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ABSTRACT 

This work presents a new methodology of usability evaluation based on the principles 

of fuzzy theory. Unlike the other methods allows obtaining a score of usability evaluation. 

Although the methodology is designed to evaluate the usability of Information Systems 

in Public administration, it might be generally used for any kind of user interface. 

The criteria of evaluation are in principle based on a set of properly chosen key 

characteristics affecting the usability of the target user interface. The evaluation is 

represented by imprecise, vague linguistic expressions containing some value of quality 

of use. A fuzzy inference system is used to elicit the knowledge stored in the fuzzy rule 

base to determine the overall output. The usability score represents a meaningful and 

authentic value – an indicator of quality of particular Information System, a value that can 

be compared with the others. The proposed methodology of fuzzy usability evaluation was 

implemented to the application Fuzzy Usability Evaluator that has been used for evaluating 

usability of Web portals as an example of Information System in Public administration. 

 

KEYWORDS 

Usability; Information Systems; Public administration; fuzzy logic; software quality; 

software engineering. 

 



NÁZEV 

Fuzzy modelování při hodnocení použitelnosti informačních systémů veřejné správy 

 

SHRNUTÍ 

Tato práce prezentuje novou metodologii pro hodnocení použitelnosti založenou na 

principech fuzzy teorie. Na rozdíl od ostatních metod umožňuje získat skóre hodnocení 

použitelnosti. Ačkoliv je metodologie určena pro hodnocení použitelnosti informačních 

systémů veřejné správy, může být obecně použita pro jakýkoliv druh uživatelského 

rozhraní. Kritéria hodnocení jsou v podstatě založena na definici množiny pečlivě 

vybraných klíčových charakteristik ovlivňujících použitelnost cílového uživatelského 

rozhraní. Hodnocení je pak reprezentováno nepřesnými, vágními lingvistickými výrazy, 

které obsahují nějakou hodnotu kvality užití. Fuzzy inferenční systém je použit pro 

odvození znalostí uložených v bázi fuzzy pravidel, které umožňují určení celkového 

výstupu. Skóre použitelnosti vyjadřuje smysluplnou a autentickou hodnotu – ukazatel 

kvality konkrétního informačního systému, hodnoty, která může být porovnána s jinými. 

Navržená metodologie fuzzy hodnocení použitelnosti byla implementována do aplikace 

Fuzzy Usability Evaluator, která byla použita pro hodnocení použitelnosti Webových 

portálů, jakožto příkladu informačního systému ve veřejné správě. 

 

KLÍČOVÁ SLOVA 

Použitelnost; informační systémy; veřejná správa; fuzzy logika; kvalita software; 

softwarové inženýrství. 
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Introduction 

In today’s age of information usability becomes extraordinary important. Usability 

engineering, a discipline dealing with human-computer interaction [1], is quite new 

in terms of history, experience and number of trained people, yet it became very popular. 

The importance of usability evaluation increased rapidly in last 10 years [1], [2]. 

The amount of new software increases proportionally with the number of its users. Today, 

as never before in the past, user has large possibilities of choice [3], since 

various dedicated software was developed to satisfy users’ special needs or meet their 

requirements. In contrast with the past, users are no longer pushed to use particular 

product, just because there does not exist any other. Hence, measuring of usability had 

been underestimated. Why should be measured something that cannot be compared 

to anything else similar? However, the usability was always here. It did not suddenly show 

up. 

Nowadays, the usability has its fundamental role in software engineering [1]. It may 

reveal qualities as well as lack of functionality, which usually arises during the design 

phase of a product [1]. Nevertheless, usability is not only limited to testing the quality 

of use of software products. It might evaluate the ease of use of product manuals, cars, 

home electronic devices as well as the usability of Web sites or cell phones [4]. 
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1. State of the art of usability measurement 

The history shows us that there was not always an accent on users’ comfort [1]. One 

could say that users were slaves to the machines, which, instead of performing tasks 

efficiently and not standing in users’ way to get their work done without too much effort, 

made it even more difficult. 

When this changed, the designers, programmers and vendors started to use very often 

the term ―user friendly‖ system [1], [5]. This term is not appropriate, since users do not 

need machines to be friendly to them. They just need machines not to stand in their way 

when they try to get their work done. The term also implies that users’ needs can be 

described along a single dimension that systems are more or less friendly. In reality, 

different users have different needs, and a system that is ―friendly‖ to one may not feel 

the same to another [1]. 

Due to these facts, user interface professionals have tended to use other terms in recent 

years. The field is known under names like computer-human interaction (CHI), human-

computer interaction (HCI), user-centered design (UCD), human factors (HF), etc. [1]. 

These different fields contributed in creation of widely accepted definition of term 

usability [5], [6] or [7]. 

1.1 Usability engineering and usability evaluation 

Only by defining the abstract concept of usability in terms of some precise and 

measurable components, we can arrive at an engineering discipline – usability engineering 

[8] - where usability is not just argued about, but is systematically approached, improved, 

evaluated and possibly measured [1]. Clarifying the measurable aspects of usability is 

more appropriate than aiming at a fuzzy feeling of ―user friendliness‖ [9].  

Measuring the usability aspects of the system’s user interface [10] with the help 

of particular methodologies is called the usability evaluation [1], [11]. As stated in [12], 

the usability evaluation is an important interface design process, since it allows discovering 

the problems of the design and better understanding of the targeted users [1]. 

As cited by [13], a usability evaluation method refers to any method or technique 

performing a usability evaluation of user interface (UI) at any stage of its development [1]. 

Each usability evaluation method should be realized according to the [14]: 

- cheaply, 
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- quickly, 

- with useful results. 

According to the definition found in his book, [1] recommends to measure usability 

by having a representative number of test users, who perform a set of tasks on tested 

system. He also found out that usability is measured relative to certain users and certain 

tasks. Same system might be measured with different usability characteristics if used 

by different users for different tasks. 

Literature however does not discuss how to obtain a usability score by using some 

of the methods of usability evaluation. Obtaining score of usability evaluation results from 

a need to have [15]: 

- an objective indicator of quality of use, 

- a value that can be compared to the other similar values, 

- a mechanism that provides clear information for consumers (clients, users, non-

experts) as well as advanced feedback for expert users (evaluators, administrators, 

supervisors, designers, project managers, executive). 

1.2 Current methods of usability evaluation 

According to the [1], [8], [14] the usability evaluation methods are divided into several 

groups, most commonly into: 

- expert-based evaluations (inspection methods), 

- user-centered evaluations (usability testing methods). 

These methods differ depending on the source of the evaluation. This source can be 

usability experts or users. A person using a usability evaluation method to evaluate 

usability is called an evaluator. It might be a person with expert knowledge (e.g., Web 

designer, Web administrator, IT specialist, economist, project manager, etc.) as well 

as a person who is in charge on supervising the usability evaluation process. A person 

using a usability inspection method is often called an inspector [16]. 

Usability evaluation typically only covers a subset of the possible actions users might 

take. For these reasons, [1] or [11] recommend to use several evaluation methods. Table 1 

lists most common usability evaluation methods and summarizes their possibilities and 

suitability for obtaining a score of usability evaluation. These methods are broadly 

discussed in the literature cited above. 
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Table 1: Overview of current usability evaluation methods, source: [1] 

Method 

group 

Method 

name 
Description Advantages Disadvantages 

E
x

p
er

t-
b
as

ed
 e

v
al

u
at

io
n

s 

G
u
id

el
in

e 

re
v
ie

w
 Expert checks 

guideline 

conformance 

Cheap and quick. 

Suitable for detecting 

problems in usability. 

Focus only 

on the conformance 

to some usability 

guidelines.  
C

o
g

n
it

iv
e 

w
al

k
th

ro
u
g

h
 Expert simulates 

user’s problem 

solving 

Relatively cheap. Very 

useful for detecting 

the problematic tasks 

and difficulties 

in learning the system. 

Expert cannot simulate 

behavior of every user, 

therefore cannot predict 

all possible states. Not 

useful 

for measurement. 

P
lu

ra
li

st
ic

 

w
al

k
th

ro
u
g

h
 Multiple people 

conduct cognitive 

walkthrough 

Useful results. Very 

suitable for testing 

the system and 

detecting possible 

problems. 

Quite expensive, might 

not be quick. Not 

suitable for obtaining 

a measure. 

H
eu

ri
st

ic
 e

v
al

u
at

io
n

 

Expert(s) 

identifies(y) 

heuristic 

violations 

Relatively cheap and 

quick. Reveals 

problems, gives 

recommendations and 

might be possibly 

measured. 

Measure based 

on the judgment 

of group of experts 

according 

to the conformity 

to the set of criteria. 

Measure may not 

represent users’ 

opinions. 

U
se

r-
ce

n
te

re
d
 e

v
al

u
at

io
n

s 

T
h

in
k
in

g
-a

lo
u
d

 

p
ro

to
co

l 

User talks during 

the test 

Users evaluate by using 

their natural language, 

large spectrum 

of information is 

obtained. Very suitable 

for detecting 

the usability problems. 

Very difficult 

to analyze and quantify, 

make conclusions. 

Might be very 

expensive and time-

consuming. 

P
er

fo
rm

an
ce

 

m
ea

su
re

m
en

t Tester or software 

records usage data 

during the test 

Precise in terms 

of obtaining exact 

biometric, physical or 

other measures. 

Suitable for detecting 

usability problems. 

User language is not 

examined. Very 

expensive. 

R
em

o
te

 t
es

ti
n

g
 Tester and user 

are not co-located 

during the test 

Relatively cheap and 

quick. Large number 

of users can be tested. 

Might be statistically 

analyzed and measured. 

Results might be full 

of ambiguities. 

Measure is based 

on scaling and 

approximation might 

not be always precise. 

The fundamental goal of all inspection methods is to find usability problems 

in an existing interface design and then use these problems to make recommendations 
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for improving the usability of an interface [1]. The evaluator examines the usability aspects 

of a UI design with a respect to its conformance to a set of guidelines that can range from 

highly specific recommendations to broad principles [12]. Guidelines list well-known 

principles for UI design, which should be followed in the development project [1]. Wide 

variety of usability guidelines have been established by different authors and can be found 

in [2], [6], [10], [17], [18], [19], [20], [21], [22], [23]. 

Commonly used inspection techniques are heuristic evaluation [1]. In heuristic 

evaluation, one or more evaluators independently evaluate an interface using a list 

of heuristics [1]. After evaluating the interface, the evaluators aggregate their findings and 

associate severity ratings with each potential usability problem. The output of this 

evaluation is typically a list of possible usability problems [1]. Heuristic evaluation is 

the most informal inspection method [14], mainly because it relies on a small set 

of usability criteria. Since heuristic evaluation is very cheap, fast and easy-to-use [14], it is 

considered as the most widely used inspection method [8]. 

As for the user-centered evaluations, [1] considers testing with real users as the most 

fundamental usability evaluation method and in some sense irreplaceable, since it provides 

direct information about how people use products and what their exact problems are 

with the concrete interface being tested. 

During usability testing, participants use the system to complete a specified set of tasks 

while the evaluator or specialized software records the results of the participants' work. 

The evaluator then uses these results to derive usability measures, such as the number 

of errors and task completion time [1], [10]. 

1.3 Problem definition 

Although usability studies are widespread, the issue of obtaining usability score that 

would directly express the evaluation of some UI remains an unexplored area of interest. 

There is not any clear consensus how to measure usability obtaining a significant score 

taking also in mind that users’ language is full of vague expressions, ambiguities and 

uncertainty [24]. 

Current methods of usability evaluation do not provide such measure, although some 

conceptions were already presented, for instance in [25]. Another problem of these 

methods is that they are usually very expensive to perform, time-consuming, unable to face 
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vagueness and ambiguities surrounding the evaluation process, attuned mainly 

to the problem detection and their result are usually very difficult to analyze. From these 

reasons, there is a need to develop a usability evaluation methodology that is: 

- cheap and quick, 

- precise and produces results that might be easily analyzed, 

- obtaining single value score, 

- evaluated by both users and experts, 

- able to deal with the users’ language which is full of vague terms, 

- based on mathematical principles, 

- able to be used for usability evaluation of various kind of UIs (e.g., Web sites). 

The author of this work assumes that a lightweight methodology for evaluating 

the usability of Information Systems [26] should be developed. This methodology should 

meet all the requirements that were defined above. Since such methodology has not been 

developed yet, this work is dealing with the problem of finding principles of such 

methodology, its development, use, validation and its generalization for any kind 

of system. 

Hence, the goal of this work is to create a methodology easing the users’ ability 

to evaluate the usability by using their natural language, which is full of vague expressions 

[24]. The output of the model should be a single real number representing the overall score 

of particular evaluation defined on range from 0 to 100 points, where higher value 

represents better usability score. This score might be used for instance as a measure 

of quality or in decision making as the helpful input for comparative analysis [27]. 

The proposed methodology should not serve in the first place as a usability validator, 

detecting the deviations from usability guidelines, but rather a metric [28], giving the direct 

information about quality of use. As presented above, such information might have large 

possibilities of utilization. 

The methodology will be based on a set of criteria selected thoroughly and sensitively 

according to the characteristics of the target environment of Public administration [29] 

representing the major aspects that affects the usability of Information Systems (IS). 

If mentioned usability guidelines (i.e., criteria) are modified according 

to the characteristics of particular environment the methodology is not only limited 

to Information Systems of Public administration [30]. 
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Since it is not appropriate to model vagueness, uncertainty, ambiguity that are natural 

parts of communication, decision making and other processes, using classical binary logic 

[24], this work presents an approach for usability evaluation of Information Systems 

in Public administration (ISPAs) based on the fuzzy modeling [31], [32]. 

Ways of expressing and combining uncertainties according to the [24] include theory 

of probability, fuzzy logic, Bayes’ theorem and Dempster-Shafer theory. For many 

scientific fields, the fuzzy logic is the only suitable apparatus, while the other theories fail, 

since fuzzy variables are more attuned to reality than crisp variables [33]. In fact, it is 

a paradox that data based on fuzzy variables provide more accurate evidence about real 

phenomena than those based upon crisp variables. 

Each theory has its advantages, disadvantages and problems. Although, any total 

convincing argument cannot be presented, fuzzy theory has according to [24] as the only 

presented theory a clean mathematical framework provided by fuzzy sets [31]. The basic 

concept that makes possible to treat fuzziness in a quantitative manner is based 

on a membership function, where each fuzzy set is characterized by a membership 

function, which assigns to each object its grade of membership [32]. 

In order to understand the goal of this thesis, defined problem should be first 

decomposed. The goal is to perform a ―usability evaluation of Information Systems 

in Public administration based on the fuzzy approach”. Apparently, the definition of initial 

problem seems to be very complicated. Therefore, it would be appropriate to decompose it 

to atomic parts (see Table 2). 
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Table 2: Decomposition of the initial problem, source: own 

Notation 

of decompos

ed part 

Auxiliary 

question 

Decomposed 

part 

Field 

of interest 

Available 

methods 

Subject (task) What task is 

about to be 

performed? 

―Usability 

evaluation‖ 

Usability 

engineering 

Usability evaluation 

methods, 

questionnaires, 

usability testing 

Object On what object 

is the task 

going to be 

performed? 

―of Information 

Systems‖ 

Information 

Systems 

Structure 

of the system, users 

of the system 

Environment In what 

environment is 

the task going 

to be 

performed? 

―in Public 

administration” 

Public 

administration 

Characteristics 

of the environment, 

members and 

relationships 

of the system, 

processes, output, 

feedback 

Apparatus By the help 

of which 

apparatus is 

the task going 

to be 

performed? 

―based 

on the fuzzy 

approach‖ 

Fuzzy sets and 

systems 

Operations 

with fuzzy sets, 

fuzzy numbers, 

fuzzification, 

defuzzification, 

Mamdani style 

inference, rule base 

According to the presented decomposition, the decomposed parts should be first 

explored and comprehended individually, afterwards synthesized and solved as a complex 

problematic. 
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2. Establishment and development of the methodology 

Which single real number represents expression ―to be fast?‖ Different people have 

different answer and opinion. As a result of this question, highly imprecise answers would 

appear, yet expressed with a number. 

