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Abstract: Multicriteria decision-making (MCDM) techniques have been
widely adopted to evaluate the effectiveness of e-learning. However, the
literature review has not kept pace with the rapid accumulation of knowledge in
this field. This study systematically reviews the MCDM techniques applied in
e-learning issues. In total, we reviewed 77 published studies selected from the
Web of Science and Scopus databases. We classified the selected studies by the
publication year, the authors’ nationality, and the type of MCDM techniques
examined. We further discovered that the majority of previous studies adopted
Information System Success Model (D&M model) which was proposed by
Delone and McLean in 1992. Due to limited features that were provided by the
e-learning system back in the mid-2000, the original D&M model might not
consider some significant factors such as students’ characteristics, instructors’
characteristics, user interface and learning community. The goals of this
systematic literature review are to understand if the original D&M model is
addressed in modern e-learning and to determine if new factors have emerged
to evaluate e-learning’s effectiveness but not captured by the original D&M
model. This review contributes three new theoretical perspectives. First,
reclassification of the D&M model is conducted to include learners’
characteristics, instructors’ characteristics, user interface, and learning
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community. Second, this study discovers that there is a need to perform
reclassification of overlapping subfactors. Third, this review also identifies that
the dependencies among the factors in the D&M model are inadequately
examined in previous studies. Researchers can utilize the findings of this study
as a foundation to formulate their research frameworks, and practitioners can
integrate the significant factors identified in this study into their decision-
making processes when developing e-learning at their institutions.

Keywords: e-Learning; Multicriteria decision-making; Systematic review;
Analytic hierarchy process
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1. Introduction

In 2020, the widespread COVID-19 pandemic has significantly impacted the education
sector all over the world (Azlan et al., 2020; Leong et al., 2020). The education mode was
transformed from the traditional classroom towards an online learning method due to the
shutdown of schools and universities (Chung et al., 2020; Humayun, 2020; Lan et al.,
2020). In other words, e-learning became the best alternative and played a more
significant role in teaching and learning process. e-Learning is viewed as the delivery of
course content by using electronic media, such as the internet, intranet, extranets,
audio/videotape, CD-ROM, interactive TV, and satellite broadcast (Ahmed, 2010; Farid
et al., 2018; Selim, 2007).

e-Learning has many salient advantages over traditional learning (Sun et al.,
2008). e-Learning can promote interactions among learners as well as interactions
between learners and instructors. Furthermore, e-learning offers flexibility in both time
and location to enable learners to take online courses anytime and anywhere through the
Internet (Ahmed, 2010; Cheawjindakarn et al., 2012; Lee et al., 2009). e-Learning also
decreases the cost of education, including the costs of printed materials, training,
traveling, and labour (Bhuasiri et al., 2012; Lee et al., 2009). Finally, e-learning cultivates
self-paced and self-directed learning by enabling learner-centred activities (Ahmed, 2010;
Bhuasiri et al., 2012; Cheawjindakarn et al., 2012).

e-Learning has become a fast-growing trend in higher education industry after the
post-Covid era (Bayrak, 2022). Even though e-learning has existed for several years in
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the education field, the evaluation of e-learning’s effectiveness is still a vital task for
institutions. The essential purpose of evaluating e-learning’s effectiveness is to
understand the appropriateness, effectiveness, and efficiency of a course of action (Tzeng
et al., 2007). By evaluating e-learning, academic managers and decision makers can
identify good or bad actions, detect errors, correct mistakes, perceive risks, and make
excellent investments, thus allowing learners to study effectively (Roffe, 2002). Over the
past decades, a considerable number of articles using different evaluation approaches
have been published to evaluate e-learning by examining its influencing factors (Al-
Samarraie et al., 2018; Hu, 2016; Mohammed et al., 2017; Yigit et al., 2014).

During the evaluation of e-learning, there are multiple complex factors and
subfactors to be evaluated. In addition, collecting data from e-learning experts and
managers improves the accuracy and quality of factor evaluation that can help uncover
the most significant factor for improvement (Lukhayu Pritalia et al., 2018; Yang et al.,
2017). An alternative to that type of evaluation is multicriteria decision making (MCDM),
which is an efficient and organized method of evaluating multiple complex factors.
MCDM refers to a group of methodologies to rank, compare, and select multiple factors
or alternatives (Zare et al., 2016). In other words, the MCDM approach is capable of
modelling complex issues into several factors and subfactors. Additionally, the MCDM
technique can evaluate the weighting of the factors and subfactors. Therefore, MCDM
has recently been considered a suitable and sufficient approach for evaluating e-learning.

