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Abstract: The usability of user interfaces especially of webpages is currently a very hot
topic. The existing scientific literature contains various methods for testing and evaluation
of the usability of various user interfaces. The benefit of various usability evaluation
methods is described in this article, especially evaluation of usability by models and user
testing. The most commonly used methods for these purposes are usability testing
and heuristic evaluation. However, there are also suggestions of usability evaluation
through analytical models that allow us to evaluate usability without having to involve
end-users or experts in this evaluation process. These methods and their applicability are
described in the article as well. For the purposes of the research as representative websites
of public administration were chosen websites of selected municipalities. Next, the paper
deals with evaluation of the web pages of selected statutory cities usability where the
usability is evaluated by both suggested and validated analytical model and usability
testing. The main goal is to compare the results of usability evaluation by analytical models
and usability testing that use real end users and to check the analytical model’s ability
to act like in a real situation.
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Introduction

Usability is an approach to product development which includes user feedback within
the development cycle in order to achieve cost reduction and to create such products
and tools that comply with user's needs [15]. Usability of user interface as a accessibility
[13] is important for both commercial [11] and public administration [14] software.
The term usability is built on five attributes:

1. learnability - how difficult it is to learn,
errors - minimum errors when working with a system,
efficiency - achieve the highest possible efficiency,

satisfaction - user likes to work with the system,

A

memorability - ability to work with the system even after a longer period of not
using it [12].

The goal of usability evaluation is to specify the requirements on user interface,
to identify problems connected to usability or to improve the user interface [6]. Another
term related to usability is usability engineering which represents so called usability
evaluation within the product life cycle [12].
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Usability might be tested in several ways; this article will focus on two of them - user
testing and testing with the use of models with minimum utilization of users [6]. The main
goal of this article is to compare these methods and the results achieved by using models
and users. The goal of this comparison is to find out how much the methods using models
differ from real user behaviour; the real user will be represented by an average user
consisting of a few cooperating participants.

1 Statement of a problem
1.1 Comparison definition

The goal of this paper is to introduce the results of comparing two methods targeted
on usability evaluation. Both methods will be used to evaluate web sites of five statutory
cities on five tasks. The tasks will be the same for both methods. The comparison will
consist of the most basic approach to usability evaluation - user testing and analytic
modelling techniques which are not often used for usability testing.

1.2 Further process definition

The first step will be creating a research of already existing models which focus
on usability evaluation; one model out of existing seven will be selected based
on comparing models features. The selected model will be used to model created tasks
and to evaluate the usability of statutory cities web sites. In the next step, the same web sites
usability will be evaluated by using already existing user testing.

The results of both methods, especially time necessary to carry out presented tasks
for individual statutory cities, will be compared and future process will be decided.

2 Methods
2.1 Methods for usability evaluation based on user testing

Usability testing with real users is a basic method of testing as stated in [12]. It is
an irreplaceable method which provides direct information about how users work with
computers. It is important to clarify the reason of testing - determining correct and wrong
aspects of the interface together with interface improvement or evaluation of the overall
interface quality [12]. Further, it is necessary to select a corresponding sample of users
with the right knowledge, abilities etc. and a place for the testing.

User testing is a method based on monitoring the user during task fulfilment using
particular hardware and software. From a certain viewpoint it is an irreplaceable method
which is only complemented by the other methods. Usability testing consists of five phases:
planning, trial test, live test, control test, results interpretation and presentation [12]. User
testing offers a whole scale of options to scrutinize usability. It is possible to monitor
participants' behaviour in their regular environment or in a carefully selected laboratory.
Task fulfilment by participants may be monitored from a great distance using software
which enables the participant and tester to be at different places; or they may be at the same
place. The activity of participants is recorded for further research. Different types
of interviews and sessions are organized with the participants to uncover their viewpoints,
approaches, needs and reactions [6].
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2.2 Usability evaluation methods based on models

Analytical usability evaluation represents using models created by an analyst. This
method excludes utilization of users or experts for direct usability evaluation. Uncertainty
can be modelled for example by a fuzzy apparatus [9]. Usability is evaluated only based
on models describing user behaviour in selected environment. Modelling methods often
enable predicting usability at low cost. They are usually used to complement other methods,
e.g. user testing [6]. This type of usability testing, unlike user testing, does not have
problems with slow speed as well as high time and financial requirements, although this
might not be true in all cases. The methods of user and expert testing are limited by time,
costs and user selection.

