Evaluating Excellence Webometric’s Criteria Weight using
Consistent Fuzzy Preference Relation Method

Tenia Wahyuningrum
Department of Informatics
Institut Teknologi Telkom

Condro Kartiko
Department of Software Engineering
Institut Teknologi Telkom

Teotino Gomes Soares
Department of Computer Science
Dili Institute of Technology

Purwokerto Purwokerto Dili, Timor Leste
Indonesia Indonesia tyosoares@gmail.com
tenia@ittelkom-pwt.ac.id condro.kartiko@ittelkom-pwt.ac.id

ABSTRACT

Some methods in the world university ranking institutions still
have weaknesses. Among the university rankings, Webometrics
focused on quantitative studies related to website and content phe-
nomena and is considered easy to measure because it bases ranking
criteria on university activities on the internet. On the webomet-
rics, the percentage of weight on the criteria of excellence which is
quite high (40 %), makes the university pay attention to achieving
that score. The existing method in weighting the criteria using the
analytical hierarchy process (AHP) needs to include =n(n-1)/2 ques-
tions for each group of n-criteria paired comparisons. In this study,
the Consistent Fuzzy Preference Relation (CFPR) method is used to
study the factors/criteria to determine what strategy universities
will take to improve the webometrics ranking in terms of excellence.
The CFPR techniques are used to reduce expert assessment steps
to only as much as n-1 to ensure consistency at the level with n
criteria. Based on the calculation results, it can be concluded that
the strategy for improving the excellence score is prioritized on
three main criteria in sequence, namely improving scholarly rank
(A), measuring the number of scientific papers (B), recognizing
scholarly ranks (C). The weight of each criterion in the sequence is
0.51, 0.32, and 0.17. Some strategies to increase the excellence score
based on the main priority of sub-criteria and sub-sub criteria are
explained in this study.
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1 INTRODUCTION

There are several world university ranking institutions such as
the Academic Ranking World Universities (ARWU) from China,
QS from the Quacquarelly Symonds Limited institution, Times
Higher Education World Academic Ranking, Center of Science and
Technology Studies (CWTS) from the Netherlands, Unirank from
Australia, Webometrics from Spain, Eduroute from Georgia. Some
of the weaknesses of these methods include the use of unrepresen-
tative surveys on THE and QS, especially at universities in the UK
and Australia, which are considered excessive [1], the criteria for
the number of Nobel laureates in the ARWU ranking is considered
unfair considering that most of them are given to the physical sci-
ences and mathematics. Furthermore, the ranking does not consider
whether the winner is still associated with the institution [3]. The
difference in methodological terms can be seen in the ranking of
CWTS, which has a policy of combining advanced universities,
while organizations with low publications are not considered in
the ranking [1]. Unirank has a weakness in the methodology that
focuses only on the web site’s popularity, while Eduroute does not
have clarity in the ranking method and the tools used for data
retrieval [8]. The weakness of the Webometrics method is the in-
fluence of bad practices in university web naming; having two or
more domains; changes to the university web will reduce the as-
sessment. Webometrics is closely related to the open-source policy
of the university, so a solid institutional commitment is needed [8].
However, among the university rankings, the advantages of We-
bometrics is focuses on quantitative studies related to website and
content phenomena, including links, search engine performance,
and technical analysis from an information science perspective [5].
Since 2021, the Webometrics ranking method only consists of 3 cri-
teria, namely visibility, transparency (or openness), and excellence
(or scholar), with weights of 50 %, 10 %, and 40 %, respectively [9].
The increase in the percentage of weight on the excellence criteria
makes universities pay attention to achieve this score.

Several strategies were made to increase the acquisition of excel-
lence scores based on several sub-criteria. Various criteria can be
solved by using a multi-criteria decision making (MCDM) approach.
Research on solving weighting and ranking problems using MCDM
has been carried out [8] using the VIKOR and TOPSIS methods
resulting in differences in ranking results due to differences in the
normalization process. The method cannot be definitively accepted,
but it can be acknowledged that the Webometrics ranking system
is viewed differently by different stakeholders and therefore can
be approached in different ways. Another investigation sampled
20 Master of Business programs at American universities using the
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VIKOR extended weighting method. The results showed that the
university’s position fluctuated in the ranking list, the stability in-
terval showed that the highest position in the ranking was sensitive
to the weight of the criteria [12]. Another method used in weighting
the criteria is the Analytical Hierarchy Process (AHP) [4], involving
40 professors from 19 universities to produce a web assessment
benchmark for higher education institutions in Egypt using the
composite index model. The application of the AHP method in as-
sessing web presence [13] concluded that the final relative weight
of each alternative at the last hierarchical level would produce the
best choice. These results help decision-makers to find out what
improvements are needed to increase effectiveness.