In recent decades, a significant number of MCDM approaches and techniques
have been introduced, such as Elimination and Choice Expressing Reality (ELECTRE) in
1960s, the analytic hierarchy process (AHP) in 1970s, Decision-Making Trial and
Evaluation Laboratory (DEMATEL) in 1972, Technique for the Order of Prioritization
by Similarity to Ideal Solution (TOPSIS) in 1981 and the analytic network process (ANP)
in 1996. Nevertheless, literature reviews have not kept pace with the rapid accumulation
of knowledge in this field. Also, due to limited features that were provided by the e-
learning system back in the mid-2000s, the original D&M model might not consider
some significant factors. Thus, this study aims to conduct a new systematic study to
consolidate the extant studies and to provide an up-to-date review of the literature. This
study attempts to answer the following question:

RQ: Does the original Information System Success Model sufficient to evaluate the
effectiveness of modern e-learning systems?

2. Literature review

MCDM is a collection of methodologies that evaluates real-world issues according to
different types of qualitative or quantitative factors to generate a suitable course of action,
policy, choice, or strategy among several available options (Zare et al., 2016; Zavadskas
et al., 2014). In the 1950s, the foundations of MCDM were established and developed to
assist decision makers in dealing with multicriteria decisions (Mardani et al., 2019;
Mardani et al., 2015; Zavadskas et al., 2014). Then, the development of MCDM studies
surged rapidly in the 1980s and early 1990s, and they grew exponentially (Mardani et al.,
2015; Zavadskas et al., 2014). A variety of MCDM techniques have been developed,
including the Analytic Hierarchy Process (AHP), the Analytic Network Process (ANP),
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), Elimination
and Choice Translating Reality (ELECTRE), VlseKriterijumska Optimizacija |
Kompromisno Resenje (VIKOR), Multi-Objective. Optimization Method by Ratio
Analysis (MOORA), Decision making trial and evaluation laboratory (DEMATEL),
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Simple Additive Weighting (SAW), and Complex Proportional Assessment (COPRAS),
among others (Mardani et al., 2015).

The main goal of MCDM s to find the best compromise by examining all the
qualitative and quantitative factors that influence multicomplex issues (Mardani et al.,
2019). Different types of decision problems, including sorting, classification, and ranking,
can be solved by using MCDM techniques (Zare et al., 2016). Additionally, MCDM has
been extensively adopted in many research areas, including management, economics,
energy fuels, computer science, geography, and engineering (Zare et al., 2016; Zavadskas
etal., 2014).

MCDM can be broadly divided into two categories: multiattribute decision
making (MADM) and multiobjective decision making (MODM) (Kabir et al., 2014;
Mardani et al., 2019; Mardani et al., 2015; Singh & Malik, 2014; Zavadskas et al., 2014).
MADM involves the selection of the most appropriate alternative among prespecified
alternatives by evaluating the multiple factors and subfactors (Singh & Malik, 2014).
Unlike MADM, MODM involves the design of alternatives that optimize the prespecified
multiple objectives of the decision-maker (Singh & Malik, 2014).

Generally, the MCDM process is divided into four phases: the intelligence phase,
design phase, choice phase, and implementation phase (Zare et al., 2016). At the
intelligence phase, the goal of the problem is identified. Then, a group of factors and
alternatives is identified based on the goal, and the MCDM model is formulated at the
design phase. In the choice phase, factors are evaluated by using the chosen MCDM
technique, and a suitable solution is recommended for the decision problem. Last, a
suitable solution is applied in the implementation phase (Zare et al., 2016).

3. Research method

This paper provides a systematic review of the MCDM approach in e-learning evaluation
issues. Three main steps were conducted: literature search, selection of eligible articles,
and data extraction and summarizing.

3.1. Literature search

In this study, the Web of Science and Scopus databases were the key information sources.
Recent studies posited that these two databases satisfied all relevant performance criteria,
making them ideal for evidence synthesis in the form of systematic reviews (Birkle et al.,
2020; Gusenbauer & Haddaway, 2020). The systematic literature review was performed
onto databases for articles published between 2001 and 2019 to identify substantial
contributions that have been published in the field of e-learning. The year 2001 is used as
the reference point of this study as per the seminal work by Murakoshi et al. (2001) that
examined the postadoption of online learning by using the AHP technique. The search
keywords were a combination of MCDM, MCDA, AHP, ANP, DEMATEL, TOPSIS,
ELECTRE, e-learning, online learning, web-based learning, virtual learning distance
learning, and network learning. Two hundred and seventy-four papers were retrieved
from the two databases of which 86 were removed due to duplication (see Fig. 1).



