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Abstract: The primary objective of this study is to require the experts’ unanimous agreement on the e-learning antecedents and 
usage behavior towards e-learning performance. This study used the Fuzzy Delphi Method (FDM) to gather answers and feedback 
using a 7-point Likert scale. The survey (items) was reviewed and approved by eight panel members or experts. It was analyzed 
using Fuzzy Delphi Logic (FUDELO 1.0) software. The data were evaluated using triangular fuzzy numbering and the position 
(ranking) of each variable was established through defuzzification. The findings revealed that all of the items received high levels of 
expert agreement, significantly greater α-cut defuzzification values >.5, the overall value of the threshold (d) is less than .2 and had 
to comply with the overall percentage of percent consensus, which must be greater than 75%. All 45 recommended items were 
retained adequately and acceptable for a large-scale survey in this study. Finally, each item was prioritized (ranked) based on the 
defuzzification value, and then some additional items were added, as recommended by experts. 
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Introduction 

The unprecedented growth of e-learning in the developed world has prompted Malaysia to jump on board by devoting 
a significant number of resources to investments in information technology and communication (ICT), propelling the 
nation into a knowledge-based economy (United Nations Educational, Scientific and Cultural Organization [UNESCO], 
2018). E-learning is recognized as an advanced learning approach in Higher Education Institutions (HEIs). It has grown 
worldwide as a form of instruction (Maatuk et al., 2022). The Internet’s widespread availability and amplified attention 
to ICT have prompted various patterns influencing HEIs, offering a huge opportunity to engage in conventional face-to-
face teaching and learning approaches (Mousa et al., 2020). The development of ICTs has resulted in e-learning. In 
previous scholarly theories, e-learning has been characterized from various angles, including educationally driven, 
technologically driven, delivery-system oriented, and communication-related, to name just a few of the approaches that 
have been taken (Coman et al., 2020). Furthermore, it represents a collection of models, processes, and mechanisms for 
gaining and utilizing knowledge that is solely dispersed and supported by electronic means (Caporarello & Sarchioni, 
2014). Due to the diverse interpretations and definitions, Kot et al. (2017) offered an exclusive definition of e-learning 
can be defined as the process of transferring conventional educational practices, procedures, products, and outcomes 
into digital formats to make them more adaptable, user-friendly, and user-friendly interactive, communicative, and 
available to learners. This is done in order to facilitate the learning process. In accordance, e-learning encompasses the 
utilization of numerous ICT platforms such as smartphones, social media, and personal computers, which are used to 
facilitate teaching and learning (Mousa et al., 2020). Furthermore, e-learning also allows students to access, repeat, and 
utilize educational materials. E-learning aims to establish an innovative technology enabling more effective information 
delivery to students (Bączek et al., 2021). The use of technological aids and approaches in e-learning has the potential 
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to improve education quality and performance by offering students learning resources and schemes that have been 
optimized to meet their specific needs and priorities (Dhawan, 2020; Kim et al., 2019). The occurrence of this 
phenomenon has stirred up the belief that traditional learning could be strengthened with the addition of e-learning. 
According to the method that can be understood through technological means, HEIs should capitalize on the 
advancement of e-learning as students’ favorite teaching approach or an auxiliary technique to conventional face-to-
face classes. Hence, digital native students are accustomed to these educational landscapes.  

