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Abstract
The underutilization of e-learning among university lecturers is an important issue 
that needs to be resolved. This study aimed to formulate an e-learning postadop-
tion model for Malaysian universities. Data were collected using self-administered 
questionnaires involving 36 e-learning experts who from lecturers in public and pri-
vate universities in Malaysia. The data collected was then analyzed using the extent 
analysis method proposed by Chang (European Journal of Operational Research, 
95(3), 649–655, 1996) to examine the weights and rankings of the factors and sub-
factors. This study showed that for e-learning postadoption, the most important fac-
tor is institution service quality, followed by system quality, content quality, instruc-
tors’ characteristics, and learners’ characteristics. This study extends the information 
systems success model into the e-learning postadoption context. In particular, this 
study offered insights concerning the dependencies among the factors in the model 
within the Malaysian university context. The findings are useful for the long-range 
strategic management of university administrators, and the model can be adopted as 
a reference to form a rating system to analyze e-learning postadoption. University 
administrators can analyze critical factors that increase e-learning’s post adoption 
and lead to more efficient resource allocation and management of e-learning.

Keywords: E-learning · Fuzzy Set Theory · Analytic Network Process · Information 
System Success Model · Extent analysis method

1 Introduction

Integrating the use of e-learning into teaching and learning is a current challenge in 
many universities. Despite large investments on information communication tech-
nology (ICT) infrastructures in many universities, prior research have revealed that 
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underutilization of e-learning is the major issue (Azhari & Ming, 2015; Lawrence & 
Tar, 2018; Yim et al., 2019). According to a recent survey, the completion percent-
age of online courses is extremely low when compared to the number of students 
enrolled in these courses, implying a high dropout rate (Aldowah et al., 2020).

Some studies report that university lecturers may have low willingness to use an 
e-learning system in teaching and learning. This problem is commonly found among 
university lecturers with low competency in information technology particularly 
those who lack confidence in the benefits of e-learning in teaching and learning 
(Azhari & Ming, 2015; Lawrence & Tar, 2018; Razak et al., 2020). Heavy teach-
ing and research workloads are also causing university lecturers to perceive using 
e-learning in teaching as another job burden (Moustakas & Robrade, 2022). Addi-
tionally, some university lecturers are resistant to e-learning because they are more 
comfortable with face-to-face instruction (Moustakas & Robrade, 2022).

Ineffective management is another hindrance to successfully implement e-learn-
ing within universities (Azhari & Ming, 2015; Embi, 2011; Razak et al., 2020). can 
be evidenced by various problems in infrastructure, incentives, technical support, 
and training, among others (Lawrence & Tar, 2018). The absence of effective man-
agement makes the postadoption period of the e-learning system difficult for teach-
ers and students. For example, engaging university lecturers in e-learning training 
is a typical university management initiative. However, past studies have shown 
that improper training schedules that overlap with teaching work have caused some 
university lecturers to have only moderate motivation to participate in e-learning 
workshops (Azhari & Ming, 2015; Embi, 2011). Such management initiatives fail to 
enhance attendance and engagement in e-learning training among university lectur-
ers. Therefore, effective management is of paramount importance to enhance and 
sustain the willingness of university lecturers to learn and use e-learning.

Previous researchers have adopted Delone and McLean (2003) information sys-
tem success model (D&M model) to examine the factors influencing e-learning’s 
postadoption. The review of literature shows that studies that use the D&M model to 
assess the factors that influence e-learning’s postadoption can be divided into three 
research perspectives. The first research perspective focuses on the three fundamen-
tal factors of the D&M model, i.e. system quality, content quality, and service qual-
ity (Fitriastuti et  al., 2019; Ghazal et  al., 2017; Motaghian et  al., 2013; Su et  al., 
2016). Another research perspective highlights learners’ characteristics and instruc-
tors’ characteristics (Bhuasiri et  al., 2012; Xaymoungkhoun et  al., 2012; Yassine 
et al., 2017). The final research perspective concentrates on the user interface and 
learning community (Choi & Jeong, 2019; Farid et al., 2018; Iryanti et al., 2016). 
Intriguingly, there are limited studies that examine the factors from the second and 
third research perspectives (Choi & Jeong, 2019; Farid et al., 2018; Yassine et al., 
2017).

