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ABSTRACT KEYWORDS

This study aims to determine the key factors affecting students’ and E-learning systems; lifelong
instructors’ continuance satisfaction with e-learning in the higher learning; continuance
education context. In order to identify the factors that impact e-learning ~ leaming; satisfaction; Fuzzy

continuation in higher education institutions, a systematic review of the ~ DEMATELin higher education

literature was conducted, revealing that the majority of studies have
reported the essential role of satisfaction in mediating the relationship
between 11 factors and users’ decisions to continue using e-learning
systems. This study then proposed that users, both students and
instructors, must continually be satisfied with the e-learning systems
offered by higher education institutions if they are to continue using
them. We term this ‘e-learning continuance satisfaction.” The formation
of a unified perspective of instructors and students on the core factors
that impact e-learning continuance was then investigated, in addition to
the causal relationships between these factors and e-learning
continuance satisfaction. The Fuzzy Decision Making Trial and Evaluation
Laboratory (DEMATEL) method was used to analyze data collected from
9 instructors and 38 students via an interview survey and the results
yielded five core factors - information quality, task-technology fit,
system quality, utility value, and usefulness — that influence users’
e-learning continuance satisfaction. Several different causal relationships
between the factors identified from both students’ and instructors’
perspectives were also identified and used to form a single viewpoint.
Our findings provide new insights into how higher education institutions
can promote continuance satisfaction in order to ensure continuation of
e-learning.

1. Introduction

Along with the development of information and communication technology (ICT), e-learning has
emerged as an innovative approach for the promotion of learning delivery in higher education.
E-learning provides an alternative to traditional classroom education and enables students to
access course information without time restrictions or geographical constraints (Al-Samarraie et al.
2016; Goi and Ng 2009; Sun et al. 2008). It also provides interactivity and active learning, which
promote collaboration and idea sharing among students and instructors (Alsabawy, Cater-Steel,
and Soar 2016; Al-Samarraie, Selim, and Zaqout 2016; Masrom, Zainon, and Rahiman 2008). Thus,
e-learning appears to promote current learning and teaching practices by providing a more efficient
and effective exchange of learning experiences and, for this reason, it is essential to ensure that e-
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learning systems successfully incorporate characteristics that ensure long-term usage of an inno-
vation or piece of information technology following its initial acceptance.

In this study, we examine users’ continuance satisfaction with regard to e-learning systems,
because continued technology use, as explained by Bhattacherjee and Barfar (2011), is ‘a temporal
phenomenon, and can only be measured using the initial set of perceptions intentions related to
technology continuance’ (4). However, intention itself is not the equivalent of behavior, as, in the
case of behavior, system users may intend to act differently than they, in fact, do. In light of this, it
is suggested that future studies should consider the potential of satisfaction as a factor that drives
users, both students and instructors, to continue using e-learning systems within the context of
higher education.

Astin (1993) defined satisfaction in higher education as students’ perceived experience and their
perceived value of the education they have received while attending university (Astin 1993). Thus,
students’ level of satisfaction with an e-learning system may affect their overall levels of satisfaction
with their university experience. In previous studies, the factors affecting e-learning satisfaction have
mostly been extracted from different descriptive or analytical studies that come from different per-
spectives. For example, Sun et al. (2008) identified which factors are critical for ensuring successful
e-learning design and operation from a holistic viewpoint, and then used these factors as a basis
to propose guidelines for managing e-learning courses. Similarly, Wu, Tennyson, and Hsia (2010)
conducted online interviews with university students in order to elicit the main aspects of learning
and teaching by asking them about their experiences of an e-learning system. They used content
analysis to categorize students’ answers in relation to their achievements and satisfaction, as
related to all categories of course design, interaction with the instructor, interaction with peers,
individual learning processes, and learning achievements.

Thus, while previous studies have served to identify perspectives from either the students’ or
instructors’ perspectives, this study aims to obtain a unified perspective of both students and instruc-
tors regarding the principal factors that affect their continuance satisfaction with e-learning systems.
In the following sections, the context and rationale for the study are discussed, in addition to a litera-
ture review on factors that commonly influence both students’ and instructors’ satisfaction with
e-learning systems. The Fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) design
based on the factors identified in the literature is described and examined for both groups. Finally,
the results are discussed, analyzed, and presented.

2. Context and rationale

Although extensive research on e-learning continuation has been conducted from various perspec-
tives and in different learning contexts, a number of e-learning systems have been discontinued fol-
lowing their initial implementation (Penna, Stara, and De Rose 2009; Sun et al. 2008), causing scholars
to investigate various aspects of this situation. For example, at the time of their study, McGill, Klobas,
and Renzi (2014) found a significant number of discontinued learning initiatives. By means of a litera-
ture review, they identified several issues related to the institution, developer, instructor, students,
and technology. They first addressed users’ satisfaction with e-learning sustainability conditions for
continued and non-continued initiatives and then administered a survey to authors of previous
studies to confirm their viewpoints regarding continued and non-continued e-learning initiatives.
They concluded that technology needs to be up to date but stable for sustainable e-learning initiat-
ives. Furthermore, Romiszowski (2004) linked the increased possibility of e-learning malfunctioning or
failing to the wide variety of instructional designs, tools, and technologies, while Cronje (2006) attrib-
uted the problem of non-continuance to a misalignment between objectives and training needs, the
key indicator being e-learning strategies based on cost-driven models.