In response to the global pandemic caused by the coronavirus, higher education institutions (HEIs) have altered their 
approaches to the teaching and learning process. Because of this, the interaction between academics and students has 
significantly changed. These changes were brought about as a direct result of the epidemic. Many nations are influenced 
by the COVID-19 pandemic, an extremely contagious disease instigated by SARS-CoV-2 (Verawardina et al., 2020). As a 
consequence of the pandemic, this issue has led to the closure of universities, colleges and schools worldwide. 
Universities were compelled to conduct all interactions with students solely through the internet since this virus can be 
spread through human-to-human transmission (Abdullah et al., 2020). In response to school closures, universities were 
urged to opt for open distance learning (ODL) as a viable alternative for schools and academicians to reach students 
remotely and limit the interference in the educational process (Mustafa, 2020) and e-learning is gradually replacing 
traditional classroom lessons as the most common approach to education in the modern world. With the COVID-19 
pandemic underway, many universities discovered that it is difficult to provide and use online learning resources 
within their e-learning systems initially because most of them are unable to switch the entire educational system 
simultaneously. In fact, most of them are not ready to face this issue (Alqahtani & Rajkhan, 2020). All of this is because 
students have diverse levels of digital abilities, varied levels of engagement, in addition to other attributes such as 
desire, attitudes, and self-assurance, in the utilization of e-learning for academic activities (Coman et al., 2020; Kim et 
al., 2019) thus, dissatisfaction correlates. Hence, this issue has led to mixed perceptions of using e-learning among 
students. To attain an elevated percentage of understanding and satisfaction among students, e-learning in HEIs should 
emphasize the utilization of digital technologies in developing educational resources in order to educate students and 
standardize the curriculum within the context of universities (Organization for Economic Co-operation and 
Development [OECD], 2020; Parkes et al., 2015). Moreover, it is recommended that educational institutions make it 
obligatory for students to make use of ICT, with the goal of encouraging students to do so on a regular basis in order to 
advance the widespread adoption of ICT. Therefore, this study intends to verify the components and contents of e-
learning antecedents and usage behavior towards e-learning performance before embarking on extensive research 
through the Fuzzy Delphi techniques. This is to ensure students are confident in using this technology, and self-efficacy 
among students increases the usage of e-learning as a primary platform in their learning process. 

Literature Review  

In this study, the development of the proposed research model was adapted from the unified theory of acceptance and 
use of technology (UTAUT) model proposed by Venkatesh et al. (2003) and the task-technology fit (TTF) model 
proposed by Goodhue and Thompson (1995) as a main theoretical framework. Initially, the UTAUT model was 
developed with the objectives of forecasting the degree to which users would accept new technology, assisting with the 
explanation of users' intentions to utilize an information system, as well as the users' subsequent usage behavior, and 
predicting user acceptance of technology (Ayaz & Yanartaş, 2020) while the TTF model was utilized in order to quantify 
the efficiency of technology inside a system by analyzing the relationship between the task characteristics and technical 
characteristics, to provide support (Spies et al., 2020). However, Dwivedi et al. (2019) claimed that the UTAUT model 
ignored certain potentially significant associations and hypothesized others that may not be applicable in all cases, such 
as the UTAUT model theorized others that may not be applicable in all scenarios, such as (facilitating condition and 
behavior intention). In order to advance the theory and identify future research direction, this study attempted to 
conduct critical analysis and refinement of the original UTAUT model. Thus, eliminating these constructs, such as 
(facilitating condition and behavior intention) may help to explain the finding much more clearly. All of this is due to 
the fact that facilitating condition and behavior intention were found to be poor predictor and tend to be unstable, 
which could affect the proposed model in this study (Ajzen, 2020; Moghavvemi et al., 2013; Venkatesh et al., 2008; 
Wedlock & Trahan, 2019). 

Although the UTAUT is universally acknowledged, this study has employed two variables from the TTF model: task 
characteristics and technology characteristics (Goodhue & Thompson, 1995). It also has been reported TTF model was 
one of the most influential models for analyzing information systems' adoption and usage behavior in the context of e-
learning (D'Ambra et al., 2013; Elçi & Abubakar, 2021; Vongjaturapat, 2018). In the present investigation, the TTF 
model served as the basis for extending the application of technological aid to e-learning activities carried out during 
the COVID-19 pandemic. In fact, earlier research has demonstrated that the TTF model significantly impacted e-
learning performance (Lee & Lehto, 2013; Yuce et al., 2019). These findings, which have gained empirical support and 
validation from the previous study and meta-analysis that revealed a positive connection with the TTF model, 
demonstrated that the TTF model had a significant impact on the e-learning performance (Isaac et al., 2019). Figure 1 
presents the proposed research model utilized in this study. 
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Figure 1. Proposed Research Model 

Furthermore, a new construct, personal innovativeness, has been incorporated into this study. In the context of e-
learning, more innovative learners are more likely to have favorable opinions of the benefits and utility of e-learning, 
which influences their intention to utilize it (Twum et al., 2021). Hence, personal innovativeness was used as a 
predictor of e-learning performance. All constructs were examined simultaneously for construct validation, and 
refinement purposes for the whole measurement model fit via path analysis in Covariance Based-Structural Equation 
Modeling (CB-SEM) to apply the model in an e-learning context. The combination of these theories enables the 
examination of e-learning antecedents and usage behavior as it relates to e-learning performance through a more 
comprehensive model lens. Lastly, these combinations may produce new perspectives on information systems and 
their subsequent usage behavior. Thus, the UTAUT and TTF models were utilized to explain the proposed research 
model's development further. 