Furthermore, there is a lack of studies on the dependencies among the factors and 
subfactors in the e-learning postadoption literature that apply the Multiple Criteria 
Decision Making (MCDM) method. The literature review shows that the AHP is the 
most well-known MCDM technique for evaluating the factors and subfactors that 
increase e-learning’s postadoption. The popularity of AHP can be attributed to its 
convenience and simplification; however, it ignores dependencies among the factors 
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and subfactors (Mikhailov & Singh, 2003; Zare et al., 2016). Ignoring these factors 
will lead to overestimated or underestimated weights of factors and subfactors. Such 
shortcoming can be addressed by using the Analytic Network Process (ANP), which 
allows complex inter-relationships among decision levels and factors (Saaty, 2005; 
Tseng et al., 2011).

In conclusion, albeit the widespread implementation of e-learning during the 
COVID-19 pandemic, the post adoption of e-learning by lecturers and students is 
relatively low (Awang et al., 2018; Yim et al., 2019). Thus, this study attempts to 
shed light on the factors that increase e-learning’s post adoption within universities 
in Malaysia.

2  Literature review

The study uses Delone and McLean (2003) information system successmodel 
(D&M model) to confirm the factors and subfactors that increase e-learning’s post-
adoption. In addition, Fuzzy Set Theory (FST) was used to deal with vague and 
imprecise information obtained from the experts’ judgments and opinions gathered 
in this study.

2.1  Information Systems Success Model (D&M Model)

The initial D&M model was proposed by DeLone and McLean (1992) to examine the 
post adoption of an information system. The D&M model consists of six dimensions: 
system quality, content quality, use, user satisfaction, personal influence, and organi-
zational influence. The D&M model was later advanced by Delone and McLean 
(2003) to include service quality because theoretical evidence shows that service 
quality is a success factor that influences the use and user satisfaction of e-learning. 
Another new factor, i.e., net benefits, was also 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 techni-
cal characteristics of the system itself. Content quality relates to the quality of course 
contents in terms of accuracy, completeness, ease of understanding, consistency, rel-
evance, and being up to date. Service quality corresponds to the support provided 
by the institutions to ensure the sustainability of the e-learning system. 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 appropriate-
ness, and net benefits are the perceived organizational and individual influence on 
task performance and efficiency (Delone & McLean, 2003).

As mentioned in the introduction, the review demonstrates that there is a critical 
information gap about the components in the D&M Model that influence e-learning 
after adoption. In this study, the research framework was first formulated through an 
intensive literature review, followed by pre-testing done by six e-learning experts 
(refer to Fig. 1). Figure 1 shows the research framework of this study which consists 
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of the goal, factors, subfactors, and dependencies. The normal arrows show that the 
influence of lower elements on the higher elements. For instance, five factors influ-
ence the goal, i.e. e-learning’s post adoption. The dotted arrows indicate the depend-
encies among factors and subfactors. For instance, learners’ characteristics are influ-
enced by instructors’ characteristics, institution service quality, system quality, and 
content quality.

2.2  Fuzzy Set Theory

Fuzzy Set Theory (FST) was introduced by Zadeh (1965) to deal with vague and 
imprecise information. FST is a mathematical theory that models human cognitive 
processes’ fuzziness by expressing vague data using natural language with linguis-
tics (Chang et al., 2015). The word “fuzzy" means that things are vague and unclear. 
Fuzzy logic is different from Boolean logic, which reduces all values to either true 
or false. Figure 2 illustrates an example that shows the differences between Boolean 
logic and fuzzy logic.

In Fig. 2, the following question was asked: “Is Thomas honest or not?” Under 
Boolean logic, there are only two possible answers: "yes" and "no". In contrast, in 
fuzzy logic, the answer is indicated by a value in the range from "0" to "1" where 
"1.0" means that Thomas is extremely honest, "0.75" indicates that Thomas is very 
honest, "0.25" implies that Thomas is somewhat honest, and "0.0" indicates that 
Thomas is extremely dishonest. Unlike Boolean logic, fuzzy logic is a gross over-
simplification of real-world issues that represent the degree of truth.

The foundation of FST is the classical set theory which can be understood in 
the context of set membership (see Fig. 3) (Chang et al., 2015; Onut et al., 2011). 
Classical set theory includes elements that satisfy the precise properties of mem-
bership, while FST includes elements that satisfy the imprecise properties of mem-
bership. That is, classical set theory only allows values of "1.0" (full membership) 
or "0.0" (full non-membership). On the other hand, fuzzy set theory allows partial 

Fig. 2  Boolean logic and fuzzy logic
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membership, e.g., a value of "0.8" indicates there is a strong but partial membership, 
and a value of "0.2" means there is a weak but partial membership.