470 P.K. Hiietal. (2022)

3.2. Selection of eligible articles

In this stage, the titles and abstracts of the papers were screened. One hundred thirty-
seven articles were found to be relevant. Then, the full texts of the relevant studies were
read. Only papers that applied MCDM approaches in e-learning were chosen. As a result,
72 articles were identified. An additional five articles were identified in the references of
those 72 articles. Therefore, 77 articles were reviewed herein (Fig. 2).
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Fig. 1. Flow diagram of the systematic search

3.3. Data extraction and summary

In the final stage, the data from these 77 articles were extracted and summarized in an
Excel file. Next, these articles were grouped into different categories based on the
publication year, the author’ nationality, and the MCDM techniques examined. This
categorization helped to generate several critical and important insights. Consequently,
several potential recommendations and future works were suggested.

4. Findings

The findings are mainly divided into two parts. The first part discusses the classification
of academic papers based on publication year, MCDM method, and nationality of authors.
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The second part further examines the D&M maodel which is the most popular theory used
in previous studies. Three theoretical gaps are discussed in the second part, which are
reclassification of the D&M model to include learners’ characteristics, instructors’
characteristics, user interface, and learning community and reclassification of
overlapping subfactors. In addition, this review also identifies that the dependencies
among the factors in the D&M model are inadequately examined in previous studies.

Classification of Academic Papers |

| }
Classification by the Classification by the Classification by the
publication year MCDM method nationality of authors

—-l Individual approaches |

—'l Integrated approaches |

—'l Other approaches |

Fig. 2. Classification of academic papers

4.1. Classification of academic papers

This section presents an overview of the paper classification based on different factors, as
shown in Fig. 2. As shown in the figure, the academic papers were categorized based on
the publication year, the MCDM approach examined, and the nationality of the authors.

Frequency of Distribution of Articles by Publication Year

14

H Frequency

Fig. 3. Distribution of articles by the publication year
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4.2. Distribution of academic papers by the publication year

Fig. 3 presents information related to the distribution of extant papers according to their
publication year. The finding shows that there was an increase in the use of MCDM
approaches between 2001 and 2019. The frequency of article publication remained
almost constant throughout the first five years, followed by a gradual increase between
2006 and 2009. In 2010 the frequency of article publication experienced a dramatic surge,
reaching a peak of 12 papers. Over the next nine years, the number of publications
fluctuated between 2 and 7 papers, except for 2018, in which the number of publications
rose to 10 papers. In conclusion, over the years, previous researchers have started to
adopt MCDM techniques to evaluate the effectiveness of e-learning.

4.3. Distribution of academic papers by the nationality of authors

Table 1 shows the nationality of authors who have employed MCDM approaches in their
studies. In total, 19 countries were identified. As shown in Table 1, most of the published
papers were from China (44%), followed by Indonesia (8%) and India (6%). In
conclusion, it can be concluded that researchers from China have more exposure to
MCDM techniques, and they utilized MCDM techniques to study the effectiveness of e-
learning.

Table 1
Distribution of articles by the nationality of authors

No. Country Frequency Percentage (%)
1 China 34 44%
2 Indonesia 6 8%
3 India 5 6%
4 Malaysia 5 6%
5 Turkey 5 6%
6 Greece 3 4%
7 Iran 3 4%
8 Korea 3 4%
9 Croatia 2 3%
10 Spain 2 3%
11 Egypt 1 1%
12 Italy 1 1%
13 Japan 1 1%
14 Lithuania 1 1%
15 Mongolia 1 1%
16 Morocco 1 1%
17 Poland 1 1%
18 Thailand 1 1%
19 United Kingdom 1 1%
Total 77 100%

4.4, Distribution of academic papers by the MCDM method

Fig. 4 shows the distribution of academic papers according to the application of MCDM
methods. In general, MCDM techniques are classified into three groups: individual
MCDM approaches, integrated MCDM approaches, and other MCDM approaches.
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Classification by the MCDM Techniques
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Fig. 4. Distribution of articles by the MCDM techniques

The individual MCDM approach implies that only one type of MCDM approach
is applied in each academic paper. For example, the analytic hierarchy process (AHP),
the analytic network process (ANP), fuzzy Technique for the Order of Prioritization by
Similarity to Ideal Solution (TOPSIS), Elimination and Choice Expressing Reality
(ELECTRE), linear programming (LP), fuzzy Decision-Making Trial and Evaluation
Laboratory (DEMATEL), fuzzy AHP, fuzzy ANP, and fuzzy VIKOR are all the
individual MCDM techniques used in prior studies (Anggrainingsih et al., 2016; Chen &
Qiao, 2015; Choi & Jeong, 2019; Hunjak & Begicevi¢, 2006; Osman et al., 2018).