What would be the answer if the question was ―How easily comprehensible is 

the coffee’s machine user interface?‖ It is apparently possible to state the answer 

as a single number that is a member of some artificial scale, say from 0 to 100. Would this 

number have a significant level of accuracy or would it be just a feeling about some state 

of variable? 

In the case of such a question, it would be more appropriate to answer such as ―very 

well‖ or ―quite easily.‖ These evaluations are in principle vague, imprecise because they 

do not stand for any single value that would be commonly accepted. Hence, another 

question arises – what number or set of numbers stands for ―very well‖ or ―quite easily?‖ 

the problem of evaluation seems to be even more complicated, since the complex question 

is evaluated by a vague expression instead of assigning some numeric value. How this can 

be more accurate? 

As defined previously the optimal apparatus to deal with this problem is based 

on theory of fuzzy logic, which will allow using natural language during the evaluation. 

The question is how to convert these fuzzy evaluations to the rigorous form that might be 

mathematically processed and easily understood by humans. The solution how to treat 

uncertainty that inheres in users’ evaluations, however fuzzy, vague, or imprecise the idea 

seems to be, is to express them in the form of fuzzy numbers [24]. The users, instead 

of stating numbers from some scale (for instance from 0 to 100 or from 1 to 7), express 

their evaluation propositions using their natural language. Hence, the result of answering 

the evaluating criteria is a set of words stating some level of preference. Since the users’ 

evaluations do not have a form of crisp measures, these input variables are expressed 

as fuzzy measures [33]. 

The idea of establishing usability score results from the previously presented reasons. 

Following summary lists the principles that should be respected during the establishment 

of the methodology of usability evaluation based on the fuzzy approach (methodology 

of fuzzy usability evaluation): 

- Users do not directly express the overall score by using any numerical values. 
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- Using their natural language, they evaluate a set of characteristic features that 

significantly affect usability. 

- Users’ mental load should be minimized so they can fully focus on the aspects 

of evaluation. 

- Overall value is not computed as a mean of evaluated criteria. 

- Usability score is a best approximation of expert knowledge stored in the special 

database. 

2.1 Methodology of fuzzy usability evaluation 

The proposed methodology of fuzzy usability evaluation combines findings 

of the fuzzy theory and the usability engineering. The methodology consists 

of the following phases: 

- establishment, 

- testing, 

- evaluation, 

- analysis and conclusions. 

The procedures that need to be executed in order to get a score of usability evaluation 

are summarized in Table 3. 
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Table 3: Procedures of fuzzy usability evaluation process, source: own 

Phase Procedure Description 

E
st

ab
li

sh
m

en
t 

Utility of usability 

evaluation process 

Prior to the execution of other procedures, the utility of usability 

evaluation need to be identified. The process must have positive 

impact on the target system (quality, satisfaction, loyalty, efficiency, 

reliability etc.) 

Object of evaluation Group of homogenous systems that will be evaluated has to be 

selected. Only systems that are worthy to be tested for usability 

should be evaluated. 

Target group of users The group of typical users of the evaluated systems should be easily 

defined. It is necessary to inquire group of users in order to obtain 

results. Hence, it must not be impossible or difficult to realize suitable 

form of usability testing. 

Criteria of evaluation A finite number of major aspects affecting the usability of evaluated 

systems must be defined. It is recommended to perform thorough 

study of these characteristics. 

Parameters 

of evaluation 

Every criterion of the evaluation – variable that helps to explain 

usability has to have defined universe of discourse, finite number 

of states of the linguistic variable, shape and parameters 

of the membership functions. The number of the output membership 

functions for usability, shape and other parameters of membership 

functions of this linguistic variable must be decided. 

T
es

ti
n

g
 

Empirical scale 

definition 

It is necessary to define the empirical scale that explains how 

the sample of users understands the evaluation expressions. This is 

done by inquiring a group of testing users that evaluates the usability 

both by using word expressions and by numeric score of each 

criterion. 

Rule base definition The evaluator may use results of testing to define the fuzzy rule base. 

That however depends on the level of evaluator’s knowledge. 

Properly defined rule base is the most important factor that 

determines precision of the output. 

E
v

al
u

at
io

n
 

Usability evaluation After definition of the empirical scale and equipping the rule base 

with expert knowledge, regular usability evaluation may be initiated. 

During the evaluation, desired number of users evaluates each 

criterion of selected systems. The result of usability evaluation is a set 

of evaluated criteria in form of word evaluation. 

Score of usability 

evaluation 

Each set of evaluations is first fuzzified, inference with the help 

of knowledge stored in the fuzzy rule base and afterwards defuzzified 

to the form of single real number. The resulting value is the score 

of usability evaluation and is defined on range from 0 to 100 points. 

A
n

al
y
si

s 
an

d
 

co
n

cl
u
si

o
n
s 

Analysis of results After performing all evaluations, the results can be analyzed. One 

may compare results to find the best alternative or analyze how 

different classes of users evaluate selected systems. 

Conclusions Depending on the purpose of the usability evaluation, the evaluator 

can make various kinds of conclusions that may involve other fields. 

The interpretation of results relies on the evaluator and desired goal 

of the usability evaluation process. 

Some procedures of fuzzy usability evaluation process described in Table 3 specific 

for the environment of Public administration are broadly discussed further in this chapter. 
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2.2 Establishment phase 

According to the proposed methodology, it must be examined whether the usability 

evaluation process has a utility. Afterwards, the objects to evaluate need to be chosen 

as well as an appropriate number of testing users and users that will evaluate the usability 

of selected objects of evaluation. 

One of the pillars of the fuzzy usability evaluation process is the criteria definition. It 

is suggested to perform a vigorous analysis of the target systems’ characteristics 

by consulting experts from given field. 

At the end of the establishment phase, the problematic has to be defined also in terms 

of fuzzy theory, thus all necessary parameters need to be determined. 

2.2.1 Utility of the usability evaluation process 

The importance of usability evaluation of selected ISPAs or generally any kind of UI 

inheres in developing an objective measure of quality of use of these systems. 

The main reasons why conduct the usability evaluation of the ISPAs are as follows: 

- development of an objective measure of quality of use, 

- raise of the interest and competiveness, 

- growth of the attractiveness, 

- new opportunities. 

Specific set of utility factors needs to be however defined when performing concrete 

usability evaluation process. 

2.2.2 Object of evaluation 

As defined above, the entire problem of this work is discussed in terms 

of the environment of the Public administration. Constraining the problematic only to this 

particular environment significantly eases the complexity of the initial problem. 

Since the common definition of Information System [26] does not particularly 

determines or mention any particular framework or interface, the one that is accessible 

with minimal restrictions for the users should be chosen. Such platform might be easily 

evaluated and sample of tested users would be highly representative. Author assumes 

to use the Web-based Information Systems, since the Web platform is recently the most 

dynamical environment for presenting any kind of information [34]. 
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The most suitable type of Information System to perform the goal of this thesis on, will 

be the Web portals [35] presenting the municipalities, i.e., cities, small towns, villages, 

districts or any other Web sites that presents some urban area or municipal territory. 

The reasons leading author to choose this particular type of Information System are 

following: 

- it has large number of users due to its accessibility, 

- it is not subject to any restrictions of use, 

- it is free of charge, 

- to understand its content does not require any special knowledge, 

- the representative group of typical users can be easily chosen, 

- it is constantly available, 

- testing its usability has a utility, which might result in increasing the quality, 

if the results of evaluating reveal any problems, 

- the results of evaluation can be compared to other similar Web sites presenting 

the municipality. 

A Web portal in terms of the Public administration (WPPA) could be perceived 

as a virtual environment in which citizens meet the Public administration, where portal 

represents one initial point, which allows access to services and information provided 

by Public administration [35]. The structure of WPPA is depicted in Figure 1. 

 

Figure 1: Web portal functioning, source: [35] 
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- general information about the head of the local authority, 

- the structure and organizational chart of the local authority and provided services, 

- information about provided services and the way how to reach them (contacts, 

forms, documents), 

- general information about the local economical activities, 

- cultural and historical information about the area. 

2.2.3 Users of the target system 

It is necessary to know the people that are using the system. Individual user 

characteristics and variability in tasks are factors with the largest impact on usability, so 

they need to be studied carefully [1]. 

To become a user of WPPA, the person has to have some kind of needs in relation 

to Public administration. There is a high probability that the citizen will be obliged 

to interact with Public administration and deal with some common situation of everyday 

citizen’s life. 

Therefore, the users of WPPA are Internet users of various ages, capable to read and 

process information. The last attribute also requires users to be capable to control basic 

operations with the computer or any other kind of machine making possible to reach 

the Web portal of the municipality. More specifically, this group of users is described 

by these criteria: 

- male and female individuals, 

- age between 10 – 80 years, 

- enough intelligence to process the information,  

- ability to control basic computer operations. 

According to [1], knowing the user’s work experience, educational level, age, previous 

computer experience, allows to anticipate their learning difficulties. 

In his book, [1] also suggests to study users’ goals as well as their information needs. 

The typical tasks of the user of ISPA might be for instance following: 

- to find various kind of information about the municipality, 

- to know the recent information from the municipality, 

- to answer questions regarding the services provided by the local authority, 

- to interact with the local authority on distance, etc. 
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2.2.4 Criteria of evaluation 

Each entity of real world has a number of key characteristics - unique descriptors that 

allows generalizing its complex structure. Whenever there is a reason to create a model 

of some system in order to simulate some state, measure quality, compare results or detect 

problems, it is always useful to know these characteristics. 

While the quality of use of some system can be described by a relatively small set 

of factors that determines its overall value, systems with large number (or a number 

of discrete) descriptors exist [15]. Higher complexity the system has, the larger the amount 

of factors exists. 

After studying large number of Web usability guidelines, the most important attributes 

that characterize a good Web site have been chosen with the respect to the particular 

environmental characteristics of Public administration. 

A set of nine criteria that retain important characteristics of the WPPAs were chosen 

(see Table 4). However, many other criteria could be used, some of them more or less 

important. For the purposes of this work, the amount of criteria is sufficient. 
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Table 4: List of criteria affecting the usability of WPPA, source: own 

No. Criterion Evaluating question 

1 Accessibility Specify how easily is the Web site's content legible (readable) 

and viewable for you. 

2 Instant 

comprehension 

How much do you consider the information instantly 

comprehensible? 

3 Information 

retrieval 

How simply (and fast) is to find some kind of information 

on Web site? 

4 Recency How much do you consider the information found on the Web 

site actual? 

5 Navigation 

simplicity 

Evaluate simplicity and level of comprehension to the Web site's 

navigation. 

6 Design 

preference 

How much does the graphic design of the Web site fulfill your 

expectations or meet your preferences? 

7 Orientation How good is the knowledge of your current location through 

the Web site at any moment during the browsing? 

8 Amount 

of graphics 

Qualify your level of satisfaction with the amount of graphics 

appearing on the Web site. 

9 Loading speed Evaluate the speed by which the Web site's elements are loaded. 

The criteria are constructed in way that does not demand to state the fact by numeric 

value. They rather allow users to express the evaluation using their natural language. Thus, 

the evaluating questions are formulated in such way to obtain a proper vague expression 

as an answer of it. Brief definition of criteria is presented in Table 5. 
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Table 5: Characteristic of the criteria, source: own 

Criterion Characteristics 

Accessibility 

Defines how easily the Web site is readable and viewable. 

Focuses on factors that make difficult to use the Web site for people with various kinds of disabilities, 

but also what should be avoided in order to increase the accessibility for healthy people. 

For instance, low contrast between the background and the content of the Web page, too many colors, 

wrong used colors, small fonts negatively affect the accessibility. 

Users should be able to answer the evaluating question after a short interaction with the Web site. 

Instant 

comprehension 

Affects both accessibility and content quality. 

The content might not be easily understood by all users due to the bad expressing capabilities 

of the editor.  

The content has to be understandable without much thinking, memorable, able to be processed, 

grammatically and typologically correct, reliable, well-structured, clearly labeled, etc. 

To evaluate the criterion, it is recommended to let user read some article or paragraph found 

on the Web site. 

Information 

retrieval 

The user has to evaluate the satisfaction searching capabilities and its structure. 

Desired information should be available instantly. 

The style of information structure should be based on logic inductions, having strong accent on user’s 

view.  

Good Web site should have implemented the information structure based on the catalogue search 

engine, structuring the information according to various fields of interest.  

Users evaluate the level of satisfaction with searching the desired information according to their 

interests. 

Recency 

The Web site should be frequently updated and contain actual information. 

The recency of information increases users’ trust, favor and preference. 

The information must be valid or else is useless. 

Good information should be correct, proved, actual, certain and clear. 

When evaluating the criterion, users are free to qualify whether they find the information recent or not. 

Navigation 

simplicity 

Navigation is the only element making possible to move along the Web site. 

High level of user’s identification with navigation is necessary. 

Good navigation is instantly understandable and allows user to adapt its style. 

Bad navigation is distinguished by ―more aiming than shooting‖, when the user is focused more 

on understanding than the utility to perform the tasks. 

Design 

preference 

May reveal the impropriety of the graphic design for WPPA. 

Users usually negatively reflect if the graphic design is not uniform, the colorfulness is not appropriate, 

etc. 

Orientation 

The users are tested whether they are sure about their current location in the Web site structure. 

Knowledge of user’s current position decreases the time spent by performing new tasks, positively 

affects the user’s involvement. 

Criterion might by evaluated by examining whether user knows current position in the site’s structure, 

how to reach the home page, how to get back on the current place. 

Amount 

of graphics 

Criterion is testing the level of user’s identification with the interface. 

User specifies if the amount of graphics is excessive or not adequate (which are both negative states) or 

if the number of graphics matches with the amount of text and other elements making the content 

interesting. 

Loading speed 

Determines user’s level of satisfaction with the speed by which are the elements of the Web site (pages, 

images, forms, database, etc.) loaded. 

The evaluation is subjective to the customs and habits. 

Every Internet user has some experience and idea about the loading speed. 
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As stated above, the criteria are based on set of guidelines obtained from current 

usability studies and experts’ recommendations. The list of related guidelines for each 

criterion is presented in Table 6. 

Table 6: Criteria and related usability guidelines, source: own, [2], [16], [17], [19], [21] 

No. Evaluating question Related Web usability guideline(s) 

1 Specify how easily is the Web 

site's content legible (readable) 

and viewable for you. 

There is sufficient contrast between backgrounds and foregrounds. 

Each non-text element carrying information has its text alternative. 

There are no designs on backgrounds that impede legibility. 

2 How much do you consider 

the information instantly 

comprehensible? 

Web sites present information using simple language and understandable 

formats. 

Homepages clearly describe the purpose and substance of a Web site. 

The name of the Web site or its operator is clear. 

Each Web page has a meaningful title that reflects its content. 

More extensive content blocks are always divided into smaller, concisely titled 

units. 

3 How simply (and fast) is to find 

some kind of information 

on Web site? 

How accurately does the Web site meet the minimal requirements 

for the information content. 

4 How much do you consider 

the information found 

on the Web site actual? 

Usable Web site should provide actual and reliable information. 

Update content often. 

 

5 Evaluate simplicity and level 

of comprehension to the Web 

site's navigation. 

 Navigation and content information on Web pages are clearly separated. 

Navigation is understandable and consistent throughout all the Web pages. 

The labeling of each link clearly describes its target without relying 

on the surrounding context. 

The number of links to other pages is adequate but not excessive. 

6 How much does the graphic 

design of the Web site fulfill 

your expectations or meet your 

preferences? 

The Web site style should be uniform. 

How much does the design style of the interface reflect the users' 

characteristics. 

Colorfulness should be adequate to the content. 

7 How good is the knowledge 

of your current location 

through the Web site at any 

moment during the browsing? 