In short, fuzzy logic is not logic that is fuzzy but is rather the logic used to define 
fuzziness. Fuzzy logic turns a crisp value into a fuzzy value, enhancing the decision-
making process (Yüksel & Dağdeviren, 2010) as decision-makers frequently find 
that making fuzzy judgments is easier than making fixed value judgments.

2.3  Analytic Network Process (ANP)

ANP is one of the MCDM methods developed by Saaty in 1996. The ANP method 
is a generalization of the Analytic Hierarchy Process (AHP) (Chang et  al., 2015; 
Onut et al., 2011; Saaty, 2008). The ANP is utilized as a quantifying tool to evaluate 
qualitative and quantitative factors in many disciplines (Soma, 2003). Inputs can be 
obtained from actual measurements, including weights, prices, heights, and other 
data, or subjective opinions, such as preferences, feelings, satisfaction, and other 
opinions. The ANP can evaluate the weights of the factors and subfactors of specific 
issues.

The ANP method uses a pairwise comparison feature to design the questions (see 
Table 1). The pairwise comparison feature enables the respondents to compare two 
elements only in each question, which will reduce the burden of respondents to judge 
how much an element dominates another (Saaty, 2008). Respondents are required to 
circle (or tick) only one value in each question. For instance, if a respondent per-
ceives that F1 and F2 are equally important, the respondent circles the value “1”. 
Another example is if a respondent perceives that F1 is extremely more important 
than F3 in the second question, the respondent circles the value “9” on the left side.

The ANP calculates the consistency ratio (CR) to determine the respondents’ 
consistency in answering the questionnaire (Saaty, 2005). As a rule of thumb, 10% 
of the consistency ratio (CR) is allowed because human judgments are not always 
consistent. If the consistency ratio is less than 10%, the transitivity issue of the ANP 
will be minimized (Saaty, 1980). No transitivity problem denotes that there is con-
sistency in the comparison of the (sub)factors, i.e., if A is more important than B 
and B is more important than C, then A must be more important than C.

A CR value exceeding 0.1 denotes that there is inconsistency among the respond-
ents in answering the questionnaire (Saaty, 2005). The issue can be addressed 
through the removal of some respondents’ data to reduce the CR. This step is 
repeated until the CR of all the pairwise comparison matrices are smaller than 0.1.

Table 1  Example of pairwise comparison questions

No. Factor A A is more important than B. B is more important than A Factor B

1 F1 9 8 7 6 5 4 3 2 ① 2 3 4 5 6 7 8 9 F2
2 F1 ⑨ 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 F3
3 F2 9 8 7 6 5 4 3 2 1 2 3 4 5 ⑥ 7 8 9 F3
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2.4  Integration of Fuzzy Set Theory and Analytic Network Process

The nine-point scale proposed by Saaty (1990) is mainly used with the crisp deci-
sion application, and the scale is not suitable for qualitative factors that are difficult 
to numerically measure (Lin et al., 2015). Beauty, kindness and happiness are exam-
ples of such qualitative factors. In many cases, there is uncertainty in the preference 
model of the respondents due to incomplete knowledge or the complexity of the 
decision-making environment (Mikhailov & Singh, 2003). Respondents may find it 
difficult to provide exact numerical values when they are uncertain about their level 
of preference in the decision environment. A nine-point scale is also an unbalanced 
scale of judgment if the respondents prefer to answer all the questions using a larger 
scale or smaller scale (Lin et al., 2015).

The above discussions have highlighted that the use of crisp pairwise compar-
isons is imprecise and insufficient for capturing experts’ judgments and opinions. 
According to Yüksel and Dağdeviren (2010), the problem can be resolved by inte-
grating FST with the ANP, namely, the Fuzzy Analytic Network Process (FANP) 
as FANP uses a linguistic scale to transform crisp values into fuzzy values. In the 
FANP, respondents answer the questionnaire using a linguistic scale to enhance the 
decision-making process (see Table  2). Therefore, respondents will find that it is 
easier to give fuzzy judgments compared to fixed value judgments (Chang et  al., 
2015).

3  Methodology

A cross-sectional survey was conducted to identify the factors and subfactors that 
influence the post adoption of e-learning in Malaysia. Pairwise comparison ques-
tions were used in the questionnaire so that the respondents can compare two ele-
ments (factors or subfactors) only in each question, which reduced the burden of 
respondents to judge how much an element dominates another (Saaty, 2008) (Refer 
Table 1). The scale of the pairwise comparison questions were “EI” denotes equally 
important, “WI” denotes weakly more important, “SI” denotes strongly more impor-
tant, “VSI” denotes very strongly more important and “AI” denotes absolutely more 
important (Kahraman et al., 2004; Kahraman et al., 2003) (Refer Table 2).

