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Abstract

Usability Evaluation Methods are essential in measuring the
success of the software. Several methods have been able to
measure some sub-characteristics that have been required in the
ISO SQuaRE. However, there are some other sub-characteristics
included in the measurement. Several methods such as heuristic
evaluation, usability testing, and questionnaire are methods often
used. There are 16 paper of 52 papers were selected for the
assessment and analysis of the utilization of the ISO sub-
characteristics. Most papers show that learnability is a sub-
characteristic that widely used in the assessment, other papers
proposed additional sub-components such as attractiveness, ease
of use, and security.
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1. Introduction

ISO/IEC 25010 is a new model of Software Quality
measurement derived from ISO/IEC 250n series (known as
Software  Quality Requirements and Evaluation-
SQuaRE)[1]. This International standard is to substitute
ISO/IEC 9126 and presents a detail of quality models for
computer systems and software product, quality in use and
data. Al Qutaish (2009) investigated the weakness of ISO
9126 modeling and identify four points of weakness by
self-discovered and seven points by other researchers-
discovered. He found a necessity to give the qualitative
values to rank the result, for example, “excellent” label is
similar with 100% percentage result, and “very good” label
is used to represent 80% task completion[2].

Usability evaluation is one of the parts of Software
Quality measurement, and it is similar to the term of
Quality in Use in the ISO SQuaRE detailed (excludes
freedom of risk and context coverage). Usability
evaluation is necessesary before the software product
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marketed to users. It could be argued that usability is the
determinant factor of the success of entire software
system[3]. Usability has been defined in several studies in
several ways, and it is all adequate system such as
efficiency, effectiveness, and satisfaction [4][5][6][7][8]
but all of the aspects still have some shortcomings
dependent upon the software[9].

There are two categories od Usability Evaluation
Methods (UEMs), analytical and empirical. Analytical
UEMs also was known as the inspection method is an
evaluation technique using the expert opinion, including
Heuristic  evaluation, Cognitive = Walkthrough, or
Guidelines[10]. Empirical UEMs meanwhile, is performed
based on the user experience such as usability testing (also
called as thinking aloud), user performance test, remote
usability testing, or coaching method. Also, there is
usability evaluation with statements involving the users
such as user satisfaction questionnaire, field observation,
focus group, or interviews[11].

This study focuses on the usability evaluation method
mapping based on ISO/IEC SQuaRE to determine the
extent of implementation of the standard measurement to
show what parts need to be further investigated in the
future. Here, the research used the Systematic Mapping
Study Methodology based on Research Question. A
method providing a structure of the type of research
reports and result that have been published trough
categorization them and gives a visual summary of the map
as the results[12]. This paper is organized as follows.
Section 2 discusses about related work; Section 3 presents
the method of Systematic Mapping Study. Section 4 then
describes the result of the Systematic Review and Section
5 presents the conclusions and suggests some areas for
further investigation.
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2. Related Work

Various methods for evaluating usability (Usability
Evaluation Methods - UEMs) have been applied to assess
the interaction between human and product. It used to
identify the aspects of the interaction and expectation
towards the usability enhancement. Some methods are
rarely used because it is too complication and inefficient.
The experts have performed inspection method also known
as analytical method. The users have performed testing
method can be called empirical method. The combination
of several methods usability later is used by some
researchers to evaluate the software. Lodhi (2010) used
two methods, Heuristic Evaluation (conducting out by the
evaluation specialist) and Usability Testing (carried out by
the representative user), using 10 Nielsen”s Usability
Heuristics as an assessment parameter[13]. Otaiza et al.
(2010) proposed a method to choose the right usability
evaluation on some transactional web applications, and
Heuristic Evaluation is defined as the most efficient
technique of comparison seven methods [14]. Freddy Paz
(2015) argued that Heuristic Evaluation was conducted to
complement the Usability Testing. The second technique is
considered necessary to evaluate a software product and
website. At this stage of Usability Testing, users will rate
the website, and at the stage of Heuristic Evaluation, the
experts will find the fault usability. In the end, it is not only
to clarify which site is good or bad, but also to add those of
experts in improving the performance of a website [15].
Therefore, important to know how to spread the use of

empirical methods, analytical methods, and the
combination of them.
3. Research Method

