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ARTICLE INFO ABSTRACT

Keywords: To avoid the spread of the COVID-19 crisis, many countries worldwide have temporarily shut down their aca-
Push-pull-mooring framework demic organizations. National and international closures affect over 91% of the education community of the
COVID-19

world. E-learning is the only effective manner for educational institutions to coordinate the learning process
during the global lockdown and quarantine period. Many educational institutions have instructed their students
through remote learning technologies to face the effect of local closures and promote the continuity of the ed-
ucation process. This study examines the expected benefits of e-learning during the COVID-19 pandemic by
providing a new model to investigate this issue using a survey collected from the students at Imam Abdulrahman
Bin Faisal University. Partial Least Squares Structural Equation Modeling (PLS-SEM) was employed on 179
useable responses. This study applied Push-Pull-Mooring theory and examined how push, pull, and mooring
variables impact learners to switch to virtual and remote educational laboratories. The Protection Motivation
theory was employed to explain how the potential health risk and environmental threat can influence the ex-
pected benefits from e-learning services. The findings revealed that the push factor (environmental threat) is
significantly related to perceived benefits. The pull factors (e-learning motivation, perceived information
sharing, and social distancing) significantly impact learners’ benefits. The mooring factor, namely perceived
security, significantly impacts learners’ benefits.

Coronavirus pandemic
Virtual laboratories
Education

1. Introduction

Given the growing number of reported infected cases at Chinese and
international locations, the WHO Emergency Committee announced a
worldwide health crisis on January 30, 2020 [1-4]. Young and healthy
grownups have comparatively fewer death risks, whereas those above
the 60s, and especially 80s, are at disproportionately higher risks of
death [5,6]. Particular care and efforts should be taken to save
extremely susceptible people such as kids, medical staff, and older
people [7,8]. People with high blood pressure, heart disease, diabetes,
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cancer, and chronic respiratory disease have larger death rates [9]. The
increased death rate among those groups is important to consider by
supporting social distance interventions, which are ideal for protecting
all population groups [10,11].

With COVID-19 spreading throughout the world, governments have
imposed unprecedented quarantines and travel bans [12-14]. In the last
week of March 2020, educational systems faced an important milestone
in the national academic plan towards distance education. According to
UNESCO, approximately more than 11 billion school students were
affected by the pandemic closures, in which 191 countries had
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nationwide closures and five had regional locks, affecting about 91.3%
of the global public of students [15]. Many remote learning platforms
like Google Classroom, Coursera, Udacity, and many more are utilizing
e-learning platforms to allow the learning process during the COVID-19
pandemic [16]. For example, Coursera has offered numerous free
courses for students to learn at home. Still, electronic education de-
mands conscientious investigation of how students and educators
manipulate the shifting. It also requires a critical examination of
whether the education manner continues to be efficient when it is based
on electronic technological tools.

Societies meet unexpected and emerging obstacles, which have been
indicated in previous studies as “grand challenges” [17]. Ferraro et al.
[18] indicated that grand challenges could be characterized by their
complexity as they support several communications. Grand challenges
need to be addressed using scientific development through several
technological tools. Previous studies indicated the significant part of
scientific collaboration using advanced technologies among students,
instructors, scientists, academics, and researchers to address these
challenges [19]. Collaborative electronic learning provides timely so-
lutions to obstacles linked to traditional learning. These obstacles should
be resolved in the post-COVID-19 time. Collaborative electronic learning
supports learners with the ability to conduct distance-based effective
meetings, presents additional chances for electronic instructing and
coordination, and it promotes knowledge sharing.

The sudden closure of educational institutions in Saudi Arabia, due
to the current COVID-19 crisis, led to an unexpected transformation
from traditional learning to a plan that particularly entails electronic
monitoring and learning. The shutdown of educational institutions put
the government under huge pressure with highly restricted choices. The
Saudi Ministry of Education declared electronic learning as a replace-
ment for traditional learning to keep students and families safe. This
large unintended shift has allowed new methods to be applied in
delivering the content of courses for learners. Among these educational
institutions, Imam Abdulrahman Bin Faisal University has adopted
electronic learning during this crisis, for the second academic term of
2019-2020 and the first term of 2020-2021. Faculty members were
encouraged to utilize all available electronic services to continue the
learning process in the online mode using the blackboard system sup-
ported by the university portal.

In light of the above, the goal of this study can be achieved by
investigating the most influential factors that can impact the perceived
expected benefits of virtual and remote laboratories during the COVID-
19 pandemic. To achieve the goal of the study, two theoretical grounds
were utilized, Pull-Push-Moring (PPM) theory and Protection Motiva-
tion Theory (PMT), to present the hypothesized relationships in the
proposed model. Accordingly, based on the quantitative approach, data
was gathered and analyzed using PLS-SEM. The theoretical contribution
of this study can be indicated by integrating these theories in the current
emerging context and by presenting the research variables to explore the
expected benefits of e-learning during the COVID-19 crisis. Although
many previous studies have explored the variables that impact the
adoption of e-learning in several contexts [20-26], this unexpected
switch from traditional to online education has presented an extraor-
dinary context, which has not been explored in prior studies. People
worldwide are questioning whether online education will proceed after
the pandemic, and how this switch would influence the global education
system. Considering the novelty of the research context, this study aims
to tackle these issues by examining the factors influencing electronic
education’s success during the pandemic.

