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Abstract: Teaching and learning are significantly influenced by information and communications
technology (ICT). The goal of this study was to develop a new model and conduct confirmatory factor
analysis to learn more about how students use ICT for digital learning as sustainability. The purpose
of this research project was to investigate computer self-efficacy, computer anxiety, perceived enjoy-
ment and acceptance of digital learning as sustainability at Saudi universities, based on students’
satisfaction with actual ICT usage for digital learning as sustainability. This research project made
use of structural equation modelling with SEM-AMOS and an expanded variant of the technology
acceptance model as the research model. A questionnaire based on the technology acceptance model
and social cognitive theory was employed as the main data collection method and was distributed
to 684 students from students at two universities. Students’ answers were categorized into seven
categories and evaluated to determine how satisfied students were with ICT and how likely they
were to continue using it for digital learning as sustainability. The findings revealed a connection
between computer self-efficacy, computer anxiety and perceived enjoyment, factors which all played
a significant role in perceived usefulness and ease of use. Perceived usefulness and ease of use also
had an impact on students’ continued intention to use and satisfaction. This research-built model
was effective in explaining students’ continued desire to use ICT and their satisfaction with it.

Keywords: ICT; digital learning; sustainability; SEM

1. Introduction

For the effective incorporation of emerging technologies in education and learning
environments, teachers’ digital competence and beliefs about information and communi-
cations technology (ICT) are critical [1–4]. Teachers’ perceptions of their willingness to
deal with ICT are linked to ICT application in school-related learning environments [1,5,6].
A significant body of research has looked at basic aspects of teachers’ ICT skills and values
in relation to instructing and educating [7,8]. Nevertheless, there has been little investi-
gation of teachers’ perceptions of their basic ICT skills (see [1,9] for more information).
While research has established several dimensions of basic ICT skills of teachers in relation
to the use of digital tools and emerging technology [10,11], this kind of multidimensionality
is not commonly used to measure teachers’ perceptions of their abilities. However, it is
important to look at the multidimensional nature of basic ICT competence beliefs among
teachers, as this allows for a more accurate comprehension of these convictions as a nec-
essary precondition for the incorporation of ICT in the classroom [5]. In today’s world,
ICT is a critical component of almost every company [12]. Computers were first used in
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classrooms in the early 1980s and some researchers believe that ICT will play an important
role in education for the next generation [13,14]. Current technology provides a variety of
ways to improve classroom teaching and learning [15].

Problem Background

A disparity results from students’ use of their own digital technology resources and
their understanding of the universities’ guidelines for using digital learning technology
as sustainability. It is important to explore digital literacy and the use of technology to
increase student participation [16,17]. As a result, this study contributes to the ongoing
debate in the information society about digital learning technologies as sustainability,
ICT use and learning across contexts [18–21]. The implementation and use of educational
technology in the education systems of developing countries have been fraught with
problems and do not always result in directly proportional improvements in student
learning outcomes. Therefore, it is important to investigate and comprehend the critical
success factors in order to maximise student outcomes from the use of ICT and digital
learning technology in universities [22,23]. Higher education and sustainability are now
commonly acknowledged as two ideas that are inextricably linked. Higher education,
in today’s society, has a responsibility and a key role to play in reframing education for the
sake of sustainability, in addition to its two conventional duties of research and teaching.
Technology, on the other hand, has made it much easier for people from all across the
country and the globe to gain access to resources. Technology-assisted learning has been
rapidly expanding [24]. As a result, education regarding sustainable development aims
to inspire learners and those they affect to adopt sustainable practices [25]. The use of
ICT has expanded globally as a result of lower computer technology prices, improved
Internet connectivity and enhanced digital infrastructure in many regions. Nonetheless,
it was stated, at an early point, that digital learning offers the underdeveloped world
an opportunity to multiply education and give fair educational access at lower marginal
costs [26,27]. As a result, they are important components of digital learning for long-
term growth [28]. The relationship between ICT use and student performance in higher
education is unclear and existing research contains contradicting findings. A previous study
has failed to reach a clear conclusion about the impact on student success [29]. Some studies,
on the other hand, suggest that ICT has a genuine influence on student success [30–33].
The research problem revolves around the rapid advancement in educational technology
and information systems. Thus, in this study, the factors of ICT in digital learning for
sustainable development among university students are identified and examined in this
paper. Therefore, the research question is—what are the factors of ICT in digital learning
for sustainable development among university students?

2. Research Model and Hypotheses Development

Davis et al. [34] developed the technology approval model (TAM), which measures
user acceptance of various technological instruments [35,36]. Furthermore, the computer
self-efficacy concept is based on Bandura’s [37] self-efficacy construct and its significance
in the social cognitive theory (SCT) [38]. Self-efficacy is defined as a person’s belief in their
own ability to do things successfully. Self-efficacy is not a measure of one’s talents or talent
in and of itself; rather, it symbolizes what people feel they can do based on their talents or
skills. The TAM and SCT were used as the underpinning study framework in this study
to address the subject of how university students embrace and utilise digital learning for
sustainable development. ICT has revolutionised technology, higher education, teaching
and learning. Research has established a variety of complementary and contrasting models
for exploring the adoption of information systems (IS), such as ICT. The technology ac-
ceptance model (TAM) [39] is the most influential theoretical contribution to the adoption
research and it is widely used by scholars to examine technology adoption. In this study,
seven factors influencing the adoption of ICT for digital learning as sustainability were
examined: computer self-efficacy (CSE), computer anxiety (CA), perceived enjoyment (PE),
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perceived usefulness (PU), perceived ease of use (PEU), students’ satisfaction (SS) and
students’ continuing intention to use (SCU), as shown in Figure 1.
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Figure 1. Research model.

