semiotic perspective, we canview the user interface

as a collection of signs, each designed to convey an intended message. The user interface

designer can be viewed as an encodewof signs and the user of the interface, as the decoder
It is clear that both the encoder and the decoder must agree on the system they are using

in which to communicate, or else problems with interpr etations of the messageare likely to

arise. Semiotics allow us to model user interface elements and study them as signs. Some
kinds of signs are easierto interpr et than others. It has been the goal of this reseach to

try and determine how users interpr et signs, why signs used in the user interface can be
problematic and why others are so successful.

This project applied semiotic analysis to various aspectsof a user interface and user inter-
face design. We explored different types of signs and how redesigning an interface impacts
on the type of the new sign. During the course of the year, we also conducted an icon in-
tuitiveness study in order to learn how usersinterpr et what they see,and we conducted a
heuristic evaluation. Both these studies provided valuable insights into usersand the their
relationships with the computer systemsthey use.

Road Map

This report begins by giving an overview of the discipline of semioticsin chapter 2. Herewe
intr oduce the appropriate models and justify why applying a Peirceanframework of semi-
otics is suitable for investigating user interface design issues.In chapter 3, we intr oduce two



interesting studies about icon interpr etations and then report the results of an icon intuitive-

nesstest of our own. Chapter 4 investigates the semiotics of user interface redesigns, i.e.,
how the semiotics of a sign changesasthe sign is redesignedin the interface. Thereis no ev-
idencein the literatur e to suggestthat the discussion in chapter 5 hasbeenattempted before.
This chapter explains the Usage-Centered Design processin terms of semiotics. Finally, our
conclusions are presentedin chapter 6 and any criticisms that need to be considered, are
presented here also. Appendix A contains the paper that was acceptedfor publication by
the Australian User Interface Conference2005. Appendix B contains the documents for the
icon intuitiveness test we carried out. Appendix C contains the documents for the heuristic
evaluation we carried out and appendix D reports the results. Appendix E contains some
earlier work done during the early stagesof (mis)understanding semiotics.



Chapter 2

Semiotics

2.1 Introduction

This chapter presentsa very basic intr oduction to semiotics. The most important semiotic
conceptsthat will be referred to throughout the rest of the report are introduced, and we
alsoinclude adiscussion on how semiotics applies to the user interface.

2.2 A De nition

Semioticgs the doctrine of signs The sign is the most important building block of semiotic
study and it is de ned asanything that stands for something elseto some interpr eter [42].
Hence, signs can be wor ds, gestures, sounds, pictur es, scentsetc. Yet, a sign is not a sign
unless it is interpr eted as such [33] — a sign must be something that meanssomething to
someone. Semioticians break the sign up into parts and study the way these parts interact
to form meaning.

2.3 Semiotic Models

The ancient Greeks from the 6th century BCE are the earliest recognised group who con-
tributed to the theory of signs [29]. The two major gur esin the recent history of semi-
otics, from which the modern European and American traditions are derived, are the Swiss
linguist Ferdinand de Saussue (1857-1913) and the American scientist and philosopher
Charles SandersPeirce (1839-1914).

2.3.1 The Saussurean Model

Ferdinand de Saussue's dyadic model maintains that a sign is a result of the union of a
signi er — the form which a sign takes— and a signi ed — the conceptit represents. Being
interestedin units and rules that combine them into meaningful systems, Saussue was the
rst to attempt to describe the structure of language, as opposed to describing its history
or form [29]. His theories continue to be successfully applied today in many elds such as

In fact, Saussute coined the term semiologyto indicate the discipline of the study of signs accoring to his
approach [48]. Both the terms “semiotics' and “semiology' originate from the Greekword for sign: semeiorj49].



Representamen

Ohject Interpretant

Portrait of Charles “This sign is a portrait

Sanders Petrce of Charles Sanders
Peirce.”

Figure 2.1: Peirceanmodel: iconic sign

social studies, linguistics and religion. The Saussuean model will not be further discussed
here, since we nd the Peircean model (outlined below) to be more appropriate for our
analysis.

2.3.2 The Peircean Model

In contrast to Saussume, Peirce's model consistsof a triadic relationship containing: the rep-
resentamerthe objectand the interpretant(see gur e2.1). The representamenstandsto some-
body for something in some respector capacity. It addressessomebody and createsin the
mind of that person an equivalent, or perhaps more developed sign. The objectis the actual
thing the sign stands for [42]. The interpr etant is therefore the sign created in the mind of
the perceiver or the reaction causedby the objectin the perceiver [4].

Peirce classi ed signs into thousands of categories, but acknowledged that the three most
fundamental sign divisions are the icon index and symbol The category a sign belongs to
depends on the relationship between the objectand the representamen.

If the representamenresembles,or in someway imitates, the objectthen the sign can be in-
terpreted asiconic. See gur e 2.1: Here the representamenresemblesthe portrait of Charles
SandersPeirce and the perceiver of the sign can interpr et this as such precisely becausethe
representamenresembleshim enough to be recognisable. According to the triadic model,
this signis only fully formed when the perceiver (interpr eter) interpr etsthe sign asstanding
for aportrait of Charles SandersPeirce.

Indexical signs exist becauseof a causalrelationship between representamenand object. In
this casethe sign does not representits object but the representamencreatesa link between
it and the object in the mind of the perceiver. In gur e 2.2, the time display on the wrist
watch is an index of the time of day becausethe perceiver must perform areferential action:
the time displayed on the watch must be understood asreferring to the time of day.

If the relationship between the object and the representamenis a purely conventional one
that must be learned by the perceiver, then the sign is symbolic. An example is given in

4
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The time of day “The time displayed
on this watch is
conneeted to the time
of day™

Figure 2.2: Peirceanmodel: indexical sign

gur e 2.3. It is by learning to associatethis symbol with a place where information can be
obtained, that this speci c interpr etant is generated in the mind of the perceiver when this
sign is encountered. Learning is necessarybecausethere is nothing in the representamen
that resemblesor allows the perceiver to infer the notion of information. We cansay that the
relationship between the representamenand the objectis arbitrary. At this point it must be
stressedthat the threedivisions are not mutually exclusive. Most signs contain elements of
iconicity, indexicality and symbolism in varying measures. It is very rare, and some argue
impossible, to nd signsin the realworld that belong to solely one division. A well known
example of a sign that can belong to all three categoriesis the photograph. While it is an
icon in that it looks like the objectsit represents,it is also an index of light on photographic
emulsion [14], which is a sign of an event that has taken place at some point in time. Lin-
dekens[32] would argue that the photograph is symbolic, asthe cameracan never make an
exactreplica of events, due to technological constraints.

Another instance where signs may belong to more than one category is in the caseof in-
dexical signs. An indexical sign may not be able to be interpr eted as such unless the iconic
representation of the sign is understood. For example, if the perceiver is unable to identify a
footprint asthat of ahuman being, it would beimpossible to go on to infer that the footprint
is an index of human presence.However, it is notable that some relationship between the
objectand representamenwill tend to dominate in the sign and then it can be said that the
sign is primarily of that relationship which dominates.

2.4 Semiosis

For a sign to exist, it must consist of all threeparts (the object, representamenand the inter-
pretant) and the interaction betweenthem is a processPeirce termed semiosisHe described
this processas “an action, an in uence, which is, or involves, a cooperation of three sub-
jects,such asa sign, its objectand its interpr etant, this tri-r elative in uence not being in any
way resolvable into actions between pairs.” [42] Goguen seessemiosis as the construction
of meaning [28]. Clearly, then semiotics is concernedwith "how' signs mean [11], instead of
‘what' they mean.



Representamen

a

Object Interpretant
Thefile is a “My file 1s a
document document.”

Figure 2.3: Peirceanmodel: symbolic sign

Peirce did not name the relations between the three parts of the sign, but Barr [8] suggests
away of relating the object, representamenand interpr etant that easesfurther discussion
throughout this report. He proposesthreerelationships:

1. The repesentatiorrelation that occurs between the objectand the representamen,;

2. The interpretationrelationthat occurs between the representamenand the interpr etant;
and

3. The matchingrelationthat occurs between the object and the interpr etant.

Figure 2.4taken from Barr's thesis [8] shows where the suggestedrelationships may appear
on the Peirceantriad.

To conclude this discussion of the theory of semiotics, we mention Eco'sinsistencethat it is
not enough that the sign simply representssomething else. Semiosismust be allowed to be
performed by the perceiver of the sign. Thus, for something to be a sign, it must adhere to
two criteria : substitution and interpr etability [26].

For the rest of this study, we use the Peirceanmodel asa basis of the discussion, as several
other authors have identied it asa good model for studying computer based signs and
applied it successfully [35], [40], [8].

2.5 Semiotics and the User Interface

Semioticsis important to the general eld of userinterface design, sincedesign is concerned
with representation and semiotics provides tools for analysing these representations. The
sign in the user interface is always an intentionalsign, i.e., someonehas createdit in order to
convey some messageto the user. As Andersen notes, the designer builds the user interface
so it can be used to tell people something [1]. So, the designer combines various signs to

6
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Object Matching Interpretant

<<cars must stop here>> "I should stop my car.”

Figure 2.4:Barr's suggestedrelationships between the parts of the sign

make up the interface in order to convey its intended meaning to the user. Further, Nadin
[36] maintains that to designmeansto structure systems of signs in such a way asto make
possible the achievement of human goals, one of which is communication. The communi-
cation referred to here is that between the user and the designer [35].

The user interface can be seenas a complex sign made up of many smaller signs (buttons,
scroll bars, images, etc.) all contributing to the processof communication, with eachof the
smaller signs having their own triadic relation. The representamencorrespondsto the form
the sign takesin the interface, the object correspondsto the underlying functionality of the
sign and the interpr etant corresponds to the sign generated in the mind of the user. This
implies that users are required to guessat the object of the sign when interacting with the
interface.

Due to signs in the interface being intentional signs asde ned above, signs can be said to
be successfulwhen the user's interpr etant matchesthe object of the sign, and unsuccessful
otherwise []. This property allows us to evaluate the user interface, since the ideal interface
would consistonly of successfulsigns.

One potential problem with applying semiotic analysis to computer signs is imagining that
all signs in the user interface are indexical, since all signs found in the interface necessar
ily have an underlying functionality . (This assumesthat the interface is the most economic
collection of signs that allows the user to perform all the tasks required.) Assuming index-
icality is somewhat justied seeingaswhen the user activates? a sign in the interface this
almost always results in some action on the part of the system— indicating a causalrelation
between the representamenand the object. But this would be ignoring the representation
relationship [35] between thesetwo; more speci cally , the visual elementsof the representa-
men and how this relatesto what functionality it is signifying. An example is the document
icon found in many desktop applications. Figure 2.3shows the triadic relation between the
representamen,objectand interpr etant of the document sign. Selectingthis sign on the desk-
top resultsin anew document being createdfor the userto edit. Clearly thereis a cause(the
creation of a new document) and we may assumethe sign is indexical, but when the visual
elements of the representamenis considered in relation to its object, we realisethat this sign

2Note that the user can activatea sign in various ways: single or double mouse click, keyboard input or any
form of manipulation of what is presentedin the user interface.



(the image of a paper baseddocument) resemblesthe system concept of a document. Thus,
it is an iconic sign. Only when this representational aspectis considered canthe signs of the
interface be classi ed asbelonging to any of Peirce'sthree main divisions and not just asto
the group of indexical signs.

2.6 Summary

This chapter brie y intr oduced semiotics asthe study of signs and the dif ferent sign types as
identied by Peirce. We explained that a sign must be both substitutable and interpr etable
for it to be called a sign. Finally we showed how user interface components can be seen
as signs and warned of the danger of interpr eting all computer based signs as being only
indexical.



Chapter 3

User Interface Icons

3.1 Introduction

Graphical user interfaces make heavy use of icons to represent functionality required by
usersin performing their tasks. Icons are a popular method for visually representing func-
tionality becausethey provide direct access(as opposed to functionality hidden away in
menus), dir ect manipulation (one mouse click results in an action) and can save valuable
user interface real estate. Studies have shown that icons are also faster and easierto recog-
nise than text [16]. Good icon design should support the learnability and rememberability
[21] of the user interface but of course, badly designed icons would have the opposite effect.
Unfortunately icon design is not well understood and often usable icons are obtained sim-
ply by trial and error. This chapter presentsa semiotic explanation for why some icons are
likely to be better understood by usersand others lessso.

