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Abstract: The advent of digitalization has been hailed as a
remedy to mitigate the impact of the Covid-19 pandemic.
However, it has also brought to light the existence of a digital
divide, exacerbating the hardships faced by those who are
digitally excluded. Amidst the turmoil of the crisis, there has
been limited attention given to addressing the digital divide in
developing countries including Malaysia. In response, Malay-
sian universities swiftly transitioned to online learning to curb
the spread of the contagion. Nonetheless, this rapid shift has
inadvertently marginalized underprivileged students, hinder-
ing their access to the benefits of online education. Employing
the three-level digital divide framework, this study aims to
probe into the extent of the digital divide among Malaysian
university students and evaluate its progression. Through
mean score and frequency analyses, we assessed the magni-
tude of the digital divide among these students. Furthermore,
we employed partial least squares structural equation
modeling to gauge the flow of the digital divide from the initial
level to the third level. Subsequently, we examined the medi-
ating roles of material access, digital skills, and digital usage.
The findings revealed that the digital divide persists across all
three levels among university students in Malaysia. The path
analysis lends support to all proposed hypotheses, with the
exception of digital usage as a predictor of student satisfaction
and as a mediator.

Keywords: digital divide; material access; digital skills;
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1 Introduction

Information and communication technologies (ICTs) have
played pivotal roles in numerous facets of our daily life,
spanning politics, economics, social, culture, and education,
with this significance becoming evenmore pronounced during
the Covid-19 pandemic.While these advancements undeniably
bring about convenience, heightened efficiency, and increased
productivity (Wang, Zhou, and Wang 2021), they also give rise
to a concerning phenomenon known as the digital divide,
which can lead to social exclusion and segregation (Chesh-
mehzangi et al. 2023; Katz, Jordan, and Ognyanova 2021).

Early studies depicted the digital divide as a simple
discrepancy between those who had access to computers
and the Internet (“haves”) and those who did not (“have-
nots”) (Howland 1998). However, a more comprehensive
examination has brought to light that this issue extends far
beyond mere accessibility to physical technologies such as
devices and the Internet. The digital divide is also charac-
terized by differences in motivation and attitudes towards
technology, disparities in the acquisition of digital skills,
levels of engagement in online activities, and, ultimately,
inequalities in the outcomes achieved by individuals (Hels-
per, Van Deursen, and Eynon 2015; Van Dijk 2017).

The digital divide has had detrimental effects across
multiple sectors during the Covid-19 pandemic. Specifically,
its impact on the education sector has been severe, as it limits
students’ access to crucial digital resources and facilities. Re-
ports from The Star (2020a; 2020b) and UNESCO (2020) have
highlighted that due to the digital divide, online learning has
become a privilege that is out of reach for many underprivi-
leged students, particularly those hailing from lower-income
households. Recent empirical studies examining the impact of
the digital divide on online learning amongminority students
lend support to this notion. For example, Hass, Hass, and
Joseph (2023) conducted research in the USA, while Mathrani,
Sarvesh, and Umer (2022) explored the issue in five South
Asian countries. Similarly, students from disadvantaged
socio-economic backgrounds did not derive as much benefit
fromonline learningas their counterparts frommore affluent
backgrounds (e.g., Guo and Wan 2022).

In Malaysia, the story of a university student resorting
to climbing a tree for internet access (BBC 2020), and
another whose father constructed a study area on a hilltop
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(Bernama 2020), vividly underscores the harsh reality of
the digital divide among university students. This divide
has had disastrous implications for online learning during
the Covid-19 pandemic. At the peak of the pandemic, urgent
measureswereprioritized to curb the infection rates and lower
the number of Covid-19 cases. With a crumbling healthcare
system, other issues such as those social, economic, and edu-
cation during the pandemicwere not given the sameweighting
(Azman 2021; Baharin and Hamid 2021).

The Malaysian Communication and Multimedia Commis-
sion’s Internet Users Survey 2020 reported that in the year of
the Covid-19 pandemic, when digitalization was rampant,
Malaysia experienced the lowest growth of Internet usage
since 2012 (MCMC 2020). The resulting absence of official data
and resources addressing the digital divide among university
students thus jeopardized the prospects of successful online
learning. In addition, existing solutions to the digital divide
generally focusedonmaterial accessand ignoredotherelements
of the digital divide. Abrupt and overnight transition to online
learning together with the digital divide have had devastating
impacts on disadvantaged individuals’ life, which includes stu-
dents’ learning processes, particularly during the Covid-19
pandemic (Ajrun2023; Saha,Dutta, andSifat 2021; Sohet al. 2012).
Disadvantaged students encounter challenges not only in
acquiring material access but also in developing the necessary
digital skills for appropriate digital usage and effective online
learning. In summary, amore comprehensive understanding of
the digital divide among university students is imperative for
gaining insights into the mechanisms and necessary support
required to enhance the effectiveness of online learning. Addi-
tionally, it is essential todevise effective strategies andpolicies to
address the issue of the digital divide more comprehensively.