All the Web pages of more extensive Web sites contain links to a clear map 

of the Web site. 

Each Web page (except the homepage) contains a link to the higher level 

in the Web site hierarchy and a link to the homepage. 

A separate Web page includes contact details of the technical administrator 

and a clear declaration of the defined accessibility level of the site and its 

sections. All other pages include links to this page. 

8 Qualify your level 

of satisfaction with the amount 

of graphics appearing 

on the Web site. 

The consensus in the literature is that the number of images needs to be 

minimized to improve download speed. 

The amount of graphics should not be extremely low or extremely high. 

9 Evaluate the speed by which 

the Web site's elements are 

loaded. 

The loading speed is an important attribute of usable Web site. 

Information provided by the server side should be retrieved instantly. 

2.2.5 Parameters of evaluation 

In this step of the fuzzy usability evaluation process, the evaluator should determine: 

- fuzzy constructs of the evaluated criteria, 
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- way of conducting testing and evaluation phases, 

- parameters of membership functions, linguistic states of input and output variables, 

- used reference scale and significance of the sample to represent the whole 

population. 

After identifying relevant input and output variables and ranges of their values, 

the meaningful linguistic states (i.e., values of linguistic variables) for each variable has 

to be selected and expressed by appropriate membership functions. These fuzzy sets 

represent linguistic labels such as ―low‖, ―medium‖, ―high‖. 

2.3 Testing phase 

To conclude the proposed methodology of fuzzy usability evaluation defined earlier 

in this chapter, the following procedures were not yet defined: 

- scale definition, 

- fuzzy rule base definition. 

 The establishment of both procedures is based on values obtained from a finite 

number of testing users by evaluating a set of selected WPPAs (see Figure 2), 

 

Figure 2: Diagram of the testing phase, source: own 
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range on empirical scale is defined by users who indirectly provide this information during 

the testing phase of the fuzzy usability evaluation process. In principle, there are several 

reasons to create an empirical scale: 

- evaluations cannot be expressed accurately as single values, 

- to respect users’ language and variety of word expressions that they use to state 

some level of quality, 

- to retain the uncertainty in the evaluations. 

Scoring is a method for developing the empirical scale. It establishes a relationship 

between a theoretically designed range and the measure obtained by the users. The reason 

of scoring is to induce users’ natural sense of understanding commonly used evaluation 

truths. The users are inquired to qualify the evaluation by using their natural language and 

then they are asked to evaluate the same fact by a numeric value. It is important to note, 

that the users should feel free to evaluate the linguistic fact by any number from the scale 

of 0 to 100. 

In early stages of the development, the scale was originally defined only by dividing 

the universe of discourse to a number of equally distributed sub-ranges. This theoretical 

scale provides good results, however the nature of problem shows that users’ evaluations 

are vague terms. The evaluations do not possess prescript boundaries and users are 

uncertain how exactly would they define such ranges if they were directly inquired. Thus, 

establishing of an artificial scale for the large set of users would decrease the accuracy 

of the output, since every particular user understands the meaning of some evaluation way 

different from the others. 

Every user has own idea about the particular evaluation and is able to determine 

whether the direction of the evaluation is negative, neutral or positive. Users understand 

the meaning of evaluation, but the range of values and position on scale of such evaluation 

is implicit. The users do not think about where exactly lies the border between something 

―good‖ and something ―bad‖. They have learnt to distinguish between these states 

by creating ones that are more specific. 

As defined previously, the universe of discourse of empirical scale is divided to the 24 

pre-defined sets of evaluations that express some degree of quality. Each of these sub-

ranges has its own label as well as universe of discourse (see Table 7). 
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Table 7: Overview of pre-defined classes of evaluations, source: own 

Label of the subset 

Negative meaning Neutral meaning Positive meaning 

extremely (-) approximately (0) relatively (+) 

very very (-) more below (0) quite (+) 

relatively very (-) slightly below (0) more or less (+) 

very (-) below (0) relatively very (+) 

quite (-) slightly above (0) very very (+) 

relatively (-) more above (0) very (+) 

more or less (-) above (0) extremely (+) 

(-) (0) (+) 

The sense or the direction of the particular evaluation has negative, neutral or positive 

meaning. Each of these categories consists of eight specific labeled evaluation classes. 

Every label name consists of the hedge [24] (e.g., ―very very‖) and category 

of the meaning: (-) for negative meaning, (0) for neutral meaning and (+) for positive 

meaning. This labeling allows grouping multiple expressions under one class where both 

the hedge and core of the evaluation (i.e., a word that stands in place of category name) 

might be different from the class label. Each label stands for one evaluation word 

representing the most common word of that class of words (synonyms) that can be 

considered as members of same sub-range having the same meaning as the class 

representative (label). 

Testing users are during the sessions asked to evaluate the set of criteria that affects 

the usability of WPPA. They are stating the evaluations by using word expressions that 

represents some state of input variable. Such evaluation may be for instance as follows: 

―good‖, ―quite satisfied‖, ―not ok‖, ―not very fast‖, ―normal‖, ―better than average‖, etc.  

Furthermore, they are asked to evaluate the same state of input variable also 

by assigning a single numeric value from scale 0 – 100. The idea is to define a set of values 

that belong to the same class of evaluations. A mistake would be to ask for assigning 

a numeric value directly to the evaluation expressed by words. The users might started 

using well known patterns like ―average is 50‖, ―very bad is 0‖, ―good is 100‖, etc., and 

scale might become uniform. 
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One user may state ―good‖ and evaluate criterion by 80 points, or state ―good‖ and 

evaluate by 95 points when evaluating different criterion of the same system, while another 

user may report ―good‖ and assign 75 points to the criterion. That is however perfectly 

normal, since the users must feel free to express their feelings during the testing scale 

definition. Only in this case, the fuzzy nature of vagueness of the evaluations can be 

retained. 

During the scale definition, number of relations in form (word_evaluation; 

numeric_evaluation) is obtained. These are processed as follows: 

1) If user used an evaluation that does not directly correspond to one of the 24 classes 

of evaluations, they are translated by a special database. 

2) In case the evaluation is not in this database, the appropriate class of evaluations 

has to be selected to define the relation between them. 

3) Numeric evaluation is stored in the special database under the respective class 

of evaluations. 

4) After terminating inquiries with testing users, the average of each 24 classes 

of evaluations is calculated together with the standard deviation of such sample. 

5) The mean value defines a base of a fuzzy triangular number while subtracted or 

added multiple of standard deviation
1
 (σ) to the mean forms left and right border 

of the fuzzy number respectively, 

6) The result of the scale definition is a set of 24 fuzzy numbers, for instance fuzzy 

number with label ―very (+)‖. 

The reason why the triangular fuzzy numbers were chosen is that these are easier 

to manipulate and implement. Author considers proposed way of expressing linguistic 

evaluations in form of fuzzy numbers as statistically reliable, since the mean 

of the collected evaluations has degree of membership [31] equal to 1 while the other 

values that are spread around the mean has lower degree of membership up until they reach 

the left or right border of the fuzzy number. 

Lastly, it must be noted that the defined normalized sets in form of fuzzy numbers are 

not reversibly convertible to the form of single values. The particular fuzzy numbers must 

                                                 

1 The value of one sigma expresses 68.72% of all values, two sigma 95.45% of all values and three sigma 

99.73% [46]. 
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not be comprehended as single value defined only by a support of this number (mean 

value). 

2.3.2 Rule base definition 

In [37], the authors state that much human thought can be expressed in rules. It is 

convenient to use the systems that have implemented some of the human knowledge since 

these systems has its own intelligence and they use computer’s fast instructions to obtain 

the results. 

The process of drawing conclusions from existing data is called inference, since new 

truths are inferred from old ones [24]. The purpose of the inference is to combine 

measurements of input variables with relevant fuzzy rules in order to make inferences 

regarding the output variables. The knowledge is usually represented by a set of fuzzy 

rules, which connect antecedents with consequents, premises with conclusions, or 

conditions with actions [33]. As presented by [24], knowledge base will be represented 

as a set of rules in form (1): 

If (this is true) then (do that). (1) 

Then the problem of inference regarding the output variable becomes the problem 

of approximate reasoning with multiple conditional fuzzy propositions as discussed in [33]. 

There are in principle two ways to define the fuzzy inference rules [33]. One is to elicit 

them from experienced human operators, which the matter of experience, knowledge or 

previous measurement(s). The other way is to obtain them from empirical data by suitable 

learning methods, usually with the help of neural networks [38]. 

After the empirical scale definition, every following user evaluates only by word 

expressions. In this moment, the rule base is empty. Without any rules in the rule base, 

inference system cannot work. The evaluator may decide to either add rules according 

to the expert knowledge or use the evaluations that were already obtained from testing 

users. 

As previously defined, each rule has its antecedent and consequent. The elements 

of the antecedent are connected with some logic connection (AND, OR, etc.). Number 

of elements is equal to number of criteria. Since each evaluation is a relation in form (2): 
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(evaluation_1, evaluation_2, evaluation_3, …, evaluation_n), (2) 

n… number of criteria 

It might be therefore used as a rule antecedent. The evaluator (or another human expert) 

only needs to determine appropriate consequent of the rule. Each new evaluation can be 

used to define new fuzzy rule. However, the number of rules based on testing users’ 

evaluations would not be probably enough to create sufficient number of rules. Note that 

the number of rules depends on number of linguistic states of each variable and number 

of criteria. In case of 3 linguistic states for each criterion (for instance low, medium and 

high) and 10 criteria, 3
10

 = 59,049 rules should be defined. However, for accurate results is 

this number significantly lower [33], [39]. 

It is possible that dividing the universe of discourse only to the 3 linguistic states 

would be too rough to express the nature of uncertainty for some problems, and therefore 

not that accurate. On the other hand, in case of five linguistic states for each of the 10 input 

variables, the number of rules is 9,765,625. Although the granularity of five linguistic 

states would be better, the author suggests using three linguistic states, since the number 

of rules is not too excessive. 

2.4 Evaluation phase 

In the second phase of the fuzzy usability evaluation process, the evaluation itself is 

performed. As a result of evaluating desired amount of users, a set of evaluations expressed 

in users’ natural language is obtained. Each criterion that affects the usability is evaluated 

by one word expression that is then converted to the form of the fuzzy number as described 

above and depicted in Figure 3. 

Figure 3: Steps of regular usability evaluation, source: own 
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the human brain does not operate as a measuring device or computer. The users are unable 

to state any of the measures by single real numbers. They are able to qualify these 

measures just about certain variables like age, height, telephone number or any other 

measure where a single crisp value is obtained. The nature of the problem defined in this 

work is uncertain itself and cannot be therefore expressed or evaluated by certain 

measures.  

2.4.1 Usability evaluation based on fuzzy approach 

The evaluations of criteria express users’ feelings about the tested WPPA. They are not 

qualifying facts that require expert knowledge. Users are not pushed to answer as needed 

(in some prescribed way). They can use their own expressions to state the evaluation. This 

way of evaluating allows them to be accurate and honest, since they do not need to adopt 

any special terminology, only their natural language. 

As previously stated, the evaluations are converted to one of the 24 evaluation classes. 

Then the particular fuzzy number from empirical scale is then compared to the appropriate 

membership function of particular criterion. Basically, this is comparing of two fuzzy 

numbers as defined in [24]. Process can be treated as a fuzzy controller [33]. 

Generally, fuzzy controllers are special expert systems [24] that are in contrary 

to classical controllers capable of utilizing knowledge elicited from human operators [33]. 

While this knowledge is also very difficult to express in precise terms, an imprecise 

linguistic description of the control problem might be used instead. This linguistic 

description consists of a set of control rules that inheres in the knowledge base. 

A general structure of fuzzy controller as defined by [33] is depicted in Figure 4 and 

consists of the following elements: 

- fuzzy rule base (knowledge base), 

- fuzzy inference engine, 

- fuzzification module, 

- defuzzification module. 
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Figure 4: A general scheme of a fuzzy controller, source: [33] 

A fuzzy controller operates by repeating a cycle of the actions and [33] define 

the process of inference as follows (Table 8): 

Table 8: Fuzzy controller cycle, source: [33] 

Step Action Description 

1 Obtaining measures Measurements are taken (e.g., the facts are evaluated, 

the simulation is executed, etc.) of all variables that represent 

the process. 

2 Fuzzification Measurements are converted into appropriate fuzzy sets 

to express measurement uncertainties. This step is called 

a fuzzification. 

3, 4 Inference Fuzzified measurements are then used by the inference engine 

to evaluate the control rules stored in the fuzzy rule base. 

The inference engine of a fuzzy system operates on a series 

of production rules and makes fuzzy inferences or it may also 

use knowledge regarding the fuzzy production rules 

in the knowledge base. The result of this evaluation is a fuzzy set 

(or several fuzzy sets) defined on the universe of possible 

actions. 

5 Defuzzification Resulting fuzzy set(s) is then converted, into a single (crisp) 

value (or a vector of values) that, in some sense is the best 

representative (approximation) of the fuzzy set (or fuzzy sets). 

This conversion is called a defuzzification. 

Figure 5 depicts the steps of fuzzy controller with fuzzified input measures. 
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Figure 5: Process of fuzzy inference with fuzzified input measures, source: [33] 

There are several fuzzy models based on fuzzy rules. Among the most known belong 

following methods [40]: 

- Mamdani method, 

- Takagi and Sugeno method (TS). 

While the Takagi-Sugeno method uses only a weighted average in fuzzy inference, 

the Mamdani method combines the fuzzy rule outputs [40]. Author suggests using 

Mamdani type of fuzzy inference system because of the reasons presented in the Table 9. 

1 

2 3 

4 

5 



35 

Table 9: Overview of fuzzy inference types, source: own 

Mamdani inference system Takagi-Sugeno inference system 

Advantages Disadvantages Advantages Disadvantages 

Easier to understand 

the logic since 

the rule consequent 

is expressed 

by linguistic 

variable (fuzzy set). 

Model retains 

the linguistic 

manner 

of evaluation. 

Process of getting 

output is relatively 

complicated. 

Consequent of rules 

is not expressed 

by single value. 

Easy to obtain 

the overall output 

since no 

defuzzification 

methods are 

necessary. 

Output is obtained 

as a combination 

of input parameters 

by weighted 

average. 

Human expert 

cannot determine 

the numeric 

consequent, unless 

this is obtained 

by machine or from 

the results 

of previous 

research. 

2.4.2 Score of usability evaluation 

The process of computing a scalar from fuzzy conclusion is called defuzzification [24]. 

A suitable defuzzification method(s) must be selected in order to convert the conclusions 

obtained by the inference engine, which is in this phase expressed in terms of a fuzzy set, 

to a single number. The resulting number, which defines the action taken by the fuzzy 

controller, in some sense summarizes the constraint imposed on possible values 

of the output variable by the fuzzy set. Defuzzification is a more complex process than 

fuzzification. 

Many different methods have been proposed in the literature [24], [33], [41], [42]. 

The results of various researches show that different defuzzification methods provide 

different defuzzified values. After analyzing the results of various defuzzification methods, 

author selected two methods and derived a new one combing advantages of both previous: 

- method based on the computation of center of area,  

- method computing weighted average of singletons [24], 

- method computing weighted center of area. 

Table 10 summarizes used defuzzification methods: 
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Table 10: Overview of the defuzzification methods, source: own 

Defuzzification 

method 
Description Advantages Disadvantages 

Center of gravity 

(COG) 

The usability score is 

computed as a center 

of gravity of the area 

below 

the accumulated line 

(see step 5 depicted 

in Figure 5). 

Considers every 

active rule 

with membership 

degree higher than 0, 

therefore 

representative and 

accurate. 

The calculation 

of the output is 

relatively 

demanding. 

Method is not useful 

in case of one firing 

fuzzy rule. 

Height method 

(HM) 

The usability score is 

computed 

as a weighted 

average of singletons 

of clipped 

membership 

functions 

of the output 

variable. 

The output 

of the method is 

calculated very 

easily. 