The methods described above involve subjective expert judgment
in evaluating university websites so that the assessment contains
ambiguity and uncertainty. Therefore, the analytic hierarchy pro-
cess supports subjective human judgments (represented in crisp
numbers, using a scale of 1 to 9). The assessment is then made a
comparison matrix based on the hierarchy that has been built ac-
cording to the problems to be solved and the calculation of priority
weights. Along with the increasingly complex problems that must
be solved, the use of fuzzy logic concepts is then used to overcome
the lack of using a scale of 1 to 9, which is considered less repre-
sentative, so that the numbers used are no longer crisp, but using
fuzzy numbers. Applying the concept of fuzzy logic makes unclear
and complex problems can be overcome [18].

The AHP method (Saaty, 1990) is generally used to solve prob-
lems involving multiple comparison criteria. If n is the number
of criteria, then each questionnaire in the AHP method needs to
include =n(n-1)/2 questions for each group of n-criteria paired com-
parisons [2, 7, 10, 11, 15, 16]. As the number of n or groups of n
criteria increases, pairwise comparisons also increases. This causes
experts to be faced with unpredictable situations because there are
too many questions and comparisons. The number of questions and
comparisons was then overcome by [6], who proposed an improve-
ment method on the AHP method in overcoming the inconsistency
of expert judgment by reducing the number of pairwise compar-
isons to n-1. The improvement method is called Consistent Fuzzy
Preference Programming (CFPR). The use of CFPR has advantages,
namely 1) the number of questionnaire questions is more petite, 2) it
reduces the frequency of comparisons and 3) avoids inconsistencies
[2, 7, 16]. We then use the CFPR method to evaluate the weight
of the excellence criteria in the Webometrics ranking so that each
university can prioritize the appropriate strategy.

2 RESEARCH METHOD

The method used in this study consisted of four stages, namely [7],

(1) Determining the problem and the hierarchy of criteria and
sub-criteria,

(2) Developing criteria comparison matrix using the CFPR method,

(3) Determining the weight and ranking,

(4) Concluding the calculation result.

Preference relations are usually in the form of a matrix with the
level of importance between criteria. This assessment relationship
can be in the form of a multiplicative preference relationship from
a fuzzy preference relationship
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RC AXAR=(rij), Vi,j € {1,2,...,n}, where A is the set of
criteria or alternatives, r;; is the ratio of importance of the criteria
or alternatives between a; to aj, ajj - aj; = 1,Vi,j € 1,2,...,n.
Suppose A is a fuzzy pairwise comparison matrix; in the CFPR
method, the experts fill in the level of importance between the
criteria in a;;j above the main diagonal, while other elements in the
matrix (z) will be calculated using Propositions 1 and 3 [14, 17].

Ci Cy -+ Cp
Cq 1 app - z
a=C |z 1 - z
. . . dn-1,n-1
Cn z z 1

Next, the relationship will be represented by a pairwise matrix
comparison P = p;;, where the size is n X n, p;; = pp(a;, a;) = 1,
Vi,j € {1,2,...,n} and the value of the fuzzy membership function.

In the first step, matrix A is transformed into P matrix. Ppx, =
pijii=1,2,...,n;j=1,2,...,n For example, the number of crite-
ria is 4, then the number of expert judgmentsisonly n—1 =4-1 =3
comparisons, and the matrix entry is only calculated if P(i, j + 1);
i=1,2,...,n=-1;j=1,2,...,n.

