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Abstract With the initiation of the National Virtual
Simulation Experimental Teaching Project in 2018, ed-
ucational institutions in China have recognized the sig-
nificance of virtual simulation technology in reforming
traditional teaching methods and fostering innovative
talent cultivation models. Within the realm of high-
er education in China, motivating students to sustain
their utilization of Virtual Simulation Learning Systems
(VSLSs) has become a significant challenge. This arti-
cle builds upon an assessment of the development status
of VSLSs in Chinese higher education and draws upon
previous studies to construct a model comprising three
dimensions: perceived quality, perceived value, and so-
cial influence, with the aim of predicting students’ en-
during willingness to engage with VSLSs. To achieve
this objective, a structural modeling analysis approach
is employed to explore the interrelationships among the
constructs under investigation, while a survey question-
naire is utilized to collect relevant data. The sample pop-
ulation consists of 274 college students from diverse dis-
ciplinary fields in China, including Science, Technology,
Engineering, and Mathematics (STEM) and Human-
ities, Arts, and Social Sciences (HASS). The findings
reveal that perceived value significantly influences stu-
dents’ willingness to participate, with perceived benefits
exerting a greater impact than perceived costs. Further-
more, the overall quality of the VSLSs, encompassing
aspects such as software quality, instructional design
quality, and virtual simulation quality, holds substantial
influence over students’ perceived value. Additionally,
societal factors such as course scheduling and recom-
mendations from teachers exhibit a positive impact on
students’ intention to continue using VSLSs. Building
upon these findings, the article presents relevant rec-
ommendations aimed at enhancing students’ sustained
utilization of VSLSs.
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1 Introduction

Virtual Simulation Learning Systems (VSLSs) play a
crucial role in the digital transformation of education,
enabling technology-driven approaches and fostering
personalized and inclusive learning experiences for
students. As a result, countries worldwide are placing
significant emphasis on development, promotion, and
application of VSLSs. According to Fortune Business
Insights, the global virtual reality market is projected
to experience substantial growth, with an estimated in-
crease from 4.4 billion USD in 2023 to 28.7 billion USD
by 2030, reflecting a compound annual growth rate of
30.7% (Fortune Business Insights, 2023).

A noteworthy initiative in this domain is the fi-
nancial support provided by the Andrew Foundation to
establish Harvard University’s (2020) LabXchange plat-
form, which features 24 virtual simulation laboratories
and a vast array of learning resources sourced from 150
renowned universities and educational technology com-
panies. The establishment of LabXchange signifies the
commitment to advancing virtual simulation learning and
underscores its importance attributed to development.
Massachusetts Institute of Technology (MIT)’s AIM Pho-
tonics Academy has also made significant strides in this
field by creating a virtual simulation laboratory that allows
students to explore photon devices and circuit modeling
at the micron level. This laboratory seamlessly integrates
into an online course on PIC chip design, providing stu-
dents with hands-on experience and practical knowledge
(Saini et al., 2019). Similarly, prestigious institutions like
the University of Cambridge and the University of Ox-
ford have made notable advancements in the realm of
virtual simulation medical training systems (Cambridge
Univerity Hospitals NHS Foundation Trust, 2022; OMS,
2023). These institutions have recognized the potential
of virtual simulation in enhancing medical education
and have dedicated resources to develop cutting-edge



solutions in this area.

Acknowledging the growing interests and de-
mands for virtual simulation learning, leading educa-
tional publishers such as McGraw Hill are introducing
relevant products to cater to this need. For instance, Mc-
Graw Hill offers a comprehensive range of over 135 vir-
tual simulation laboratories covering various disciplines,
including anatomy and physiology, biology, nutrition,
chemistry, and nursing. These laboratories serve as valu-
able tools for teachers to augment traditional classroom
settings, enabling flexible teaching arrangements and
personalized assessments.

In conclusion, the global focus on virtual sim-
ulation learning systems underscores their critical role in
transforming traditional education and meeting the de-
mands of a technology-driven era. Through significant in-
vestments, collaborations, and innovative solutions, coun-
tries and institutions are paving the way for an immersive
and effective learning experience for students worldwide.

China has made significant investments in vir-
tual simulation learning systems in higher education. In
2013, the Ministry of Education of the People’s Republic
of China (MoE of China) introduced a policy to establish
national centers for virtual simulation laboratory teach-
ing. This policy is a part of the “Ten-Year Plan for Edu-
cational Informatization (2011-2020)” and aims to en-
courage higher education institutions to explore the use
of virtual simulation in teaching. Since then, China has
developed a wide range of virtual simulation teaching re-
sources. In 2017, the MoE of China issued another policy
to promote the collaborative construction and sharing
of virtual simulation resources, resulting in the creation
of the iLab-X service platform. This platform serves as a
repository for national projects in virtual simulation lab-
oratory teaching, and brings together higher education
institutions from across the country to develop and im-
plement more virtual simulation-based courses. As of the
end of 2023, the platform hosts over 3,500 courses in 11
major disciplines, with a record of over 15 million learn-
ing visits (iLab-X, 2023). Each course on the platform
provides essential supplementary materials for virtual
simulation learning, including textbooks, presentations,
references, and lab manuals. To ensure high-quality de-
velopment, the MoE of China has entrusted leading high-
er education publishers with peer review and technical
support for all courses.