Methodology 

The primary purpose of this investigation is to verify the components and contents of e-learning antecedents and usage 
behavior towards performance using the Fuzzy Delphi Method (FDM) via expert feedback. In order to determine a 
definite choice, this approach was taken to acquire the agreement of relevant experts (Mustapha et al., 2021). FDM 
provides several benefits, such as the capacity to acquire expert opinion, arrive at a consensus, ascertain whether or 
not it is feasible to adopt instructional interventions, forecast future trends, and establish connections with research 
subjects without being constrained by the constraints of time or location (Ciptono et al., 2019). Basically, FDM was used 
to determine the extent to which experts or lay people agree about a particular problem and with each other and to 
achieve a consensus opinion in areas where they disagree with one another. FDM was often conducted through survey 
questionnaires (Latif et al., 2017). When compared to the Delphi method, the FDM is preferable because it reduces the 
time and money spent on the management of surveys while simultaneously facilitating the experts' provision of 
consistent feedback (Yusoff et al., 2021). In this study, there are two stages in this method for developing the concrete 
questionnaire. In the first stage, the researcher adapted and modified the questionnaire based on previously validated 
studies (Abbad, 2021; Alkawsi et al., 2021; Baabdullah et al., 2022; Bere, 2018; Buabeng-Andoh & Baah, 2020; Devisakti 
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& Ramayah, 2019; Goodhue & Thompson, 1995; Venkatesh et al., 2003; Wijesundara & Xixiang, 2018), as demonstrated 
in appendix section. Then, the researcher used previously validated questionnaires to support the contents and 
measurement items of the questionnaire into a formatted survey within a seven-point Likert scale. In the second stage, 
after obtaining all the contents and measurement items, the researcher designed a survey and distributed it to eight 
experts with specific expertise. The findings were analyzed using the FDM technique through Fuzzy Delphi Logic 
(FUDELO 1.0) software.  

Sample Expert Criteria and Sampling 

In order to synchronize with the expert criteria, this study has employed purposive sampling techniques to select the 
experts by taking into account both their level of experience and their level of knowledge in the research. In FDM, 
purposive sampling was the most appropriate techniques to carry out the sampling (Mokhtar & Yasin, 2018). To 
evaluate the model, this researcher was used eight experts to evaluate the usability of the model. The experts had to 
have at least five years of experience and above, in addition to the need to be exact with their field of expertise and 
continually have experience teaching and managing (Mokhtar & Yasin, 2018). The Fuzzy Delphi Method (FDM) requires 
agreement and expert opinion, which entails building a model, as stated by Ismail et al. (2019). In expert selection, 
Yusoff et al. (2021) have stated that seven is the minimum number of experts required. This finding is supported by 
Mustapha et al. (2017) which reported that seven samples are adequate in the Fuzzy Delphi Method (FDM), if the 
experts are quite similar to one another (highly homogeneous). Thus, eight experts are sufficient to obtain information 
and expert consensus. The experts involved are summarized in Table 1.  

Table 1. Experts List Using FDM 

Expert Designation of expert Area expertise Organization Years of experience 

Expert 1 Professor Technology Management 
Universiti Sains 
Malaysia (USM) 

32 

Expert 2 Professor 
Management Information 
Systems 

Universiti Teknologi 
MARA (UiTM) 

22 

Expert 3 
Professor  
(Professional 
Technologies) 

Organizational Behaviour 
Universiti Malaysia 
Pahang (UMP) 

20 

Expert 4 Associate Professor 
Technology Management 
& Management 
Information Systems 

Universiti Malaysia 
Kelantan (UMK) 

13 

Expert 5 Associate Professor Organizational Behaviour 
Universiti Teknikal 
Malaysi Melaka (UTeM) 

19 

Expert 6 
Associate Professor 
(Professional 
Technologies) 

Organizational Behaviour 
(E-learning) 

Universiti Malaysia 
Pahang (UMP) 

21 

Expert 7 
Senior Lecturer 
(Professional 
Technologies) 

Management Information 
Systems (E-learning) 