Therefore, the objectives of this study are twofold: (1) to
determine the existence of the three levels of the digital
divide and (2) to assess the impact of the digital divide on
online learning outcomes among Malaysian university stu-
dents during the Covid-19 pandemic. This investigation will
test the relationship betweenmotivational access and online
learning outcomes, with material access, digital skills, and
digital usage serving as mediators. By adopting this multi-
faceted perspective, the study provides empirical evidence
on the presence of the digital divide among Malaysian uni-
versity students within the realm of online learning.

2 Literature Review

2.1 Three Levels of the Digital Divide

Up until the late 1990s, studies on the digital divide predomi-
nantly focused on access to technologies such as computers

and the Internet (Huffman 2018). However, contemporary
literature has revealed that the digital divide is a complex issue
intertwined with existing socioeconomic and sociodemo-
graphic disparities (Lythreatis, Singh, and El-Kassar 2022). Van
Dijk (2006, 2012, 2017) has dissected this issue into distinct
components such as motivational access, material access, dig-
ital skills, digital usage, and the resultant outcomes of digital
usage, with these components subsequently classified into the
first, second, and third levels of the digital divide, respectively.

The first level of the digital divide encompasses the
foundational process of technology appropriation, specif-
ically focusing on motivational access and material access
(Van Dijk 2017). Motivational access pertains to one’s desire
and willingness to engage with the Internet and technolo-
gies, encompassing one’s attitude, intention, and acceptance
of information and communication technologies. Factors
such as aversion to the medium, technophobia, and com-
puter anxiety can impede an individual’s ability to access
digital platforms. Following that is material access, which
refers to the physical availability of various digital tools and
facilities. In developing countries, includingMalaysia, where
there is a high number of Internet users, the quantity and
types of connections become a potential source of the digital
divide, with prior studies emphasizing the crucial impor-
tance of having diverse forms of Internet connectivity
(Prieger 2015; Quaglione et al. 2020). To keep pace with the
rapid advancement of the digital age, individuals should
have access to a wide range of Internet connections, devices,
and peripherals (Van Deursen and Van Dijk 2019).

The second level of the digital divide focuses on the
disparities in digital skills and utilization. Digital skills refer
to an individual’s level of proficiency and literacy in effec-
tively operating and navigating ICTs and technologies in
general. Prior research consistently demonstrates that a lack
of fundamental Internet, computer, or ICT skills can signif-
icantly impede an individual’s capacity to proficiently
navigate the digital era (Hargittai 2005; Helsper and Eynon
2013). Usage represents the ultimate stage in VanDijk’s (2017)
model of technology appropriation, and it is themost pivotal
stage that stems from motivational access. The actual utili-
zation of digital technologies or media by an individual can
be assessed through diverse metrics such as the duration or
frequency of usage, the specific purpose for which it is
employed, and the extent of engagement in online activities.

The third level of the digital divide is centered on the
outcomes resulting from digital usage. Individuals who un-
dergo the entire process of technology appropriation and
engage in online activities ultimately aim to attain positive
offline outcomesorbenefits. VanDeursenandHelsper’s (2015)
findings revealed that even among users who have equal
access, skills, and usage of digital technologies, there can still
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be disparities in terms of outcomes, which underscores the
potential of digital technology to empower individuals, while
also prompting consideration ofwhether all users are reaping
comparable benefits (Aissaoui 2022; Helsper, Van Deursen,
and Eynon 2015; Ragnedda and Ruiu 2017).

Online learning was lauded as a new frontier for higher
education institutions, but this digital revolution has starkly
revealed the reality for underdeveloped and developing
countries, where the digital age remains a distant prospect
(Hill and Lawton 2018; Laurillard and Kennedy 2017). Conse-
quently, the digital divide is perceived as a significant hurdle
that impedes the effective implementation of online teaching
and learning during the Covid-19 pandemic (Kummitha et al.
2021; TheWorld Bank 2020; UNESCO 2020); Figure 1 provides a
visual representation of its three levels.

2.2 Online Learning Outcomes

Motivational factors, encompassing acceptance, attitude, and
perceptions towards ICTs, have a significant influence on
students’ engagement in the digital realm and subsequently
affect their learning outcomes (Chen and Chen 2007; Ghobadi
and Ghobadi 2015; Novita and Widuri 2019). Access to tech-
nology is the initial step in bridging the digital divide; students
without or with limited access to physical technologies would
be deprived of valuable learning opportunities (Apuke and
Iyendo 2018; Hussein et al. 2020; Zhai et al. 2019). The devel-
opment of digital competencies among students not only
promotes their success in online learning but also empowers
them with the skills necessary to navigate the digital envi-
ronment effectively (Adhikari et al. 2017; Alqurashi 2019;
Fidalgo et al. 2020). Active participation in digital activities
furnishes students with the necessary support and resources
to navigate online learning processes. A lack of exposure to
online tools and practices can thus impede students from fully
benefitting from their online learning experiences (Hanif,
Jamal, and Imran 2018; Henderson, Selwyn, and Aston 2017).

