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Abstract The usefulness of a set of er gonomic criteria for the evaluation of user
interfaces was assessed using a mixed two-factors experimental design. Two groups of
usability spec1ahsts (Control, Criteria) were asked to evaluate the interface of a musical
database management system in two phases. In the first phase of the expériment, all the
participants relied solely on their expeltlse in the second phase they were instructed to
evaluate the management system again but this time through the replay of their
previous interactions: participants in the Criteria group used a set of ergonomic criteria
while the participants in the Control group did not. In the first phase, the two groups
did not differ in terms of: (1) the number of usability problems detected, and (2) the
proportions of usablhty problems uncovered as well as the proportion of usability
problems found in common, with respect to the size of the aggregates. In the second
phase however, the participants in the Criteria group had better performances than those
in the Control group: they uncovered more new problems, and the proportion of
problems uncovered as well as the proportion of problems found in common was

“greater as a function of the number of evaluators in the aggregates. To sum up, the

criteria increased the evaluation petformance of the expetts.
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Evaluer une interface utilisateur
avec des critéres ergonomiques

Résumé : L’utilité d’un jeu de critdres ergonomiques pour I’évaluation des interfaces
utilisateur a été appréciée a I’aide d’un plan expérimental mixte a deux facteurs. Deux
groupes de spécialistes en ergonomie des logiciels (Contrdle, Criteres) ont été invités,
au cours de deux phases, i évaluer I'interface d’un systéme de gestion d’une base de
données musicales. Dans$ la premigre phase de I’étude, tous les participants ont évalué
I’interface en ne se basant que sur leur propre expertise. Au cours de la deuxiéme phase
de 1"étude, les participants ont évalué I’interface une deuxiéme fois mais cette fois-ci en
visionnant I'enregistrement de leurs interactions précédentes. Les participants du
groupe Critere, contrairement 4 ceux du groupe Contrdle ont utilis€ pout ce faire le jeu
de critéres ergonomiques. Au cours de la premiére phase, aucune différence n’a été
observée entre les groupes quant (1) au nombre de probiemes d’utilisabilité détectés et,
(2) quant & la proportion de problémes détectés et la proportion de problémes détectés
en commun selon le nombre d’évaluations réunies. Au cours de la deuxiéme phase
toutefois, les performances des participants du group Critéres se sont avérées
supérieures 2 celles des paxticipa\nts du groupe Contrdle. Les premiers ont détectés plus
de nouveaux problémes que les seconds et la proportion des problémes détectés de
méme que la proportion des problémes détectés en commun est apparue supérieure en
fonction du nombre d’évaluation mis en co_mmuh En résumé, les critéres ont amélioré
les performances d’évaluation des expeits. : o

Mots-clé : Evaluation d’interfaces utilisateur, évaluation heuristique, Critéres
ergonomiques, standards, problémes d’utilisabilité, expertise en utilisabilité.
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1 Introduction

Expert-based or heuristic evaluation is genetally defined as an informal method of
usability analysis where expeits (human factors specialists, system designers, software
e'n'gineers', etc.) are présented with an interface and asked to comment on it (e g.,
Nielsen & Molich, 1990); i.e. to identify the ergonomic design flaws. In this type of
evaluation, the experts 1ely on their experience and heuristics in order to make a
judgement on the ergonomic quality of the system; or they appraise the conformance of
the $ystem with established human factors standards, guidelines, principles, and criteria,

Even though there can be no single best evaluation method, expert evaluation is
relatively fast, and uses few resources. It has been found to provide a more integrated
view than an evaluation based on user peIfoimance (Hammond; Hinton, Barnatd;
MacLean, Long, & Whitefield, 1985), and to be superior to the application’ of
guidelines or to cognitive walkthroughs both in terms of amount and importance of
problems found, and cost/benefit ratio, i e: the number of problems found per person-
hour (Jeffries, Miller, Wharton, & Uyeda, 1991). Furthermore, a few experts have been
found to uncover more problems than any other method and to predict about half of the
problems found in a usability test {Desurvire; Kondziela, & Atwood, 1992). -

These advantages however; should not be interpreted as a proof that heuristic
evaluation is more efficient and effective than usability testing and that the latter is a
“waste of time” (Bevan, 1991; Tognazzini, 1992 cited in Jeffries & Desurvire, 1992).
On the contrary, “a single heuristic evaluation was consistently the least powerful
evaluation technique” (Jeffries & Desurvire, 1992, p. 39). It missed about half of the
problems found with usability testing, and this latter technique missed about the same
number of problems found in heuristic evaluation (Desurvire, et al., 1992). Heuristic
evaluation was better only when muitiple evaluations were aggregated. Finally,
usability testing uncovered more severe ptoblems, more recurring problems and more
global problems than did the heuristic evaluation (Jeffries; et al,, 1991). In addition,
studies that compared heuristic evaluation with other methods have been shown to be in
internal conflict and in disagreement with one anather when compared using criteria
such as the average cost in finding problems, and the proportion of severe problems
found by each method (Muller, Dayton, & Root, 1993). It seems that any conclusions
regarding overall superiority of one method with réspect to another are premature
(Muller; et al., 1993). ' R B

Although the comparison of heuristic evaluation with other methods is necessary
to determine the advaritages and drawbacks of each method, heuristic evaluation pe se
mist be investigated if one wants to provide the evaluators with more usable tools and
materials, and with methods that will guaranty more precise and more reliable data.
Ideally, those tools, materials and methods should permit to reduce the variability of the
evaluators’ performances in relation to their academic background and the type of
target system evaluated. ' : S

The materials cuirently available to the experts are basically standards (e.g.,
AFNOR, ANSI, DIN; ISO, etc.), general design guides (e.g., Biown, 1988; Ravden &
Johnson, 1989; Scapin, 1986; Shneiderman, 1987, etc.), sets of guidelines (e.g., Bodart
& Vanderdonckt, in press; Smith & Mosier, 1986); algorithms (e.g., de Baar, Foley, &
Maullet, 1992; Vanderdonckt & Bodazrt, 1993), style guides (e.g., Apple Computer Inc.,