Universiti Malaysia 
Sawarak (UNIMAS) 

20 

Expert 8 Senior Lecturer 
Management Information 
Systems (E-learning) 

Universiti Teknologi 
MARA (UiTM) 

6 

Fuzzy Scale in Instruments 

The Fuzzy Delphi instrument was established based on a review of the literature. According to Yusoff et al. (2021) the 
researcher could design the elements of a questionnaire based on literature review, pilot experiments, and/ or previous 
experiences. Jamil et al. (2014) found that when developing a question for the Delphi's Fuzzy based on the highlights of 
the study, it is possible to conduct expert interviews using methods such as focus groups. Furthermore, a study done by 
Mokhtar and Yasin (2018) revealed that the development of items and content elements of a research should be made 
through the previous studies. After thoroughly reviewing the relevant literature and in-depth consultations with the 
experts, a series of expert questions are formulated using a seven-point Likert scale. In order to make it easier for the 
expert to respond to the questionnaire, the researcher substituted a scale ranging from one to seven for the fuzzy value, 
as shown in Table 2, for each of the seven linguistic scales that follow, while Table 3 depicts the data collection and 
formulation steps utilized in this study's Fuzzy Delphi Method (FDM).  
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Table 2. Level of Agreement and Fuzzy Scale (Adopted from Jamil et al., 2014) 

Linguistic variables Fuzzy scale 
Strongly disagree 0.0.  0.0, 0.1 
Disagree 0.0, 0.1, 0.3 
Somewhat disagree 0.0, 0.3, 0.5 
Neither agree nor disagree 0.3, 0.5, 0.7 
Somewhat agree 0.5, 0.7, 0.9 
Agree 0.7, 0.9, 1.0 
Strongly agree 0.9, 1.0, 1.0 

Table 3. Data Collection and Formulation Steps Utilized in FDM 

Step Formulation 
Step 1: Expert selection For this investigation, eight experts were consulted to ascertain the significance of the 

evaluative criteria in connection to the variables that would be measured by linguistic 
variables, as seen in Table 2.  

Step 2: Determining 
linguistic scale 

The first step in this process is to transform all linguistic variables into a numerical 
system for fuzzy triangles (triangular fuzzy numbers). In this stage, linguistic variables 
were converted in conjunction with the incorporation of fuzzy numbers (Chang et al., 
2011; Hsieh et al., 2004). The Triangular Fuzzy Number represented the values m1, m2, 
and m3 and was written as follows (m1, m2, m3). The value of m1 represents the 
smallest value feasible, and the value of m2 represents a value considered appropriate. 
The value of m3 represents the highest value that is possible. As can be seen in Figure 2, 
each response was given one of three fuzzy values that indicated expert opinion 
(fuzziness expert opinion). 

 
 Figure 2: Traingular fuzzy number 

 (Adopted: Hsieh et al., 2004) 
Note: (M1=smallest value; M2=reasonable value; M3=maximum value) 

Step 3: Determination of 
linguistic variables and 
average responses 
 

Once the researcher has obtained a response from the designated expert, the researcher 
must transform the entire Likert scale into the Fuzzy scale. In some circles, this is also 
called calculating each fuzzy number's average reaction (Benitez et al., 2007). This 
procedure is based on the equation: 

𝑀 =
∑ =𝑛

𝑖 1mi

n
 

Step 4: The determination 
of threshold value “d” 
 

The threshold value is an essential factor in assessing the degree of consensus among 
the experts (Thomaidis et al., 2006). For example, to determine how far apart any fuzzy 
number m = (m1, m2, m3) and n = (n1, n2, n3) are from one another, the distance may 
be calculated with the help of the following formula: 

𝑑 (�̅�, �̅�) = √
1

3
 [(𝑚1 − 𝑛1)2  +  (𝑚2 −  𝑛2)2  +  (𝑚3 − 𝑛3)2] 

Step 5: Identify the alpha 
cut aggregate level of 
fuzzy assessment 

When the experts have reached a consensus, a hazy score will be assigned to each item 
(Jamil et al., 2014). The following formula is used for both the calculation and 
determination of fuzzy values: Amax = (1) /4 (m1 + 2m2 + m3). 
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Table 3. Continued 

Step Formulation 
Step 6: Defuzzification 
process 

The defuzzification procedure was also carried out during the Fuzzy Delphi method 
devoted to data analysis. The process of identifying the position or rank of each item 
and the position of each variable or sub-variable is referred to as position analysis. In 
this process, Jamil et al. (2014) have formulated three potential formulas that can be 
utilized in this procedure. Therefore, the researchers have the option of selecting one of 
these formulas, which are as follows: 

1) A = 1/3* (m1 + m2 + m3) or; 
2) A = 1/4* (m1 + 2m2 + m3) or; 
3) A = 1/6* (m1 + 4m2 + m3).  

