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Abstract—A lot of educational institutions are facing the
problem in conducting the physical classes due to COVID-19
pandemic recently. Therefore, most of the medium of teaching
has been changed from a face-to-face method to online teaching.
These changes may create some challenges to the students as
well as the teachers or lecturers. In fact, different learning
methods have their own strengths and weaknesses. Therefore,
this study aims to analyze the preference of E-learning method
among the undergraduate students based on multiple criteria.
This study determines the priority of decision criteria in the
selection of learning methods among the undergraduate
students using Analytic Hierarchy Process-VIseKriterijumska
Optimizacija | Kompromisno Resenje (AHP-VIKOR) model.
The decision criteria that considered in this study are quality
management system, information quality, flexibility, learning
and teaching as well as attractiveness. Besides, blended learning,
distance learning, and e-learning are identified as the
alternatives of the learning methods as well as the most
preferred learning method is determined in this study. The
results of this study show that the most preferred learning
method among undergraduate students is E-learning, followed
by distance learning, and finally blended learning. Flexibility,
information quality, and quality management system are
ranked as the top three influential decision criteria. The
significance of this study is to determine the most preferred
learning method as well as the most influential decision criteria
in the selection of learning methods among undergraduate
students with AHP-VIKOR model.

Index Terms—AHP-VIKOR, e-learning, distance learning,
blended learning, priority.

. INTRODUCTION

Nowadays, education system is important for every
country in the world. The effectiveness of the education
system reflects the development of a country. The country
with a good education system is able to generate a
knowledgeable and intelligent nation. In Malaysia, the most
common learning method practiced by the educational
institutions is blended learning. The undergraduate students
have the opportunity to experience the other two learning
methods recently which are distance learning and e-learning.

Blended learning is a hybrid learning method that consists
of traditional on-campus education and computer-mediated
or web-based portal such as Web-Based Learning
Environment (WBLE). WBLE allows students to download
learning materials such as lecture notes, tutorial questions,
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learning materials and assignments. WBLE eases the
education by increasing the effectiveness of information
sharing among the lecturers and students. The lecturers can
interact with the students during the class.

Distance learning is a learning method similar to the
traditional class which uses online broadcasts without a
physical presence in the classroom. The learning materials
are provided in the web-based portal. All submission of
coursework is done online. Distance learning is more flexible
in terms of location. Students can pursue their studies in any
place with a stable internet connection. This allows the
international students to complete their studies in their
countries.

E-learning is a learning method in which students are
taught and trained through an online medium. Interaction
between the students and lecturers is done online through
feedback in an online platform. E-learning is very flexible in
terms of time and location because the courses can be done
without restrictions on time and location. Students can attend
the class anytime by watching the uploaded video and
completing the tutorial questions when they are free. This
helps the part-time students to adjust the schedule and allow
them to complete their studies and work at the same time. On
the other hand, E-learning is mainly based on self-discipline,
the ability of self-regulation of students is the most
significant requirement [1].

Based on the past studies, the important criteria such as
quality management system, information quality, flexibility,
learning and teaching as well as attractiveness are considered
in this study in order to investigate the preference of learning
methods among the undergraduate students [2]-[10].
Moreover, the sub-criteria from each decision criterion are
considered in this study to determine the preference of
learning methods among the undergraduate students.

Analytic Hierarchy Process (AHP) is a multi-criteria
decision making (MCDM) model to determine the weights
and priorities of decision criteria [11]-[14]. Moreover, AHP
model is used to check the consistency of the
decision-maker’s evaluation, therefore decreasing the bias in
the decision-making process [15]. AHP model can improve
the reliability and validity of weighting in VIKOR model. On
the one hand, VlseKriterijumska Optimizacija |
Kompromisno Resenje (VIKOR) model is used to solve the
decision problems with contradictory and
non-commensurable criteria [16]-[18]. Furthermore, VIKOR
model can also be utilized to rank the decision alternatives
and determine the compromise solution that is the closest to
the positive ideal solution (PIS) and farthest from the
negative ideal solution (NIS). AHP-VIKOR model has been
widely applied in the field of design concept evaluation [19],
simulation software package [20], influenza intervention
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strategies [21], green design alternatives [22], hotel industry
[23], global supplier selection [24], and commercial
off-the-shelf (COTS) components [25].