The method 

sometimes produces 

inaccurate outputs 

because it does not 

take in mind all 

values. 

Method is not useful 

in case of one firing 

rule. 

Weighted center 

of area 

(WCA) 

The usability score is 

computed as a center 

of weighted average 

of particular areas 

below the clipped 

membership 

functions. 

Method combines 

advantages of both 

previous methods. 

Method is not useful 

in case of one firing 

rule. 

The common disadvantage of COG method is its behavior in cases of very low and 

very high input values [42]. In such cases, the output variable Usability never reaches 

the left or right utmost boundary of its universe of discourse (0 to 100). In order 

to overcome this problem, [42] suggests formal extension of the boundary as shown 

in Figure 6. This change allows the method to achieve minimal or maximal values 

of Usability. 
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Figure 6: Formal extension of boundaries in case of extreme values, source: [42] 

There is however another situation that might happen. In case there is only one fuzzy 

rule firing at the output membership functions, the presented defuzzification methods are 

unable to compute the overall output [42]. The defuzzified value is in such case always 

equal to the base of the membership function not taking in mind the degree of membership 

(see Figure 7). Thus, in case of ―low usability‖ the defuzzified value is equal to 0, in case 

of ―medium usability‖ 50 and in case of ―high usability‖ 100. 

 

Figure 7: Defuzzification for one-rule fuzzy inference, source: [42] 

Despite the relative difficulty of the center of area method, this method provides 

the most accurate results, since retains the most of the resulting fuzzy set [33]. 

Hence, the overall usability score for particular system is obtained as the best possible 

approximation of multiple rules that interpret the evaluation. Defuzzified output represents 
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the score of the particular evaluation. Such score is a number that lies between 0 and 100 

representing overall usability of the tested system and meets all requirements defined 

above. 

2.5 Conclusions, objectives and practical research 

The results of research helped to get the idea of how to solve the initial problem. 

The decomposition helped to understand particular fields from which the problem consists 

of. Author considers that the most complicated part is the coherence between usability 

evaluation and fuzzy theory, since there is no scientific background or research studies 

regarding this approach for measuring the usability. 

The methodology of usability evaluation of Web Portals as an example of Information 

Systems in Public administration based on fuzzy approach was presented in this chapter. 

The procedures necessary to conclude methodology of the fuzzy usability evaluation were 

systematically discussed providing a theoretical framework. In order to evaluate 

functioning of the methodology, a practical demonstration should be realized. 

Although the implementation of methodology does not rely on any platform or 

software product, it might be quite difficult to realize the fuzzy usability evaluation without 

having any suitable environment. 

For the purposes of this work, a commonly known working environment should be 

used. Such environment must offer simple and advanced feedback to its users as well 

as a user-friendly graphical user interface (GUI), graphical outputs or simple databases. 

Microsoft Excel has been chosen as a fully convenient environment, since the results can 

be easily interpreted in graphical form and all calculations are transparent. 
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3. Development of the Fuzzy Usability Evaluator 

There is a need to develop an interactive application specific for the proposed 

methodology of fuzzy usability evaluation. Fuzzy theory is a powerful apparatus helping 

to manage the uncertainties, but very truly, its advanced techniques are very difficult 

to understand, especially for those who are only interested in getting the usability score 

of some system. The entire fuzzy inference engine should therefore stand 

in the background, not visible for those who does not need or want to deal with it. 

From presented reasons, the author developed a multipurpose interactive application – 

Fuzzy Usability Evaluator that significantly eases entire process and minimizes its 

complexity only to the understanding the theoretical framework. The application is 

designed to evaluate usability of ISPAs, might be however used for evaluation of any UI 

if the criteria and parameters of evaluation were appropriately changed. This chapter is 

dedicated to the description of the Fuzzy Usability Evaluator and conducting fuzzy 

usability evaluation in its environment. 

3.1 Purpose of the Fuzzy Usability Evaluator 

The Fuzzy Usability Evaluator (FUE) is an analytical application developed 

in Microsoft Excel consisting of multiple collaborating modules. It is a lightweight 

application that does not require a high educated and experienced operator trained 

for particular application environment. FUE can be considered as an expert system, since 

besides the powerful computation engine it consists of several databases including expert 

knowledge and fuzzy inference system, giving the FUE new possibilities how to deal 

with uncertainty and vagueness.  

The reasons of developing FUE were the lack of transparency, ease of use and low 

usability of powerful multipurpose tools. It is possible to perform entire process 

of usability evaluation in single application, without losing following possibilities: 

- transparency of computations, 

- customization, 

- re-use, 

- modification, 

- graphical feedback, 

- generalization. 
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With FUE, one can: 

- evaluate the usability, 

- collect the results of usability evaluation, 

- use the results to get the score for evaluated Web portal, 

- extend the fuzzy rule base manually or automatically, 

- obtain new knowledge by testing, 

- use own set of characteristics (input variables) for use in different environment, 

- display the entire process of usability evaluation in graphical way, 

- fully customize the parameters of usability evaluation, 

- make experiments for research purposes. 

3.2 Description of modules 

The FUE consists of several modules. Each of them has specific function. There are 

nine modules (divided into separated sheets) in current version of FUE. The overview and 

short description of particular modules is listed in Table 11. 
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Table 11: Overview of FUE’s modules, source: own 

Module Description 

Overview List and characteristics of the criteria 

Questionnaire Simple questionnaire suitable for inquiries 

Detailed 

questionnaire 

Questionnaire containing detailed information about particular 

usability evaluation 

Evaluation 

Graphical overview of evaluated criteria including: 

- basic information, 

o membership functions, 

o degrees of membership, 

o parameters of fuzzy numbers, etc., 

- advanced information, 

o parameters of evaluation, 

o spread of fuzzy numbers, 

o intersection coordinates, etc. 

Inference 

Includes all necessary information about fuzzy usability evaluation 

process: 

- output membership functions, 

- implication, 

- aggregation and accumulation, 

- usability score, 

- defuzzification methods, 

- fuzzy rule base and rule management, 

- advanced feedback, etc. 

Scales Parameters of theoretical and empirical scales 

Linguistic 

convertor 

Set of databases that convert users’ evaluations to the suitable 

expressions treatable by FUE 

Score collector 
Database containing values obtained during the testing phase that 

help to define parameters of the empirical scale 

Evaluation base Stores particular evaluations together with the usability score 

In order to explain how FUE utilizes the proposed methodology of the fuzzy usability 

evaluation, each module will be briefly described. For more details, consult the user 

manual in the appendix. 
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3.2.1 Module Overview 

Module Overview offers a structured list of criteria affecting the usability of WPPAs. 

They are divided into the criteria regarding the quality of the content and the criteria 

expressing the quality of design. These are as follows: 

- Accessibility and Content, 

- Structure and navigation, Visual design and Functionality. 

The lowest level of overview consists of the list of criteria. Some of the criteria are 

shared by two subcategories, since a complex criterion may affect more than one 

characteristic. Each criterion is defined by a question, the same question that will be used 

in the questionnaire. 

Table 12: Structure of the module Overview, source: own 

CONTENT QUALITY DESIGN QUALITY 

ACCESSIBILITY CONTENT 
STRUCTURE AND 

NAVIGATION 
VISUAL DESIGN FUNCTIONALITY 

Specify how easily is 

the Web site's content 

legible (readable) and 

viewable for you. 
 

Evaluate simplicity 

and level 

of comprehension 

to the Web site's 

navigation. 

How much does the graphic design 

of the Web site fulfill your expectations or 

meet your preferences? 

How much do you consider the information 

instantly comprehensible? 

How good is 

the knowledge 

of your current 

location through 

the Web site at any 

moment during 

the browsing? 

Qualify your level 

of satisfaction 

with the amount 

of graphics appearing 

on the Web site. 

Evaluate the speed 

by which the Web 

site's elements are 

loaded. 

 

How simply (and fast) 

is to find some kind 

of information 

on Web site? 
   

 

How much do you 

consider 

the information found 

on the Web site 

actual? 

   

As defined earlier, each criterion is described by the list of related Web usability 

guidelines that have been used for its establishment (see Table 6 in previous chapter). 

Since the WPPAs are not very different to other types of Web sites, there was no need 

to create a set of specific characteristics. Instead, a general set of characteristics was 

chosen, though fully respecting the characteristics of the WPPA environment as described 

previously. 
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3.2.2 Module Questionnaire 

The questionnaire lists the criteria where each of them is represented by one question. 

The questionnaire preserves a simple structure suitable for personal inquiries or remote 

testing. 

Depending on the phase of the usability evaluation process, evaluator may choose 

whether the users evaluate the criteria by only word expressions or they also state 

the numeric score to define the empirical scale. Hence, there are following two types 

of questionnaire: 

- usability evaluation questionnaire, 

- usability evaluation questionnaire with scoring. 

After inputting the evaluations to the questionnaire, these are simultaneously converted 

to one of the 24 pre-defined classes of evaluations. To maintain the maximal simplicity 

of the questionnaire, the results of these conversions are not displayed on this place.  

3.2.3 Module Detailed questionnaire 

In order to describe the process of evaluation and conversion of the evaluation words, 

detailed questionnaire was developed. It provides the evaluator with additional 

information, details of the linguistic conversion process and other suitable indicators 

of the evaluation. 

It lists the criteria denoted by their names, abbreviations and evaluation question. 

The values in the questionnaire may be inputted either manually or copied from the simple 

questionnaire. The rest of the questionnaire displays the decomposition process 

of the evaluations into the core of the evaluation, which is usually an adjective or adverb, 

and the linguistic hedge. Both core and hedge might be converted. This conversion is 

performed by versatile database stored in module Linguistic convertor. The result 

of the conversion is normalized evaluation, one of the 24 pre-defined classes 

of evaluations, i.e. fuzzy number. The parameters of these numbers are also displayed. 

3.2.4 Module Evaluation 

Module Evaluation continues to explain the evaluated criteria in both graphical and 

mathematical way. It allows determining the following attributes of evaluation: 

- type of scale, 

o empirical scale, 
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o theoretical scale, 

- the spread of fuzzy numbers around their center values, 

o value of one sigma (σ), 

o value of two sigma (2σ), 

o value of three sigma (3σ). 

Although FUE allows choosing both kinds of scale, it is recommended to use empirical 

scale, since it respects the user language. The value of spread around the mean (i.e., 

left/right border of the fuzzy numbers representing the classes of evaluations) determines 

the accuracy of the sample to represent entire population of users and it is interpreted 

by multiple of standard deviation. 

The module is structured to several segments. In vertical line are displayed 

the particular evaluations of the criteria, in horizontal line are listed various kind 

of attributes. 

Beginning from the left, an overview of the evaluated criterion is first displayed. 

Below this overview is displayed a graphical form of the evaluation. The graph includes 

the membership functions of particular linguistic states of the criterion, the evaluation 

in form of fuzzy number, the intersections with membership functions and their 

coordinates (i.e., the grades of membership). 
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Figure 8: Evaluated criterion in module Evaluation, source: own 

Next to this panel is located a table that contains results of comparing the evaluation 

with the membership functions of the evaluated linguistic variable (i.e., their intersections 

coordinates). Right next to this table, there is another that allows the evaluator to change 

the parameters of particular membership functions. FUE has three linguistic states for each 

input variable as well as for the output variable Usability. Dividing the universe 

of discourse of the linguistic variable to more linguistic states, would increase the output’s 

accuracy. On the other hand, the number of rules that should be defined for such model 

would be in case of nine input variables excessive. 

The possibility of customization the parameters of membership functions gives large 

freedom to the evaluators. They can change both parameters of the membership functions, 

which are the slope (usually denoted as k) and shift (usually denoted as q). The former 

defines an angle, which the line forms with the horizontal axis, while the latter expresses 

the shift (movement) of the initial point of line to the right or to the left from the zero 
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on horizontal axis. The default parameters of the membership functions of all variables are 

predefined as follows: 

- The membership function expressing the ―low‖ state of each input variable has k 

equal to 1.5 and q equal to 16.667. 

- The membership function expressing the ―medium‖ state of each input variable has 

k equal to 1.5 and q equal to 0. 

- The membership function expressing the ―high‖ state of each input variable has k 

equal to 1.5 and q equal to -16.667. 

The universe of discourse for each variable is therefore divided into three equal 

segments. 

The presented version of FUE can only represent the triangular shape 

of the membership functions. It would bring many implementation difficulties and 

for the purposes of this work, triangular membership functions would do the same job. 

The most valuable information gained from this module is the grades of membership 

of particular criterion evaluations that will be used in the most important module of FUE, 

which is without question the Inference. 

3.2.5 Module Inference 

Module Inference is the most important part of FUE. It consists of various kinds 

of graphical output, fuzzy rule base and other important information regarding the process 

of fuzzy inference. It provides sufficient mathematical and visual feedback for evaluator. 

Inference module works not only with the current evaluation data obtained from 

the Detailed questionnaire, it can also process data that were previously stored 

in the Evaluation base. 

As well as the other modules, also Inference consists of several elements that should 

be described. At the top of the module, there is a current evaluation, which is either loaded 

from questionnaire or from Evaluation base, and its score of usability evaluation. 

The evaluator may choose from following defuzzification methods:  

- Center of gravity (COG), 

- Height method (HM), 

- Weighted center of area (WCA). 
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Since these defuzzification methods are not computing the output properly in cases 

of very high and very low fuzzy input measures and in cases when only one fuzzy rule 

fires at the evaluation, these issues are resolved in FUE by: 

- formal extension of the borders of ―low‖ and ―high‖ output membership functions 

to -50 or 150 respectively, 

- modification of rule implication, while the degree(s) of membership of the other 

membership functions are calculated as a weighted average of its values. 

Although all three methods provide similar results, it is recommended to use the first 

method since it is considered as the one providing most accurate results [33]. 

There are three very important graphs right below the top part. The first of them shows 

the shape of the membership functions and linguistic states of the output linguistic variable 

Usability. The membership functions are represented by triangular fuzzy sets, dividing 

the universe of discourse to three equal parts depicted in Figure 9. 

 

Figure 9: Output variable Usability, source: own 

Second graph depicts the situation after comparing the evaluation to the knowledge 

in the rule base. It shows maximal degree of membership with which rules in the rule base 

fire at each membership function of Usability (see Figure 10). These membership functions 

are: 

- low usability (defined on range from 0 to 50), 

- medium usability (defined on range from 16.667 to 83.333), 

- high usability (defined on range from 50 to 100). 
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Figure 10: Clipped membership functions of output variable Usability, source: own 

The third graph shows the result of the accumulation after inferring the knowledge 

from fuzzy rule base and defuzzification. Due to problem described above, the shape 

of the membership functions needs to be extended so that fuzzy inference system can 

produce correct result also in very low or very high values of input. Therefore, the area 

of ―low‖ and ―high‖ usability is twice larger and membership functions are extended 

to the -50 and 150 respectively. Nonetheless, the defuzzified value will be always 

a number between 0 and 100. 

 

Figure 11: Accumulation and defuzzification, source: own 

The rules are stored in the lower part of the module. The knowledge stored in the base 

might be extracted from results of evaluation of the testing group of users or manually 
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by defining both the antecedent and consequent of the rule. Rules are displayed in its 

typical form that has been discussed earlier. 

It is important to denote, that rules have Mamdani type of consequent expressed 

by a linguistic state of the output variable (low usability, medium usability or high 

usability). The consequent is obtained from an expert who evaluates particular fuzzy rule 

and make a conclusion about it. FUE however eases the process of assigning a proper 

linguistic state to the consequent and allows even to generate the rules automatically.  

The former is done by the help of WA method that is used to compute numeric value, 

an equivalent of Takagi-Sugeno consequent, from the rule antecedents and current 

evaluation. Such values indicate where approximately lies the output variable and helps 

to decide about the rule consequent. 

The latter is an automatic rule generating method that has been developed to create 

new rules from existing evaluations stored in the database. There are three automatic rule 

generation techniques in FUE (see Table 13). 