Following that, the α-cut value = the median value for "0" and "1," where α-cut = 
(0+1)/2 = (.5). If the value of A yielded is less than the α-cut value = (.5), the item will be 
rejected because the experts agree to reject the item; however, if the value of A exceeds 
the α-cut value = (.5), the item will be accepted because the experts agree to accept the 
item (Tang & Wu, 2010). The data were then tabulated to obtain the Fuzzy value (n1, n2, 
n3). The average Fuzzy value (m1, m2, m3) calculated the threshold value, the 
percentage of expert consensus, the defuzzification value, and the item ranking. 

Step 7: Ranking process Lastly, the ranking process. Saido et al. (2018) explain the model's ranking process or 
sub-phases process. The method of placement involves selecting the model element to 
be placed based on the defuzzification value according to the general agreement of the 
experts, and the position within the model is what determines the highest possible value 
that is considered to be the most important. 

Findings / Results 

In this section, the results of this research are based on the experts' general agreement regarding the guidelines for 
formulating steps involved in the Fuzzy Delphi Method (FDM). The information that was gathered was derived from the 
responses that were given to eight different experts in the relevant field. The following is a rundown of the findings 
from the study: 

Table 4. Finding of Expert Consensus of Performance Expectancy 

Performance Expectancy  
Expert Item1 Item2 Item3 Item4 Item5 Item6 
1 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 Item6 
“d” value of every item 0.0 0.0 0.0 0.0 0.0 0.0 
Average of “d” value      0.0 
Item <0.2 8 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 100% 
Average of % consensus      100 
Defuzzification > 0.5 1.0 1.0 1.0 1.0 1.0 1.0 
Ranking 1 1 1 1 1 1 
Status Accept Accept Accept Accept Accept Accept 
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Table 5. Finding of Expert Consensus of Effort Expectancy 

Effort Expectancy  
Expert Item1 Item2 Item3 Item4 Item5 

1 0.0 0.0 0.0 0.02165 0.02165 
2 0.0 0.0 0.0 0.02165 0.02165 
3 0.0 0.0 0.0 0.15155 0.02165 
4 0.0 0.0 0.0 0.02165 0.15155 
5 0.0 0.0 0.0 0.02165 0.02165 
6 0.0 0.0 0.0 0.02165 0.02165 
7 0.0 0.0 0.0 0.02165 0.02165 
8 0.0 0.0 0.0 0.02165 0.02165 

Statistics Item1 Item2 Item3 Item4 Item5 
“d” value of every item 0.0 0.0 0.0 0.03789 0.03789 

Average of “d” value     0.01516 
Item <0.2 8 8 8 8 8 

% of item < 0.2 100% 100% 100% 100% 100% 
Average of % consensus     100 

Defuzzification > 0.5 1.0 1.0 1.0 0.9625 0.9625 
Ranking 1 1 1 2 2 

Status Accept Accept Accept Accept Accept 

Table 6. Finding of Expert Consensus of Social Influence 

Social Influence  
Expert Item1 Item2 Item3 Item4 Item5 
1 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 
“d” value of every item 0.0 0.0 0.0 0.0 0.0 
Average of “d” value     0.0 
Item <0.2 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 
Average of % consensus     100 
Defuzzification > 0.5 1.0 1.0 1.0 1.0 1.0 
Ranking 1 1 1 1 1 
Status Accept Accept Accept Accept Accept 

Table 7. Finding of Expert Consensus of Personal Innovativeness 

Personal Innovativeness 
Expert Item1 Item2 Item3 Item4 Item5 Item6 
1 0.0 0.0 0.0 0.0 0.0 0.23094 
2 0.0 0.0 0.0 0.0 0.0 0.11547 
3 0.0 0.0 0.0 0.0 0.0 0.05774 
4 0.0 0.0 0.0 0.0 0.0 0.05774 
5 0.0 0.0 0.0 0.0 0.0 0.05774 
6 0.0 0.0 0.0 0.0 0.0 0.05774 
7 0.0 0.0 0.0 0.0 0.0 0.05774 
8 0.0 0.0 0.0 0.0 0.0 0.05774 