RR N° 2326




8 - J. M. C. Bastien.and D. L. Scapin

1989; IBM, 1989), checklists (e.g., Oppetmann, Murchner, Paetau, Pieper, Simm, &
Stellmacher, 1989; Ravden & Johnson, 1989), and heuristics/criteria (e.g., Bastien &
Scapin, 1993; Molich & Nielsen, 1990; Nielsen, 1994; Scapin, 1990a, 1990b). '

All of these documents have been developed for the purpose of good human-
computer interface design. Paradoxically, only a few of these documents have been
evaluated in terms of their reliability, their validity, their thoroughness, their
effectiveness, and their ease of use by usability specialists as well as non-specialists.
Apparently none has been evaluated regarding its completeness in relation to the
available knowledge in the field of human-computer interaction.

- Guidelines have been found to be difficult to use. These difficulties, obselved in
design tasks as well as in evaluation tasks, were related to locating the relevant
guidelines and establishing priorities among them (Mosier & Smith, 1986), to the
interpretation of the guidelines, the identification of the design problems and to their
solutions (de Souza & Bevan, 1990; Tetzlaff & Schwartz, 1991; Thovtrup & Nielsen,
1991).

An alternative to the use of large sets of guldelmcs has been the use of heuristics
and/or criteria. The sets of heuristics/criteria currently available vary from one author

to another. The variability in the degree of specificity, in the number and precision of

heuristics/criteria depends on the way they were defined. Different design strategies
seem to have formed the basis for the currently published heuristics/criteria. One of
these has been based on an examination of knowledge derived from research on high-
level cognitive processes such as reasoning, mental models, memory, language, and
skill acquisition. From such knowledge, recommendations were extracted and
organised into high level criteria or dimensions (e g., Marshall, Nelson, & Gardiner,
1987). Another design strategy has been based on the review of currently published
criteria with the goal of organising them into a common structure (e g., Johnson, Clegg,
& Ravden, 1989; Ravden, 1988; Ravden & Johnson, 1989). Sometimes personal
experience has been coupled with existing principles (e.g., Molich & Niclsen, 1990),
and several published sets of usability heuristics have been compared with a database of
usability problems in order to determine which heuristies best explained them (e.g.,
Nielsen, 1994) Another design strategy has been more empirical: it started from
available experimental data and recommendations that were translated into rules, then
iteratively grouped 1nto sets that were characterised by spec1f1c criteria (Scapin, 1990a,
1990b).

The design of valid and Iehable heunstlcs/cntena is essential for: the transfer of
human factors knowledge to designers; the structuring of training in human factors; the
design of evaluation grids and the organisation of evaluation reports; the design of
metrics; the retrieval of recommendations in human factors data bases, and the design
of computer-based evaluations. Howevet, in order to achieve these goals, two main

questions must be raised: (1) how usable are these different sets, and (2} in what ways

do the different sets of heuristics/criteria relate to the available recommendations. In
other words, the sets of heuristics/criteria must be defined explicitly, unambiguously;
consistently, and they must be closely related to individual recommendations.

The set of heuristics proposed by Molich and Nielsen (1990) has been used, in
several experiments, by usability specialists as well as non-specialists to evaluate
different systems. It has been shown that individual evalvators were “quite bad” at
evaluating different systems with the heuristics. They only found between 20 and 51%

S
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of the usability problems the interfaces contained (Nielsen & Molich, 1990). On the
other hand, when the reports of several evaluators were aggregated into a single
evaluation, such aggregates did rather well even with only three to five people (Nielsen
& Molich, 1990). Furthermore, Nielsen (1992) noted that usability specialists were
better than those without usability expertise at finding usability problems by heuristic
evaluation Usability specialists with expertise in the specific kind of interface being
evaluated were also much better than regular usability specialists without such
expertise, especially with regard to certain usability problems that were unique to the
specific kind of interface. It also appeared that major usability problems had a higher
probability of being detected than minor problems in a heuristic evaluation, but that
about twice as many minor problems were found in absolute numbers, and some
problems (e.g., lack of clearly marked exits) appeared to be more difficult to uncover
than others.

The gxperimf:'nts from which the previous results were taken did not exp_licitly
state the procedures the participants were instructed to follow when applying the
heuristics: wete the participants instricted to réad the heuristics before the evaluation
and then given free access to the heutistics during their task? Were they instructed to
evaluate the systems using the heuristics one by one? How were the heuristics actually
used? Were they used as a classification tool for problems the participants uncovered
by means of their experience, or were the heuristics really responsible for the detection
of usability problems? Did the usability problems relate directly to the heuristic being
used or were the heuristics just occasions upon which usability problems in general
were uncovered? - | a

All the previous questions concern the use of heuristics/criteria as an evaluation

" method and to the characteristics such a method should possess. An evaluation method
based on heuristics/criteria should be, at least: valid, ie. permitting the expert to
evaluate systems on those aspects the heuristics/criteria are intended to evaluate;
thorough, ie. allowing the widest scope of the interface evaluation as possible; and
reliable, i.¢. providing the same results under the same conditions.

- To develop an evaluation method based on érgonomic criteria that have the
aforementioned characteristics and, to ensure the validity of the set as well as its
thoroughness, Scapin (1990a, 1990b) adopted an empirical approach and proposed a set
of ergonomic criteria. This set was first used informally by Pollier (1992) who
demonstrated that it allowed an accurate description and classification of the usability
problems found by experts in an evaluation task. '

The reliability of this set was investigated experimentally in an identification task
in which human factors specialists and non-specialists were asked to identify the
criterion, within the set, that was violated for each of the usability problems they were
provided with (Bastien & Scapin, 1992). In this study, statements of usability problems
that were presented to the participants included explanations about the interaction
context, and were illustrated by copies of display screens. Usability problems were
thus already identified: participants had only to match them with the correspending
criteria. No difference was observed between groups of participants either in tetms of
performance times or correct matches. A detailed examination of the data and an
analysis of confusion matrices lead to improvements of the set of criteria: some criteria
were modified and, examples, counter-examples and comments were added.

