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Abstract

E-learning is conducted by using electronic media and resources for learning activities.
Recently, e-learning platforms have received more attention than traditional learning
methods. Advances in information and communication systems have resulted in e-learning
websites becoming interactive and flexible. However, the rapid increase in the use of
e-learning websites leads to the problem of e-learning website evaluation and selection. In
this study, e-learning websites were evaluated by adopting multi-criteria decision-making
(MCDM). A new MCDM method, namely additive rank probability (ARP), was developed
in this study to select the best e-learning website. To verify the effectiveness of the ARP
method, the best C programming website was selected using five alternatives and ten
criteria. The ranking of the C programming websites exactly matched those derived by
other MCDM methods. However, there was a difference in the ranking by the ARP method
with the weighted Euclidean distance-based approximation (WEDBA) method. ARP was
proven as a simple and efficient method for identifying the best e-learning website for an
effective learning process.
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1. Introduction
The rapid advancement of information and communication technologies has enabled

a sustainable approach to modern education including electronic learning (e-learning)
for delivering and sharing information for education [1]. With the advent of innovative
technologies, e-learning websites and platforms provide access to a variety of courses in
diverse areas, including business, languages, law, healthcare, science, technology, and
others. Hence, it has become important for students to look for educational resources that
align with their interests.

It is undeniable that e-learning provides significant advantages to acquiring knowl-
edge and education. First, it allows the students to access educational materials at any
time, which makes learning flexible and accessible for busy people [2]. On e-learning
platforms, high-quality courses are accessible without any costs. E-learning helps students
to progress at their own pace while several courses or subjects may need extra time to
adapt. For learning efficiency, the platforms provide rates, scores, or reports, allowing users
to recognize their improvement.

E-learning websites and platforms have been developed due to the proliferation
of Internet technology. However, without greater assistance, it is difficult to determine
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the quality of the e-learning websites [3]. The students may have difficulty in evaluat-
ing and assessing e-learning websites and choosing appropriate websites. Therefore, an
e-learning website selection method has been developed based on multi-criteria decision-
making (MCDM) [4]. However, various criteria complicate the process of choosing
a website.

The need to incorporate various criteria requires a scientific and effective method
to reduce the complexity of selecting an e-learning website with the best performance
for online education. Hence, a new MCDM method was developed in this study to rank
websites under reasonable criteria. The developed MCDM method offers the following
advantages: (1) it is straightforward to implement; (2) it does not need to normalize the
data; (3) it does not require a pairwise comparison process; and (4) it does not require any
parameters or thresholds to be set up.

The remainder of this article is organized as follows. Section 2 reviews the related
literature on MCDM methods applied in e-learning websites and platforms. Section 3
presents a description of the proposed methodology based on the MCDM method. Section 4
illustrates the case study of evaluating the best e-learning website. Section 5 describes
the results and discussion of using the proposed MCDM method. Lastly, Section 6 briefly
explains the concluding statement.

2. Literature Review
MCDM is used to identify the best alternative based on multiple and conflicting

criteria. This method assists in formulating acceptable solutions. Over the years, various
MCDM methods have been applied to e-learning website evaluation and selection. The
analytic hierarchy process (AHP) has been identified as the most popular MCDM method
for evaluating e-learning [5]. One of the advantages of the AHP method is its ability
to structure decision-making problems hierarchically using the pairwise comparison
technique [6].

Alice et al. [7] used the AHP method to assess suitable e-learning websites with mul-
tiple criteria to assist students in preparing for interviews. The method was useful to
find the appropriate information from the selected website. Colace et al. [8] utilized the
AHP method to evaluate the potential of online learning platforms from the technolog-
ical and pedagogical aspects. The results were encouraging and effective. In addition,
the problem of ranking e-learning options was solved by Begičević et al. [9] using the
AHP method. The results revealed that online learning had a higher priority than face-
to-face learning. Karagöz et al. [10] chose a learning management system for organiza-
tions using the AHP method. The best choice was determined based on the different
weight ratios.

However, Liu et al. [11] stated that the traditional AHP method has a drawback in
that this method takes subjective values as precise values. They proposed fuzzy AHP
to evaluate three different e-learning platforms. Each platform was assessed based on
learning, organizing, and knowledge. Their proposed method was correct and feasible
to realize the scientific evaluation of the e-learning platform. Adem et al. [12] proposed
fuzzy AHP to select the most appropriate distance education platform for teaching and
learning activities. To verify the consistency of the results, sensitivity analysis was applied
to produce robust results. However, fuzzy AHP suffers from additive complexity due to
the numerous pairwise comparisons.