  



474  HASIM ET AL. / Employing Fuzzy Delphi to Validate E-Learning Antecedents 
 

 

Table 7. Continued 

Personal Innovativeness 
Statistics Item1 Item2 Item3 Item4 Item5 Item6 
“d” value of every item 0.0 0.0 0.0 0.0 0.0 0.08661 
Average of “d” value      0.01443 
Item <0.2 8 8 8 8 8 7 
% of item < 0.2 100% 100% 100% 100% 100% 87% 
Average of % consensus      97 
Defuzzification > 0.5 1.0 1.0 1.0 1.0 1.0 0.9 
Ranking 1 1 1 1 1 2 
Status Accept Accept Accept Accept Accept Accept 

Table 8. Finding of Expert Consensus of Task Characteristics 

Task Characteristics 
Expert Item1 Item2 Item3 Item4 Item5 
1 0.02887 0.0 0.0 0.0 0.0 
2 0.14434 0.0 0.0 0.0 0.0 
3 0.02887 0.0 0.0 0.0 0.0 
4 0.02887 0.0 0.0 0.0 0.0 
5 0.02887 0.0 0.0 0.0 0.0 
6 0.02887 0.0 0.0 0.0 0.0 
7 0.02887 0.0 0.0 0.0 0.0 
8 0.02887 0.0 0.0 0.0 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 
“d” value of every item 0.04330 0.0 0.0 0.03789 0.03789 
Average of “d” value     0.00866 
Item <0.2 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 
Average of % consensus     100 
Defuzzification > 0.5 0.95 1.0 1.0 0.9625 0.9625 
Ranking 2 1 1 2 2 
Status Accept Accept Accept Accept Accept 

Table 9. Finding of Expert Consensus of Technology Characteristics 

Technology Characteristics  
Expert Item1 Item2 Item3 Item4 Item5 Item6 Item7 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 Item6 Item7 
“d” value of every item 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Average of “d” value       0.0 
Item <0.2 8 8 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 100% 100% 
Average of % consensus       100 
Defuzzification > 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Ranking 1 1 1 1 1 1 1 
Status Accept Accept Accept Accept Accept Accept Accept 
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Table 10. Finding of Expert Consensus of Usage Behavior 

Usage Behavior 
Expert Item1 Item2 Item3 Item4 Item5 
1 0.0 0.0 0.00722 0.02165 0.0 
2 0.0 0.0 0.00722 0.02165 0.0 
3 0.0 0.0 0.00722 0.02165 0.0 
4 0.0 0.0 0.00722 0.02165 0.0 
5 0.0 0.0 0.05052 0.15155 0.0 
6 0.0 0.0 0.00722 0.02165 0.0 
7 0.0 0.0 0.00722 0.02165 0.0 
8 0.0 0.0 0.00722 0.02165 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 
“d” value of every item 0.0 0.0 0.01263 0.03789 0.0 
Average of “d” value     0.01010 
Item <0.2 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 
Average of % consensus     100 
Defuzzification > 0.5 1.0 1.0 0.9875 0.9625 1.0 
Ranking 1 1 2 3 2 
Status Accept Accept Accept Accept Accept 

Table 11. Finding of Expert Consensus of E-learning Performance 

E-learning Performance 
Expert Item1 Item2 Item3 Item4 Item5 Item6 
1 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 
Statistics Item1 Item2 Item3 Item4 Item5 Item6 
“d” value of every item 0.0 0.0 0.0 0.0 0.0 0.0 
Average of “d” value      0.0 
Item <0.2 8 8 8 8 8 8 
% of item < 0.2 100% 100% 100% 100% 100% 100% 
Average of % consensus      100% 
Defuzzification > 0.5 1.0 1.0 1.0 1.0 1.0 1.0 
Ranking 1 1 1 1 1 1 
Status Accept Accept Accept Accept Accept Accept 