With this in mind, various studies (e.g. Chiu et al. 2005; Limayem and Cheung 2008; McGill, Klobas,
and Renzi 2014) have emphasized that users’ continuance usage is the principal indicator for e-learn-
ing success. Hence, determining the main predictors of students’ continuance satisfaction with e-
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learning systems can provide evaluators with valuable information to improve a given course or
program (Bolliger 2004). On the other hand, determining the principal drivers of instructors’ continu-
ance satisfaction with e-learning systems can provide clear insights regarding how to stimulate
instructors’ cognitive perceptions of technology use in learning (Liaw, Huang, and Chen 2007).

3. Literature review

To determine the key factors that drive students’ and instructors’ continuance satisfaction with using
e-learning systems, this section will review previous studies on users’ intentions to continue using a
given system. It will also shed light on why continuance satisfaction with online learning has been
proposed as the key determinant of e-learning systems’ success in higher education.

With the rapid growth of e-learning, particularly in higher education institutions (Demirkan, Goul,
and Gros 2010; Loh et al. 2016; Weng, Tsai, and Weng 2015), successful e-learning has been discussed
and investigated in various studies, from different perspectives, and in different contexts (Alias et al.
2012; Bhuasiri et al. 2012; Govindasamy 2001; Holsapple and Lee-Post 2006; Lieblein 2000; Sela and
Sivan 2009; Selim 2007; Soong et al. 2001; Sun et al. 2008; Swan et al. 2000; Volery and Lord 2000). In
this regard, Bhattacherjee (2001) pointed out that although initial acceptance is essential for the
success of an information system, its long-term viability and eventual success depend on its contin-
ued usage rather than its initial use. In this regard, Chiu at al. (2005) stated that users’ continuation
intentions after initial use are the major indicator of e-learning success. Other studies (Chiu, Chiu, and
Chang 2007; Limayem and Cheung 2008; McGill, Klobas, and Renzi 2014) have also emphasized con-
tinued usage as the major determinant of e-learning success. Thus, issues related to the continuation
of e-learning have frequently been examined by researchers, particularly those factors that affect e-
learning continuation.

For example, Bhattacherjee (2001) proposed a post-acceptance model of information system
usage continuance by adapting expectation-confirmation theory. This theoretical model reflects
users’ perceptions of the usefulness of and satisfaction with a system as related to their continuance
intention. Demirkan, Goul, and Gros (2010) discussed a reference model for sustainable e-learning
systems. Ho (2010) proposed an integrated technology acceptance model (TAM), an expectation-con-
firmation model (ECM), a cognitive model, and a self-determination model, and examined how moti-
vational factors affect the synthesized model. Ho (2010) demonstrated that perceived usefulness,
user satisfaction, and attitudes can significantly predict users’ e-learning continuance intention.
Lin, Chen, and Fang (2011) developed a model that examined users’ e-learning continuance intention
in relation to negative critical incidents. They found that negative critical incidents, perceived ease of
use, perceived usefulness, satisfaction, and attitudes were the core factors related to users’ e-learning
continuance intentions. Lee (2010) noted that the intention to continue using e-learning systems
remains very low, particularly after initial acceptance of the system, and that satisfaction was
found to be the strongest predictor for driving users’ continuance intention. Based on Ifinedo
(2006), this may be due to certain technological characteristics that influence students’ perceived
behavior and hence affect their usage and continuation intention with regard to e-learning
systems. In addition, Liao, Palvia, and Chen (2009) integrated TAM, ECM, and the cognitive model
in order to explain what drives users to continue with information system use. They proposed the
constructs of confirmation, perceived usefulness, perceived ease of use, satisfaction, attitude, and
continuance intention to shape their technology continuance theory. Gunn (2010) identified issues
related to institutional structures and found that cultural issues were obstacles for e-learning continu-
ation. Gunn (2010) also highlighted that the perspectives of different stakeholders should be accom-
modated and that this needs to be achieved within specific contexts. Ismail et al. (2012) found that
students’ continuance intentions regarding e-learning were moderate and that this was due to a low
level of interpersonal influence and the information quality offered by the e-learning services. McGill,
Klobas, and Renzi (2014) emphasized that the difference between continued and discontinued e-
learning initiatives was dominated by institutional support, financial support in particular. They
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further indicated that the technology used must be up-to-date, mature, and stable in order to support
e-learning continuation.