2. Theoretical background
2.1. Pull-push-mooring (PPM) theory

In the study presented by Lee [27]; it was found that people’s
migration is shaped by push and pull constructs. Adopting this idea, a
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Push-Pull model was developed according to Ravenstein’s migratory
laws. Push effects are negative factors, while pull effects are positive
factors. Given that push-pull factors did not clarify how human beings
can identify their movements on a social and individual basis, the
mooring factor was later inserted into the Push-Pull model by Moon
[28]. The ‘mooring’ factor presents further variables that influence the
switching behavior and simplify it [29]. The mooring constructs inter-
communicate with the push and pull constructs, which can help in
deciding to move, referring to how easier or more difficult the move-
ment is [30]. Following that, Bansal et al. [31] utilized the PPM
framework successfully, as a dominant paradigm in human migration
literature, to explore its applicability in consumers’ behavior context.
Bansal et al. [31] indicated the resemblance between migration and the
shifting action in the service context. They incorporated several vari-
ables in the PPM model to explain the consumer’s shifting action in the
hairdressing and vehicle mend service context. Afterward, many studies
have been using PPM to explore the individual’s switching or shifting
behavior as an effective theoretical framework. These studies indicated
that although the PPM model originated from the migration theory, it
can be used effectively to explain people’s shifting actions [29]. The
migration is not only considered as a shift from a specific physical region
to another but it can also be expanded to several daily actions. Specif-
ically, switching behavior can be considered as a special class of
migration.

Previous studies have used the PPM model as a beneficial useful
framework, as it can be inspected empirically, referring to a wide range
of electronic service switching scenarios [32]. Hence, articles have
investigated the switching activities in the IS field by adopting the PPM,
such as blog applications [33], web browsers [34], mobile applications
[35], and social platforms [36,37].

Lehto et al. [38] adopted the PPM framework to inspect visitors’
intentions to switch in the context of travel and leisure business. In
another context of social networks, Chang et al. [39] utilized the PPM
theory to explore users’ intentions to switch. Ye and Potter [34] applied
the PPM model to explore the switching activities of users of web
browsers and indicated the impact of habit on shifting intentions and
switching actions. Additionally, Sun et al. [40] deployed the PPM
framework to inspect the switching activities of users of mobile instant
messaging. Zhang et al. [33] explored customers’ shifting intentions for
weblog service vendors. The result of the study supported the theoretical
ground of PPM theory and indicated that among the proposed variables,
satisfaction is the most influential variable on shifting intention. On the
other hand, Hou et al. [41] adopted the PPM model to the electronic
role-playing game service field. Additionally, Hsieh et al. [36] utilized
the PPM model to assess the crucial factors that impact the shifting
intention from blogs to social media platforms.

Hence, building on previous literature, this study tries to use this
theoretical ground by adopting push-pull-mooring factors to explain
learners’ perceptions of the expected benefits from online learning
during the COVID-19 crisis. In particular, this research aims to meet the
research objective through the lens of the PPM framework. The PPM
model works as an incorporated framework to explore various factors
that impact users’ switching actions, entailing push, pull, and mooring
factors.

2.2. Protection motivation theory (PMT)

PMT is regarded as one of the most prominent theoretical grounds in
the health-related action stimulus [42,43]. In the information system
context, anticipating the intention to involve in protective actions has
been investigated by many types of research [44-46]. PMT indicates two
main directions in motivating the individuals to adopt protective ac-
tions: risk evaluation and coping evaluation [44,47]. Risk evaluation is
one’s estimation of the degree to which a potential risk is possible to
happen and how serious it can be. Hence, in this research, the perceived
threat imposed by COVID-19 and the perceived environmental risk can
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impact people’s protective actions. PMT highlights that the coping
assessment action only happens if a potential risk exists, and it occurs
after the risk assessment procedure [44]. Coping assessment particularly
entails the individual choice regarding if he can efficiently handle the
risk or not [44].

Several factors can increase students’ motivations in using electronic
learning. If the risk linked to a particular action (continuing traditional
learning) is regarded as serious, the user’s motivation to use other safer
choices will be high. Additionally, if the user can perceive the benefits of
online learning to minimize the negative impacts associated with a
specific situation, this can enhance his motivation to utilize the
perceived benefits. Hence, if the user trusts that he can use electronic
platforms to learn, his motivation will be high, and his switching action
is more likely to happen, referring to PMT theory. Adopting this theory
allowed us to hypothesize that two factors will influence the expected
benefits from e-learning; environmental threat and perceived health
risk. First, suppose if a student believes that restricting education to
traditional learning can lead to an increased threat to the environment,
this will impact his perception of the benefits of other choices. Envi-
ronmental pollution can maximize the risk of other health-related
serious problems (threat appraisal). The threat appraisal will motivate
the learner to change towards other choices (e-learning) and his
perception of the expected benefits will improve. This goes in line with a
previous study by Langbroek et al. [48]; which indicated that users who
perceive air pollution threats more seriously have more willing to shift
to green transportation. Second, if the student believes that attending
traditional classes and communicating with others (face-to-face) can
maximize the threat of the infection of serious health disease (threat
appraisal), his motivation to change will increase and his perception of
the expected benefits will improve.

