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Abstract— Quality-in-Use (QinU) is one of the critical quality factors in measuring website quality. Most existing studies on
measuring website quality only focuses on evaluating quality from the user point of view but not on the similarities and the
differences between the users and decision-makers perspective. Different stakeholders have a different preference in term of quality
aspects that are important. The objective of this study is to analyze the quality aspects of the websites from different stakeholders’
perspectives and rank the websites based on the results. In this study, we develop a Quality-in-Use Evaluation Model (QInUEM) to
identify the quality aspects' priorities. Two quantitative approaches were used for this purpose. The first was a Multi-Criteria
Decision Making (MCDM) approach using the Fuzzy Analytic Hierarchy Process (FAHP) method to determine the priority and the
weight of each quality aspect from the users’ viewpoint. Then the statistical analysis was used to determine the priority of the same
quality aspect from the developers’ perspective. To evaluate the model, we conducted a survey. The respondents of the survey were
the students (users) and developers (decision-makers) from six Malaysian universities with 486 numbers of questionnaires been
distributed. Based on the results, it shows users (students) prefer Functional Quality rather than Content and Appearance Qualities
while the decision makers (developers) favor on Content rather than Appearance and Functional Qualities. These results show
different viewpoint and priority in quality aspects needed for users and decision-makers. Based on the results we then used the
QInUEM to rank the universities websites according to the defined QinU.

Keywords—quality evaluation; web application; quality-in-use; MCDM; FAHP; ISO/IEC standard.

the differences between students and decision-makers’
[. INTRODUCTION perspectives on educational website quality aspects. In this

Websites are playing a primary role in diverse application study, anUE_M .represented three quality aspects as
domains such as business, education, entertainment, anfgemonstrated in Figure 1.
industry in order to promote and share information to
viewers. As a result, the quality of these websites is of high
importance, since the end users' demands are also increass . ‘ . . I
in parallel. Evaluating these sites have become more [ rctonst qutiy ] [comesuatiy | sovessacequtty
complex and multi-dimensional. Therefore, it is important to | Effectivencss |__| Efficiency |
understand the quality dimensions of websites [1]. Recently
most of the researches on web quality stated that Quality-in-| Accessibility |} Freedom ofrisk
Use (QinU) is considered to be the most important factor
that has been accepted in software application [2].] Crembility | Learnability
According to ISO/IEC 25010 standards, QinU represents the[~ _—— " oo |
users' viewpoint of software quality [3]. The literature coverage protection
reveals that numerous studies have identified variqus Fig. 1. The quality aspects of QinUEM (Updated from [13])
methods to evaluate the QinU. Although these studies

assessed the quality from the users' perspective, they did nofnere are three (3) categories of QinU as follows:

mention which quality aspect was more important to end- gctional quality (FQ): contains attributes, which related
users, and whether the decision-maker shared the end-users’ to web application functionality such as navigational

view or if they have their views on quality aspects. Studies, . :
such as [4]-[12] evaluated educational website quality using links, search, security, and others.
different approaches, without identifying the similarities and
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Contents Quality (CQ): contains attributes, which related QINUEM as demonstrated in Appendix A. Stages of
to the content of web application such as information developing the questionnaire are shown in Fig. 2.
quality, accuracy, information updating, and others.
Appearance Quality (AQ): contains attributes, which
related to the user interface design.

Identify the attributes of QInUEM

Analvze the literature to identify each attribute
questions

In this work, the definition of QINUEM attributes follows

the ISO/IEC and |IEEE organization [3],[14] This StUdy used Validate the questions from four experts
the quality aspects as defined in QInUEM to evaluate the
QinU for six Malaysian universities. The objectives of this Distributing a pilot test questionnaire

study are; first, to highlight the similarities and differences
between users (students) and decision-makers (developers)
views regarding the quality aspects priorities. The second
objective is to investigate whether the postgraduate and Fig. 2. Developing questionnaire stages
undergrgduate students had '_[he same \_/|ew_of the importancg. Collecting data

of quality aspects. The third objective is to rank six , i o )
Malaysian universities based on QINUEM. To achieve these 200 questionnaires were distributed to six selected
objectives, two quantitative approaches were used. The firsf@laysian universities namely USIM, UKM, UPM, MSU,
approach is by using the Multi-Criteria Decision Making MMU, and IUKL. 486 questionnaires were returned, where