Due to the robustness and effectiveness of the
AHP-VIKOR model, therefore a conceptual framework is
proposed in this study using AHP-VIKOR model. According
to past studies, there is no comprehensive study done on the
preference of learning methods among the undergraduate
students in Malaysia with AHP-VIKOR model. Hence, this
paper aims to fill the research gap by proposing a conceptual
framework to determine the preference of learning methods
among the undergraduate students by considering multiple
criteria such as quality management system, information
quality, flexibility, learning and teaching as well as
attractiveness using AHP-VIKOR model. The remainder of
this paper is organized as follows. Section Il discusses about
the data and methodology. The next section presents the data
analysis, result and discussion of the study. The last section
of this paper presents the concluding remarks and future
recommendation of the study.

A. Conceptual Framework

Table | presents the proposed conceptual framework to
determine the preference of learning methods among blended
learning, distance learning, and E-learning with
AHP-VIKOR model.

DATA AND METHODOLOGY

TABLE I: PROPOSED CONCEPTUAL FRAMEWORK

Level
Level 1 (Main objective)

Selection of learning methods

Level 2 (Decision criteria) Quality Management System

Information Quality
Flexibility
Learning and Teaching

Attractiveness

Level 3 (Sub-criteria) 1. Quality Management System
Accessibility

Learnability

Support Offline

Stability

User Friendly

Well Organized

2. Information Quality
Appropriateness of Learning Object
Adequacy of Case Studies

Clarify of Material

Content Quality

Information Sharing

Up-to-date

3. Flexibility
Duration of Class
Time Flexibility
Location Flexibility

4. Learning and Teaching
Appropriateness of Evaluation
Interaction with Students
Pedagogy of Teaching
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5. Attractiveness
Course Design
Enjoyment
Multimedia Capability
Webpage Design

Level 4 (Decision alternative)  Blended Learning
Distance Learning

E-learning

Table I shows the hierarchy level for the learning methods’
selection. As presented in Table I, the main objective of this
study is to determine the preference of the undergraduate
students in choosing the learning methods based on multiple
decision criteria. The decision criteria consist of quality
management, information quality, flexibility, learning and
teaching, as well as attractiveness [2]-[10]. There are total of
six sub-criteria from quality management system, six
sub-criteria from information quality, three sub-criteria from
flexibility, three sub-criteria from learning and teaching, and
four sub-criteria from attractiveness. The learning methods
that taken into consideration in this study are blended
learning, distance learning, and E-learning. There are total of
140 undergraduate students from Universiti Tunku Abdul
Rahman, Malaysia identified as the target respondents in this
study.

B. AHP

AHP model is implemented to construct the pairwise
comparison matrix (PCM) of decision criteria [11]-[14]. All
the decision criteria and decision alternatives are compared in
pairwise in order to obtain its relative importance to the main
objective. AHP model is used to find the importance degrees
of criteria. The steps of AHP are shown as follows [26].

Step 1: Identify the main goal, decision criteria,
sub-criteria, and decision alternatives. The problem is
decomposed into a hierarchical structure. There are four
levels in the hierarchical structure.

Step 2: Compare all the decision criteria and decision
alternatives in pairwise in order to obtain its relative
importance to the main objective. The ratio scale for pairwise
comparison as presented below.

TABLE |I: RATIO SCALE USED FOR PAIRWISE COMPARISON
Scale Meaning

Equal importance of both elements.

Weak importance of one element over another.

Essential or strong importance of one element over
another.

Demonstrate importance of one element over another.

Absolute importance of one element over another.

N © N O W e

,4,6,8 Intermediate importance.

Step 3: Create a PCM. The n decision criteria PCM is as
presented below.

11 Qi3 E1n
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where a;; is the degree of preference of element i to element j.

Step 4: Normalize the matrix in order to determine the
relative weights of each decision criterion.

Step 5: Check the consistency ratio (CR) of the PCM. If the
PCM demonstrates any inconsistency, then the
decision-maker must re-evaluate or re-judge the preferences
of the elements. The formula of CR is presented below:

e

CR=—
RI

@)
where CI = consistency index and RI = random index [13].

CR should be less than 0.10 in order to indicate that the
pairwise comparisons in the PCM are considered to be
adequately consistent [27]. This implies that AHP model
yields meaningful results.