3. Research model and hypotheses development

In the development protocol of the research model, previous
methods for assessing virtual and remote learning and previous IS
literature were considered to provide a broad definition of the success of
virtual and remote learning. Therefore, various perspectives were
considered with the inclusion of pull factors (e-learning motivation,
perceived information sharing, and social distancing); push factors
(environmental threat and perceived health risk); and mooring factor
(perceived security) based on their potentials to appraise the achieve-
ment of virtual and remote learning. These dimensions encompass the
main components of the offered research model. We target to explore the
impact of each factor on learners’ expected benefits of utilizing the
virtual and remote learning system by developing a comprehensive
research model and empirically testing it in light of the research context.

Push factors in this research focus on the negative characteristics of
face-to-face learning in the situation of the COVID-19 pandemic, and
how these factors may drive individuals away from traditional learning.
Traditional learning’s negative attributes are found in two main cate-
gories: psychological and situational variables [49]. Considering the
study objective, environmental threat and perceived health risk are
identified as the negative characteristics of traditional learning from
psychological and situational aspects. The pollution of the environment
and the risk of health are considered negative attributes of traditional
learning in this study.

In this research, the relationships between the pull factors (e-
learning motivation, perceived information-sharing, and social
distancing) and perceived benefits are also investigated. The study as-
sumes that people would rationally assess the advantages of virtual and
remote laboratories, which are reflected by information sharing. Stu-
dents also consider their aims from using the online portals for educa-
tional perspectives, which are reflected by their motivations to use the
online portal. This study assumes that students will perceive social
distancing as a positive feature of online learning that will pull them
towards using online portals. In virtual and remote laboratories, rational
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and social perceptions emerge simultaneously. Hence, it is vital to
examine the variables that can promote the expected benefits from
virtual and remote learning with the consideration of e-learning moti-
vation, information sharing, and social distancing. Finally, it is vital to
examine the user’s perception of the security of the electronic platforms
to promote the switching process [50]. The hypothesized model is dis-
played in Fig. 1. The hypotheses of this research are discussed in the
following sections.

3.1. E-learning motivation and perceived benefits

One of the obstacles that confront people in the academic sector is
encouraging learners to study [51]. Academic standards show that un-
concerned or careless learners, who conduct the least effort in per-
forming academic tasks, have been a center of worry agreed by
educators and researchers [52,53]. Unconcerned learners provide less
motivation in strengthening their academic levels and present more care
about the grades than the learning process. The e-learning motivation
variable reflects learners’ tendency to perceive e-learning services as
useful and simple to use and to get the required academic gains from
using the system [54]. Previous studies have explored the impact of
learning motivation based on several aspects related to the learning
context [50,51,55]. The motivation variable has a vital impact on usage
intention [56,57]. Ryan and Deci [58] categorized motivation as
intrinsic and extrinsic. Intrinsic motivation indicates the individual ac-
tion to fulfill his enjoyment and satisfaction [59]. On the other hand,
extrinsic motivation is related to broad categories of actions that are
committed to get other benefits rather than the individual self-interest
[50]. In the context of this research, learners use the virtual system to
gain the needed information, which is required to obtain the course
grades. Hence, in this research, we focus on extrinsic motivation as a
prerequisite to learners’ benefits. Hence, following the above discussion,
we present the next hypothesis:

H1. E-learning motivation has a significant impact on perceived
benefits.

3.2. Environmental threat and perceived benefits

Environmental threats represent the degree to which the person
thinks that the environmental-related challenges have negative impli-
cations [60]. Referring to the protection motivation theory, the indi-
vidual conducts particular protective behaviors following the
assessment of a specific threat related to a specific issue [61]. In the
context of this research, protective behavior will be prompted by the
individual perception of environmental threats [49]. People are more
willing to perform eco-friendly movements when they have negative
emotions considering environmental issues. The desire to preserve the
environment arises when people gain awareness of potential threats
[62]. As indicated by Kim et al. [63]; the potential risks of climate
change affect people’s readiness to behave favorably towards the envi-
ronment positively. As people’s behavioral patterns have converted
because of the COVID-19 pandemic, people’s negative influence on the
environment has decreased. Pollution degrees are presenting vital re-
ductions regarding the quarantine rules. All these aspects have raised
people’s awareness of environmental issues. A study by Rousseau and
Deschacht [64] has indicated the impact of COVID-19 on improving
people’s awareness of nature problems. It can be anticipated that the
current crisis has raised individuals’ perceptions of environmental risks.
Thus, it can be hypothesized that when people sense environmental
enhancement during and after the COVID-19, they will be more willing
to perceive the virtual learning benefits. Accordingly, the next hypoth-
esis can be presented:

H2. The environmental threat has a significant impact on perceived
benefits.
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Fig. 1. The research model.