The acceptance and successful implementation
of new e-learning technologies and systems are intrin-
sically linked to the willingness of students to embrace
them. Even the most advanced platforms cannot fulfill
their potential if students are reluctant to utilize them.
Hence, when promoting e-learning systems, it is imper-
ative to address a fundamental inquiry: Which factor has
a significant impact on students’ motivation to sustain
their engagement in virtual simulation learning? Drawing
on prior research in this domain, the present studies focus
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on three pivotal dimensions—perceived quality, perceived
value, and social influence—and endeavor to examine
their correlations with students’ willingness to participate
in VSLSs through a comprehensive questionnaire survey.

2 Theoretical Background

2.1 | Diffusion of Innovation Theory

Diffusion of innovation theory explains how, why, and
at what rate innovations spread. Rogers et al. (2014)
identify four critical factors, namely perceived features
of innovation, communication channels, time, and the
social system. They propose five key attributes that in-
fluence adoption decisions: relative advantage, compat-
ibility, complexity, and observability. People may reject
an innovation if they perceive it as too complex to use,
incompatible with their needs, or inferior to its coun-
terparts. They may also hesitate if they were denied the
chance to experience or witnessing it in use. Therefore, it
is important to improve communication channels. This
is based on the assumption that people with strong inno-
vation acceptance are more likely to communicate their
experiences and opinions. And this may influence oth-
ers’ adoption decisions. On the other hand, the influence
of social systems is also important. Rogers et al. (2014)
define it as sets of interrelated units influencing adoption
decisions through common goals and normative systems.
They can be the government, the mass media, and the in-
stitutions of communities in which adopters engage. At a
micro level, the influence of the social system depends on
the strength of an individual’s social ties and her/his dis-
tance from opinion leaders (Strang & Soule, 1998). At last,
since the diffusion of innovation theory provides valuable
insights into both the technical and social dimensions of
the progress of innovation adoption, it has gained some
acceptance in the field of e-learning.

2.2 | E-Learning System Quality

E-learning systems are information systems (ISs) de-
signed for educational purposes. The ISs success theory
proposed by DeLone and McLean (2003) suggests that
adoption rates increase when users perceive high quality
of the ISs. And it depends on what services users receive
from ISs and how capable the software is at delivering
them. For example, the ISO/IEC 9126-1 Software Prod-
uct Quality Model emphasizes technical capability and
usability from the users’ perspective. Santos (2023) says
e-service quality depends on the factors—the design of IS
products as well as its actual service effects. He propos-
es six service quality features (i.e., reliability, efficiency,
support, communication, security, and incentives) and
six for IS software (i.e., ease of use, appearance, linkage,
structure, layout, and content). For instance, users may
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be more willing to use an IS when it allows them to get
useful content quickly and easily (De Ruyter et al., 2001;
Yen & Lu, 2008).

The growth of online education raises interests
in its service quality. It turns out that a particular focus
on instructional design quality is required. Ozkan and
Koseler (2009) propose an e-learning system quality
model highlighting learning model and tutorial quality.
Al-Frajhat et al. (2020) say that it revolves around attri-
butes like assessment material and diversity of learning
styles. And some studies find that it affects students’
learning willingness (Pham et al., 2018; Pham et al,,
2019; Wong & Huang, 2011).

2.3 | Perceived Value
A new e-learning technology or e-learning system may
gain rapid and repeated adoption when it meets users’
needs or demonstrates positive results (Bandura, 1986;
Rogers, 2014). However, users may also hesitate or refuse
it if it costs too much. In this regard, users often need
to weigh the benefits and losses before deciding wheth-
er to adopt it. Perceived value refers to the result of this
subjective assessment (Lovelock, 2000; Zeithaml, 1988).
It has shown correlations with students’ willingness to
use e-learning systems consistently (Lew et al., 2019; Li
etal., 2012; Liaw & Huang, 2013; Lin & Wang, 2012; Park,
2009; Rajeh et al., 2021). In the business area, Woodruff
(1997) considers perceived value a better predictor of
continuous usage intention than perceived quality.
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Eccels and Wigfield develop a taxonomy of per-
ceived value to facilitate education assessment. It takes
into account cost elements, as opposed to previous as-
sessments that only consider perceived benefits (such as
PERVAL). Perceived benefits contain three dimensions:
(1) utility, the extent to which e-learning systems are
aligned with established learning goals; (2) attainment,
the extent to which e-learning systems meet the needs
of students to develop personalities and social identities;
(3) interest, the extent to which e-learning systems stim-
ulate students’ learning interests and enjoyments. Per-
ceived costs are also divided into three dimensions:
(1) efforts cost, the amount of efforts required and wheth-
er it is worthwhile; (2) emotional cost, negative emo-
tions caused by struggling or failing in the learning tasks;
(3) opportunity cost, the extent to which focusing ex-
clusively on one learning task detracts from students’
abilities or time to perform other valued tasks. This per-
ceived value framework has supported several empirical
studies on the acceptance of e-learning (Ball et al., 2019;
Gavarkovs et al., 2022; Jiang et al., 2022; Mondi, et al., 2007;
Nguyen et al., 2014; Pereira et al., 2015; Wu et al.,, 2016).