1 Pz P13 P
Py1r 1 Pa3 Py
Ps; Py 1 Pay
Pyy Py Pgzs 1

The P matrix shows that the pij element is a matrix element entry
that is not filled in by the expert, consisting of fuzzy triangular
numbers (l;j, m;j, uij). The CFPR method fills the p;; value using
Proposition 1 and Proposition 3 for each I, m and u so that the
output matrix remains a fuzzy triangular number. The next step is
to calculate the matrix entries on the main diagonal of the matrix,
where the value of i = j and the matrix entries above the main
diagonal, where the value of j = i+1 is calculated using Proposition
1.

Proposition 1. For example, X = {x1,x2,...,xn} is an alterna-
tive set or criteria that correspond to the elements in the comparison
matrix, A = (a;j) with a;; € [1/9, 9], then P € (pij) is called the cor-
responding reciprocal fuzzy preference relation, where p;; = [0, 1]
corresponding to A is given as p = g(A) that is,

1
Pij = g(aij) = 5(1 +logoaij) (1)

where g is the transformation function, choose logea;; because
ajj is between 1/9 and 9. If a;; is between 1/7 and 7, then log7a;; is
used.

Proposition 2. For any P = g(A), where P = (p;;), equations (2)
and (3) are equivalent.

3
Pij + Pjg + Pr; = E,Vi,j,k (2)

3
Pij+ij+Pki:5,Vi<j<k 3)

Proposition 3. For any P = (p;;), equations (4) and (5) are equiva-
lent.

3
Pij+ij+Pki:5,Vi<j<k (4)



Evaluating Excellence Webometric’s Criteria Weight using Consistent Fuzzy Preference Relation Method IC3INA ’21, October 05-06, 2021, Virtual/online conference, Indonesia

or in general it can be written as

k+1 . .
Piir)*Prive)t A Pusk—1)(irk) TP +k)i = T,Vl <j (5)

Proposition 3 is essential because it can be used to form a con-
sistent fuzzy interest relation from a set of k — 1 values, with
{p12, P23, - - ., Pn—1n}. Therefore, the other elements of the matrix
will be calculated using Proposition 3.

Experts are helped to express their level of importance in the
decision process. If there is a comparison matrix with input not
at interval [0, 1], but interval [k, 1 + k], kK > 0 can be generated
by performing transformations using functions that maintain reci-
procity and additive consistency. This problem can be solved by
using the function

x+k
f ik, 1,+k] - [0,1], f(x) = 1ok (6)
The weight calculation is done using equations (7) and (8). Equation
(7) calculates the overall score of each element in the row of pairwise
comparison matrix, while the weight (W) of each criterion and sub-
criteria is used by equation (8).

1
si=—| ) Pij ™)
ne \ &
Si
. ®)
l X5y Si

3 RESULT AND DISCUSSION

The first stage in the research is to determine the problem and
criteria. We have summarized the criteria and sub-criteria used
to improve the excellence indicator in Webometrics in Table 1.
The main criteria consist of improving scholarly rank, measure
the number of scientific papers, and recognize scholarly ranks. In
contrast, the sub-criteria are used to detail the problems further to
be solved. The goal is to determine the best strategy to increase the
excellence score in Webometrics ranking. Hierarchy of criteria and
sub-criteria are presented in tabular form.

The second stage is to determine the level of importance of each
criterion based on expert judgment. The experts we invited were
academics from 3 universities who handled the activities of lecturers
(education, research and community service). Table 2 shows the
membership function of the linguistic scale to assist experts in
determining the assessment of importance between criteria.

The elements of the pairwise comparison matrix on main criteria
can be shown at Table 3.

The original data yield an average interval value. For Table 3,
the A — B comparison is (6,7, 8), and the average is (1/2x(6+8))
= 7. Based on Table 3, the value of p13 not filled by experts. The
Proposition 1 will calculate the value of p;; when i = jorj=i+1.
The elements on main diagonal (i = j) can be shown as bellow.
p11 = 1/2(1 + loge(1)) = 0.5; pa2 = 1/2(1 + logyg(1)) = 0.5; p33 =
1/2(1+1o0g9(1)) = 0.5. The elements above the main diagonal can be
calculated as p12 = 1/2(1+1logg(7)) = 0.94; pa3 = 1/2(1 + loge(5)) =
0.86; The values below the main diagonal are calculated using
Proposition 3 for each element as follows; p2; = 1—p12 = 1-0.94 =
0.06; p3s2 = 1 —p23 = 1-0.86 = 0.13; p31 = 1.5 — p21 — p32 =
1.5-0.94 - 0.86 = —0.31; p13 = 1 — (—0.31) = 1.31. Based on
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Table 1: Multi-Criteria of Excellence