3.3. Perceived health risk and perceived benefits

The Health Belief Model (HBM) indicates that people who believe
that there is a potential health risk are more willing to participate in
healthy actions [65]. People with greater levels of perception of
health-related threat have a higher desire to adjust their actions or to
shift to health-based actions, such as following protective health actions
[66-69]. Several studies have indicated the influence of perceived
health risk on people’s health-related behaviors [68,70,71]. The crisis
we face has dramatically raised people’s perception of health risks
[72-74]. Hence, we suggest that health risks will participate in changing
people’s actions significantly. Consequently, following previous litera-
ture, we present the following hypothesis:

H3. Perceived health risk has a significant impact on perceived
benefits.

3.4. Perceived information sharing and perceived benefits

This research adopts the perceived information-sharing concept from
Dewhirst’s [75] to utilize the pull force that leads learners to exchange
their knowledge with their colleagues. In the context of e-learning,
sharing the information indicates learners’ awareness of the collabora-
tive e-learning process [76]. Thus, students in the e-learning scenario
may develop firm norms of knowledge sharing if they have observed the
desire for information exchange in a collaborative manner. The need to
acquire the information to continue the learning process during the
quarantine period impacts learners’ perceptions of the expected benefits
of the e-learning process and allows new modes of information sharing
among students. While traditional learning restricts the learning process
to direct interaction between the instructor and learners, virtual
learning enables sharing of recorded lessons and digital materials. Thus,
the next hypothesis is presented as follows:

H4. Perceived information sharing has a significant impact on
perceived benefits.

3.5. Perceived security and perceived benefits

Students are the most considerable part of the electronic learning
portal’s community [77]. Learners care about the security of the online
system. They concern about their private data, as they need to trust the
reliability of the electronic portal. Electronic mediums are considered as
channels for private information exchange; hence, it is logical that
general trust reduces security concerns. These security concerns entail
external threats from cybercriminals, the misuse of the information by
organizations, and other potential risks [78]. The electronic medium’s

perceived security is essential to increase learners’ perceptions of the
expected benefits, as indicated in previous literature [79-81]. Hence, we
present the next hypothesis:

H5. Perceived security has a significant impact on perceived benefits.
3.6. Social distancing and perceived benefits

Social distancing has been recommended and regulated by countries
to face the spread of the COVID-19. Many countries have followed
movement restrictions to decrease the number of COVID-19 confirmed
cases and the crisis’s spread [82]. It is not yet recognized how much time
the pandemic will continue, neither the influence it will leave on the
education system. Based on the impact of the new regulations and social
distancing rules that should be followed to restrict the distribution of the
disease, educational organizations can adopt new plans that incorporate
the online mode in their strategies. For several academic scholars and
educators, the COVID-19 pandemic is regarded as an extraordinary
chance to aid both learners and educational facilities in bridging the
traditional learning gaps. Still, to properly shift to virtual learning,
essential prerequisites should be achieved: access to the world wide
web, the provision of suitable techniques, and the accessibility to suit-
able training to utilize online learning. The crisis has highlighted some
of the advantages of electronic education; it enables both academics and
learners to proceed with the learning process without disruption and
allows the reach to teaching materials anytime and everywhere [83].
Social distancing can foster the shift to virtual learning and the utiliza-
tion of its benefits. Hence, according to the above discussion, we present
the next hypothesis:

H6. Social distancing has a significant impact on perceived benefits.
4. Data collection

Determining the research sample is a significant step in quantitative
research. Referring to the context of this research, college students were
utilized as a research sample in several studies in information technol-
ogies’ adoption context in general [84-86], and in the context of elec-
tronic learning particularly [87,88]. College students constitute a huge
portion of internet users and are represented by the term “Net Genera-
tion”. As common worldwide web users, they are usually used for
large-scale internet surveys. Further reasons for choosing college stu-
dents include their understanding of e-services, their familiarity with
electronic media, and their usage of e-services for communication [89].
In light of the above, college students are considered to be representative
of the study population.

A 5-point Likert scale has been adopted to evaluate the survey
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questionnaire, based on the research model and the research hypothe-
ses. The data was collected through an online questionnaire, as we
invited respondents through their e-mails in Imam Abdulrahman Bin
Faisal University in Saudi Arabia to answer the survey. During the
COVID-19 pandemic, the university has shifted the learning process
from traditional learning to virtual classes through the blackboard sys-
tem. The blackboard system has many tools that have been utilized in
the e-learning process, such as online assessments, online exams, and
blackboard collaboration. The data was gathered from Computing,
Business Administration, and English departments. The survey was
launched in June 2019, for one month. The period for distributing the
data was chosen specifically at the end of the second semester of the
academic year 2019/2020, to reflect students’ experiences with online
education after more than three months of the actual usage. The age of
the students ranges from 18 to 23 years old. To avoid the occurrence of
missing values and bias results, the elimination of observations was
adopted. All subjects were asked to respond to the questionnaire and
their responses were confidentiality guaranteed. Constructs and their
measurement items are provided in Appendix A. Finally, to determine
the least required sample size, G*power software was used. Referring to
Faul et al. [90]; we adopted the following settings of the program (f2 =
0.15 for effect size, a = 0.05 for error type one, and § = 0.20 for error
type two) and for six independent factors, the least recommended
sample size was 98. Hence, the sample size of this study is adequate.

