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Summary:

The paper emphasizes the importance of software usability as a key
quality characteristic of software during its use. At the beginning of the pa-
per, a retrospective of formal definitions of usability is given in order to
show the evolution of views on usability for more than three decades. To
ensure the required quality in use, it is necessary to measure and evaluate
many characteristics that affect the usability of software. The paper gives
a brief chronology of attempts to identify different dimensions of usability
based on its definitions. Since it is not easy to determine the characteri-
stics that contribute most to the quality in use, two methods are applied in
identifying the key attributes that affect usability, and they are to be given
special consideration when building a model of usability.
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Introduction

Usability is a qualitative feature of software during its use which allows
the user to perform desired tasks easily, effectively and comfortably.
Usability has a multi-dimensional character and cannot be viewed only
from one point of view because it is influenced by various factors. In the
literature, the term usability is widely used and means different things to
different people. Usability is a key element in defining the overall quality of
a software system and is commonly recognized as a quality factor in the
technical aspect. This is a field of interaction of people and computers
(HCI), which provides the theoretical background and suggests techniques
for producing quality user interfaces. Usability can be seen as the useful-
ness and ease of use of the system. Usability also has several other
aspects, including interface design, design functionality, data and metada-
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ta and computer systems and networks (Arms, 2000). All these different
aspects of usability are of interest to software designers, developers and
users in order to get a usable system. Usability is often used in a different
context where a precise meaning can be lost. Because of many aspects of
usability, it is necessary to consider various definitions of usability and to
analyze a comprehensive set of attributes that constitute usability in order
to obtain a clear idea of usability.

Usability is a term that means "easy to use" in situations when a person
interacts with the interface of the system and its functions; it plays an impor-
tant role in the software development process. Usability is a measure of the
usefulness of the proposed solutions, or the answer to the question of how
easily and how effectively users can complete the desired task. Usability is
primarily related to the quality of design applications and includes user interfa-
ce design, method development, testing and commissioning.

Definitions of usability

Although the concept of usability plays an important role in the inter-
action between people and computers, there is still no universally accep-
ted definition of usability. As a quality characteristics, usability is defined by
different researchers and several ISO standards. A retrospective of formal
definitions will be given further on in order to demonstrate how resear-
chers’ views on usability have changed over more than four decades.

As described earlier, based on the definitions of usability in the HCI fi-
eld, researchers have identified various dimensions of usability. An appro-
priate definition of usability can act as a guideline for the development of
an efficient software system, but there is still no definition consistently ac-
cepted by developers. Although several definitions of usability and its attri-
butes have been proposed in the previous literature, an agreement on the
concept of usability has not been reached yet between researchers and
standardization bodies (Abran et al, 2003). Different views on the attributes
of usability and the lack of authentic definitions of usability are the main
reasons for poor usability of software systems. An analysis of different de-
finitions of usability from different studies can help developers of software
systems to develop an efficient and usable software system. The aim of
this work is to see how the characteristics and their attributes are defined
in previous studies.

In the study of Dubey et al. (Dubey et al, 2010, pp.4723-4729) 37
formal definitions are examined, and a total of 152 attributes are allocated
and grouped into 22 categories. They found that, in the above definitions,
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the most often used usability attributes are: learnability, satisfaction, flexibi-
lity, efficiency, effectiveness and ease of memorization. However, the
drawback of this study is the fact that it considers only the publications with
the definitions of usability from a single source (citation database Scopus
index) published before 2010.

Below is a chronological summary of the examined attributes of
usability in different models, definitions and standards, from 1977 to 2012.

The first and most widely used software quality model was proposed
by McCall (1977) who describes usability as operability, training and com-
municativeness. Eason (1984) characterizes usability in three independent
parts (the characteristics of the task, the user and the system) on the plat-
form on which the task is performed and with the users’ reaction, which is
a variable. Makoid (1985) proposes that different definitions of usability
may include various parameters (customer satisfaction, error type). Butler
(1985) suggests that the system is considered usable if users can comple-
te a specific task within a predetermined period of time. Reed (1986) defi-
nes usability as ease with which the system can be learnt and used. In the
same year, Shack introduced an operational definition of usability that al-
lows to evaluate the system during the development life cycle. He presen-
ted one of the most commonly used definitions of usability indicating that
the system is useful to the extent to which it is effective, easy to learn, fle-
xible and subijectively friendly. Gould (1988) classifies the usability with
regard to the system performance, system functions and user interface
(Dubey et al, 2010, pp.4723-4729).