2.1. Computer Self-Efficacy

CSE is a concept that refers to a person’s ability to use a computer to significant
effect based on the person’s desire to use computers [40]. People who do not consider
themselves to be skilled computer users are less likely to use them [41]. CSE enhances
performance and decreases computer-induced anxiety, according to research conducted in
the workplace [42,43]. Teachers’ CSE, according to [44], is a major factor in their patterns
of computer use. It was discovered that CSE is a strong predictor of pre-service teachers’
ability to incorporate technology in the classroom [45,46]. According to research, CSE has a
positive impact on PEU and PU [47,48]. The proposed hypothesis for this construct is that
PU and PEU affect CSE when it comes to using ICT for digital learning as sustainability.

2.2. Computer Anxiety

CA refers to “an individual’s anxiety, if not outright fear, when confronted with the
prospect of using a computer” [49]. CA is a phenomenon that has been widely researched
since the start of the Digital Revolution in the 1980s and is still important today [50,51].
Powell [52] presented a systematic analysis of the key principles of CA, proposing multiple
variables as predictors of CA. CA is a response to perceived risks from a technology that
may be too difficult to use and whose performance advantages are outweighed by the
effort involved in using it. The proposed hypothesis for this construct is that PU and PEU
affect CA when it comes to using ICT for digital learning as sustainability.

2.3. Perceived Enjoyment

PE refers to how enjoyable an operation provided by ICT is, regardless of anticipated
output outcomes [53]. This can be thought of as a bi-perspective process, where pleasure is
derived from using ICT for digital learning with peers and assisting others [54]. The degree
to which students enjoy using ICT for digital learning is described as PE in this study.
The proposed hypothesis for this construct is that PU and PEU affect PE of ICT use for
digital learning as sustainability.
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2.4. Perceived Ease of Use

The extent to which a customer feels that using ICT is painless is known as PEU.
According to [39,55], when a technology is considered to be simple to use, people are
more likely to cultivate a positive attitude toward it [56,57]. In this analysis, PEU refers
to a student’s belief that using ICT is both simple and beneficial. While PU is concerned
with the impact of technology on job performance, PEU is concerned with the impact of
technology on performance processes [39]. The proposed hypothesis for this construct is
that PEU of ICT for digital learning is positively affected by PU, SS and SCU ICT for digital
learning as sustainability in the future.

2.5. Perceived Usefulness

The level of confidence that using technology can boost one’s job efficiency is referred
to as PU [39]. In this research project, PU refers to how much students believe that ICT can
enhance their digital learning experience. In recent research, PU has been shown to affect
students’ attitudes toward technology and their intention to use it in the future [56–58].
Since the PU of something has a direct impact on SS and their intention to use ICT for
digital learning as sustainability, it is believed that it will have an indirect impact on SCU
ICT for digital learning as sustainability. The hypothesis suggested for this construct is that
SS with ICT usage for digital learning is positively affected by SCU ICT for digital learning
as sustainability in the future.

2.6. Students’ Satisfaction and Digital Learning as Sustainability

SS with technology usage in this study relates to how well a technology matches their
existing beliefs, desires and experiences [59]. SS with using ICT for digital learning as
sustainability, in this study, arises as a result of the enrichment of such learning. PU and
PEU were the most important factors in people’s acceptance of technology, according to
the TAM model [39]. Furthermore, these two antecedents have been shown to be effective
enough to calculate SS using the TAM model [59]. More specifically, both PU and PEU
were found to be essential post-adoption beliefs among users, leading to high levels of sat-
isfaction and continued use intentions [60]. In this regard, Kim [61] discovered that people
who use ICT have more positive device experiences and higher intentions to use ICT for
digital learning as sustainability in the future. Perceived satisfaction, perceived usefulness
and interactive learning settings were all found to influence perceived self-regulation in
online learning settings, according to Liaw and Huang [62]. According to Umek et al. [63],
combining blended learning with a learning management system (LMS) platform can
improve students’ success and satisfaction while utilizing an online learning platform.
Students’ evaluations of instructors are one of the most often utilized markers of teaching
quality in higher education institutions across the world [64]. Furthermore, the transition
to online learning reduces course and instructor satisfaction [65]. Thus, ICT is critical in the
early phases of developing a behavioral evaluation instrument for assessing instructional
efficiency in online modalities [66]. SS with ICT usage for digital learning is positively
affected by SCU ICT for digital learning as sustainability, according to the hypothesis
suggested for this construct.

2.7. Students’ Continuing Intention to Use ICT

Continuing intention to use ICT refers to an individual’s ability to use and con-
tinue using ICT. SCU ICT is a factor that influences how people use technology [67,68].
The intention of students to use ICT in this study was their desire to use ICT to improve
their learning satisfaction. Learning with ICT is a main component of developmental
technology usage models [39,55]. In the literature on technology adoption, the phrase
“intention to use” refers to a person’s willingness to put technology to use in the near future.
Because of its accuracy in forecasting real technology use, in this analysis, it was used as an
outcome variable [56].
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3. Research Methodology