As a consequence of the investigation of the analyses (refer to Table 4, 5, 6, 7, 8, 9, 10, and 11), the darkened threshold 
value is higher than .2, which shows that it is above the threshold value. It indicated that expert opinions differed or did 
not reach a consensus on certain issues. Although expert opinions differed, the average value of all items in (Table 4, 5, 
6, 7, 8, 9, 10, and 11), reveals that the threshold value (d) is lower than .2, which shows that each of the components 
reached an adequate level of consensus among the experts (Chang et al., 2011; Mustapha et al., 2021; Rahayu & 
Wulandari, 2022). In addition, it posted evidence that the total percentage of percent consensus is higher than 75%, 
showing that the requirements for the existence of an expert consensus on these issues have been met (Yusoff et al., 
2021). On a similar note, it was discovered that every single of the Alpha-Cut defuzzification value, also known as the 
average of fuzzy response, is higher than 0.5 for the α-cut threshold. In the circumstance that if the value of 
defuzzification is lower than α-cut => .5, then the item in this study would be rejected because it demonstrates that the 
experts agreed on rejecting the utilized items (Ismail et al., 2019). In this study, all alpha cut values are greater than .5. 
All the items utilized are reliable and appropriate to use in other settings. Lastly, the findings of this analysis show that 
all the items received high levels of expert agreement and have been categorized and ordered according to the priority 
(ranking), which can be found in Table (4, 5, 6, 7, 8, 9, 10, and 11) respectively.  

  



476  HASIM ET AL. / Employing Fuzzy Delphi to Validate E-Learning Antecedents 
 

 

Discussion 

In this study, the UTAUT and TTF have been incorporated in order to develop a comprehensive framework model for 
examining the e-learning antecedents, usage behavior, and e-learning performance. This study has been accomplished 
by examining the relationship between the two theories. While the existing e-learning scales are widely used in 
different contexts and with various other variables, this study has empirically examined and validated the present 
questionnaire to fit in the study context via the feedback of subject matter experts throughout the Fuzzy Delphi Method 
(FDM). This approach was taken to ascertain knowledgeable individuals' agreement before making a final choice 
(Mustapha et al., 2021). The outcomes of the current study demonstrated that the items received high levels of expert 
agreement, significantly greater α-cut defuzzification values of >.5 (Ismail et al., 2019) and complied with the overall 
percentage of percent consensus, which must be greater than 75% (Yusoff et al., 2021). In this study, all 45 
recommended items were retained adequately and acceptable for a large-scale survey to be utilized, which was 
conducive for data collection. Similarly, it also emphasizes the significance of a Fuzzy Delphi Method (FDM), which 
contributes to validating and comparing the expert consensus while handling the questionnaires. During the process, 
the experts can provide their views and understanding of the items utilized. Finally, all the comments and suggestions 
were considered for improvements.  

Conclusion 

In conducting the analysis via the Fuzzy Delphi Method (FDM), this study also considers all of the feedback and 
recommendations for advancement that field experts provided. The sentences were revised one more time after the 
components were reorganized according to their level of importance, and this research incorporated some new 
elements recommended by experts (solidified items). It has been concluded that all the constructs are reliable and 
appropriate to use based on the consensus of experts. As a result, this study has successfully established the validated 
research instruments and enhanced the research design for the substantive investigation has been improved. It 
demonstrates that all the constructs from the literature review are validated to be drivers of e-learning contexts. The 
purposes of the study were successfully attained, which was to address questions about areas of agreement among 
experts. As a result, the described items can be implemented successfully and are suitable for use in various 
environments.  

Recommendations 

The findings clearly show that Fuzzy Delphi Method (FDM) can be utilized to ascertain the consensus of experts on the 
elements used to develop or validate the questionnaires. Furthermore, it can be said that the FDM may be utilized once 
for screening purposes. A clear solution was also given for ending the rounds of FDM formulation steps. The validation 
of these items contributes to the expansion of the body of knowledge, which in turn contributes to the development of 
knowledge (literature) and practice in e-learning. This study was primarily based on highlights from the literature and 
expert consensus. As a result, future researchers might be able to conduct in-depth interviews with industry experts, 
which would allow them to evaluate and investigate the topic in greater detail, so that the components and contents of 
e-learning antecedents can be improved and studied further in various settings (Hasim et al., 2022). Hence, FDM is 
indispensable for future work. 