In the beginning, some medical researchers applied the
guidelines in Systematic Mapping Study was, and now, it
is widely used by software engineering researcher to
reduce risk of bias and incompleteness in the review result
[16]. The process of Systematic Mapping consists of five
steps (Fig.1): (1) defining the research questions, (2)
searching of papers, (3) screening of documents, (4) key
wording of abstract, (5) data extraction and mapping
process[12]. In the early steps, researchers define Research
Questions (RQ) to find information from the existing
research to provide an overview of a study area, and to
identify the forums in which research in the area has been
published to see a trend. In phase 2, the researchers
identified, created and tested on the search strings on
scientific databases to find the papers. From these result, it
was found many papers related to the search string. Here,
we can merge all the papers data, and choose the paper to
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the relevant criteria. Next step was to read all papers by
title, abstract, and full, to find the papers. In the final part,
data analysis and data plotting were given to report the
results.

Definition of
Research
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¢ ! |

Screening of

Conduct Search
Papers

Review Scope All Papers Relevant Papers
Keywording Data Extraction

and Mapping
Process

Process L i
Steps
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Fig.1: The Systematic Mapping Process[12]

using abstract
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4. Result and Discussion

4.1 Definition of Research Question

This step aimed to find the information of the existing
research on the use of ISO SQuaRE model and Usability
Evaluation Method to see the research trend. To formulate
the Research Question, we followed the PICO (Population,
Intervention, Comparison, and Outcome) structure [16].
Table 1 and Table 2 presents the study”s population and
intervention and Research Questions.

Table 1 . PICO Structure

PICO Description Formula
Population The ta.rget. for the Software, application,
investigation website
jp eCItfylnrgithe resefarch Usability Evaluation
Intervention ilff)e i(;sst (t)o t;seues ° Method, ISO 250n or
ISO SQuaRE
researchers
Aspect of the
. investigation with
Comparison which the intervention N/A
compared to
. Implementation UEMs
Outcome The settlr}g of the using ISO SQuaRE
ntervention
trends
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Research Question

Description

How many papers that
discuss the
implementation of

To identify the distribution
of papers implementing the
Usability Evaluation

@Ff??f%}{e{k 0

Automatic searching: The result based on search
string derived from research question showed 52
papers including journal, proceedings, and lecturer
notes.

Removing repetitions: Several papers could be found
in three databases, resulting in duplicate data. Hence,
we have eliminated the same data to avoid data
redundancy, and 20 papers independent papers were
identified.

RQI Usability Evaluation Method using ISO
Method using ISO SQuaRE standard and its
SQuaRE by year? development in every year.
pH;;Vgrrsngl‘;yt gyils’cefls‘;fthe To identify the distribution
implementation of 9f paper t}.lpe that e

RQ2 Usability Evaluation implementing the Usability
Metho d};sin 1SO Evaluation Method using
SQuARE? & ISO SQuaRE.

What kind of sub .
characteristics of ISO T.O d.e termine the
SQuaRE model is distribution and

RQ3 widelv used in the characteristics of the
measgremen tof implementation of trend
usability? SQuaRE on paper.

What kind of method

To identify the most

RQ4 to evaluate usability widely used method

using ISO SQuaRE?

4.2 Searching Papers

The second step of Systematic Mapping Process was to
search the papers from journals and proceedings related to
the research question. The PICO structure is a good way to
create the search string, and it should be driven by the
research questions. It can be taken from each aspect of
structure. From PICO structure in Table 1, some of the
keywords used to filter paper be evaluated such as:
"software"; "software application"; "website"; "usability
method evaluation"; "ISO 25000”; “ISO 25010”; "ISO
SQuaRE" by using Boolean operator “AND”, “OR”.