3 Research Model and Hypothesis

According to the theoretical foundations and rele-
vant research findings mentioned above, we propose a
three-dimensional model (see Figure 1) to conduct the
following study.

Continuous
willingness
(CW)

Figure 1 Research Model for This Study



3.1| Perceived Quality

VSLSs are designed to immerse students in a rational-
ly configured environment in which they can learn
through simulations. As a result, the VSLSs quality as-
sessment should consider both the general quality of the
e-learning system as well as the characteristics of the
virtual simulation. Perceived quality (PQ) is defined as
the sum of software quality, instructional design quali-
ty, and virtual simulation quality, and hypothesized that
PQ is positively related to students’ continuous willing-
ness to use VSLSs.

Our primary concern for the software quality
rests on whether the VSLSs respond to students oper-
ations promptly and are compatible with the students’
hardware and software. This determines whether or not
the virtual simulation can be presented successfully. In-
structional design quality is measured by asking students
if they feel learning tasks in the VSLSs are scientifically
sound. The quality of virtual simulations is evaluated on
the basis of whether students can effectively interact and
feel immersed in the simulation environment.

HI: PQ is positively related to students’ contin-
uous willingness (CW) to use VSLSs.

3.2 | Perceived Value
A number of studies have demonstrated the benefits of
virtual simulation-based learning. These include helping
students improve their operational skills (Dubovi et al.,
2017; Jou & Wang, 2013; Smith & Hamilton, 2015) and
problem-solving ability (Araiza-Alba et al., 2021; Becker
et al., 2005; Gunawan et al., 2017; Rogers, 2011; Yuliati
et al.,, 2018). Besides, VSLSs may also enhance students’
learning interests because of their unique presentation
styles (Huang et al., 2013; Shi & Liang, 2012; Verkuy
et al., 2018). On this basis, some teachers have included
outcomes of learning with VSLSs in their course assess-
ment criteria. This implies that students may be able to
improve their grades by continuously using VSLSs.

Perceived benefit (PB) is defined as the extent
to which students feel that VSLSs improve their learn-
ing performance, personal ability, and learning interest
assuming that it is hypothesized positively related to stu-
dents’ continuous willingness to use VSLSs.

H2: PB is positively related to students’ CW to
use VSLSs.

For the cost part, it undoubtedly takes time and
energy to complete learning tasks on VSLSs. And stu-
dents may feel anxiety while learning with VSLSs (Su,
2016). Meanwhile, Chinese students are exposed to an
increasing variety of learning opportunities and tasks.
They may have to sacrifice or abandon other valued
learning tasks to make room for VSLSs, especially when
VSLSs are made mandatory. Thus, perceived cost (PC) is
defined as the sum of effort costs, emotional costs, and
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opportunity costs as proposed in Eccels and Wigfield’s
perceived value framework assuming that it is negatively
related to students’ continuous willingness to use VSLSs.

H3: PC is negatively related to students’ CW to
use VSLSs.

Studies have confirmed that perceived value can
mediate between perceived quality and continuous will-
ingness to use a product (Kettinger & Smith, 2009; Li &
Shang, 2020). This naturally prompts us to ask wheth-
er perceived quality affects students” perceived value of
VSLSs and in turn affects students’ intention to continue
using them? This led to following hypotheses:

H4: PQ is positively related to PB.

Hb5: PQ is negatively related to PC.

Hé: PB has mediating effects between PQ and
students’ CW to use VSLSs.

H7: PC has mediating effects between PQ and
students’ CW to use VSLSs.

3.3 | Social Influence
A variety of social influences may influence students’
CW to use VSLSs. The most common groups are teach-
ers and peers. Teachers decide whether or not to incor-
porate VSLSs into course design and assessment. They
own the authority to require or recommend VSLSs, and
students should consider their opinions. Peer influence
occurs in two ways: First, peers may share insights and
experiences concerning the use of VSLSs, and second,
peer competition may create pressure on students to uti-
lize VSLSs. It has been observed that the more teachers
and peers support an e-learning technology or system,
the more students will want to use it. Furthermore, stu-
dents may also be influenced by social media (Alghizzawi
et al.,, 2019; Salloum et al., 2021). Thus, an increasing
number of schools promote virtual simulation learn-
ing systems through campus media to increase student
awareness and use of such systems.