This study was conducted in the Malaysian public and private universities. The 
university lecturers were given questionnaires in person and by email. Purposive 
sampling technique was applied to collect data from the e-learning experts in Malay-
sia. Six filtering questions were included in questionnaire to identify the qualified 
e-learning experts. The filtering questions asked whether respondents are actively 
using the e-learning system to conduct teaching and learning activities. The activi-
ties may include uploading course outline, uploading course content, such as Power-
Point slide, video clip, audio, image and others, conducting a forum or a discussion, 
response to learners’ questions and comments and conducting an assessment, such 
as quiz and test. Thirty-six e-learning experts participated in this study. The sample 
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size was sufficient to run the FANP analysis as per previous studies by (Bathaei 
et al., 2019; Hemmati et al., 2018; Nilashi et al., 2016; Sadeghi & Larimian, 2018; 
Youneszadeh et al., 2017).

The extent analysis method by Chang (1996) which is one of the popular analysis 
techniques in FANP, was applied to perform the analysis in this study. Figure 4 pre-
sents the systematic procedure of the FANP.

4  Findings

Table  3 shows the sample characteristics of the respondents. The final data from 
the 36 experts fulfill the definition of expert used in this study. First, experts are 
academic staff with more than 3-year e-learning experience. The expert definition 
is consistent with prior e-learning based Multicriteria Decision Making (MCDM) 
literature (Chen, 2009; Jeong & Yeo, 2014; Tseng et al., 2011). Second, experts have 
experience in using six basic activities e-learning functions. Third, experts must be 
the academic staff with e-learning awards, professors, associate professors or aca-
demic staff with a relevant administrative position. Thus, it is believed that expert 
opinions collected from this group of respondents can provide a precise and insight-
ful result to this study.

The extent analysis method by Chang (1996) was used to analyze data from ques-
tionnaire answered by the e-learning experts and the result was then tabulated in 
Table 4. All the consistency ratio (CR) values are less than 0.1, indicating that the 
results are consistent and reliable (Saaty, 2005). Based on Table 4, the most impor-
tant factor is institution service quality (0.390), followed by system quality (0.277), 
content quality (0.268), instructors’ characteristics (0.050), and learners’ character-
istics (0.015).

In terms of the local weights, the values of internet self-efficacy (0.450) and com-
puter self-efficacy (0.380) show that they are the most critical subfactors among 
learners’ characteristics. Among the subfactors for instructors’ characteristics, atti-
tude toward students (0.841) indicates the highest importance. Network infrastruc-
ture (0.691) is rated higher than the availability of technical support staff (0.309) 
among the institution service quality subfactors. The values of system reliability 
(0.249) and system accessibility (0.233) are the most important subfactors in system 
quality. The most important subfactors of content quality are useful content (0.396) 
and up-to-date content (0.221).

Concerning the global weights, the five most essential subfactors are the network 
infrastructure (0.270), availability of technical support staff (0.121), useful content 
(0.106), system reliability (0.069), and system accessibility (0.064).
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Table 3  Demographic profile of the respondents

Sample characteristics Frequency Percentage (%)

Gender
 Male 17 47.22
 Female 19 52.78

Age
 31 ~ 40 years old 6 16.67
 41 ~ 50 years old 10 27.78
 51 ~ 60 years old 14 38.89
 61 years old and above 6 16.67

Working Place
 Universiti Islam Antarabangsa Malaysia 6 16.67
 Universiti Teknologi MARA 1 2.78
 Universiti Kebangsaan Malaysia 2 5.56
 Universiti Malaya 1 2.78
 Universiti Malaysia Pahang 2 5.56
 Universiti Malaysia Sabah 3 8.33
 Universiti Putra Malaysia 4 11.11
 Universiti Pendidikan Sultan Idris 3 8.33
 Universiti Tun Hussein Onn Malaysia 2 5.56
 Universiti Teknologi Malaysia 2 5.56
 Universiti Teknologi Petronas 1 2.78
 Universiti Utara Malaysia 5 13.89
 Multimedia University 2 5.56
 Sunway University 2 5.56

Years of involvement in e-learning
 3 ~ 7 years 11 30.56
 8 ~ 12 years 11 30.56
 More than 12 years 14 38.89