C. VIKOR

VIKOR is a MCDM model which can be utilized to rank
the decision alternatives and determine the compromise
solution that is the closest to the PIS and farthest from the
NIS [16]. The advantage of the VIKOR model is to rank and
choose the alternatives with multiple criteria [17], [18],
[28]-[31]. Assuming that each decision alternative is
evaluated according to multiple criterion functions, the
compromise ranking is performed by comparing the measure
of closeness to the ideal alternative [16], [17], [32]. The
VIKOR is illustrated as follows [33]-[36].

Step 1: Determine the best fj* and the worst f, values of
all criteria functions, where j=12...,n.

Step 2: Compute the S for i =1,...,m, j=1,..,n. misthe
number of alternatives. n is the number of criteria. f; is refer
to the score for alternative i with criterion j.

_ w(F - 1y) -

= ) @3
(f,%=f,)

1..

,m, j=1..,n

Step 3: Compute the S;, Rjand Q; values, 1 =1,...,m . vis

the weight for the strategy of maximum group utility,
whereas 1-v is the weight of the individual regret. These
strategies could be compromised by v = 0.5.

oow(Fe—1)

S, ,Z:; (o) i=1..m 4
i_maxL*_f”),i =1,..., Q)
(f,*=f,)
_,5-8) . L (R-R) 6
Q _Vi(S’—S*)jL(l V)i(R’—R*) (6)

where
S =min(S,,i =1,...,m)
S§™ =max(S,,i=1,...,m)
R =min(R,i=1...,m)
R™=max(R,i=1...,m)

Step 4: Rank the alternatives based on the Q values [30],
[37]. Propose the best alternative compromise solution by
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choosing the smallest Q value.

1.
Fig. 1 presents the priority of main decision criteria.

EMPIRICAL RESULTS

Flexibility 0.4272
Information Quality 0.3009
Quality Management System 0.0925
Attractiveness 0.0918
Learning and Teaching 0.0876
0.0000 0.1500 0.3000  0.4500

Fig. 1. Priority of main decision criteria.

Based on Fig. 1, flexibility has the highest weight (0.4272)
and becomes the first criterion that considered by the
undergraduate students in selection of learning methods. This
is because the students prefer a more flexible time, duration,
and location of the classes. This is mainly due to the
limitation of on-campus learning in the campus. The second
and third influential criteria are information quality and
quality management system with a weight of 0.3009 and
0.0925 respectively. The students are more concerned about
the high quality and useful information and knowledge
provided in the learning material. Good quality of the
information should consist of only the useful and important
information. Besides, unnecessary information should be
filtered out in order to increase the effectiveness of the study.

Quality management system is crucial in providing the
teaching materials to the students through some web-based
learning platforms. Moreover, the students also prefer to have
a user friendly web-based learning platform, so that they can
search the learning materials easily. Hence, quality
management system is important for the students because it
affects the efficiency of students in acquiring learning
materials and information. The fourth criterion falls on the
attractiveness with a weight of 0.0918. The design of the
webpage and course structure are covered in the
attractiveness decision criterion. Students might not concern
about the course structure as they must complete every
subject in their courses.

The last criterion that the undergraduate students would
consider is learning and teaching (0.0876). Learning and
teaching consists of dissemination of information and
evaluation of students. The reason to explain the fifth ranking
might due to the students prefer to study by themselves
compare to study in class. Hence, quality of teaching might
not be the main concern of students in selecting the learning
method. In summary, flexibility and information quality are
quite important compared to quality management system,
attractiveness, as well as learning and teaching in the
preference of learning methods.

According to the results, the value of CR is 0.024 which is
well below 0.100, this implies that the PCM of decision
criteria is consistent. Hence, the results of this study are
acceptable and reliable.
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Fig. 2 to Fig. 6 show the preference of weights of the
sub-criteria based on each decision criterion.
User Friendly s 0.2066
Stability I 0.1976
Well Organized s 0.1928

Support Offline IS 0.1704

Accessibility G 0.1502
Learnability [N 0.0824
0.0000 0.1000 0.2000 0.3000

Fig. 2. Priority of sub-criterion based on quality management system.