Table 13: Automatic rule generation techniques, source: own 

Technique Description 

Truth-match 

This technique extracts the core of each criterion of the current 

evaluation and creates the rule antecedent by assigning the same 

linguistic states as the criteria of the evaluation according to the meaning 

of the core (negative, neutral, positive). Resulting rule matches 

with the current evaluation assigning each criterion maximal degree 

of membership. For such rule, the consequent needs to be determined. 

Max-match 

Max-match technique also extracts the cores of particular evaluated 

criteria of current evaluation. However, the rule antecedent consists 

of the highest linguistic states for each evaluated criterion where degree 

of membership is higher than 0. This is possible since an evaluation may 

have some degree of membership of ―medium‖ as well as of ―high‖ 

membership function. 

Min-match 

Min-match use the opposite way of generating the rule antecedents than 

the previous technique. It assigns the lowest possible linguistic state 

of each linguistic variable in rule antecedent that has degree 

of membership higher than 0 with the selected evaluation. 

By treating the process as a fuzzy controller, the fuzzy inference continues 

by implicating each rule in knowledge base. The resulting degree of membership of each 

rule serves as an input for inferencing. The way of getting the output is more complex. 

First, the maximal resulting degree of memberships of each linguistic state of output 
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variable is selected from the set of all rules. The resulting degrees of memberships are then 

used to clip the output membership functions. This is displayed by the second graph, where 

the clipped membership functions are showed. These are then aggregated together, 

resulting in a multiple-segmented line, which is depicted in the third graph. The line 

represents the fuzzy inference of the evaluation on the set of fuzzy rules, and it is realized 

as the best possible approximation of the stated truths inferred from the knowledge stored 

in the fuzzy rule base. 

At the end, the overall output is defuzzified according to the selected method. In case 

of COG method, the entire multiple-segmented line is divided to a number of triangles and 

rectangles whose area can be easily determined. The overall output is computed using 

the weighted average of particular areas and their COGs. 

The rest of the module contains various auxiliary tables describing the entire process 

of inference and defuzzification. The evaluator might observe this information for better 

understanding the whole process. 

3.2.6 Module Scales 

This module stores parameters of both scales that may be used in FUE - theoretical and 

empirical. The structure of the theoretical scale is illustrated in the upper part 

of the module. It is also possible to select an evaluation to see its position on the theoretical 

scale. 

Theoretical scale is a result of assigning linguistic evaluations to a 100-point line and 

dividing them to a set of equivalent intervals where each one of them expresses some range 

of scores denoted by a label of such class. As presented previously, the empirical scale is 

based on experience and observations, therefore is more suitable, since respects the user 

language. 

3.2.7 Module Linguistic convertor 

Since users are free to use any expressions to qualify the evaluation, there is a need 

to have reliable mechanism converting these expressions to a set of normalized evaluations 

easing the work both the FUE engine and the evaluator. Such database might be 

for instance defined when gathering the data for empirical scale definition. 

Linguistic convertor is a powerful database that contains expert knowledge 

of semantics, meaning of various types of synonyms and linguistic hedges. 
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This module simultaneously converts the expressions obtained by users to one 

of the 24 pre-defined labeled classes of evaluations. However, the database of commonly 

used evaluation expressions is already implemented in the database. New knowledge can 

be easily added or modified. Several situations may happen when defining a new 

evaluation and its appropriate counterpart: 

- Core of the evaluation is added to the table of new evaluation words, direction 

(meaning) and corresponding class of evaluation words are chosen. 

- Hedge of the evaluation is added to the table of new hedges and corresponding 

hedge is assigned to the new one. 

- Combination of previous two situations, both hedge and core is added 

to the appropriate tables. 

- In case new evaluation is not decomposable into hedge and core, the evaluation is 

added to the table of special words, corresponding hedge and core needs to be 

defined. 

The evaluator has to be very careful when adding or modifying records 

in the Linguistic convertor. These changes may significantly influence the output. 

The database consists of three tables. 

The first defines the group of adjectives (or adverbs), assigning them a meaning type: 

(-), (0) or (+), where first represents some adjective with negative meaning (e.g., bad, 

faulty, slow, etc.), (0) the adjective with a neutral or discrete evaluation adjective (e.g., 

average, normal, approximate, etc.) while (+) states some positive meaning (e.g., nice, 

large, well). It is very important to distinguish among the evaluation expressions, since 

some of them might be confusing and lead to ambiguities. 

Second table converts unknown hedges decomposed from the evaluations to the well-

known hedges. When evaluating something, people got use to combine multiple words 

to qualify the proposition. Such combination might confuse both FUE and the evaluator. 

Hedges should be converted correctly since they can significantly increase or decrease 

level of importance of the evaluation [33]. 

The third table contains the list of the special words that cannot be converted using 

the hedge-core decomposition. It is very typical for users to use these words instead 

of using regular expressions. The evaluator must be therefore ready to face the vagueness 

surrounding the qualitative evaluation and recognize the true meaning of evaluation. 
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3.2.8 Module Score collector 

The results of testing phase are stored in this module. After every evaluation 

with scoring, evaluator needs to add the values to the database. The evaluations from 

the simple questionnaire are already converted by Linguistic convertor and automatically 

assigned to the proper class of evaluations. 

The optimal number of scores to create a representative evaluation is assumed to be 

at least five, however not all classes of evaluations are well defined. While some of them 

may indicate high level of agreement among the tested users, there are of course 

evaluations that show many abnormalities. Standard deviation is therefore used to define 

the spread of the sample. The higher is the standard deviation, the higher is the spread 

of the values around the mean. As described previously, the mean value of each class 

of evaluations defines the base of its fuzzy number and standard deviation left and right 

edge. 

3.2.9 Module Evaluation base 

The last module implemented in FUE collects the results of evaluations. Together 

with the evaluation, which is stored as a set of normalized evaluations, (i.e., hedge and 

meaning of the core), FUE stores also the score of usability evaluation for each 

defuzzification method. Usability score can be updated at any moment during the entire 

usability evaluation process. 

As stated above, the evaluations are stored only in the normalized form. It is not 

possible to obtain the original hedge or adjective. This eases the orientation and analysis 

of the results in the evaluation base. 
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4. Usability evaluation of selected WPPAs 

Since the initial problem has been solved by establishing the methodology of usability 

evaluation based on fuzzy approach and developing the Fuzzy Usability Evaluator, there is 

a need to to validate its functionality and to verify the accuracy and efficiency 

of the model. From these reasons, a study of usability evaluation based on proposed 

methodology will be performed. The study has following goals: 

- perform usability evaluation of selected WPPAs, 

- obtain a usability score of each evaluated WPPA, 

- analyze results and make appropriate conclusions. 

The study will respect the methodology of the fuzzy evaluation process presented 

in Chapter 2. The establishment phase and methodic guidelines of the testing phase will be 

described in this chapter. Next chapter will focus on analysis of results obtained during 

the study.  

4.1 Utility of the study 

The purpose of the study is to establish an objective measure of quality of use 

of selected WPPAs to arise the interest and competiveness on the field of Public 

administration. Although one may argue that evaluating usability of a WPPA has 

practically no utility, since there is usually one Web portal of each municipality and 

the users either use it or they do not, there are several arguments that prove its significant 

utility: 

- According to the detected problems, proper person can make a decision that will 

improve the usability of the WPPA. 

- The results of usability evaluation might initiate performing of additional tests that 

will detect severe lack of usability. 

- Although the Public administration is not a private sector, the knowledge of score 

may increase the interest in further development, amount of available resources 

(human, capital, etc.) and competiveness among the participants. All for the welfare 

of its users. 

- Good presentation not only satisfies the public but may also attract investors or 

private subjects to carry business in the particular area. 
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- Information services provided by the WPPA save additional time and costs 

(telephone, electricity, etc.) that might be used somewhere else. 

- Results might be broadly analyzed, described and segmented according various 

kinds of users (families, tourists, students, retired).  

The utility of this study can be therefore generally qualified as: 

- improvement of provided information services, 

- costs minimization, 

- new opportunities by attracting private sector. 

4.2 Object of evaluation 

The set of selected Information Systems is defined in terms of Public administration 

of the Czech Republic, since there are constraints like knowledge of foreign language, 

knowledge of local habits and characteristics of environment, difficulties with establishing 

a group of users. 

In order to evaluate the usability, a set of ten various WPPAs has been selected. 

The selection was made partially by choosing WPPAs of largest cities of the Czech 

Republic and partially by selecting WPPAs according to the previous results of the Zlaty 

Erb
2
. Not only good WPPAs were chosen, there are also those that do not conform 

to usability guidelines. In these cases, users’ opinions are very important since they might 

reveal the lack of usability. Following table contains list of evaluated WPPAs. 

                                                 

2 Zlaty erb is a challenge that annually selects the best WPPAs in the Czech Republic. 



55 

Table 14: List of tested WPPAs, source: own 

Name of the municipality URL of the WPPA 

Brno http://www.brno.cz/ 

Chrudim http://www.chrudim-city.cz/ 

Hradec Králové http://www.hradeckralove.org/ 

Jihlava http://www.jihlava.cz/ 

Opatovice nad Labem http://www.opatovice-nad-labem.cz/ 

Ostrava http://www.ostrava.cz/ 

Pardubice http://www.mesto-pardubice.cz/ 

Praha http://www.praha.eu/ 

Přelouč http://www.mestoprelouc.cz/ 

Svitavy http://www.svitavy.cz/ 

4.3 Target group of users 

General profile of a typical user of the WPPA was described previously. From such 

universe were chosen 20 users and divided into two following groups: 

- 10 testing users, 

- 10 users to evaluate usability of selected WPPAs. 

Second group was selected to meet the following criteria: 

- Sex, 

o 5 men, 

o 5 women, 

- Age, 

o 3 users of age between 15 and 25 years, 

o 5 users of age between 26 and 55 years, 

o 2 users older than 55 years, 

- Skills and experience, 

o 2 users with no or low level of computer skills and experience with Web 

browsing, 

o 6 users with average computer skills and experience of Web browsing, 

o 2 users with high or expert computer skills and experience of Web browsing. 

Table 15 summarizes the distributions of users to particular classes. 

http://www.brno.cz/
http://www.chrudim-city.cz/
http://www.hradeckralove.org/
http://www.jihlava.cz/
http://www.opatovice-nad-labem.cz/
http://www.ostrava.cz/
http://www.mesto-pardubice.cz/
http://www.praha.eu/
http://www.mestoprelouc.cz/
http://www.svitavy.cz/
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Table 15: Classification of users according to the criteria, source: own 

Criterion Sex Age Skills and experience 

Condition 

(quantity) 
Male (5) 

Female 

(5) 

15 – 25 

(3) 

26 – 55 

(5) 

56 and 

more (2) 

Low or 

none (2) 

Average 

(6) 

High or 

expert 

(2) 

Testing 

users 

User 1 

- 

User 5 

User 6 

- 

User 10 

- 

User 1  

- 

User 10 

- - 

User 1 

- 

User 10 

- 

Users 

to evaluate 

the usability 

User 1 

User 6 

User 7 

User 8 

User 10 

User 2 

User 3 

User 4 

User 5 

User 9 

User 3 

User 6 

User 10 

User 1 

User 2 

User 5 

User 7 

User 8 

User 4 

User 9 

User 5 

User 9 

User 3 

User 4 

User 6 

User 7 

User 8 

User 10 

User 1 

User 2 

Due to time and budget limitations of the study, the sample of users attending 

in the study is relatively small. Thus, the level of significance of the conclusions made 

according to the results of the particular classes is not high. With larger budget, the size 

of the sample would be appropriately bigger. 

4.4 Criteria of evaluation 

The set of criteria defined in Chapter 2.2.4 lists the most important characteristics 

of the WPPAs and is therefore suitable for usability evaluation. Each of the criteria were 

previously defined and described. The same set of criteria is implemented in the FUE, 

the tool that will be used to conduct the usability evaluation. 

4.5 Parameters of evaluation 

Table 16 lists all parameters necessary to conduct the usability evaluation process 

of the 10 selected WPPAs. 
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Table 16: Parameters of the fuzzy usability evaluation process, source: own 

Parameter Characteristics 

of the parameter 

Value(s) of the parameter 

Construction 

of fuzzy 

elements 

Each criterion 

of evaluation is seen 

as an input variable, 

while usability is seen 

as an output variable 

8 input and 1 output linguistic variables 

Input variables are denoted in the same 

way like the criteria 

Output variable is denoted as Usability 

Parameters 

of variables 

Definition 

of the membership 

functions, linguistic 

states, universe 

of discourse 

Each linguistic variable has triangular 

membership functions, 3 linguistic states 

(low, medium, high) and universe 

of discourse in range from 0 to 100 

Linguistic state ―low‖ has degree 

of membership equal to 1 on (0; 16.667) 

and equal to 0 at 50 

Linguistic state ―medium‖ has degree 

of membership equal to 0 at 16.667 and 

83.333 and 1 at 50 

Linguistic state ―high‖ has degree 

of membership equal to 0 at 50 and 1 

on (83.333; 100) 

Scale Type of the scale used 

to establish the input 

fuzzified measures 

Empirical scale based on the users’ 

evaluations 

Level 

of significance 

Prediction level 

of the sample to respect 

the variance among 

the values of the base 

Spread of two sigma around the mean 

value 

Structure 

of the evaluation 

The way of conducting 

the usability evaluation 

Testing phase to define empirical scale and 

fuzzy rule base 

Usability testing: personally (80%), e-mail 

questionnaires (20%) 

4.6 Definition of empirical scale 

During the scale and rule definition phase, 10 testing users were inquired, while each 

of them evaluated five randomly chosen WPPAs from the list in Table 14 providing: 

- 50 different sets of evaluations, 

- 90 evaluations of criteria, 

- 90 various scores per user, 

- 450 relations in the form (linguistic_evaluation; numeric_evaluation). 
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Before the tests were initiated, five randomly selected WPPAs from the list of tested 

Web portals were assigned to each user. This is summarized in Table 17. 

Table 17: Summary of selected WPPAs for testing users, source: own 

Testing user 
Testing evaluation 

1
st 

evaluation 2
nd 

evaluation 3
rd

 evaluation 4
th

 evaluation 5
th

 evaluation 

Testing user 1 Brno Chrudim Jihlava 
Opatovice nad 

Labem 
Ostrava 

Testing user 2 Chrudim 
Opatovice nad 

Labem 
Ostrava Praha Přelouč 

Testing user 3 
Hradec 

Králové 

Opatovice nad 

Labem 
Pardubice Praha Svitavy 

Testing user 4 Jihlava 
Opatovice nad 

Labem 
Pardubice Praha Svitavy 

Testing user 5 Chrudim 
Hradec 

Králové 
Praha Přelouč Svitavy 

Testing user 6 Brno Jihlava 
Opatovice nad 

Labem 
Ostrava Svitavy 

Testing user 7 Chrudim Jihlava Pardubice Přelouč Svitavy 

Testing user 8 
Hradec 

Králové 
Jihlava 

Opatovice nad 

Labem 
Ostrava Svitavy 

Testing user 9 Chrudim 
Opatovice nad 

Labem 
Přelouč Praha Svitavy 

Testing user 10 Chrudim Přelouč Praha Pardubice Svitavy 

4.7 Process of rule base definition 

Since it would be complicated to define all possible fuzzy rules (3
9
 = 19,683), each 

of the 50 sets of evaluations obtained during the evaluation with scoring, helped 

to establish the fuzzy rule base. Rules were generated automatically using the techniques 

implemented in FUE as described previously. 

The automatic rule generation is more efficient than definition of the entire fuzzy rule 

base by an expert. First, it would take a lot of time and effort to create enough rules and 

second the number of errors would be probably high. The proposed way is more 

convenient because the user itself defines the most frequent evaluations that might occur. 

Users are able to evaluate the criteria if they understand them. However, they are not able 

to evaluate some rule without expert knowledge. Human expert reviews the rules and 

according to own knowledge and experience, makes a conclusion. There should be 
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however manually generated some number of rules by thorough analysis of the current rule 

base. 