Social influence (SI) is defined as the sum of
teacher influence, peer influence, and media influence.
Teacher influence is measured by students’ perception
that teachers advocate VSLSs. Peer influence is stu-
dents’ perception that their peers believe they should
use VSLSs and fear falling behind. Media impact is the
extent to which VSLSs are publicized and promoted in
campus media. We assume that their combination to
positively affects students’ continuous willingness to use
VSLSs.

HS8: SI is positively related to students’ CW to
use VSLSs.

Social influence may also affect perceived value
because the latter heavily depends on the social context
where an e-learning system is used (Sheth et al., 1991;
Sweeney & Soutar, 2001). In this study, SI may raise stu-
dents’ awareness of the benefits of learning with VSLSs
when teachers, peers, and campus media mention them.
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In this situation, students may be suggested to take on ad-
ditional learning tasks or feel nervous about using an un-
familiar system at the same time. Therefore, we hypothe-
size that social influence positively impacts PB as well as
PC, and in turn, affects students’ continuous willingness
to use VSLSs.

HO9: Sl is positively related to PB.

H10: SI is negatively related to PC.

HII: PB has mediating effects between SI and
students’ CW to use VSLSs.

HI12: PC has mediating effects between SI and
students’ CW to use VSLSs.

Additional individual differences predictors are
also examined in our models to see if they moderated
the effect of different variables on students” continuous
willingness to use VSLSs, including gender, grade, ma-
jor, and compulsory degree as Venkatesh et al. (2003)
consider in the original UTAUT model.

4 Methodology

4.1 | Procedure and Sample Profile

In 2021 March, we spread an online questionnaire with
personal channels and the help of several college teach-
ers. At the beginning, participants were informed of the
purpose of this study and required to read an introduc-
tion to VSLSs. To ensure sample validity, we included
a question asking students if they had experience with
VSLSs. Only participants who answered “yes” were al-
lowed to answer the subsequent questions. Finally, 274
questionnaires met this criterion in accordance with
the automated count. 46% of these college students were
males, 64.6% from STEM majors (i.e., science, technol-
ogy, engineering, and mathematics), and 86.1% from
undergraduates (i.e., college freshmen, sophomores, and
juniors) (see Table 1). School-runned VSLSs (N = 229,
83.6%) turned out to be the most popular delivery chan-
nels. Teachers’ promotion of VSLSs is considerable:
41.2% made VSLSs mandatory and 42.7% recommend-
ed. However, 86.1% of experienced respondents learned
with VSLSs for less than 2 hours a week.
4.2 | Measures

The questionnaire contained three parts: demograph-
ic question, learning experience with VSLSs, and the
structural modeling. The structural modeling included
PQ, PB, PC, SI, and students’ CW to use VSLSs. Each
statement of these five constructs was measured with
a five-point Likert scale with -2 = strongly disagree to
2 = strongly agree. All of them were presented in Chi-
nese and reviewed for professionalism, wording, and
readability by two e-learning specialists and several stu-
dents representatives from different majors.
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Table1 Sample Profile (N = 274)
Items Scale Frequency  Percentage (%)

Gender Male 126 46.0
Female 148 54.0
Grade Undergraduate 236 86.1
Graduate 38 13.9
Major STEM 177 64.6
HASS 97 354
Delivery channel ~ State-run 44 16.1
School-run 229 83.6
. Commercial products 56 20.4
Option Compulsory 113 412
Recommended 117 42.7
No requirement 44 16.1
Duration of study <1 h/week 93 339
1-2 h/week 124 453
3-4 h/week 46 16.8
=5 h/week 11 4.01
Learning purpose Pre-class learning 128 46.7
In-class practice 163 59.5
After-class practice 154 56.2
Pre-exam review 70 25.5
VR/AR Yes 84 30.7
No 190 69.3

Note. STEM = science, technology, engineering, and mathemat-
ics; HASS = humanity, arts, and social science.

4.3 | Data Analysis

Structural equation modeling (SEM) can be more effec-
tive in finding the “best fitting model” than the first-gen-
eration techniques (e.g., principal components analysis,
factor analysis, and multiple regression) (Chin, 1998).
To conduct a SEM, a sample size of over 200 is accept-
able (Kline, 2023) and 10 samples per item would be ide-
al (Kyriazos, 2018). This study has 20 measuring items,
meaning the sample is adequate in terms of both criteria.

Following suggestions by Hair et al. (2019), we
conducted a two-step SEM test. Testing the measure-
ment. The reliability of the questionnaire was exam-
ined by two parameters. The standardized factor load-
ing (SFL) of each item was supposed to be above 0.7
(Hulland, 1999). Composite reliability (CR) measured
the internal consistency of items loading on the latent
variable. It was calculated by formula suggested by
Netemeyer (2003) and was supposed to be above 0.7.
The validity of the questionnaire was also estimated by
two parameters. Convergent validity was estimated by
the average variance extracted (AVE) of each latent vari-
able which was supposed to be above 0.5. Discriminant
validity describes the extent to which the items does not
reflect other variables, which was examined by compar-
ing the square root of AVE for each construct was great-
er than its correlations with other constructs (Fornell &
Larcker, 1981). The degree of model fit describes how
well the implied model covariance matrix matches the
sample covariance matrix. The acceptable threshold of
selected criteria is shown in Table 2.