Moreover, e-learning continuance intention, defined as the subjective probability that an individ-
ual will continue using e-learning (Chiu et al. 2007), has frequently been used in studies as a depen-
dent construct for predicting e-learning continuation. Notably, many studies have examined users’
e-learning continuance intentions and found that they were strongly dependent on the satisfaction
users felt regarding the use of an e-learning system (Chiu et al. 2005, 2007; Cho, Cheng, and Lai 2009;
Hung, Chang, and Hwang 2011; Larsen, Serebg, and Serebg 2009; Liao, Palvia, and Chen 2009;
Limayem and Cheung 2008; Lin 2012; Lin and Wang 2012; Roca, Chiu, and Martinez 2006; Serebg
et al. 2009; Zhang et al. 2012), where satisfaction is measured by an individual’s post-consumption
evaluation of a specific transaction (Bolton and Drew 1991). In these studies, satisfaction was often
found to play a role in mediating between other e-learning continuation factors (such as confir-
mation, i.e. a user's perception that a system offers the desired services, perceived ease of use,
perceived usefulness, perceived quality, and perceived value) and users’ intentions to continue
using e-learning. Bhattacherjee (2001) added that users’ satisfaction is associated with their continu-
ance intention and is key to creating and retaining long-term users. From the higher education
perspective, we assume that if learners are to continue using e-learning, they need to continue to
be satisfied with the e-learning services offered by higher education institutions.

Despite various findings in previous studies that are often based on one particular stakeholder’s
perspective — the perspective of either instructors, students, experts, developers, or institutional
support staff — a unified view of e-learning continuation from the perspective of the principal
users (instructors and students) is lacking. In this regard, we propose that e-learning continuance sat-
isfaction is a core element in sustaining e-learning usage among students and instructors. Our sys-
tematic review of the literature revealed possible predictors of continuance satisfaction based on
the factors affecting e-learning continuation. These factors were then used to construct a unified
view by mapping the direct and indirect relations of satisfaction to continuation intentions using
Fuzzy DEMATEL.

Based on these observations, it can be noted that most previous studies have investigated what
factors are related to students’ continued use of e-learning systems. Our review of the literature has
demonstrated that most studies on e-learning continuation point to the essential role of satisfaction
in mediating the effect of other factors on users’ intentions to continue using e-learning (Chiu et al.
2007; Cho, Cheng, and Lai 2009; Hung, Chang, and Hwang 2011; Larsen, Serebg, and Serebg 2009;
Liao, Palvia, and Chen 2009; Limayem and Cheung 2008; Lin 2012; Serebg et al. 2009; Zhang et al.
2012). Most of these studies have emphasized the positive relationship between users’ satisfaction
and their intention to continue using e-learning systems, which leads us to assume that in order
to want to continue using an e-learning platform, users need to continue to be satisfied with that
platform’s services, which may vary from one system to another. As such, we propose ‘e-learning con-
tinuance satisfaction’ as a term for measuring users’ continued satisfaction with an e-learning system.
Taking into consideration the different demands that students and instructors place on e-learning
systems, the following questions were asked:

(1) What are the core factors related to e-learning continuance satisfaction?
(2) What are the causal relationships between these factors from students’ and instructors’
perspectives?

To answer these questions, a systematic review (a meta-analysis) was conducted to identify the
potential predictors of e-learning continuance satisfaction (see Section 4). Next, the Fuzzy
DEMATEL approach was employed to determine the core factors from the perspectives of students
and instructors (see Sections 5 and 6). We then combined the students’ and instructors’ perspectives
to establish a unified view of e-learning continuance satisfaction in higher education institutions.
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4, Meta-analysis

We adopted certain criteria recommended by previous studies (e.g. Schmidt and Hunter (2014)) in
our procedures for searching, selecting, and extracting data from articles.

4.1. Search strategy

We used Google Scholar, ISI Web of Knowledge, and Scopus as the main sources for retrieving
research articles. Moreover, we only retrieved articles that had been published in English peer-
reviewed journals between the years 2000 and 2015. The combination of keywords used to search
for articles related to the following:

e continuation: satisfaction, continuance, continued use, sustainability, or sustaining; and

¢ e-learning: online learning, web-based learning, blended learning, distance learning, course man-
agement systems (CMS), learning management systems (LMS), or virtual learning environments
(VLE).

4.2. Selection criteria

In the initial phase, a total of 69 articles were retrieved, from which 37 articles were excluded after an
initial screening of the abstracts, as they did not meet our inclusion criteria (e.g. with respect to the
context of information systems). We then retrieved the full texts of the remaining 32 articles and
reviewed them in detail. During this stage, we also screened the reference lists in these articles, result-
ing in the addition of five further potential articles to our review. The full texts of the 37 articles were
then reviewed and analyzed with respect to their research methods, participants, and contexts. At
this stage, we included only articles that provided sufficient statistical data (means and standard devi-
ations) and that involved members of higher education institutions or ICT e-learning experts. As a
result, a further 21 articles were excluded that did not meet our inclusion criteria. This left us with
16 articles for inclusion in the systematic review, as shown in Figure 1.

4.3. Data extraction

After identifying the articles for inclusion, we extracted such information as factors relating to e-learn-
ing continuation, number of participants, and means and standard deviations (Table 1). In our com-
pilation of factors, we only included those that were mentioned in more than one of the selected
studies. Thus, we selected 11 factors (attitude, confirmation, attainment value, intrinsic value,
utility value, information quality, system quality, task-technology fit, ease of use, usefulness, and
social influence) as shown in Table 1. We then added together the means and standard deviations
of the selected factors and divided the figures obtained by the total number of studies in which
the given factor had appeared in order to obtain a net mean and standard deviation for each factor.