On the other hand, the integrated MCDM approach indicates that the MCDM
approach is integrated with other theories to examine e-learning’s effectiveness. For
instance, the theories examined in these studied included the Association Rule, Quality
Function Deployment, Balance Score Card, Complex Proportional Assessment,
Multichoice Goal Programming, Data Mining, Adaptive Interval Vale, and others
(Bhuasiri et al., 2012; Cobo et al., 2014; Ho et al., 2009; Kustiyahningsih et al., 2018;
Wang & Lin, 2012).

Finally, some articles fall under other MCDM approaches. This group did not
employ the abovementioned MCDM techniques. However, they have used the
multicriteria analysis approach to assess the e-learning system. For example, Yuen (2012)
suggested the Primitive Cognitive Process to appraise the multiple factors that will
influence the effectiveness of the e-learning system. Jain et al. (2016) used weighted
distance-based approximation to select and evaluate e-learning websites. Iryanati and
Pandiya (2016) employed Consistent Fuzzy Preference Relations together with the
DeLone and McLean Information System Success Model (D&M Model) to evaluate the
factors influencing the postadoption of the e-learning system).
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Table 2 displays the frequency of each MCDM technique applied in prior studies.
The AHP method is the most popular MCDM method employed in the evaluation of e-
learning systems (see Table 2). Approximately 78% of studies in our review apply
individual AHP (31%), integrated AHP (30%), or fuzzy AHP (17%). Approximately 22%
of studies used other MCDM techniques, including the ANP (4%), other MCDM
approaches (4%), LP (3%), fuzzy ANP (3%), integrated ANP (2%), ELECTRE (1%),
fuzzy DEMATEL (1%), fuzzy TOPSIS (1%), fuzzy VIKOR (1%), and integrated
TOPSIS (1%).

Table 2
Percentage of distribution of articles by the MCDM techniques

No. MCDM techniques Frequency Percentage
1 AHP 24 31%
2 Integrated AHP 23 30%
3 Fuzzy AHP 13 17%
4 ANP 3 4%
5 Other MCDM approach 3 4%
6 LP 2 3%
7 Fuzzy ANP 2 3%
8 Integrated ANP 2 3%
9 ELECTRE 1 1%
10 Fuzzy DEMATEL 1 1%
11 Fuzzy TOPSIS 1 1%
12 Fuzzy VIKOR 1 1%
13 Integrated TOPSIS 1 1%
Total 77 100%

4.5. Theories used in prior studies

In the e-learning literature, most of the research frameworks were formulated upon
literature review (Bakhouyi et al, 2016; Ince et al., 2019; Jeong & Yeo, 2014;
Mohammed et al., 2017). It is noteworthy to mention that most studies overlook the
application of theories. Only a limited number of studies constructed their research
frameworks based on specific theories (see Table 3).

There are several theories applied in e-learning studies. First, Zhang et al. (2010)
adopted the innovation adoption theory to investigate e-learning adoption. Second, the
Learning Scenario Quality Model was used by Kurilovas and Zilinskiene (2013) to
evaluate e-learning’s effectiveness. Third, Tzeng et al. (2007) formulated the research
framework based on the ADDIE Model, Kirkpatrick Theory, and CIRO Model.
Intriguingly, the hexagonal e-learning assessment model, which was developed by Ozkan
and Koseler (2009), was adopted in Lukhayu Pritalia et al. (2018)’s study. Yang et al.
(2017) applied motivation theory, and Jami Pour et al. (2017) adopted the balance score
card in their studies. The next popular theory used is the Technology Acceptance Model
and Technology Readiness (Osman et al., 2018). Finally, meaningful learning theory was
adopted by Huang and Chiu (2015). Among the above theories, Delone and McLean
(2003)’s Information System Success Model (D&M Model) is the most popular theory
used in e-learning literature (Bhuasiri et al., 2012; Choi & Jeong, 2019; Fitriastuti et al.,
2019; Iryanti & Pandiya, 2016; Lin, 2010; Lo et al., 2011; Su et al., 2016; Bhuasiri et al.,
2012).
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Table 3
Adoption of theories in prior studies
No. Adoption of theories in the articles Authors
1 Innovation Adoption Theory (Zhang et al., 2010)
2 Social Cognitive Theory (Bhuasiri et al., 2012)
3 Learning Scenario Quality Model (Kurilovas & Zilinskiené, 2013)
4 ADDIE Model, Kirkpatrick Theories, CIRO Model  (Tzeng et al., 2007)
5 Hexagonal e-Learning Assessment Model (Lukhayu Pritalia et al., 2018)
6 Technology Readiness (Osman et al., 2018)
7 Balance Score Card (Jami Pour et al., 2017)
8 Meaningful Learning Theory (Huang & Chiu, 2015)
9 Service Quality Model (Blyukdzkan et al., 2007)
10  Technology Acceptance Model (Bhuasiri et al., 2012), (Osman et al., 2018)
11 Motivation Model (Bhuasiri et al., 2012), (Bhuasiri et al., 2012), (Yang et al., 2017)
12 Information System Success Model (Lin, 2010), (Lo et al., 2011), (Bhuasiri et al., 2012), (Bhuasiri et