Many universities around the world, including those in Saudi Arabia, have promoted
the use of available ICT for digital learning as sustainability. As a product of an observa-
tional study of students’ adoption of ICT for digital learning as sustainability, this research
project aims to create a blueprint for evaluating students’ abilities, continuing intention
to use and satisfaction. Undergraduate and postgraduate students who used ICT for
digital learning as sustainability made up the study group. For objects containing the TAM
constructs and demographic characteristics, a five-point Likert scale was used, with 1 being
“strongly disagree” and 5 being “strongly agree”. Self-administration was used for survey
delivery. Respondents were asked to provide input on their use of ICT for digital learning
as sustainability, how it affected their continuing intention to use ICT for digital learning as
sustainability and how satisfied they were. The data were then analysed using the Statistical
Package for the Social Sciences (SPSS) and structural equation modelling (SEM-AMOS) to
validate the validity and reliability of the measurement model. Factor loadings were used
to ensure construct validity, composite reliability, Cronbach’s alpha and other measures of
reliability and convergent validity for the model goodness of fit, as recommended by [69].
Based on standardised products, Cronbach’s alpha was found to be 0.917. The reliability
coefficients (Cronbach’s alpha) for both pilot and final test constructs are shown in Table 1.
All variables were found to be accurate and reasonable.

Table 1. Reliability coefficient for all constructs in pilot test and final test.

No. Latent Variables Code Pilot Test Final Test

1 Computer self-efficacy CSE 0.812 0.919

2 Computer anxiety CA 0.793 0.893

3 Perceived enjoyment PE 0.809 0.889

4 Perceived usefulness PU 0.843 0.932

5 Perceived ease of use PEU 0.811 0.941

6 Students’ satisfaction SS 0.822 0.907

7 Students’ continuing
intention to use ICT SCU 0.820 0.881

3.1. Sample Characteristics and Data Collection

This study was conducted online from January to March 2021, when universities were
closed due to the COVID-19 pandemic. Before starting the main data collection, a survey
instrument was developed and validated to measure factors predicting student use of
ICT for digital learning as sustainability. We distributed 737 questionnaires as part of the
analysis. However, 26 participants’ responses contained incomplete answers and were
not included in the analysis. A total of 18 participants’ responses were missing data and
9 participants’ responses were removed after the normality test. Such exclusions were
suggested by [69], who claimed that outliers would lead to incorrect statistical results
and should be omitted. As a result, 684 participants’ responses were imported into the
SPSS program. This study focused on postgraduate and undergraduate students at Bisha
University and King Faisal University who are active users of ICT for digital learning as
sustainability during the COVID-19 pandemic. To ensure the model’s validity, confirmatory
factor analysis was used.

3.2. Measurement Instruments

The build items adopted from previous studies verified the measurement scales mate-
rial validity. The research questionnaire had two sections: basic demographic data (gender,
age, educational level, etc.) and items measuring CSE adapted from [40], CA adapted
from [49], PE adapted from [53], PU adapted from [39], PEU adapted from [39], SS adapted
from [59] and SCU adapted from [67]. All the instruments were adapted from trustworthy
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sources. Self-report using multi-item scales based on previous research was used to assess
the variables. All of the measures were graded on a five-point Likert scale, with 1 indicating
“strongly disagree” and 5 indicating “strongly agree”. In Table 2, all the items are identified.

Table 2. Measurement model, item loadings, reliability and validity.

Factors Code Items Description Loading AVE CR CA

Computer
self-efficacy

CSE1
I can learn to use computers

for my digital learning
process.

0.852

0.709 0.900 0.919

CSE2
I can effectively complete my

digital learning when I use
computers.

0.851

CSE3
I can extend my instructional
options by using computers

and the internet.
0.823

CSE4
I can use email (e.g., Hotmail,

Outlook, Yahoo, Gmail) for
communication learning.

0.804

CSE5
I can use the computer and

internet to search for
information and resources.

0.753

Computer anxiety

CA1 I feel apprehensive about
using computers. 0.893

0.693 0.883 0.893

CA2
I hesitate to use computers for
fear of making mistakes that I

cannot correct.
0.892

CA3
Using computers and related
technologies to learn makes

me feel uncomfortable.
0.833

CA4
Computers and internet

technologies are somewhat
intimidating to me.

0.772

Perceived
enjoyment

PE1 I find using digital tools for
learning enjoyable. 0.874

0.600 0.932 0.889PE2
The actual process of using
digital tools for learning is

pleasant.
0.863

PE3 I have fun using digital tools
for learning. 0.874

Perceived
usefulness

PU1
Using digital tools can

improve my knowledge
exchange.

0.711

0.592 0.908 0.932

PU2 Using digital tools can
enhance self-education. 0.803

PU3
Using digital tools allows me
to complete homework more

quickly.
0.793

PU4 Use digital tools can increase
my learning performance. 0.762

PU5 Using digital tools can increase
my learning efficiency. 0.791
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Table 2. Cont.

Factors Code Items Description Loading AVE CR CA

Perceived ease of
use

PEU1 I find digital tools to be easy to
use anytime. 0.722

0.666 0.895 0.941

PEU2 Using any digital tools is clear
and logical. 0.782

PEU3 I find digital tools to be easy to
use from anywhere. 0.679

PEU4
I can use any digital tools

without problems if I have
support.

0.773

PEU5 I need help from friends to use
any digital resources. 0.782

Students’
satisfaction

SS1
The digital tools for learning

are efficient for the analysis of
knowledge.

0.844

0.557 0.911 0.907

SS2 I am pleased to use digital
tools for learning. 0.882

SS3
The digital tools for learning

are effective for gathering
knowledge.

0.881

SS4
The digital tools for learning
are efficient for the exchange

of knowledge.
0.832

SS5
The digital tools for learning

are efficient for the
construction of knowledge.