(MCDM) that refers to find the best alternative from all of 409 were accepted, and the rest were rejected due to
the feasible alternatives in the presence of multiple decision"cOmplete or completed unsatisfactory. The questionnaires

criteria [15]. A Fuzzy Analytic Hierarchy Process (FAHP), Were distributed through WhatsApp groups, Viber groups,
which is one of the MCDM tools. was used to rank and emails, and Facebook. Table 1 shows the total number of

identify which of the quality aspects were more important to '€SPondents of the survey.

Confirm the questionnaire

the students and to measure the weight of each aspect. The TABLE |
second approach is a statistical analysis method to test the UNIVERSITIES POPULATION AND RESPONSES
QINUEM reliability and to determine the perceived value for Total Accepted

University Population

each quality aspect of the university website, which reflected Responses | Responses
the decision-makers’ belief on the importance quality [ puplic 1 28,000 96 85
aspects of the university website. Here, these two approaches Bubiic 2 14000 57 o7
were used to measure the QinU of six Malaysian universities '
websites. Public 3 26,000 89 81

This paper is organized as follows. QInNUEM reliability Private 1 14,000 72 58
and validity using statistical analysis methods and quality [private 2 7.000 78 68
aspects priorities from the decision-makers’ perspective is -

Private 3 8,000 64 53

discussed in section two. A brief background to the FAHP
method is in section three. Section four explained the quality | Total 97,000 486 409
aspects priority and weights from student's viewpoint.
Section five revealed the difference between the users and?. Statistical analysis

decision-makers’ quality aspects priorities. Integrating  The questionnaire had 48 questions divided into five
FAHP and statistical analysis to measure QinU of sections. One section measured the overall satisfaction of the
universities websites is discussed in section six. Theuniversity website (not included in this paper), the other

conclusion is in the last section. three sections measured the students’ satisfaction on FQ, CQ,
and AQ and the last section was related to FAHP to rank the
[I. MATERIAL AND METHOD quality aspects according to students’ preference. The

QINUEM attributes are analyzed using various statistical QNUEM model was analyzed using several statistical
methods to evaluate its reliability. Next subsections will @PProaches such as detecting outlier, normality, reliability,

describe the evaluation environment. and correlation using SPSS Statistics 22 Application.
Outliers test defined as the observations that have unique
A. Identifying the case study characteristics and differ distinctly from others [18].

QINUEM was implemented on six (6) Malaysian According to [19], outliers are detected when the
universities in order to rank the QmU of their websites. standardized residual is more than +3.3 and less than —3.3.
Three (3) of the universities are the public universities and For the current study, all the standardized residuals were in
another three (3) are the private universities [16]. The totalthe accepted range. Therefore, the 12 attributes of the model
popu|ation of these six universities was around 100,000; theWwere free of outliers. Re'labl'lty test involves the extent to

required sample size was 384 according to [17]. which the instrument measures some attributes in a
. _ _ systematic and therefore in a repeatable way [18],[20]. The
B. Developing the questionnaire reliability of all constructs was investigated through the

A subjective instrument was employed to evaluate the Cronbach's alpha technique that acc_epted a reliability score
universities’ QinU from the students' perspective. A of above 0.70. In this study, all QINUEM attributes had
guestionnaire was developed to measure the attributes of
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achieved the Cronbach’s alpha recommended level as TABLE Il
demonstrated in Table 2 QUALITY ASPECTS CORRELATION

