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Abstract. The usability is recognized as an important quality factor of
any modern website. In this paper, techniques for usability evaluation of
a website are proposed and their use is described.  The results of appli-
cation of these techniques are discussed in the frame of the design and
evaluation of a web portal, serving an Academic Department. The ap-
plicability of the developed techniques in a wide area of web-based ap-
plications and their importance in the context of today�s web applica-
tions development is also discussed in this paper.

1 Introduction

The evaluation of a website is an important phase of the development cycle, often
overlooked during the fast-paced development processes adopted by modern web
applications developers. This is more important today when the web becomes gradu-
ally a platform for deployment of complex applications of increased interactivity, a
front end for databases and corporate information systems. This new use of the me-
dium increases the importance of usability, as the web is used for accomplishment of
complex tasks, like learning, retrieving information, interacting and collaborating with
peers [1]. The effective accomplishment of such tasks has to be proved during the
design of web applications. According to Ivory and Hearst [2], many web sites today
are characterized by low usability, while millions of new web sites are expected to
become operational during the next years, further intensifying the problem.

Today�s highly interactive web applications tend to adopt interaction styles bor-
rowed from traditional software. This is not however always acceptable, since the web
poses special requirements that need to be taken in consideration [3]. For instance, the
web users� characteristics are often not well known beforehand or can vary considera-
bly. Also the computing platforms, network bandwidth and access devices used can be
very different. For example, users can access a certain application through wap-
enabled devices using 9,6 kbps connection, through typical modems of 33,6-56 kbps
or through high bandwidth connections allowing few hundred kbps or higher. These
can affect considerably the user interaction characteristics.

According to Nielsen [4], the highly quoted user-centred design methodology is
considered applicable in this new context. The principal characteristics of this ap-
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proach, as described by Theng et.al [5], are: (i) Interactive systems design should be
based on a systematic user requirements capturing and recording of possible ways in
which the users interact with the application. (ii) Design of highly interactive applica-
tions needs to be an iterative process. This approach, if adopted, brings iterative us-
ability evaluation [6,7] at the center of the design process. However, involvement of
users and setting up of usability testing experiments, advocated by user-centered de-
sign, is often considered a burden to the design team. Despite this, the need for such
design approaches is widely recognized by the research community. Additionally there
is an increased need to adapt the established usability testing techniques [6] (applica-
tion inspection methods [4,8], observation methods [9], questionnaires and interviews
[10]) to the requirements of web usability evaluation and to accelerate the often tedi-
ous process they propose [11,12].

In this paper, we report our experience with a website usability testing. The case
study discussed relates to a web portal that has been designed and is in operation dur-
ing the last years, to serve the academic community of the Electrical and Computer
Engineering Department of the University of Patras in Greece (www.ee.upatras.gr).
This application, typical of many similar University Departments, offers information
on the activities of the Department to the public and the members of the Department
and includes some more interactive components like support to the students for
building their personal semester timetable and exams schedule.

A number of usability tests of this application have been contacted recently. These
were based on adapted techniques proposed in the literature: (a) an experiment in-
volved on-line questionnaires filled by the users, (b) heuristic evaluation by usability
experts in the lab, and (c) user observation techniques and analysis of usage log files.
The contacted experiments are presented and discussed. The findings are compared
and their usefulness in the design of web applications is discussed. The re-design of
the portal following these evaluation studies is also briefly described. Wider implica-
tions of the multi-faceted usability evaluation framework described in design of web
applications are discussed in the last part of the paper.

2 Case Study: Usability Evaluation of an Academic Website

The web site of the ECE Department of the University of Patras (www.ee.upatras.gr)
is a bi-lingual portal (in English and Greek) that has been developed with the objective
to promote the Department and to provide information about its research and educa-
tional activities while at the same time to serve the Department students and faculty
members. This latter use necessitates some interactive components, which need spe-
cial attention during usability evaluation. The eight areas covered by the portal
relate to:

(a) Information on the Department history and structure,
(b) Academic matters (courses offered, curriculum content etc.),
(c) Research activity (laboratories, publications, results),
(d) Personnel (faculty and researchers information, personal web pages etc.),
(e) Additional information (the area, access instructions etc.),
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(f) Internal pages (password controlled services) and
(g) Web site information (contact info, sitemap etc.).

One of the provided services, which has been the focus of evaluation, as discussed
in the following, is the search engine of the site. The user of the search facility can
select one of four information areas (faculty, graduate students, personnel, curriculum
subjects) and use keywords for searching information in each of these areas. Another
service of the site that has been evaluated is the personal timetable and exam sched-
ule. Users can select, out of a menu, the courses or the exams to which they have been
registered for and request their personal course timetable or exams schedule to be
shown on the screen. In figure 1 typical interaction screens of the personal exam
schedule application are shown. The courses/exams can be selected from an alphabeti-
cal list, attached to a combo-box, as shown in Fig. 1.