Content Quality NG 0.2614
Adequacy of Case.. IS 0.1851
Up-to-date s 0.1787

Clarify of Material

Information Sharing I 0.1293

I 0.1499

Appropriateness of.. I (0.0956

0.0000  0.1000  0.2000  0.3000

Fig. 3. Priority of sub-criterion based on information quality.

Time Flexibility [ 0.4414
Duration of Class _ 0.2999
Location Flexibility [ 0.2588

0.0000 0.1000 0.2000 0.3000 0.4000 0.5000

Fig. 4. Priority of sub-criterion based on flexibility.

Appropriateness of
Evaluation

Pedagogy of Teaching - 0.2518

I 05153

Interaction with Students - 0.2328

0.0000 0.2000 0.4000 0.6000

Fig. 5. Priority of sub-criterion based on learning and teaching.

In terms of quality management system, user friendly
(0.2066), stability (0.1976), and well organized (0.1928) are
the top three important sub-criteria. It is followed by support
offline (0.1704), accessibility (0.1502), and lastly learnability
(0.0824). For information quality, content is the most
preferred sub-criteria with the highest weight of 0.2614. It is
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followed by adequacy of case studies (0.1851), up-to-date
(0.1787), clarify of material (0.1499), information sharing
(0.1293), and finally appropriateness of learning object
(0.0956). In terms of flexibility, time flexibility is the
dominant sub-criterion with the highest weight of 0.4414,
followed by duration of class (0.2999) and location flexibility
(0.2588). For learning and teaching, appropriateness of
evaluation has the largest weights (0.5153) compared to
pedagogy of teaching (0.2518) and interaction with students
(0.2328). In terms of attractiveness, course design obtains the
first place in the ranking with the highest weight of 0.3631. It
is followed by enjoyment (0.2946), multimedia capability
(0.1852), and lastly webpage design (0.1572).

I 0.3631

Course Design

I 0.2946

Enjoyment

Multimedia Capability [N 0.1852

Webpage Design [ 0.1572

0.0000 0.1000 0.2000 0.3000 0.4000
Fig. 6. Priority of sub-criterion based on attractiveness.

Table 111 demonstrates the weights of the decision criteria
and sub-criteria.

TABLE Ill: THE WEIGHTAGE OF DECISION CRITERIA AND SUB-CRITERIA

Criteria Weight  Weight Ran Weight Ran
between  within king among king
the the the
criteria  criteria sub-crite

ria

System Quality 0.0925

Accessibility 0.1502 5 0.0139 21

Learnability 0.0824 6 0.0076 22

Support Offline 0.1704 4 0.0158 19

Stability 0.1976 2 0.0183 16

User Friendly 0.2066 1 0.0191 15

Well Organized 0.1928 3 0.0178 17

Information Quality 0.3009

Appropriateness of 0.0956 6 0.0288 11

Learning Object

Adequacy of Case 0.1851 2 0.0557 5

Studies

Clarify of Material 0.1499 4 0.0451 8

Content Quality 02614 1 0.0787 4

Information Sharing 0.1293 5 0.0389 9

Up-to-date 0.1787 3 0.0538 6

Flexibility 0.4272

Duration of Class 0.2999 2 0.1281 2

Time Flexibility 04414 1 0.1885 1

Location Flexibility 0.2588 3 0.1105 3

Teaching 0.0875

Appropriateness of 05153 1 0.0451 7

Evaluation

Interaction with 0.2328 3 0.0204 14

Students
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Pedagogy of Teaching 0.2518 2 0.0220 13

Attractiveness 0.0918

0.0333
0.0271
0.0170

0.0144

10
12
18
20

0.3631
0.2946
0.1852
0.1572

Course Design
Enjoyment
Multimedia Capability

AW N

Webpage Design

Fig. 7 shows the weights of all sub-criteria.

0.1885

Time Flexibility
Duration of Class
Location Flexibility
Content Quality m—————— (.0787
Adequacy of.. m—— (.0557
Up-to-date s (.0538
Appropriateness. . m——— 0,0451
Clarify of Material s 0,0451
Information Sharing === (0.0389
Course Design === (.0333
Appropriateness of.. s 0,0288
Enjoyment mmssm (00271
Pedagogy of Teaching === 0.0220
Interaction.. s (0.0204
User Friendly === 0.0191
Stability === 00183
Well Organized === 0,0178
Multimedia.. m=m 0,0170
Support Offline === 0.0158
Webpage Design == (0.0144
Accessibility == 0.0139
Learnability = 0.0076

0.0000  0.0500

0.1281
0.1105

0.1000  0.1500  0.2000

Fig. 7. Weights of all sub-criteria.