Booth (Booth, 1989) finds it difficult to identify and measure the flexibi-
lity of the system and believes that usefulness should be the basis for
usability. He modifies Shackel's criteria and states that usability has four
factors: usefulness, efficiency, ease of learning (or ease of use) and attitu-
de (or appeal).

Later, Shackel and Richardson (1991) recognized the importance of
usability engineering and suggested four important characteristics of
usability called learnability, efficiency, flexibility and attitude?. Efficiency
refers to the impact of the implementation of tasks, learnability implies a
degree of learning to achieve tasks, the flexibility is the ability to adapt to
task changes and attitude relates to customers’ satisfaction in the work
with the system.

Bevan et al. (1991) argue that usability is based on the product, the
user, ease of use and acceptability of the product for a specific class of
users to perform specific tasks in a specific environment. In the quality
model proposed in 1992 by Grady called FURPS (Functionality, Usability,
Reliability, Performance, and Supportability), usability includes human fac-
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tors, aesthetics, consistency in the user interface, online and context sen-
sitive help, wizards and agents, user documentation and training materials
(Dubey et al, 2010, pp.4723-4729).

The 1SO 9126 (ISO/IEC 9126, 1991) definition contains 21 attributes
arranged in six areas: functionality, reliability, usability, -efficiency,
maintainability and portability, out of which usability attracted the attention
of most researchers.

In 1992, the Institute of Electrical and Electronics Engineers (IEEE
Std 1061) defined usability as: the ease with which users can learn to ope-
rate, prepare input and interpret the results of a system or a component
and proposed a model that usability depends on the following factors:
user-friendliness, ease of learning and communicativeness. Hix and Hart-
son (1993) define usability via performance, ease of learning, knowledge
retention over time, advanced functions of use, the first impression and
long-term user satisfaction. Lowgren (1993) stated that usability is the re-
sult of relevance, efficiency, ease of learning and attitude (Dubey et al,
2010, pp.4723-4729).

Nielsen (Nielsen, 1993) recognizes usability as an important attribute
that affects the acceptance of the product. Usability and complaisance can
help product utility that enhances the users’ ability to perform their tasks.
He divides acceptability to practical and social acceptability and identifies
five important attributes associated with usability, which are: learnability,
efficiency, memorability, errors and satisfaction. Social acceptability indica-
tes whether the system is designed for ethical purposes. Practical
acceptability is a generalization about the acceptance of system costs,
compatibility with existing systems, reliability, availability, usefulness and
other such considerations. Usefulness refers to the question whether the
system can be used to achieve a desired goal. Usefulness can be further
divided into usability and utility. Ultility is related to forecasting functionality
of the system to do what is necessary. Usability is a question of how well
users can use this functionality. So, all these elements of the system of
acceptability are very important for a general attitude. Usability is only one
of many, but still needs to be one of the criteria for evaluating software or
services.

The SUMI method of measurement (Software Usability Measurement
Inventory) also describes usability by its attributes: efficiency, effective-
ness, helpfulness, control and ease of learning (1993). Dumas and Redish
(1993) suggest that usability means that people who use the product can
quickly and easily accomplish their tasks and it focuses on four main po-
ints: users, productivity, tasks, and ease of use (Dubey et al, 2010,
pp.4723-4729).
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Rubin (Rubin, 1994) said that likeability is also an important usability
attribute that represents the user's perception, feelings and opinions about
the product.

Luis (1995) introduced a questionnaire PSSUQ (Post Study System
Usability Questionnaire) which identifies usability attributes grouped into
three factors, ie. usefulness of the system, the quality of information and
the quality of the interface. Thomas (1998) categorizes the attributes into
the result, the process and the task. In their model, Dix et al. (1998) repre-
sent system usability in three categories: ease of learning, flexibility and
robustness (Dubey et al, 2010, pp.4723-4729).

After that, the International Organization for Standardization (1ISO) pu-
blished usability standards from two different points of view on usability,
i.e. ease of use (ISO 9241-11, 1998) and quality in use (ISO/IEC 9126-1,
2001). ISO 9241-11 establishes the effectiveness, efficiency and satisfac-
tion as the basic dimensions and defines usability as an extent to which a
product can be used by specified users to achieve specified goals with ef-
fectiveness, efficiency and satisfaction in a specified context of use (ISO
9214-11, 1998).