Fig.1. The personal exam schedule service (September 1999 exams shown)
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3 Usability Evaluation Experiment

A series of usability evaluation experiments took place, after the web site had been in
operation for two years. The experiments are presented in this section. In the final
section of the paper a discussion on the findings is included.

3.1 Questionnaire-Based Evaluation Studies

Questionnaires have been extensively applied in usability evaluation experiments [10,
11]. In our case two separate experiments have been contacted using this technique.

On-line questionnaire. The first one involved an on-line questionnaire, particularly
useful in web usability evaluation when the users are distant, an extract of which is
shown in figure 2. The questionnaire contained a number of simple questions re-
questing the view of the users on the quality of the provided services and the utility of
the web site. The zoomerang (www.zoomerang.com) service was used for compiling
the questionnaire and analyzing the responses.

The questionnaire was made of four parts. The first part requested the view of the
users in relation to the quality of the application (ease of navigation, aesthetic design,
quality of content and usefulness of services). The second part requested frequency of
use and the view of the users in relation to specific site parts and services (personal
course timetable, curriculum material, faculty/personnel, department info, diploma
thesis information, news service). The requested answers in these two parts of the
questionnaire were expressed in a multi-point scale ranging from 1 (inadequate) to 5
(excellent). Similar scale was used for the frequency of use questions. The third part
contained questions on the context of use, like type of browser most often used, screen
resolution, bandwidth etc. No personal data were requested. Finally, the fourth part of
the questionnaire contained open questions on the three more serious problems en-
countered and the three more useful services. No specific suggestions were made to
the users in this part of the questionnaire.

Fig. 2. Extract of the on-line questionnaire
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Table 1. Evaluation of quality of design through online questionnaire
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Mean value 
Stand. 
Dev. 

  

Mean 
error 

  

Confidence 
limits 

  

Navigation 3% 6% 35% 44% 10% 3.51 (average/ 
good) 0.88 0.1121 3.292-3.740 

Aesthetic design 11% 14% 40% 29% 5% 2.91 (average) 0.94 0.1201 2.679-3.160 
Content 6% 16% 43% 29% 3% 3.06 (average) 0.92 0.1189 2.828-3.303 
Services 6% 25% 35% 25% 5% 2.96 (average) 0.99 0.1280 2.711-3.223 

 
For twenty (20) days the questionnaire was linked through a visible button to the

home page of the site. During this period sixty five (65) users volunteered a response.
An overview of the responses to the first two parts of the questionnaire is shown in
Tables 1 and 2. According to these tables, navigation was considered good, while
aesthetic design, in-formation content and the quality of the provided services re-
ceived an average mark.

The Usefulness/frequency of use questionnaire demonstrated the high value of the
personal timetable and exam schedule service, while the other services received bel-
low average marks, probably not considered useful and adequately designed. The third
part of the questionnaire revealed useful information about the users of the site, like
browsers used and connection bandwidth. For instance from the answers of this part it
was deduced that more than 60% of the users connect to the site through modem, thus
special attention should be paid not to include heavy web pages in the site, while all
the responders used computing equipment with screen resolution equal or higher to
800X600 pixels, suggesting that the web pages design should be adequately adjusted
to make for more efficient use of screen space.

Finally the replies to the open questions of the fourth part of the questionnaire,
shown in Table 3, identified the need for new services like links to library, course
marks on line, student magazine etc, while revealed some usability problems, like the
low visibility of the link to web servers of laboratories, a service that despite the fact
that it was already provided, it was proposed as a new service in Table 3.

Table 2. Frequency of use according to online questionnaire
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Table 3. Proposed new services and identified problems according to the online questionnaire

Table 4. Replies of WAMMI questionnaire in a strongly disagree (1) to strongly agree (5) scale

The WAMMI questionnaire. A second experiment involving a questionnaire was di-
rected to users who participated in the users observation experiment described in sec-
tion 3.3. In this case the users (six experienced users of the system) were asked to fill a
Wammi inspired questionnaire [13]. The requested replies were in Likert-type scale
(strongly agree / agree / neutral / disagree / strongly disagree), though which the users
expressed their attitude towards the statements. This kind of questionnaire, filled by
users during a usability experiment can be used for checking their attitude and can be
complementary to the usability evaluation experiment. The average values of the re-
ceived responses are shown in Table 4. Comparing this questionnaire with the online
one presented above one can verify that the results are not contradictory.