Building upon previous studies that examined the digital
divide and its impact on learning outcomes, this study in-
corporates two key concepts from educational and pedagogical
research to assess “offline outcomes” in the context of online
learning, with these concepts aligning with the definition of
“offline outcomes” of digital use as outlined by Helsper, Van
Deursen, and Eynon (2015). They defined “offline outcomes” in
relation to the level of satisfaction achieved and the accom-
plishments individuals gain from their online engagements. In
this study, students’ satisfactionwasadopted to gauge their level
of fulfillment with online learning, while students’ perceived
learning was used to assess their perception of the knowledge
and skills acquired through online learning (Alqurashi 2019;
Arbaugh2000; Eom,Wen, andAshill 2016;Hiltz 1994;McCroskey
et al. 1996; Sher 2009; Strong et al. 2012).

3 Hypotheses Development

A deficiency in motivational access can impede the effective
acquisition of digital tools and equipment. Maintaining a
positive attitude and motivation towards technology is
crucial in bridging the gap in material access, and thus an
individual with a negative attitude towards technology may
be less inclined to embrace technological tools in their daily
life (Van Deursen and Van Dijk 2015; Van Deursen and Van
Dijk 2019). Lack of motivation acts as a barrier to material
access, as it can lead individuals to resist obtaining the
necessary physical tools and equipment (Ghobadi and Gho-
badi 2015; Gonzales 2016; Van Dijk 2006; Van Dijk 2017).
Therefore, we posit the following hypothesis:

H1: Motivational access has a positive relationship with
material access.

Access to digital equipment fosters the development of digital
skills and competencies (Van Deursen and Van Dijk 2015; Van
Deursen and VanDijk 2019), while access to a diverse range of
digital tools is crucial for learning and development of such
digital skills (Mossberger, Tolbert, andHamilton 2012). Cabello
et al. (2021) discovered that access to cell phone and various
other devices among Chilean children and adolescents is a
significant predictor of their digital skills, and thus lower
ownership of devices, such as smartphones, among lower-
income adults has resulted in a lower level of development of
digital skills for this demographic (Hargittai, Piper, and Mor-
ris 2019). VanDijk (2017) expressed that physical ownership of
technologies is crucial for individuals to attain digital skills
and, thus, lack of material access will naturally impede in-
dividuals’ acquirement of digital skills. Therefore,weposit the
following hypothesis:

Level 3 
Outcomes of 
Digital Usage 

Level 2 
Digital Skills and 

Usage 

Level 1 
MoƟvaƟonal and 
Material Access 

Figure 1: The three levels of the digital divide.
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H2: Material access has a positive relationship with digital
skills.

Possessing sufficient digital skills is a driver of digital usages
(Mossberger, Tolbert, and Hamilton 2012; Van Deursen and
Van Dijk 2013; Van Deursen and Van Dijk 2015; Van Dijk 2006;
Van Dijk 2017). Helsper and Eynon (2013) discovered that
different types of digital skills starting from basic button
knowledge to more advanced skillsets are important for
engagement in online activities, emphasizing that techno-
logical competencies promote engagement in online activ-
ities. Digitally skilled individuals participate in socialmedia in
an articulate and deliberate manner, as these varied skills
equip them with the ability to handle a wide range of online
activities strategically (Correa 2016). In theMalaysian context,
Ojo et al. (2019) found that proficiency in digital skills is the
most significant determinant of Internet usage. Therefore,
we posit the following hypothesis:

H3: Digital skills have a positive relationship with digital
usage.

Participating in a variety of digital activities fosters students’
online learning outcomes, with their active engagement in
online activities crucial for academic improvement. Involve-
ment in diverse online activities empowers students to
enhance their learning by providing themwith resources and
materials that cater to their academic needs (Britt, Goon, and
Timmerman 2015; Sun and Metros 2011; Tien and Fu 2008).

Students’ ICT activities affect their learning output, with
a lower level of engagement deteriorating their online
learning (Dray et al. 2011), while engagement in diverse on-
line activities supplies individuals with beneficial outcomes
(Van Deursen and Van Dijk 2013; Van Deursen and Van Dijk
2015). Differences in online activities engagement among
individuals are attributed to unequal outcome achievements
(Dimaggio and Bonikowski 2008; Kuhn and Mansour 2014)
and, therefore, we posit the following hypothesis:

H4: Digital usage has a positive relationship with (a) students’
satisfaction and (b) students’ perceived learning in online
learning during the Covid-19 pandemic.

Material access, digital skills, and digital usage play the role of
mediator to facilitate the relationships between the digital
divide indicators, which render a successive flow of digital
divide across all three levels from motivational access, mate-
rial access, digital skills, and digital usage to online learning
outcomes. These relationships are explained through Van
Dijk’s technology appropriation process, with motivational
access the starting point of the process and outcome the final
point (Van Deursen and Helsper 2015; Van Deursen and Van

Dijk 2015; Van Deursen et al. 2017; Van Dijk 2006; Van Dijk 2012;
Van Dijk 2017). Heponiemi et al. (2023) stated that the succes-
sive flow of handling the digital divide in terms of attitude,
access to technology, digital skills, and usage is important for
attainment of beneficial offline outcomes in the context of
online health and social welfare services.