Activities Involved through E-learning
 Upload course outline 36 100.00
 Upload course content, such as PowerPoint slides, video clips, audio, 

image, and others.
36 100.00

 Conduct a forum or a discussion 36 100.00
 Response to learners’ questions and comments. 36 100.00
 Conduct an assessment, such as quiz and test. 36 100.00
 Distribute assignments online 36 100.00

Position
 Deputy Director of that manage e-learning development 3 8.33
 E-learning coordinator 4 11.11
 Committee of an e-learning development team 4 11.11
 A director who received e-learning award 2 5.56
 Deputy director who received e-learning award 1 2.78
 Head of Department (active e-learning user) 4 11.11
 Professor (active e-learning user) 7 19.44
 Assoc. Prof. (active e-learning user) 11 30.56



10743

1 3

Education and Information Technologies (2023) 28:10731–10752 

Ta
bl

e 
4 

 R
an

ki
ng

 o
f t

he
 fa

ct
or

s a
nd

 su
bf

ac
to

rs

N
o

Fa
ct

or
s

G
lo

ba
l W

ei
gh

ts
R

an
ki

ng
 

fo
r f

ac
to

rs
Su

bf
ac

to
rs

Lo
ca

l W
ei

gh
ts

G
lo

ba
l W

ei
gh

ts
R

an
ki

ng
 fo

r 
su

bf
ac

to
rs

C
on

si
ste

nc
y 

te
st

1
Le

ar
ne

rs
’ c

ha
ra

ct
er

ist
ic

s
0.

01
5

4
C

om
pu

te
r s

el
f-

effi
ca

cy
0.

38
0

0.
00

6
16

λ =
 3.

00
8

C
I =

 0.
00

4
R

I =
 0.

58
0

C
R

 =
 0.

00
7 <

 0.
1

In
te

rn
et

 se
lf-

effi
ca

cy
0.

45
0

0.
00

7
15

A
tti

tu
de

 to
w

ar
d 

e-
le

ar
ni

ng
0.

17
0

0.
00

3
18

2
In

str
uc

to
rs

’ c
ha

ra
ct

er
ist

ic
s

0.
05

0
5

Ti
m

el
y 

re
sp

on
se

0.
11

2
0.

00
6

17
λ =

 3.
00

5
C

I =
 0.

00
3

R
I =

 0.
58

0
C

R
 =

 0.
00

5 <
 0.

1

Te
ch

no
lo

gy
 c

on
tro

l
0.

04
8

0.
00

2
19

A
tti

tu
de

 to
w

ar
d 

stu
de

nt
0.

84
1

0.
04

2
9

3
In

sti
tu

tio
n 

se
rv

ic
e 

qu
al

ity
0.

39
0

1
N

et
w

or
k 

in
fr

as
tru

ct
ur

e
0.

69
1

0.
27

0
1

λ =
 n/

a
C

I =
 n/

a
R

I =
 0.

00
0

C
R

 =
 0.

00
0 <

 0.
1

A
va

ila
bi

lit
y 

of
 te

ch
ni

ca
l s

up
po

rt 
st

aff
0.

30
9

0.
12

1
2

4
Sy

ste
m

 q
ua

lit
y

0.
27

7
2

Sy
ste

m
 a

cc
es

si
bi

lit
y

0.
23

3
0.

06
4

5
λ =

 5.
04

1
C

I =
 0.

01
0

R
I =

 0.
12

0
C

R
 =

 0.
08

4 <
 0.

1

Sy
ste

m
 re

sp
on

se
0.

11
1

0.
03

1
12

Sy
ste

m
 re

lia
bi

lit
y

0.
24

9
0.

06
9

4
Sy

ste
m

 st
ab

ili
ty

0.
21

0
0.

05
8

7
Sy

ste
m

 se
cu

rit
y

0.
19

8
0.

05
5

8
5

C
on

te
nt

 q
ua

lit
y

0.
26

8
3

Re
le

va
nt

 c
on

te
nt

0.
07

5
0.

02
0

13
λ =

 6.
02

4
C

I =
 0.

00
5

R
I =

 1.
24

0
C

R
 =

 0.
00

4 <
 0.

1

A
cc

ur
ac

y
0.

03
6

0.
01

0
14

U
p-

to
-d

at
e 

co
nt

en
t

0.
22

1
0.

05
9

6
C

om
pl

et
e 

co
nt

en
t

0.
13

2
0.

03
5

11
C

on
si

ste
nc

y
0.

14
0

0.
03

8
10

U
se

fu
l c

on
te

nt
0.