Lecerof et al. (1998) provide a definition of usability, addressing the
importance of user needs, efficiency, subjective feelings of users, ease of
learning and system security function, such as giving users the rights to
nullify actions that can lead to errors. Clairmont et al. (1999) suggest that
usability is a degree to which the user can successfully learn and use the
product to achieve the goal. Arms (2000) states that usability has several
aspects, including interface design, functional design, data and metadata
of computer systems and networks alike. Frojkaer et al. (2000) argue that
the components of effectiveness, efficiency and satisfaction should be
considered as separate and independent aspects of usability. Doniaee et
al. (2001) developed an integrated model of measuring quality in use
(QUIM). The attributes included in QUIM are: effectiveness, efficiency, sa-
tisfaction, productivity, safety, accessibility and internationalization. Battle-
son et al. (2001) proposed to improve the interface usability so that it can
be easy to learn, remember and use, with few mistakes for target users
and designed to support specific tasks (Dubey et al, 2010, pp.4723-4729).

A little later, ISO 9126, 2001, established the following usability sub-
atributes called: user-friendliness, ease of learning, functionality, attracti-
veness and usability compliance. An Oulan and Pajarillo’s study, called
CUNY + (2002), primarily used a questionnaire as a method of evaluating
usability. The authors conducted a study in two stages to compare the
usability of text-based and Web-based CUNY Web sites. The criteria ap-
plied were impact, efficiency, control, attentiveness and adaptability
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(Dubey et al, 2010, pp.4723-4729). Blandford et al. (2002) indicate that
usability is technically, cognitively, socially and design-oriented and that it
is important to gather these different perspectives together. Brinck et al.
(2002) suggested that usability be: functional correctness, efficiency of
use, ease of learning, ease of remembering, error tolerance and a subjec-
tive feeling of comfort. Abran et al. (2003) combine the attributes of ISO
9126 and ISO 9241 and develop a new model with the attributes:
efficiency, satisfaction, ease of learning and safety. To describe the usable
software systems, Bas et al. (2003) have qualites such as
interchangeability, flexibility, re-use, performance, security, etc. Campbell
et al. (2003) explicitly state that usability refers to the relationship between
tools and their users. Shneiderman et al. (2005) identified five measures of
usability, namely: learning time, speed, error rate profile, retention of know-
ledge over time and subjective satisfaction. Jeng (2005) also used
efficiency, satisfaction and ease of learning as the attributes of usability for
digital libraries. It identifies inherent and obvious usability. Inherent
usability is inseparable and makes the product easy to understand, easy to
learn, efficient to use, comfortable to use and with fewer errors while obvi-
ous usability is related to a visual impression of the interface. Krug (2006)
looked at usability from a user’s perspective with the need for an intuitive
experience.

In 2006, Seffah et al. developed a consolidated model for measuring
usability and metrics, called QUIM (Quality and Use Integrated Measure-
ment). They combined different standards and models, such as ISO 9241
and ISO 9126, in one single consolidated, hierarchical model. They give
the methods for determining the quality requirements as well as the identi-
fication, implementation, analysis and evaluation of the process and pro-
duct quality metrics. This initial model is suitable for users who have little
knowledge of usability and can be applied by both usability experts and not
experts. The QUIM model consists of 10 factors (efficiency, effectiveness,
satisfaction, ease of learning, productivity, security, trust, accessibility,
usability and universality), divided into 26 measurable criteria that include
127 specific metrics. The model is used to measure the actual use of the
software in operation and to identify problems. The QUIM model connects
the factors with the criteria and metrics in a clear and consistent manner. It
can be used in a general form or it can be adapted to a specific context
(Dubey et al, 2010, pp.4723-4729).

Juristo et al. (2007) presented certain characteristics of usability, get-
ting inspiration from a number of real applications. Seffah (2008) argues
that there is a need to develop new environment for usability testing and
methodology, since technical environment is developing and the current
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laboratories are limited. Sauro et al. (2009) calculated the correlation of
usability attributes from 90 different studies such as time on task, degree
of completed tasks, errors, satisfaction upon task completion and satisfac-
tion after testing. The results of this research have helped to clarify the at-
tributes that have contributed to the connection of the structure of usability
studies. Bevan (2009) argues that, despite the authoritarian nature of in-
ternational standards for usability, many of them are not widely used
(Dubey et al, 2010).