4.1. Data analysis and results

Through running SmartPLS 3.0, the SEM approach was used to test
the measurement model and the study’s hypotheses. A partial least
square is ideal for evaluating latent variables or high-level models of
hierarchical content. Considering the recommendations proposed by
Hair Jr et al. [91]; measurement models were tested separately before
the structural model assessment. PLS algorithm by bootstrapping (5000
resample) was used to evaluate items’ factor loadings, path coefficients
of relationships, and their respective significance levels.

4.2. Measurement model testing

Measurement model evaluation is the first step in every SEM process.
Three main criteria were used to assess the measurement model: reli-
ability, convergent validity, and discriminant validity following Hair Jr
et al. [91] and Asadi et al. [92]. As indicated in Table 1, Cronbach « is
above the recommended 0.70 value, indicating strong reliability of all
measures. The composite reliability is between 0.846 and 0.905. This
outcome goes beyond the recommended value (0.70) (Hair et al., 2010).
AVE was used to test convergent reliability. The AVE value for all con-
structs is higher than 0.5, which confirms the latent model variables’
confidence and validity [91,93]. The discriminant validity of the mea-
surement model was assessed based on the correlation matrix or
cross-loadings. The AVE’s square root must be higher than the correla-
tion between one construct and others, as determined by Fornell and
Larcker [94] (see Table 2). The outcome of the test confirms the desired
output of the Fornell and Larcker test.

The assessment of the cross-loading values in reflective indicators is
the next evaluation of the model’s discriminant validity. We used the
cross-loading method to evaluate the constructs’ discriminant validity to
test our research model [95]. As shown in Appendix B, each measure-
ment indicator’s load on its related variable is higher than its load on
any other variable in the model. Thus these findings fulfill the cross-load
assessment criteria and demonstrate the discriminant validity of the
model adequately.

4.3. Structural model results

Fig. 2 demonstrates the f§ values and path coefficients for the re-
lationships between the proposed model’s constructs. The bootstrapping
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Table 1
Constructs’ reliability and convergent validity.

Constructs Indicator ~ Outer Composite Cronbach’s AVE
loading Reliability Alpha (CA)
(CR)
Benefits BN1 0.824 0.905 0.868 0.657
BN2 0.854
BN3 0.855
BN4 0.8
BN5 0.712
E-learning ELM1 0.713 0.846 0.763 0.58
motivation ELM2 0.79
ELM3 0.781
ELM4 0.761
Environmental ET1 0.88 0.869 0.771 0.689
Threat ET2 0.87
ET3 0.732
Perceived PHR1 0.821 0.884 0.825 0.655
Health Risk PHR2 0.839
PHR3 0.772
PHR4 0.804
Perceived PIS1 0.759 0.861 0.784 0.608
Information- PIS2 0.748
Sharing PIS3 0.837
PIS4 0.771
Perceived PS1 0.815 0.894 0.851 0.628
Security PSs2 0.848
PS3 0.827
PS4 0.754
PS5 0.712
Social SD1 0.845 0.86 0.755 0.672
Distancing SD2 0.866
SD3 0.743
Table 2
Fornell-larcker criterion analysis.
BN ELM ET PHR PIS PS SD
BN 0.811
ELM 0.758 0.762
ET 0.732 0.653 0.83
PHR 0.629 0.635 0.572 0.809
PIS 0.741 0.692 0.628 0.564 0.78
PS 0.791 0.702 0.68 0.679 0.686 0.793
SD 0.793 0.662 0.69 0.697 0.659 0.762 0.82

Note: BN: Benefits; ELM: E-learning motivation; ET: Environmental Threat; PHR:
Perceived Health Risk; PIS: Perceived Information-Sharing; PS: Perceived Se-
curity; SD: Social Distancing.

algorithm evaluates the path coefficient’s importance in PLS by
considering 5000 bootstrap samples in PLS-SEM. The p-values and t-
values are employed to assess whether f value is statistically significant
at a 5% error probability. To accept research hypotheses, a statistical
significance level of 5% indicates that the p-value must be less than 0.05
and a t-value should be greater than 1.96. Table 3 and Fig. 2 provide a
summary of the results of the examination of the hypotheses. The final
model of this research is, therefore, provided in Fig. 3.

5. Discussion

The main goal of this research is to examine the relationship between
push, pull, and mooring factors and virtual and remote classes’ expected
benefits in the case of the COVID-19 crisis. According to the proposed
hypotheses, the push factor, environmental threat (t = 2.677; p = 0.007;
B = 0.156); is significantly related to perceived benefits, whereas the
pull factors, including e-learning motivation (t = 3.302; p = 0.001; § =
0.216), perceived information sharing (t = 2.437; p = 0.015; p = 0.177),
and social distancing (t = 3.775, p = 0; f = 0.291) have significant
impacts on learners’ benefits. Moreover, the mooring factor, namely
perceived security (t = 3.04; p = 0.002; p = 0.228), significantly impacts
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Fig. 2. Structural model path coefficients.
Table 3
Results of hypotheses testing.
Hypotheses Original Sample Sample Mean Standard Deviation (STDEV) T Statistics (|O/STDEV|) P Values Result
H1 ELM - > BN 0.216 0.211 0.065 3.302 0.001** Supported
H2 ET - > BN 0.156 0.156 0.058 2.677 0.007** Supported
H3 PHR - > BN —0.054 —0.052 0.071 0.753 0.452 Not Supported
H4 PIS - > BN 0.177 0.185 0.072 2.437 0.015* Supported
H5 PS - > BN 0.228 0.23 0.075 3.04 0.002%* Supported
H6 SD - > BN 0.291 0.284 0.077 3.775 0** Supported

Note: Significance level = * <0.05, ** <0.01.

learners’ benefits.