In Figure 3.1from Schafer and Sor aten [46], it is easyto read the message.lt is clear that
all the pictographic images are iconic signs, i.e., they look like the things they are intended
to represent. Yet this easeof interpr etation of images does not always extend to computer
icons. Therefore, if icons are to be used successfully in user interfaces they need to be well
designed, but more importantly , thoroughly tested by the users. This chapter intr oducesan
icon intuitiveness study done by Nielsen and Sano[39] (performed as part of the usability
evaluation of Sun Microsystems'internal web), a study by Piamonte, Ohlsson and Abeysek-
era[44] of candidate icons for usein telecommunications software and an Icon Intuitiveness
Test carried out by the authors. Our hypothesis was that users will interpr et the icons as
iconic signs and Eco [26] statesthat this is the caseunless they already believe that it is
appropriate to make further inferencesabout the icons. He further explains that “only if |
already know the general rule which makes for “if smoke, then r €' am | able to render the
sensory datum meaningful”

3.2 Icon Semiotics

Using only icons (pictorial representations of functionality) in any application is discour-
aged but they can be a powerful and ef cient way of communicating the underlying func-
tionality to the user, provided they are well designed. Picturesare better in communication
for some problems but worse for others. Thus it is not enough to rely only on pictorial
representations.
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Figure 3.1: Reading with pictur es

The semiosis of using icons can be seenas consisting of three parts: the initial state, the
processand the nal state[2]. As illustration, we refer to a particular button found in the
user interface of SAS/GRAPH v8.2 [50]. This button is an icon that the user can selectin
order to resizea graph. Supposing some user wishes to enlarge a graph, the initial state of
this interaction consists of the application, e.g. SAS/GRAPH and the opened le in which

the graph the user wishes to resizeis located. Once the user has clicked on the resizegraph
icon, the nal stateis observed as an enlarged graph in the le the user was working on
in the SAS/GRAPH application. The user can therefore, interpr et the processas “I have
enlarged my graph” although there is essentially a gap between the initial and nal states
that the user will never see. This gap is speci ed in a program and the user is required to
make guessesat what this processdoes. Hence, the user createsan interpr etant based on
clues obtained from sensory input whereasthe programmer intends an interpr etant with

the icon's design. If the user guessescorrectly, i.e., createsthe correctinterpr etant, then the
nal stateis the desired nal state. However if the user guesseswrongly, becausethe wrong
interpr etant is created in the mind of the user, the nal state representsan undesired state.
Andersen et. al. speak of this processasinteractionalsemiosi$2, p 63].

Barr, Biddle and Noble [9], de ne an icon to be successfulif the interpr etant of the user
matchesthe objectthat the designer had intended with that sign, and asunsuccessfulwhen
the user's interpr etant does not match the designer's intended object. Hence, if the nal

state in Andersen's interactional semiosisis the desired state, then the sign used to obtain
the nal stateis successful. Otherwise, if the nal stateis the undesired state, then the sign
is unsuccessful.

3.3 SunWeb

In an icon intuitiveness study done by Nielsen and Sano [39], which was performed as
part of the usability evaluation of Sun Microsystems' internal web, it was interesting to
note the way the test users had interpr eted the icons. The results can be seenin gur e 4.6.
In the study images were presentedto users and then they were asked to indicate what
functionality they thought the icons represented. For the most part the users seemedto
respond to the question in a way that made it clear that they were interpr eting the sign
iconically. If the intended meaning of the icon is equated with the object of that sign and
the TestUser's Interpr etation equated with its interpr etant, then Peirce's triadic model can
be reconstructed for eachindividual icon. Figure 3.4is an example. Here the interpr etation
relationship between the Interpr etant and the Representamenshows that the interpr eter (in
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Functionality Abstract symbol Concrete symbol

Retrieve LE’

Figure 3.2: From Piamonte, Ohlsson and Abeysekera[44]: “Abstract' and "Concrete symbols'
for the function “Retrieve'

. (a& ““'Inrended Meaning: Geographic view of the company " T :
:(branch ol irditEarent tosstione, Test Users' Interpretations: World, global view, planet, the world, Earth.
=

u"&)

: s . ;Test Users' Interpretations: Health field, money, health care is expensive, Clinton's
Intended Meaning: Benefits. | ? ; ;
| \health plan, hospital, don't know, benefits,

;Inrended Meaning: Public relations (T with
;commercial).

\Test Users' Interpretations: TV set, video, TV, TV, TV,

Intended Meaning: Product catalog, Test Users!' Interpretations: System oriented, disk, CD, Computer, CO-ROM,

= = s » R v i i i |
interided Mesning: World wide web, Test Users' Interpretations: Networking on a world scale, map, location, dimensions

== |CD-ROM,
'Inrended Meaning: Specialized tools (toolbox). \Test Users' Interpretations: Briefcase, personal info, briefcase, toolbox, briefcase.
E_d_g'fntemded Meaning: What's new (bulletin board). |Test Users' Interpretations: Bulletin board, bulletin board, bulletin board, laundry.
5 - |
% | ' jof the plaret, netwarking around the world, geography, global

Figure 3.3: From Nielsen and Sano[39: Results of the icon intuitiveness study

this casethe TestUser) expectedthe representation relationship between the Object and the
Representamento be iconic. However, it is not an iconic relationship but a symbolic one
— the image of hardwar e (monitor, server and compact disc) does not look like a product
catalog. Other iconswith ahigh number of iconic interpr etations werethe icons representing
the "geographicview of the company', “public relations', “specialisedtools' and "what's new'.

3.4 Telecommunications

There has also been another study carried out by Piamonte, Ohlsson and Abeysekera [44].
They tested icons used in telecommunication-communication products that were divided
into threesetsof icons: what they call “abstractsymbols', “‘concrete symbols' and “proposed
symbols'. The two types of symbols of interestare the 'abstract symbols', which correspond
to Peirce's notion of symbolic signs and the “concrete symbols', which correspond to the
Peirceannotion of iconic signs. Hence, the “abstractsymbols' were designed sothat they did
not look like the functionality they representedand the ‘concrete symbols' were designed
so that they represented their underlying functionality . Figure 3.2 shows an example of
the “abstract' and “concrete symbols' for the function "Retrieve'. Their study showed that
participants were better at recognising the “concrete symbols' than the “symbolic symbols'.
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Representamen

Ohject Interpretant

Product catalog "Disk" or "CD" ar "Computer” or
"CD_ROM"

Figure 3.4: Peirceantriad of a SunWebicon

3.5 Icon Intuitiveness Test

To determine whether the results from the SunWeb and telecommunications studies would
extend to other computer icons aswell, we carried out an Icon Intuitiveness Testusing a set
of computer icons from a range of desktop applications aswell asicons used in examples
given by other icon reseachers. The questionnaire for the Icon Intuitiveness Test can be
found in appendix A of this report. In gur es3.6,3.7 and 3.8the column headed "Origin'
lists the application or study from which the icons were selectedand below is a summary:

Acrobat Reader6.0
Schafer and Sor aten [46]
Micr osoft Excel

KSpread

Maple 9.5

Maple Worksheet 9.5
SAS/GRAPH v8.1and v8.2
KView

Piamonte, Ohlsson and Abeysekera [44].

3.5.1 Selecting the Icons
The icons selectedfor the study were icons that would not be too familiar to experienced

computer users and they usually represented the less frequent functions in applications.
This was done so that the participants' answers were not in uenced by what they could

12



Iconic sign Symbolic sign Functionality
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m}‘ ot Eesize to fit window
11

Insert graph / start
chart wizard

L @' Eotate 1nage
12 14
4 % Eesize
, graph
(b A
— 14

% ﬁ‘h\ Answer ringing call

18

20
15

Figure 3.5:1conic and Symbolic icons used in the Icon Intuitiveness Test

remember the icon to mean. Also, due to established conventions, many interfaces now
have very similar icons for representing frequent actions such asopening a new document,
saving a le to disk, copying, pasting and cutting. Therefore,thesewere not selectedfor the
icon intuitiveness test — the fact that these icons have become conventional already attest
to their successwith users.

Further, someicons were selectedthat looked dif ferent but had the samefunctionality . These
were the icons for expanding the current window to t to the screen, inserting a graph,
rotating an image clockwise, enlarging a graph, answering a ringing call and a message
noti cation. Theseicons were chosenso that one representation was an iconic sign and the
other a symbolic sign. Figure 3.5shows the icons with the samefunctionality .

Thus, the icon was selectedeither becauseit was not a conventional icon, or it was a func-
tionality that was representediconically in one application and symbolically in another.

3.5.2 Organisation

In a similar way to the SunWeb study, the Icon Intuitiveness Test presentedicons to users
and they were askedto specify what they thought the icons meant. This was a paper based
guestionnaire. The icon set was divided into three groups depending on the type of ap-
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Participant Education Context Provided
femalel Undergraduate yes
male Honours (Bio) yes
female2 Honours (CS) no

Table 3.1: Pilot study participants

plication from which they were obtained. The rst group was called the "Word processing
and Spreadsheeticons' and consisted of the icons from Acrobat Reader 6.0, Schafer and
Sor aten [46], Micr osoft Exceland KSpread. The secondgroup was called "Maths/Statistics
software and Graphics icons' and consisted of the icons from Maple 9.5, Maple Worksheet
9.5,SAS/GRAPH v8.2and KView. The last group was called “Telecommunications software
icons' and consisted of icons from the telecommunications study [44].

The icons were organised into threetables of two columns eachaccording to the group they
belonged to. One column contained the icons and the other was left blank so the partici-
pant could Il in their interpr etations. The icons within the tables had no special ordering
Eachtable was headed by the context, i.e., the type of application the icons were obtained
from. The contexts corresponded to the three groups mentioned before: "Word processing
and Spreadsheeticons', "Maths/Statistics software and Graphics icons' and “Telecommuni-
cations softwareicons'. The provision of the context hasthe effect of constraining the appli-
cant's interpr etation of the icon becausea program embodies stable properties that constrain
user activities[5].

3.5.3 Pilot Study

The pilot study was performed with threeparticipants — two female and one male. One of
the females and the male participant were both Honours students (Computer Scienceand
Biology respectively) and the other female a nal year undergraduate in a eld other than
Computer Science.The details of the participants canbe summarised in table 3.1.

Consequently, the pilot study showed that those participants with a strong background in
computing — either as Computer Sciencestudents or otherwise — could infer from the
context what the icon meant.

In the caseof the male participant, the guesseswerealmost all correcteventhough he admit-
ted that he had never encountered some of the icons before. This led to the decision to omit
the context from the questionnaire for Computer Sciencestudents who may participate. The
context was retained for the students with no Computer Sciencebackground.

As aresult, the Icon Intuitiveness Testconsisted of two questionnairesin which the context
was either omitted or included, depending on the computing background of the participant.

3.6 Characteristics of Test Participants

There were eight participants, two of which were Computer Sciencestudents. The others
could beclassi ed asusing the computer for work or for university assignments. They were
all aware that someicons had the samefunctionality , but were not told which.
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Figure 3.6:Icon intuitiveness testresults. * are from Schafer and Sor aten[46].
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Figure 3.7:Icon intuitiveness test results continued. ..
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Figure 3.8:Icon intuitiveness test results continued. * are from Salasoo[44.
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It was not important for the participants to be existing or prospective users of the applica-
tions that the icons were obtained from, since this test was to ascertain how users would
interpr et the icons. Hence participants who have not encountered theseicons before would
give abetter indication of how well understood the icons would bein general.

3.7 Results

From gur es3.6,3.7and 3.8t is obvious that a given pictur e de nitely does not convey
the samethousand words to all viewers! These gur esshow all the guesseshy the partici-
pants. Someparticipants made morethan one guessfor anicon and some participants made
identical guesseswhich are shown asseparateguesses.

Correctguesseswere taken asguessesthat were either exactly the functionality represented,
or a closeguessthat would be unambiguated by the context of the speci ¢ application. For
example, the guessesfor the “Fit window' icon (icon number 2)in gur e 3.6 were taken as
correct if they indicated that something could be expanded to t the window , and almost
correct if the guessimplied some analogy to making something larger, expanding or in-
creasing. Figure 3.10shows that for icon 2 there were four correct/almost correct guesses.
Thesewould be the guesses’expand', 'resizeto full screen’, ‘increase'and "maximise win-
dow'. The same gur e shows that icon 5 had three correct/almost correct guesses. These
would correspondto ‘reversepageorder’, ‘reversepageorder' and “pagesin reverseorder"'.
It is clear that the main concept of applying some functionality to pagesin the reverseorder
was understood by the participants. An assumption we make is that in the context, i.e., in
the actual application, the same participant would be able to deduce from the information
available that this icon means "print pagesin reverseorder'.