RR N° 2326




10 J. M. C. Bastien and D. L. Scapin

Another step in the development of the evaluation method was to assess the
usefulness, for usability specialists, of this set of ergonomic criteria in an evaluation
task. In other words, we were interested in assessing what the set of elgonomlc Criteria
would add to an evaluation relying solely on expertise.

In order to give usability specialists interaction opportunities; a fully implemented
system was used instead of a paper implementation of the interface consisting of a
series of screen designs.

2 Method

2.1 Participants

Twenty usability spec1ahsts were randomly assigned either to the “Conttol” or to
the “Criteria” group. The data from one participant in the Criteria group were lost due
to equipment failure. There were thus 10 participants in the Control group, and 9 in the
Criteria group. All the usability specialists had at least a post-graduate degree in
et gonormcs1 except one in the Control group who had a master’s of art.

On average, participants had 6 (SD = 3.8), and 4.56 years of expenence (SD=
2.19) in the evaluation and/or design of user interfaces in the Control and Criteria group
respectively (F (1, 17) = 1.; p= 3316) (See Table Al and A2 in the Appendix section
for more details on the AN OVA and Means tables).

The data gathered from a questionnaire indicated that the pammpants in the two
groups were quite similar with respect to their academic backglound the type of
evaluation conducted, and their computer expetience. To summarise, most of the

: pammpants reported devotmg about 30% of their time to the evaluation of user
interfaces. They all had experience in the evaluation of spec1ﬁcat10ns ‘'screen dumps,
mock-ups, prototypes and operational systems. When conducting their evaluation the
spec1ahsts reported that they relied greatly on their own expertise. They all resorted to
user testing to some extent, and they made only little use of guldes and/or
recommendations.

All the participants were familiar with the Apple Macmtosh and (except thlee
participants in both groups) were either HyperCard™ stack users and/or programme:s
(See Table A2 in the Appendix section for mote details).

2.2 Materials and Equipment

The set of ergonomic criteria. The set of ergonomic criteria2 the participants in
the Criteria group were asked to use in the seccond phase of their evaluation was
composed of eightéen elementary criteria, some of which are gro'uped under more
general ones (see Table 1). Each elementary criterion was presented in a document
along with a definition, a 1ationale, examples of Iecommcndatlons and comments

I The post-graduate degrees consist of a DESS and/or a DEA which correspond to the fifth year in the
French university programs. ' '

2 The set of ergonomic criteria (with their definitions, rationales, examples, and comments) may be
obtained from the authors. '
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Table 1. List of the Ergonomic Criferia (*)

1. Guidarce - R
1.1, Prompting (PROM) .
1.2. Grouping and distinction of items
12.1. Grouping and distinction of items by location (GDLO)
1.2.2.  Grouping and distinction of items by format (GDFO)
13. Immediate feed-back (FEED) ,
1.4, Leglblhty (LEGI)
2. User workload -
" 21. Brevity _ '
211 Concision (CONC)
212 Minimal actions (MIAC).
2.2 Information densnty (INDE)
3. User explicit control
- 3.1. Explicit user actions (EXUA)
3.2. User control (USCO)
4. Adaptability
4.1, Flexibility (FLEX)
42 Users’ experience management (USEX)
5. Error management
.5.1. Ervor protection (ERPR)
5.2, Quality of error messages. (QUEM)
5.3. Error correction (ERCO)
6. Consistency {CONS) .
7. Significance of codes (SICO)
8. . Compatibility (COMP)

(*) Elcmcntary criteria are in boldfaced type ¢ and are followed by their abbr eviations

The management system. The system to be evaluated was a musical database
management system, “Hypermanip” (Scapin, 1991) developed with HypeICaIdTM for

the purpose of the experiment. This screen-based gxapmcal user interface was designed

s0 as to allow users to manage their musical library, i.e; to add new musical records, to

~ retrieve and modify them. This area of application was chosen because the

functionalities were believed to be familiar to most of the participants, to be not too
complex and therefore to require no tIa.lmng Figure 1 illustrates some of the dlsplay
screens of the application.

Hypermanip was purposely demgned to contain usabﬂlty problems. While
designing the system, attention was given to ensure that each ergonomic criterion be
represented by a certain.number of design problems in different display screens. A fitst
list of these usability problems was drawn up. Then the interface was re-examined by
the expenmenters and usability problems that went unnoticed dunng the design process
wére added to the list. Though the system was well known to the experimenters and
though each state of the system had been carefully reviewed, the list of usability
problems was still incomplete. It had to be refined in light of the participants’
evaluations. The final list contains a total of 503 instances of usability problems. The
number of usability problems per criterion ranges from a minimum of 5 (e.g., “User
experience”) to a maximum of 99 (e.g., “Consistency”) This rather large number of
Consistency problems represents cach and every instance of all the possible
comparisons made for any given consistency problem. Because consistency problems
imply several comparisons, the number of instances grows rapidly. For example, two
labels, “Category” and “Domain” were used for the data field corresponding to the
music category (e.g , Operd, movie songs, etc.) in three different display scireens.

RR N° 2326
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Figure 1. Examples of display screens found in Hypermanip: (a) the main
screen, (b) the screen for the addition of new records, (c) the dialogue box
appearing when the user wants to access the database, (d) the screen
. allowing the selection of search options, (e) the records as they are presented
to the participants in a computer-paced manner, (f) the dialogue box
allowing the participant to get a record for modification. ' '

W
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From ap evaluation point of view, this problem of consistency could be pointed out
while comparing display A and B, A and C, B and C, and finally A, B and C. In this
case there wete thus four possﬂﬂe instances.