Based on Fig. 7, the top three influential sub-criteria that
considered by the undergraduate students are time flexibility,
duration of class, and location flexibility. The weights of time
flexibility, duration of class, and location flexibility are
0.1885, 0.1281, and 0.1105 respectively. The importance of
these sub-criteria is significant as the weights of these
sub-criteria are the highest among the others. On the other
hand, learnability has the lowest weights which is 0.0076.

Table 1V shows the best fj* and the worst fj’ values

respect to each sub-criterion.

TABLE IV: THE BEST f* AND THE WORST f, VALUES FOR EACH

CRITERION FUNCTIONS

Criteria fj* fj_
Accessibility 45714 3.0214
Learnability 44214 28571
Support Offline 4.3286 2.7643
Stability 47214 3.1857
User Friendly 44714 2.9357
Well Organized 45643 2.8429
Appropriateness of Learning Object 3.2214 2.8857
Adequacy of Case Studies 2.9357 2.5429
Clarify of Material 2.9857 2.7071
Content Quality 2.8929 2.5286
Information Sharing 3.0214 2.6286
Up-to-date 3.1357 2.8429
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Duration of Class 3.8857  2.9000
Time Flexibility 3.7500 2.8286
Location Flexibility 4.1643 3.1000
Appropriateness of Evaluation 2.9500 2.7357
Interaction with Students 3.0214 2.9000
Pedagogy of Teaching 2.9643 2.7714
Course Design 41571 3.2929
Enjoyment 3.7786  2.9000
Multimedia Capability 4.0286 2.9786
Webpage Design 3.8357 2.7500

The evaluation results and the ranking of learning methods
with respect to S, R;, and Q; are shown in Table V.

TABLE V: RANKING OF LEARNING METHODS

S Ranking R Ranking Q Ranking
Blended
. 0.6187 3 0.1885 3 1.0000 3
Learning
Distance
. 4650 2 0.0787 2 0.4348 2
Learning
E-learni
1970 1 0.0451 1 0.0000 1
ng

According to the results, S°=0.1970, S™ =0.6187 ,

R"=0.0451, R~ =0.1885 and v= weight for the strategy of
maximum group utility =0.5. In this study, there are total of
three learning methods evaluated based on the sub-criteria.
From Table V, the values of S, R, Q, and ranking of the
preference order of all alternatives have been determined.
According to VIKOR model, the decision alternative with the
lowest value of Q are identified as the best alternative among
the number of alternatives under consideration. Therefore, it
can be observed that the best decision alternative is
E-learning with S, R, and Q of 0.1970, 0.0451, and 0.0000,
respectively. The ranking is followed by distance learning
and blended learning. The S, R, and Q values of distance
learning are 0.4650, 0.0787, and 0.4348, respectively. Finally,
S, R, and Q values of blended learning are 0.6187, 0.1885,
and 1.0000, respectively. In summary, E-learning is
concluded as the most preferred learning method among the
undergraduate students in this study.

IV. CONCLUSION

AHP-VIKOR model is proposed to analyze the preference
of E-learning method among the undergraduate students. The
significance of this study is to determine the most preferred
learning method as well as the most influential decision
criteria in the selection of learning methods among the
undergraduate students with AHP-VIKOR model. The
findings of this study indicate that the most preferred learning
method is E-learning. This implies that E-learning has
dominated other learning methods such as distance learning
and blended learning. The results have shown that flexibility,
information quality, and management quality system are the
top three most influential decision criteria that considered by
the undergraduate students. In future research, expanding the
categories of the respondents is one of the recommendations
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in this study. The working adults and part time students could
be considered and this would possibly improve the quality of
the study. Furthermore, comparison among the academic
performance of students pursuing different learning methods
can be considered as well because it is a significant
consideration in selecting the learning method. This study
acts as a guidance for all educational institutions to determine
the potential improvements of the learning methods based on
the influential main and sub decision criteria.
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