39
6

0.
10

6
3

To
ta

l
1.

00
0

1.
00

0



10744 Education and Information Technologies (2023) 28:10731–10752

1 3

5  Discussion

The findings of this study offer several important insights concerning the factors 
influencing the postadoption of e-learning in the Malaysian context.

First, this study shows that institution service quality (global weight = 0.390) is 
the most important factor influencing the postadoption of e-learning in the Malay-
sian context. This finding is inconsistent with prior studies that have suggested that 
institution service quality is the least important factor (Anggrainingsih et al., 2016; 
Bhuasiri et  al., 2012; Fitriastuti et  al., 2019; Xaymoungkhoun et  al., 2012). Nev-
ertheless, the results of this study are consistent with Anggrainingsih et al. (2018) 
and Lee (2008) studies. In this study, university lecturers in Malaysian universities 
generally perceive that there is a room for improvement in institution service quality. 
For example, the network infrastructure should provide stable and complete network 
coverage in universities. Additionally, strong technical support for university lectur-
ers is required to ensure that the e-learning related issues are resolved promptly (Lee, 
2008). Moreover, relevant and the quality training should be provided to ensure that 
e-learning skills among university lecturers are up-to-date (Lee, 2008; Siritongth-
aworn et al., 2006). In short, strong institution service quality is the main pillar to 
enhance the use of e-learning among university lecturers .

This study shows that the second most important factor is system quality (global 
weight = 0.277). This finding contradicts prior studies that suggest system quality is 
the least important (Anggrainingsih et al., 2018; Jie, 2010). Nonetheless, this result 
is consistent with the majority of prior empirical studies (Anggrainingsih et  al., 
2016; Fitriastuti et al., 2019; Garg & Jain, 2017; Lukhayu Pritalia et al., 2018; Tseng 
et al., 2011). University lecturers perceive that the system quality should be tailored 
to the needs of learners. At a minimum, users require a responsive, stable and relia-
ble e-learning platform (Fitriastuti et al., 2019; Tseng et al., 2011). A bad experience 
with e-learning platform will lower learners’ and instructors’ interests and hamper 
intentions to use e-learning in the future (Garg & Jain, 2017; Lukhayu Pritalia et al., 
2018).

Content quality (global weight = 0.268) is the third most important factor in this 
study. This finding contradicts previous studies suggesting that content quality is the 
least crucial factor in e-learning’s postadoption (Garg & Jain, 2017; Hwang et al., 
2004; Lin et al., 2014). However, this finding is in line with prior studies that verify 
that content quality is an important factor influencing the postadoption of e-learning 
(Choi & Jeong, 2019; Iryanti et al., 2016; Jain et al., 2016; Jie, 2010; Su et al., 2016). 
The rationale is that university lecturers perceive that good content quality motivates 
learners to use e-learning for learning activities. Good quality course content should 
be relevant, accurate, up-to-date, complete, and useful (Choi & Jeong, 2019; Jie, 
2010). Good course content also contains active and vivid multimedia designs, such 
as images and videos, to attract learners’ attention (Chao & Chen, 2009; Lin et al., 
2014). In short, content quality is a significant factor in ensuring that the learners 
perceive that it is worthwhile to use e-learning.

In this study, instructors’ characteristics are the fourth most important fac-
tor (global weight = 0.05) influencing e-learning’s postadoption. This finding is 
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inconsistent with the study of Bhuasiri et al. (2012), which suggested that instruc-
tors’ characteristics are the most significant factor. Instructors’ characteristics, such 
as their responsiveness to learners’ inquiries, technology control, and attitude toward 
students, are important to enhance the use of e-learning among instructors. Never-
theless, the finding is largely congruent on e-learning postadoption studies suggest-
ing instructors’ characteristics play a less significant role in e-learning postadoption 
(Anggrainingsih et al., 2016; Lukhayu Pritalia et al., 2018). One possible explana-
tion is that the qualities of instructors are a result of the institution’s service and sys-
tem quality to which they were exposed (see dependencies in Fig. 1). Training and 
workshops will generally enhance instructors’ technology control toward e-learning. 
In addition, the system quality determines instructors’ intention to use e-learning. In 
other words, instructors’ characteristics can be shaped by factors, i.e., service quality 
and system quality; therefore, how they experience such factors is more important in 
Malaysian universities.