The apparatus. Hypermanip was Tun on a portable Macmtosh All the
participants’ inputs as well as all the mteractlons were recorded on line with
MediaTracks™, which allowed the eplay of all interactions.

- A'video camera was used to capture ‘the computer screen and to record the
comments of the pammpants . The videotapes were later used to collect the problems
uncoveIed by the participants.

23 Design

" A mixed two-factor design was used in this expenment w1th “Group (2)” as the
between-subjects factor and “Phase (2)" as the w1thm—sub}ects factor. The first phase
of the experiment was identical for both groups (Control and Criteria), and consisted of
evaluating the interface. In the second phase of the experiment, the participants of both
groups were asked to carry on their evaluation through the replay of their previous

interactions with the system. In this second phase the participants in the Criteria group
used the set of er gonomic criteria whﬂe the COIltI ol group did not.

2.4 Task and Procedure

The participants were tested individually. The mstmctmns they were glven prior
to the experimental session told them bueﬂy what the management system was
intended to do and informed them that it already contained a few records. In order to
improve the system, they were asked to evaluate it as completely and as precisely as
possible. They were also instructed to mention to the experimenter each and évery
ergonomic flaw they could diagnose, even when these design flaws could be considered
minor. The experimenter only intervened to encourage greater precision when the
comments of the evaluators were not clear or precise enough.

Phase 1. Following the reading of the mstmctzon sheet, the part1c1pants were
asked to begin their evaluation. Their. walkthrough, i.e. their inputs as well as their
Mouse CUrsor movements were Iec01ded with MediaTracks™, and their comments
along with the computer screen were recorded on video. Their evaluation was self-
guided, and limited to one hour. |

At the end of this phase, and before the second phase, the pa:uc:lpants in the
Criteria group were given the set of ergonomic criteria and asked to read it very
calefully '

" Phase 2. In the second phase of the experiment, the participants of both groups
were asked to evaluate the interface again but this time through the replay of their
previous walkthrough. The Icplay was used to ensure that the diagnoses of the
pamc1pants would concern exactly the same screens and dialogue boxes that had been
explored in the first phase. New problems uncovered in the second phase could
therefore be attributed to 4 second look at the same screens and dialogue boxes rather
than to the exploration of new ones. The replay was paused at each recorded
interaction state. The pauses lasted the time the participants needed to make their
comments, then the 1eplay proceeded forward.

RR N° 2326
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All the participants were told not to ask themselves if they had uncovered the
problems in the first phase but once again to mention each and every problem as they
uncovered them. The duration of the second phase was determined by the t1me taken
by the participants to comment on the replay of their previous walkthrough.

In the Control group, the participants proceeded exactly as in the first phase In
the Criteria group, the participants were asked to use and apply each of the 18
elementary criteria systematically one by one for’ each state of the system. This
instruction aimed at ensufing that the criteria would be used to diagnose the design
pmblems rather than to classify them. During this second evaluation, the experimenter
prompted these participants to refer to the document containing the criteria when they
tended not to use them

At the end of the session, the participants were presented with a questionnaire

-about their academic background, experience with computers, etc.

2.5 Data collection and analysis

The primary data of this experiment were the participants’ verbal descriptions of
the usability problems recorded on videotape during their walkthrough. Each tape was
reviewed and coded with the help of the list of usabﬂlty pxoblems

3 Results

In the first phase of the experiment some participants took advantage of the entire
hour and explored all the functionalities of the system: 33.3% in the Criteria gr oup, and

- 10% of the participants in the Control group.

Other participants also took advantage of the entire hour but did not explore the
modification furctionality: 33.3% of the participants in the Criteria group, and 70% of
the participants in the Control group.

Few participants stopped before the end of the first phase telling the expenmentel
they had compléted their evaluation, and exploxed all the functionalities: 2 pamc1pa.nts
in the Criteria group (22 2%) and none of the patticipants in the Contrel group.

Finally, 1 participant in the Criteria group (11.1%), and 2 in the Control group
(20%), stopped before the end and did not explore the modification functionality.

The time taken by the participants who stopped before the end was 39, 42, and 55
min respectively (M = 44.3 min) for the 3 participants in the Criteria group, and 42 and
44 min respectively (M = 43 min) for the 2 participants in the Control group.

3.1 Number of problems uncovered

Figure 2 shows the cumulated number of problems uncovered for both gioups
across phases. A multivariate analysis of variance for repeated measutes was computed
with group (2) and phase (2) as.main effects The analysis indicates a significant effect
for group (F(1; 17) = 5.59 ; p = 0302), phase (F(1, 17) = 333.85 ; p = .0001), and their
interaction (F(1, 17) = 10.36 ; p =.005) (See Table A4 through A7 in the Appendlx
section for more details on the MANOVA and Means tables).

Globally, the participants in the Criteria. group uncovered more problems

(M =89.94 ; SD =26 20) than the participants in the Control group (M =77.75 ;
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Figure 2. Mean cumulated number of problems uncovered in each group
across phases. - - _ S
SD =20 70); The number of problems uncovered in phase 1 (M=64.11:5D=10.87)
increased significantly in the second phase (M = 102.95 ; SD = 16.26). The significant
inferaction of group and phase effects indicates that the increase in the number of
curulated problems from phase 1 to phase 2 is significantly different in the Criteria
group (see Figure 2). On average, participants in this latter group uncovered more new
problems (M =46.11 ; SD = 11.47) during the second phase than did pdrticipants in the
control group (M =323 ;8D =691). o ' o :