Main Criteria Notation Sub Criteria
A. Improving Al Go open access
scholarly rank A2 Get listed OA directory
A3 Encourage staff and
postgrads to increase visible
publications
A3a Support by citation culture
A3b Support by publication
strategy
A3c Support by training in
publishing
A3d Support by portofolio profiles
A4 Get indexed by Google
Scholar or Scopus
A5 Make existing publications
visible
A5a All staff must put their
abstract online
A5b Convert non electric journals
to pdf and upload them
A5c Get data existing repository
B. Measuring the B1 Google Scholar
number of B2 Scimago Journal
scientific papers Rank/Scopus/Web Of
Science (WOS)
C. Recognizing C1 Individuals
scholarly ranks C2 Others (Google Scholar,
Scopus)

Table 2: Membership Function Linguistic Scale

Importance level Definition
(1,1,1) Equal
(1,2,3) Equal-moderate
(2,3,4) Moderate
(3,4,5) Moderate-fairly strong
4,5, 06) Fairly strong
(5,6,7) Fairly strong-very strong
(6,7,8) Very strong
(7,8,9) Very strong-absolute

2, 3, 4, 8 values between two adjacent asessment

Table 3: Pairwise comparison matrix on the main criteria

Scholar A B C
A 1 7 P13
B P21 1 5
C P31 pr 1

calculation, it can be seen that the p;3 and p3; element is 1.31 and
-0.31 where the value is not in the interval [0.1], then the criterion
matrix is changed using equation (6), which k = 0.31. f(x) = f(p12)
= £(0.94) = (0.94+0.31/1+(2%0.31)) = 0.77 f(x) = f(p23) = £(0.86)
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=(0.86 + 0.31/1 + (2 X 0.31)) = 0.73. The other matrix elements are
recalculated using Proposition 1 and Proposition 3. The weight of
each criterion calculated using equation (7) and equation (8). The
transformation matrix calculated using the CFPR model can be seen
in full in Table 4.

Table 4: CFPR matrix comparison on the main criteria

A B C  Weight Rank
A 0.5 0.77 0.99 0.51 1
B 0.23 05 0.73 0.32 2
C 2.82E-05 0.27 0.5 0.17 3

Table 4 explains that the ranking on the main criteria is A>B>C.
This shows that improving scholarly rank (A) is the essential factor
in improving the excellence score on Webometrics. The following
criterion measuring the number of scientific papers (B), and the last
is to recognizing scholarly ranks (C). The elements of the pairwise
comparison matrix on the other sub-criteria are shown in Table
5-9.

Table 5: Pairwise comparison matrix on the criteria of im-
proving scholarly rank (A)

Al A2 A3 A4 A5
Al 1 02 pi13 puu  pis
A2 ppn 1 02 pa pos
A3 ps1 p32 1 7 p3s
A4 ps pa2z ps3s 1 033
A5 psi psz ps3 psa 1

Table 6: Pairwise comparison matrix on the sub-criteria en-
courage staff and postgrads to increase visible publications
(A3)

A3a A3b A3c A3d
A3a 1 3 P13 P14
A3b P21 1 5 P24
A3c  p31 p32 1 5
A3d py piz ps3 1

Table 7: Pairwise comparison matrix on the sub-criteria
make existing publications visible (A5)

A5a A5b  Asc
A5a 1 3 P13
A5b  p21 1 5
AS5c p31 p32 1

Using proposition 1 and proposition 3, Table 10-14 is a pairwise
comparison matrix of CFPR resulting from weight and ranking
calculations.