Table 2 Parameters for Measurement Model Test

Parameter Threshold
SFL >0.7
Composite reliability >0.7
AVE >0.5
Fit of model ldf <3
CFI >0.9
SRMR <0.08
RMSEA <0.08
GFI >0.8
AGFI >0.8
NFI > 0.9

Note. CFI = comparative fit index; SRMR = standardized root
mean square residual; RMSEA = root mean square error of ap-
proximation; GFI = good-of-fit index; AGFI = adjust goodness of
fit index; NFI = normed fit index (same as follows).

After a satisfactory measurement model was
obtained, we tested the structural model with the max-
imum likelihood method. We first examined the struc-
tural model path coefficients to see whether the three
main hypothesized dimensions (i.e., perceived quality,
perceived value, and social influence) directly affected
students’ willingness. Then we examined the mediation
effect and moderation effect were examined.

The mediation effect was intended to explain
how the impacts of a latent variable came to be. It could
only be discussed if the potential moderating variable
was significantly related to both the independent and
dependent variables. Once the criteria were met, we
performed both bias-corrected bootstrapping and per-
centile bootstrapping at a 95% confidence interval with
1,000 bootstrap samples (Felsenstein, 1985). Indirect ef-
fect is measured by the confidence intervals between the
lower and upper bounds. The mediation effect exists if
the indirect effect turns out to be significant.

Moderate effect occurs when the relationship
between two variables between a third variable, which
is therefore referred to as the moderator. We conducted
the multi-group analysis to examine potential modera-
tors (i.e., gender, grade, major, and compulsory degree of
VSLSs usage). It started with a relatively unconstrained
model in which model parameters for each group were
estimated separately and no equality constraints were
imposed. Then a constrained model was estimated
where the path estimates of interest was constrained to
be invariant across both groups. A significant chi-square
difference between the two models indicated modera-
tion effects (Hair, 2019).

5 Results

5.1 | Descriptive Statistics

Following Byrne’s (2001) recommendations that skewness
and kurtosis should be within |3| and |10| respectively,
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data in this study were regarded normal with skewness
ranging from -0.08 to -0.57 and kurtosis from -0.13 to
0.6.

52| Test of the Measurement Model
As shown in Table 3, SFL of items ranges from 0.77 to
0.95. AVE of each latent construct ranges from 0.65 to

0.83, and CR ranges from 0.86 to 0.98. This revealed an
acceptable reliability of items.

Table 3 Results of Reliability and Convergent Validity of Items

Ttem Question content A

CW (AVE = 0.83; CR = 0.94)

CW1 I'd like to continue learning with VSLSs. 0.89
CwW2 I'd like to continue learning with VSLSs voluntarily. 0.94
CW3 I'd like to recommend your peers to continue learning ~ 0.90
with VSLSs.
PB (AVE = 0.79; CR = 0.94)
PB1 Using VSLSs helps me to improve my academic  0.89
achievements.
PB2 Using VSLSs helps me to practice my skills. 0.88
PB3 Using VSLSs helps me to improve my problem-solving  0.88
capability.
PB4 Using VSLSs stimulates my learning interest. 0.90
PC (AVE = 0.79; CR = 0.94)
PC1 Learning with VSLSs is effort-consuming. 0.83
PC2 Learning with VSLSs makes me anxious and less  0.83
self-confident.
PC3 Learning with VSLSs delays other important learning  0.95
tasks.

SI (AVE = 0.65; CR = 0.88)

SI1 My teacher wants me to study with VSLSs. 0.77

SI2 Many of my classmates feel that they should use VSLSs  0.87
for learning.

SI3 Many students are using VSELS, T will fall behind if I~ 0.79
don’t use it.

SI4 VSELS has been promoted and advocated by the cam-  0.79
pus media.

PQ (AVE =0.78; CR = 0.95)

PQ1 VSLSs responds to my operation timely. 0.85

PQ2 VSLSs is compatible with my hardware and software  0.82
devices.

PQ3 Learning tasks in the VSELS are scientifically and ratio-  0.86
nally configured.

PQ4 VSLSs simulates objects and scenarios to match the real ~ 0.86
situation.

PQ5 VSLSs provides the right opportunity to interact with ~ 0.86
the virtual scene.

PQ6 I can get timely technical assistance on the installation  0.78
and operation of VSLSs.

Note. 2 = SFL; CR = composite reliability.