0.891

SS6 Overall, I am satisfied with
using digital tools for learning. 0.814

Students’
continuing

intention to use ICT

SCU1
I intend to continue to use

different digital tools to search
for data, if necessary.

0.814

0.732 0.921 0.881SCU2
I intend to continue to use

different digital tools, but after
I documented.

0.823

SCU3
Assuming I have permission

to do so, I will continue to use
different digital tools.

0.864

4. Results and Analysis

The conceptual model of this paper was tested using covariance-based structural
equation modelling (CB-SEM). CB-SEM has several advantages. The maximum likelihood
approach was used for parameter estimation [69]. The data were analysed using SEM-
AMOS. The calculation model and the structural model were two methodological measures
that were considered. The structural model deals with hypotheses concerning ICT usage for
digital learning as sustainability, while the measurement model covers construct reliability,
validity and overall model fitness.

4.1. Demographic Information

The demographic data are presented in Table 3. There were 420 female respon-
dents (61.4%) and 264 male respondents (38.6%) among the 684 usable questionnaires.
Furthermore, 229 (33.5%) of respondents were 18–21 years old, 176 (25.7%) were
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22–25 years old, 94 (13.7%) were 26–29 years old, 58 (8.5%) were 30–33 years old and
127 (18.6%) were more than 34 years old. A total of 347 (50.7%) of the responses were from
Bisha University and 337 (49.5%) were from King Faisal University. Undergraduate stu-
dents accounted for 330 (48.2%) of the respondents, while postgraduate students accounted
for 354 (51.8%). A total of 294 (43.1%) of the students were from the faculty of education,
82 (12.0%) were from the faculty of science, 211 (30.8%) were from the faculty of art and
humanities, 39 (5.7%) were from the faculty of medical science and 58 (8.5%) were from the
faculty of computer science. A total of 408 respondents (59.6%) were full-time students,
while 276 (40.4%) were part-time students. A total of 343 respondents (50.1%) had used
ICT for digital learning as sustainability for less than 5 years, 210 respondents (30.7%) had
used ICT for 5–10 years and 131 respondents (19.2%) had used ICT for more than 10 years.
A total of 470 respondents (68.7%) used ICT for digital learning as sustainability all of the
time, 192 respondents (28.1%) used ICT for digital learning as sustainability some of the
time and 22 respondents (3.2%) did not use ICT for digital learning as sustainability at all.

Table 3. Demographic information.

Characteristics N % Characteristics N %

Gender
Female 420 61.4 University Bisha University 347 50.7

Male 264 38.6 King Faisal University 337 49.3

Age

18–21 years 229 33.5

Faculty

Education 294 43.0

22–25 years 176 25.7 Science 82 12.0

26–29 years 94 13.7 Art and humanities 211 30.8

30–33 years 58 8.5 Medical science 39 5.7

>34 years 127 18.6 Computer science 58 8.5

Level of education
Undergraduate 330 48.2 Type of study Full time 408 59.6

Postgraduate 354 51.8 Part time 276 40.4

Duration of ICT use
<5 years 343 50.1

Use ICT
Always 470 68.7

5–10 years 210 30.7 Sometimes 192 28.1

>10 years 131 19.2 Not at all 22 3.2

4.2. Reliability, Validity and Measurement Model Interventions

For each construct to be measured by SEM-AMOS, the measurement model has certain
reliability and validity properties. The structural model was used to test the intensity of
the relationship direction using confirmatory factor analysis and model health indices for
individuals from the measurement model. The measurement elements are shown in Table 2.
The results show no significant issues with item reliability, as most of the products meet the
recommended 0.707 standard [69]. We used composite reliability to assess the constructs
internal consistency; it ranged from 0.883 to 0.932, which was higher than the cut-off value
of 0.70 [69]. The constructs average variance extracted (AVE) ranged from 0.732 to 0.557,
well above the threshold of 0.50 [69], indicating convergent validity. The square root of
AVE, average shared variance (ASV) and maximum shared variance (MSV) tests are all
examples of cross-loading and were used to assess discriminant validity. The value of
the diagonal is greater than the value of the corresponding row and column numbers (in
Table 4, the values are bolded). This means that the connection between the construct and
other constructs is higher. Similarly, MSV is lower than ASV but higher than AVE (Table 4).
Therefore, the measurement variables are distinct from one another.
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Table 4. Discriminant validity.

Factors Code AVE MSV ASV PE CA CSE PEU PU SS SCU

Perceived enjoyment PE 0.600 0.080 0.074 0.907

Computer anxiety CA 0.693 0.111 0.093 0.212 0.919

Computer self-efficacy CSE 0.709 0.079 0.088 0.335 186 0.815

Perceived ease of use PEU 0.666 0.210 0.055 0.353 0.013 0.199 0.851

Perceived usefulness PU 0.592 0.201 0.090 0.450 0.137 0.257 0.267 0.856

Students’ satisfaction SS 0.557 0.084 0.122 0.523 0.184 0.355 0.308 0.385 0.834

Students’ continuing
intention to use ICT SCU 0.732 0.103 0.060 0.447 0.195 0.322 0.278 0.330 0.386 0.827

4.3. Model Fit Assessment

The chi-square (CMN) and degree of freedom (DF) (CMN/DF) value in Table 5 was
3.630, which is less than the threshold value (5.00). GFI (0.952) is a decent standard,
CFI (0.941) is excellent, TLI (0.930) is excellent and IFI (0.921) is excellent. The model
badness measures were satisfactory, with RMR and RMSEA of 0.39 (0.05) and 0.033 (0.08),
respectively, less than the cut-off [69]. Figure 2 shows the overall results, which showed
that the model of measurement matched well and was suitable for the structural model.