4.8 Usability evaluation of selected WPPAs 

After definition of all necessary parameters and terminating the testing phase, 

the regular usability testing may be initiated. The evaluation was performed by personal 

inquiries and by e-mail questionnaires. 

Personal inquiries were performed on a personal computer equipped 

with Windows XP and fixed Internet connection (ADSL 4 Mbps/256 Kbps). Tested users 

were first introduced to the problematic and informed about the evaluated characteristics. It 

was explained that evaluation could be qualified by any expression stating some level 

of like or dislike. Each session took about 5 – 15 minutes according to the experience and 

skills of the user. Every user evaluated 10 Web portals from the list presented in Table 14. 

The author was in role of moderator, evaluator and human expert. 

E-mail questionnaires used the same structure of questions. Users were instructed how 

to perform evaluation. Users sent filled questionnaires back to the evaluator and these were 

processed the same way like personal inquiries. 

Finally, the usability score of the each evaluation based on the used defuzzification 

methods were stored in the Evaluation base. In case of some changes, score might be 

automatically recalculated. The results of the usability evaluation will be analyzed 

in the following chapter. 
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5. Results analysis 

Although current version of FUE does not have module that analyzes and presents 

the results, the data might be easily processed. It is not difficult to export data to any other 

application. The analyzed data will be described by both graphical and verbal way. 

5.1  Analyzing results of testing phase 

The results of testing phase are identical to those obtained during the evaluation phase, 

yet they do not figure in the overall results. That is because of the following reasons: 

- Testing users provided linguistic and numeric evaluations and there might be risk 

of targeting on a desired result. 

- The fuzzy rule base was constructed generally from the results of testing. Thus, 

there are at least three defined rules (generated by truth-match, max-match and min-

match techniques) for each testing evaluation. The results should be therefore very 

precise in terms of inferring the knowledge from the base, actually even more 

precise than the results of ―regular‖ evaluation. 

- Sample of testing was not selected according to any special criteria and thus it might 

not be representative. 

From these reasons, the score of usability evaluation will not be analyzed from 

the results of testing phase. On the contrary, it is very useful to analyze the development 

of empirical scale and fuzzy rule base. 

5.1.1 Analysis of defined scale 

As described previously, each of the 10 testing users evaluated 5 randomly chosen 

WPPAs from a set of all tested portals. Theoretically, 10 users evaluated 5 WPPAs where 

each of them has 9 criteria, that are 450 various scores. The situation after performing 

testing phase is summarized in Table 18 and depicted in Figure 12 and Figure 13. 
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Table 18: Situation after performing testing phase, source: own 

Class of evaluations 
Number 

of scores 
Mean σ 2σ 3σ 

Occurrence 

in “regular” 

evaluations 

extremely (-) 13 1.31 2.18 4.35 6.53 1.0% 

very very (-) 11 6.18 4.35 8.71 13.06 0.7% 

relatively very (-) 2 17.50 3.54 7.07 10.61 0.0% 

very (-) 29 15.72 8.35 16.70 25.05 3.6% 

quite (-) 8 25.25 7.78 15.56 23.33 1.0% 

relatively (-) 9 27.33 3.94 7.87 11.81 1.2% 

more or less (-) 4 27.50 2.89 5.77 8.66 0.4% 

(-) 41 22.62 10.78 21.56 32.33 5.6% 

approximately (0) 3 48.00 3.61 7.21 10.82 1.1% 

more below (0) 5 36.60 2.70 5.40 8.11 0.8% 

slightly below (0) 3 45.00 3.00 6.00 9.00 0.3% 

below (0) 14 40.71 3.85 7.70 11.55 1.9% 

slightly above (0) 4 56.25 1.50 3.00 4.50 0.6% 

more above (0) 4 61.75 2.36 4.73 7.09 0.7% 

above (0) 16 61.19 2.88 5.76 8.64 3.4% 

(0) 31 52.73 5.18 10.36 15.54 6.9% 

relatively (+) 19 70.11 5.02 10.04 15.06 6.3% 

quite (+) 29 71.79 4.97 9.93 14.90 5.2% 

more or less (+) 6 67.00 8.00 16.00 24.00 1.2% 

relatively very (+) 15 79.07 5.90 11.80 17.69 1.8% 

very very (+) 44 89.13 4.82 9.63 14.45 10.1% 

very (+) 41 80.19 6.88 13.75 20.63 19.2% 

extremely (+) 31 97.80 2.44 4.88 7.32 6.2% 

(+) 68 74.09 13.54 27.08 40.61 20.8% 
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Figure 12: Resulting fuzzy numbers, source: own 

 

Figure 13: Resulting fuzzy numbers, another perspective, source: own 

As can be seen from Table 18, most of the evaluation classes were defined sufficiently. 

There is however a number of evaluations that were not very used frequently and thus 
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the parameters of resulting fuzzy numbers are based only on few observations. Last 

column in the table summarizes occurrence of each evaluation class in evaluation phase. 

For instance, in case of evaluation ―relatively very (-)‖, which is defined only by two 

scores during the testing phase, the occurrence is 0% in the evaluation phase. Because 

of limited size of the sample, the probability of defining properly all classes is lower. 

With larger sample, the amount of scores would be higher as well as the occurrence. 

As for the distribution of used evaluations, there is evident majority of evaluations 

with positive meaning, where the most commonly used are: (+), very very (+), very (+), 

extremely (+) and quite (+). As for the neutral, there is an apparent majority of simply 

constructed evaluations like: (0), above (0) and below (0). In the negative meanings, 

the majority holds: (-) and very (-). 

Hence, the conclusion is that testing users tended to use: 

- easily constructed, not very specific evaluations, 

o because they do not always posses the knowledge to certainly evaluate some 

facts and they express them more generally, keeping some kind of reserve, 

- evaluations with positive meaning, 

o because the majority of selected WPPAs was very good or good in terms 

of usability. 

As for the other information included in the Table 18, the parameters of input fuzzy 

measures - fuzzy numbers - are defined by mean and multiple of the standard deviation 

forming its left and right boundary. 

It is also convenient to present the most common synonyms that belong to the same 

class of evaluations. This base is implemented in the Linguistic convertor and has been 

extended during the testing phase of the study. The list of commonly used evaluations is 

presented in the Table 19. 
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Table 19: Commonly used evaluations, source: own 

Meaning of the evaluation 

Negative (-) Neutral (0) Positive (+) 

low 

less 

small 

poor 

weak 

bad 

normal 

average 

medium 

common 

middle 

intermediate 

high 

good 

well 

fully 

fast 

easy 

Linguistic convertor also converts the hedges of evaluations to those that can be 

recognized by FUE. The same applies for special words that cannot be decomposed into 

hedge and core. Table 20 shows the example of converting the hedges and special words. 

The database in the Linguistic convertor is however more rich. 

Table 20: Conversion of the hedges and special evaluations, source: own 

Conversion of hedges Conversion of special words 

Original hedge Converted hedge Special word Converted evaluation 

slightly relatively worse relatively poor 

almost more or less better relatively good 

absolutely extremely not at all extremely low 

really very not good poor 

approximately more or less best extremely good 

maximally extremely great extremely good 

minimally extremely at average approximately average 

quite above more above not so good relatively poor 

about  more or less optimal very very good 

quite very relatively very quite normal approximately average 

5.1.2 Analysis of the fuzzy rule base 

After defining the scale, each testing evaluation was used to generate three types 

of rules according to the techniques described previously. The evaluator only needed 

to choose appropriate consequent of such rules. FUE however displays calculated numeric 

consequent that might help evaluator to choose correct linguistic state of consequent 

if necessary. 
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Taking in mind there were 50 testing evaluations, 150 fuzzy rules were generated and 

three fundamental rules (9× evaluation low = low usability, 9× evaluation medium = 

medium usability, 9× evaluation high = high usability). Afterwards, number 

of complementary rules was defined, making total of 200 rules. In the next step, for testing 

evaluations that were disputable other rules were defined. At the end, an amount of rules 

without any connection to the testing results was defined. Overall, there are 241 fuzzy 

rules. 

Although this number is relatively small, compared to the number of all possible rules, 

which is 3
9
 = 19,683, it is important to note that rules were created right against the users’ 

evaluations. In contrary to the ―blind‖ generation of hundreds of rules, this approach is not 

time-consuming and inefficient. Generally, the higher number of rules, the higher is 

the accuracy of the output. There are rare cases when any rule fires at the evaluation. 

The results of unknown evaluations should be therefore approximated accurately, but 

the highest possible level is not always guaranteed. 

5.2 Analyzing results of the usability evaluation 

The most important part of the study is obviously the analysis of the results obtained 

by usability evaluation. As described previously, there are several perspectives how 

to observe the data. These might be divided as follows: 

- results by portals, 

- results by users. 

The usability evaluation was performed by the 10 users who evaluated the 10 selected 

Web portals of Public administration. First, let analyze the overall results without 

constraining to any classification criteria. The average score of all three defuzzification 

methods are depicted in Figure 14 together with the 95% confidence intervals for the mean 

values. Due to the smaller and heterogeneous sample of users, the confidence intervals are 

in some cases larger. 

It may be concluded that the average scores of different defuzzification methods are 

very similar. As can be also seen, HM defuzzification method mostly produces lower 

scores than COG whose values are very similar to those obtained by WCA method. 

The author considers the results obtained by COG and WCA method as preferable. 
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Figure 14: Overall results of usability evaluation per portal, source: own 

The overall results are summarized in Table 21. As can be seen, the score orders 

of COG and WCA methods are the same, while of HM method is slightly different 

between the 4
th

 and the 6
th

 position. The score of first WPPA – Jihlava is relatively very 

high taking in mind, that 10 different users evaluated the usability. The average score 

of the worst evaluated WPPA – Svitavy is just slightly below average. 

Table 21: Summary of results of usability evaluation per portal, source: own 

Position WPPA COG HM WCA 

1 Jihlava 92.17 89.92 91.37 

2 Ostrava 89.10 86.27 88.48 

3 Hradec Králové 85.55 83.28 85.15 

4 Brno 83.75 79.19 83.97 

5 Praha 82.87 80.51 82.31 

6 Pardubice 81.71 80.10 80.34 

7 Opatovice nad Labem 77.06 72.87 78.95 

8 Přelouč 76.38 72.91 78.03 

9 Chrudim 57.56 56.04 57.21 

10 Svitavy 44.28 46.13 45.21 
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The other interesting analysis of overall results is performed by classifying users 

according the predefined criteria: sex, age and experience. These results are depicted 

in Figure 15. 

 

Figure 15: Overall results of usability evaluation per user, source: own 

As can be seen from Figure 15, the women in the sample evaluated with slightly lower 

score. As for the age, users from 15 to 55 years evaluated very similarly, while users older 

than 55 years evaluated with significantly lower scores on average 68.2 points. Finally, 

classifying according to the experience brought similar results, which is according 

to the fact that users as non-experts evaluated usability just by using their natural language, 

very good demonstration that criteria used in FUE are not confusing. As can be seen, 

the average score of evaluation by experienced users is lower. This can be explained 

by a fact, that advanced users are more critical, since they have learnt to distinguish 

between what is good and what is not. 

5.2.1 Particular results per portals 

In other words, this scope focuses on the results classification by the objects 

of evaluation – the particular WPPAs. Each portal is be described by average score 

of COG method, scores of particular users, approximate average value of each criterion 

and results of evaluation by classifying users according to the predefined criteria. 
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Table 22: Particular results per portal – Brno, source: own 

WPPA: Brno 

URL: http://www.brno.cz/ 

Average score (COG): 83.75 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

80.29 82.61 85.01 86.79 86.79 87.48 87.48 87.29 73.43 80.29 

- - + + + + + + - - 

 

 

There is an obvious similarity 

of scores among the users. 

The evaluation provided by User 9 

is the most different, that might be 

however caused by the low 

experience of this user. Overall 

score is high, with low variance. 

All evaluated criteria tend to be 

high. Accessibility (A) and 

Information retrieval (IR) are 

the weakest and strongest 

characteristics of the portal. 

As for the classification of users 

according to the criteria, the results 

apply to the overall values. There 

are no significant deviations. 
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Table 23: Particular results per portal – Chrudim, source: own 

WPPA: Chrudim 

URL: http://www.chrudim-city.cz/ 

Average score (COG): 57.56 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

30.28 47.48 67.63 81.84 30.14 78.32 57.21 75.91 30.28 76.52 

- - + + - + - + - + 

 

 

There is a high variance among 

the particular scores. The lowest 

scores, that are significantly 

different from the average, were 

provided by users with low and high 

experience. 

Most of the criteria were evaluated 

as low or medium, while Navigation 

structure (NS) is the worst and 

Recency (R) the best one. 

Orientation (O) throughout the site 

is however evaluated positively. 

Users with high experience tend 

to be more critical, sometimes too 

much if the evaluated object does 

not meet their criteria. On the other 

hand, users with low skills might 

experience using the site. Users 

with average experience are usually 

more satisfied. This could be 

concluded about users between 15 - 

25 years that think more 

dynamically. 
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Table 24: Particular results per portal – Hradec Králové, source: own 

WPPA: Hradec Králové 

URL: http://www.hradeckralove.org/ 

Average score (COG): 85.55 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

96.38 98.15 98.39 46.13 84.13 85.05 96.37 87.48 82.59 80.86 

+ + + - - - + + - - 

 

 

The average score is very high, 

with concentration of values around 

the mean. The portal is evaluated 

very high by users with expert 

knowledge and low by users older 

than 55 years. 

Most of the criteria are evaluated 

extraordinary high. Users consider 

the weakest criteria Recency (R) and 

Loading speed (LS). 
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Table 25: Particular results per portal – Jihlava, source: own 

WPPA: Jihlava 

URL: http://www.jihlava.cz/ 

Average score (COG): 92.17 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

96.32 97.95 87.48 81.69 96.50 87.48 87.48 98.25 91.16 97.40 

+ + - - + - - + - + 

 

 

Jihlava obtained the highest average 

score of Web portals evaluated 

in the study. There is a low variance 

of particular scores around the mean 

value, since all users evaluate 

similarly. 

The criteria are evaluated very 

uniformly. All of them possess high 

linguistic levels. 

The highest evaluations were 

obtained by expert users. Older 

users evaluate slightly lower. 
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Table 26: Particular results per portal – Opatovice nad Labem, source: own 

WPPA: Opatovice nad Labem 

URL: http://www.opatovice-nad.labem.cz/ 

Average score (COG): 77.06 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

74.32 76.56 73.58 87.09 87.09 78.87 82.22 79.41 66.85 64.61 

- - - + + + + + - - 

 

 

Average score is relatively high, 

optimally distributed around 

the mean value.  

The users mostly criticized 

the inability to retrieve information. 

On the other hand, they found 

Recency (R) and Loading speed 

(LS) as strong factors of the portal. 

It is positively evaluated by older 

users and women in the test. 

The evaluations are similar among 

users with different experience. 
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Table 27: Particular results per portal – Ostrava, source: own 

WPPA: Ostrava 

URL: http://www.ostrava.cz/ 

Average score (COG): 89.10 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

85.15 84.84 96.47 78.04 97.43 87.48 96.74 87.48 88.73 88.65 

- - + - + - + - - - 

 

 

Portal is suitable for large scale 

of users and was evaluated with very 

high average score.  

Some users however do not prefer 

the amount of graphics (AG) and 

they found Loading speed (AS) 

as moderate. On the other hand, 

the Orientation (O) and Navigation 

structure (NS) is evaluated very 

highly. 

The highest score is provided 

by users between 15 and 55 years 

and users with low experience. 
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Table 28: Particular results per portal – Pardubice, source: own 

WPPA: Pardubice 

URL: http://www.mesto-pardubice.cz/ 

Average score (COG): 81.71 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

85.30 87.86 96.31 19.45 87.29 87.09 85.01 83.02 89.17 96.60 

+ + + - + + + + + + 

 

 

The design of the Web portal has 

been recently changed. Although 

overall score is high, users evaluate 

Amount of graphics (AG) 

as insufficient and they do not prefer 

the design style. 