3.7.1 lcon Success

ISO (International Organisation for Standards) 9186suggestsa rate of 66%for icon recogni-
tion ratesin order for the icon to be classi ed assuccessful.In this study, the recognition rate
can be computed by taking the number of correct/almost correct guessesasa percentageof
the total number of guesses.The values we are working with are rather small, soit is neces-
sary to bearin mind that one guessmore or one guesslesswill have the effect of increasing
or reducing the recognition rate by more than 10%.

According to the benchmark of 66%,the most successfulicons (in gur es3.10,3.11and 3.12)
were:

icon 8 recognitiornrate 100%
icon 15recognitionrate 75%
icon 16recognitionrate 100%
icon 20recognitionrate 75%

Icon 9is very closeto being successfulwith 62.5%.

Noticeably, out of this set of four, three are iconic signs (icons 8, 15 and 20) and one is a
symbolic sign (icon 16).

'No guessis taken asa 'don't know'
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The least successfulicons are those with a recognition rate of zero: icons 3,4, 6,11,14,19.

The participants had the most dif culty with icon 4. Although there were other iconsin the
setthat had zero correct/almost correct guesses,this icon had only two guesses(retrieve
data with similar features' and “do not split (something)") that could reasonably be func-
tionality belonging to aword processingor spreadsheetapplication. The other participants
either could not guessat all or simply ignored the given context and made a guessbased
on the appearance of the image — “setup camp on either side of the river' is a particu-
larly iconic interpr etation of the icon, since the diagonal line through the image is not even
recognisedasa symbolic sign prohibiting something.

Another obviously problematic sign is icon 19. This image of a bottle trigger ed the idea of
amessagein exactly two participants but they disagreed on whether the messagecould be
sent or composed using this icon. One participant expected the interpr etation of this icon
to require a referential action such aswas required for the debugging icon (icon 10). Such
icons are sometimes called visual punsand are prone to misunderstanding.

3.7.2 Iconic versus Symbolic Signs

The computer icons that had the samefunctionality were chosensuch that onewas aniconic
representation and the other a symbolic representation (see gur e 3.5).

Resize to Fit Window

Icons 2 and 11 both represent expanding the window to t the screen, however, icon 2 is
the iconic representation and icon 11 is the symbolic representation. In this study none of
the participants could guessthe symbolic icon 11 correctly, whereasicon 2 performed better
with arecognition rate of 50%.

One reasonfor this result could be that on many desktops the mouse pointer changesto
look like icon 11when it is possible to move an objectaround. Hence explaining the reason
almost all guessesreferred to the action of moving an object.

Insert Graph

Icons8and 9 both representthe option of inserting agraph or starting agraph wizard to help
createa graph. Icon 8 is the iconic representation and had a signi cantly better recognition
rate (100%)than icon 9 (62.5%).

In this caseicon 8 was taken from amore popular application — Micr osoft Excel— than icon
9 from KSpread. Additionally , the size of icon 9 makes it appear incompr ehensible but at a
higher resolution asin gur e 3.9it is much clearer what this icon is supposed to represent.
If the icon in this form was used in the icon test it would have beenan iconic sign. It was,
however, the lower resolution image that was used since this is closerto the way it appears
in the actual application.

Rotate Image

Icons 13 and 16 both representthe functionality of rotating an image to the right or clock-
wise. In the caseof icon 13, only one participant correctly guessedthe functionality . All
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Figure 3.9: Higher resolution image of icon 9

participants understood icon 16's functionality eventhough this is the symbolic representa-
tion of the notion of rotating an image.

Icon 13is more iconic sinceit shows the before and after state of the objectto be rotated, as
well asthe direction indicated by the arrow. While participants understood that the arrow
indicated dir ection, they were confused asto what the arrow was indicating. One interpr e-
tation was obviously in uenced by the fact that the before state of the object is indicated
in yellow and the after state in grey. Hence, they focused on the fact that the before state
appeared differently to the after state due mainly to its colour, and concluded that the icon
indicates that the objectis converted to black and white.

Resize Graph

Icon 14 is a tentative icon that would have beenused in SAS/GRAPH v8.1, but Wimmer's
usability study[50] showed that this image did not representthe graph resizing functionality
the designers had intended. The designers then changed this icon to icon 15 but did not
report whether the usersdid indeed understand this icon better.

If the results of this icon intuitiveness testunder discussionis to be believed, then the results
here do support icon 15asa better icon for the graph resizing functionality . All participants
guessedthat the magnifying glassrepresentedsome zoom functionality , but gave no indi-
cation that it could be used to resize an object, i.e., change its actual size. Interpr etations
for icon 15 seemto indicate that this better representsthe graph resizing functionality , since
many applications (Acrobat and Konqueror, for example) use the magnifying glass as a
zoom tool. This result is an indication of the already acceptedconvention of the magnifying
glassasazoom tool by the participants in this study.

Answer Ringing Call

Icons 17 and 18 both representthe functionality of answering a call indicated by ringing.
Icon 18 can be seenasa more iconic sign than icon 17 due to the hand on the phone that is
supposed to look like the action of someoneanswering a phone. However, the participants
all agreed that icon 18 could representthe functionality of ending a call. One participant
speci ed that it could mean either answering or ending a call. Although the iconic sign was
not interpr eted correctly it is notable that the participants' guesseswere quite similar and
consistentin their interpr etation of this icon. For icon 17the participants were more divided
about whether it representedthe tone of the call or making a call. Only two participants
guessedthe correctfunctionality of this icon.

The reason participants guessedicon 17 to be the icon for answering or placing a call and
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icon 18to bethe icon for ending acall is not very clear. The guessescould be attributed to the

order

in which the icons appeared, or due to the threeblack lines appearing under the phone

in icon 18that could signal movement of the phone, which the participants interpr eted asa
downwar d movement. Another reasoncould be that the grip of the ngers of the hand is
rather loose. This may have beeninterpr eted as a “letting go' action rather than a “picking
up' action.

Message

Icons

19 and 20 indicate that there is a messageto be read. Icon 19 is the symbolic sign

and also the only icon with unique interpr etations supplied by each participant. Again the
iconic representation of the message(icon 20) resulted in fairly consistent interpr etations,
i.e.,unread/unopened mail message,by most participants.

3.7.3

All of

Icons For Actions

the icons exceptfor 12,19,and 20all representactions, i.e., they are all icons for doing

something like inserting, feeding, searching, creating, etc. Icons 12, 19, and 20 represent
system objects on which functions are performed. Icon 12 representsa print preview of a
document for inspecting and perhaps printing, icons 19 and 20 representa messagein the
system that can be read, forwar ded, or replied to. However, participants attributed actions
evento theseicons, alluding to the notion that in atestsituation, participants may naturally
expectthe icons they are presentedwith to beicons for performing actions.

3.8

Important Considerations

There are someissuesworth noting about the design of the Icon Intuitiveness Test:

1.

It was clear that the participant's experiencewith computer applications affected how
many icons were interpr eted correctly, aswas made evident in the pilot study. Addi-
tionally, participants' guessescould have beenin uenced by their knowledge of what
functionalities are available in certain types of computer applications. The Icon In-
tuitiveness Test made no further distinctions between computer users other than the
two groups de ned asthosewith aknown strong background in computing and those
without.

. Cultural aspectswere not taken into account in devising the test or interpr eting the

results. lcon 5 could be problematic for cultur esthat read based on a right-left ori-
entation. For Western cultur es, that read from left to right, the pagesappear in nu-
merical order from left to right and the arrow indicates that the functionality of this
icon (printing in this case)will be applied to the pagesin the opposite dir ection. This
design could be problematic for a person who readsright to left, since the arrow will

be pointing in the logical dir ection but the page numbers will bein reverseorder. The
Icon Intuitiveness Testcould not produce results to determine the differencein recog-
nition ratesdue to the reading dir ections of dif ferent cultur es.

. The icons were presented on paper. Therefore the participants could not compare

them to any other icons in the same application in order to make a guess at their
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Figure 3.10: Guessing results
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Figure 3.11:Guessing results continued. ..
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Figure 3.12: Guessing results continued

functionality . This is not a re ection of reality, where users of an application may
be in a better position to guessthe icon correctly becausethere are others to compare
and contrast it with.

3.9 Summary

Goguen claims that “all elsebeing equal: Icons are better than indices, and indices are better
than symbols” [27], but provides no evidence for this claim. In this chapter we have shown
that several studies do support the notion that icons are better than symbols, however icon
evaluation is a very dif cult task. There are many factors and limitations that have to be
taken into account such asthe medium in which the icons are presentedand tested, and the
background of the participants.

The important observations from this study canbe summarised asfollows:

1. Some concepts are better explained by symbolic signs, for example, rotation of an
object.

2. The pairs of opposite actions of sending and receiving, increasing and decreasing, an-
swering and hanging up are very dif cult to convey.

3. Participants are more likely to attribute an action to an icon than guessthat it repre-
sentsa system object.

4. When participants can not think of a suitable functionality that ts into the given con-
text, they will basetheir guesson the visual clues that they can seeand so, interpr et
the icon basedon what they think they see. This was most clearly illustrated by icon
4.
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5. Iconic signs generally are better recognised than their symbolic counterparts and in
the casewhere participants interpr et the iconic signs incorr ectly, they are surprisingly
consistentin their interpr etations of the image.
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Chapter 4

Semiotic Analysis of User Interface
Redesign

Thework presentedn this chapterwas compiledasa paperand hasbeenacceptedor
publishingby the Australian User InterfaceConfeence2005(seeappendixA).

4.1 Introduction

Given that designing the user interface is a semiotic activity, it makes senseto examine
usability problems and subsequent redesigns of the user interface in terms of semiotics.
User interfaces that are good at communicating to the user what it is used for, should need
lessredesigning and lessresourcesasa consequence.Redesigning an interface usually takes
place onceit hasbeentested or beenexposedto expert evaluation, but oncethesehave been
performed it is only clear that parts of the interface need to impr ove. There is very little
theory about why the usability problems existand how to redesignto impr ove the situation.
Semiotics can help the designer impr ove their communication power [23]. In this chapter
we show how semiotic analysis can give insights into user interface design issuesand why
somedesigns do a better job of communicating than others. This chapter examinesinterface
redesignsthat we have come acrossin the literatur e and they are analysed according to the
Peircean model of the sign. It was striking how few examples of comparative studies of
the interface before and after redesign exists. Hence, the examples discussed below had to
be picked from a very small body of adequate studies. The rst two are from a usability
casestudy of the graphical user interface of the V9 Graphing Tools in SAS/IGRAPH R— a
component of SAS software used for client side data visualisation[50]. The third example
comparesthe redesignsof Micr osoft R Word user interfaces, available in the vast number of
sourcesthat deal with this popular software.

4.2 Cascading Menus

Figure 4.1shows the cascadingmenus that the user neededto navigate through when mak-
ing changesto a graph. In the gur e, the user has selectedthe "Decrease'menu option in
order to decreasethe width of the bars of the graph.
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Figure 4.1: SASVersion 8.1 Cascading menus

4.2.1 Usability Problems

The usability study showed two problems with this menu design. The rst was that the
user was required to be quite accuratein the mouse movements. If the mouse pointer was
to ventur e too far from the region surrounding the menu, the menu would collapse and the
processwould have to start all over again. Navigating through ve layers of submenus is
also quite cumbersome. The secondproblem was that the amount by which the bars on the
graph could be increasedor decreasedcould not be speci ed by the user. Therefore, the
user was required to navigate through ve levels of cascadingmenus repeatedly until the
satisfactory width had beenachieved.

Another usability issue with a cascading menu, although not mentioned in Wimmer's re-
port, is that the menu items are hidden. Only when the mouse pointer moves over the
menu item is the next level displayed and this violates Constantine and Lockwood's Visi-
bility Principle and Jakob Nielsen's heuristic of recognition rather than recall. Cooper[22]
discourages the use of menus with several layers especially in the caseof items that are
required frequently.