Table 5. Results of hypotheses testing.

Hypotheses and Path Beta (β) Standard Error Critical Ratio p Value Result

Hypothesis 1 PEU <— CSE 0.156 0.027 5.811 0.000 Accepted

Hypothesis 2 PU <— CSE 0.135 0.027 5.044 0.000 Accepted

Hypothesis 3 PEU <— CA 0.065 0.014 4.768 0.000 Accepted

Hypothesis 4 PU <— CA 0.022 0.013 1.619 0.105 Rejected

Hypothesis 5 PEU <— PE 0.390 0.021 18.220 0.000 Accepted

Hypothesis 6 PU <— PE 0.351 0.025 13.854 0.000 Accepted

Hypothesis 7 PU <— PEU 0.332 0.037 8.934 0.000 Accepted

Hypothesis 8 SS <— PEU 0.423 0.045 9.305 0.000 Accepted

Hypothesis 9 SCU <— PEU 0.328 0.044 7.372 0.000 Accepted

Hypothesis 10 SS <— PU 0.596 0.040 14.949 0.000 Accepted

Hypothesis 11 SCU <— PU 0.312 0.042 7.358 0.000 Accepted

Hypothesis 12 SCU <— SS 0.260 0.035 7.382 0.000 Accepted
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4.4. Structural Model and Direction Coefficient

The interaction as well as the influence of independent variables on the depen-
dent variable are defined by the structural model (path coefficient). The SEM method,
particularly the maximum likelihood method, can rigorously test complex models and
uncover many relationships between multi-item variables, as well as the impact of moder-
ating and mediating [70]. Figures 3 and 4 display the direct effect of the vector with latent
predictors on expected variables using the β path coefficient.

Sustainability 2021, 13, x FOR PEER REVIEW 9 of 19 
 

 

Figure 2. Measurement model. 

4.4. Structural Model and Direction Coefficient 

The interaction as well as the influence of independent variables on the dependent 

variable are defined by the structural model (path coefficient). The SEM method, particu-

larly the maximum likelihood method, can rigorously test complex models and uncover 

many relationships between multi-item variables, as well as the impact of moderating and 

mediating [70]. Figures 3 and 4 display the direct effect of the vector with latent predictors 

on expected variables using the β path coefficient. 

 

Figure 3. Path coefficient.



Sustainability 2021, 13, 7074 11 of 19

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 19 
 

Figure 3. Path coefficient. 

 

Figure 4. Structural model (p value). 

Table 5 illustrates that CSE (= 0.156, CR = 5.811, p = 0.001) has a positive and important 

influence on PEU, which supports Hypothesis 1. CSE (= 0.135, CR = 5.044, p = 0.001) has a 

positive and important impact on PU, supporting Hypothesis 2. CA (= 0.065, CR = 4.768, 

p = 0.001) has a positive and important impact on PEU, supporting Hypothesis 3. How-

ever, CA (= 0.022, CR = 1.619, p = 0.001) has a negative impact on PU, contradicting Hy-

pothesis 4. PE (= 0.390, CR = 18.220, p = 0.001) has a positive and important impact on PEU, 

providing support for Hypothesis 5. Similarly, PE (= 0.351, CR = 13.854, p = 0.001) has a 

positive and important impact on PU, in agreement with Hypothesis 6. PEU (= 0.332, CR 

= 8.934, p = 0.001) has a positive and important impact on PU, which supports Hypothesis 

7. Similarly, PEU (= 0.423, CR = 9.305, p = 0.001) has a positive and meaningful impact on 

SS, supporting Hypothesis 8. In addition, PEU (= 0.328, CR = 7.372, p = 0.001) has a positive 

and important impact on SCU ICT for digital learning as sustainability, which Hypothesis 

9 predicted. PU (= 0.596, CR = 14.949, p = 0.001) has a positive and important effect on SS, 

as purported in Hypothesis 10. Additionally, PU (= 0.312, CR = 7.358, p = 0.001) has a pos-

itive and significant effect on SCU ICT for digital learning as sustainability, as hypothe-

sised in Hypothesis 11. Finally, SS (= 0.260, CR = 7.382, p = 0.001) has a positive and im-

portant impact on SCU ICT for digital learning as sustainability, as Hypothesis 12 hypoth-

esised. 

Table 5. Results of hypotheses testing. 

Hypotheses and Path Beta (β) 
Standard 

Error 

Critical 

Ratio 
p Value Result 

Hypothesis 1 PEU <--- CSE 0.156 0.027 5.811 0.000 Accepted 

Hypothesis 2 PU <--- CSE 0.135 0.027 5.044 0.000 Accepted 

Hypothesis 3 PEU <--- CA 0.065 0.014 4.768 0.000 Accepted 

Hypothesis 4 PU <--- CA 0.022 0.013 1.619 0.105 Rejected  

Hypothesis 5 PEU <--- PE 0.390 0.021 18.220 0.000 Accepted 

Figure 4. Structural model (p value).