al., 2012), (Iryanti & Pandiya, 2016), (Su et al., 2016), (Choi &

Jeong, 2019), (Fitriastuti et al., 2019)

4.6. Reclassification of the D&M model

In 1992, the Information System Success Model (D&M model) was proposed by DelL one
and McLean (1992) to examine the effectiveness of an information system. The D&M
model consists of six dimensions: system quality, content quality, use, user satisfaction,
personal influence, and organizational influence. The D&M model was later advanced by
Delone and McLean (2003) (see Fig. 5).

Delone and McLean (2003) included service quality in the D&M model because
the theoretical evidence shows that service quality is a success factor that influences the
use and user satisfaction of e-learning (Delone & McLean, 2003) (see Fig. 5). Another
new factor, i.e., net benefits, was added into the D&M model as a result of merging
personal influence and organizational influence. According to Delone and McLean
(2003), system quality is viewed as the usability, performance, and technical
characteristics of the system itself. Content quality relates to the quality of course
contents in terms of accuracy, completeness, ease of understanding, consistency,
relevance, and being up to date. Service quality corresponds to the support provided by
the institutions to ensure the sustainability of the e-learning system. Use, user satisfaction,
and net benefits evaluate the website’s effectiveness. For instance, use is viewed as the
effective use of a system, user satisfaction is the perceived level of agreeableness towards
the entire system in terms of effectiveness and appropriateness, and net benefits are the
perceived organizational and individual influence on task performance and efficiency
(Delone & McLean, 2003).

Prior MCDM studies began to adopt the D&M model in evaluating e-learning’s
postadoption in 2007 (see Fig. 5). Since then, MCDM studies on online learning using
the D&M model have flourished. Overall, our review shows that three main research
strands are focusing on different factors influencing e-learning’s postadoption (see Fig. 5).
It is noteworthy to understand that three variables of the D&M model are excluded in
prior MCDM studies, including use, user satisfaction, and net benefits.
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Information System Success Model
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Fig. 5. The extension of the information system success model

Based on Fig. 5, the first line of research focuses on the three fundamental factors
of the D&M model: system quality, content quality, and service quality. For instance,
prior studies use these three factors as the main factors to evaluate e-learning’s
postadoption (Fitriastuti et al., 2019; Lin, 2007; Motaghian et al., 2013; Wang et al.,
2007). Additionally, Su et al. (2016) evaluated e-learning’s postadoption by using three
factors, including content quality, service quality, and management. Ghazal et al. (2018)
also examine e-learning’s postadoption by using system quality, content quality, service
quality, and technology experiences as the main factors of the research framework.
Overall, these studies conclude that system quality, content quality, and service quality
have vital influences on e-learning’s postadoption.

The second line of research focuses on two new factors: learners’ characteristics
and instructors’ characteristics. One explanation is that learners and instructors are the
primary users who determine the postadoption of an e-learning system. For instance,
Ozkan and Koseler (2009) extended the D&M model by including learners’
characteristics, instructors’ characteristics, and supportive factors in their study.
Moreover, prior studies also integrate learners’ characteristics, instructors’ characteristics,
and extrinsic motivation in their research frameworks (Bhuasiri et al., 2012; Bhuasiri et
al., 2012). Yassine et al. (2017) propose that the system dimension, learner dimension,
instructor dimension, and social norm are the main factors of the studies based on the
D&M model, Expectation Confirmation Model and Technology Acceptance Model.
Among these studies, supportive factors and extrinsic motivation are not considered in
this study because the mentioned factors are the least important in their studies (Bhuasiri
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et al., 2012; Ozkan & Kaoseler, 2009; Bhuasiri et al., 2012). Nevertheless, the second
research strand recognizes the significance of learners’ characteristics and instructors’
characteristics in studying the postadoption of an e-learning system.