In the 37 primary studies that reported the potential influence of the selected key factors on users’
satisfaction and intention to continue using e-learning systems, these factors achieved significant
scores, with a resulting large effect size difference of d=5.20 (95% Cl: 5.00-5.39, p <.001). This
finding suggests that these factors greatly affect users’ e-learning continuance satisfaction. A test
for the heterogeneity of the meta-analysis showed Q values of 700.93 using Cohen'’s standard with
10 degrees of freedom (p <.001).

5. Fuzzy DEMATEL

The DEMATEL method allowed us to construct an intelligible structural model that visualized and
analyzed the causal relationships among complex factors (Wu and Lee 2007). This method is
usually based on matrices or digraphs in which factors are presented in cause and effect groups
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Titles of articles identified from
online database search based on
inclusion keywords

n=69
Abstracts of articles screened
il initially based on inclusion
i criteria
Excluded articles =37
\ 4
Articles retrieved and screened
n=32
Extra potential articles
identified from the
reference lists
Included articles =5
v

Full text of articles
reviewed and analysed

n=37
Articles excluded base on
o inclusion criteria
i Excluded articles = 21
v
Total articles included
n=16

Figure 1. Selection process for the systematic review on continuance intention and satisfaction with e-learning.

and the strengths of the influences among the factors are shown in numerals. Thus, the DEMATEL
method can be used to identify the relationship between the causes and effects that pertain
between different factors (Chang, Chang, and Wu 2011; Jassbi, Mohamadnejad, and Nasrollahzadeh
2011; Wu and Lee 2007). Although this method is capable of revealing the causal relationships
between mutually influencing factors (Chang, Chang, and Wu 2011), decision-making is difficult in
a fuzzy environment due to the lack of clarity regarding the numerical values for human judgement
(Wu and Lee 2007). This was addressed by extending the DEMATEL method with fuzzy logic to ensure
a more accurate analysis and better judgement in decision-making environments (Chang, Chang, and
Wu 2011). Fuzzy logic is also used to overcome the vagueness of human thought and expressions in
decision-making processes (Jeng and Tzeng 2012; Wu and Lee 2007). We used this method to inves-
tigate possible causal relationships between the selected core factors of e-learning continuance sat-
isfaction from the instructors’ and students’ perspectives, where their judgment regarding these
relationships was based on their own experiences with e-learning systems.

We conducted a structured interview survey in order to provide inputs to infer the causal effects
related to the core factors of e-learning continuance satisfaction. Purposive sampling was used to
select the participants for data collection purposes. To ensure the credibility of the collected data,
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Table 1. Results of data extraction.

Statistics Meta-analysis results
Net Net Effect
Effect name Sources Repetition N M SD  size Lower Upper p
Attitude Liao, Palvia, and Chen 2009; Lin 2011 2 882 555 1.13 516 496 537 <.001
Confirmation Hung, Chang, and Hwang 2011; Larsen, 6 1514 473 129 5.25 507 543 <.001

Serebg, and Serebg 2009; Liao, Palvia, and
Chen 2009; Limayem and Cheung 2008;
Roca, Chiu, and Martinez 2006; Serebo

et al. 2009;
Attainment value  Chiu et al. 2007; Chiu and Wang 2008 2 488 5.81 094 5.14 496 532 <.001
Intrinsic value Chiu et al. 2007; Chiu and Wang 2008 2 488 531 1.08 5.19 498 540 <.001
Utility value Chiu et al. 2007; Chiu and Wang 2008 2 488 484 128 524 503 544 <.001
Information quality Lin and Wang 2012; Roca, Chiu, and 2 260 539 092 5.18 497 539 <.001
Martinez 2006
System quality Lin and Wang 2012; Roca, Chiu, and 2 260 534 092 5.19 498 540 <.001
Martinez 2006
Ease of use Roca, Chiu, and Martinez 2006; Cho, Cheng, 6 1701 5.38 1.02 5.18 496 540 <.001

and Lai 2009; Liao, Palvia, and Chen 2009;
Lin 2011; Sun and Jeyaraj 2013; McGill,
Klobas, and Renzi 2014
Usefulness Cho, Cheng, and Lai 2009; Hung, Chang, and 9 2347 5.07 1.09 521 498 544 <.001
Hwang 2011; Larsen, Serebg, and Serebg
2009; Liao, Palvia, and Chen 2009;
Limayem and Cheung 2008; Roca, Chiu,
and Martinez 2006; Sgrebg et al. 2009; Lin
2011; Sun and Jeyaraj 2013

Task-technology Larsen, Serebg, and Serebg 2009; Lin and 2 223 496 116 522 502 543 <.001
fit Wang 2012
Social influence Chiu and Wang 2008; Sun and Jeyaraj 2013 2 418 481 1.09 524 504 544 <.001

we selected students who had a minimum of three years’ experience with e-learning and instructors
who had a minimum of eight years’ experience with e-learning, during which time they had used the
system on a daily basis to manage and organize their courses. The reason for considering experi-
enced users (students and instructors) is that experience has always been found to be an important
determinant of behavior. Specifically, it has been suggested that knowledge gained from past behav-
ior helps to shape intention. For example, Taylor and Todd (1995) stated that information technology
use may be more effectively modeled for experienced users. E-learning experience here refers to stu-
dents’ use of a current e-learning system (Moodle and Mooc) to access and manage various learning
activities, including participation in group discussions, project analysis, assignment submission, etc.
The part-time students in our study were thus ICT literate and were typical of students for whom
it is widely recommended that e-learning systems comprise the best online mode of learning
delivery.