As H2 gained empirical support, student’s perceived benefits are
affected by perceived environmental threats. This result goes consis-
tently with the result provided by Wang et al. [49]; in which the
perceived environmental threats significantly influence the individual’s
willingness to shift. This study also confirmed the outcomes of a study by
Fu [96] which indicated that the push factor “threat appraisal” has a
significant influence on career commitment. On the other hand, the
impact of perceived health risk on the expected benefits was not sup-
ported in this study. This outcome contradicts a study by Ahadzadeh
et al. [70]; which demonstrated the impact of the perceived health risk
on internet use. Still, the context of the study is relatively new, and
different outcomes are expected.

The findings of this research demonstrated that the pull effect is a
major power to switch to online learning and gain the expected benefits.
The pull effect of this research is based on the user’s perception of the e-
learning platform and the perception of social distancing measures. As

indicated by previous studies, e-learning motivations can play a major
role in the technological acceptance context [32,54], which was high-
lighted by our results. Also, information sharing is found to be important
to improve the perceived gains. The identified effect from the pull fac-
tors demonstrated that the need for information sharing impacts the
expected benefits of virtual classes. Allowing cooperative actors to
address the ambiguity they face can ensure that the process of coordi-
nation is understood and conflicts between communicative actions are
reduced. The result of the study presented by Shih [76] is consistent with
this result. Two examples from the previous studies indicated the
importance of active interaction between involved parties in
cooperative-based functions. First, Zack [97] indicated the importance
of using effective technological tools within a shared scenario. Second, a
study by Kraut and Streeter [98]; which emphasized the role of infor-
mation sharing and collaborative actions on teamwork performance.
The results have also confirmed the influence of social distance on e-
learning benefits. Social distancing plays an important part in the
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Fig. 3. Result of hypotheses testing.

study’s context, which has not been examined before. Virtual classes are
vital tools for educators and students and valuable mechanisms for
spreading the awareness of the public health issues for universities and
educational organizations during the national and global restriction
rules. Online learning enables the redirection of school and university
educational services to homes, as well as routine learning services, in a
way that reflects social distancing. Social distancing is a new factor in
this emerging condition and it is anticipated that it imposes a vital in-
fluence on the user’s perception of the e-learning benefits, as supported
by research outcomes. This result is consistent with the finding pre-
sented by Liu et al. [99]; which emphasizes the significant impact of
social distancing on online behavior.

Finally, perceived security has an important impact on perceived
benefits. The security of an e-learning system is very important in order
not to hinder the information sharing process in the system. Most e-
learning systems offer the services needed to communicate regardless of
time and space, including forums, e-mails, online evaluations, learning
resources, and notices [77]. Since it is a web-based system, computer
security threats are encountered. The research has shown that the ex-
pected benefits of e-learning systems are linked to the system’s security
level. This outcome supports the results of previous literature [79-81],
which indicated that perceived security is important to increase
learners’ perceptions of the expected benefits.

6. Theoretical implications

This research examines the expected benefits focusing on in-
dividuals’ shifting behaviors to virtual learning through the lens of the
push-pull-mooring framework and PMT theory and highlights the
importance of the push, pull, and mooring factors. The results of the
research can provide several insights. As expected, learners’ benefits are
positively affected by one push factor (perceived environmental threat),
three pull factors (e-learning motivation, perceived information sharing,
and social distancing), and one mooring factor (perceived security).
However, perceived health risk didn’t impact learners’ benefits
positively.

Firstly, this research presents the PPM model to frame a compre-
hensive thought of the potential factors that can influence user’s
perceived benefits by shifting from traditional learning to online
learning in the context of COVID-19. Besides, this research extends the
deployment of the PPM model in the context of electronic services.
Additionally, by adopting the PMT, the results indicated a significant
link between the environmental threat and expected benefits, which
presents additional support to the applicability of the PMT in new
contexts. The outcome of the research supports the result by Langbroek
et al. [48]; which adopted the PMT to explore users’ adoption of electric

cars as eco-friendly action.

This study’s second contribution is to develop an important model
for assessing the success of e-learning in light of the coronavirus
pandemic. This model was designed to evaluate e-learning success based
on an intensive review of the literature. The new model is considered
comprehensive because various factors of environmental threats,
perceived health risks, perceived security, the motivation of e-learning,
information sharing, and social distancing, were incorporated. Addi-
tionally, the model is based on two basic theoretical aspects (PPM and
PMT), to explore the perceived benefits of e-learning systems. The pre-
sent research displays how these elements impact learners’ perceptions,
thereby extending prior studies in the context of shifting activities.