Büyüközkan et al. [13] utilized fuzzy VIseKriterijumska Optimizacija I Kompromisno
Resenje (VIKOR) to effectively assess e-learning website quality in a fuzzy environment.
Their method identified acceptable compromises in many website and e-service evaluation
problems. Büyüközkan et al. [14] proposed an axiomatic design (AD)-based approach
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for fuzzy group decision-making to evaluate the quality of Turkish e-learning websites.
For the verification of the proposed method, the fuzzy technique for order of prefer-
ence by similarity to the ideal solution (TOPSIS) was applied to check the reliability of
the rankings. Also, fuzzy VIKOR was applied by Ayouni et al. [15] to identify frame-
work criteria and select alternatives from three learning management systems. Moodle
was identified as an appropriate system to meet higher institutions’ standards in Saudi
Arabian universities.

Gong et al. [4] proposed an extended TODIM (MCDM in Portuguese) based on a
linguistic hesitant fuzzy approach to evaluate five different e-learning websites. A com-
parative analysis with fuzzy VIKOR and fuzzy AD was conducted to show the superiority
of their proposed approach. Hwang et al. [3] integrated fuzzy theory, grey systems, and
group decision methods to evaluate educational websites. They also developed a computer-
assisted website evaluation system to achieve greater accuracy when evaluating the results.
Toan et al. [2] integrated grey theory with the TOPSIS method to prioritize six e-learning
websites in Vietnam. The proposed method has the advantage of processing the uncertain
evaluations manifested by grey numbers to generate a robust ranking for the alternatives.
Despite the usefulness of fuzzy sets and grey theories, practical implementation is difficult
due to their rules and operations.

Each MCDM method applied in e-learning website evaluation and selection differs
in features, such as the ease of use and its mathematical equations. It is important to
ensure the easiness of use [16], which is an important aspect in the selection of the MCDM
method [17]. A simple method saves computation time and effort without sacrificing
quality [18]. Therefore, it is essential to develop a simple MCDM method with easy
implementation to evaluate e-learning websites.

3. Methodology
In this study, a new MCDM method, additive rank probability (ARP), was developed

to evaluate a set of alternatives with conflicting criteria. The first step of the ARP method
involved sorting the alternatives according to the preference. In terms of benefits, the
alternatives were sorted in descending order. There were two conditions for sorting the
alternatives. Indifference between alternatives was expressed by placing them in the same
rank, while the sequential arrangement of alternatives placed preferred alternatives in the
upper ranks. For example, the first condition in Table 1 mentions three alternatives, A1, A2,
and A3, each of which has a different performance value against criterion a, where A1 is
more preferable than A2 and A3, while A2 is more preferable than A3. Therefore, A1 is
assigned to rank 1, A2 is assigned to rank 2, and A3 is assigned to rank 3. For the second
condition, these three alternatives have the same performance value against criterion b;
therefore, all alternatives are assigned to rank 1, rank 2, and rank 3 simultaneously.

Table 1. Ranking of alternatives in each criterion.

Rank Criterion a Criterion b

First A1 A1, A2, A3
Second A2 A1, A2, A3
Third A3 A1, A2, A3

In the second step, weights were assigned to the alternatives in rank r with criterion a.
The probability of the alternative to be assigned to rank r is yir = wa. Meanwhile, if there
are m alternatives assigned in rank r with criterion b, the probability of m alternatives being
assigned to rank r is yir = wb/m. For example, recalling the data in Table 1, Table 2 shows
the probability of A1, A2, and A3 to be assigned to ranks 1, 2, and 3, respectively. Since the
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developed method is based on weight distribution, the total probability of each alternative
assigned to different ranks must be equal to the total weights (wa + wb).

Table 2. Probability of alternatives being assigned to different ranks.

Alternatives Rank 1 Rank 2 Rank 3

A1 wa + wb/3 wb/3 wb/3
A2 wb/3 wa + wb/3 wb/3
A3 wb/3 wb/3 wa + wb/3

Finally, the total score was determined by summing the product of the probability of
each alternative to be assigned to rank r, yir with rank probability index (RPI) in rank r,
RPIr. Equation (1) describes a linear function of alternative scores. The total number of r is
equal to the total number of alternatives. RPI is determined based on a single rank where
the best rank is associated with the highest points, meanwhile the worst rank is associated
with 1 point. For instance, each alternative gets 1 point for each last rank, 2 points for each
next-to-last rank up to m points for each first rank. The value of each alternative is given
a numerical desirability score where the best alternative is the one that has the highest
total score.