Based on the selection criteria, a total of 38 postgraduate students (20 males and 18 females, age
range: 26-35 years) and 9 instructors (5 males and 4 females, age range: 36-55 years) from five public
universities in Malaysia were included in this study.

All participants were asked to rank the level of influence of factors extracted from the systematic
review, and their responses were used to construct a pairwise relationship matrix. The response of
each participant was presented in the following matrix format:

0 dp -+ din

dy 0 - dyy
D= . ,

dn1 dn2 0

where n=11.
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Table 2. Linguistic scale (Source: Jeng and Tzeng 2012).

Corresponding triangular fuzzy numbers

Code Linguistic variable L m u

0 No influence 0.00 0.10 0.30
1 Very low influence 0.10 0.30 0.50
2 Low influence 030 0.50 0.70
3 High influence 0.50 0.70 0.90
4 Very high influence 0.70 0.90 1.00

As the participants would be judging the causal relations between the core factors of e-learning
continuance satisfaction according to their own preferences and experiences, we extended the lin-
guistic scale to fuzzy triangular numbers (Jeng and Tzeng 2012), as shown in Table 2.

The participants’ judgements regarding the causality between each pair of factors were measured
using the fuzzy triangular numbers. Next, a fuzzy matrix was constructed for each participant, result-
ing in 47 fuzzy matrices (for 38 students and 9 instructors) in the following format:

0 l: m, Uy, II m, Uy
. lr m, Ux 0 Ir m, Uzp
si
z = . . . . ’
II m, Un II m, Upy e O

where n=11 (the number of factors) and i is the number of the participant (i ranges from 1 to 47).
Then, we proceeded as follows:
Step 1: The means of the participants’ pairwise comparisons were calculated using the formula

. 7oFeFfe... 0
Zjj = p ’

where p is the number of participants.
Then, the initial direct-relation fuzzy matrix was produced, as shown below:

0 Zip - I
- Zy 0 - 2y
7/ =

§n1 2n2 e 0

Step 2: The initial direct-relation fuzzy matrix was normalized as

X1 X2 -+ Xin

N X211 X2 - Xop

X = ,
Xm1 Xn2 - Xpn

where
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Step 3: The total-relation fuzzymatrix T was calculated as

?11 ?12 e §1n
- tyy typ - Uy
T= ,
?rﬂ %nz e inn
where T; = (If, mf, ut) and [f] = Hy x (1 = H) ™", [m] = Him X (1 = Hp) ™, [Uf] = Hy x (1 = H) ™

Step 4: D; and R; were calculated based on the sum of the rows and the sum of the columns,
respectively, of the total-relation fuzzy matrix T, as shown:

Bzmmﬂz[iﬁﬂ :
j=1

nx1

n
Rzmmz[zn}.
i=1 1xn

'Lhese~were used to obtain the importance and cause—effect table, which consist of 5, +I’?V,- and
D; — R;.
Step 5: During this final step, all computed D; + R; and D; — R; were defuzzified using the following

formula:
A= (ay, ay, a3),

(a1 + a3 +2xap)
—

Two sets of numbers, (5,- + ﬁ,-)def and (5, - ff,-)def, were produced. (5,- + E,v)def shows the importance
of a factor, while (5; — Ei)def shows whether a factor is a cause or effect. If the value of (5,- — ﬁ,»)def is
positive, the factor belongs to the cause group, while a negative value of (D; — R)% shows that the
factor belongs to the effect group (Jassbi, Mohamadnejad, and Nasrollahzadeh 2011).

B =

6. Results

A matrix was constructed, consisting of the means of the pairwise comparisons; this is the initial
direct-relation fuzzy matrix (see Table I(a,b)in the supplementary materials). Next, we normalized
the initial direct-relation fuzzy matrix (see Table li(a,b) in the supplementary materials), and generated
the total-relation fuzzy matrix (see Tables 3 and 4). Based on the total-relation fuzzy matrix, the impor-
tance and cause-effect tables were generated (see Table lli(a,b) in the supplementary materials) in
order to map the causal relation diagram (Figure 2). The threshold values were obtained by first
defuzzifying the total-relation fuzzy matrix and then calculating the mean and standard deviation

Table 3. Importance and cause-effect table (instructors).