4.2.2 Semiotic Analysis

Applying Peirce's notion of sign categoriesto this interface sign, it is clearly both symbolic
and indexical. This sign is strongly symbolic becauseit is by pure convention among com-
puter users that cascading menus are used to allow accessto certain functionality within
an interface. Users learn that there are certain choicesoffered by the menus and over time
they can memorise how the menu is structured. Novice users may not be able to navigate
dir ectly to the functionality they require (the option to decreasethe bar widths in this exam-
ple) becauseit must be learned. The symbolic sign requiresthem to experiment and learn
by trial and error how to perform their task using this sign. The cascadingmenu is indexical
becauseonce the user has cascadedthrough the menu and selectedthe decreaseoption this
causesa decreasein the widths of the bars. This change appears visually to the user, who
may then decide that the width has decreasedby an adequate amount, or they may decide
to decreaseagain or to change back to the size it was before.
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Figure 4.2: SASVersion 8.2 Slider

Figure 4.3: SASVersion 8.2 Magnifying Glasslcon

4.2.3 Redesign

After the usability study, the cascading menus were replaced by adjusting a slider in the
dialogue box in gur e 4.2. This immediately freesthe user to determine the width of the
bars in a more hands on fashion — as they adjust the slider, the bars widen or become
narrower. Now the processof changing bar widths involves a strongly indexical sign, in
the from of the slider. The user can perceive the changing bar widths asthe position of the
slider changes,so the effects perceived by the user are more immediate and the sign is more
interactive. Additionally , the results of the interaction are visible during the interaction, not
after it asin the cascadingmenus.

The cascading menu example can be thought of as required semiosis. The user needsto
navigate through 5 menus before getting to the desired functionality . As the rst menu
option is selected,the reaction/interpr etant is the appearanceof the next menu. This menu
becomesthe representamenof the next sign and this processrepeatsitself 5 times until the
decreaseoption becomesthe interpr etant of the last sign.

4.3 Magnifying Glass

In gur e4.3,the magnifying glassicon representedthe graph resizing functionality , suppos-
edly suggesting that the graph was made smaller by zooming out, and larger by zooming
in[50].
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Figure 4.4: SASVersion 8.2ResizeGraph Icon

4.3.1 Usability Problems

The usability study showed that users were confused by the zoom metaphor. Many ap-
plications, such as Acrobat Reader and Konqueror use the magnifying glassto represent
functionality that allows auserto zoom in or out of adocument, without changing its actual
size. This may be the behaviour the participants in the usability test expectedand it clashed
with the behaviour implemented by the designers of SAS/GRAPH R.

4.3.2 Semiotic Analysis

The user's interpr etant of the magnifying glassicon did not match the object that the de-
signer had intended with this sign. Even though both the designer and the user would
agreethat the pictur e on the button fourth from the left on the "Mouse Control' tool bar is a
magnifying glass,the confusion lies with what functionality the userinterpr etsthe magnify-
ing glassto represent. Sincemany popular applications (Acrobat Readerand Konqueror for
example) make use of the magnifying glassto representthe functionality of zooming in and
out of objectson screen, this may be the functionality the userstaking part in the usability
testwould have assumedthe magnifying glassin the SAS/GRAPH R interface to have. The
magnifying glassis a symbolic sign in this casebecausethe link between the magnifying
glassand the resizing functionality is made arbitrary by the fact that a magnifying glasscan
not changethe actual size of an object.

4.3.3 Redesign

The fourth button on the left in gur e 4.4 shows the replacement button for the graph re-
sizing functionality . This is a more iconic representation of resizing the graph due to the
resemblancethat exists between the image on the button and the resizing functionality it
represents. If the size of a graph can be seenas a quality, this is in accordance with Barr
et. al.'s[9] heuristic that proposesthat icons representing qualities should be iconic signs.
This helps to ensure that there is a better chance of the designer and the user agreeing on
what functionality the icon represents. In fact, Peirce makes the following statement about
qualities: “Since a quality is whatever it is positively in itself, a quality canonly denote an
objectby virtue of somecommon ingredient or similarity .” [42].

4.4 Microsoft RWord Text Styles

In Microsoft R Word Version 3[30] the options for setting the font style in a document were
structured as part of a meny system. There were no usability studies available to explain
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Figure 4.5: Micr osoft R Word (2002)text format styles: bold, italic, underline

whether users experienced dif culties with this menu system, but since the successivever-
sions of Micr osoft R Word are easily accessedgeither in the literatur e or on a desktop com-
puter, it is still possible to do an analysis of the redesigns.

4.4.1 Semiotic Analysis

As discussedin section 4.2,text basedmenu systemsare symbolic signs. Not only do users
have to learn to associatethe terminology used by the interface designer with certain func-
tionality , they are also required to learn the structur e of the menu system.

4.4.2 Redesign

By version 5 the icons in gur e 4.5 were available for placing on the toolbar. These are
iconic signs becausethe button for making text bold, resemblesbold text. Similarly the
italicised | and the underlined U resemblethe result when applied to selectedtext in the
document. This is another instance of redesigning a representation of functionality from
being a symbolic sign to becoming a more iconic sign. Theseformat styles can be seenas
qualities of the text in a document and the samediscussion asin section 4.3.3applies here.
The reasonfor the bold, italic and underline options to be representedon the toolbar may be
many, but obviously the userwould benet by having ashorter route to functionality that is
used frequently. Considering that Micr osoft R Word is used asa word processot the actions
of bolding, italicising and underlining text are frequent actions.

4.5 Discussion

In the above examples, we discussed the shifts between Peirce's dif ferent sign divisions in
the user interface asit is redesigned. It is interesting to note how the shift tended to be away
from symbolic signs toward indexical signs, in the caseof the slider for adjusting the widths
of the barsin SAS/GRAPH R, and towar ds iconic signs in the other examples. There is ev-
idence that users tend to interpr et computer signs as being iconic, i.e., that they resemble
their underlying functionality . Nielsen and Sano[39 presentan “Ilcon Intuitiveness Test”
where images were presentedto users and then asked to indicate what functionality they
thought the iconsrepresented. For the most part the usersseemedto respond to the question
in away that made it clear that they were interpr eting the sign iconically (see gur e 4.6). If
the intended meaning of the icon is equated with the object of that sign and the Test User's
Interpr etation equated with its interpr etant, then Peirce'striadic model canbe reconstructed
for eachindividual icon. On alarger scalethere has beenreseach in the area of making a
whole interface resemblethe objectin the real world whose functionality it represents.|IBM
aims to create interfaces that are more natural and intuitive by designing the interface to
resemble a real world artefact[31]. Their term for these interfaces is RealThings and one
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Figure 4.6: SunWeb's Icon Usability TestRResults

Figure 4.7: Example of IBM's RealThing

example from their website is shown in gur e 4.7. Whether this iconic representationinher-
ent in RealThings interfaces hasthe samebene ts asiconic signsin the interface will not be
known until results of usability studies are made available.

4.6 Summary

In the wor ds of de Souza[24], “our conclusions at this point is more a matter of speculation
and sensethan of thorough testing and analysis”. Basedon the idea that the user interface
is a complex sign built up from many smaller signs, we propose that examining interface
redesigns can provide meaningful insights to designers. Semiotic analysis is an effective
tool for analysing the communicability and interpr etability of signsin the user interface, so
we applied the Peircean model to some redesigns. This analysis provides a better under-
standing of redesignsand can potentially aid designersin designing better interfacesin the
futur e. The major insight gained from this study is that the redesign tended to change the
existing sign from asymbolic into anindexical or iconic sign. Reseach into the intuitiveness
of computer icons tends to support this move and indicates that userstend to interpr et the
signs they seeasiconic signs.

31



Chapter 5

Usage-Centered Design

5.1 Introduction

The successof Usage-Centered Design (UCD) has been well documented in a number of
software projects [41], [51]. UCD is a design methodology that produces a user interface
that is the result of severalderivations of successivemodels [20]. In UCD the abstractmodels
describethe processesn the domain [2]. Constantine [20] talks of the advantage of modeling
at the abstract level as providing the user interface designer with more “creative leverage'
than a design processthat moves to the concrete level very early on. Another important
aspectthat setsUCD apart from other interface design methodologies is the focus on usage,
i.e., user tasks. This is, however, not a novel idea and was intr oduced in 1987 by Bodker
[12]. Yet, in a personal conversation with JamesNoble in 2004,Constantine admitted that it
is still not well understood why the processis so successful.

The aim of this chapter is to form atentative responseto Constantine's musing, basing our
argument on the Peircean model of semiotics. We investigate the semiotic processesin-
volved in UCD's core models and employ the useof arunning example asillustration of the
UCD processin practice. All models discussedare taken from the book by Constantine and
Lockwood[21].

5.2 What is Usage-Centered Design?

In atalk given by Constantine, he referred to the UCD processas “successivetranslations or
derivations” [19] of various models. In an interview with David J.Anderson, he further ex-
plained that through the use of models, we can communicate understanding and skills[6].
The UCD processcan then be described as understanding and skills that are successively
translated and derived through the use of models. Biddle, Constantine and Noble pro-
pose models asideal tools for answering questions like “What capabilities must be present
within the user interface for to solve the users' problems? How should they be organised
into handy collections? How should the work ow within and between the various parts of
the interface?” [10] Indeed, UCD makes heavy use of modeling in an attempt to integrate
usability into the design of the user interface. Usability, of course being an important char-
acteristic of any interface, and the incorporation of usability into the design can ensure that
resourcesare not wasted in the processof developing designs that have to be changed at a
later stage. Thereare ve models that form the complete UCD process[21] and theseappear
in gur e5.1:
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Figure 5.1: SchematicOutline of Usage-Centered Design Process[25]

1. Role model — the relationships between usersand the system
2. Task model — the structur e of tasksthat userswill needto accomplish

Content model — the tool and materials to be supplied by the user interface

W

Operational model — the operational context in which the system is to be deployed
and used

5. Implementation model — the visual design of the user interface and description of its
operation

Sincethe time of publishing their in uential book titled Softwae for Use[21], Constantine
and Lockwood have added the Canonical Abstract Prototype (CAP) to their UCD process,
becausepractical experiencewith the UCD processshowed that there existed a substantial
conceptual gap between the core models provided and the realistic implementation of the
interface. With the intr oduction of the CAP, the transition from the abstract content model
to the concrete prototype is much smoother [20]. Due to its addition, the CAP will also be
discussedalong with the role, task and content models.

5.3 Modeling

Modeling is not peculiar to UCD, it is also an Object-Oriented (OO) Design activity. OO-
modeling recognisestwo domains that require modeling — the applicationdomainand the
solutiondomain[13]. To Bruegge and Dutoit the application domain representsall aspects
of the user's problem, whereas Andersen refers to this as the problemdomain de ned as
“that part of the real world the systemis required to control, administer, regulate, etc.” [4].
Thesedomains are also applicable to user interface design. Andersen and Nowack suggest
4 different domain models and Constantine and Lockwood believe it is outside the scope
of the UCD process[21], and do not discuss it further. We will use Bruegge and Dutoit's

term and also use their term for the spacecontaining all possible implementations — the
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solution domain. Domains are an important consideration because,as we have pointed
out in the intr oduction, Andersen, Hage and Brandt believe that models describe a domain
[2]. In order to apply semiotics sensibly, we need to determine what the model as sign is
representing, i.e., what it is modeling. This helps to pin down the object of the model as
sign.

The user interface designers have their own special roles to play in the modeling process.
There are two roles: the model-constructeand the model-interpeter[4]. Theseroles do not
necessarily belong to different people, since small projectsmay have only a single interface
designer and we occasionally refer to these terms when it is necessaryto distinguish user
interface designersthat interpr et the models and those that construct them.

This chapter will investigate the semiotic processesnvolved in the following core models
of the UCD Process:

Role model
Task model

Content model

Theinformation from thesemodels are the main drivers behind the design decisionsregard-
ing the tasks supported by the user interface and its architecture.

Adapting Liu, Liao and Chong's [15] description of the software engineering process,the
UCD processcan be seenas “a series of transformations between requirements and solu-
tions at different levels.” This implies that the solution that models a domain becomesthe
requirements of the next solution. We seethis occurring in the UCD processwhere the role
model is a solution that becomesthe requirements for the task model, and the task model
then becomesthe requirements for content model. The content model becomesthe require-
ments for the CAP, and the CAP in turn becomesa model for the realworld implementation
of the prototype.

5.4 Semiotic Discussion

Andersen and Nowack explain atriadic conceptof models assigns— the model represented
by the special notation that inherently belongsto it, and rendersit visually is the representa-
men. This representamenrefersto someother tangible thing, which is the conceptthe model
represents. The interpr etant is what can be called a refeent system This referent system is
“the particular way we chooseto relate the model to reality.” [4] Hence, each model will
have a dif ferent referent system asits interpr etant, since eachmodel employed by a process
suchasUCD is intended to model aunique aspectof the domain, but UCD designersshould
agree on what the referent system of each model is so that effective communication of the
models can take place.