Third, this study offered an empirical exploration of the developed
model that incorporates factors that affect the success of online learning
systems. All factors (except health risk), which were hypothesized in the
model, were important measures that can help to identify e-learning
success factors and their expected benefits in light of the COVID-19
pandemic. The current research examined the relationship between
environmental threats and benefits, perceived health risks and benefits,
social distancing and benefits, information sharing and benefits, e-
learning motivation and benefits, and finally, security and benefits.
These hypotheses were not incorporated and examined previously
empirically in prior studies. The impacts of these variables were
considered focusing on the acceptance of the system in previous studies
in other contexts. To the best of our knowledge, this is the first study in
which the success of e-learning has been thoroughly identified and
empirically examined in one single model focusing on the COVID-19
pandemic. A summary of the theoretical implications of this study is
presented in Fig. 4.

7. Practical implications

The rapid spread of COVID-19 caused all educational institutions to
shut down. Therefore, students who stay home need to be approached
with solutions to continue their learning [100]. To maintain the
educational process, many proposals have promoted online learning
during the lockdown time. In some cases, the online session was
streamed live by the instructor to reach learners using video confer-
encing. In other cases, lectures were recorded and sent to students
through particular platforms. All these online education innovations
have significantly assisted in directing students to follow lockdown
rules. This experience can educate decision-makers to step up towards
the use of virtual platforms and tools in the future. The study findings
emphasize that continuous improvement of e-learning systems is
necessary to be addressed to solve the learning issues and shortfalls
during the COVID-19 pandemic. Almost all learning can be conducted in
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Fig. 4. Theoretical implications.

the form of e-learning except practical teaching which involves me-
chanical manipulation, machinery, and chemical and biological speci-
mens. Although clinical examination and treatment can be challenging
to do via e-learning, clinical education can be manipulated to some
degree through e-learning. Hence, during the COVID-19 pandemic,
remote learning technologies can be effective if appropriate strategies
and initiatives are followed. Hence, decision-makers in the education
field need to encourage instructors and students to effectively use these
technologies in the quarantine period.

Hence, several practical implications can be concluded by the cur-
rent study. First, how to attract individuals to use electronic platforms is
of great significance for decision-makers. The pull influence, which is
triggered by users’ positive reactions to the motivation of electronic
learning is important to increase the perceived benefits. Therefore,
decision-makers should treat increased motivation as a basic planning
aim, to empower students’ awareness of the benefits of the electronic
platform. Effective communication between students and instructors
promotes their engagement in the educational process and their social
interaction. Hence, efforts should enhance the level of interaction
among involved parties, which can enhance the information sharing
among users. This can be enabled by indicating, recognizing, and
rewarding users who interact most through the electronic platforms.
Information sharing enables concerned parties to handle the uncertainty
and assure effective cooperation and coordination processes, allowing
minimizing challenges among communicative parties in the learning
process. Active interaction linked with information-sharing allows all
parties to meet desired goals and minimize cognitive gaps through e-
learning platforms. Additionally, regarding the mooring influence,
electronic interactions entail a security risk. Therefore, efforts should
concentrate on enhancing the security of online systems.

The COVID-19 pandemic has also shown that although it’s feasible to
present the wide majority of education online, the fast and full switch to
online learning has imposed vital stress on the parents of students.
Families with parents who have full-time jobs have been struggled to
manipulate their timings. Many have suffered and don’t see a lengthy
swift to online education as an attractive outlook. Decision-makers
should address this issue in the future. Furthermore, online education
has raised important questions about social skills, developing relation-
ships, and interacting with others. The growth in technology can help
partially to overcome these limitations. There is a need to address these
aspects in the design of online learning platforms.

8. Limitations and future work

In this study, the proposed model can provide several foundations for
future research. This research is based on the students’ perspectives
about e-learning benefits during the COVID-19 pandemic. Accordingly,
this study may be further utilized focusing on other groups within the
educational systems. Besides, various online learning stakeholder
groups (e.g. instructors and managers) could add further perspectives to
the research and better understanding of the potential problems that
might contradict the success of e-learning systems. The differences be-
tween the results can be explained, justified, and compared. Besides,
longitudinal research into how the quality of e-learning portals can
impact the students’ behaviors can reveal further interesting results with
continuously evolving technologies. While the current research proved
the impact of research variables, except the perceived health risk, on the
perceived benefits, more investigation will be needed to explore other
variables impacting the e-learning success.

Although distributing the questionnaire in one university can impact
the generalizability of the survey outcomes, we believe that the study
outcomes can be applied to public college students in Saudi Arabia, as
they use comparable electronic platforms and they have to follow the
same rules presented by the Ministry of Education in Saudi Arabia. This
indicates that other educational institutions (schools, private educa-
tional institutions) should be careful in utilizing these outcomes, refer-
ring to possible variations that may influence the impact of these
variables. Adopting the research outcomes to other countries may
require further investigation regarding the tools used in online educa-
tion, the mode of the study (fully online or partially online), and the
period in which students used the online services.