Factors D +R; Di — R, (D) + R)% (D — R)™
Attitude 1.70, 4.14, 14.69 —7.65, —0.81, 5.33 6.17 -0.99
Confirmation 1.61, 3.97, 14.28 —5.99, 0.19, 6.68 5.96 0.27
Attainment value 1.56, 3.90, 14.12 —6.13, 0.12, 6.42 5.87 0.13
Intrinsic value 1.41, 3.64, 13.53 —6.54, —0.29, 5.58 5.56 —0.39
Utility value 1.52, 3.82, 13.96 —6.21, 0.02, 6.24 5.78 0.02
Information quality 1.45, 3.69, 13.55 —5.01, 0.69, 7.10 5.59 0.87
System quality 1.17, 3.24, 12.48 —5.32, 0.19, 5.99 5.03 0.27
Task-technology fit 1.48, 3.74, 13.83 —5.72, 0.30, 6.63 5.70 0.38
Ease of use 0.98, 2.89, 11.66 —5.88, —0.35, 4.80 461 —-0.45
Usefulness 1.45, 3.73, 13.69 —5.91, 0.19, 6.33 5.65 0.20

Social influence 0.98, 2.90, 11.69 —5.72, —0.24, 4.98 4.62 —0.31
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Table 4. Importance and cause-effect table (students).

Factors Di + R, D —Ri (D; + R)% (D, — R)*
Attitude 2.10, 5.06, 21.92 -11.12, —0.73, 8.71 8.54 -0.97
Confirmation 2.18,5.21, 22.43 —10.45, —0.22, 9.81 8.75 -0.27
Attainment value 1.72, 439, 19.91 —9.80, —0.42, 8.38 7.60 -0.57
Intrinsic value 1.59, 4.12, 19.07 —8.76, —0.03, 8.73 7.23 —0.02
Utility value 1.88, 4.66, 20.67 —9.05, 0.22, 9.73 7.97 0.28
Information quality 1.65, 4.21, 19.24 —7.65, 0.66, 9.95 733 0.91
System quality 1.58, 4.09, 18.90 —8.12,0.33,9.19 7.16 0.43
Task-technology fit 1.81,4.51, 20.19 —8.23, 0.58, 10.15 7.75 0.77
Ease of use 1.57, 4.09, 19.02 —8.61, 0.08, 8.84 7.19 0.09
Usefulness 2.02, 4.93, 21.59 —9.96, —0.07, 9.61 837 —0.12
Social influence 1.29, 3.56, 17.29 —8.67, —0.40, 7.33 6.43 —0.53
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Figure 2. Causal relation diagrams. (A) Instructors’ views; (B) Students’ views; (C) Unified views of instructors and students.
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Table 5. Importance and cause—-effect table (instructors and students).

Factors D +R, D —R; (D; + R)* (D — R)*
Attitude 1.89, 4.60, 18.30 —0.45, -0.76, —1.93 7.35 -0.97
Confirmation 1.89, 4.59, 18.37 —0.02, —0.03, 0.03 736 —-0.01
Attainment value 1.64, 4.13, 17.01 -0.09, —0.16, —0.46 6.73 -0.22
Intrinsic value 1.49, 3.87, 16.29 —0.08, —0.17, —0.41 6.38 —0.21
Utility value 1.70, 4.23, 17.30 0.10, 0.12, 0.27 6.86 0.15
Information quality 1.55, 3.94, 16.39 0.37, 0.68, 1.81 6.45 0.88
System quality 1.37, 3.66, 15.70 0.14, 0.27, 0.74 6.09 0.35
Task-technology fit 1.63, 4.14, 17.01 0.25, 045, 1.17 6.73 0.58
Ease of use 1.27, 3.49, 15.31 -0.09, —0.13, —0.35 5.89 -0.17
Usefulness 1.73, 432, 17.64 0.05, 0.04, —0.01 7.00 0.03
Social influence 1.14, 3.22, 14.50 —0.18, —0.32, —0.85 5.52 —-0.42

for the defuzzified matrix. These two values were then added in order to obtain the threshold values,
which were 0.300 for instructors and 0.408 for students. Using these threshold values, the causal
relationships based on the instructors’ and students’ perceptions were identified.

The results for the instructors demonstrate that they found characteristics related to information
quality, task-technology fit, system quality, confirmation, usefulness, attainment value, and utility
value to be the core factors for their continued satisfaction with e-learning services. Figure 2(A)
shows that confirmation and attainment have a two-way causal relationship. These effects were jus-
tified by the instructors because their confirmation of fulfilling their expectations regarding system
usage is usually associated with the personal importance they assign to doing well on tasks.

Turning to the students, the distribution of factors in Figure 2(B) shows that information quality,
task-technology fit, system quality, utility value, and ease of use were the core factors for their con-
tinued satisfaction with e-learning services. Additionally, both task-technology fit and utility value
affected the students’ attitudes and perceived confirmation, attainment value, and usefulness.

To unify the instructors’ and students’ perspectives, the average of their respective total-relation
fuzzy matrices was calculated. This helped to articulate a unified understanding of the importance
and cause—effect table (Table 5). A threshold value of 0.351 was obtained, and the causal relation
diagram (Figure 2) was mapped. The unified view in Figure 2(C) demonstrates that information
quality, task-technology fit, system quality, utility value, and usefulness are the core factors that
impact both instructors and students with respect to being continually satisfied with e-learning ser-
vices. The results reveal that information quality is the most significant effect factor that impacts both
instructors’ and students’ e-learning continuance satisfaction. This factor was found to be associated
with their attitude and perceived confirmation, attainment value, utility value, and usefulness. In con-
trast, ease of use and social influence were the least significant causal factors; they neither affected
nor were affected by other factors.