S = ∑r
i yir × RPIr (1)

4. Case Study
In this study, C-programming websites (CPWs) [19] were evaluated with five alterna-

tives and ten criteria. The alternatives included cprogramming.com (CPW-1), howstuff-
works.com (CPW-2), programiz.com (CPW-3), geeksforgeeks.org (CPW-4), and tutorials-
point.com (CPW-5). Meanwhile, the criteria included functionality (C1), maintainability
(C2), portability (C3), reliability (C4), usability (C5), efficiency (C6), ease of learning com-
munity (C7), personalization (C8), system content (C9), and general factors (C10). The
criteria were divided into beneficial and non-beneficial criteria. Among these ten criteria,
six beneficial criteria were defined as C1, C2, C3, C4, C5, and C6, where higher values were
preferable, while four non-beneficial criteria were defined as C7, C8, C9, and C10, where
lower values were desirable. In the case study, the criteria weights were determined. The
criteria weights were used to investigate the applicability of the developed method. The
criteria weights were given as wC1 = 0.29, wC2 = 0.18, wC3 = 0.13, wC4 = 0.04, wC5 = 0.04,
wC6 = 0.07, wC7 = 0.12, wC8 = 0.07, wC9 = 0.03, and wC10 = 0.03 (Table 3).

Table 3. Performance value of each CPW over the criteria [19].

Criteria CPW-1 CPW-2 CPW-3 CPW-4 CPW-5

C1 8.20 4.26 7.60 5.00 8.73
C2 8.20 4.06 7.80 6.20 8.93
C3 4.40 4.26 7.80 6.20 8.87
C4 8.20 4.06 7.20 5.40 8.40
C5 8.40 3.20 7.40 5.80 8.87
C6 7.80 3.20 7.80 6.00 8.60
C7 7.40 4.26 8.20 5.20 8.87
C8 6.80 4.06 8.40 4.20 7.80
C9 7.40 4.06 8.13 4.40 8.20
C10 8.53 4.26 7.60 4.20 8.40
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5. Results and Discussion
For each criterion, a suitable rank for each CPW was assigned as shown in Table 4.

This was obtained by ordering each CPW according to the preference based on Table 3. For
example, in criteria C1, C2, C4, and C5, CPW-5 was ranked number 1 due to the highest
value, followed by CPW-1, CPW-3, CPW-4, and CPW-2, respectively. As for criteria C3,
there was a slight difference in ordering each preference in which CPW-5 was ranked
number 1, followed by CPW-3, CPW-4, CPW-1, and CPW-2, respectively.

Table 4. Ranking of each CPW according to criteria.

Criteria First Rank Second Rank Third Rank Fourth Rank Fifth Rank

C1 CPW-5 CPW-1 CPW-3 CPW-4 CPW-2
C2 CPW-5 CPW-1 CPW-3 CPW-4 CPW-2
C3 CPW-5 CPW-3 CPW-4 CPW-1 CPW-2
C4 CPW-5 CPW-1 CPW-3 CPW-4 CPW-2
C5 CPW-5 CPW-1 CPW-3 CPW-4 CPW-2

C6 CPW-5 CPW-1,
CPW-3

CPW-1,
CPW-3 CPW-4 CPW-2

C7 CPW-2 CPW-4 CPW-1 CPW-3 CPW-5
C8 CPW-2 CPW-4 CPW-1 CPW-5 CPW-3
C9 CPW-2 CPW-4 CPW-1 CPW-3 CPW-5
C10 CPW-4 CPW-2 CPW-3 CPW-5 CPW-1

For criteria C6, CPW-5 showed the highest value, so this alternative was ranked at
number 1. Meanwhile, CPW-1 and CPW-3 had the same value, so these two alternatives
were placed in the same rank, which were ranked as numbers 2 and 3. In addition, CPW-4
was preferred to CPW-2 in criteria 6. Therefore, CPW-4 was ranked at number 4, and
CPW-2 was ranked at number 5. For criteria C7 and C9, the lowest value was desirable,
so each CPW was placed in ascending order. Therefore, CPW-2 was ranked number 1,
followed by CPW-4, CPW-1, CPW-3, and CPW-5, respectively. In criteria C8, CPW-2 once
again had the lowest value, so this alternative was ranked at number 1, followed by CPW-4,
CPW-1, CPW-5, and CPW-3, respectively. For criteria C10, CPW-4 was preferable due to its
lowest value. As a result, CPW-4 was ranked as 1, followed by CPW-2, CPW-3, CPW-5, and
CPW-1, respectively.