- Interaction contrasts computed within univariate analyses of variance indicate that
ifi phase 1 the number of problems uncovered by evaluators in the Control group
(M =61.6 ; SD = 10.48) did not differ significantly from the number of problems
uincovered by evaluators in the Criteria group (M= 66.89 ; SD = 112D (F (1, 17) =
3038 ; p = 0994)." On the other hand, the difference is significant in the second phase
(F (1, 17) = 39.618 ; p = 0001) where the mean cumulated number of problems
uncovered by the participants is 93.9 (SD = 14.66) and 113 (SD = 11.69) in the Control
and Criteria group respectively (See Table A8 through A12 in the Appendix section for
more details on the interaction contrast tables). ' ' : i

To ascertain that the previous results ‘were not related to the number of
participants who did not walk through the modification functionality and/or finished
their evaluation before the end of the first phase, two multivariate analyses of variance
for repeated measures were computed: - one with completion of the first phase (2),
group (2), and phase (2) as main effects, and the other one with exploration of the

" modification functionality (2), group (2); and phase {2) as main effects (See Table A13

through A22 in the Appendix section for more details on the MANOVA and Means
tables). The first analysis indicates a marginal effect for group (F(1, 15) =4.51 ;p =
0507), a significant effect for phase (F(1, 15) =278.75 ; p = .0001), and a significant
interaction of these two factors (F(1,15)=11.15;p = .0045). Completion of the first
phase had no significant effect (F(1, 15) =2.73 ; p = .1190) on the mean aumber of
cumulated problems uncovered. All the other interactions were not significant.
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The second analysis (exploration of the modification functionality X group X -
phase) also indicates significant effects for group (F(1,15)=804;p= .0125), phase
(F(1, 15) = 163.7 ; p = .0001) and their interaction (F(1, 15)=621;p= 0249), but no
significant effect (F (1, 15)=345;p= 10829) of the modification functionality on the
number of cumulated problems uncovered. All the other interactions were not
significant. : ' '

To summarise, the performance of the participants from both groups did not
differ, in the first phase, in terms of the number of problems they uncovered. In the
second phase however, even though the cumulated numbet of problems uncovered
increased significantly for the participants from both groups, this increase was greater
for the participants in the Criteria group. Further analyses revealed that these
conclusions could not be invalidated by the fact that the participants did not explore the
modification functionality of the system and/or finished their evaluation before the end

of the first phase.
3.2 Number of problems uncovered per elementary criteria

Figure 3 shows the number of problems uncovered, by the participants, per
elementary criteria. This figure shows that many design flaws related to some criteria
went unnoticed. In phase 1 as well as in phase 2, very few of the problems related to
error management were uncovered (Eiror profection (ERPR), Quality of error messages
(QUEM), Error correction (ERCO)). The case is similar for design flaws related to

User experience management (USEX), Flexibility (FLEX), Concision (CONC), and
Explicit user action (EXUA). _ IR

Among the design flaws that were uncovered in phase 1 (Figure 3), two sets may
be roughly delineated in terms of the number of problems uncovered. The first group
of criteria, those for which more design flaws were uncovered, is made up-of the criteria
Concision (CONS), Compatibility (COMP), Prompting (PROM), Minimal action
(MIAC), and Significance of codes (SICO). The second group of criteria, those for
which few design flaws were uncovered, comprises the criteria Information density
(INDE), Grouping and distinction of items by location (GDLO) and format (GDFO),
User control (USCO), Feedback (FEED), and Legibility (LEGI). The first group.of
criteria is the one that benefited most from the second phase of the experiment: the
number of problems associated to each of these criteria increased noticeably in
comparison to the second group of criteria. f

But most importantly, as shown in figure 3, the distribution of the numbgr,of
problems uncovered per elementary criteria in both phases is quite similar. for both
groups, even though participants in the Criteria group generally uncovered more
problems per clementary criteria in the second phase. The effect of the set of
ergonomic criteria seems to have been global . In addition, in phase 2, the distribution
of design flaws per elementary criteria tends to follow the distribution of design flaws
contained in the system let alone those related to Error protectior_iv -
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3.3 The influence of the criteria on the diagnoses

The distribution of problems uncovered per elementary critetia was obtained by a
classification made by the experimenters. When the palticipaxits made their evaluation,
the problems they reported were not necessarily formulated in terms of the set of
ergonomic ctiteria. Only in the second phase of the experiment did the participants in
the Criteria group report the problems in those terms. Asit tl;ir_led out, some ctriteria led
these participants, on some occasions, to detect problems the experimenters had
- classified under some other elementary criteria. Moreover, some design flaws were
identified without explicit reference to the critetia. B _

In the second phase of the experiment, participants in the Criteria group
uncovered a mean of 83,78 problems (SD = 11.87). On average, the detection of 12.11
(SD = 5 .67) out of these problems (14%) was induced by elementary criteria that were
not supposed to do so, For example, when evaluating the legibility of a display screen

on which there was a feedback message, some evaluators stated that the inappropriate
size and style of the fonts was a legibility problem According to the definition given
~ for the Legibility and Immediate Feedback criteria, this design flaw should not have
been induced by the Legibility criterion but by the Immediate Feedback criterion.
These are the kinds of “misguidance” that are important to note in order to refine the
definitions of the criteria: '

Some design flaws were identified without explicit reference to the criteria.
These are the cases where the participants tended to put aside the list of ergonomic
criteria duting their evaluation. An average of 6.22 problems (SD = 2.28) out of 8378
(8%) were identified without any explicit reference to the elementary criteria.