Closely following Andersen and Nowack's semiotic analysis of the Object-Oriented Anal-
ysis and Design process[4], we realise that the UCD models listed above are signs. These
models can be related to Peirce'striadic model of the sign, where the actual models that are
constructed during the user interface design processbecomethe representamenthat stands
for conceptsin the underlying domain, the way the model is interpr eted becomesthe inter-
pretant, and the objectrelatesto the corresponding real world phenomenon in the domain.

34



5.5 Running Example

Throughout the restof this chapter, we will referto an example of the design of a user inter-
faceto a computer system for use in a small pizza business. This example was developed
aspart of a coursein User Interface Design?, teaching the methods of the UCD process.The
models were produced aspart of the settasksthat were carried out asgroup work.

5.6 User Role Model

The rst important UCD component is the userrolemodel This essential model involves
identifying who the most important users of the system are and what tasks they will be
performing with the system. Identi cation of the user roles and the relationships between
them, guides decisions about what functionality will beimplemented in the interface.

5.6.1 Structured Role Model and Focal Roles

Usersare the people who would or could usethe system. Therefore, they can be sorted into
groups according to their needs,interests,expectations, behaviours and responsibilities and
the different groupings that result are the userroles In contrast to the UML notion of actor,
which can be arole played by a human or a non-human system, the UCD term rolerelates
only to the human userswith respectto the system.

Focalrolesare a collection of user roles selectedfrom all the possible user roles, which are
deemedasthe mostimportant. The usage,i.e.,tasks,of the focal roleswill then drive the rest
of the design process. User interface designers will ensure that the user interface supports
all tasks belonging to the focal roles rst before turning their attention to implementing
functionality for the other roles.

The userrolemapis a graphical representation of the user roles and their relationships.

Structured Role Modelsorder user information, i.e., the needs, interests, expectations, be-
haviours and responsibilities of the users,in a more detailed way in order to capture char-
acteristics of their interaction with the system. Among other information, structured role
models can include descriptions of the patterns of usage of a given role, usability criteria
that are required by a role and the level of domain knowledge (of the application area)
someonein aspeci ¢ role can be expectedto have.

In our example of the pizza business, we based our roles on all the people who could be
involved in the ordering, making and delivering of pizzas. Figure 5.2 shows the user role
map with the roles we identied. Thesewere the customer, the person behind the counter
who takes the orders, the pizza maker, the delivery person who delivers the pizzas, and
the manager of the store. Thesealso correspond to the basicroles of the people who would
use the system. However, this is not the complete pictur e. A customer is a very broad and
general concept. In this simple example we can dif ferentiate between several dif ferent types
of customers: Somecustomersorder their pizza over the phone and somecomeinto the store
to order their pizza; Somecustomersrequire their pizzas to be deliver ed, but others will pick
them up from the storewhen they areready. Further, there are customerswhose information
is held by the pizza store for reference when their pizzas need to be delivered. Clearly,
one human being can be any of the types of customer we have just named, depending on

1COMP311: User Interface Design, Victoria University of Wellington, New Zealand (2004)
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Figure 5.2: User Role Map (F = Focal Role)
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Figure 5.3: Structured Role Model for the Order Taker
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Figure 5.4: Structur ed Role Model for the Pizza Maker
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what their particular preferenceshappen to be on the day they order their pizzas. It is
necessaryto differentiate between the types of customersin this way becausethe system
under development and the user interface of that system will behave differently for each
of these types. For example, if a customer requirestheir pizzas to be delivered, then the
system needs to have their information available for the delivery person. This could be
stored in a data basecontaining customer information. On the other hand, a customer who
will pick their pizzas up from the store, do not need to supply their information to the
system becauseit will not be required. The user interface should then allow the delivery
customer's information to be entered into the system, but not insist on the information of
the pick-up customer to be entered.

The next stepwas to decide what the focal roles of the pizza systemwas to be. Originally we
identi ed the customer, the order taker and the pizza maker for our focal roles. This meant
that during the design of the interface, we would implement all the tasks of the customer,
order taker and pizza maker rst, before considering implementing tasks for other roles.
Our decision to use the customer, the order taker and the pizza maker for our focal roles
was basedon the consideration that these are the most vital people in a pizza businessand
that without them, the businesscould not exist or be recognised as a pizza business. The
businesscan exist without a delivery person, or without a manager or system administrator
(however chaotic that might be).

Finally, the structured role models were constructed. Sincethe focus from here on is now
on the focal roles, thesewill be dealt with rst and the structured role models for the other
roles can bereturned to oncethe implementation of the focal roles have beencompleted.

For constructing the focal roles for the pizza business,it was necessaryto consider the pur-
pose, domain knowledge, system knowledge, background, level of pro ciency, type of in-
teraction, information ow and usability priorities for eachfocal role. As it turned out, the
customer, although chosenas a focal role, was never required to dir ectly interact with the
system. The order taker was in effect the “interface' between the customer and the system.
This insight was quickly realised when it becametime to model the structured role models.
Sincenothing in the structur ed role model applied to the customer role, we quickly realised
that the customer is not a role that would interact with the system directly. All customer
interaction with the systemwould be mediated by the order taker role.

5.6.2 Semiotics of the User Role Model

As awhole, the user role model is a complex sign made up of smaller signs: the user roles,
the user role map and the structured role models. The user role model gives an abstract
overview of the users, their characteristics and the relationships among them. Thus, it acts
as a sign that is used to convey information about the users of the system, to the model
interpr eters,who will useit to construct the next essentialmodel of the UCD process— the
taskmodel

In Peirceanterms, the representamenof the user role map is the notation used to represent
the user roles and the relationships between them. That role map provides a visual repre-
sentation of this information. The object of the user role map is the actual potential human
users of the system. The interpr etant is the agreed understanding between designers of the
UCD processof what the visual elementsin the role map represent,i.e., the referent system
for arole map.

The representamenof the structur ed role model is the table containing the text that describes
the characteristics of that particular role. Thus, there is a likeness between the description
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of the role and the actual role itself. This would imply that the relationship between the
representamen(the model system) and the object (the user roles of the application domain)
is aniconic relationship and hence,the sign is an iconic sign. The guidelines given by Con-
stantine and Lockwood [21] for constructing the pro les of the structured role model, arein
effect guiding the iconic construction of roles asthey exist in the application domain. These
pro les aid the designersin building strong iconic models on which to basethe rest of the
user interface design process.

The userrole map and the structured user role model both belong to the application domain
of the UCD process,asit models the requirements or characteristics of the users. The role
model is then the solution that becomesthe requirements for the task model. This is strictly
considering the role model asa sign belonging to the application domain.

If we allow no distinction between the solution and application domains, then the role
model can be considered to have the interface under development asthe object of the sign.
Now the sign can be considered a symbolic sign, sinceit does not bear any likeness or simi-
larity to its object— the interface under development.

5.7 Task Model

The advice given by Constantine and Lockwood is that the user interface design should

closely t the task model [21]. Basically, the task model is a representation of both what
and howuser tasks are performed. This is done by developing essentialisecases$, which are
descriptions of one single interaction between a user and a system. From the user's point

of view, they relate what steps are required to achieve a goal with the system. They are
called essentialuse cases rather than concrete use casesbecausethey steerclear of making

assumptions about the concrete implementation details of the user interface involved in the
user interaction. Weturn to Constantine and Lockwood's de nition of an essentialuse case:
“An essentialuse caseis a structur ed narrative, expressedin the language of the application

domain and of users, comprising a simpli ed, generalized, abstract, technology-fr ee Adin

implementation-independent description of one task or interaction that is complete, mean-
ingful and well-de ned from the point of view of usersin somerole or rolesin relation to a
systemand that embodiesthe purpose or intentions underlying the interaction.” [21, p 103
They have found that essentialuse casesallow for the design of more creative solutions in

interfaces, since they do not limit or restrict the designer in any way.

To make explicit the relationships between the essentialuse cases,the UCD processenlists
the help of aUML (Unied Modeling Language)* notation — the use casediagram. In UCD
it is called the usecasemap The four relationships in the use casemap and the use case
diagram are described in very similar ways.

The result of task modeling is a pictur e of user-computer interactions couchedin the context
of user roles and tasks spelled out in design-freeinteraction narratives, and illustrating the
inter-relationships among all of the individual use cases[45]. This “picture' is then what
designerswill useto model a content model of the solution domain.

Returning to the running example, for brevity, we will focus on one user task required to be

2Both the terms "usecase'and "essentialuse cases'are used inter changeably throughout this chapter

3There are several well-known methods for obtaining the use cases,e.g. textual analysis, observations, but
theseare not central to the discussion here, so they are omitted.

4A popular method for specifying, visualising and documenting the artifacts of an object-oriented system
under development.
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supported by the pizza business'suser interface. We can chooseany task belonging to the
Order Taker or Pizza Maker, so we arbitrarily pick the Order Taker's task of handling the
payment of an order. This task correspondsto atask mentioned in the structured role model
in the "Purpose' sectionof gur €5.3. The PAYMENT use caseappearsin gur €5.7.This use

Figure 5.5: The Payment use case

caseis invoked when the Order Taker con rms the customer's order (in Enter Order use
case)for a pick-up order type.

The system displays the payment dialogue with payment type options aswell asthe pay-
ment value (determined automatically in the system by the order value). The Order Taker
selectsa payment type and con rms the selection. If the selected payment type is account,
the account is credited; if the payment type is deferred (for Pick-up Customers) the order
is marked as unpaid, and the ow of control is returned to Enter Order use case. In any
successfulcasethe payment is recorded and the receipt is printed.

Canceling a payment can be performed at any point during this use caseand the ow of
control will bereturned to Enter Order use case.

If the customer is a Delivery Customer, payment type option cannot be eftpos. Payment
types for all other customers are: cash, eftpos, credit card, cheque,account or deferred.

The use casemap shows the relation of the PAYMENT use casewith respectto the other
possible use casesfor the system. It is related to the Enter Order use case,by extending this
use case.This use casecanbeinteracted with directly by the Order Taker and communicates
with the Query Order use case.
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5.7.1 Semiotics of the Task Model

The essential use caseas artifact is the representamen, the user task that is described by
the use caseis the object and once again, as with all the models of the UCD process,the
interpr etant is the referent system for essentialuse cases.

Considering the essential use caseas an artifact of the task model, the essential use case
is an indexical sign becausethe use casescontain referencesto the tasks that userswill be
performing with the interface. The essential use caseis not iconic becausethe interactions
are not concrete and do not resemblethe actual interactions that will be performed with the
eventual user interface. For example, in the PAYMENT use casein gur e 5.7,step 2 on the
User Intention side of the use case, SelectPayment Type', resemblesthe same action that
will eventually be implemented in the user interface only by reference. Sinceinterpr eters of
the use caseare not told howthe user performs the selection,theinterpr eterscan not generate
an equivalent sign in their mind although they understand that it is an action referring to a
later implementation.

0OO-design places the use case rmly in the application domain but there is obviously a
problem here. The essential use caseis the link between the application domain and the
solution domain. The User Intention part of the use casebelongs to the application domain
but the SystemResponsibility relatesto the systemthat is to be implemented (which resides
in the solution domain). The language of the essentialuse caseis natural and intended to be
easily understood by the potential usersof the system, sothat the use casescanbe used asa
way for designersto verify with the usersthat their tasks are representedcorrectly and that
the system is responding to them in they way they expect. Use casesare also intended for
unambiguous interpr etation by the designerswho require the use caseto createthe content
model. This presentsa problem: what domain does the use casemodel? There may be
two answers to this question — either the use caseis a model of another domain that may
intersect the application and solution domain, or it is a model of both.

Considering the use casemap asan artifact of the user tasks (representedby the use cases)
and the relationships among them, this sign is a combination of indexical signs — the essen-
tial use cases— and symbolic signs — their interr elationships. Therefore the task model as
awhole may be a sign existing somewhere between an indexical and symbolic sign.

5.8 Content Model

The intermediary step between designing the Task Model and a CAP, is the creation of a
contentinventory, designed using paper and sticky notes. One content inventory can consist
of many interaction contextsand each interaction context (See gur e 5.7 taken from [10])
contains materialsand tools The materials are the stuff the userswant to seeand manipulate
and are representedby sticky notesin cool colours (blue, green). The tools enable usersto
do things with the materials and are representedby sticky notesin hot colours (pink, yellow,
orange).

Roughly, eachline in the use casecorresponds to one sticky note. The following questions
can help designers decide what materials are required in eachinteraction context:

1. “What information will the user needto create,examine or change?”

2. "What information will the user needto presentor offer to the system?”
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“What information will the userrequire from the system?”