The last research strand focuses on two new factors: user interface and learning
community. For instance, prior studies have extended the D&M model by including user
interfaces in their studies (Abdellatief et al., 2010; Choi & Jeong, 2019; Farid et al., 2018;
Lin, 2010). Furthermore, Iryanti and Pandiya (2016) propose the content quality, user
interface, learning community, learning record, and self-learning as the main factors in
evaluating e-learning’s postadoption. Prior studies recognize the significance of the user
interface and learning community in evaluating the postadoption of e-learning. This is
because the learning community promotes active interactions among e-learning users,
which leads to a high participation rate in the e-learning system (Lin et al., 2014).
Additionally, e-learning users tend to adopt e-learning with a more friendly, easy to use,
and comfortable user interface.

A theoretical gap is identified when there are none, or fewer studies focus on both
the second and third research strands at the same time. The result may be dissimilar to
prior studies if a study includes learners’ characteristics, instructor’ characteristics, user
interface, and learning community in the D&M model. One explanation is that these
seven factors examine e-learning’s postadoption from different dimensions. For instance,
system quality evaluates the stability and reliability of the system behind e-learning,
whereas the user interface examines the appearance of e-learning portrayed to the users.
Service quality assesses the support given by the institution that ensures the sustainability
of e-learning. Instructor’ characteristics and learners’ characteristics are significant
because they are the primary users of e-learning, whereas the learning community
examines the interactions among them in the e-learning system.

In conclusion, to bridge this theoretical gap, this study proposes seven factors
influencing the postadoption of e-learning: system quality, content quality, service quality,
learners’ characteristics, instructor’ characteristics, user interface, and learning
community. Several non-D&M studies are reviewed in this study to provide a better
understanding of the user interface and learning community (Lin et al., 2014,
Munkhtsetseg et al., 2014; Sadi-Nezhad et al., 2010; Shee & Wang, 2008) (refer to Fig.
5).

Among these seven factors, the most adopted and discussed factor in e-learning
evaluation is content quality because 25.9% of previous studies included this factor (see
Table 4), followed by the user interface (16.9%), system quality (15.6%), institution
service quality (11.7%), instructor characteristics (9.1%), learning community (7.8%),
and learner characteristics (6.5%).

Different wordings of factors are used in prior studies. For instance, system
quality is also named ‘“quality of the system”, “infrastructure and system quality”,
“system support”, “functionality” and “IT quality”. The user interface is named the
“learner interface”, “portal interface design”, “design of student interface”, and “learner
attractiveness”. The factor instructor’s characteristics are named “instructor attitudes” in
some studies. Furthermore, institutional service quality is named “service quality” and
“university”. Last, content quality is named ‘“course and information quality”,
“information quality”, “system content”, “quality of instructional contents”, “quality of
instructional contents”, “quality design and courses”, “e-learning material”, “content
quality” and “classes and class contents”.
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Table 4
Significant factors in e-learning evaluation

Authors

Factors

(Matsatsinis et al., 2003)
(Hwang et al., 2004)

(Hunjak & Begicevi¢, 2006)
(Biylikdzkan et al., 2007)
(Shee & Wang, 2008)
(Bliyukozkan et al., 2010)
(Jie, 2010)

(Lin, 2010)

(Sadi-Nezhad et al., 2010)
(Mehregan et al., 2011)
(Tseng et al., 2011)
(Bhuasiri et al., 2012)
(Bhuasiri et al., 2012)

(Lin et al., 2014)
(Munkhtsetseg et al., 2014)
(Anggrainingsih et al., 2016)
(Jain et al., 2016)

(Iryanti & Pandiya, 2016)
(Su et al., 2016)

(Garg & Jain, 2017)
(Anggrainingsih et al., 2018)
(Kabassi, 2018)

(Lukhayu Pritalia et al., 2018)
(zhicheng & Feng, 2018)
(Choi & Jeong, 2019)
(Fitriastuti et al., 2019)
Frequency

Percentage (%)

* System quality

12
15.6

* User interface

*

13
16.9

Instructors ' characteristics

Institution service quality
Learners ' characteristics

Learning community

* ¥ Content quality

*

20
259 78
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Table 5
Overlapping of the subfactors in the system quality and user interface factors
Subfactors Subfactors
Authors System quality User interface

response time of the user interface
learnability/easy to understand

ease of use/usability
operation stability

navigability

learnability
stability/system stability

* system response
ease of use
user friendly
* network security
* user-friendliness