TABLE Il Functional |Content |Appearanc
CRONBACHS ALPHA FOR QUALITY ASPECTS ANDITSATTRIBUTES Quality Quality |Quality
- : ; FunctionalPearson
Quality . N of | Cronbach's| Cronbach's . . 1 707* 1.693**
Aspect Attribute items | Alpha Alpha Quality Cprrelatpn
Effectiveness | 3 0.879 Sig. (2-tailed) | 000 000
Efficiency | 3 0.860 . > 409 409 409
Accessibility | 3 0.734 ontent - Pearson 707+ 1 612
Ereedom of Quality Cprrelathn
. Risk 3 0.737 Sig. (2-tailed)  |.000 - .000
glljjr;?ittlonal User Error 3 0.776 0.860 N 409 409 09
y Protection ) AppearandPearson .693** .612% 11
Operability | 3 0.799 e Quality Correlation
Learnability 3 0.828 Sig. (2-tailed) |.000 .000 -
Context N 409 409 409
Coverage 3 0.821 **_Correlation is significant at the 0.01 level (2-tailed).
Contents Completeness| 3 0.748
Qualit Accurate 3 0.821 0.747 TABLE IV
y Correctness 2 0.791 A STATISTICAL MEAN FORQUALITY ASPECTS
Appearance| User Interface
Q?ngity Aesthetics 3 0.859 0.859 N |Mean |Std. Deviation
Functional Quality 409 [3.4175 |.58066
. . . P Contents Quality 409 [3.6421 |.50557
Normality test is a degree to which the distribution of the Appearance Quality 109 35058 172395

sample data corresponds to a normal distribution. The
QInUEM attributes measures are considered to be normal ag. FAHP implementation

the results c_)f Geewness AN Zurosis Statistic test do not In order to use the FAHP, the students were asked to
exceed a c_rmcal vglug * 1.96 at the 0'95 level [18],[21]. compare the relative importance of two given quality aspects
Correlation is a statistical technique that is used to measurg, pild the pairwise comparison matrix using Saaty's scale
and describe the strength of the relationship betweer_w tWOAIso, fuzzy triangular numbers (TFN) of [26] was adopted to
o ; A %epresent the students’ judgments. A TFN converted the
had a significant correlation at 0.01 significant levels as crisp value of the pairwise comparison matrix into three

demonstrated in Table 3. .. numbers expressed as a trifllem, U, wherel <m<u (see
A statistical mean measures the students’ satisfaction with, 1o 5)

each quality aspect in QinU. At the same time, it reflected
the quality aspect value of the decision-maker (see Table 4).
Table 4 shows that the mean value for each quality aspect
been evaluated. Based on the results it shows that the linguistic variables Saaty's scale | TFN [24]
students were more satisfied with the content of the
university website followed by the appearance quality and

TABLE V
TRIANGULAR FUzzY NUMBERS OFY ANG [24]

Equally important 1 (1,1,1)

the functional quality. Weakly important 3 (1,3,5)
Analytic Hierarchy Process (AHP) has been introduced by -

Saaty [22] to solve the identification of multiple attributes Strongly important 5 (35.7)

decision-making priorities. Saaty assumed that the decision Very Strongly important| 7 (5,7,9)

maker could provide accurate assessments when comparing Important 9 (7.9.9)

attributes. Human judgment on the importance of
alternatives or attributes is always subjective and imprecise
[4]. To overcome this issue, several researchers integrated Some main operation of TEN can be expressed on T1= (I1,
fuzzy theory [23] with AHP to determine the attribute M1, ul) and T2= (12, m2, u2) as follows:

weights from the subjective judgments of decision makers,

such as[4],[12],[15],[24],[25]. Consequently, this study LETL=({0&Lmn & m.u, & u) (1)

applied the fuzzy AHP method to determine the priority and 7, @ 7. = (I, @ l..m, @ m..u, @ u.) )

weight of each quality aspect. Pt {1 Krul 1 K‘mL- 1 hl] .
According to [29] a fuzzy comparison matrix can be
defined as:
. o1k
AF = [ﬂij]
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Where-1 is the fuzzy comparison matrix of the studient
“i.; is the fuzzy relative importance between two quality
aspects from studenkssiew. %:; is in TEN form.

F. Example: Implementation of FAHP
A random participant was chosen in this experim&he

dimension of the comparison matrix is 3 (F.Q, C.Q, and

The pairwise comparison matrix will be subjected to a A-Q). The required entry is 3 obtained by the formula:

consistency ratio (CR) test to assure the quality level of the

matrix before going through calculating the weight of the
quality aspects. According to [4] [28], the first step to obtain
CR is to find the weight vector by:

—Llyn _ 8 W,

W T
i " -J_J'EEI:REI: Wf —_

mn

i=1

Wy

(4)

Wheren is some attributes. In this study, the attributes are
3 (F.Q, C.Q, and A.Q).