3.
4. “What views, perspectivesor forms of presentationwill be of value to users?”
5. “What conditions or eventswill the user needto convey to the system?”

6.

“About what conditions or eventswill the user needto be informed?”

Whereasthe following questions can help designers decide what tools are required in each
interaction context:

1. “How will usersneedto operate on or change the information of intereston the user
interface?”

2. “What capabilities or facilities will needto be supplied by the user interface for users
to be able to accomplish their tasks?”

Using sticky notes for representing materialsand tools and sheetsof paper for the interac-
tion context, the sticky notes act as placeholders for actual user interface components, so
this processhelps designers decide how to organise the user interface features. The inter-
action contexts combine tools and materials together into useful collections[10] and asking
the appropriate questions listed above, along with the essential use casesdetermine what
the content inventory will consistof. Hence, designers selectmaterials and tools so that the
tasks in the essential use casescan be performed. Theseare then organised in such a way
that eachuse casecan be performed in roughly one interaction context, although it may be
more sensibleto allow closely related use casesto be performed in the sameinteraction con-
text. Closely related use casescan be identied by the use casemap, which illustrates the
relationships among the use cases.

In the processof designing the pizza business'suser interface, this artifact was not expected
to remain a permanent model intended to be used for futur e reference like the previous
models we have discussed. In our group experience,the content inventory served the func-
tion of a prototype of the prototype — or CAP. It allows for the quick and cheap exploration
of possible prototype designs and was discarded when the nal prototype design had been
decided on.

5.8.1 Semiotics of the Interaction Context

The interaction context is the rst UCD model that can be used to explore the solution do-
main, before the CAP is created. With the interaction context model asthe representamen,
the interpr etant the referent system for the interaction context and the objecta possible real-
isation of auser interface — with widgets and functionality that correspond to the tools and
materials that appear in the context model — this sign is a symbolic sign. Therepresentamen
does not resemblethe objectin this sign.

Not only can the text on the sticky notes convey messagesto the model interpr eters, but
also the colours used for tools and materials. The value of having materials and tools each
representedby sticky notes of colours which appear next to eachother on the colour wheel
(gur e5.8),createsa senseof unity among the components. Greensand blues appear next
to each other on the colour wheel and are known as analogouscolours These colours have
the effect of creating unity among the components and conveysto the viewer that the sticky
notes of analogous colours belong to the same category of component, i.e., materials. On
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the other hand, the fact that hot and cold colours appear on the opposite sides of the colour
wheel reinforcesthe idea that they are two separatecategories[34]. Therefore, although the
interaction context asartefact will probably only exist until a satisfactory CAP hasbeende-
signed, the information that it needsto convey to the designers of the CAP should still be
clearly represented. Making use of analogous colours for materials and tools but comple-
mentary colours to distinguish between the material and tool components, visually aids the
information the interaction context is designed to convey.

The content inventory is obviously not ideal asatechnical visual language but its advantage
is that it is easyto changeand assemble.Thereis a senseof temporariness about using paper
models and this is ideal in an environment that requiresthe exploration of dif ferent options
asquickly and cheaply aspossible.

5.9 From Interaction Context to Canonical Abstract Prototype

CanonicalAbstract Prototypeg CAPs) were developed in order to provide a better transition

for designerswho have to move from the abstract design model to the actual interface (See
gur €5.9). As part of the UCD process,they are the “bridge” between the Task Model and
the realisation of the design[20]. Constantine[19] lists the main strength of CAPs as being

able to separatedecisions about:

What information and functions are presented
How the Ul is arranged and organised
What widgets are used

Preciseappearanceand behaviour

The CAP is composed of canonicalabstractcomponentsThere are threetypes and these are:
a generictool glyph and a materialglyph. Thesetwo can be combined into a third compo-
nent called a activematerials Thesetools and materials have been designed to cover much
functionality and the freedom with which they can be combined to form new components
makesthem avery expressivenotation. Constantine, Windl, Noble and Lockwood [18] pro-
vide thesecanonical abstractcomponentsin gur es?? 5.11and 5.12.

The CAP also has all the other well-known bene ts of prototyping as part of the software
design process namely, the quick and cheapexploration of possible solutions without heavy
resource investments.

The pizza business'sinterface required a way of recording payments for orders. The PAY-
MENT use casecontains all the requirements that would be needed to design some kind
of interface element that would have the required features. From inspecting the use caseit
was clear that a user would need atool for selecting the type of payment that the customer
presented,an element material to display the amount owed by the customer, an active se-
lectable collection in order to selectthe customer's account from alist of customer accounts
kept in adatabase,atool to exit (delete/erase tool in gur e5.11and nally , a selecttool that
would conrm any choicesmade in the payment dialogue. Figure 5.9is the CAP form of
the Payment Dialogue and gur e€5.13.
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5.9.1 Semiotics of Canonical Abstract Prototypes

The CAP is composed completely of symbolic signs (canonical asbtract components) and
yet, the CAP is closerto iconicity on the icon-index-symbol continuum than any of the other
models discussed above. This is becausenew information is added to the model — size
and positioning of user interface features. This is achieved by still using symbolic represen-
tations of the features but their size and position are more accurately determined. Precise
details such as colour and borders etc still remain undetermined, and so it is not yet fully

iconic.

Practice has shown that this is usually a one-to-one mapping between the canonical abstract
component and the concrete user interface element, unless some external factor such as
testing shows that additions are required in order to make the interface more usable.Once
the CAP hasbeendesigned, a realistic prototype can be developed — which is iconic in the
sameway that athumbnail is aniconic representation of a photograph — and subsequently
the actual user interface.

From a semiotic perspective, it is not important whether we the UCD processasending with
the realistic prototype, which exactly resemblesthe user interface to be implemented from
its design, or whether the UCD processconcludes once the actual nal user interface has
beenimplemented. This is becauseboth areiconic representationsof the nal userinterface.

5.10 Discussion

It has becomeclear that the UCD processmakes use of models in order to rst of all model
the application domain in the form of an iconic sign — the role model. Then the solu-
tion to the application domain, i.e., the role model, is used to construct a new model, the
task model. This task model is an indexical sign of the user tasks that will be supported
in the interface under development. The task model bridges the gap between the applica-
tion domain and the asyet unexplor ed solution domain. It is not very surprising then that
Constantine and Lockwood call the task model “the very core of the usage-centeed design
process.” [21, p 35] From the task model, the abstract content model and the less abstract
CAP are constructed, both of which model the solution domain. The content model is a way
of organising the interaction between the user and the system and by the time the content
model is created, the user tasks have already been elicited and modeled, sothat it is just a
matter of ensuring that the required interaction does not make unreasonabledemands on
the user. The content model and the canonical abstract prototype allow designersto explore
the solution domain quickly and cheaply. If the derived realistic prototype is aclose t to
the task model, then it is obvious that the realistic prototype should adhere to all the user
requirements elicited during the design of the role model.

Through our semiotic analysis we have observed two different characteristics of the tran-
sitions between the signs in each of the domains during the UCD process. If we take the
movement from icon to index to symbol as a movement from rstness, to secondness,to
thir dness, we can make the following observations: In the solution domain we begin with
establishing awell de ned iconic representation of the user rolesthe interface is required to
support, and observe a movement in the next model toward an indexical representation of
the task model. Movement is continued in the samedir ection from the indexical task model,
to the symbolic content model. However, the solution domain requiresthe designer to move
in the opposite direction to the movement between models in the application domain, i.e.,
from symbolic models to more iconic representationsof the realistic user interface.
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Thus, Usage-Centered Design is a processthat takesthe designer from an iconic representa-
tion of the user rolestoward indexical signs of the tasksin the user interface further toward
the symbolic interaction contexts. Then there is a movement back toward the iconic repre-
sentation of the interface in the form of arealistic prototype.

Semiotically, asexplained by the studies in chapter 3, people seemto understand iconic signs
better and when they are in doubt they revert to an iconic representation. This would seem
to support the successof the UCD processdue to the movement from the well understood
iconic representation of userrole models, on which the futur e models are based. This implies
that a sound basisfor futur e modeling is ensured.

Before concluding it is worth noting that all the models can be seenas indexical sighs —
they all refer to the interface that is being developed and thus, their presenceconveys to
interpr eters of the models that an interface is under development. Yet, asnoted before, each
model's domain hasto be taken into account, so that the underlying object of the peircean
triadic relationship can be established.

5.11 Summary

We conclude this chapter with the observation that the successof the UCD processlies with
the iconic rst model that gives a well understood basis on which to base further more
re ned models.
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Figure 5.6: Use casemap for the Order Taker
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Figure 5.7: From [18]: Example of an Interaction Context

Figure 5.8: From [34]: The colour wheel

Figure 5.9: Canonical Abstract Prototype of the Payment Dialogue

Figure 5.10:From [18]Canonical Abstract Components — Materials
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Figure 5.11:From [18]Canonical Abstract Components — Tools

Figure 5.12:From [18]Canonical Abstract Components — Active Materials

Figure 5.13:Concrete implementation of the Payment Dialogue
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Chapter 6

Conclusions

In the intr oductory chapter to semiotics and user interface design (chapter 2), we brie y
intr oduced semiotics as the study of signs and selected Peirce's model for the rest of the
semiotic analysis that was performed. This decision was basedon two criteria: rst, Peirce's
model is a highly structured model that takesinto account three parts of the sign; second,
other semioticians have selectedit asa good model to use when considering user interface
signs.

In chapter 3 we quote Goguen: “all else being equal: Icons are better than indices, and
indices are better than symbols” [27], but he provides no evidence for this claim. In this
chapter we showed that several studies do support the notion that icons are better than
symbols, however icon evaluation is avery dif cult task. We summarise our most important
ndings asfollows:

1. Some concepts are better explained by symbolic signs, for example, rotation of an
object.

2. The pairs of opposite actions of sending and receiving, increasing and decreasing, an-
swering and hanging up are very dif cult to convey.

3. Participants are more likely to attribute an action to an icon than guessthat it repre-
sentsa system object.

4. When participants can not think of a suitable functionality that ts into the given con-
text, they will basetheir guesson the visual clues that they can seeand so, interpr et
the icon basedon what they think they see. This was most clearly illustrated by icon
4.

5. Iconic signs generally are better recognised than their symbolic counterparts and in
the casewhere participants interpr et the iconic signs incorrectly, they are surprisingly
consistentin their interpr etations of the image.

In the words of de Souza[24], “our conclusions at this point is more a matter of specula-
tion and sensethan of thorough testing and analysis”. But the major insight gained from
modeling user interface redesigns semiotically, was that the redesign tended to changethe
existing sign from asymbolic into anindexical or iconic sign. Reseach into the intuitiveness
of computer icons from chapter 3endsto support this move and indicates that userstend to
interpr et the signs they seeasiconic signs.
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We concluded chapter 5with the observation that the successof the Usage-Centetred Design
processlies with the iconic rst model that gives a well understood basis on which to base
further more re ned models. Again, this observation is substantiated by the results from
the studies in 3.

From the project as a whole, it is possible to conclude that if the results from the studies
do support that usersgenerally understand iconic signs more easily, then any user interface
concept, be it a functionality representedin the interface or a model of some domain, is
consequently better understood when modeled as an iconic sign. We can also further use
this information to nd explanations for the reasonsuser interface redesignshappen the way
they do and why some design processessuch as Usage-Centered Design is so successfulat
producing usable interfaces. Overall, then the conclusions are valuable for user interface
design.

Although not directly related to the reseach in the main body of the project report, we
conducted a heuristic evaluation, the results of which would help to impr ove the usability
of the stereo systemin the Memphis computer lab.

Possible Criticisms of the Semiotic Approach

There are two major criticisms that could be levelled at the semiotic approach applied in
computer science:

Predicting another person's interpr etant basedon a given objectand representamenis
near impossible. Eachindividual will make their interpr etation based on the context
in which they nd themselvesat that point in time. Their speci ¢ context is basedon
their cultur e, background and education level. This makes any analysis involving the
interpr etant merely speculative. While it is true that someinterpr etants are more likely
to be formed than others given the representamen,this will still only be valid within a
cultur e, community group or individual [40].

Semiotic analysis is not a technique that can stand on its own in atechnical eld such
ascomputer science.lt must always be backed up by empirical evidence, otherwise it
is just a subjective theories.
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Appendix A

Paper acceptedfor publishing by the
Australian User Interface Conference
2005

FERREIRA,J.,NOBLE, J.,and BARR, P. The Semiotics of User Interface Redesignto appear
at the 6th Australasian User Interface Conference (AUIC2005), Newcastle. Conferencesin
Reseach and Practicein Information Technology, Vol. 40. M. Billinghurst and A. Cockburn,
Eds.