Based on table 10, it can be seen that the highest ranking in
the sub-criteria of improving scholarly rank is encourage staff and
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Table 8: Pairwise comparison matrix on the criteria of mea-
sure the number of scientific papers (B)

B1 B2
Bl 1 0.143
B2 pa 1

Table 9: Pairwise comparison matrix on the criteria of rec-
ognized scholarly ranks (C)

C1 (2
Cl1 1 0.143
C2 pa 1

Table 10: CFPR matrix comparison on the criteria of improv-
ing scholarly rank (A)

Al A2 A3 A4 A5 Weight Rank
Al 0.5 0.250 9.04E-06 0.30 0.13 0.07 5
A2 075 05 0.25 0.55 0.38 0.19 3
A3 099 0.74 0.5 0.80 0.63 0.31 1
A4 069 044 0.19 0.5 0.32 0.16 4
A5 086 0.61 0.36 0.67 0.5 0.25 2

postgrads to increase visible publications (A3). In contrast, the
lowest ranking is going to open access (A1). In general, the ranking
in sub-criteria A can be written as A3>A5>A2>A4>A1.

Table 11: CFPR matrix comparison on the sub-criteria en-
courage staff and postgrads to increase visible publications
(A3)

A3a  A3b A3c A3d Weight Rank
A3a 0.5 0.62 0.81 0.99 0.35 1
A3b 0.37 0.5 0.68 0.87 0.30 2
A3c 0.18 031 05 0.68 0.22 3
A3d 6.7E-06 0.12 031 05 0.14 4

Table 12 describes the highest ranking in the A5 sub-criteria,
namely the all staff must put their abstract online sub-sub-criteria
(A5a), and the lowest ranking is the get data existing repository
sub-sub-criteria (A5c).

Referring to Table 13, it can be seen that the criterion of mea-
sure the number of scientific papers prioritizes measurements on
ScimagoJurnal rank/Scopus/WOS (B2) than Google Scholar (B1).

Based on Table 14, it can be seen that the weights on the criteria
(Google Scholar, Scopus) are higher than for individuals. Some
strategies to increase the score of excellence based on the main
priority of each criterion are,

(1) Universities need to pay attention to increasing scientific
rankings by encouraging staff and postgraduates to increase
visible publications. Publication visibility is done by increas-
ing the number of citations on scientific works. The scientific
works of a lecturer and researcher include published research
results, patents or Intellectual Property Rights, and articles
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Table 12: CFPR matrix comparison on the sub-criteria make
existing publications visible (A5)

A5a A5b A5c Weight Rank
Ab5a 0.5 0.70 1.00 0.49 1
A5b  0.297 05 0.79 0.35 2
A5c 0.000 020 05 0.16 3

Table 13: CFPR matrix comparison on the sub-criteria make
existing publications visible (A5)

B1 B2  Weight Rank
B1 05 0.05 0.27 2
B2 094281 0.5 0.72 1

Table 14: CFPR matrix comparison on the sub-criteria recog-
nizing scholarly ranks

C1 C2  Weight Rank
C1 05 0.05 0.27 2
C2 0.94281 05 0.72 1

that are presented in scientific journals, both National and In-
ternational Seminars. The number of citations (shown in the
h-index) in the publication indicates the quality of the paper.
For a lecturer or researcher, the h-index is very important
because the h-index greatly affects the research sponsorship
funds to conduct the next research. Another way to make
publications more visible is for all staff to put their abstracts
online.

The improvement in the excellence score is also supported
by an additional strategy, namely measuring the number of
scientific papers. Every lecturer and student is encouraged to
take as many research publications as possible. In addition,
the results of the student thesis are required to be published
in journals and proceedings. Therefore, incentives need to
be given to lecturers and students who can publish papers
in reputable journals.

Improving excellence scores by recognizing academic rank
can encourage all lecturers to have accounts on Google
Scholar and Scopus. Both are scientific articles indexing web-
sites that Webometrics uses to retrieve data in university
rankings.

@

®)

4 CONCLUSION

In this study, we investigate the factors/criteria to determine what
strategy universities will take to improve the Webometrics ranking
on the excellence side. Based on the calculation results, it can be seen
that the strategy for improving the excellence score is prioritized on
three main criteria in sequence, namely improving scholarly rank
(A), measure the number of scientific papers (B), recognize scholarly
ranks (C). The sub-criteria for increasing scholar ranking can be
prioritized on activities that support an increase in the number of
citations, and the existing publications are undoubtedly visible.
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