The results show that the least important factor influencing e-learning’ postadop-
tion (global weight = 0.015) is learners’ characteristics. This finding contradicts pre-
vious findings, which conclude that learners’ characteristics significantly influence 
the postadoption of e-learning (Bhuasiri et al., 2012; Mehregan et al., 2011; Xay-
moungkhoun et al., 2012). These studies found that learners’ characteristics, namely, 
computer self-efficacy, internet self-efficacy, and attitude toward e-learning, enhance 
learners’ intentions to use an e-learning system. Nonetheless, the results are in line 
with the studies by Anggrainingsih et al. (2018) and Lukhayu Pritalia et al. (2018), 
which suggest that learners’ characteristics are probably less significant factors for 
tech-savvy learners. These learners generally have great technology exposure and 
thus they have a high willingness to use e-learning.

Regarding learners’ characteristics, internet self-efficacy (local weight = 0.450) 
and computer self-efficacy (local weight = 0.380) are two most important learners’ 
characteristics. These results suggest that training can be offered to increase learn-
ers’ computer and ICT skills, which in turn, will develop a positive attitude toward 
e-learning (Anggrainingsih et al., 2018; Bhuasiri et al., 2012; Lukhayu Pritalia et al., 
2018).

Among the subfactors of instructors’ characteristics, attitude toward students 
(local weight = 0.841) is the most importance. A positive attitude toward students 
means that an instructor will likely prepare good course content and be responsive 
to learners’ inquiries (Anggrainingsih et  al., 2018; Bhuasiri et  al., 2012; Lukhayu 
Pritalia et al., 2018).

Furthermore, the network infrastructure (local weight = 0.691) is more important 
than the availability of technical support staff (local weight = 0.309) among the insti-
tution service quality subfactors. A sufficient network infrastructure implies wide 
network coverage and network access on campus. High speed internet is also impor-
tant to enhance the teaching and learning productivity of e-learning users, especially 
during COVID-19 pandemic (Begičević et al., 2007; Djajadikerta et al., 2021; Hun-
jak & Begičević, 2006).

System reliability (local weight = 0.249) and system accessibility (local 
weight = 0.233) are the two most important subfactors in system quality. Similarly, 
prior studies suggest that a reliable e-learning system can motivate both learners and 
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instructors to use e-learning (Chen & Fu, 2010; Fitriastuti et al., 2019; Lai, 2010). 
This reliability is demonstrated through uploading materials and conducting assess-
ments and discussions in the e-learning system (Chen & Fu, 2010; Fitriastuti et al., 
2019; Lai, 2010). The availability and ease of access are important to not frustrate 
the instructors and learners using e-learning.

The two most important subfactors in content quality are useful content (local 
weight = 0.396) and up-to-date content (local weight = 0.221), which means that the 
course materials uploaded in e-learning should be useful, up-to-date, and fit the cur-
rent needs of learners (Garg & Jain, 2017; Munkhtsetseg et al., 2014; Sadi-Nezhad 
et al., 2010). Good content quality enhances learner-content interaction while poor 
content quality raises the dropout rates of e-learning courses (Bhuasiri et al., 2012).

In terms of the global weights, the five most important subfactors are network 
infrastructure (0.270), availability of technical support staff (0.121), useful con-
tent (0.106), system reliability (0.069), and system accessibility (0.064). In short, 
the ranking of subfactors help researchers to understand what subfactors should be 
emphasized in each factor.

6  Implication of study

This study offers several theoretical implications. First, this study advances Delone 
and McLean (2003)’s Information Systems Success Model (D&M model) in e-learn-
ing’s post adoption context by using Fuzzy Analytic Network Process (FANP) 
method. This study is believed to be among the first few studies that modified the 
D&M model by including another four factors, which are learners’ characteristics, 
instructors’ characteristics, user interface and learning community. For instance, 
some studies integrated learners’ characteristic and instructors’ characteristics in the 
D&M model (Ozkan & Koseler, 2009; Xaymoungkhoun et al., 2012; Yassine et al., 
2017), while some other studies included user interface and learning community in 
the D&M model (Abdellatief et al., 2010; Choi & Jeong, 2019; Farid et al., 2018; 
Iryanti et al., 2016).

Overlapping of subfactors under these factors are also resolved by categorizing 
them under relevant factors. In result, seven factors and thirty-nine subfactors are 
identified through intensive literature review. However, in the third step of the Fuzzy 
Analytic Network Process, e-learning experts agree to remove the user interface and 
learning community out of the research framework. The rationale is that they need 
to ensure that the remaining factors and subfactors are relevant and applicable to the 
current e-learning environment in Malaysia. In result, five factors and nineteen sub-
factors have remained in this study.