7. Discussion

Various studies have discussed the strengths of e-learning as an alternative to traditional face-to-face
classroom education. Despite its dissemination among higher education institutions, e-learning has
faced challenges related to its successful continuation. Therefore, many researchers have examined
various perspectives related to environmental, institutional, technical, pedagogical, and human
factors. However, few studies have been conducted to provide a richer understanding of the relation-
ships among certain factors that are related to instructors’ and students’ e-learning continuance
satisfaction.

Based on a systematic review, in this study, a total of 11 core factors of e-learning continuance
satisfaction were identified - attitude, confirmation, attainment value, intrinsic value, utility value,
information quality, system quality, ease of use, usefulness, task-technology fit, and social influence
- and the fuzzy DEMATEL approach was used to investigate the causal relationships between these
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factors from instructors’ and students’ current usage perspectives regarding e-learning. Based on a
unified causal relation diagram, we found that information quality, task-technology fit, system
quality, utility value, and usefulness were perceived as the core factors for e-learning continuance sat-
isfaction by both instructors and students at higher education institutions. These factors are dis-
cussed in the following subsections.

7.1. Information quality

According to the information system success model proposed by Delone and McLean (2003), infor-
mation quality measures semantic success, such as the accuracy, timeliness, completeness, relevance,
and consistency of the information provided by an information system. Delone and McLean (2003)
and Ghasemaghaei and Hassanein (2015) agreed that a higher level of information quality would
increase users’ satisfaction. In this study, we found that information quality had the highest score
among the core factors for e-learning continuance satisfaction. This finding adds a new insight to
those provided by previous studies (e.g. Chiu et al. 2005; Lin and Wang 2012; Raspopovic and Janku-
lovic 2016; Roca, Chiu, and Martinez 2006) regarding the role of information quality in predicting
users’ continuance satisfaction with a system. Gay (2016) asserted the role of information quality
in characterizing the suitability of online environments, which is essential for driving instructors’ sat-
isfaction with technology. This leads us to argue that when users’ perception of a system’s infor-
mation quality is high, they will perceive that such a system is important and useful for them in
performing their tasks. At the same time, the information quality perceived by users might also influ-
ence their confirmation and perceived utility value of a system and positively affect their overall atti-
tude regarding their continuance satisfaction. Hence, higher education institutions should ensure
that their e-learning systems have a high information quality, including the scope, relevance, and
accuracy of the information for users’ needs and expectations, in order to provide a better learning
experience that ensures continued user satisfaction with their e-learning.

7.2. Task-technology fit

Task-technology fit has been characterized as the degree to which a technology assists individuals in
performing their tasks, with the technology providing features and support that fit the users’ require-
ments (Goodhue and Thompson 1995). In the context of e-learning, task-technology fit refers to an e-
learning system'’s capability to support users in performing their learning tasks, through such means
as interactions with other users, accessing learning materials, or answering online assessments, while
suiting a variety of user abilities (McGill and Klobas 2009). We found that task-technology fit was one
of the core factors affecting instructors’ and students’ e-learning continuance satisfaction. A previous
finding by Larsen, Serebg, and Sgrebg (2009) demonstrated that task-technology fit is essential in
explaining users’ e-learning continuance intentions. Gu and Wang (2015) found that task-technology
fit is one of the main predictors of e-learning satisfaction. In contrast, we claim that when users per-
ceive that a system is capable of helping them perform tasks, their positive attitude will be promoted
because they consider the system to be an important and useful tool that will continue to satisfy
them. As such, higher education institutions should pay extra attention to the technology capabilities
and services of the e-learning systems that are being offered to instructors and students.

7.3. System quality

Since technology and infrastructure form the backbone of e-learning systems, higher education insti-
tutions need to be careful to select adequate system technologies and resources that support current
learning and teaching needs via e-learning (Martinez-Caro, Cegarra-Navarro, and Cepeda-Carrién
2015; McPherson and Baptista Nunes 2006; Porter et al. 2016). Such needs have been found to cor-
respond to the information system success model (Delone and McLean 2003), which states that
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system quality is measured based on its operational characteristics such as system reliability, user
interface consistency, documentation quality, and response rates in interactive systems. Delone
and McLean (2003) indicated that higher system quality was expected to lead to greater user satis-
faction and usage, which thus leads to positive impacts on individual and organizational productivity.
McGill, Klobas, and Renzi (2014) added that issues related to system technology are critical for sus-
tainable e-learning initiatives. Thus, the continuance of e-learning initiatives is influenced by the
maturity and stability of a system'’s technology. We found system quality to be one of the core ante-
cedents for promoting users’ continued satisfaction with e-learning. This result supports the claim in
Roca, Chiu, and Martinez (2006) that perceived quality (information quality, service quality, and
system quality) influences user confirmation and satisfaction, which, in turn, affects users’ continued
use of e-learning. It also supports Saba’s (2012) findings on how e-learning system quality will lead to
a higher level of user satisfaction within the higher educational institutions. On the other hand, our
finding conflicts with the findings of some previous studies, such as that of Lin and Wang (2012), who
stated that system quality is not a critical factor that affects students’ continued use of e-learning. As
such, we argue that when a system’s quality is positively perceived by users, they will develop a posi-
tive attitude towards its contents. We therefore suggest that higher education institutions should
emphasize a system’s operational characteristics to ensure continual user satisfaction with e-learning.