The Website Evaluation Framework (WEF) model consists of five qu-
ality characteristics (Zhou, 2009): aesthetics, ease of use, multimedia, rich
content, and reputation. Oztekin proposes the UWIS methodology that in-
tegrates established dimensions of the quality of web services (reliability,
integration of communications, navigation, control, security, accountability
and quality of information) and usability of information systems (efficiency,
effectiveness and satisfaction) (Oztekin et al, 2009, pp.2038-2050). Gard-
ner-Bonneau (2010) discusses how much human factors and usability of
the system will be effective when there are more and more changes in the
technological environment (Dubey et al, 2010). According to Rhodes
(Rhodes, 2010), usability is further subdivided into five important factors or
attributes of the user interface as follows: efficiency, ease of learning,
memorability, error rate and satisfaction. According to a survey (Karahoca
et al, 2010, pp.5813-5819), the elements of usability are ease of learning
and efficiency, aesthetics and navigation, content and functionality,
accuracy and consistency, technical adequacy, help and documentation
and debugging.

From 2011 until today, the current standard in the field of software
quality has been ISO 25010, which represents the second generation of
standards for software quality, and was issued with the intent to define the
reference models and the quality of the evaluation process which will re-
place the ISO/IEC 9126 and ISO/IEC 14598 series. At present, the current
series of international standards (SQuaRE) includes two models of quality:
quality model in use and the quality of the product model (ISO/IEC 25010).
However, ISO 25010 does not include the quality of information because
ISO 25012 is intended for this purpose. This standard is a general model
for data quality and is intended to be used together with ISO 25010. It aims
to establish standards in data quality as well as in planning and performing
data quality assessment.

Figure 1 is a graph showing a model of quality in ISO/IEC 25010
(SQuaRE).

These definitions of usability are usually used to identify usability pro-
blems of traditional graphic user interfaces. However, the emergence of
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the Internet as a basic working and development environment with its spe-
cific properties contributes to the speedy development and massive use of
Web-based applications that are a rather specific software product. Altho-
ugh some of these definitions of usability can be equally successfully ap-
plied to a variety of web applications, the need for a positive user experi-
ence in interacting with the application is further emphasized in the web
environment.

Some researchers in the field of quality of web applications (Bublione,
2002), (Becker and Olsina, 2010), (Olsina and Molina, 2008, pp.385-420),
(Lew and Olsina, 2011, pp.214-229) indicate that the characteristics of
software quality given in the ISO/IEC standard quality models (ISO 25010)
are not sufficient to describe the quality of specific software products such
as Web applications.

Quality Models
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Figure 1 — Models of quality in SQuaRE
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Research efforts over the past decade have given a number of mo-
dels of software quality of Web applications oriented to a specific domain.
Thus we have the quality designs for specific domains such as e-Learning
(Chua and Dyson, 2004, pp.184-190), (Bhuasiri et al, 2011, pp.843-855),
(Kasse and Balunywa, 2013), e-commerce (Loiacono et al, 2002), (Barnes
and Vidgen, 2002, pp.114-127), (Lee and Kozar, 2006, pp.1383-1401),
(Lazi¢, 2010), hospitality (Spremi¢ et al., 2008, pp.229-238), e-banking
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(Moraga et al, 2008, pp.113-129), academic sites (Olsina et al ., 2001),
public administration (Quirchmayr et al, 2007) and so on. In addition, there are
a lot of general quality models tailored specifically for Web applications, such
as (Olsina and Rossi, 2002, pp.20-29), (Li and Suomi, 2009), (Montero et al,
2008, pp.220-233), (Bjarnik, 2001), (Offut, 2003) and (Bublione, 2002).

Decomposition of usability

To ensure the required quality in use, it is necessary to measure and
evaluate many characteristics that allow us to determine the usability of
software, where metrics play an important role. The main problem with the
definition of the product is that it is very difficult to determine its characteri-
stics and their attributes that need special consideration. Only a few mo-
dels of software quality solve the aspect of usability in a detailed and struc-
tured way (Abran et al, 2003, pp.325-338).

The previous section provides a broader and chronological set of dif-
ferent standards and studies with formal definitions of usability and quality
models which are the basis for further work. In order to isolate those attri-
butes that influence usability the most, two approaches were used: the first
one analyzes the attributes of usability in various formal definitions of usability,
and the other one analyzes the attributes in the key usability models.

The first approach involves analyzing the contents of all formal defini-
tions given in the reviewed publications and extracting the key attributes of
usability. The selected attributes are analyzed, followed by the identifica-
tion of their characteristics, based on which they are grouped into certain
categories of usability attributes. However, it has been noted that the pro-
posed definitions are informal, too short and ambiguous.