This paper is primarily my own work and presentssome interim results of the project de-
scribed in this report.
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Appendix B

lcon Intuitiveness Test
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Appendix C

Heuristic Evaluation Documents for
the Stereo System in Memphis
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Appendix D

Heuristic Evaluation of the Stereo
System in Memphis

D.1 Introduction

A heuristic evaluation is an excellent method for nding usability problems in a user in-
terface when the results are required quickly, cheaply and requiresno intensive training in
order to be able to conduct one. It is known as a discountengineeringmethodand was rst
advocated by Nielsen, to be performed as part of the user interface design process[38].
A heuristic evaluation is usually conducted by selecting usability experts, supplying them
with the heuristics? the interface to be evaluated should conform to and then allowing them
to inspect the interface and evaluate which heuristics are violated. This processcan be very
useful to user interface designers becauseuser interface designers are not always usability
experts and they may not have accesgo the futur e users of their systemin order to conduct
user testing.

According to studies carried out by Nielsen [38], the ideal number of evaluators for a heuris-
tic evaluation is threeto ve, which makesit more likely that all the major usability prob-
lemswill beidenti ed. This is due to the fact that not all evaluators nd the sameproblems
in a given interface. He further suggeststhat evaluators do not communicate during the
evaluation, as this also helps evaluators nd distinct usability problems. However, after
the evaluation has been carried out, the evaluators can have a debrie ng sessionin which
design advice can be exchanged.

We carried out aheuristic evaluation of the stereosysteminterface in the Memphis computer
lab. Figure D.1 shows a screenshotof the interface asit appeared at the time of the evalua-
tion. The evaluators wererequired to evaluate the interface using Nielsen's well-known ten
usability heuristics and then rate the severity of the problem accorming to a given severity
scale.

This chapter gives a brief intr oduction to the stereo system interface, describesthe method-
ology used in the heuristic evaluation and then summarises the results. The document dis-
tributed to the evaluators during the evaluation, along with Nielsen's ten usability heuris-
tics, can be found in appendix B.

1Guidelines
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Figure D.1: Screen 1 of the stereo systemin Memphis
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Figure D.2: Screen 2 of the stereo systemin Memphis
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D.2 Stereo System Interface

The interface that was evaluated in the heuristic evaluation is the interface for the stereo
system in the Memphis computer lab. This is a web-based interface that allows students
in the lab to play music through the sound system. The interface allows accessto albums,
consisting of individual songs,stored in a database.Whole albums or individual songscan
be selectedto be added to a playlist which plays the songsand when it reachesthe last song
on the list it loops back to the rst songand continues in this way.

The interface consists of two screens: screen 1 (see gur e D.1) is the screen the user sees
when the url is entered into the browser. Screen 2 (see gur e D.2) is the screen displayed
oncethe user hasclicked on the name of an album.

Accessto the interface is unrestricted but the sound systemis only setup for playing music
in the lab.

D.3 Methodology

The heuristics used in this evaluation were Nielsen's ten usability heuristics. In light of
Nielsen's suggested number of evaluators, four evaluators who had never encountered the
stereo system before, took part in the evaluation. The evaluators were askedto list the prob-
lems they found with the interface, i.e., the heuristic violations, and then to rate the severity
of the problems on a severity scalethat was supplied. This was paper based. The advan-
tages of supplying a severity scaleis so that problems can be prioritised in a convenient
manner and if it is not possible to have a discussion after the evaluation with all evaluators
involved (aswas the casein this evaluation) then the severity ratings can be used to identify

the major problems. The heuristic evaluation was also non-task orientated, which means
that evaluators were required to checkfor heuristic violations on every screenand on every
action. This is only appropriate if the interface is very simple. We felt that the stereo system
interface was simple enough for the evaluators to explore and evaluate all the functionality

within areasonabletime frame?.

Not all the evaluations were performed at the sametime but there was an observer present
in all cases.The observer was mainly required to distribute the evaluation documents, help
the evaluators accesgshe interface on the web and ensure that the evaluations were running

smoothly.

We feel con dent that the major usability problems were identi ed during this evaluation
and presentthe results in the following section.

D.4 Results

Not all the heuristic violations found by each evaluator are listed below, only those vio-
lations with an average severity rating of 7 or above. The average was simply calculated
by taking the mean of the four evaluators' severity ratings. The problems in the table are
ranked accoming to severity, starting with the most severe.

2The evaluators were occupied for roughly an hour.
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Problem Avera_ge Heuristic
severity .
violated

1 | No help or documentation 9 H10

2 | Accidentally enqueued albums can not be removed — the | 9 H3, H9
songs must be dequeued individually

3 | The number of songson the playlist is unknown 9 H1

4 | The numbering of songs only apply to the album, not its | 9 H1, H4
position in the playlist

5 | Selectingshuf e changesthe currently playing song shown | 9 H1l, H2,
in the playlist, but only when *>" is selected,doesit play H4

6 | Clicking with the mouse pointer in the white spaceof the | 8.5 H9
playlist or highlighting the song crashesthe interface

7 | Thereis a weak connection between the term directory list | 8 H2
and as alist of audio selectionsand the term dir ectory used
in the real world.

8 | Functionality of the glyph "-'is unclear 8 H2

9 | Volume control does not conform to well-known interface | 8 H4, H2
conventions

10 | Thereis no way of enqueing all songson an album from the | 8 H3
screenshowing the individual songs

11 | As the playlist becomeslarge it is not clear where in the | 7.67 H1, H4
playlist the songsare added

12 | No way of recovering from a user interface crash 7.5 H9

13 | No instructions exist asto how to proceedor use the inter- | 7.5 H10
face

14 | Functionality of the glyph " is unclear 7 H2

15 | The currently playing song is not visible at all times 7 H1

16 | If asong, sayon the secondalbum is selected,that songsthat | 7 H7
appear before that one on the album move to the end of the
playlist, asthough they have recently beenplayed.

Table D.1: Results of the heuristic evaluation of the stereo

system

D.5 Areas for Improvement

This heuristic evaluation could have beenimpr oved in the following ways:

Require that evaluators not only specify the heuristics that are violated, but also the
heuristics that the interface conforms to. This would give the user interface designer

an indication of what appealsto the usersin the interface, ensuring that subsequent
redesignsof the interface do not destroy or changethe appealing features.

Hold a post-evaluation discussion after the evaluation. While this is only possible
when the evaluators can perform the evaluations simultaneously, such a discussion
may result in valuable suggestions for impr ovements to the user interface. In this
study, time constraints on the part of the evaluators and the coordinator did not al-
low for the evaluations to be conducted simultaneously. One way of overcoming this
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problem could have beento ask evaluators to suggest ways in which the usability
problems could be improved upon — seeing as they are considered experts in the
eld and should therefore have experiencewith usable user interface features.

D.6 Conclusion

Weare con dent the methodology followed in this heuristic evaluation allowed for the iden-
ti cation of the major user interface problems of the stereo system, however we are aware
of the areasin which the evaluation could be improved. We conclude that it would be
bene cial for the user interface designer and the users of this system to take the results of
this evaluation into account, since impr ovements based on this evaluation would greatly
enhancethe usability of the stereo system.
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Appendix E

Earlier analysis work: Modeling
Heuristic Violations Semiotically

E.1 Introduction

This was a semiotic application to the problematic signsin th user interface that was done
very early in the year. There is no guarantee that these categoriesare sound or complete,
however they were basedon three casestudies. Two were from the literatur e and the third
was the heuristic evaluation we conducted. The results from the heuristic evaluations, were
isolated as heuristic violations and the signs, i.e., user interface components that were in-
volved in the violations wereanalysed. Theseproblematic signs that were causing heuristics
to beviolated weredivided up into categoriesof signs showing related problems. While this
is an interesting idea, not much was gained from it becausethe heuristics that were derived
from the analysis were not novel.

This chapter proceedsto intr oduce the casestudies, and then proceedsto group or categorise
signsinvolved in heuristic violations together.

E.2 CaseStudies

There were three casestudies involved in this categorisation of sign problems: the stereo
system, the TRAVELweather GUI and Labscape0.2. Thesewere chosenbecausethey were
all evaluated according to Nielsen's ten usability heuristics. The stereo system evaluation
was held by the author and the other two were selectedbecausetheir results were available
and very complete.

E.3 Categories

The advantage of modelling the heuristic violations on semiotics is that we cannow askthe
guestion: "Why does this interface violate a particular heuristic?” To answer it, we must
isolate the particular signsinvolved in the violation, and investigate their properties. This is
how the different sign categoriesfurther discussed below, were discovered. The two basic
categoriesof sign problems identi ed were:
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1. RepresentamenProblems

2. Matching Problems

E.4 Representamen Problems

This category of problem is concernedwith the properties of the representamen.It can also
be seenas a category of cosmetic problems and can be further subdivided into signs that
are:

1. Too similar
2. Obscured
3. Distracting

4. Too closetogether

Representamenproblems do not impact the perceived meaning of the sign - if the sign is vis-
ible the user will generally interpr et the sign correctly. However, the way it is represented
could causethe userto make errors or waste time identifying the sign. Representamenprob-
lems can occur in four ways. The representamensof two dif ferent signs may be so similar
that the user under pressure may mistake one interpr etant for the other. This causesan error
becausethe user unintentionally invokes the functionality of the wrong sign. Alternatively ,
the representamencan be obscured - the sign doesexist but it is not visible to the user. This
can be the result of either the way signs like windows or text boxes are layered, or colour
contrasts that make them dif cult to see.Then there may be signs that are well understood
by the user, but are lessimportant than what their appearancemake out to be. This subcat-
egory is called distracting signs. They distract attention from more important signs in the
interface. The last subcategory is a problem of the signs being too closetogether. This can
also causethe user to make errors. Closely situated signs can be mistakenly selectedwhen
the user is working at speed becauseincreasedspeed sacri ces accuracy.

E.4.1 Too Similar

This category of problems involves signs that look so similar that the user possibly makes
the error of interpr eting one for the other.

Examples

Labscape

Oncethe user has selecteda checkbox in dialog box in gur e E.1,the system automatically
starts to log in the user. There is no chancefor the userto con rm the selection or cancelif
the wr ong checkbox hasbeenselected. This sequenceof actions by doesnot help to prevent
the user from making errors. IN fact, the errors can not be easily undone. But why hasthe
user made the error in the rst place? The window allowing usersto checkin canbe seenin
gur e E.1. The signs of interesthere are seenin gur e E.2. In this case,it is obvious that if
User2was not selected,then thereis very little distinguishing the two signs. This will make
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Figure E.1: User check-in window

Figure E.2: Two similar representamens

it easyfor a user to mistake Userl's check box for User2's. Selectingthe wrong check box
begins the log in for the mistaken user right away.

TRAVELweather GUI

The same problem occurs in the TravelWeather GUI. Here the user's understanding of the
map in gur e E.4is hampered by the representation of the water features,i.e., the oceanand
lake. The samerepresentamen(see g E.3)stands for two different objects. Zoom factors
and latitude and longitude speci cations canrender the map in away that makesit dif cult
to tell what is seaand what is lake. Telling the dif ferenceis made evenmore dif cult by there
being no place namesto give cluesasto what part of North America the map is displaying.

Stereo System

There is also an example of this in the stereo interface, gur e E.5. The [add all] options
appearing next to the album names all have dif ferent underlying objects, yet they all look
the same (see gur e E.6). A better design may perhaps let the user selectthe album with
a check box and then have one add all button to add all the songs of the checked albums
to the playlist. Usersworking at speed may selectthe wrong [add all] option, and add the

Figure E.3: Representation of Water
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Figure E.4: TravelWeather GUI

Figure E.5: Ul of the stereo system

Figure E.6: Option to add all songsof the corresponding album
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Figure E.7: Online catalogue

Figure E.8: Accidental cancellation

wrong album to the playlist, not only becausethe sign is duplicated for every album, but also
becauseof how closely they are situated to one another - this problem is discussedseparately
under the too close category. So far we have looked at single signs that are too similar.
However, this category is not restricted to only single signs. The next example shows that
a combination of signs (or complex sign) that are too similar, can also have the same effect.
As seenin the interface in gur e E.7. The problem is that the user may accidentally cancel
an order and thereis no way of undoing the last operation. Remembering that the question
is: "Why is the user able to make the error in the rst place?”, when looking at the signs
involved in more detail, it becomesobvious. See gur e E.8.Hereis acommon visual pattern
which may lead to erroroneous selections. At speedthe user may mistake the cancelbutton
for the more button. Motivating the fact that usersdon't read what's on the screenis in an
article | still need to get[43]. Suggestionsfor improvement would be to substitute the less
and more buttons for a sign which looks different from the cancelbutton. For example see
gur e E.9. The point is that the pattern should be broken, so not all the buttons need to be
replaced.