3.4 Aggregated evaluations

Aggregates of evaluators were formed by collecting the design flaws uncovered
by different number of evaluators to form larger sets. The number of evaluators pet
aggregate varied from 1 to the total number of evatuators in each group. "For each
number of evaluators in the aggregate, the number of selections of “r” paiticipants
taken out of the “p” participants with no attention given to the order of arrangement is
given by Fﬁ For example, there are 126 possible combinations of participants
taken 4 by 4 out of nine in the Criteria group, and 210 combinations of participants
taken 4 by 4 out of ten in the Control group. For each combination the number of
problems uncovered was determined. This number was then divided by the total
number of known problems, i.e. 503, to give the propoxtioﬁ of problems uncovered.
Means were then calculated on these proportions. '

The mean proportions of ergonomic problems found for each size of aggregates
of evaluators are shown in Figure 4. “This figure shows that in phase 1 both groups
present an identical trend. On average participants uncovered 12% and 13% of the total
number of design flaws of the management system ini the Control and the Criteria group
respectively. By aggregating the evaluation of all the participants within a group, 48%
of the problems were uncovered by the Control group for 46% for the Critetia group.

In the second phase of the experiment, the propottions of problems uncovered as
a function of the size of the aggregate are different for the two groups. Individually,
participants in the Control group uncovered an average of 19% of the design flaws

while the participants in the Criteria group uncovered a mean of 22%.
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The difference is not very large but when one looks at the evolution of the curve
one finds that uncovering about 50% of the known design flaws required 5 participants
in the Criteria group against 6 or 7 in the Control group. In other words, the set of
ergonomic criteria would tend to necessitate less evaluators to get the same results as
compared to a evaluation conducted without it. '

Another effect of using or not using the set of ergonomic criteria is reflected in
the proportion of design flaws the participants uncovered in common. As shown in
Figure 5 the tendency is quite the same for the two groups: the proporttion of design
flaws detected in common is relatively small and decreases very rapidly as-the number
of evaluators in the aggregate increases. Although these proportions arc higher in the

second phase of the experiment for both groups, the participants in the Criteria group

produce the highest proportions. In other words, using the set of ergonomic criteria-

would tend to increase the similarity of the evaluations more than not using them
would. '

4 Discussion

The aim of the present' paper was to assess the usefulness of the set of £rgonomic
criteria for the evaluation of a human-computer interface. The results indicate that
usability specialists benefited from the use of ergonomic criteria. The number of design
flaws uncovered in the second evaluation of the interface was greater for the evaluators

who used the criteria than for those who relied solely on their expertise. ‘This was
reflected in aggregates of evaluations: the number of evaluators necessary fo uncover a
specific propoition of design flaws was less for the criteria group than for the control
group. In addition, the use of ergonomic ctiteria produced evaluation reports that were
more similar: this was reflected in the proportions of problems found in common as a
function of the numbet of evaluators in the aggiegate. Some usability problems
appeared to-be more difficult to uncover than others, even with the help of ergonomic
criteria. ‘Overall, the participants made very few errors of classification. -
Some caution must be taken however when interpteting the results. In the first
phase of the experiment, which was limited to one hour, the evaluators relied on their
own expertise. In the second phase of the experiment, the evaluation was conducted
with the set.of ergonomic criteria in the Criteria group and without it in the Control

group, but for everyone the evaluation prbceeded_thi'ough the 1eplay of the previous

walkthrough. This may have had two consequences: first, in terms of the numbey of
problems uncovered, and second on the nature of the problems that could be detected in
the second phase. PP T '
_ The relatively sinall number of problems uncovered in the fifst phase in
comparison to the ‘total number of problems contained in the system may be due, in
part, to time limitation. This is confirmed by the fact that the number of problems
uncovered did not differ significantly for participants who explored the modification
functionality from those who did not, In other words, whether the participants
evaluated all the functionalities of the system O1 not, the number of preblems uncovered

did not change significantly. This time limitation may also explain why the proportions .

of problems found as 2 function of the number 'pf'evaIUatdr'_s'in the aggregates are
generally less than those reported by Nielsen and Molich (1990). ' -
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- In the design of this expetiment, it was assumed that a second look at the system
would entail the discovery of new design flaws whether the participants used the set of
¢rgonomic criteria or not. In other words, if was assumed that spending more time on
the evaluation would allow the evaluators of both groups to uncover more problems. It
was However hypothesised that the evaliiators of the criteria group would uncover

significantly more problems during the second phase. The hypothesis was confirmed:
in this phase, the evaluatots in the ciiteria group uncovered more problems, and the use
of the set of ciiteria led to only a few errors of classification. ‘The critetfia appear to be
helpful and uisable, at least for usability specialists. -
- Among the usability problems that appeared to be difficult to uncover are those
. related to error management, and user control, These résults confirm those previously
 obtained by Nielsen (1992). However, such results can also be explained by the fact
that in the second phase of the experiment, the participants could not interact with the
system: This could have prevented them from uncovering problems related to error
management and user control even when prompted to do so by the criteria.

" 'Nielsen and Molich (1990) indicated deservedly that heuristic evaluation was
difficult and that one should not rely on a single evaluation but should rather appeal to
three to five evaluators. We believe that. given this difficulty, criteria/heuristics should
be accompanied by methods to help evaluators be more systematic and exhaustive. By
_reducing the variability in the evaluation performance, that is by augmenting the
similarity between evaluation repoxts, we would contribute to the efforts dedicated to
the design of more economic methods of evaluation. Of course, we are not arguing
here that ctiterihlheu:iStiCs evaluation should replace other methods. We believe rather
that the set of ergonomic criteria could be used as an organisational framework which
would suggest, for each criterion, the evaluation methods most appropriate. '

The set of ergonomic criteria has been shown to increase ‘the evaluation
performance. However, research work is needed to compare this set with other sets,
and to further improve the usefulness and usability of the criteria (¢ g., defining a more
extensive criteria-based method with detailed procedures) for usability specialists but
also for non-specialists. Current wok is directed at the latter population of users and at
comparing this set to existing standards. . T
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6 Appéhﬂices

Table A1. ANOVA table for number of years of experience.