Enhanced accessibility to technology, coupled with
proficiency and active utilization, serves as a catalyst for
academic improvement among students (Judson 2010).
However, Calderón-Gómez (2019) emphasized that while
having privileged and flexible access to a range of digital
tools is important, it does not automatically ensure effective
Internet use; it is imperative to possess sufficient proficiency
in digital skills in order to effectively harness the potential of
ICT utilization. Additionally, Cabello-Hutt, Cabello, and Claro
(2018) discovered that possessing digital skills plays a
mediating role in gaining access to home Internet and
actively participating in digital activities. This suggests that
even with access to digital devices and the Internet, in-
dividuals may not effectively engage in digital usage if they
lack the necessary digital skills (Hodge et al. 2017).

Moreover, Hurwitz and Schmitt (2020) discovered that
exposure to Internet activities leads to the acquisition of digital
skills, ultimately resulting in positive academic outcomes for
children. Vandoninck, d’Haenens, and Roe (2013) further
demonstrated that European children with a strong grasp of
digital skills are better equipped to navigate challenges asso-
ciated with online engagements, consequently leading to more
positive outcomes from Internet use. On the contrary, children
with lower levels of digital skills tend to have limited Internet
use, restricting their access to the beneficial opportunities that
come with digital inclusion (Holloway, Green, and Livingstone
2013; Livingstone and Helsper 2007; Livingstone, Mascheroni,
and Staksrud 2015). These studies underscore the critical
importance of possessing sufficient digital skills and actively
engaging in digital activities for achieving meaningful out-
comes in online learning.

Prior studies have established a firm ground to assess
the mediating role of material access, digital skills, and
digital usage through the successive flow of the digital
divide from motivational access to online learning out-
comes as shown in Figure 2. Thus, this study investigates
the successive flow of the digital divide from the first to the
third levels and argues that motivational access would not
directly lead to students’ satisfaction and their perceived
learning but through the indirect effect of material access,
digital skills, and digital usage. Therefore, we posit the
following hypotheses:

H5: Material access has a mediating effect on the relation-
ship between motivational access and digital skills.
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H6: Digital skills have a mediating effect on the relationship
between material access and digital usage.

H7: Digital usage has a mediating effect on the relationship
between digital skills and (a) students’ satisfaction and
(b) students’ perceived learning in online learning during
the Covid-19 pandemic.

4 Method

This study employed a quantitative research design, utilizing
cross-sectional questionnaire surveys to gather data from
samples of students. The surveys were conducted online via
Google Forms to facilitate the collection of responses. The
survey instrument was adopted or adapted from prior
related studies which demonstrated high reliability and
validity, including Helsper, Smirnova, and Robinson (2017),
Van Deursen, Helsper, and Eynon (2014), Van Deursen and
Van Dijk (2013), Strong et al. (2012), Sher (2009), and Hiltz
(1994).

4.1 Sample and Sampling Procedures

A total of 363 respondentswere collected from tenuniversities
which cover diverse geographical regions across Malaysia,
chosen through quota sampling to ensure balanced repre-
sentation between public and private institutions.

Snowball samplingwas used to recruit a student sample,
whereby the primary samples from each university were
approached through social media and the first author’s
personal networks. The surveys were then distributed from
one eligible student to another, through their social network,
university peers, and student organizations. Filtering ques-
tions were used in the survey to sieve through eligible re-
spondents to fulfil the scope of the study. The participation
eligibility criteria include student respondents having to be
of Malaysian nationality, being actively enrolled in full-time
studies from the ten selected public and private universities
in the present study, and necessitated by their universities to
undertake online learning during the Covid-19 pandemic.

Slightly over two-thirds of the students (68.9 %) did not
have any prior experience enrolling in online learning or
classes before the Covid-19 pandemic. More than two-thirds of
the respondents (71.9 %) were female students, with the
remaining students being male (28.1 %). This study has repre-
sentations from various ethnic groups in Malaysia including
Indians (39.4 %), Chinese (24.2 %), Malays (18.7 %), and others
(17.6 %), that is inclusive of Indigenous groups of East Malaysia
and racially ambiguous individuals. Furthermore, 68.3 %of the
respondents reported amonthly household incomeof RM5,000
and below, aligning with the bottom 40% income group (B40)
as categorized by the Department of Statistics Malaysia (DOSM
2021), with RM4,850 as the threshold as of 2019. In the realm of
academic disciplines, the primary fields of study encompassed
the following percentages: 22.6 %of respondentswere enrolled
in engineering, 21.8 % in accountancy, management, and
business-related programs, 13.5 % in health sciences, 11.8 % in
the sciences, and the remaining 30.1 % in other disciplines.
Most of the respondents (88.7 %) accessed online learning from
their homes during the Covid-19 pandemic.

4.2 Variables and Measurement

This study incorporates an independent variable (motiva-
tional access), three mediators (material access, digital skills,
and digital usage), and two dependent variables (students’
satisfaction and perceived learning). Motivational access, as
delineated in this study, encompasses individuals’motivation,
attitudes toward technology, and their intention to embrace
it. This concept was assessed using the motivation and atti-
tude scale developed by Helsper, Smirnova, and Robinson
(2017), comprising four items rated on a five-point Likert scale
ranging from 1 (“strongly disagree”) to 5 (“strongly agree”).
Material access, in this context, pertains to the accessibility of
Internet and digital infrastructure, gauged by considering the
ownership of devices and peripherals and utilization of
Internet services. The latter was tailored to the Malaysian

Figure 2: Research model.
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context, aligning with services offered by telecommunication
providers in Malaysia, including fixed broadband, mobile
data plans, and wireless broadband. Material access was
measured through dichotomous questions requiring a “yes”
or “no” response.