(Matsatsinis et al., 2003)
(Hwang et al., 2004)
(Blytiikozkan et al., 2007) *
(Tzeng et al., 2007) *

(Shee & Wang, 2008) * * *
(Chao & Chen, 2009) *
(Buytkozkan et al., 2010) *

(Jie, 2010)

(Lin, 2010)

(Mehregan et al., 2011)
(Tseng et al., 2011)
(Bhuasiri et al., 2012)
(Wang & Lin, 2012) *
(Bhuasiri et al., 2012)
(Yuen, 2012)

(Jeong & Yeo, 2014)
(Linetal., 2014)
(Munkhtsetseg et al., 2014) * * *
(Chen & Qiao, 2015) *

(Anggrainingsih et al., 2016)

(Jain et al., 2016) *

(Garg & Jain, 2017)

(Kabassi, 2018) *
(Lukhayu Pritalia et al., 2018)
(Choi & Jeong, 2019)
(Fitriastuti et al., 2019)

X % ok X
* *
*
*

*
*

¥ %k % %

*
*
*
*

*

navigation

quality of security mechanism

*

4.7. Reclassification of overlapping subfactors

There are some overlapping subfactors under different factors proposed in prior studies
(see Table 5). The overlap is seen in the system quality and learner interface. System
quality measures the perceived ability of an e-learning system to deliver suitable
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functions to learner control. In contrast, the learner interface means that the course
website is subjectively attractive and fun to operate. Our review shows that prior studies
categorized the same subfactors under both the system quality and learner interface
factors (Choi & Jeong, 2019; Jain et al., 2016; Lukhayu Pritalia et al., 2018; Tseng et al.,
2011). For instance, the subfactors learnability, ease of use, user-friendliness, navigability,
operation stability, response time, and quality of security mechanism are presented in
both the system quality and learner interface factors (Choi & Jeong, 2019; Jain et al.,
2016; Lukhayu Pritalia et al., 2018; Tseng et al., 2011). Therefore, this overlap represents
an important issue in the current literature, and there is a need to categorize factors
distinctly in the future research.

4.8. Inadequate studies on dependencies among the factors in D&M model

This review indicates that there are a limited number of e-learning evaluation studies that
consider the dependencies in their frameworks. There are only two studies that focus on
the dependencies among their modified D&M model. Su et al. (2016) proposed that
service quality influences content quality, whereas both service quality and information
quality influence management. Furthermore, Choi and Jeong (2019) suggested that
content quality influences service quality, whereas both service quality and content
quality influence the user interface. Additionally, Choi and Jeong (2019) noted that there
is a feedback relationship between system quality and service quality. There are too few
studies that examine the dependencies among the modified D&M model. Therefore, there
is a need to study the dependencies among the factors and subfactors that influence e-
learning’s postadoption.

5. Discussion

This study reviewed 77 academic papers that were published between 2001 and 2019 and
examined the use of MCDM approaches for evaluating e-learning systems. The main aim
of this review is to understand the significance of using MCDM to evaluate e-learning.
Additionally, this study can provide researchers and practitioners with insight and
guidance for adopting MCDM techniques in e-learning studies. Several significant
implications are presented below.

First, this review shows that there has been slow growth in the usage of MCDM
techniques in e-learning studies over the years (see Fig. 4). In the first five years after
2001, approximately one related article was published each year. After 2015, MCDM
methods attracted researchers’ attention, which has resulted in the gradual increase of
papers published. Hence, it is forecasted that the number will keep growing in the coming
years because of the increased exposure to different kinds of MCDM techniques and the
significance of e-learning in this industry 4.0 era.

Second, according to the findings, China is the country that contributes the most
to e-learning evaluation using MCDM techniques (see Table 2). Overall, 44% of 77
articles reviewed herein were published in China, which is high compared to other
countries, such as Indonesia (8%), India (6%), and Malaysia (6%). The reason for this
difference could be the great emphasis on online education in China or the high exposure
to MCDM techniques among Chinese researchers. For instance, Tencent developed
VooV Meeting platform to compete against established online collaborative learning
platforms such as Blackboard, Google classroom and Microsoft Teams. Further research
can be done to elucidate this phenomenon.
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Third, the AHP is the most used MCDM technique among researchers, as it was
used in 78% of the total articles reviewed. The AHP provides a solution to decision
makers that addresses complex problems with several aspects. Simplicity and managerial
transparency are deemed to be the main reasons for using the AHP method among
practitioners and researchers. It can be observed that the AHP method was common
among studies related to the effectiveness of e-learning.