Proposed Heuristic: Make representamens with dif ferent objects look dif ferent.

When this is not possible, asin the casewith the user check-in box and the [add all] of the
stereo, ask the user for con rmation of the choice or combine the repeating sign into one, or
do both.

In this section, the possible impr ovements to the signs are impr ovements that addressa
major issue: that of error prevention.
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Figure E.9: Suggestedimpr ovements

Figure E.10:Pie menu with highlighted magenta

E.4.2 Obscured Signs

Evaluators felt thesessigns were not clear enough for the user to easily recognisetheir ex-
istence. With this comesthe danger that the user may feel a certain functionality is missing
eventhough it doesexist. Obscured signs are signs that existin the interface, but for various
reasons,the user can not seethem. There may be severalreasonswhy the user cannot seea
sign. One reasoncould be that the colour contrast makesthem dif cult to see.

Examples

Labscape

Heuristic evaluators in the Labscapestudy noted that black text on a magenta background
is dif cult to read. Andersen[3] statesthat in a semiotic approach, each part of the system
is a sign for somebody, so the default is that everythingshouldbevisibleandinterpretablewhile
invisibility shouldbeexplicitly decidedFigure E.10shows the pie menu used in the application
and gur e E.11shows the problematic sign.

It is also possible that the layering of signs like windows can causean important sign to
become hidden. In the labscape evaluation, the user check-in window was obscured by
the debug window (See gur e E.12). If a sign is not displayed completely, this is also an
example of an obscured sign. The window in gur e E.1was originally not fully expanded
for the whole title to bevisible - asin gur e E.13.
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Figure E.11:Highlighted magenta

Figure E.12:Debug window covers user check-in window

Stereo System

If the designer picks a very unusual representation for some functionality , the user may not
nd the sign for the task they have in mind. This was found in the heuristic evaluation of
the stereo system (see gur e E.5). Figure E.14 shows the obscure volume control. Several
evaluators thought the volume control was dif cult to locate.

Proposed Heuristic: Make representamens visible.

E.4.3 Distracting signs

Thesessigns do not in uence the user's understanding of the other signs in the interface,
but only detract the user's attention or causeminor uneasefor various reasons.One reason
may be that thesesigns are not asimportant astheir visual representation make them out to
be - they might visually dominate the interface for no particular reason. Other distracting
signs may appear as super uous and unnecessary or take on an unusual form so that the
user perhaps focusestoo much attention on them. Elizabeth Krupinski's reseach on gaze
xations could support this point.
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Figure E.13:Window title not visible

Figure E.14:Volume control of the stereo system

TRAVELweather GUI

The TRAVELweather interface in Figure E.4 has a very large title in relation to the whole,
which wastes valuable spacethat could be used for better representing other signs. The
unexplained dominance of the title makesthis a distracting sign. The evaluators also found
that the representation of the number zero, in the date and time textbox is too much of a
computer typeface. While this is not an impediment to the overall interpr etation of the date
or time, if the user noticesit, it could causeminor unease.

Stereo System

The scroll bar on the top right hand window of the stereo interface ( gur e E.5) seemssu-
per uous. The user may waste time by trying to usethe scroll bar, only to nd out that the
window already displays everything it contains.

Proposed Heuristic: Do not draw unwarranted attention to the representamen and if it is
not required do not createit in the rst place.

E.4.4 Signs too close together

This problem is characteristic of how groups of signs have been positioned in the interface.
When signs are positioned too closetogether, the user may mistakenly selectthe wrong one.
Use Fitt's Law asapplied to Ul design to motivate this point.

Figure E.15: Tablength is inconsistent
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Figure E.16:Did It!, Saveand Keep are ambiguous

Examples

Stereo System

An example is the [add all] option (see gur e E.6) of the stereo system. As mentioned pre-
viously, usersworking at speed may accidentally selectthe wrong [add all] option and add
the wrong album to the playlist. Sincethereis no undo option, this is a dangerous state of
affairs.

Labscape

There is a danger in Labscapeof losing unsaved work due to the proximity of certain but-
tons. Figure E.16shows one of the dialog windows of Labscape.The Saveand Keep buttons
are ambiguous in meaning, making it harder for the user to quickly determine which func-
tionality is actually required. Further, the Saveand Keep buttons areright next to eachother,
since selecting the Keep button results in the loss of modi cations to the data.

Proposed Heuristic: Keep representamens with dif ferent objects at a safe distance.

E.5 Matching Problems

This category of problems is concerned with the mismatch between the designer's intent
with the representamen,and the user's interpr etation of it. This distinguishes the problems
in this category from those of the representamenproblemsin section E.4. Here the meanings
are actually in uenced by the representamenand can be further divided into:

1. Interpr etant-Object mismatch

lying signs

convention

2. required semiosis
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E.5.1 Interpretant-Object Mismatch

This is quite a broad category and it includes all problems where there is a mismatch be-
tween the designer's object and the user's interpr etant. For example, a user may interpr et
a sign as representing some functionality , when the designer has in fact attributed a dif-
ferent functionality to the sign. There are two special casesof problems of this type. One
caseis when the designer has violated some convention. The user, through convention
will createtheir interpr etant of the sign, but unfortunately it will not match the designer's
object becausethe designer has not adhered to the convention. Another caseis when the
designer misrepresentssome underlying reality. The user may be confused when reality
is misrepresentedin the interface. Thesewill be discussedin more detail in sectionsE.5.2
and E.5.3. However, not all Object-Interpretant problems have conventions or underlying

realities. Somesigns are simply ambiguous due to factors such asinconsistent use of termi-
nology or colours by the designer, important information about what the sign representsis
missing, or the user simply doesnot understand what the sign is supposed to mean.

Examples

Stereo System

The functionality to add an album to the PlayList is representedby the [add all] link in the
Directory list. This is inconsistent with the functionality to add an individual song to the
PlayList. To add anindividual song, the user must select[enqueue]. Although the underly-
ing functionality is the same,i.e., the song or songs are added to the PlayList, the different
terminology makes this less obvious to the user. This is an interpr etant-object mismatch,
sincethe user is left guessing at the correct object of the [add all] and [enqueue] features.

TRAVELweather GUI

The date and time text box in the TRAVELweather GUI can be edited by the user. But
this is not obvious from merely looking at it. It requires extra information for the user to
know right from the rst encounter that the information in the date and time text box can
be edited. This can be done either in the form of a drop down list, which would changethe
appearanceslightly, or by inviting the userto enter a new date and time with some form of
textual messagein or near the text box.

Labscape

In the Labscapedialog window in gur e E.16the buttons called Keep, Saveand Did it! are
ambiguous. They may bevery closein meaning, but the designer intended slightly dif ferent
actions to be taken when selecting them. According to the report[17],

when Keepis pressed,another dialog canbe opened without the current window
automatically closing, but any data that hasnot beensavedis lost. When Saveis
pressed,the information in the dialog window is saved to the databaseand the
window closes. When Did it! is pressed,the step is marked as completed, but
any data that has not beensaved s lost.
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Again, the user is left guessing at the correct objects of the buttons. They could be left
wondering whether the Keep button also savesthe changesto the data, or whether the Did
it! button will savethe data and then close the window . It is not clear what the designer
intended.

E.5.2 Convention

In this category, signs have a certain convention and users expect them to behave accord-
ingly. However, asseenin the casestudies, designers sometimes do not adhere to the exist-
ing conventions.

Examples

Stereo System

The appearance of the signs used for playing and stopping a song have not been imple-
mented in the conventional manner. The > sign plays a song and [stop] stops the song
playing. There are well-known conventions that every user is aware of for these functions.
Although the [stop] sign does not necessarily confuse the user or causea misinterpr etation
of the underlying functionality , it is better to implement the convention simply becauseit
existsand becausethat way the user feels more comfortable with using the system. Perhaps
it is a different story with the > sign. Users may not understand the functionality of the
sign at a rst encounter, whereasthe conventional sign for the play functionality would be
instantly recognisable.

TRAVELweather GUI

It is convention to representmutually exclusive conceptsasradio buttons. Check boxes, as
used in the TRAVELweather GUI, suggestthat both Celcius and Fahrenheit can be selected
at the sametime. However, these check boxes behave the way radio buttons do, i.e., only
one can be selectedat a time. This contradicts the conventional behaviour of check boxes
and therefore the designer's object of this sign is likely to contradict the interpr etant of the
user.

Labscape

In some casesthe user's previous experiencehasan impact on what can beregarded ascon-
vention. The application with which the Labscapeusers are familiar with is MS Excel. In a
sensethe behaviour in Excelbecomesthe expectedconvention of the usersof Labscape.The
Labscapesystem does not notify the user when a duplicate sessionname has been entered.
Instead, it allows the user to continue working asthough it is a new session,thereby con-
fusing data and effectively ruining the experiments. Becauseopening a sessionis similar to
opening a le, the userwould expectto benoti ed if there already exists such a session/ le

name. This is what would happen in Excel, so this is what the user expectsfrom Labscape.

Proposed Heuristic: Adhere to convention if it exists.

71



Figure E.17:Pop-up keyboard provided in Labscape

E.5.3 Lying Signs

There is sometimes a reality which the sign is a representation of. This reality is usually
known to the user so that the way the designer representsthis will determine whether the
user understands the sign or not. For example, the underlying reality of a map is the actual
geography which it is supposed to represent. If the map doesnot agreewith the geography,
the map is then a misrepresentation of the reality and has minimal value to the user. The
same can be said of signs on the computer screen.

Examples

Stereo System

The display of the time elapsedis not shown in realtime. This becomesa lying sign because
it doesnot accurately representthe underlying reality, i.e., the actual time that has passed.

TRAVELweather GUI

On the map of the TRAVELweather GUI, Rhode Island is not shown to be an island. It
appears as connectedwith the mainland and sothe map is lying about the fact that it is an
island. In this case,this lying sign makesthe map more dif cult to read, given that only a
small portion of North America is shown and no place namesare provided.

Labscape

The pop-up keyboard in the Labscape system is laid out alphabetically (See gur e E.17).
Usersin English speaking countries will most likely usethe QWERTY keyboard (See gur e
E.18. Therefore it would be a better match for the pop-up keyboard to also follow this lay-
out. Perhaps the alphabetical layout should instead be viewed asa break with convention,
however considering the fact that actual QWERTY keyboards do exist, there is necessarilya
reality on which the sign of the keyboard on the screencould be modeled.

Proposed Heuristic: Adhere to reality if it exists.
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Figure E.18:MS Windows on-screen keyboard

E.5.4 Required Semiosis

Sometimesthe interface requiresthe user to go through a series of stepsin order to access
the information or the functionality required and when thereis no support for remembering
what steps have been taken the result is a required semiosis problem. This could happen
when the user is required to selectoptions from a cascadingmenu, for example. Only once
all the required selections have been made, can the user accessthe needed information or
functionality . Alternatively , when certain settings are required by the user, and the system
cannot storethe user's settings, then the user will berequired to repeatthe samestepsevery
time the system is used. This indir ectnessresults in a waste of time and is also taxing on

the user's memory. Seehttp://develop er .kd e. or g/ documenta ti on/de si gn/u i/
simplify.html for a discussion.
Examples

TRAVELweather GUI

Regular userswho checkthe samearea's weather, could bene t by being provided with the
option of directly accessingthat area's weather information. This will save the user time
becausethe various selectionsdo not have to be repeatedevery time the systemis used. The
user will then also not have to remember the exact stepsinvolved in attaining the specic
area'sweather information.

Labscape

Usersare forcedto make selectionsfrom the pie menus in the system. There are no shortcuts
for advanced users, or for actions that need to be performed often. Regular userswill soon
nd it tedious to usethe pie menus when afew keystrokescould speedup their tasks.

Proposed Heuristic: Allow the user the most direct accessroute to information as possi-
ble.
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E.6 Summary

The following table summarisesthe categoriesdiscussedabove:

RepresentamenProblems | M atchingProblems
1. Similarity 1. Interpr etant-Object mismatch
2. Obscured signs - lying signs
3. Distracting signs - convention
4. Physical limits - user-Designer mismatch
2. continuous semiosis
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