As shown in Table 4, the square of AVE of each
latent construct (i.e., PB, PC, PQ, CW, and SI) was great-
er than its correlation with others, which demonstrated
good discriminant validity. The measurement model
also fitted the data well (y*/df = 2.3; CFI = 0.96; SRMR =
0.36; GFI = 0.89; AGFI = 0.85; NFI = 0.93).
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Table 4 Results of Discriminant Validity
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Table 5 Results of Structural Model Coefficient Paths

SI PQ PC PB cw
NI 0.81
PQ 0.77 0.88
PC 0.42 0.39 0.84
PB 0.80 0.82 0.37 0.89
cw 0.70 0.68 0.22 0.76 091
5.3 | Test of the Structural Model

As seen in Table 5, perceived quality only affected per-
ceived benefits (f,,,,5,, = 0.43, p < 0.001), which sup-
ported H4 and implied that neither HI nor H5 is sup-
ported. And it is meaningless to test mediating effects
because perceived quality did not affect students’ will-
ingness to use VSLSs (B, ¢y, = 0.08, p = 0.37) at all,
which makes H6 and H7 unsupported. As for perceived
value, perceived benefit influenced students’ willingness
positively (B, .\, = 049, p < 0.001), while perceived
cost in reverse (B, ., = —0.12, p < 0.05), which respec-
tively supported H2 and H3. The influence of perceived
benefit turned out to be much greater than perceived
cost. Social influence had a positive effect on students’
willingness (B, = —0.12, p < 0.01), perceived bene-

fits (B, pp,) = 0-48, p < 0.001), and perceived costs (S
=0.3, p < 0.01), which supports H8, H9, and HI0.

15PC(+)

Table 6 Results of Mediation Effect

Hypothesis B SE P Results

Perceived quality

PQ — CW (+) 0.08 0.12 0.37  Not supported

PQ — PB (+) 0.43 0.09 ***  Supported

PQ —-PC(-) 0.15 0.14 0.19  Not supported
Perceived value

PB — CW (+) 0.49 0.12 *kk Supported

PC—CW(-) -0.12 0.05 * Supported
Social influence

SI — CW (+) 0.30 0.13 wx Supported

SI — PB (+) 0.48 0.09 **%  Supported

SI — PC (+) 0.30 0.13 ok Supported

Note. 3 = standardized estimate; SE = standard error; *p < 0.05, **p
< 0.01, ***p < 0.001 (same as follows).

The testing results of coefficient paths starting
from social influence and the two perceived value fac-
tors creat a prerequisite for testing the mediating effect
of perceived value between social influence and students’
willingness. As in Table 6, the results of specific indirect
effect demonstrate that perceive benefit and perceived
cost have mediation effect (SIE =027, p < 0.01;

SISPBSCW

SIE = -0.04, p < 0.05), which respectively sup-

SISPC>CW

ports HII1 and HI2.

Bootstrapping (N = 1,000)

Product of coef.

Path eslziorggte Bias-corrected 95% CI Percentile 95% CI
SE z Lower Upper Sig. Lower Upper Sig.

Total effect

SI-CW 0.578 0.173 0.341 0.232 0.909 0.003** 0.252 0.935 0.002%**
Direct effect (DE)

SI-CW 0.349 0.213 1.638 —0.04 0.751 0.109 —-0.031 0.797 0.085
Total indirect effect (TIE)

SI-CW 0.23 0.117 1.966 0.056 0.546 0.011* 0.028 0.49 0.025%*
Specific indirect effect (SIE)

SI-PB—CW 0.27 0.115 2.348 0.095 0.58 0.003%* 0.079 0.536 0.006%*

SI-PC—CW —0.041 0.03 -1.367 -0.14 —0.005 0.019* -0.112 —0.001 0.04*

As shown in Table 7, the chi-square difference
between male (N = 148) and female (N = 126) groups in
SI>CW path is significant (Ax*/Adf=4.25, p < 0.05). This
implies that the impact of social influence on students’
continuous willingness to use VSLSs varied by gender of
students. It turns out that female students are more likely
be influenced by their societal surroundings. At the same
time, no moderation effect is found for other three vari-
ables (i.e. grade, major, and compulsory degree).

As shown in Figure 2, 61.6% variance of CW is
explained.

Table 7 Results of Moderation Effect of Gender

Standardized Fath
coefficien 5 CFI RMSEA

Equal path ( AdAfx: 1)  Uncons/  Uncons/

Male Female Cons Cons

(N=148) (N=126)

PQ-CW  0.096" 0.005™ 0.213™  0.93/0.93  0.065/0.065
SI->CW 0.12™ 0.5317" 4256"  0.93/0.93  0.065/0.065
PB—CW 0.639™ 0.318" 1.664™  0.93/0.93  0.065/0.065
PC—CW  —0.049" -0.199 1.585™  0.93/0.93  0.065/0.065

Note. ns = not significant (same as follows).



Figure 2

6 Discussion and Conclusion

6.1 | Discussion

The primary objective of this study is to identify effective
predictors of students’ consistent willingness to learn
with VSLSs and contribute to the theoretical research
on the diffusion and acceptance of new e-learning tech-
nologies. Drawing on a comprehensive literature review,
this study examined the impact of perceived quality,
perceived value, and social influence on students’ con-
tinuous willingness to learn with VSLSs.