In the formal definitions presented in the previous chapter, the author
has identified 186 different attributes which are grouped under 22 different
categories. Out of all attributes, 21 appear 2 or more times (total 154 fre-
quencies) and they are grouped in a separate category, while 32 attributes
appear only once and they are grouped under the name "others".

The usability attributes and their frequency of occurrence in the revie-
wed standards and studies are shown in Table 1. They are arranged in the
descending order, from the attributes with the highest frequency in the top of
the table to the last attribute with the smallest number of occurrences.

For the ease of analysis, the frequency of usability attributes in the re-
viewed studies and standards is shown graphically in Figure 2. Based on
the overall frequency of attributes in all included definitions, it can be con-
cluded that the attributes: ease of learning, satisfaction, flexibility,
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efficiency, effectiveness and ease of memory have the highest impact on
the usability of software systems.

Another approach examines the key attributes of usability in usability
models proposed by researchers and international standard organizations
(Eason, 1984), (Shackel, 1991), (Nielsen, 1993), (ISO 9241-11, 1998), (ISO
9126, 2001), QUIM model (Seffah et al, 2006), (ISO 25010, 2010), etc.

Although all models have many different attributes, the analysis of
their common characteristics has pointed to their similarities. Based on the
studies on the similarities between usability models and the frequency of
attribute occurrence in all discussed usability models, it can be concluded
that 5 attributes (effectiveness, efficiency, satisfaction, ease of learning
and accessibility), have the biggest impact on software usability. Table 2
shows the usability attributes in the discussed usability models and their
frequency of occurrence.

Table 1 — Reviewed usability attributes and their frequency
Tabnuya 1 — O630pHbIE aTPUOYTEI NPUMEHSIEMOCTU U UX YAaCTOTHOCTb
Tabena 1 — MNMpernegaxu aTpubyTh ynoTpeGrbMBOCTU U HUXOBA y4ecTanocT

Attributes Frequency Percent
The ease of learning 23 12.4%
Satisfaction 18 9.7%
Flexibility 16 8.6%
Efficiency 18 9.7%
Effectiveness 12 6.5%
The ease of memory 8 4.3%
Interface Design 7 3.8%
The ease of use 6 3.2%
Errors 5 2.7%
Safety 5 2.7%
Help 5 2.7%
Functionality 4 2.2%
Communications 4 2.2%
Task 4 2.2%
User 4 2.2%
Productivity 3 1.6%
The first impression 3 1.6%
Tolerance to errors 3 1.6%
Advanced Features 2 1.1%
Operability 2 1.1%
Training 2 1.1%
Other 32 17.2%
Total 186 100.0%
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The comparative analysis of the results of the two approaches can re-
sult in a conclusion that the characteristics: effectiveness, efficiency, satis-
faction, ease of learning and flexibility have the highest impact on the
usability of software.

Effectiveness is a measure of the system performance to successfully
complete a specific task or goal in time.

Efficiency refers to the accuracy and completeness of a certain objective
and represents the successful completion of the task using the system.

Satisfaction is a pleasant feeling that a user gets during or after the
use of the system. It can be seen as appeal or acceptability of the system
by the user, in this context of use.

Frequency of attributes usability
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The ease of learning is the ability of the software product to enable
the user to learn its application. The system should be easy to learn and
understand. It should be easy for the user to carry out a task using the
software system. It also includes the effort needed to understand and work
with an unfamiliar system, the user's additional time for learning as well as
user’s training after certain time from the time of installation of the system.

Flexibility represents the variations in the system work relating to an
existing one, such as flexibility to the context in use, accessibility in use or
expandability to the context in use.

Conclusion

The characteristics of today's business world (global networking - In-
ternet, software dependence, Web applications, etc.) emphasize the need
for predictive usability of software in an easy and user-friendly way. Today,
there are numerous methods for assessing usability. As a result, there is
the question of choice of the most appropriate method for assessing the
usability of a particular software product. The choice of an adequate met-
hod can significantly improve the efficiency of the evaluation process and
usability of the software product. Choosing the right method is not an easy
task, since it depends not only on the type of the software product, but also
on the development of the objectives of the project and the context of use;
therefore, it would be necessary to have an effective formal mechanism for
assessing the usability of a product to be supplied. In fact, the choice of
method is conditioned by various criteria, some of the most important be-
ing the resources required to perform the method (time, money, the num-
ber of evaluators and their expertise, the number of users for testing, place
and test equipment), the required level of objectivity and the possibility of
applying the method in different application development stages.