There is a large difference between 

evaluation provided by young and 

older users (almost 40 points). 

The portal is evaluated very high 

by experienced users, lower 

by women. User 4 (female, older 

than 55 years, average experience) 

evaluated the portal with absolutely 

lowest score – 19.45 points.  
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Table 29: Particular results per portal – Praha, source: own 

WPPA: Praha 

URL: http://www.praha.eu/ 

Average score (COG): 82.87 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

98.35 87.09 96.36 14.63 96.88 89.68 88.73 87.09 87.29 82.63 

+ + + - + + + + + - 

 

 

Web portal of the capital 

of the Czech Republic was evaluated 

with very high scores. 

The portal is evaluated on average 

by users older than 55 years and 

women. User 4 provided again 

significantly low score that affected 

the overall value. 

The users consider that the portal 

has medium Information retrieval 

(IR), they are however familiar 

with the structure (NS). 
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Table 30: Particular results per portal – Přelouč, source: own 

WPPA: Přelouč 

URL: http://www.mestoprelouc.cz/ 

Average score (COG): 76.38 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

57.32 75.52 73.94 95.91 66.99 82.91 82.91 81.69 73.94 72.70 

- - - + - + + + - - 

 

 

The portal with moderately high 

score evaluated positively especially 

by older users.  

Users with high experience evaluate 

with lower score. 

The criteria lie above average, 

the Amount of graphics (AG) is 

the lowest one. Loading speed (LS) 

is however evaluated highly. 
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Table 31: Particular results per portal – Svitavy, source: own 

WPPA: Svitavy 

URL: http://www.svitavy.cz/ 

Average score (COG): 44.28 

Usability score per user (COG method) and distance to average 

User 1 User 2 User 3 User 4 User 5 User 6 User 7 User 8 User 9 User 10 

23.48 28.89 29.62 22.60 66.85 29.83 67.63 79.41 66.85 27.64 

- - - - + - + + + - 

 

 

The worst evaluated Web portal that 

was tested.  

Negatively evaluated by average 

experienced, high experienced and 

young users. 

The criteria were evaluated 

moderately. The users consider 

the structure of navigation (NS) and 

Information retrieval (IR) to be very 

low. 

5.2.2 Particular results per users 

The results classified according to the evaluations of particular users are presented 

in this chapter. 
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Table 32: Particular results per user – User 1, source: own 

User: User 1 

Profile: Male, 26 - 55 years, high or expert experience 

 

- Evaluations mostly close to the average. 

- Tend to be more critical in evaluations. 

- Uses full spectrum of evaluations. 

- In case of personal like, evaluates very positively. In case of dislike, evaluates very 

negatively. 

Table 33: Particular results per user – User 2, source: own 

User: User 2 

Profile: Female, 26 - 55 years, high or expert experience 

 

- Evaluations are very close to the average. 

- Tend to be more critical in evaluations. 

- Uses full spectrum of evaluations. 

- Evaluates fairly, taking in mind other users’ likes and dislikes. 
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Table 34: Particular results per user – User 3, source: own 

User: User 3 

Profile: Female, 15 - 25 years, average experience 

 

- Evaluates moderately far from the average. 

- Ability to recognize good and bad portals. 

- In case of like evaluates with very high score. 

Table 35: Particular results per user – User 4, source: own 

User: User 4 

Profile: Female, 56+ years, average experience 

 

- Evaluations mostly very far from average. 

- Prefers conservative and simple design styles and those rates with high score. 

- Failure to evaluate, in case of dislike. Tends to evaluate all the criteria negatively. 

Might result from higher age or lower experience. 
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Table 36: Particular results per user – User 5, source: own 

User: User 5 

Profile: Female, 26 - 55 years, low or no experience 

 

- Evaluations usually very close to the average score. 

- Tends to evaluate positively, due to the inability to recognize good and bad portal. 

Table 37: Particular results per user – User 6, source: own 

User: User 6 

Profile: Male, 15 - 25 years, average experience 

 

- Evaluations usually close to the average value. 

- Scores mostly in range 78 – 90 points. 

- Steady but dynamic recognition of strong and weak aspects. 
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Table 38: Particular results per user – User 7, source: own 

User: User 7 

Profile: Male, 26 – 55 years, average experience 

 

- Evaluations mostly above the average. 

- Able to express likes, steady to express dislikes. 

Table 39: Particular results per user – User 8, source: own 

User: User 8 

Profile: Male, 26 - 55 years, average experience 

 

- Evaluates slightly but very closely to average score. 

- Range of scores between 75 and 90 points.  

- Tends to evaluate very highly. 

- Lower ability to recognize bad portals. 
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Table 40: Particular results per user – User 9, source: own 

User: User 9 

Profile: Female, 56+ years, low or no experience 

 

- Sometimes far from mean value due to the low experience. 

- Ability to recognize and comprehend to modern design styles. 

Table 41: Particular results per user – User 10, source: own 

User: User 10 

Profile: Male, 15 - 25 years, average experience 

 

- Sometimes evaluates at the mean value, sometimes more far. 

- Uses large spectrum of scores. 

- Ability to recognize good and bad design styles. 

5.3 Validation of the results 

In order to validate the reliability of proposed methodology of fuzzy usability 

evaluation and functionality of the FUE, the results of study need to be validated. 
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The validation is based on performing a usability evaluation on some method 

of usability engineering. For this validation, is chosen the same group of users and WPPAs 

from performed study. There was a slight time gap between the study and validation 

of the results. 

The results were validated by evaluating set of criteria affecting the usability of Web 

portals. The criteria are similar to the ones used for evaluation of the usability in FUE. 

Choosing a set of completely different criteria is not suitable due to the following reasons: 

- The fundamental aspects that truly affect the usability of Web portal in Public 

administration were already defined. Thus, it would be inefficient and redundant 

to define another set. 

- The score of usability evaluation might be significantly different if the evaluation is 

based on another set of criteria. Validation would be not successful. 

Although there is no clear consensus how to measure usability obtaining a score 

of usability evaluation, there are some concepts that instruct how to obtain some simple 

measure. For instance, [25] presents SUS score based on evaluating criteria on some scale. 

The most suitable seems to use the Likert scale [43] with range of values from 1 to 7. 

Users evaluate the fact by choosing the value of scale in simple questionnaire (see Table 

42). These criteria were previously presented in some studies [44], [45]. The overall score 

is than computed as presented in [25]. 

Table 42: Questionnaire for results validation, source: own 

Criterion / Scale 

I like the graphic interface of the Web portal: 

Strongly disagree  1   2   3   4   5   6   7  Strongly agree 

The information provided by the Web portal is easy to understand: 

Strongly disagree  1   2   3   4   5   6   7  Strongly agree 

It is easy to find information I needed: 

Strongly disagree  1   2   3   4   5   6   7  Strongly agree 

I am satisfied with how easy is to use this Web portal: 

Strongly disagree  1   2   3   4   5   6   7  Strongly agree 

Overall, I am satisfied with this Web portal: 

Strongly disagree  1   2   3   4   5   6   7  Strongly agree 
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The questionnaire consists of five questions. Users evaluate by assigning values from 1 

to 7, where 1 means that user strongly disagree and 7 that strongly agree 

with the statement. 

The validation was performed as follows: each of the 10 users that evaluate 

the usability had to evaluate 2 randomly chosen WPPAs from the list. The following table 

lists the WPPAs that were validated by each user. 

Table 43: Randomly selected WPPAs for validation, source: own 

User Validation 1 Validation 2 

User 1 Ostrava Hradec Králové 

User 2 Svitavy Chrudim 

User 3 Praha Přelouč 

User 4 Chrudim Přelouč 

User 5 Hradec Králové Svitavy 

User 6 Praha Brno 

User 7 Opatovice nad Labem Hradec Králové 

User 8 Svitavy Brno 

User 9 Pardubice Přelouč 

User 10 Opatovice nad Labem Svitavy 

The overall results were than compared to the ones presented previously (see Table 

44). 
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Table 44: Results of validation, source: own 

User WPPA 
Evaluation No. 

SUS COG 
1 2 3 4 5 

User 1 
Ostrava 7 5 6 7 6 86.67 85.15 

Hradec Králové 7 7 7 6 6 93.33 96.38 

User 2 
Svitavy 1 4 1 3 3 23.33 28.89 

Chrudim 2 6 5 2 3 43.33 47.48 

User 3 
Praha 6 6 7 7 6 90.00 96.36 

Přelouč 5 6 6 4 5 70.00 73.94 

User 4 
Chrudim 4 6 6 7 6 80.00 81.84 

Přelouč 6 6 7 6 6 86.67 95.91 

User 5 
Hradec Králové 7 5 6 7 6 86.67 84.13 

Svitavy 4 4 2 3 4 40.00 66.85 

User 6 
Praha 6 7 4 6 6 80.00 89.68 

Brno 6 5 6 6 6 80.00 87.48 

User 7 
Opatovice nad Labem 5 6 4 5 6 70.00 82.22 

Hradec Králové 7 6 7 7 7 96.67 96.37 

User 8 
Svitavy 4 6 5 3 5 60.00 79.41 

Brno 6 7 6 6 6 86.67 87.29 

User 9 
Pardubice 5 7 7 7 6 90.00 89.17 

Přelouč 5 6 6 5 5 73.33 73.94 

User 10 
Opatovice nad Labem 2 6 3 5 5 53.33 64.61 

Svitavy 1 4 3 3 3 30.00 27.64 

The results of randomly chosen WPPAs evaluated by SUS method are very similar 

to those provided by FUE. However, there are differences caused by the different 

complexity of criteria and lower precision of the SUS method, since it cannot take all 

values between 0 and 100. However, it is also natural that users might have changed 

opinion between both sessions.  

5.4 Conclusions of the study 

The goal of the study was to evaluate 10 selected Web portals serving the Public 

administration. Author assumes that the goal was successfully reached. The defined 
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empirical scale proved to be versatile; taking in mind that group of testing and ―regular‖ 

users was different. 

Although the sample of users that participated in the test is lower, the study gives 

a methodological example how to perform the usability evaluation based on the fuzzy 

approach. 

The Web portal that reached the highest score of usability evaluation in this study 

combines all features of the good Web site. The design style is relatively simple, uniform 

and easily manageable. Furthermore, portal is kept to be updated and it is legible 

with optimal amount of graphic elements. In this case might be concluded that sometimes 

less means more. 

It is a fault trying to include as much information as possible, since that decreases 

the accessibility and comprehension. Another typical symptom is an inappropriate amount 

of graphic elements just in order to fill the empty space. Although users react positively 

on graphic elements, they prefer simple structure, which they might learn and use. 

The difference between the best and worst evaluated portal is significant. Although, 

one may argue about the reason to improve the usability while there is only one Web portal 

per municipality and users either like it or not, the utility inheres specifically in such 

argument. While citizens of Jihlava may efficiently deal with the common problems 

involving interaction with Public administration, the citizens of Svitavy, will probably give 

up looking for information on the city’s Web portal and choose another communication 

channel. That will cost some resources and time. Although average usability score 

of Svitavy is slightly below average, the value itself is not critical. However, among 

the tested Web portals is this value relatively low. It must be noted that there is a number 

of worse Web portals. 

Looking at the other results evaluation, one can make useful conclusions. For instance, 

in case of Web portal of Hradec Králové, a decision to put actual information 

on the homepage could be made. In case of Pardubice or Přelouč, the amount of graphical 

elements might be reconsidered. 

Although utility and reasons to maintain quality of private and public services are 

different, there is a number of factors why measure, compare and improve the quality 

of use of the public information services as the one presented hereby – Web portals. 
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6. Generalization, critics and future objectives 

The author combined latest and well-known knowledge in order to create 

the methodology of fuzzy usability evaluation. In previous chapters were presented 

a theoretical framework, methodology itself and an instrument – Fuzzy Usability 

Evaluator. Furthermore, author performed a case study to present the fuzzy usability 

evaluation process, analyzed and validated results and demonstrated possible conclusions. 

The idea of general methodology arose during the establishment of the methodology. 

Author believes that the methodology is neither only dependent on the environment 

of Public administration nor on evaluating the usability of Web user interface. It might be 

used to perform usability evaluation of any user interface in different environment. In such 

case, the criteria of evaluation would have to be re-defined in order to respect 

the characteristics of the target systems. 

There are large possibilities of future research, whether for experimental purposes or 

measuring. The current version of FUE may be modified and adjusted to deal 

with the usability evaluation of general user interface. Future version of FUE might be also 

able to deal with the bell-shaped input fuzzy variables that were not implemented 

in the current version due to the severity of the calculations. Table 45 summarizes strong 

and weak parts of the FUE: 

Table 45: Strong and weak parts of FUE, source: own 

Strong parts Weak parts 

Easy, intuitive user interface with large 

number of graphical outputs 

The scale and rule base definition, 

configuration of the Linguistic convertor, 

choosing right parameters of evaluation 

requires advanced knowledge and needs to be 

done carefully 

The only tool to deal with the usability 

evaluation based on user language 

The number of input variables or higher 

granularity of variables increases the number 

of fuzzy rules exponentially. Five linguistic 

states and more input variables would 

however increase the power of the output. 

Possibility of generalization to deal 

with the usability evaluation of any user 

interface 

Quantitative evaluation of usability on first 

place, not attuned to be a lack-of-usability 

detection tool 

However, there are other particular issues that were detected during the establishment 

of the methodology. For instance, it is strongly up to the evaluator’s judgment how to set 
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up the Linguistic convertor. Users are not asked if they consider ―quite good‖ to be equal 

as ―not so bad‖. The interpretation is dependent on judgment and knowledge 

of the evaluator to deal with these facts. 

It is also question if there is equality among the particular evaluation words stating 

the same truth. For instance, one can classify evaluations as ―not so good‖ and ―quite bad‖ 

as equivalent or corresponding to some universal evaluation such as ―quite (-)‖, that can 

group more evaluations like this. 

To prevent these and other problems, a number of auxiliary procedures might be 

executed. 
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Conclusion 

This work proposes a new methodology of usability evaluation based on the fuzzy 

approach that deals with the uncertainty and vagueness inhering in user language. 

As a result of a particular evaluation, a score is obtained. The score combines various 

factors affecting the usability of a Web portal of Public administration. The input variables 

are difficult to be measured objectively by using some quantitative method. It is therefore 

a paradox that common users are able to provide valuable feedback in order to evaluate 

such complex manner. 

Although the result of one evaluation will not provide any conclusion about entire 

population, still it is valuable information. The results should be compared across 

the various criteria. That is the only way, how to learn, improve and maintain the usability 

of the particular system. 

This metric as the only one by now, truly represents the user language, allowing users 

to feel free expressing their thoughts even if they are not fully able to understand, explain 

and interpret them. They may have inner feeling about the fact and that feeling might not 

been precisely qualified, but expressed by the use of natural language. 

The author demonstrates the methodology on the example of usability evaluation 

of an Information System in the Public administration. Web portals representing 

the municipalities were chosen since they are easily accessible, their use has a general 

utility for citizens and affect wide group of users that might take part in the survey 

with particularly lower costs than in the private sector with narrow requirements. 

To ease the performance of the usability evaluation process, author developed a multi-

purpose application attuned to computations, analysis and graphical output. Although 

Fuzzy Usability Evaluator is still in early stage of its product life, there is a large potential 

to use this application to evaluate general usability of any system. Let the innovation and 

improvements are subjects of future research. 

Usability is young field and in the past greatly underestimated factor of a product’s 

success. It has its irreplaceable role in the engineering and quality. Whoever says that 

usability is not important is wrong. Product is designed for user, without user there would 

not been any utility and no sales. Presently, we can usually make a choice what product we 

want to use. If users experience troubles with using some product, they will give up 

on using it and replace it with another. However, user may not have any alternative 
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of replacing the source of information, since there is not usually too many choices among 

the Web portals of the particular municipality. 