Digital skills, in this context, encompass an individual’s
competence in utilizing digital technologies effectively and
computer literacy, with these skills assessed based on Van
Deursen, Helsper, and Eynon’s (2014) five dimensions:
operational (10 items), informationnavigation (8 items), social
(6 items), creative (8 items), and mobile skills (3 items). Re-
spondents’ self-reported digital skills were measured on a
five-point Likert scale, ranging from “not at all true of me” to
“very true of me,” with an additional option of “I do know
what this means” in line with Van Deursen, Helsper, and
Eynon’s (2014) study.

Digital usage, as defined in this study, refers to the
tangible utilization of digital technologies for diverse activ-
ities. This was determined by assessing the duration of
Internet use and the frequency of engagement in various
online activities, as proposed by Van Deursen and Van Dijk
(2013). Online activity categories included personal devel-
opment (4 items), leisure (3 items), commercial transactions
(3 items), social interaction (3 items), information (2 items),
news (2 items), and gaming (1 item). The duration of Internet
use was quantified by daily hours, while frequency was
measured on a five-point scale from never to always.

Students’ satisfaction, in the context of this study, is char-
acterized as the degree of contentment with the online courses
they attended during the COVID-19 pandemic. This satisfaction
was assessed using seven items adapted from Strong et al.
(2012) and measured on a five-point Likert scale, ranging from
“strongly disagree” to “strongly agree.” Perceived learning in
this study pertains to students’ perception of the educational
effectiveness of a course during the COVID-19 pandemic, with
this concept assessed using six items adapted from Sher (2009)
andHiltz (1994), employing afive-point Likert scale that ranged
from “strongly disagree” to “strongly agree.”

4.3 Data Analysis Techniques

This study utilized descriptive analysis to ascertain the
presence of three levels of the digital divide among Malay-
sian university students. Subsequently, hypothesis testing
for 1, 2, 3, 4a, and 4b was conducted using partial least
squares structural equation modeling (i.e., SmartPLS 3.3.3),
followed by mediation analyses for hypotheses 5, 6, 7a, and
7b. For the constructs of digital skills and digital usage which
have multiple dimensions, a hierarchical component model
(HCM) was used to establish the constructs as formative

higher order constructs (HOCs) and their dimensions as
reflective lower order constructs (LOCs). An embedded two-
stage approach was used to evaluate the HCM, followed by
assessment of the measurement model being conducted to
establish construct reliability and validity for LOCs and
HOCs (Hair et al. 2017b; Sarstedt et al. 2019) and then
assessment of the structural model to test the hypothesized
direct relationships of this study. Finally, mediation analyses
were conducted to test the indirect effects of the three me-
diators: material access, digital skills, and digital usage (Hair
et al. 2017a; Memon et al. 2018). A mediation analysis may
produce three possible results – full mediation, partial
mediation, and no mediation (Hair et al. 2017a). Full medi-
ation occurs when the mediated effect is significant but not
the direct effect, and is also called indirect-only mediation;
hence, the mediator fully explains the relationship between
an independent and a dependent variable. Partial mediation
occurs when a mediator partially explains the relationship
between an independent and a dependent variable. No
mediation occurs when there is either a sole direct effect or
no discernible effect at all between an independent and a
dependent variable.

5 Results

5.1 Descriptive Analyses

Variables with a mean score value of 4 and above indicate
that respondents do not perceive a divide, whereas mean
score values below 4 suggest the opposite. The student
sample demonstrates a digital divide in the second and third
levels concerning digital skills, digital usage, and perceived
learning outcomes, with the exception of motivational ac-
cess at the first level. Regarding material access, more than
90 % of respondents possess essential tools for online
learning, including amobile data plan, laptop/notebook, and
smartphone. However, due to a technological diffusion rate
below 90 %, a noticeable disparity exists among students in
accessing various Internet services, devices, and periph-
erals. This underscores the presence of a digital divide in
terms of material access at the first level (Tables 1 and 2).

5.2 Assessment of the Measurement Model

The assessment of the measurement model revealed robust
construct reliability and convergent validity across all LOCs,
which was evidenced by the outer loadings and construct
reliabilities of reflective indicators exceeding 0.7, affirming
the reliability of Motivational Access (0.93), Digital Skills
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(0.90–0.98), Digital Usage (0.75–0.93), Students’ Satisfaction
(0.92), and Perceived learning (0.95). Furthermore, the
average variance extracted (AVE) exceeded 0.5, indicating
substantial convergent validity for Motivational Access
(0.78), Digital Skills (0.54–0.82), Digital Usage (0.47–0.87),
Students’ Satisfaction (0.65), and Perceived learning (0.78).