Usability evaluation might use one of the following models selected in accordance
with the particular problem, available knowledge and available time and financial resources:
e Design analysis [6]
e Task environment analysis [10]
e Knowledge analysis [6]
e GOMS analysis [7]
e Cognitive task analysis [3]
e Programmable user models [1]

e UIDE analysis [5]

3 Statutory cities web sites usability
3.1 Goals of models

The main goal of the whole project described in this paper was evaluation of statutory
cities web sites usability first using models and then using participants. In order to be able
to use models, it is necessary to know clear goals which the models should reach, in other
words the knowledge of concrete processes and information that users carry out and search
at the websites. This whole process or path to the sought information might by described
by a model in detail. Feasibility of the goal of sought information is a crucial element.
Therefore, before creation of the model, cities were sent an email asking them to supply
information on real traffic of users at their websites. The cooperating cities include Hradec
Kralove, Olomouc and Pardubice, the information from these cities served to create 5 tasks
for usability evaluation by both methods. The list of statutory cities was completed
by adding Brno and Plzen.

Example of a created task:
Task 2 - find available jobs.

3.2 Usability evaluation — models

Comparison of descriptions and features of models found within the research led
to selecting the NGOMSL model belonging to GOMS modules [6] (GOMS means “a set
of Goals, a set of Operators, a set of Methods for achieving the goals, and a set of Selections
rules for choosing among competing methods for goals” [2]). These models examine
usability especially from the point of prediction. They deal e.g. with determining required
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time for task accomplishment by the user, which holds true also for NGOMSL. NGOMSL
uses external operators to determine task duration; the operators are taken from a model
of lower level: KLM-GOMS. These external operators are actually keyboard operators
providing information on time duration of pressing key by an average-experienced user, see
Tab 1. Further it works with duration of waiting for system response and number
of declarations and mental operators.

Tab. 1: Time necessary for keyboard typing - average user

Typing on keyboard Words per minute Time [s]

Average user 55 0.20

Source: [4]

NGOMSL model was used to record all 5 tasks for each statutory city. The record
represents an example of a created model. This represents so called rule of selection which
represents a signpost for further progress in the particular model. The example below under
the selection rules represents the lowest step of hierarchical decomposition of solved task
where keyboard operators are used with an assigned time of processing.

Example of a created model:

Rules of selection for goal: identify key words on home page.
If one of the key words exists on the screen, carry out the
goal: work with 1 key word.

If no key word is on the screen, carry out the goal: work
with array.

Return with accomplished goal.

HXXXXXXXXXXXXXXXX XXX XXX XXX XXX XXX XXX XX XX XXX XXX

Method for goal: Select 1 key word

Step 1. Determine stating position 1 key word (1.20 s)
Step 2. Decide: If hands are not on mouse,

move them onto mouse (0.40 s)
Step 3. Move cursor at the beginning

of 1 key word (1.10 s)
Step 4. Click mouse button. (0.10 s)

Step 5. Return with accomplished goal

In order to determine task duration for all 25 models, following steps are followed [8]:
NGOMSL declarations time = number of processed declarations x 0.1 seconds,
primitive operators time = total time,
analyst defined operators time [4] = total time,

waiting time = total time when user is waiting for system response.
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Tab. 2: Time of tasks processing

Time to process task [s] | Pardubice Hr,a dec, Olomouc Brno Plzen
Kralové

Available jobs 20.30 13.00 12.40 7.30 9.00
Dog age 56.40 17.70 25.60 66.60 1000.00
Driving license 24.80 19.80 24.60 21.10 44.50
Online reservation 21.10 18.80 20.10 20.50 25.20
Magistrate department 37.90 26.60 19.60 26.90 15.70
Total time 160.50 95.90 102.30 142.40 1094.40

Source: Authors

Table 2 represents total times of task processing. The duration depends on complexity
of goal accomplishment; only the time for statutory city Plzen needed to find the dog age
threshold for paying dog fee is extreme compared to the others. Process of searching this
information at Plzen website is difficult and depends on knowledge of further clues.