The opponents of the idea of dealing with the usability of ISPAs, improving it and 

maintaining it, usually argue that dwelling on usability of a subsidiary public service 

as the Web portal is not a priority. That is truth, since quality of use and efficiency 

of public services has no direct impact on profit. It is aimed at the other objectives, 

in the first place on public welfare. Information services should be therefore presented 

in the way to please the citizens, making them feel comfortable with the very thing that 

should serve them on the first place. Usability evaluation of Information Systems of Public 

administration is therefore worthy, beneficial and rapid process, and may be made 

with low costs and high efficiency even with the small sample of population as presented 

in this work. 
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Appendix A: Fuzzy Usability Evaluator - user manual 

Complete list of the features of Fuzzy Usability Evaluator and the guide how to use it 

to perform the usability evaluation process is presented in this user manual. The manual 

can be used as a learning aid for those who are interested in using FUE for performing 

the usability evaluation. 

Description of the Fuzzy Usability Evaluator 

Fuzzy Usability Evaluator is a multipurpose application developed in Microsoft Excel 

using some features of Visual Basic programming language. It allows the evaluator - 

a person responsible for the usability evaluation process to solve the problem completely 

in single environment. Fuzzy Usability Evaluator is a graphical analytical tool with a user-

friendly interface suitable for both novice and experienced users. The purpose 

of developing this application is to provide a suitable environment for evaluating 

the usability based on the fuzzy approach. The output of the evaluation is expressed 

as a single value – usability score. 

 

Figure: User interface of FUE, module Inference 

Although FUE is designed especially for evaluating the usability of Information 

Systems in Public administration, another properly defined set of input variables (linguistic 

variables, criteria) might be used. 

The advantages of FUE are summarized by the following list of features: 

- extendable rule base containing expert knowledge, 

- intuitive graphical output supporting the ease of use and understanding, 



 

- transparent calculations providing advanced feedback, 

- sophisticated linguistic convertor allowing to use various evaluating expressions, 

- database of previous evaluations making possible to observe the progress 

of particular evaluation, 

- unique empirical scale of evaluating expressions based on users’ opinions. 

Detailed module description 

FUE consists of nine collaborating modules: 

- Overview, 

- Questionnaire, 

- Detailed questionnaire, 

- Evaluation, 

- Inference, 

- Scales, 

- Linguistic convertor, 

- Score collector, 

- Evaluation base. 

Each module will be characterized in the following sections. You will also learn how 

to use them to perform own usability evaluation process. Note that the structure of the FUE 

respects the proposed methodology of fuzzy usability evaluation presented in this work. 

Theoretical background was provided at the same place. 

Module Overview 

The Overview provides a simple visual structure of the criteria and its classification 

into several categories. Going down in the hierarchy, general categories become specific 

criteria denoted by the evaluating question. Each cell containing the evaluating question 

also consists of tips how to evaluate it and list of used Web usability guidelines on which 

basis is the criterion constructed. This information shows up when hovering the mouse 

pointer over the top right corner of the particular cell. 



 

 

Figure: Module Overview 

Module Questionnaire 

The questions used for evaluation are arranged in simple questionnaire. The inquiries 

with users might take place right here. First of all, there are two types of questionnaires 

that can be selected: 

- usability evaluation questionnaire (without scoring), 

- usability evaluation questionnaire with scoring. 

 

Figure: Types of questionnaires 

First type of questionnaire gathers the evaluations from users that will take part 

in the usability evaluation. That might be performed only after definition of scale rule base 

(to be discussed later). The evaluations are entered manually, as an answer for one of nine 

evaluating questions. The form of such answer is quite benevolent, since users are free 

to use any phrase or expression stating some kind of rating. However, if evaluator 

recognizes that unknown evaluation expression is not included in the Linguistic convertor 

(to be defined later), such expression needs be added together with the corresponding 

normalized evaluation into which will be converted. 

 

Figure: Usability evaluation questionnaire without scoring 

The second type of the questionnaire allows beside the standard possibility 

of evaluating, capturing a score. The score is a numeric evaluation of the question 



 

criterion. The score is not a numeric representation of the linguistic evaluation, although 

both of them arise as a result of the particular evaluation. There is a risk of creating 

a relation between these measures, which could affect the accuracy of the output. 

The users are asked to qualify the answer using linguistic evaluations. That is 

to express something that they ―feel‖, since this is not an objective measure. To qualify 

the score, they are asked to evaluate the same answer by score on scale from 0 to 100, 

where 0 is the worst rating and 100 is the best. It is perfectly normal if the user use same 

evaluation repeatedly by assigning different score, since the user ―feels it particularly that 

way‖. 

 

Figure: Usability evaluation questionnaire with scoring 

There is one or two control buttons below the questionnaire (depending on which type 

of questionnaire is selected). The first one allows deleting current evaluation from 

the questionnaire, so this can be re-used repeatedly during another session. The other 

button, that is visible only when the questionnaire with scoring is selected, deletes entered 

scores. 

 

Figure: Available control buttons in Questionnaire 

Module Detailed questionnaire 

This module represents more sophisticated form of questionnaire, than the simple one 

from previous module. The evaluations can be entered either manually in the form or 

automatically by copying the values from the module Questionnaire using one 

of the control buttons below the form. The questionnaire displays following information 

about the current evaluation: 

- criterion name and its internal ID used throughout the program, 

- evaluation question, 

- evaluation that is either manually entered or copied from the module Questionnaire, 



 

- original hedge (if present) and evaluation adjective, 

- converted hedge and converted evaluation adjective, 

- converted evaluation and corresponding fuzzy number, 

- family of evaluation adjectives to which the evaluation belongs, 

- answer for the evaluating question including the entered evaluation. 

 

Figure: Structure of Detailed questionnaire 

Together with the questionnaire, the couple of buttons can be found below the form. 

The first copies the current evaluation from simple questionnaire, while the other deletes 

evaluations from Detailed questionnaire. 

 

Figure: Available control buttons in Detailed questionnaire 

Module Evaluation 

Evaluation module allows an efficient administration of the evaluation process. 

The results are displayed transparently. This module provides large possibilities 

of customization that may significantly affect the overall output of the fuzzy inference 

system. First of parameters is type of the scale. There are two types of scale that might be 

chosen: 

- theoretical scale, 

- empirical scale, 

The difference between these scales will be defined later. 



 

 

Figure: Types of scales 

As well as the type of scale, the spread width around mean, which defines the center 

value of the fuzzy number, can be selected. There are three options: 

- σ (interval of one standard deviation), 

- 2σ (interval of two standard deviations), 

- 3σ (interval of three standard deviations). 

The size of σ (sigma) determines the left and right boundary of the fuzzy number. 

The higher the sigma is, the wider is the range between the left and right boundary. 

 

Figure: Types of spread widths around the mean value 

The vertical structure of the module consists of nine summaries, each of them for one 

criterion.  

 

Figure: Evaluation summary for particular criterion 

The lower part of these panels displays graphically the evaluation using the particular 

membership functions for the criteria and evaluations in form of fuzzy numbers. 



 

 

Figure: Graphical output for particular evaluation 

The horizontal structure includes further information about the evaluation process. 

Primarily, there is a table of intersections’ coordinates depicted in the graph of particular 

evaluation. 

 

Figure: Coordinates of membership functions’ intersections for particular evaluation 

Among the other customization possibilities belong the parameters of membership 

functions for each criterion. Since these are in form of triangular fuzzy numbers, there are 

only two parameters to change: 



 

- vertical shift (q), 

- sloppiness (k). 

 

Figure: Customizable parameters of particular membership functions 

Going more to the right in horizontal structure, the parameters of input fuzzy numbers 

are displayed. 

 

Figure: Parameters of particular evaluation fuzzy number 

Module Inference 

Probably the most important module in FUE is the Inference. It allows to: 

- see the overall output in comprehensive way with number of graphical outputs, 

- consult expert knowledge included in the fuzzy rule base, 

- watch the process of fuzzy inference, 

- display previously saved evaluations, 

- analyze and make experiments using features dedicated for advanced users. 

The top part of the module displays current evaluation and overall output (usability 

score). The evaluator can choose from three defuzzification methods: 



 

- Center of gravity (COG), 

- Height method (HM), 

- Weighted center of area (WCA). 

 

Figure: the upper panel with current evaluation and output 

If necessary, the evaluations that were previously saved in the Evaluation base might 

be displayed. These are selected according to the ID under they have been saved. 

 

Figure: Panel accessing previously saved evaluations from evaluation base 

Below this panel are displayed, the membership functions for output variable 

Usability. 

 

Figure: Membership functions for output variable Usability 

As a result of fuzzy rule aggregation, the second graph displays clipped membership 

functions for output variable Usability. 



 

 

Figure: Clipped membership functions for Usability after rule implication 

The accumulated curve is displayed on the third graph, which also shows the result 

of defuzzification - single crisp value. The output of the system is the best approximation 

of the knowledge contained in the fuzzy rule base. 

 

Figure: Aggregated output line with defuzzified crisp output 

 Below this graphical part of the module lies the entire fuzzy rule base. It consists 

of large number of fuzzy rules. The evaluator or another human expert must determine 

the form of linguistic consequent during the rule definition. There is however a numeric 

consequent that helps to decide which consequent should be chosen. 



 

 

Figure: Fuzzy rule base 

The definition of new rule starts with clicking on control button ―New rule‖. 

 

Figure: Control button for rule definition 

A window with rule parameters appears. 

 

Figure: Definition of new fuzzy rule 

Evaluator might choose the following types of rules: 

- AND rule, 

- OR rule, 

- PROD rule. 

Each type of rule has different way how its value is implicated. 

Second parameter is allowing to decide whether the rule antecedent will be generated 

automatically. There are three types of automatic rule generation and an option to define 

rule antecedent manually. The automatic rule generation techniques are described 

in the following table. 



 

Table: Defuzzification techniques 

Technique Description 

Truth-match 

This technique extracts the core of each criterion of the current 

evaluation and creates the rule antecedent by assigning the same 

linguistic states as the criteria of the evaluation according to the meaning 

of the core (negative, neutral, positive). Resulting rule matches 

with the current evaluation assigning each criterion maximal degree 

of membership. For such rule, the consequent needs to be determined. 

Max-match 

Max-match technique also extracts the cores of particular evaluated 

criteria of current evaluation. However, the rule antecedent consists 

of the highest linguistic states for each evaluated criterion where degree 

of membership is higher than 0. This is possible since an evaluation may 

have some degree of membership of ―medium‖ as well as of ―high‖ 

membership function. 

Min-match 

Min-match use the opposite way of generating the rule antecedents than 

the previous technique. It assigns the lowest possible linguistic state 

of each linguistic variable in rule antecedent that has degree 

of membership higher than 0 with the selected evaluation. 

Last parameter of new rule is the ID of evaluation from the Evaluation base on which 

basis the selected technique generates the rule. In case of manually entered antecedent, this 

field is empty. 

The advanced part of this module provides additional information about parameters 

of the clipped membership functions. 

 

Figure: Results of aggregation 

The same feedback is also provided for accumulated line and process of COG 

defuzzification. 



 

 

Figure: Accumulation and defuzzification 

 

Figure: Parameters of accumulated line 

Module Scales 

In the upper part of the module, a testing evaluation can be chosen in order to be 

displayed on the theoretical scale, which is illustrated below. 

 

Figure: Selection of testing value from current evaluation 

 

Figure: Displayed testing value on theoretical scale 

Below the graph, there is a table containing the parameters for particular classes 

of evaluations of both scales – theoretical and empirical. While theoretical scale is made up 

artificially by dividing the target interval of values from 0 to 100 to the 24 predefined 

ranges of equal size, the empirical scale is based purely on users’ opinions. 



 

 

Figure: Parameters of scale intervals for both types of scales 

Module Linguistic convertor 

Linguistic convertor is a powerful database containing the knowledge of equivalent 

evaluation words, hedges and meanings of special words. 

The first one defines equivalent evaluation words. To add a new one, evaluator need 

to choose meaning of the evaluation, which can be negative (-), neutral (0) or positive (+). 

Then a suitable adjective and set of evaluation adjectives corresponding to this evaluation 

are selected. 



 

 

Figure: Base of evaluation adjectives 

Second element of database converts hedges. The hedges are special kind of prefixes 

that can increase or decrease the intensity of the evaluation in terms of its rating. Some 

hedges like (―very‖, ―quite‖, ―above‖, etc.) are not converted, since they are considered 

as well-knows, while some of them are converted to the form of the well-known ones. 

 

Figure: Hedge convertor 

The third element of the database consists of special words that cannot be converted 

as simple as defined previously. First, the special evaluation word is entered and a suitable 

hedge and evaluation adjective that correspond to the special evaluation word need to be 

determined. 

When decomposing entered evaluation from the questionnaire, the conversion engine 

first searches in the database of special words. If the result is not successful, FUE attempts 

to use the classic decomposition ―hedge + evaluation_adjective‖. The hedge is searched 



 

in the second database. The same applies for the evaluation adjective that is obtained from 

the first database. 

 

Figure: Base of special words 

Module Score collector 

Score collector allows to: 

- collect the scores obtained during the testing phase of the fuzzy usability evaluation 

process, 

- overview the parameters of the empirical scale and resulting fuzzy numbers, 

- compare both scales. 

 

Figure: Collected score for particular evaluations 

On the right side of the module is displayed the current evaluation so it can be easily 

transferred to the Score collector. 



 

 

Figure: Current evaluation from questionnaire 

Module Evaluation base 

The upper part of this module shows the current evaluation. 

 

Figure: Current evaluation overview 

Below this summary lies the evaluation base. The evaluations are stored in the form 

of normalized expressions. As stated previously, stored evaluations can be retrieved 

in the module Inference by selecting appropriate ID of the evaluation. To add the current 

evaluation to the evaluation base, the evaluator only need to click on control button ―Save 

evaluation‖. 

 

Figure: Evaluation base 

 



 

Appendix B: Overview of the evaluated Web portals of Public administration 

Brno http://www.brno.cz/ 

 



 

 

  



 

Chrudim http://www.chrudim-city.cz/ 

 



 

 

  



 

Hradec Králové http://www.hradeckralove.org/ 

 



 

 

  



 

Jihlava http://www.jihlava.cz/ 

 



 

 

  



 

Opatovice nad Labem http://www.opatovice-nad-labem.cz/ 

 



 

 

  



 

Ostrava http://www.ostrava.cz/ 

 



 

 

  



 

Pardubice http://www.mesto-pardubice.cz/ 

 



 

 

  



 

Praha http://www.praha.eu/ 

 



 

 

  



 

Přelouč http://www.mestoprelouc.cz/ 

 



 

 

  



 

Svitavy http://www.svitavy.cz/ 

 



 

 



 

Appendix C: Czech version of the usability evaluation 

questionnaire 

1. Jaká je čitelnost a přehlednost obsahu stránky? 

2. Ohodnoťte jak dobře (nebo jak špatně) jsou pro Vás informace na stránce okamžitě 

pochopitelné a vstřebatelné. 

3. Jak jednoduché (a rychlé) je něco na stránkách nalézt? 

4. Do jaké míry jsou informace na stránce aktuální? 

5. Charakterizujte, jak jste spokojeni s navigací na stránce. 

6. Nakolik grafický vzhled stránky splňuje Vaše předpoklady a/nebo preference? 

7. Jak dobrá je Vaše znalost současné polohy na stránce (víte, kde se zhruba nacházíte 

ve struktuře stránek, víte, jak se dostat na hlavni stránku, víte, jak se dostat zpět na 

stejné místo)? 

8. Nakolik Vám vyhovuje množství grafiky (obrázků, barev, animací, ikon, reklamy, 

map atd.) na stránce? 

9. Jak jste spokojeni s rychlostí načítaní stránek (podle Vašich běžných zvyklostí z 

domova/ z práce)? 