Validation of questionnaires with logfiles. Finally, a cross checking of the findings of
the questionnaires with log files collected by the web server was performed. This
identified the frequency of use of parts of the site as well as characteristics of access-
ing equipment (e.g. browser version). Data from a period of two months have been
used. The study of the log files confirmed the validity of the filled questionnaires. For
instance the browser type data of the log file and the questionnaire were almost identi-



Website Evaluation: A Usability-Based Perspective      223

cal. However the emphasis is different, the log files do not present the views of the
users, while provide some additional information like patterns of use during the
day/week/year, referring domains etc, which can be useful complementary material for
user profiling ([14],[15)). Development of automatic techniques for analysis of these
log files and use of them in a complementary way in the evaluation is a matter of fur-
ther research.

3.2 Heuristic Evaluation

The second evaluation technique involved eleven  (11) evaluators, knowledgeable in
user-centered design, with high web usage experience. They applied an inspection
technique, called heuristic evaluation [4] using heuristic rules that govern good inter-
face design. This is a well-known, highly appraised experts-based evaluation tech-
nique, which has been successfully used in many similar experiments [16,8].

Method of the study. During the first phase of the study, the evaluators were en-
couraged to navigate the application and carefully validate the implementation of each
heuristic rule. Evaluators were asked to simulate execution of representative tasks
during this phase. When a rule violation was detected, the evaluator identified where
the violation occurred, and proposed likely solutions. Each evaluator filled a report
describing his/her findings. Evaluators were also provided with an evaluation sheet, in
which they could quantify their subjective judgment, by assigning marks expressed in
a 5 mark scale, indicating degree of conformance with each particular rule. The range
of assigned values was 1 (inadequate) to 5(excellent). A relevance weight (wi) was
also assigned to each rule, according to the expert�s opinion. Quantitative results of
the evaluation are presented in table 5. Factor-weighted score, u, derives according to

∑

∑

=

=

⋅
= 10

1

10

1

i
i

i
ii

w

wr
u (1)

where ri is the rule rating and wi is weight for each heuristic rule i. The overall usabil-
ity score was average to good (3.38 excluding rule weight factors, and 3.42 including
weight factors). 7 out of 10 heuristic rules ranked with a relative high grade. Rules h7,
h9 and h10 received average grade, indicating usability problems related to the spe-
cific rules as discussed in the following.

Heuristic Rule h7. (Flexibility and efficiency of use) The system in general does not
provide shortcuts to facilitate user�s tasks especially in complex processes such as
Searching and Personal Timetable. For example, frequently searched terms are not
provided in a form of ready-to-select links. Also users cannot make multiple-course
selections in Timetable building, such as all the courses of a specific semester. Addi-
tionally to this no specific reference to post-graduate courses was allowed.
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Table 5. Average subjective score, weight factor, and total errors found for each heuristic rule

Heuristic Rule : 1 h1 h2 h3 h4 h5 h6 h7 h8 h9 h10
Score (mean value) 3.63 4.45 3.63 4.18 3.27 3.54 2.55 3.72 2.63 2.19
Stand. deviation 0.36 0.28 0.24 0.37 0.38 0.36 0.31 0.19 0.27 0.22
Relevance
(mean value) 4.54 4.45 3.45 4.45 4.27 4.18 3.18 3.81 3.81 3.72

Stand. deviation 0.28 0.24 0.34 0.24 0.27 0.35 0.35 0.35 0.40 0.33
Number of detected
Errors 4 3 2 3 7 2 3 2 5 2

Heuristic Rule h9. (Support the users to recognize, diagnose, and recover from er-
rors) The most severe problem is that the typical 404 page has not been replaced with
a page showing the site map of the site, explaining that a system error occurred (pos-
sibly because of wrong URL), and providing a search link. Also some error messages
do not constructively suggest solutions or indicate why the problem occurred.

Heuristic Rule h10. (Help and documentation) Even though the system can be used
without a lot of online documentation as resulted from the user�s observation experi-
ment, at least some help should be provided in high interactivity tasks (search engine
and Personal timetable). The help should be easy to search, focused on the user�s task
and explicitly list the steps to be carried out.

Overall thirty-three (33) usability flaws were unveiled during this study. Many of
the usability problems were reported by more than one evaluators, confirming Niel-
sen�s and Landauer�s finding that four to five evaluators typically unveil about 80% of
the overall usability problems [17].