The second step is to calculate the maximum eigenvalue

Amax for each comparison matrix by:

Ie v wy )

4 max — ;{:E: :g: a; {;;:]
=1 ] =1 -

The third step is to find consistency index (ClI) by:
cl = Amax =1 (6)

n—1
Consistency ratio obtained by:
CR = CI/RI 7)

Where random indexRI) for n=3 is 0.58 according to
Saaty[22]. The accepted comparison matrix should KRe
less than 0.1.

The fuzzy Weightwé of QinU aspects is calculated as
follow:
First, the geometric mean for each row is determined as:

ﬁw = I_Itiﬁ Vi (8)
=L
Second, the fuzzy weigli; is given as
. -1
W= Z S 9)

Wican be defuzzified to a crisp value by the formula:

N_erisp — (1 +dm+u))/e (10)

The final weight for every quality aspect can be obtained
with:

W,

W, = =—
: E:zzlwz

(11)
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No. ofentry =(n—1) *n /2 10)

The pairwise comparison matrix is shown in Fig. 3.

Insert 3 values
1
3
5

FREkRwk R RRR*The pairewise Comparison Matrix'

FQ co RO
FO | 1.0000 , 1.0000 3.0000
co | 1.0000 , 1.0000 5.0000
RO | 0.3333 , 0.2000 , 1.0000

Fig. 3 The pairwise comparison matrix

A weight vector can be calculated by using formula (4) in
order to check the consistency of the previous pairwise
matrix as shown in Fig. 4.

EEE R R ARk kR R R  The Weight vector
Wl= 0.4054834054834055
W2= 0.47955747955747957
W3= 0.1148591140558114487

Fig. 4 Pairwise comparison matrix weight vector

v —_— , Cl and CR are obtained from implementing
formulas (5), (6), and (7); results are presented in Fig. 5.

Eokkkkkek kb ok Tgmbda ke b kbR Rk kb ke ke
lambda[0]= 3.0332

lambda[l]= 3.0441

lambda[2]= 3.0100

lambda max 3.0291

CI= 0.0146

CE= 0.0251

The Pairwise Comparison Matrix i=s Consistence

Fig. 5 The consistency result

The pairwise comparison matrix is consistent si@éeis
less than 0.1, to show that the fuzzy comparison matrix is
consistence [4]. The accepted pairwise comparison matrix
was converted to a fuzzy comparison matrix using the TFN
as shown in Figure 6.

Functional Quality Contents Quality Bppearance Quality

F0 | 1.0000 ,1.0000 ,1.00000 1.0000 ,1.0000 ,1.00001 1.0000 ,3.0000 ,5.00001
co | 1.0000 ,1.0000 ,1.00000 1.0000 ,1.0000 ,1.00000 3.0000 ,5.0000 ,7.00000
ag | 0.2000 ,0.3333 ,1.0000] 0.1429 ,0.2000 ,0.33331 1.0000 ,1.0000 ,1.00001

Fig. 6 The fuzzy comparison matrix

Fuzzy geometric main is obtained by formula (8) as
demonstrates in Fig. 7.



FEmAmwsmasRssCreate geometric meanv v between postgraduate and undergraduate. This may occur

1.0000, 1.4422, 1.7099 due to the age factor, since the average age for
1.4422, 1.7099, 1.9128 undergraduate students were around 21 years old, while the
0.3057, 0.4055, 0.6934 average age of the postgraduate students was around 33

years old. This may imply that younger students are more
interested in AQ than the matured students.

TABLE VI
QUALITY ASPECTSACCORDINGTO STUDENTS RESPONDENTS

RRERRR R R AR R R Sum of geometric mean® s
2.7479 ,3.5576 ,4.31el]

Fig. 7 Fuzzy geometric mean

The fuzzy weights of FQ, CQ, and AQ are calculate it Post Graduate | Under Graduate .
using formula (9); the results are shown in Fig. 8. Qualities weight weight Priority
o FQ 0.5506 0.5319 1
kv Initial Weights'
[e) 0.2730 02714 2
0.2317 ,0.40 0.622
Fo | 0.2317 ,0.4054 ,0.6222| AQ 0.1765 0.1967 3
Co | 0.3341 ,0.4806 ,0.6961]
AQ | 0.0708 ,0.1140 ,0.2523] I1l. RESULT AND DISCUSSION