The results of usability show the winner is Hradec Kralove which achieves shorter time
of tasks accomplishment in comparison to the other 4 cities.

3.3 Usability evaluation — user testing

Seven participants called Subject 1 to Subject 7 (five women, two men) were invited
for testing. The age ranges between 24 and 69. All participants took part in a trial user
testing, as the website of statutory city Pardubice had been used by minority of them, which
even more the case for other websites of other cities. Trial user testing included providing
a paper with key words which helped the participants in accomplishing the given tasks.
The final user testing ran with no help to the participants and was recorder using Camtasia
Studio 8 software.

All durations of task accomplishing were recorded and compared with the times obtained
using models, see table 3 for a shortened overview.
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Tab. 3: Subject 1 — Comparison of testing time and model time

Time to process tasks [s] Pardubice I?rr;liicé Olomouc Brno Plzen

Available jobs — subject 18.06 7.26 8.17 4.23 16.00
Deviation available jobs 2.24 5.74 2.83 3.07 -7.00
Dog age — subject 67.15 16.12 13.17 158.18 1000.00
Deviation dog age -10.75 1.58 12.43 -91.48 0.00
Total time[s] — subject 153.32 73.80 78.73 216.59 1109.34
Total time [s] — model 160.50 95.90 100.90 142.50 1094.40
Deviation [s] 7.18 22.10 22.17 -74.09 -14.94

Source: Authors

Each of the seven users differs in behaviour during task fulfilment from the other users;
therefore, an average user was created by calculating the average time of recorded values
for users. The total time of this user was compared with the time obtained by the model
and a total deviation of -517.63 seconds was found. This means that the model works app
8 minutes faster compared to an average user; such a deviation is not acceptable, therefore,
the model needs to be adjusted to match the user better.

3.4 Model modification

With such a large deviation of the model from the user, it was necessary to modify the
model, more accurately to modify the model time. This means mostly modification
of mental operators which represent user's thinking. It is assumed to be the greatest problem.
The time of keyboard operators was not changed as these have been proven in practice
many times and their values are considered correct.

By repeated work with user records with websites their "reaction" times to determine
starting positions were obtained. The times were enquired at some tasks, in total 21 times
were collected for each subject. Further, an average time of 10.70 seconds was generated
which increased the time of the new model in comparison with the old model significantly.
As this new time was not created from the full set of tasks, therefore, it need not correspond
with the reality, experimental determination of real time was carried out. The task is to find
a greatest similarity of the model with time of an average user. The first step was
to decrease the time of 10.7 seconds to a half. The course of the experiment is recorder
in table 4; the new deviation represents the difference between total model time and average
user time.
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Tab. 4: Experiment — finding real time

New deviation Time [s]
-56.43 5.40
-45.53 5.50
-12.83 5.80

1.93 5.90
-8.97 6.00

Source: Authors

Conclusion

The paper dealt with comparison of user testing methods and methods working
with models. Both of these methods are used to evaluate usability, each of them uses
different means. In order to compare these methods, a research was carried out to map
existing models used for usability evaluation. Feature and process study of these models led
to selecting NGOMSL. This model was used to model five tasks and evaluate usability
of five statutory cities websites. The results were tasks processing durations, the sum
of which was app. 1600 seconds. Further part of the process was to carry out user testing
with the use of sever participants, five women and two men. The result of user testing is so
called average user which can process all five tasks at all web sites within app
2100 seconds. The comparison of results showed deviance of app. 520 seconds, therefore,
the model did not reflect the reality. Repeated review of user testing results
and experimental definition of mental operators’ duration led to achieve deviation of only
app. 2 seconds. In conclusion, it is possible to state that usability evaluation by models is
possible, however, the results need to be verified by e.g. here used user testing which is
based on behavior of real participants - users.

The next phase we would like to conduct in future is to suggest a generic methodology
that could be used for every type of public administration information system user
information. So we would like to focus to other types of graphical user interface
for example to mobile equipment.
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