The results of the SEM analysis reveal that per-
ceived value emerged as the most influential factor. This
can largely be attributed to students’ perception of the
learning benefits offered by VSLSs, aligning with previ-
ous studies that have highlighted the impact of utility and
hedonic motives on students” acceptance of e-learning
(Gunasinghe et al.,, 2020). In comparison, the perceived
cost only has a slight negative impact on students’ will-
ingness to learn with VSLSs. In addition, VSLSs are gen-
erally provided to students free of charge by schools, this
can be attributed to the fact that learning tasks on VSLSs
are not time-consuming till now as well. As shown in
the questionnaire results, which show that most students
spent less than 2 hours per week using VSLSs. Conse-
quently, the perceived opportunity costs associated with
VSLSs usage are minimized, thereby reducing students’
perception of hindrances. This finding is consistent
with previous Technology Acceptance Model (TAM)-
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based studies, which suggest that perceived usefulness
is a stronger predictor than perceived ease of use in the
context of e-learning technology (Al-Azawei et al., 2017;
Al-hawari & Mouakket, 2010; Mohammadi, 2015;
Salloum et al., 2019), as well as Unified Theory of Ac-
ceptance and Use of Technology UTAUT-based studies,
which indicate that perceived efficiency is more influen-
tial than perceived effort (Tarhini et al., 2017). There-
fore, it is crucial to ensure that students perceive and
actually experience learning benefits from using VSLSs.

Social influence emerged as the second most
influential factor on students’ willingness, supporting
Rogers’s notion that the social system plays a critical role
in promoting innovation. This finding is also consistent
with previous studies that have demonstrated the im-
pact of social factors such as subjective norms (Chu &
Chen, 2016; Park, 2009) and social media (Alghizzawi
etal., 2019; Salloum et al., 2021) on students’ acceptance
of e-learning. The mediation effect test indicates that so-
cial influence operates through perceived benefits. This
suggests, to some extent, that the role of lecturers, fellow
students, and the media is no more significant than stu-
dents themselves confirming and recognizing the bene-
fits they can derive from learning with VSLSs. Consis-
tent with the conclusions of numerous studies, female
students are more likely to be influenced by social factors
in their continued use of VSLSs, which can be attributed
to compliant personality traits shaped by social gender
roles (Goswami & Dutta, 2015; Venkatesh et al., 2003;
Venkatesh & Morris, 2000).

Interestingly, perceived quality does not directly
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affect students” willingness. This finding aligns with the
research by Islam (2012), which highlights the contro-
versy surrounding the effectiveness of perceived quality
as a predictor of users” willingness to adopt an informa-
tion system. In the field of information systems, some
scholars argue that perceived quality directly influenc-
es users’ willingness (DeLone & McLean, 2003), while
others suggest that the effect is indirect (Davis, 1989;
Seddon, 1997). Wixom and Todd (2005) also view ob-
ject-based beliefs, such as perceived system quality, as
inferior predictors of behavioral intention. The findings
of this study support the latter perspective, as perceived
quality was found to have an indirect influence on per-
ceived benefits. This finding supports Woodruff’s as-
sertion that, in certain cases, perceived value outweighs
perceived quality in attracting more users.

This study aimed to find effective predictors of
students’ willingness to learn with VSLSs consistently
and contribute theoretically to research on diffusion and
acceptance of new e-learning technologies. Based on the
literature review, the study respectively examined the
impact of perceived quality, perceived value and social
influence on students’ continuous willingness to learn
with VSLSs.

The SEM analysis revealed that perceived val-
ue was the most influential factor. This is mainly due to
students’ perception of VSLSs learning benefits and is
consistent with previous studies on the impacts of utility
and hedonic motives on students’ acceptance of e-learn-
ing (Gunasinghe et al., 2020). Comparatively, perceived
cost had only a slight negative impact on students’ will-
ingness to learn with VSLSs. This could be attributed to
the fact that learning tasks on VSLSs did not take long, as
the questionnaire results revealed that most respondent
students used VSLSs less than 2 hours per week. This
may have prevented excessive VSLSs usage from delay-
ing other valuable learning tasks too much which in turn
reduced students’ perception of opportunity costs. Over-
all, this result of comparison is consistent with previous
TAM-based studies indicating that perceived usefulness
could be a stronger predictor than perceived ease of use
in the e-learning technology (Al-Azawei et al., 2017;
Al-hawari & Mouakket, 2010; Mohammadi, 2015;
Salloum et al., 2019) and UTAUT-based studies indi-
cating perceived efficiency better than perceived effort
(Tarhini et al., 2017). Therefore, it is especially impera-
tive to make students feel that they can and actually gain
learning benefits from VSLSs.