Additionally, variance inflation factor (VIF) values below 5
for the formative indicators of HOCs confirmed their distinc-
tiveness and non-interchangeability: Digital Skills (1.195–2.637)
and Digital Usage (1.126–1.565). The significant outer weights
of all formative indicators of HOCs underscore the relative
importance of each indicator to its corresponding constructs:
Digital Skills (0.177–0.326) and Digital Usage (0.219–0.265) (Hair
et al. 2017a). Moreover, the heterotrait-monotrait ratio of cor-
relations (HTMT) below 0.85 provided further support for
discriminant validity across all constructs (HTMT = 0.011 to

0.672) in the measurement model, which affirms that the
distinctive attributes of each construct are reliably differenti-
ated from one another.

5.3 Assessment of the Structural Model

The statistical significance of the proposed hypotheses was
primarily assessed using bootstrapping analysis in the struc-
tural model (with 5000 resamples). The findings revealed that
all hypotheses, with the exception of H4(a) and H7(a), were
supported by the data. As anticipated, the direct relationships
posited in H1, H2, H3, and H4(b) were all found to be statisti-
cally significant. Figure 3 presents the detailed results ob-
tained from the structural model assessment.

In line with the discussions on mediation analysis by
Hair et al. (2017a) and Memon et al. (2018), it was established
that material access serves as a full mediator in the rela-
tionship between motivational access and digital skills,
thereby affirming the support for H5. Furthermore, the sixth
hypothesis (H6) was also corroborated, indicating that digi-
tal skills act as a partial mediator. Additionally, H7(b) found
support, indicating that digital usage serves as a full medi-
ator in the relationship between digital skills and students’
perceived learning. However, no mediating effect of digital
usage was observed in the relationship between digital skills
and students’ satisfaction (H7a). Table 3 presents the detailed
results of the mediation analysis.

6 Limitations and
Recommendations for Future
Research

The utilization of nonprobability sampling technique, allow-
ing data collection during the prevailing pandemic in
Malaysia, has led to an imbalanced sample that does not
accurately reflect the demographic composition, including
gender, ethnic group, and household income level, in pro-
portion to the overall population; hence, the findings possess
restricted generalizability to a broader context, and future
studies could adopt probability sampling techniques to ensure
a more precise representation of the population’s de-
mographic characteristics. The successive and consequential
investigation of the digital divide frommotivational access to
online learning outcomes has overlooked the possible inter-
vention related to pedagogical and educational variables such
as digital distraction and students’ disengagement. In addi-
tion, it has not explored the potential influence of students’
adaptability, equipment quality, and network quality on

Table : Descriptive analysis.

Variable M SD

Motivational access . .
Material accessa . .
Internet services (subscribed) . .
Devices and peripherals (owned) . .

Digital skills . .
Operational . .
Information navigation . .
Social . .
Creative . .
Mobile skills . .

Digital usage . .
Personal development . .
Leisure . .
Commercial transactions . .
Social interactions . .
Information . .
News . .
Gaming . .

Students’ satisfaction . .
Perceived learning . .

aMaterial access was assessed by aggregating the subscribed Internet
services (with a maximum of ) and the devices and peripherals owned
(with a maximum of ).

Table : Correlation matrix.

Variable . . . . .

. Motivational access –

. Material access .*
. Digital skills . .**
. Digital usage .** .** .**
. Students’ satisfaction .** . −.* -.
. Perceived learning .** . −. .* .**

*p < .; **p < ..
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digital usage. The potential interference of these variables
suggests that investigating the digital divide in an educational
context should also encompass elements of learning behavior
and the quality of digital infrastructure, pedagogies, curric-
ulum, and policies surrounding digital transformation in ed-
ucation. Future studies should delve into an in-depth analysis
of how these factors come into play throughout the entire
process, particularly in the context of online learning and any
technologically mediated learning environments.

7 Discussion

The descriptive analysis unveiled a digital divide across all
three levels among Malaysian university students, although
there was a narrowing gap in motivational access, which
aligns with Vogels et al.’s (2020) assertion that the Covid-19
pandemic has underscored the significance of digitalization,

leading to generally positive perceptions and attitudes to-
wards the Internet and its applications.

The enduring disparities in material access at the first
level, digital skills and usage at the second level, and online
learning outcomes at the third level underscore the presence
of a digital divide among Malaysian university students. It is
noteworthy that a majority of the sampled students hail
from lower-income groups, with a higher representation of
females and racial minorities (Van Deursen and Van Dijk
2019; Van Dijk 2017).

The noteworthy findings regarding the direct relation-
ships between motivational access, material access, digital
skills, digital usage, and one of the online learning outcomes,
students’ perceived learning, confirm that possessing moti-
vational access promotes the acquisition of material re-
sources; conversely, negative motivation or perception
hinders students from gaining access to physical technolo-
gies (Ghobadi and Ghobadi 2015; Gonzales 2016; Van Deursen

Table : Results of mediation analysis.

Hypothesis Descriptions Beta coefficient Standard error t-Value Decision

H Motivational access / digital skills −. . .ns Full mediation
Motivational access / material access / digital skills . . .*

H Material access/ digital usage . . .*** Partial mediation
Material access/ digital skills / digital usage . . .**

H(a) Digital skills / students’ satisfaction −. . .** No mediation
Digital skills / digital usage / students’ satisfaction . . .ns

H(b) Digital skills / perceived learning −. . .ns Full mediation
Digital skills / digital usage / perceived learning . . .*

*p < ., **p < ., ***p < ., ns = not significant.