Fig.8 Fuzzy initial weights o ) o
A. Users and decision-makers’ quality aspects priorities

The fuzzy initial weights are defuzzified to a crisp value  Based on the statistical analysis performed to the decision
using formula (10). The final weights of the quality aspects makers, i.e., the developers, it shows the different viewpoint

are obtained by formula (11); as Fig. 9 shows. and priority in quality aspects needed. The decision makers
concerned more on the Contents Quality (CQ) rather than
WA RRRAAR AR R *Final Weights the Appearance Quality (AQ) and considered the least
Fo | 0.3926 important as the Functional Quality (FQ) (see Table 8). In
co | 0.4711 contrast, students prefer the Functional Quality as the most
20 | 0.1363 important quality for the university website followed by
Content Quality and Appearance Quality.

Fig. 9 Quality aspects final weights
TABLE VI
According to the final weights, students are concerned QUALITY ASPECTS FROM STUDENTS AND DECISIONAAKER PERSPECTIVES

with  Content Qua”ty over Functional Quality and Statistical analysis: Decisior|FAHP analysis:
Appearance Quality. makers priorities Students priorities
G. Implementation of FAHP in Java Functional Quality 3 1

A Java program was developed to calculate the weightContent Quality 1 2
value of each quality aspect based on FAHP from 409|appearance Quali 2 3

respondents. The weight value will determine the priority of

the quality aspect. The evaluation excluded 51 respondents3. Raking of six Universities based on QinU

due to the inconsistency in their answers. The result of the QinU can be evaluated by the accumulation of the

FAHP evaluation is shown in Table 6. _statistical mean of each quality aspect (as shown in Fig 1)
Based on the FAHP results, it shows that the Functlonalmump"ed by the FAHP weight for the same aspect.

Quality (FQ) has the highest value with a value of 0.5358, Therefore, QinU achieved by:

followed by the Content Quality (CQ) with a weight value of

0.2717 and the Appearance Quality (AQ) with a weight

value of 0.1925.

QinU = F. Q(msmuwszght: + C. Q(msmuwséghr: + A. Qu:msmuwszghrn

This formula can be used to rank of the university

TABLE VI websites’ based on Quality in Use (QinU). Table 9 shows
QUALITY ASPECTS BASED ONFAHP EVALUATION. the weight value based on the QinU formula as shown above
Qualities Weight Priority based on the students' viewpoint of the quality aspects
FQ 0.5358 1 needed.
cQ 0.2717 2 IV. CONCLUSION
A 0.1925 3 . .
Q Although there are several studies on evaluating the

] quality aspects of university websites, most of this
Table 7 shows the weight value of FAHP between two eyajyation did not compare the results between different
categories of students,_ i.e., postgraduate and undergraduatgiewpoims, i.e., the users and the decision makers. This
Based on the results, it can be concluded that the sequencgydy implemented QINUEM to detect the similarities and
importance of quality aspects is similar except the value is gifferences between two different viewpoints, i.e., users
slightly different. The weight value is slightly lower for FQ  (stydents) and decision-makers (developers) of the university
and CQ and slightly higher for AQ in the comparison \epsites, using statistical analysis and the FAHP method.
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The results of the FAHP analysis show that the students have
different needs in term of the quality aspects compare to thgg]
developers. The students, i.e., undergraduate an
postgraduate students prefer functional quality as the
important quality aspects rather than contents quality and
appearance quality.

In contrast, the developers considered the content quality
as the most important quality rather than the appearanc?ll]
quality and functional quality. As a conclusion, it shows that
the QINUEM can be used to rank university websites based
on a QinU evaluation. For future work, we will investigate [12]
whether Quality in Use (QinU) influences satisfaction.

(20]

TABLE IX [13]
UNIVERSITIES WEBSITE QUALITY RANK
University QinU University Rank
Public 1 3.590580 [14]
Private 1 3.585778 2 1]
Public 3 3.530591 3
Public 2 3.503818 4
Private 2 3.457643 5 [16]
Private 3 3.441873 6
[17]
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