Fourth, the AHP consists of some weaknesses regarding the evaluation of e-
learning’s effectiveness. Zare et al. (2016) argues that the popularity of the AHP is
mainly attributed to convenience and simplification viewpoints, but the AHP does not
reflect powerful modelling. The AHP assumes that the upper levels of the model are
independent of all lower levels and that the elements in each level are also independent of
each other (Mikhailov & Singh, 2003). Such an assumption represents a problem in many
decision-making processes because there are some dependencies and feedback among the
elements. In 1996, Saaty proposed the ANP, which is a MCDM method to address this
issue (Saaty, 2005). The ANP is a generalization of the AHP but allows complex
interrelationships among decision levels and factors (Tseng et al., 2011). However, our
review shows that there are a limited number of e-learning evaluation studies utilizing the
ANP technique. Thus, it is recommended to apply the ANP to evaluate e-learning’s
effectiveness to consider the potential dependencies among factors.

Fifth, there is a theoretical gap due to an insufficient number of studies on
modified Delone and McLean (2003)’s Information System Success Model (D&M
Model). Based on the review, three research lines focus on different factors influencing e-
learning’s postadoption (see Fig. 5). The first line of research focuses on the three
fundamental factors of the D&M model: system quality, content quality, and service
quality. Two new factors are the focus of the second line of research: learners’
characteristics and instructors’ characteristics. The last line of research focuses on two
new factors: user interface and learning community.

Nonetheless, few studies, if any, converge on both the factors in the second and
third lines of research strands. The result may be dissimilar to prior studies if a study
incorporates learners’ characteristics, instructors’ characteristics, user interface, and
learning community in the D&M model. One explanation is that these seven factors can
be used to examine e-learning’s postadoption from different dimensions. For instance,
system quality assesses the stability and reliability of the system behind e-learning,
whereas the user interface examines the appearance of e-learning portrayed to the users.
Service quality assesses the support given by the institution that ensures the sustainability
of e-learning (Tomczyk et al., 2022). Instructors’ characteristics and learners’
characteristics are significant because they are the primary users of e-learning (Ocak &
Karakus, 2022), whereas the learning community examines the interactions among them
in the e-learning system (Pham & Tran, 2020).

Sixth, based on the D&M model, this study recommends seven factors that
influence e-learning’s postadoption (see Table 4). Researchers can adapt these seven
factors as a foundation to formulate their research framework, while practitioners can
integrate these seven factors into their decision-making process when developing e-
learning in their institutions.

Last, the overlapping of subfactors under different factors was identified in prior
studies. This phenomenon occurs in two factors: the system quality and learner interface
factors. It is understood that these two factors overlap with each other in terms of an
operational definition. Therefore, future research is needed to examine the subfactors
mentioned above and to appropriately categorize them under relevant factors.
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6. Conclusion and recommendations

This systematic review consolidates the extant studies and provides an up-to-date review
of the literature, and attempt to answer the research question as mentioned earlier.

RQ: Does the original Information System Success Model sufficient to evaluate the
effectiveness of modern e-learning systems?

Several new insights were found in this review paper. First, the original D&M
model can be further extended by integrating learners’ characteristics, instructors’
characteristics, user interface, and learning community. Second, reclassification of some
overlapping subfactors under system quality and user interface. Finally, inadequate
studies on dependencies among factors in D&M model.

This study provides contributions to both researchers and practitioners. For
instance, researchers can use the findings of this study and assess its applicability from
the post COVID-19 perspective where blended learning involving hybridisation of online
and face-to-face learning occurs. On the other hand, practitioners can identify success
factors from diverse points of view such as system, support from the institution,
managers, instructor, and student critically analyzed to make the e-learning system more
dependable, effective, and successful. Subsequent cost-benefit and risk analyses of
potential solutions MCDM should also be conducted accordingly.

There are some limitations to this study. First, due to the limitations of the finance
and time, this study only covers articles from two electronic databases: the Web of
Science and Scopus databases. Therefore, further research can be conducted to search
other electronic databases such as Science Direct, Wiley Online Library, Emerald, Taylor
and Francis, IEEE, and Springer to produce a more comprehensive literature search. The
review shows that there are a limited number of e-learning evaluation studies utilizing the
ANP technique. Thus, the researchers strongly recommend other researchers to explore
the application of the ANP to evaluate e-learning’s effectiveness and to consider the
potential dependencies among factors. The researchers believe that further research that
evaluates the dependencies among the factors and subfactors is highly recommended to
provide results that are more accurate and acceptable.
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