Figure 3: Structural model. Note: *p < 0.05,
**p < 0.01, ***p < 0.001, ns = not significant.
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and Van Dijk 2015; Van Deursen and Van Dijk 2019; Van Dijk
2006; Van Dijk 2017). Furthermore, access to digital tools is a
catalyst for the development of digital skills. When students
have access to a range of Internet services, devices, and
peripherals, they are presented with greater opportunities
to enhance their digital competencies (Cabello et al. 2021;
Hargittai, Piper, and Morris 2019; Van Deursen and Van Dijk
2015; Van Deursen and Van Dijk 2019). Following this, having
digital capabilities increases engagement in online activities,
with a proficient grasp of digital skills encouraging students
to participate in a wide range of digital uses (Correa 2016;
Helsper and Eynon 2013; Ojo et al. 2019; VanDeursen andVan
Dijk 2013; Van Deursen and Van Dijk 2015).

Digital usage is a significant predictor of students’ acqui-
sition of knowledge from online learning, particularly in terms
of perceived learning, though not necessarily satisfaction,
which underscores the notion that active engagement in digital
activities positively influences students’ learning outcomes
(Britt, Goon, and Timmerman 2015; Dimaggio and Bonikowski
2008; Dray et al. 2011; Kuhn andMansour 2014; Sun andMetros
2011; Tien and Fu 2008; Van Deursen and Van Dijk 2013; Van
Deursen andVanDijk 2015). The positive impact of digital usage
on one’s learning outcomes, while not observed in other as-
pects, may potentially be attributed to the presence of digital
distraction. Engaging in online activities, as noted by Hanif,
Jamal, and Imran (2018) and Henderson, Selwyn, and Aston
(2017), provides studentswithvaluable resources andmaterials
for knowledge acquisition in online learning. However, it also
introduces distraction, diverting students from their learning
pursuits and leading to a less significant association with their
overall online learning satisfaction, as suggested by Flanigan
and Babchuk (2022), and Taneja, Fiore, and Fischer (2015).

In the findings of the mediation analysis, we discovered
that material access serves as a full mediator in the rela-
tionship between motivational access and digital skills. This
outcome emphasizes thatmotivational access alone, without
adequate physical access to digital tools and infrastructure,
including Internet connections, devices, or peripherals,
would not facilitate the development of digital skills (Van
Deursen and Van Dijk 2015; Van Deursen et al. 2017). Digital
skills, meanwhile, only act as a partial mediator in facili-
tating the relationship between material access and digital
usage. This finding suggests that having access to material
resources, coupled with the adequate development of digital
competencies, motivates students to engage in various on-
line activities (Cabello-Hutt, Cabello, and Claro 2018; Cal-
derón-Gómez 2019; Hodge et al. 2017; Judson 2010).

On the contrary, the involvement of digital usage as a
mediator did not show a significant relationship between
digital skills and students’ satisfaction. However, digital usage

did fully mediate the relationship between digital skills and
students’ perceived learning. These results present a con-
trasting conclusion to studies that previously inferred that
engaging in digital activities is crucial in enhancing the rela-
tionship between digital skills and learning outcomes (Hol-
loway, Green, and Livingstone 2013; Hurwitz and Schmitt
2020; Livingstone and Helsper 2007; Livingstone, Mascheroni,
and Staksrud 2015; Vandoninck, d’Haenens, and Roe 2013).

The mediation analysis reinforces the significance of
material access anddigital skills as significantmediators in the
observed relationships.While digital usagewas confirmedasa
mediator for the relationship between digital skills and stu-
dents’ perceived learning, it did not hold true for students’
satisfaction, with this discrepancy potentially attributable to
student disengagement, a concept articulated by Chiu (2021) as
a form of emotional detachment and estrangement from on-
line learning. Additionally, Bergdahl, Nouri, and Fors (2020)
emphasized that students, regardless of their level of digital
competencies, can become disengaged in a technologically
enhanced learning environment. Compared to face-to-face
learning, online learning may lack the same level of expres-
siveness and warmth, potentially hindering students from
fully immersing themselves in the learning experience.

8 Implications

8.1 Theoretical Implications

Theoretically, this study adopted the three-level digital divide
framework established by multiple digital divide studies such
as Hargittai (2005), Helsper and Eynon (2013), Helsper, Van
Deursen, and Eynon (2015), Ragnedda and Ruiu (2017), Van
Deursen andHelsper (2015, 2018), andVanDijk (2017) to explore
the process of the digital divide from motivational access to
online leaning outcomes. The results affirm that the frame-
work is indeed a useful tool for evaluating the sequential
progression from the first to the third levels of the digital
divide. Furthermore, this study addressed the scarcity of digital
divide research inMalaysia, which is a step forward to address
the issue in the context of a developing country. Simulta-
neously, the implementation of the three levels of the digital
divide in an online learning context has also established
grounds to investigate this issue from different aspects of
outcomes. This study not only contributed to addressing the
digital divide but also paved the way for a multidisciplinary
approach, prominently utilizing variables related to online
learning outcomes and drawing from both pedagogical and
educational research to evaluate the learning outcomes (Hels-
per, Van Deursen, and Eynon 2015).
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8.2 Practical Implications

From the practical perspective, there is no denying that a
collaborative effort among various stakeholders is essential
to narrow the digital divide among Malaysian university
students, thereby enhancing their online learning experi-
ence both during and post Covid-19 pandemic.