7.4. Utility value

In the expectancy-value model (Wigfield and Eccles 2000), utility value is a subjective task value that
refers to the helpfulness of e-learning tasks for users’ current and future goals. Our study found that
the utility value of e-learning was considered a core factor in favoring users’ continuance satisfaction.
This result aligns with previous studies (e.g. Chiu and Wang 2008; Chiu et al. 2007) that state that
utility value acts as a predictor of users’ satisfaction and that together the two factors play an essential
role in users’ continued intention to engage in e-learning. Shiau and Chau (2016) highlighted the
importance of considering the utility value of technology in order to maximize users’ usage intention.
We assume that when users feel that using a system can help them achieve their current and future
goals, they will maintain a positive attitude towards that system. We also found that utility value and
confirmation had a two-way causal relationship, which leads us to consider that instructors’ and stu-
dents’ confirmation of e-learning is associated with how well the e-learning tasks are related to their
goals. Because the utility value is also affected by information quality, higher education institutions
might consider enhancing the information quality of e-learning systems in order to increase the
utility value perceived by users so that they will be continually satisfied with e-learning.

7.5. Usefulness

Usefulness refers to the degree to which use of an e-learning system will enhance a user’s perform-
ance (Davis 1989). We found that users’ perception of the usefulness of a system was a core factor
stimulating their e-learning continuance satisfaction. It is unsurprising that our finding aligns with
previous research (e.g. Ma, Chao, and Cheng 2013; Cho, Cheng, and Lai 2009; Larsen, Serebg, and
Serebg 2009; Liao, Palvia, and Chen 2009; Limayem and Cheung 2008; Lin 2011; Roca, Chiu, and Mar-
tinez 2006; Sun and Jeyaraj 2013; Zhang et al. 2012), which found that users’ perceived usefulness has
positive impacts on e-learning continuation. In addition, this result partially supports the claims of
Liao, Palvia, and Chen (2009), Serebg et al. (2009), and Hung, Chang, and Hwang (2011), who
stated that confirmation and usefulness were the mediators of users’ e-learning continuance satisfac-
tion. Islam and Azad (2015) stated that both students and educators have positive perceptions
regarding the usefulness of the learning management system, which drive their satisfaction to con-
tinually use it. What we found particularly noteworthy is that users’ perceptions that e-learning was
useful at enhancing their performance positively influenced their attitude towards e-learning, and
also led them to report greater confirmation and attainment value. Since usefulness is driven by
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information quality, task-technology fit, and utility value, higher education institutions should con-
sider improving or enhancing these aspects of their e-learning systems in order to increase users’ per-
ceptions of the systems’ usefulness.

8. Implications and limitations

An examination of users’ e-learning continuance satisfaction can provide new opportunities for
research into users’ adoption of learning technology. It also brings new understanding to the field
of instructional technology, with an emphasis on users’ behavioral intentions regarding e-learning
tools. The importance and cause-effect relationships among the predetermined factors, along
with the causal relationships between these factors and continuance satisfaction, can be used to
explore students’ and instructors’ perceptions in other contexts, such as mobile learning, e-com-
merce, social network sites, e-medicine, and so forth. The unified view provided in this study can
be used by other researchers as a base/reference to examine e-learning continuance among instruc-
tors and students in higher education institutions.

However, the study had a number of limitations. The sample used was limited to postgraduates
and lecturers; hence, any generalization of the findings in this study should be made with caution.

Furthermore, in this study, we were able to retrieve a total of 11 factors related to users’ e-learning
continuance satisfaction based on our systematic literature review. However, our article filtering and
selection process was limited to certain criteria that were established based on the recommendations
of previous studies, in which only articles published in peer-reviewed journals were included.

9. Conclusion and future work

The use of a Fuzzy DEMATEL approach for obtaining instructors’ and students’ views led us to confirm
the importance of continuance satisfaction for sustaining the use of e-learning in higher education
institutions. The five factors — information quality, task-technology fit, system quality, utility value,
and usefulness — were found to be the key components for promoting e-learning continuance satis-
faction in the context of higher education. With regard to the limitation of the article filtering and
selection process, future explorations might consider investigating other factors from other
sources. We suggest that other studies might replicate this study in other contexts, using alternative
scales in order to validate and confirm our findings. Future studies might also consider investigating
the demographic backgrounds of different groups of users, as this may provide additional insights
regarding the present study’s findings. Future studies might also apply other modeling approaches,
such as structural equation modeling, partial linear squares, and other decision-making-related
approaches (e.g. fuzzy cognitive maps or analytical hierarchical processes), in order to infer possible
new causal relations between factors related to e-learning continuance satisfaction.
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