In this study, we included three departments: Computing, Business
Administration, and English language departments. Each has courses
that can be thought by traditional lecturing and other teaching strategies
such as speaking in the English Department, programming languages in
the Computing Department, and practical training in the Business
Administration Department. All the courses have been shifted to the
online mode. Other studies can explore the differences between the
nature of the course, the teaching strategy, and the expected benefits.
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Construct Item References
Environmental Threat EA1 Human beings create traffic jams, carbon emissions, and noise. [49]
EA2 Human beings rise the problem of climate change
EA3 The emissions of the transportation system pollute the air.
Perceived Health Risk PHR1  There is a big opportunity that I will be infected by the coronavirus (COVID-19) [101,102]
PHR2  One of my family members was infected by the coronavirus (COVID-19).
PHR3 I am worried about getting infected by the coronavirus (COVID-19).
PHR4 I have a higher risk of getting infected by the coronavirus (COVID-19).
E-learning motivation ELM1 I participate in virtual and remote laboratories because learning is significant to me. [51]
ELM2 [ participate in virtual and remote laboratories because I think that e-learning will help me to enhance my academic
competence.
ELM3 I participate in virtual and remote laboratories because I understand that I have to refresh my information to enhance my
academic practice.
ELM4 I engage in the conversation in the virtual and remote laboratory forum because I know that I am being evaluated
Perceived Information- PIS1 I need to use the e-learning system to share information with my classmates. [76]
Sharing PIS2 I need to use the e-learning system to transfer documents to my classmates.
PIS3 I need to communicate with my classmates through virtual and remote laboratories in coordinating my study.
PIS4 I need to use virtual and remote laboratories to share information with my instructors.
Social Distancing SD1 I encourage rescheduling, delaying, or avoiding public meetings to support social distance. [103]
SD2 I support the remote conferences, as a replacement to a face-to-face gathering.
SD3 I avoid events with large numbers of people or crowds.
Perceived Security PS1 Using virtual and remote laboratories is secure [104]
PS2 Security aspect influences using e-learning systems.
PS3 E-learning provides safe interaction to protect all communications among the participants.
PS4 Virtual and remote laboratories provide the latest encryption technology to prevent unauthorized intrusion.
PS5 Virtual and remote laboratories provide firewall protection to restrict illegal interference.
Benefits BN1 Using virtual and remote laboratories has increased my knowledge. [87]
BN2 Virtual and remote laboratories are very efficient academic strategies and have aided me to enhance my education procedure.
BN3 Virtual and remote laboratories make the interaction simpler between the educator and learners.
BN4 Virtual and remote laboratories save my time in finding resources and reduce costs.
BN5 Virtual and remote laboratories have aided me to reach my educational aims.

Appendix B. Loading and Cross-Loading Tests

Appendix B: Loading and Cross-Loading Tests

BN ELM EIl PHR PIS PS SD
BN1 0.824 0.576 0.609 0.446 0.623 0.625 0.663
BN2 0.854 0.641 0.608 0.506 0.688 0.647 0.7
BN3 0.855 0.706 0.598 0.534 0.596 0.644 0.673
BN4 0.8 0.603 0.64 0.522 0.573 0.666 0.628
BNS 0.712 0.537 0.508 0.553 0.514 0.63 0.54
ELM1 0.426 0.713 0.461 0.481 0.545 0.525 0.455
ELM2 0.575 0.79 0.472 0.473 0.499 0.543 0.5
ELM3 0.708 0.781 0.581 0.457 0.555 0.561 0.549
ELM4 0.538 0.761 0.455 0.541 0.518 0.511 0.498
ETI1 0.591 0.535 0.88 0.425 0.47 0.565 0.568
ET2 0.663 0.553 0.87 0.513 0.5 0.575 0.616
ET3 0.562 0.538 0.732 0.484 0.6 0.553 0.529
PHR1 0.487 0.528 0.533 0.821 0.481 0.541 0.55
PHR2 0.541 0.568 0.424 0.839 0.468 0.583 0.559
PHR3 0.422 0.407 0.368 0.772 0.37 0.481 0.492
PHR4 0.566 0.532 0.515 0.804 0.49 0.58 0.639
PISI1 0.624 0.602 0.546 0.489 0.759 0.63 0.615
PIS2 0.559 0.462 0.49 0.327 0.748 0.469 0.491
PIS3 0.55 0.542 0.454 0.458 0.837 0.531 0.511
PIS4 0.568 0.542 0.457 0.474 0.771 0.496 0.423
PS1 0.672 0.6 0.556 0.542 0.634 0.815 0.692
PS2 0.653 0.586 0.559 0.588 0.615 0.848 0.687
PS3 0.69 0.56 0.563 0.571 0.572 0.827 0.616
PS4 0.493 0.481 0.5 0.53 0.398 0.754 0.521
PS5 0.597 0.544 0.512 0.458 0.462 0.712 0.477
SDI 0.601 0.54 0.552 0.581 0.506 0.63 0.845
SD2 0.75 0.589 0.63 0.578 0.605 0.669 0.866
SD3 0.58 0.491 0.504 0.56 0.498 0.569 0.743
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