Table 5 illustrates that CSE (= 0.156, CR = 5.811, p = 0.001) has a positive and important
influence on PEU, which supports Hypothesis 1. CSE (= 0.135, CR = 5.044, p = 0.001)
has a positive and important impact on PU, supporting Hypothesis 2. CA (= 0.065,
CR = 4.768, p = 0.001) has a positive and important impact on PEU, supporting Hypothesis 3.
However, CA (= 0.022, CR = 1.619, p = 0.001) has a negative impact on PU, contradicting
Hypothesis 4. PE (= 0.390, CR = 18.220, p = 0.001) has a positive and important impact on
PEU, providing support for Hypothesis 5. Similarly, PE (= 0.351, CR = 13.854, p = 0.001)
has a positive and important impact on PU, in agreement with Hypothesis 6. PEU (= 0.332,
CR = 8.934, p = 0.001) has a positive and important impact on PU, which supports
Hypothesis 7. Similarly, PEU (= 0.423, CR = 9.305, p = 0.001) has a positive and meaningful
impact on SS, supporting Hypothesis 8. In addition, PEU (= 0.328, CR = 7.372, p = 0.001) has
a positive and important impact on SCU ICT for digital learning as sustainability, which Hy-
pothesis 9 predicted. PU (= 0.596, CR = 14.949, p = 0.001) has a positive and important effect
on SS, as purported in Hypothesis 10. Additionally, PU (= 0.312, CR = 7.358, p = 0.001) has
a positive and significant effect on SCU ICT for digital learning as sustainability, as hy-
pothesised in Hypothesis 11. Finally, SS (= 0.260, CR = 7.382, p = 0.001) has a positive
and important impact on SCU ICT for digital learning as sustainability, as Hypothesis
12 hypothesised.

5. Factors Identified and Evaluated

The mean and standard deviation (SD) are two numbers that describe how measure-
ments for a population differ from a mean (average) or predicted value. The SD is poor,
indicating that the majority of the data points are similar to the mean. A high SD indicates
that the data are more dispersed. Therefore, all values were embraced, as seen in Tables 6–12
(where 1 = “strongly disagree”; 2 = “disagree”; 3 = “neutral”; 4 = “agree”; 5 = “strongly
agree”; f = “frequency”). This implies that university students’ use of available ICT im-
proved their digital learning as sustainability. The findings indicate that the majority of
students support or strongly agree with PU and PEU when it comes to CSE. As a result,
in this study, CSE is described as the degree to which students believe that using ICT will
enhance their digital learning as sustainability (see Table 6).
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Table 6. Measuring computer self-efficacy.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Computer
self-efficacy

CSE1 9 (1.3) 13 (1.9) 58 (8.5) 209 (30.6) 395 (57.7) 4.42 0.828

CSE2 8 (1.2) 14 (2.0) 42 (6.1) 195 (28.5) 425 (62.1) 4.48 0.798

CSE3 15 (2.2) 14 (2.0) 56 (8.2) 184 (26.9) 415 (60.7) 4.42 0.891

CSE4 22 (3.2) 43 (6.3) 116 (17.0) 218 (31.9) 285 (41.7) 4.02 1.062

CSE5 7 (1.0) 15 (2.2) 50 (7.3) 187 (27.3) 425 (62.1) 4.47 0.807

Table 7. Measuring computer anxiety.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Computer
anxiety

CA1 222 (32.5) 195 (28.5) 73 (10.7) 105 (15.4) 89 (13.0) 2.48 1.410

CA2 208 (30.4) 181 (26.5) 87 (12.7) 113 (16.5) 95 (13.9) 2.57 1.421

CA3 230 (33.6) 200 (29.2) 81 (11.8) 100 (14.6) 73 (10.7) 2.39 1.359

CA4 226 (33.0) 180 (26.3) 85 (12.4) 121 (17.7) 72 (10.5) 2.46 1.378

Table 8. Measuring perceived enjoyment.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Perceived
enjoyment

PE1 18 (2.6) 22 (3.2) 79 (11.5) 237 (34.6) 328 (48.0) 4.22 0.956

PE2 21 (3.1) 29 (4.2) 91 (13.3) 262 (38.3) 281 (41.1) 4.10 0.990

PE3 24 (3.5) 28 (4.1) 109 (15.9) 266 (38.9) 257 (37.6) 4.03 1.008

Table 9. Measuring perceived ease of use.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Perceived
ease of use

PEU1 4 (0.6) 29 (4.2) 69 (10.1) 291 (42.5) 291 (42.5) 4.22 0.837

PEU2 4 (0.6) 17 (2.5) 53 (7.7) 276 (40.4) 334 (48.8) 4.34 0.775

PEU3 6 (0.9) 45 (6.6) 98 (14.3) 291 (42.5) 244 (35.7) 4.06 0.917

PEU4 9 (1.3) 27 (3.9) 57 (8.3) 271 (39.6) 320 (46.8) 4.27 0.871

PEU5 7 (1.0) 13 (1.9) 47 (6.9) 238 (34.8) 379 (55.4) 4.42 0.786

Table 10. Measuring perceived usefulness.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Perceived
usefulness

PU1 10 (1.5) 18 (2.6) 42 (6.1) 257 (37.6) 357 (52.2) 4.36 0.830

PU2 4 (0.6) 6 (0.9) 36 (5.3) 242 (35.4) 396 (57.9) 4.49 0.692

PU3 10 (1.5) 17 (2.5) 75 (11.0) 214 (31.3) 368 (53.8) 4.33 0.876

PU4 9 (1.3) 14 (2.0) 70 (10.2) 243 (35.5) 348 (50.9) 4.33 0.840

PU5 11 (1.6) 39 (5.7) 79 (11.5) 250 (36.5) 305 (44.6) 4.17 0.953
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Table 11. Measuring students’ satisfaction.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Students’
satisfaction

SS1 12 (1.8) 17 (2.5) 80 (11.7) 250 (36.5) 325 (47.5) 4.26 0.886

SS2 13 (1.9) 22 (3.2) 78 (11.4) 234 (34.2) 337 (49.3) 4.26 0.917

SS3 17 (2.5) 18 (2.6) 71 (10.4) 261 (38.2) 317 (46.3) 4.23 0.918

SS4 15 (2.2) 24 (3.5) 63 (9.2) 259 (37.9) 323 (47.2) 4.24 0.919

SS5 10 (1.5) 14 (2.0) 68 (9.9) 261 (38.2) 331 (48.4) 4.30 0.841

SS6 18 (2.6) 19 (2.8) 83 (12.1) 235 (34.4) 329 (48.1) 4.23 0.949

Table 12. Measuring students’ continuing intention to use ICT.