. Source . ‘df Sum of Squares _Mean Square F-Value -.P-Value
Group i " 988 . 988 1 3316
. Subject (Group) = 17 16822 9.90
Total 18 17811

Table A2. Means table for th_e‘z_numb‘e';r of years of

experience. . . ‘ ,
Group o . " Count Mean Std. Dev. Std. Error
Control ' 10 600 380 120
Criteria L 9 456 2.19 T3
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Table A3. Characteristics of the Participants of Both Groups
. - Centrol (n=10) Criteria (n=9
n % n % Mo x 2
Academic Master thesis 1 100 0 0.0 4 N=19)=204
background DESS-Ergo 5 56.0 ¢ 66.7 #kk  p= J277 '
DEA 1 100 1 111
DESS & DEA 2 200 2 222
Doctorat thesis 1 100 0 0.0
Percentage of 10% 2 20.0 1 111 (3, N=19)= 59
work 30 % 5 50.0 4 44.4 ##%  p= §979
dedicated to 50 % 2 200 3 333
evaluation 70 % 1 100 1 111
100 % 0 000 0 000
Evaluation of never 0 00 0 00 (I,N=18)=231
§pecifications sometimes 5 500 7 87.5 p= 0935
often 5 50.0 1 125
Evaluation of never 3 300 0 00 (2, N=18)=4.65
sereen dumps sometimes 4 40.0 7 -87.5 £+ p= 0976
oftcri -3 300 - 1 125 '
Evaluation of never 1 100 0 00 2. N=17)=366
prototypes sometimes 6 60.0 7 100.0 **x  p=1603
often 3 300 0 00
Evaluation of never 0 00 0 0.0 (1, N=19)= 42
mockups sometimes 3 300 4 444 ~ p=.5146
often 7 70.0 5 55.6 ek
! Evaluation of never 2 200 3 375 (2, N=18) =69
operational sometimes 5 500 3 315 p=.7095
system often 3 300 2 250
Mac users yes 10 1000 9 100.0 ok
no 0 00 0 00
HyperCard no 3 1300 3 333 . (3, N=19)=229
experience user 4 40.0 1 111 p= 3515
prograrmimer 1 100 2 222
user & progra 2 200 3 333
Database no 2 200 3 333 (5,N=19)=3.36
experience user 2 200 0 00 p = 6452
evaluator 2 200 3 333
user & eval. 2 200 2 222
eval & design 1 100 0 00
FEviluation based ~ not at all 0 - 00 0 00 (1,N=18)=194
on expertise a little i 100 3 375 p=.1632
’ alot 9 20.0 5 62.5 *kk
: User testing not at all 0 00 0 00 (1, N=19)= 46
a little 4 40.0 5 55.6 p=.4977
alot 6 60.0 4 444
Use of guides / not at all 2 20.0 1 11.1 (2,N=19)= 69
recommenda- a little 6 60.0 7 77.8 ik p= J072 e
i tions alot 2 200 1 111
i Use of checklists ~ notatall 3 300 1 125 (2, N=18)=.79
s; a little 6 60.0 6 75.0 #x p= 6745
alot 1 10.0 1 12.5

Note, Numbers in boldface jtalics indicate the mode.The three asterisks indicate questionnaire iems for which the .
mode was the same for both groups. Even though we must be cautious about the Chi squares computed due to the
small cells frequencies in this table (Siegel, 1956), they all give indication that the two groups did not differ on any of
the questionnaire ifems . '

INRIA



FEvaluating a user interface with ergonomic criteria o 27

Table A4 Multivariate ANOVA for repeated measures for the number of
prioblems uncovered: Group and Phase effects. .

Source “df Sum oquuares | Medn Square F Value. - P-Value  G-G - H—F

Groupe 1 . . 1408.78 140878 © 559 0302
Subject{Group) 17 Lo 428069 25181 _

Phase 1 14561.77 1456177 33385 0001 0001 0001
‘Phase * Groupe 1 45177 45177 1036 0050 0050 0050
Phase * Subject{Group) 11 741.49  43.62

Table AS5. Means table for the number of
problems uncovered: Group effect. =

Group _ Count Mean  Std Dev. Std. Error
Control 7 20 17.75 20.70 4.63
Criteric -~ 18+ : 8994 2620 = 617

Table A6 Means table for the number of
pl oblems uncover ed: Phase effect.

Count.. . Mean Std. Dev. " Std ‘Error

Phase 1 19 641l 1087 249
Phase 2 19 10295 - 16.26 3.73

Table A7. Means table for the number of problems
uncovered: Phase x Group effects.

_ Count . Mean - Std. Dev.  Std. Enor
Phase I Comrol 10 6160 1048 331
Phasel, Criteria .~ 9 6689 1121 374
Phase 2, Control 10 9390 1466 464
Phase 2, Criteria___ 9 11300 1169 390

Table A8. Univariate ANOVA table for the mlmber of problems
lmcovered Group and Phase effects. -

Source : df Sum o_quuares “"" Mean F-Value P-Value
_ Sauare

Groupe 1 140878 140878 - *559 0302

Subject(Group) 17 4230.69 251 81

Phase 1 1456177 14561.77 33385 0001

Phase * Groupe 1 451.77 451.77 1036 0050

Phase * Subject{Group) 17 741.49 43.62
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.Table A9. Interaction contrast table for
groups in phase 1: Phase * Group effect.
Dependent: Number of problems

uncovered.
 Cell Weight
Phase 1, Control ' 1.00
Phase 1, Criteria | -1.00

_ df 1

Sum of Squares 13250

Mean Square  132.50

F-Value 3.04
P-Value 0994 -

Table A10. Interaction contrast table
for groups in phase 2: Phase * Group
effect. Dependent: Number of problems

uncovered.
‘ . L _ . : L Cell i/V_eight
- Phase 2, Comrol -~ 100
. Phase 2, Criteria . -1.00

a1
Sum of Squares 172805
" Mean Square 172805
F-Value  39.62
P-Value 0001

Table All. Interaction contrast table
for phases in the Control group: Phase *
Group effect. Dependent: Number of
probléms uncovered. o