Social influence turned out to be the second in-
fluential factor on students’ willingness, which supported
Rogers’s notion that social system played a critical role in
promoting an innovation. It is also consistent with pre-
vious studies proving the impacts of social factors like
subjective norms (Chu & Chen, 2016; Park 2009) and so-
cial media (Alghizzawi et al., 2019; Salloum et al., 2021)
on students’ acceptance of e-learning. The mediation
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effect test indicated that social influence must be realized
through perceived benefit. This to some extent suggests
that the role of the lecturer, fellow students and the me-
dia is no more significant than the students themselves
confirming and recognizing that they can benefit from
learning with VSLSs. Consistent with the conclusions of
many studies, women are more likely to be influenced by
social factors to the continued use of VSLSs, which is re-
lated to more compliant personality traits constructed by
social gender roles (Goswami & Dutta, 2015; Venkatesh
et al., 2003; Venkatesh & Morris, 2000).

Perceived quality failed to affect students” will-
ingness directly. This is consistent with the findings
of Islam (2012). He mentioned the controversy about
whether perceived quality could be an effective predic-
tor of users’ willingness to adopt an information system.
In the area of information systems, some scholars argue
that perceived quality directly influenced user willing-
ness (DeLone & McLean, 2003), while others argued
that the effect was indirect (Davis, 1989; Seddon, 1997).
Wixom and Todd (2005) also view object-based beliefs
like perceived system quality as inferior predictors of
behavioral intention. The findings of this study clearly
supports the latter, since perceived quality is found influ-
ential on perceived benefit. It also supports Woodruff’s
assertion (Woodruff, 1997) that in some cases, perceived
value is more important than perceived quality for win-
ning more users.

6.2 | Conclusion
According to the above findings, it is imperative to help
students feel and actually gain learning benefits by us-
ing VSLSs consistently, as perceived benefit is the most
influential factor. In the context of this study, these ben-
efits include higher grades, enhanced students’ opera-
tional and problem-solving skills, and increased learn-
ing interests. Therefore, the developers and instructors
must consider how to enhance these benefits as well as
tap into additional benefits. These can be achieved by
simultaneously enhancing the quality of VSLSs and rel-
evant social communication. On the one hand, devel-
opers need to consistently improve the technical perfor-
mance of VSLSs, but also the design of virtual simulation
and instruction. It is important for them to focus on the
needs and goals of students and to be student-centered.

On the other hand, social communication relat-
ed to VSLSs needs to be enhanced, especially for female
students. To begin with, teachers are supposed to show
more supports for students to learn with VSLSs. Besides
asking students to use VSLSs directly, other measures
include: increasing the portion of learning outcomes of
learning with VSLSs in the final assessment, discussing
VSLSs® benefits more frequently, guiding students to
discover these benefits through reflective assessment,
encouraging students to exchange learning experiences



regarding VSLSs. Schools and VSLSs suppliers could in-
crease the positive media exposure of VSLSs to inform
students of the existence and benefits of VSLSs. In the
context of this study, these societal approaches have the
potential to compensate for any deficiencies in students’
perception of the quality of VSLSs.

Based on the aforementioned findings, it is
crucial to ensure that students perceive and actually
experience the benefits of using VSLSs consistently, as
perceived benefit is the most influential factor. In the
scope of this study, these benefits encompass improved
academic performance, enhanced operational and prob-
lem-solving skills, as well as increased interest in learn-
ing. Consequently, developers and instructors must de-
liberate on methods to augment these benefits while also
exploring additional advantages. This can be accom-
plished by concurrently enhancing the quality of VSLSs
and fostering effective social communication.

On one hand, developers should strive for con-
tinuous improvement in the technical performance of
VSLSs, as well as the design of virtual simulations and
instructional materials. It is imperative for them to pri-
oritize the needs and objectives of students, adopting a
student-centered approach.

On the other hand, social communication per-
taining to VSLSs needs to be strengthened, particularly
for female students. Firstly, teachers should offer great-
er supports for students utilizing VSLSs for learning. In
addition to direct encouragement, other measures may
include: increasing the weight of learning outcomes as-
sociated with VSLSs in the final assessments, engaging in
frequent discussions about the benefits of VSLSs, guiding
students to recognize these benefits through reflective
assessments, and encouraging the exchange of learning
experiences related to VSLSs. Schools and VSLSs suppli-
ers could also amplify positive media exposure to raise
awareness among students regarding the existence and
advantages of VSLSs. These societal approaches, within
the context of this study, have the potential to compen-
sate for any deficiencies in students’ perception of the
quality of VSLSs.

7 Limitation and Future Research

This study should address the following limitations in
order to provide more comprehensive analyses in the
future. Firstly, it would be better to increase the sample
size in order to verify whether the findings of this study
are applicable to higher education institutions in China.
Secondly, both perceived value and quality are intricate
concepts, and this study just briefly examine their com-
position to facilitate quantitative research. Therefore,
future research should delve deeper into these core con-
cepts, drawing from the actual construction and appli-
cation experience of VSLSs. Thirdly, it is crucial to test
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the variance of the proposed theoretical model’s predic-
tive performance in different cultural and educational
contexts. For instance, it is worth exploring whether
the model’s effectiveness varies among different student
types, countries, and geographic regions. These aspects
should be taken into consideration in future research
endeavors.
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