Factor Code
1 2 3 4 5

Mean SD
f (%) f (%) f (%) f (%) f (%)

Students’
continuing
intention to

use ICT

SCU1 12 (1.8) 7 (1.0) 40 (5.8) 269 (39.3) 356 (52.0) 4.39 0.792

SCU2 8 (1.2) 17 (2.5) 42 (6.1) 250 (36.5) 367 (53.7) 4.39 0.807

SCU3 10 (1.5) 17 (2.5) 61 (8.9) 249 (36.4) 347 (50.7) 4.32 0.850

Table 7 shows the effects of the final measurement; the majority of students support or
strongly agree on CA, as well as PU and PEU. As a result, CA is described in this study as
a test of how strongly students believe that using ICT will enhance their digital learning
as sustainability.

Table 8 shows the effects of the final measurement; the majority of students approve or
strongly agree on PE, PU and PEU. As a result, in this study, PE is described as the degree to
which students believe that using ICT will enhance their digital learning as sustainability.

Table 9 shows the final measurement results, which show that the vast majority of
students support or strongly agree on PEU, PU, SCU and SS. As a result, in this study,
PEU is described as the degree to which students believe that using ICT will enhance their
digital learning as sustainability.

Table 10 shows the effects of the final measurement; the majority of students support
and strongly agree on PU, SCU and SS. As a result, in this study, PU is defined as the degree
to which students believe that using ICT will enhance their digital learning as sustainability.

Table 11 indicates the results of the final measurement; the majority of students agree
or strongly agree that they are happy with their continued intention to use ICT. As a result,
in this analysis, SS is described as a test of how strongly students believe that using ICT
will enhance their digital learning as sustainability.

Table 12 displays the final assessment results; the majority of students support or
strongly agree that they will use ICT in the future for digital learning. As a result, in this
analysis, SCU ICT is described as a test of how strongly students believe that using ICT
will enrich their digital learning as sustainability.

6. Discussion and Implications

This study aimed to explore ICT usage for digital learning as sustainability using
the TAM model in Saudi Arabia. The findings showed that CSE, CA and PE all had a
substantial effect on PEU and PU, according to the proposed model. Moreover, PEU and
PU had a substantial impact on SS and students’ intention to use ICT for digital learning
as sustainability in the future. The constructs explained 66.8% of the variance in SS with
ICT usage for digital learning as sustainability and 79.3% of the variance in SCU ICT for
digital learning as sustainability. The findings supported the proposed hypotheses and the
research model that was developed. The results shed light on how the TAM constructs
of CSE, CA and PE are used (independent variables) in the calculation of SS and SCU
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ICT for digital learning as sustainability, as well as PEU and PU (mediating variables).
Several constructs, such as CSE, PE, PU and PEU, were found to have a positive and
significant relationship with SS and students’ intention to continue using ICT for digital
learning as sustainability. Although CA had a negative relationship with PU, it had a
positive and important relationship with PEU of ICT for digital learning as sustainability,
suggesting an improvement in SS and students’ intention to use ICT for digital learning
as sustainability in the future. Prior research has shown that CSE, PE, PU, PEU, SS and
SCU ICT for digital learning as sustainability have major positive effects. As a result
of these findings, it can be deduced that before students decide to use ICT for digital
learning, they assess its ability to meet their needs and determine CSE, CA, PE, PEU
and PU. Students are more likely to consider technology to be easy to use and useful
when they interpret SCU ICT for digital learning as sustainability and that it is capable of
meeting those requirements [71–74]. Without a doubt, the use of ICT for digital learning
as sustainability is well known and widely used in education sustainability, particularly
among students who are already familiar with technology. SS, as well as SCU ICT for
digital learning, is influenced by CSE, CA, PE, PU and PEU. Table 5 presents the statistical
analysis findings, which indicate that 11 hypothesised relationships were supported and
one was rejected. Some of the hypothesis findings contradicted previous research, such as
the reference [56], which found that CSE, PE and PEU all have a strong and positive effect
on PU. As a result of the mixed results, further research on the relationships between the
constructs is required. Moreover, CSE, CA and PE all had a significant and positive effect
on PEU and CSE and PE also had a significant and positive effect on PU. CA, however,
had a negative effect on PU, while PEU and PU had a large and positive impact on SS and
SCU ICT for digital learning as sustainability. Previous research [56,59,73–75] supports this.
According to the TAM, PEU and PU have a positive and direct effect on SS and students’
intention to continue using ICT for digital learning as sustainability. This was demonstrated
in this research project, which found that ICT users claimed that higher PEU and PU led
to higher SS with ICT use, which increased SCU ICT for digital learning as sustainability.
References [49,76] support the research finding that there is a strong and direct relationship
between PEU and PU. Furthermore, students consider ICT to be quick to use if it is helpful
to their learning. If students are given chances to use ICT, they are more likely to think
of it as simple and useful. As a result, ICT developers should build systems that are easy
to use and important to the long-term success of student education in order to increase
PEU. Managers can also provide assistance to students in using ICT for digital learning as
sustainability. The findings about clearly defined system characteristics suggested that ICT
developers, designers and buyers (universities, schools and higher education institutions)
should address user needs and values to ensure that the system is able to meet the needs
of students. This perception of a good fit between system features and student needs will
help ICT adoption for digital learning as sustainability. Indirectly, factors such as CSE,
CA and PE affect SS and students’ intention to continue using ICT for digital learning as
sustainability. In terms of the implications of this study, the previously recognised value of
belief constructs in that PEU affected PU is confirmed, with both belief constructs serving
as determinants of SS and potential intention to use ICT for digital learning as sustainability.
In other words, ICT must be considered as simple to use and useful in order for it to be
embraced for digital learning by university students. ICT should be easy to use and have
simple instructions. The findings also demonstrated the value of faculty in explaining how
students should use ICT to learn course material, as well as SS and SCU ICT for digital
learning as sustainability. Three main empirical results emerge from this study: ICT usage
for digital learning as sustainability is influenced by CSE, CA and PE, all of which influence
PEU and PU. SS and SCU ICT for digital learning as sustainability are often affected by
PEU and PU. The results also contribute significantly to the TAM in terms of educational
sustainability and ICT usage for digital learning [39,56,57,59,73,74]. Furthermore, in today’s
world, several ICT resources are available that can be used to build and disseminate
information [77,78]. Students were most satisfied with the help offered by teaching staff and
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their institutions’ public relations during the worldwide lockdown and transition to online
learning, according to the report. Despite this, they were unable to recognize their own
enhanced performance in the new educational environment due to a lack of computer skills
and the sense of a larger burden [79]. At the undergraduate level, the use of different digital
technologies was also highlighted to boost student behavioural and emotional involvement,
whilst graduate students’ cognitive and emotional engagement was primarily addressed
through experience-sharing and learning co-construction online [80]. High achievers
were happier with their mixed course than low achievers, would take one again and
favoured the blended approach over entirely face-to-face or online learning [81]. As a result,
certain key teaching-related aspects of blended learning models, such as teacher–student
communication, learning resources, course design and teacher technical competencies,
have been under focus [82]. Many of the techniques used in the learning process for
both teachers and students are evolving and will continue to do so as ICT becomes more
commonly used as an educational medium [83]. Using accessible ICT can help teachers
and students solve problems and learn about current events and can provide global
communication and competitiveness [84], which is in line with the findings of this study.
In conclusion, the following are the research contributions:

1. Integrating ICT into instructional strategies could improve SS and students’ intention
to continue using ICT for digital learning as sustainability. Furthermore, lecturers and
supervisors should encourage students to use ICT to solve problems, share knowl-
edge and provide information in order to enhance students’ learning, success and
research skills.

2. In a recent paradigm of ICT use for digital learning as sustainability, the TAM model
is linked to CSE and CA factors.

3. It is recommended that higher education institutions recognise students who are
comfortable with using ICT in the classroom rather than pressuring those who are not.
This is due to the fact that students must incorporate ICT components and resources
into their learning process.

4. Both technology and resources are essential to SS and SCU ICT for digital learning as
sustainability. Students should take advantage of opportunities to use ICT for digital
learning as sustainability.

This research project, regardless of the perspectives it provides, has limitations.
First, since this study only included two universities, its results should be viewed with
caution, as activities at other universities (private universities and other schools) could vary.
Another drawback is that this analysis uses quantitative data; therefore, future research
should use a qualitative approach (interviews or observations) to avoid overlooking dis-
crepancies between research fields. Future research should re-create this analysis in other
settings, countries and cultures to address its weaknesses and broaden its results.

Conclusions and Future Work

This study validated the TAM model in terms of educational sustainability and pre-
sented data on student expectations of using ICT for digital learning as sustainability.
Theoretical and functional elements of the research implications were discussed. The ben-
efits of the TAM were highlighted in this report, which also revealed new knowledge
about user acceptance and adoption of ICT for digital learning as sustainability. ICT con-
tributes significantly to enhancing the quality of learning and study activities for high
school and university students in the twenty-first century. However, no previous research
has assessed SS with ICT and SCU ICT for digital learning as sustainability. The TAM is
found to be sufficiently stable to provide results for the studied phenomenon, which is
how CSE, CA, PE, PU and PEU affect SS and students’ intention to continue using ICT for
digital learning as sustainability. This study makes a significant contribution in that it can
serve as a guideline for researchers, practitioners, system developers, service providers,
suppliers and academics to consider systematic research approaches for model validation
in education sustainability, especially when using structural equation modelling on the use
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of ICT for digital learning as sustainability. Seven novel TAM model characteristics were
used as important determinants of ICT adoption for digital learning as sustainability in this
research project. In addition, the research model was constructed around 12 hypotheses
and focused on analysing the relationships between the following factors: CSE, CA, PE, PU,
PEU, SS and SCU ICT for digital learning as sustainability. However, the literature mixed
findings call for further research on the relationship between CSE and CA and PU and PEU.
In light of the study design limitations and the qualitative approach chosen, future studies
might use interview methods to learn more about students’ and educators’ perspectives
on the use of ICT for digital learning as sustainability. Furthermore, future researchers
should incorporate cultural aspects into this model to enable cross validating these areas
across cultures.
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