4.3 Screening Papers

The search string finds various kinds of papers in the
topics. Here, we can merge all the documents data, and
choose the paper to the relevant criteria. There are three
commonly used research databases; IEEExplore
(ieeexplore.ieee.org), Science Direct (www.sciencedirect.
com), and Scopus (wWww.scopus.com), where we can
search for the articles by typing string on a checkbox of
title, abstract, and full content text. After retrieving the
result, we applied selection criteria to filter the candidates.
Figure 2 shows the selection process result, that consists of
7 steps.
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Selection by title: The objective of this filter was to
remove the documents with the scope that was
clearly unrelated to UEMs using ISO SQuaRE. We
found that all document titles were relevant with the
Research Questions. Therefore, no documents were
removed for these steps.

Selection by abstract: At this stage, we discarded all
those works that did not present the implementation
of the Usability Evaluation Method. We removed one
paper that was not relevant because it examined the
usability weaknesses of the model, and did not
discuss any implementation on the model of UEMs.
Selection by the full paper : In the next process, we
removed the papers which did not accomplish the
following inclusion criteria properly. We removed
one paper that was not relevant, because it used the
Spanish language. We also removed four paper that
not relevant to the inclusion criteria and exclusion
criteria that described in Table 3.

Accepted papers: Finally, we have sixteen of fifty
two papers were selected for the evaluation and
analysis.

Automatic search
(52)
-32 Ren!r‘:ve 0 | selection by title
ieeexplore (10) repetitions 20)
scopus (6) (20)
sciencedirect (36)

_’|$
Selection by -5 | Selection by full | -2 Literature from | +2
abstract paper org Accepteé papers
(19) (14) (16) (16)
Fig.2: Selection Process Result[16]
Table 3. Inclusion and Exclusion Criteria
Criteria Description
Inclusion Research focused on usability
criteria evaluation methods (title, abstract,

keywords)

In industrial and academic
research on large and small scale

The study discusses and compares
the performance of the model in
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usability evaluation

International publications
(journals, proceedings and lecture

notes)
Publications between the years
2010-2016
Exclusion Not associated with Research
criteria Question

The paper is not a journal,
proceedings or lecturer notes

4.4 Keywording using abstract

Petersen argued that keywording was way to reduce the
time needed in developing the classification scheme and
ensuring that the scheme took the existing studies into
account. In this stage, we read the abstracts and looked for
the keywords and concepts reflecting the contribution of
the paper. Reviewer could also read the introduction or
conclusion when the abstracts were so poor in quality to
allow meaningful keywords to be choosen[12]. We read
the abstracts discussing the case study, implementing,
evaluation, quantification, measuring the UEMs using ISO
SQuaRE.

4.5 Data Extraction and Mapping Process

At this stage, we performed a mapping to answer each of
Research Questions.

RQ 1, How many papers that discuss the implementation
of Usability Evaluation Method using ISO SQuaRE by
year?

Figure 3 presents the papers distributions based on year.
From this chart, we were able to see that the
implementation of UEMs using ISO SQuaRE increased in
2015. There were 25% papers published in this year and
decreased in 2016. This is possible since the research has
been done in the current year, so there are still many
papers in the process of publishing or not indexed
database.
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Fig.3. Papers distribution based on year

RQ 2, How many types of papers that discuss the
implementation of Usability Evaluation Method using ISO
standard SQuaRE?

50% 44% 44%

40%

30%

20%

10%

0%

number of paper (%)

O conference M journal Olecturer notes

Fig.4. Type of papers

Figure 4 shows the same numbers of papers published in
the conference in comparison to numbers of journal (44%).
In Computer Science, journal and conference paper is the
primary source for research. Traditional conference paper
should be published as rapid publication papers instead of
in conference proceedings. Papers presented at
international conferences are considered as the primary
literature if they are peer reviewed and published.

RQ 3 : What kind of sub-characteristics ISO SQuaRE
model widely used in the measurement of usability?