The quality models defined by the current ISO standards are too ge-
neral to cover all application domains, and most practitioners only use
them as a guide or a starting point for quality modeling and measurement.
Of course, it is not possible to measure all the internal and external cha-
racteristics, or to measure quality in use in all possible cases. Together,
quality models serve as a framework that ensures taking into account all
the quality characteristics.

Although we intuitively know what usability is, it is not easy to formali-
ze a set of characteristics that contribute to good usability. In addition, we
often turn to those attributes that are useful and easy to measure rather
than to those that are really necessary.
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In order to understand and measure usability, it is necessary to build
a model of usability first. One of the most important areas of usability
research focuses on usability attributes, principles and characteristics. To
define a usability model for a particular domain of software use means to
face the question, "Which quality characteristics are to be included in the
model and what are the relations between them?".

Usability models are conceptual views which determine key areas to
demonstrate the usability of existing software. The analysis of different
usability models proposed by researchers and international organizations
for standards can help in identifying the key attributes that affect the
usability of a software system and in developing efficient and usable soft-
ware systems.

References

Abran, A., Khelifi, A., Suryn, W., & Seffah, A., 2003. Usability Meanings
and Interpretations in ISO Standards. Software Quality Journal, 11(4),
pp-325-338. Available at: http://dx.doi.org/10.1023/A:1025869312943.

Barnes, S., & Vidgen, R., 2002. An Integrative Approach to the Assessment
of E-Commerce Quality. Journal of Electronic Commerce Research, 3(3),
pp.114-127.

Becker, P., & Olsina, L., 2010. Towards Support Processes for Web Pro-
jects.La Pampa, Argentina: GIDIS_Web, Engineering School, UNLPam.

Bhuasiri, W., Xaymoungkhoun, O., Zo, H., Jeung, J.R., & Ciganek, A.P.,
2011. Critical success factors for e-learning in developing countries: A compara-
tive analysis between ICT experts and faculty. Computers & Education,
58(2012), pp-843-855. Available at:
http://dx.doi.org/10.1016/j.compedu.2011.10.010.

Bjarnik, G., 2001. Towards valid quality models for websites.Udine:
University of Udine.

Bublione, L., Gasparro, F., Giacobbe, E., & Grande, C., 2002. A Quality
Model for Web-based Enviroments: GUFPI-ISMA Viewpoint.Rome: GUFPIISMA.

Chua, B.B., & Dyson, L.E., 2004. Applying The ISO 9126 Model To The
Evaluation Of An E-Learning. In: Proceedings of the 21st ASCILITE Conference,
pp-184-190.

Dubey, S.K., & Rana, A., 2010. Analytical Roadmap to Usability Definitions
and Decompositions. International Journal of Engineering Science and
Technology, 2(9), pp.4723-4729.

ISO/IEC 9126, 1991. Software product evaluation - Quality characteristics
and guidelines for their use.

ISO 9241-11, 1998. Ergonomic requirements for office work with visual
display terminals (VDTs). Part 11: Guidance on usability.

525

Dordevi¢, N., Usability: key characteristic of software quality, pp. 513-529



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017., Vol. 65, Issue 2

ISO/IEC 25010.3, 2010. Systems and software engineering Software pro-
duct Quality Requirements and Evaluation (SQuaRE) — Software product quality
and system quality in use models.

Karahoca, D., Karahoca, A., Karaoglu, A., Gulluoglu, B., & Arifoglu, E.,
2010. Evaluation of web based learning on student achievement in primary
school computer courses. Procedia - Social and Behavioral Sciences, 2(2),
pp.5813-5819. Available at: http://dx.doi.org/10.1016/j.sbspro.2010.03.948.

Kasse, J.P., & Balunywa, W., 2013. An assessment of e-learning utilization
by a section of Ugandan universities: Challenges, success factors and way
forward. In: International Conference on ICT for Africa, 2013-02-20, Harare,
Zimbabwe.

Lazi¢, Lj., 2010. Izazovi u testiranju i oceni kvaliteta Web aplikacija. Novi
Pazar: Drzavni univerzitet u Novom Pazaru.