: - Cell Weight
Phase 1, Control _ 1.00

E Phase 2, Control -1.00

L o ' : df 1
; o B Sum of Squares 521645
 Medn Squiare 5216.45
F-Value 119.60
P-Value 0001
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Table A12. Interaction contrast table
for phases in the Criteria group: Phase
~* Group effect. Dependent: Number of
problems uncovered. : L

Cell Weight

Phase 1, Criteria 100
‘Phase 2, Critéria : -1.00
o i

Sum of Squares 9568.06
Mean Square 9568.06
F-Value 21936

' p-Value - 0001 5
Table A13. Multivariate ANOVA table for repeated measures for the number of il
problems uncovered: Completion of the first phase, Group, and Phase effects. :
Source B ‘ df _Sum'dequares Mean Square _F-Value P-Value - G-G__H-F
Completion of phase 1~ 1 64460 64460 273 1190
Group B _ 1 - 106348 1063.48 451 0507
Completion * Group 1 © 49,78 49.78 21 6525 _
Subject(Growp) -~ . 13 .. 353733 23582 ST
Phase : ' 1 1137778 1137718 27875 0001 0001 .0001
Phase * Completion 1 47 46 A7 46 1.16 2979 2979 2979
Phase * Group _ 1 455.11 45511 1115 0045 0045 0045,
Phase * Completion *Group 1. = 6760 6160 166" 2176 2176 2176
Phase * Subject(Group) 15 6122 4082 ' .
Table A14. Means table for the number of problems
uncovered: Completion effect. S
Completion Count Me&'n‘_ . Std. Dev. _Std. Error
yes 28 8550 2310 437
no 10 78.00 26.65- 843
Table A15. Means table for the number of problems
ancovered: Completion x Group effects. '
Comp?etiqn, er_tp _ Count Mean. _ Std. Dev._ Std. Error
yes, Control 16 7912 7 2100 525
: yes, Criteria ' 12 o400 . 2388 689
no, Control _ 4 7225 2138 - 1069
no, Criteria ' 6 81.83 : 1099 1265
RR N° 2326
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Table A16. Means table for the number of problems

uncovered: Phase x Completion effects.

Phase, Campletion‘ . Count Mean- Sid. Dev.. -Std. Error
Phase 1, yes 14 67.14 1017 S 272
Phase 1, no 5 55.60 8.53 382
Phase 2, yes 14 10386 16.71 447
Phase 2, no .5 100.40 16.46 7.36

Table A17. Means table for the mm;bef of problems unéovered:

Phase x Completion x Group effects.
Phase, Completion, Group - Count Mean

Std. Dev. Std. Error.

Phase 1, yes, Control 8 62.88
Phase 1, yes, Criteria 6 7283
- Phase 1, no, Control - _ o2 56.50
Phase 1, no, Cr:ften'a _ N 3 55‘.0_0
Phase 2, ves, Control 8 95.38
Phase 2, yes, Criteria 6 11517
PhdS'e 2, no, Control 2 88 00
Phase 2, no, Criteria 3 108.67

123
4.92

636
1114

14.69
12.46
1838
. 10.79

397
201

643
519
509
13.00
6.23

Tébl_e‘Al'S. Muitivariate ANOVA table for repeated measures
problems uncovered: Exploration of the modification function

for the hqmbe_r of

ality, Group, and

Phase effects. , ,

Source ' __df Sum of Squares Mean-Square _F-Value P-Value G-G_H-F
Explor. Modification : 1 796 45 79645 = 345 0829

Group - 1 1856.46 185646 . 804 0125

Explor. Modification * Group 1 - 58 0(8 . 5808 .25 . 6232
Subject(Group) 15 3461.40 230.76 -

Phase - 1 - 751389 751389 16370 0001 0001 .0001 ..
Phase * Explor. Modification 1 2.57 2.57 06 8161 38161 38161
Phase * Group 1 28506 28506 621 0249 0249 .0249
Phase * Exp. Modif. * Group 1 3310 - 3310 . T2 4001 4091 4091
Phase * Subject{Group) 15 _688.50 ~45.90

Table A19, Means table for the number of problems
uncovered: Exploration of the medification

functionality effect. _
Explo. Modif. Count _ Mean  Std. Dev. Stc'f._. Error. .
ouf V. 8217 2706 781
non 26 84.15 - 2291 4,49
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Table A20. Means table for the number of problems - L
uncovered: Explor. Modification x Group effects. o

Exp. Modif, Group . Count Mean  Std. Dev. Std. Error
yes, Control 2 63.50 2051 1450 ¢
yes, Criteria 10 8590 2749 8.69
no, Control 18 79.33 20 68 487
1o, Criteria 8 . 9500 - 2535

8_96 : .:";':

Table A21. Means table of the number of problems -
uncovered: Phase x Explor. Modification effects.

Phase, Mo_dif.  Count Mean__ Std. Dev.  Std. Error
Phasel,yes . .6 T 5933 1155 . . AT2
 Phase I, no _ . 13 6631 _ 1024 - {
Phase 2, yes 6 10500 1505 6.14
Phase 2, no 13 - 102.00 17.29 4.80 .

‘Table A22. Means table for the number of problems uncovered:
Phase x Exploration of the Modification x Group effec o

' RRN?2326

Phase, Exp. Modifi. Group Count Mean  Std. Dev. Std. Error
Phase 1, yés; Control 1 4900 . .
Phase 1, yes, Criteria 5 61.40 11.61 5.19
Phase 1, no, Control 9 63.00 10.07 3.36
Phase 1, no, Criteria 4 7375 6.50 325
Phase 2, yes, Control i 78.00 . .
Phase 2, yes, Criteria 5 11040 302 359
Phase 2, no, Control 9 9567 1438 479
Phase 2, no, Criteria 4 116.25 1592 - 7.96
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