The characteristics of usability comprise two aspects, there
are 11 sub-characteristics, such as appropriateness
recognisability, learnability, operability, user error
protection, UI aesthetics, accessibility, effectiveness,

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Volume 14, Issue 2, March 2017
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org

@99?%:{# 21

https://doi.org/10.20943/01201702.1723

efficiency, satisfaction, freedom from risk, and context
coverage. Not all of the characteristics used for the
measurement of usability, some researchers reduce and add
characteristics that were not appropriate. Some researchers
added sub-characteristics of attractiveness to evaluate the
video game software, word processor, and website [9],
[17]-[20]. Ease of use sub-characteristic has added to
evaluate software tools, like GQM (Goal Quality Metric)
application and CSRML (Collaborative Systems
Requirements Modelling Language) [18], [20], [21]. The
type of software which is confidential and dangerous, like
a poison control information system, it should be added
sub-characteristic security [22]. Torrente using Sirius
framework for evaluating usability based on heuristics to
perform expert assessments that takes into account
different types of websites [23]. Table 4 shows that
learnability, appropriateness recognisability, operability,
and efficiency are widely used in the evaluation of
usability.

Table 4. Sub characteristic used in the usability evaluation

Sub References
Characteristics

Appropriateness [16][18][20][21][23][24][25][26][27]
recognisability
Learnability [9][16][18][19][20][21][24][25] [26][27]
Operability [16][17][18][20][21][24][25][26][28]
User error [16][23][24][25][26][27]
protection
Ul aesthetics [16][23][24][25] [26][27]
Accessibility [16][17][18][25] [26][27]
Effectiveness [19] [22]]24][26][29][30]
Efficiency [9][16] [19][22]]24] [26] [29][30]
Satisfaction [91[20][22][29][30] [31]
Other [91[17][18][19][20][21][22][23] [24][26]
characteristics

RQ 4 : What kind of method to evaluate usability using
ISO standard SQuaRE?

Table 5 shows that the empirical method has been widely
used for evaluating the usability. This method include
observational study [17], usability testing [28][20][21] and
Questionnaire [22][24][9][31][19][30]. The number of
users that involved in the questionnare study is varied.
Alves using sixty-nine respondents who have been using
LACEN system. There are fifty-one technical staff, nine
health care providers, seven managers, one information
manager and one laboratory director. In the other study,
Alves used forty-nine DATATOX users to participate in
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research, 65% respondents were attendants and 35% were
physicians. From both of these studies, generate statistical
data showing that LACEN system offers a good quality
regarding effectiveness, efficiency, satisfaction, freedom
form risk, functional suitability and security[24]. In the
other hand, the performed analysis shows that the
DATATOX system is have a good quality degree [22].
Dubey used a group of ten users to fill a fuzzy criteria in
the questionnaire to evaluating MS Word 2003 usability.
Using Fuzzy Multi Criteria Approach, this model
considered as the base model essentially covers and
integrates maximum number of factors and attributes [9].
Sivaji used 241 primary users, four secondary users and
twenty indirect Malaysian URANUS users. The results
show that URANUS was successful in improving the
usability[30]. Although not described in detail the number
of respondents involved in the research questionnaire,
however, we can use the slovin formula.

The advantages of this method are feedback given directly
by the user, easy collected, good in information detail and
simple. The analytical method commonly used is heuristic
evaluation [23]. It is uses the tested rules and can find
many issues. Biscoglio together with software quality
expert evaluators to conduct experiments in determining
preservation needs and requirements to set up quality
evaluation process in audio video preservation context
[25]. The expert reviewers and game designer also
conducts an inspection method for building three stages in
evaluating the usability of video games, namely (1) the
establishment of evaluation requirements, (2) initial
usability evaluation, (3) usability evaluation in use [18].

Some researchers are combining two Usability Evaluation
Methods. Nwasra [26] proposed a framework that shows
the procedural flow between stakeholders (decision
makers, evaluators, developers and end users). The
questionnaire, interviews, automated tools, and task
experiments method are used to measure functional
quality, content quality, and appearance quality. Some
paper does not mention in detail the methods of evaluation
used. But they propose a quality model utilized for the
measurement. Dominguez develop a set of Quality
Characteristics and Sub-Characteristics for Model-Driven
Web Engineering approaches based on ISO/IEC standards
[17]. Oriol evaluated the current state of the art of the
proposed quality models for web services. The study
shows that reliability, security and performance efficiency
are the most characteristics explicitly defined in at least
half of the surveyed proposals [16].
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Table 5. Usability Evaluation Methods

5. Conclusions
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