Lee, Y. and Kozar, K. A., 2006. Investigating the effect of website quality on
e-business success: An analytic hierarchy process (AHP) approach. Decision
Support Systems, 42, pp.1383-1401. Available at:
http://dx.doi.org/10.1016/j.mdss.2005.11.005.

Lew, P. and Olsina, L., 2011. Instantiating Web Quality Models in a
Purposeful Way. In: 1th Int'| Conference on Web Engineering (ICWE), Paphos,
Cyprus, pp.214-229.

Li, H. and Suomi, R., 2009. A Proposed Scale for Measuring E-service
Quality. International Journal of u- and e-Service, Science and Technology, 2(1).

Loiacono, E., Watson, R., & Goodhue, D., 2002. WebQual™: A Measure of
Web Site Quality. Worcester, Massachusetts: Worcester Polytechnic Institute;
Athens, Georgia: University of Georgia.

Montero, F., Lozano, M.D., & Gonzalez, P., 2008. Usability-Oriented Qua-
lity Model Based on Ergonomic Criteria. U M.C. Calero, A. Moraga, & M. Piattini
Ed., Web Information Systems Quality.Hershey, New York: Information Science
Reference, pp.220-233. ch 8.

Moraga, A., Cordoba, J., Calero, C., & Cachero, C., 2008. A General View
of Quality Models for Web Portals and a Particularization to E-Banking Domain.
In: M.C. Calero, A. Moraga, & M. Piattini Ed., Web Information Systems Quality.
Hershey, New York: Iformation Science Reference, pp.113-129, ch.7.

Nielsen, J., 1993. Usability Engineering.Academic Press.

Olsina, L., Godoy, G., Lafuente, G.J., & Rossi, G., 2001. Specifying Quality
Characteristics and Attributes for Websites.Argentina: UNLP.

Olsina, L., & Rossi, G., 2002. Measuring Web Application Quality with
WebQEM. IEEE Multimedia, 9(4), pp.20-29. Available at:
http://dx.doi.org/10.1109/MMUL.2002.1041945.

Olsina, L., & Molina, H., 2008. How To Measure And Evaluate Web Appli-
cations In A Consistent Way. In G. Rossi& et al. Ed., Web Engineering: Model-
ling and Implementing Web Applications.London: Springer, pp.385-420. ch.8.

526



Offut, J., 2003. Web Software Applications Quality Attributes.George Ma-
son University.

Oztekin, A., Nikov, A., & Zaim, S., 2009. UWIS: An assessment
methodology for usability of web-based information systems. The Journal of
Systems and Software, 82(12), pp.2038-2050. Available at:
http://dx.doi.org/10.1016/j.jss.2009.06.047.

Quirchmayr, G., Funilkul, S., & Chutimaskul, W., 2007. A Quality Model of
e-Government Services Based on the ISO/IEC 9126 Standard.Viena: University
of Vienna; Bangkok: University of Technology Thonburi.

Rhodes, J.S., 2010. A Proposal for evaluating Usability Testing Methods:
The Practical Review System (PRS). January, 1, 2003.

Rubin, J., 1994. Handbook of Usability Testing: How to Plan, Design, and
Conduct Effective Tests.New York: Wiley.

Spremi¢, M., Jankovi¢, B., & Peji¢, B.M., 2008. Web metrics for managing
quality and auditing Croatian hotel web sites: Cluster analysis. WSEAS Transac-
tions on Systems, 7(3), pp.229-238.

Thomas, R.L., 1998. Elements of performance and satisfaction as indica-
tors of the usability of digital spatial interfaces for information-seeking: Implicati-
ons for ISLA.University of Southern California.

Zhou, Z., 2009. Evaluating Websites Using a Practical Quality Model.
De Montfort University, Software Technology Research Laboratory.

NMPUMEHAEMOCTb: KINIOYEBAA XAPAKTEPUCTUKA
KAYECTBA MNMPOIr'PAMMHOIO OBECIEYEHUA

Heb6odwa . OxopmxeBny
BoopyxeHHble Cunbl Pecny6nukn Cepbusi, YnpaBneHve CyXonyTHbIX BOWCK,
r. Huw, Pecnybnuka Cepbus

OBJIACTb: BbluMCAMTENbHANA TEXHMKA U MHOPMATMKa, NHEOPMAaLMOHHbIE
TEXHOMNormm

BWAO CTATbW: npodeccrmoHanbHas ctaTbs

A3bIK CTATbW: aHrnunckmn

Pe3some:

B daHHOU cmambe nod4epKHymo 3Ha4YeHue MpuMeHsseMocmu
rpoepaMMHO20  0bECreYeHUs, KaK K/o4eeol  xapakmepucmuKu
Kayecmea rpoepaMMHO20 0becrieHeHUs 8 MPOUECCe e2o UCMOMb308aHUS.
B 8800HOU 4Yacmu cmambu ripedcmasneHo 0603peHuUe ornpederneHul
MpUMEHsieMocmu, 8 KOMOPOM [POCreXeHa 380/mouusl 8327155008
uccriedogamernieli 8 OMHOWEHUU TPUMEHsiemMocmu 3a rocrieGHue
mpuduame 1em.