Next, the probability of each CPW being assigned to different ranks over the criteria
was calculated. For example, the probability of CPW-1 assigned to different ranks was
calculated as follows.

• The probability of CPW-1 being ranked number 1 was 0.000 since this alternative was
not assigned in rank 1 in the criteria.

• The probability of CPW-1 being ranked number 2 was wC1 + wC2 + wC4 + wC5 +
wC6/2, which equaled 0.585.

• The probability of CPW-1 being ranked number 3 was wC6/2 + wC7 + wC8 + wC9,
which equals 0.255.

• The probability of CPW-1 being ranked number 4 was wC3, which equals 0.130.
• The probability of CPW-1 being ranked number 5 was wC10, which equals 0.030.

Then, the calculation of the probability of other CPWs assigned to different ranks was
calculated using the same procedure. Table 5 summarizes the probability of each CPW
being assigned to different ranks. Table 6 shows the total score and final ranking for each
CPW which have been obtained by summing up the product of the probability of each
CPW to be assigned to different ranks with RPI.
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In this case study, the RPI for any alternative assigned to rank number 1 was 5 (total
number of alternatives = 5), while that for any alternative assigned to rank number 2 was
4 (total number of alternatives − 1 = 4). Likewise, the RPI for any alternative assigned to
rank number 3 was 3 (total number of alternatives − 2 = 3), that assigned to rank number
4 was 2 (total number of alternatives − 3 = 2), and that assigned to rank number 5 was
1 (total number of alternatives − 4 = 1).

Table 5. Probability of each CPW being assigned to different ranks.

Alternatives First Rank Second Rank Third Rank Fourth Rank Fifth Rank

CPW-1 0.000 0.585 0.255 0.130 0.030
CPW-2 0.220 0.030 0.000 0.000 0.750
CPW-3 0.000 0.165 0.615 0.150 0.070
CPW-4 0.030 0.220 0.130 0.620 0.000
CPW-5 0.750 0.000 0.000 0.100 0.150

Table 6. Total score and final ranking for each CPW.

Alternatives Total Score Rank

CPW-1 3.395 2
CPW-2 1.970 5
CPW-3 2.875 3
CPW-4 2.660 4
CPW-5 4.100 1

CPW-5 was ranked the highest, followed by CPW-1, CPW-3, CPW-4, and CPW-2,
respectively. To verify the effectiveness of the developed method, the results of the ARP
method were compared with those of the AHP, COPRAS, PIV, and WEDBA methods
(Table 7) [19].

Table 7. Ranking of each CPW using different MCDM methods.

Alternatives ARP AHP COPRAS PIV WEDBA

CPW-1 2 2 2 2 3
CPW-2 5 5 5 5 5
CPW-3 3 3 3 3 2
CPW-4 4 4 4 4 4
CPW-5 1 1 1 1 1

The ranking order of CPWs given by the proposed ARP method was the same as that
of the AHP, COPRAS, and PIV methods. However, there was a small difference in the
ranking by the ARP and WEDBA methods. In the developed ARP method, CPW-1 was
ranked number 2 while CPW-3 was ranked number 3. For the WEDBA method, CPW-3
was ranked number 2 while CPW-1 was ranked number 3. CPW-5, tutorialspoint.com,
was considered the best e-learning website. Hence, there was a good agreement between
the ARP method and the other four MCDM methods. Therefore, the result presents the
exactness of the proposed method.

6. Conclusions
A new MCDM method, namely ARP, was developed in this study to evaluate CPWs

for e-learning. This method shows the following advantages: (1) it is straightforward to
implement; (2) it does not need to normalize the data; (3) it does not require a pairwise
comparison process; and (4) it does not require any parameters or thresholds to be set up.
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The ARP method provides a detailed description of steps to evaluate CPWs. The method
effectively chose the website by ranking and comparing alternatives. The results obtained
using the ARP method matched those of the AHP, COPRAS, and PIV methods. However,
there was a difference in ranking between the ARP method and the WEDBA method. The
developed ARP method proved to be efficient in evaluating CPWs for e-learning. The ARP
method can be used for group decision-making to obtain a comprehensive decision.
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