First, prior studies did establish that existing forms of
inequalities hinder digital inclusiveness (Guo andWan 2022;
Van Dijk 2012; Van Dijk 2017). Therefore, students, their
family, and their communities have limited power to tackle
the issue of digital divide among themselves, especially with
chains of socioeconomic and sociodemographic inequalities
that tie them. Considering that, minor steps students could
take are to be tenacious and persistent in learning ever-
evolving digital skills, have active, creative, and strategic
involvement in digital activities, and tackle the psychological
factors that lead to their online learning disengagements and
distractions (Bergdahl, Nouri, and Fors 2020).

Students’ families should provide unequivocal emotional
support and encouragement for them to face the adversity
brought forward by the digital divide and the mental chal-
lenges of undertaking online learning specifically during the
pandemic (e.g., Huang and Zhang 2022). Societal support
either emotionally or financially, from peers or community
through fundraising to lighten the cost digitalization for stu-
dents, donations of digital equipment, or peer encouragement
through online peer learning would greatly assist digitally
secluded students and their online learning.

Educators anduniversity administrations indeed bear the
responsibility of acknowledging and providing support for
students facing challenges due to the digital divide in online
learning. Thoughtful planning and implementation of tech-
nology in virtual classrooms are critical for fostering students’
interaction and engagement, ensuring meaningful online
learning experiences (e.g., Salta et al. 2022). Furthermore,
universities should increase investments in digital education,
which should encompass ongoing training for educators, as
well as providing incentives, competitive salaries, and recog-
nition to motivate and appreciate their contributions. Simul-
taneously, institutions should continually offer students digital
training and workshops as well as adapt curricula to align
with the evolving digital landscape. This comprehensive
approach is crucial in creating an inclusive and effective
educational environment for all students.

Non-governmental organizations, particularly those
dedicated to promoting education equity, digital inclusion,
and social equality, play a crucial role in addressing this
digital divide issue; their initiatives can provide essential
support to students who may have been overlooked by
government assistance programs. These organizations can

also take the lead in organizing workshops and training
sessions to help disadvantaged individuals develop vital
digital skills. This proactive approach is vital in ensuring that
no student is left behind in the digital age.

Finally, bridging the digital divide among university
students requires a concerted effort from both private
corporations, particularly those in the technology and
telecommunications industry, and public institutions,
including government bodies, political organizations, and
policymakers. Given that the digital divide is closely
intertwined with social and economic disparities, sub-
stantial support and intervention from both the public and
private sectors are imperative.

The Ministry of Higher Education in Malaysia has taken
commendable steps by providing assistance such as free
mobile data plans in collaboration with major telecommuni-
cation companies, distributing free laptops to students from
lower income backgrounds, and offering special discounts in
partnership with technology firms (The Star 2020b; The Star
2022). While these measures are crucial in addressing the gap
inmaterial access, a detailed frequency analysis indicates that
the issue extends beyond mere physical access. As elucidated
through the three levels of the digital divide framework,
disparities in digital skills, digital usage, and online learning
outcomes must also be addressed. Therefore, it is imperative
to recognize that while these aids are a positive step, they are
not sufficient on their own, and a comprehensive approach is
needed to ensure equitable access and outcomes for all uni-
versity students.

9 Conclusion

This study concludes on a grim note that the digital divide is a
major obstacle for developing countries including Malaysia
and poses daunting challenges for university students. In
response to the first research objective, this study has vali-
dated the existence of the digital divide at all three levels
amongMalaysian university students, excludingmotivational
access in the first level. In response to the second research
objective, the digital divide indeedhasa detrimental impact on
educational outcomes. The results confirmed the successive
flowof thedigital divide that starts frommotivational access to
online learning outcomes except for the relationship between
digital usage and students’ satisfaction. The reason for the
contradictory relationshipbetweendigital usage and students’
satisfaction highlights the possible case of digital distraction
among students, with it found that digital usage does not
mediate the relationship between digital skills and students’
satisfaction; prior studies have shown digital disengagement
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could also be the cause of disruption (e.g., Bergdahl, Nouri, and
Fors 2020).

This studymakes noteworthy contributions on the reality
of the digital divide among Malaysian university students and
how online learning was affected during the Covid-19
pandemic. Despite the waning influence of the COVID-19
pandemic, the significance of the findings persists, offering
valuable insights for future crises and emergencies such as
flooding, which is prevalent in Malaysia. The lessons derived
from the digital divide during the COVID-19 pandemic can
serve as valuable insights for improving the transition to on-
line learning and shaping adaptive e-learning strategies in
flood-affected regions. Additionally, these findings have the
potential to offer valuable insights for addressing digital
divide issues in other developing countries grappling with
similar challenges.
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