[na  obecriedeHuss ~ coomeemcmeyruie20  Kadecmea 8
ucrosib308aHuU, HEobXoO0UMO U3MeEPsSIMb U OUeHUBamb PasfiuyHble
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Xapakmepucmuku, enusiiowue Ha [puUMeHseMocmb  Mpo2pamMMHO20
obecrieyeHusi. B pabome nipueedeH XpoHoroau4eckuli 0630p rorbImokK
udeHmuchukayuu  pasfuYHoOU  YacmomHOCmU  MPUMEHSIEMOCMU,
MpeodnpuHSMbIX  pasHbIMU  uccriedosamernisiMu  Ha  OCHO8aHUU
ornpedeneHuli MPUMeEHsIEMOCMU.

Yyumeigasi, ymo He ecez0a rieeko ydaemcs ornpedenumps Kakue UMEHHO
XapaKkmepucmuKku Criocobcmeyrom Ka4yecme8eHHOMY UCrO0Jb308aHUIo,
asmop cmambU npuMeHun 0ea memoda udeHmMuUGbUKaUUU KTHoHe8bIX
ampubymos, enusrwWUX Ha MPUMEHSIEMOCMb, KOMmMopble HeO0bXo0uMo
umems 8 8udy rnpu paspabomke MoOesIU MPUMEHSIEMOCMU.

KntouyeBble crosa: XapaKTepUCTUKN KayecTBa, KayecTBO
nporpammHoro  obecrneyeHusi,  MNPUMEHSEMOCTb  MPOrPaMMHOIO
obecneyeHus.

YNOTPEBIbMBOCT KAO KIbY4YHA
KAPAKTEPUCTWKA KBAIIMTETA COPTBEPA

Hebojwa [1. Hophesuh
Bojcka Cpbuje, KomaHaoa KonHeHe Bojcke, Huw,
Peny6nuka Cpbuja

OBJIACT: padyHapcTBO M MHOpMaTKKa, UHOPMaLMOHe TEXHOMOrWje
BPCTA YJIAHKA: cTpy4HuM unaHak
JESNK YJTAHKA: eHrnecku

Caxemak:

Y pady je HaznaweH 3Ha4aj ynompebrbugocmu cogpmeepa Kao
K/by4YHe Kapakmepucmuke Keasumema coghmeepa rpusiukom Hez2o8e
ynompebe. [lpedcmasrbeHa je u pempocrekmusa opManHux
OepuHuyuja ynompebrbugocmu, ca Hamepom 0a Cce [loKaxe
esonyyuja noaneda ucmpaxusadya Ha yrnompebrbusocm moKoM sulle
00 mpu OeueHuje. [Ja bu ce obe3b6eduo 3axmeeaHu Keanumem rpu
ynompebu nrnompebHo je mepumu U 8pedHosamu  MHo2e
Kapakmepucmuke Koje ymudy Ha yrnompebrbugeocm cogpmeepa. Tako-
he, XpOHOMOoWKU Cy npuKkal3aHu noKywaju ucmpaxusadya 0a Ha 0OCHoO8y
OepuHuyuja yrnompebrbueocmu UGeHMUCUKYjy HeHe pasnudyume
OumeHsuje. MWmajyhu 'y eudy da Huje nako odpedumu
Kapakmepucmuke Koje Hajeuwe JornpuHoce Keanumemy nipu
ynompebu, y pady cy npumer-eHe dge Memoode 3a udeHmuguKogaH-e
Kiby4HUX ampubyma Koju ymudy Ha yrnompebrbueocm, a koje mpeba
rnocebHO pasmMompumu npUIUKOM usgpadH-e HheHoe Modesa.

KrbyyHe peun: KapakTepucTuke KsanuteTa, KBanuteT codTBepa,
ynoTpebrbuBocT codpTBEpA.
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