Prior studies on e-learning in the Malaysian context tend to be fragmented. For 
example, Musa and Othman (2012) only focus on the technology and student perspec-
tives concerning the success of e-learning. Another study by Masrom (2008) only 
focuses on the institutional support and technological factors in determining e-learning 
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success. Ramayah et al. (2010), on the other hand, only focus on system quality, infor-
mation quality and service quality in post adoption of e-learning but they overlooked 
both the student’s and lecturer’s characteristics. Hence, the advancement of the D&M 
model in this study bridges the gap and enriches the understanding the e-learning’s post 
adoption issue in the Malaysian context.

Second, by using FANP technique, this study contributes to extend theoretical 
insights of the conceptual framework by discovering the dependencies that crucially 
relevant to e-learning issues in the Malaysian context. Literature review shows that 
majority of the extant studies had adopted the Analytic Hierarchy Process (AHP) or 
Fuzzy Analytic Hierarchy Process (FAHP) method, which overlooked the dependen-
cies and feedback among the elements. Nevertheless, the research gap is filled by the 
identification of the dependencies in this study. The identification of dependencies is 
crucial because it influences the final weightages, which better illustrates the e-learn-
ing’s post adoption. Thus, this study applies Fuzzy Analytic Network Process (FANP) 
method in identifying several significant dependencies in D&M Model.

Third, this study also reinforces the conceptual framework by analyzing the high 
quality of expert opinions. In prior studies, the operational definition of e-learning 
experts is not specific enough. For example, the majority of studies viewed e-learning 
experts as those academic staff who familiar and use e-learning. Some studies viewed 
experts as those who use e-learning for specific years, while some viewed experts as 
system developers, IT managers or university management. The definition is not strong 
enough because academic staff who familiar and use e-learning might just use e-learn-
ing at minimum usage. Thus, this study filters real e-learning experts by using filtering 
questions. It is believed that expert opinions collected from this group of respondents 
can provide a precise and insightful result to this study.

In addition, this study also offers several educational implications. First, university 
administrators can utilise the results of this study to implement policies that enhance 
post adoption of e-learning by lecturers and students. This study unveils the weight-
age of factors and subfactors that influence post adoption of e-learning. Such results 
are useful input for university management in addressing the low post adoption rate of 
e-learning. Universities can then determine which criteria should be prioritised when 
implementing policies. Institution service support, such as availability of network infra-
structure and technical supports, should be prepared inside the campus. Moreover, the 
system quality should be advanced in terms of system response, reliability, accessibil-
ity, stability and security. Lastly, the online course content should be up-to-date and 
useful to increase e-learning’s post adoption.

Moreover, this study can improve the degree of existing awareness of e-learning’s 
post adoption in the Malaysian context. The research model of this study is useful for 
university administrators in long-range strategic management. Specifically, the model 
can be adopted as a reference to form a rating system to scrutinize e-learning’s post 
adoption. Such a rating system can be used to evaluate the e-learning’s post adoption 
of a specific university, and gauge the changing level of e-learning’s post adoption in 
the universities over the years. Thus, the rating system allows a more efficient resource 
allocation and management.
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7  Conclusion and recommendations

In conclusion, the emergence of the COVID-19 pandemic has catalyzed the rapid 
growth and usage of e-learning in Malaysian universities. Nevertheless, research-
ers point out that the students and teachers face certain obstacles in using e-learn-
ing, including poor internet connectivity, incomplete content development, insuf-
ficient knowledge on the use of ICT, and absence of social interaction. Hence, 
this study extends the information systems success model into the e-learning 
postadoption context. In particular, this study offered insights concerning the 
dependencies among the factors in the model within the Malaysian university 
context. The findings are useful for the long-range strategic management of uni-
versity administrators, and the model can be adopted as a reference to form a rat-
ing system to analyze e-learning postadoption.

This limitation of this research is that this research focuses on Malaysian uni-
versities and may not be generalizable to e-learning’s postadoption in a broader 
context. First, future studies can extend the current research in primary and sec-
ondary schools as they may have different perspectives. Second, future studies 
can extend the current research in the non-university context. Third, the research 
can be extended to the mobile learning context to provide greater insight into 
e-learning related issues. Finally, the framework proposed can be studied in 
other countries to compare the ranking of factors that influence the postadoption 
of e-learning. A qualitative study on management effectiveness is also recom-
mended to better understand the phenomenon.

Data availability The datasets generated during and/or analysed during the current study are available 
from the corresponding author on reasonable request.
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