Limitations 

Several challenges were uncovered during this crucial phase of the Fuzzy Delphi Method (FDM), including concerns 
about the instruments' usefulness and transferability. Secondly, this study combined a number of validated 
questionnaires that were used in a variety of contexts. As a consequence of this, each of the instruments needs to go 
through the FDM validation once more. Lastly, this study was confined to the experts with a minimum of five years of 
experience, in addition to the need to be exact with their field of expertise and continually have experience teaching 
and managing. These requirements are based on highly tight selection standards.  
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Appendix 

Items Adapted from: 
Performance Expectancy 

(Hasim et al., 
2022; Venkatesh 

et al., 2003) 
 

1 I believe that online learning is a valuable learning tool. 
2 I know that the online learning helps me finish my learning tasks faster. 
3 I know that online learning helps me learn better. 
4 I am aware that online learning boosts my overall productivity. 
5 I am aware that online learning improves the quality of my education. 
6 I am aware that using online learning boosts my enthusiasm for learning. 

Effort Expectancy 
1 I know that the online learning is user-friendly. 

(Hasim et al., 
2022; Venkatesh 

et al., 2003) 
 

2 I am aware that using online learning helps me improve my skills. 
3 I have achieved a high level of competence in utilizing the online learning. 
4 I am confident that the use of the online learning is clear. 
5 I am confident that my interactions with the online learning are understandable. 

Social Influence 
1 People that have influence over my decisions believe that I should take advantage of online 

learning. 
(Buabeng-Andoh & 
Baah, 2020; Hasim 

et al., 2022; 
Venkatesh et al., 

2003) 
 

2 People that are important to me believe that I should use online learning. 
3 My instructors recommend that I should utilize the online learning. 
4 The administration of my department encourages us to use online learning. 
5 In general, the university has supported the use of the online learning. 

Personal Innovativeness  
1 I consider myself to be open to experimenting with various online learning.  

(Alkawsi et al., 
2021; Hasim et al., 
2022; Wijesundara 

& Xixiang, 2018) 
 

2 Typically, I am the first among my peers to utilize an online learning. 
3 I have no qualms about utilizing the online learning. 
4 I have a positive attitude toward experimenting with the online learning. 
5 During my studies, I prefer to employ creative learning strategies (such as online learning). 
6 I found out that the online learning is something I am interested in. 

Task Characteristics 
1 I am aware that online learning allows me to study anytime and whenever I wish. 

(Bere, 2018; 
Goodhue & 

Thompson, 1995; 
Hasim et al., 2022) 

 

2 I frequently seek advice from others on how to address my learning challenges more 
effectively. 

3 I often learn things by getting information from other people. 
4 In order to learn effectively, I frequently require social interaction. 
5 Throughout the entirety of the learning process, I frequently require timely feedback. 

Technology Characteristics 
1 I know online students engage in active learning. 

(Bere, 2018; 
Goodhue & 

Thompson, 1995; 
Hasim et al., 2022) 

 

2 online learning is convenient because I can study anytime, anywhere. 
3 online learning allows me to interact synchronously or asynchronously. 
4 I can always interact with the online learning through video, audio, or text. 
5 I am aware that the technological components of online learning are conducive to learning 

success. 
6 I understand that online learning can provide me with efficient folder-sharing and data 

syncing features. 
7 I am aware that online learning can provide me with access to files and information on 

several devices as well as the ability to navigate multiple operating systems. 
Usage Behavior 

1 I would classify myself as a frequent user of the online learning. 
(Abbad, 2021; 

Devisakti & 
Ramayah, 2019; 

Hasim et al., 2022) 

2 I complete most of my learning tasks using online learning. 
3 Whenever possible, I use the online learning. 
4 I often do my daily duties on the online learning. 
5 In the future, I aim to make extensive use of online learning. 

E-learning Performance 
1 Utilizing online learning my educational outcomes (such as CGPA). 

(Baabdullah et al., 
2022; Devisakti & 
Ramayah, 2019; 

Hasim et al., 2022) 
 

2 online learning facilitates more effective problem-solving during my study. 
3 Online learning gives me the opportunity to boost my competitiveness during my study. 
4 Online learning gives me the ability to adapt more quickly to shifting circumstances. 
5 Online learning is a tool that helps me achieve my learning goals and objectives. 
6 In general, I find online learning to be advantageous for organizing my academic work. 

 