3.3 User Observation

The third usability evaluation technique used involved observation of typical users, as
they interacted with the application, executing typical tasks. The experiment took
place in a usability laboratory. The users were six students of the Department, 4 un-
dergraduate and 2 post-graduate, 5 male, 1 female, aged 23-28. They were all experi-
enced users of the Internet, which they use daily in their activities. The equipment
used in the study was a Personal Computer (Pentium III, 600 MHz, 128 Ram, 17��
monitor, 1024*768 screen resolution) with good connection to the web site through
the high band University network.

At the beginning of the experiment, the users were informed that they were not
them-selves the subject of evaluation. Five tasks were carefully described to them
(table 6), however, while the objective of each task was made clear, no precise in-
structions on its execution were provided in order not to condition the users� strate-

                                                          
1 The applied heuristic rules were the following: 1. Visibility of system status, 2. Match be-

tween system and the real world, 3. User control and freedom, 4. Consistency and standards,
5. Error prevention, 6. Recognition rather than recall, 7. Flexibility and efficiency of use, 8.
Aesthetic and minimalist design, 9. Help users recognize, diagnose, and recover from errors,
10. Help and documentation
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gies [9]. The users were provided with sufficient time to complete their tasks. The
observers did not provide any additional information or support. Timing of tasks and
observations on strategies and patterns of use were made by the evaluation facilitators.

First remark was that Tasks T2, T3 and T5 were completed promptly with no spe-
cial difficulties by any of the students. This proved that the application was suffi-
ciently well structured to support the users identify specific information items. In
contrary tasks T1 and T4, proved to be time-consuming and cognitively demanding.

The developed strategies varied; often multiple browser windows where used in or-
der to accomplish the tasks. Usability problems in the application design clearly
emerged. In the T1 the courses were sorted alphabetically in the Personal Timetable
page, no provision was made for alternative presentation (e.g. cluster per academic
year). Also luck of redo and undo option hindered considerably task execution. A
search option was not available in the same page. Availability of a single button for
transfer of all courses of an academic year in the timetable would have considerably
accelerated the process.

The search engine of the site was hidden behind a relevant icon, as shown in Fig. 3.
This icon was not easily identified by the users as a button, since there was no familiar
search textbox associated. So many users had difficulties in locating the Search engine
of the site.

In order to accomplish task T4 the users needed to use the site Search engine. Some
misunderstandings related with the use of this facility were identified during the study.
The Search engine requires selection of a search category first, before inserting a
keyword. There was no way to make a global search in all categories (course subjects,
faculty, undergraduate students, post-graduate students etc.). Also the logic applied by
the search engine was not made clear and was not explained. (e.g. Computer Networks
searches for Computer OR Networks or the string �Computer Networks�). Finally, a
subsequent search was not clear if it was made in the first search results or in the
original search space. Some insecurity was observed to some users in relation to the
validity of the search results.

Table 6. Description of tasks and time required to complete them
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Fig. 3. The search button, through which the search engine of the site is invoked

Fig.4. The home page of : (a) the re-designed portal and (b) the original portal

One user did not manage to complete Task T4 for this reason. In summary 29 out
of 30 tasks were successfully accomplished, however the difficulties encountered in
tasks T1 and T4, as discussed here and the unexpected long times required for accom-
plishing the tasks, taking into consideration that expert users were involved, unveiled
many limitations of the design.

4 Website Re-design

The Academic Department web portal has been recently re-designed, taking in con-
sideration the results of the usability evaluation studies described in the previous sec-
tion. The new design is characterized by improved aesthetic appearance of the site,
lower download times due to reduced multimedia content, following the user access
data, more compact layout and more information content per webpage. At the same
time the original structure and the content of the website were maintained.

A considerable modification was made to the search facility and the personal
timetable and exams schedule services, following the remarks of the users and the
observed difficulties in particular during the user observation experiments. For in-
stance the selection screen for courses in the personal timetable service, in the new
portal is done through a list of all available courses, grouped by year, as shown in
figure 5, instead of an alphabetic list through a combo-box in the original design. This
screen provides an overview of all courses. The user is provided with the possibility to
select or deselect the courses from this view and then proceed with the timetable. This
new design tackles the observed problems in the course selection task, discussed in
section 3.
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Fig. 5. The course selection screen in the personal timetable service

Table 7. Heuristic evaluation of the updated portal design

Heuristic rule h1 h2 h3 h4 h5 h6 h7 h8 h9 h10
Score ri

(mean value) 4,22 4,33 3,83 4,50 3,28 4,11 3,12 3,94 2,61 3,89
Relevance wi
(mean value) 4,22 4,56 3,39 4,06 3,78 4,11 3,06 3,94 4,06 3,56

4.1 Heuristic Evaluation of the New Portal Design

The new portal design has been recently evaluated, using the adapted heuristic
evaluation approach discussed in section 3.2, in order to compare the findings of the
evaluation with the evaluation study of the original design, discussed in section 3. The
evaluators in this experiment were seventeen (17), all experienced in using the
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evaluation technique and powerful web users. This was a different set of evaluators
than those involved in the studies discussed in section 3.

The heuristic rules applied were those presented in section 3.2, while special atten-
tion was put in observing the evaluation protocol followed in the original evaluation
study in order to be able to compare the findings of the two evaluation studies. A
number of useful observations and suggestions were made by the evaluators. In table 7
the overview of the evaluation results is shown.

From the scores in table 7 and those of table 5, it was deduced that the mean value
of the overall usability score of the updated design was 3.78, compared to 3.38 of the
overall usability of the original design. This difference was considered significant,
according to a pair wise t test (P(t)=0.036).

A test was performed in order to compare the evaluators� attitude towards the heu-
ristic rules used in these evaluation studies. So a pair wise t test was performed be-
tween the values of wi (relevance of rule) for the two sets of evaluators of the specific
website.

The mean value of the rules relevance in the two studies was proven not statistically
significant (P(t)=0.1649), an indication that the two independent groups of heuristic
evaluators had similar attitudes towards the heuristic rules and their relevance to the
specific site.

The difference between the two evaluation studies is also shown in figure 6. Ac-
cording to this figure, the score in heuristic rules 7 (flexibility) and 10 (help and sup-
port) has significantly improved, while that of rule 9 (error recovery) had similar value
in both studies.

Fig. 6. Comparison of heuristic usability evaluation scores in the two portal designs

5 Discussion � Conclusions

Three complementary usability evaluation techniques were presented and their appli-
cation in the usability evaluation of a web portal was described in this paper. All three
presented approaches provided the design team with useful insight into the application
and revealed many usability problems not previously detected.

The on-line and Wammi questionnaires helped us collect information relating to the
users view on the supplied services and content of the site. The questionnaires are
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techniques easy to implement, however the findings are mostly useful for identifying
problem areas without suggesting solutions. Also crosschecking of the findings should
be performed. The usage log files of the website can be valuable complementary in-
formation. Additionally, control questions incorporated in the questionnaire can be
used for quality control of the supplied answers.

In addition, it should be observed that the questionnaires sometimes are not filled
by representative part of the user population and can provide a distorted view of use.
For instance, in our case the questionnaire was mostly filled by students and not fac-
ulty members, something reflected in the provided suggestions.

The second technique used was heuristic evaluation by experts. This technique re-
quires more effort, since experts have to be engaged in experimentation. However the
number of problems identified by this experiment, as presented in section 3.2, was
impressive. A limitation was however that the identified problems were not deduced
from realistic interaction patterns, but from dialogue flow analysis. This was due to
the fact that this technique does not involve real users, but experts making hypotheses
on user attitude.

The third experiment, involving real users closely observed as they executed typical
tasks, revealed additional problems often overlooked by the designers and not identi-
fied by the previous two experiments. Typical examples of analysis of the observa-
tions made during this experiment were included in section 3.3. However this tech-
nique requires additional effort, as typical users have to be identified and actively
engaged in the experiment, not an easy task in commercial and general-purpose appli-
cations. Also the experiment has to be made in adequately equipped environment and
has to be well designed. Finally the effort required for analysis of the findings and
their interrelation to design decisions is not trivial. So it is questionable if this tech-
nique can be fully implemented as part of the typical fast web application develop-
ment process.

The findings of all three evaluation studies were transformed in new design re-
quirements and were fed in the development team who recently updated the portal.
This is the case with most web sites of this nature who need to go through a major re-
design phase every two to three years. The new design was recently evaluated, by a
new group of evaluators, using heuristic evaluation in the same way as in the evalua-
tion study of the original design. The number of observations was in this case as high
as in the original evaluation. By comparing the usability score of the two studies, the
improvement in usability was considered statistically significant.

In conclusion, this study has shown us that by incorporating systematic usability
evaluation studies in the development of the web portal, a significant improvement of
the web site usability was achieved. We feel that an approach similar to the one de-
scribed in this paper is indispensable part of a user-centered design and it should be
followed in a rigorous way in websites where the customer�s needs and desires need to
be taken in consideration in great extend, like for instance portals of commercial na-
ture.

In addition, the reported study showed that alternative usability evaluation tech-
niques put different emphasis and provide the designer with different findings. So
preferably a combination of them should be used in web application development.
Given the importance of usability evaluation for development of this kind of applica-
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tions and the effort required for most of usability analysis tests, it is worth investigat-
ing further techniques and supporting tools that automate parts of the described us-
ability evaluation process.
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