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Abstract—Virtual reality has revolutionised the concept on 

learning throughout the world, and the higher education sector 
is no exception. Despite the emergence of high-fidelity 
simulation technologies, display-based learning environments 
have still been involved in educational research. But even now, it 
is under question whether low-immersion virtual learning really 
enhances undergraduate students’ learning performance. As an 
attempt to produce pooled evidence on the topic, this review 
meta-analytically combined post-test effect sizes extracted from 
16 relevant empirical studies comprising 2,508 participants. 
Overall, the virtual conditions had a large positive effect 
(Hedge’s g = 0.98) on learning outcomes, but these findings are 
injured by substantial between-study variance. To understand 
differences in the effects, subgroup analyses were performed 
across research design (experimental versus quasi-experimental) 
and outcome type (practical skills measured or not). However, 
all subgroups were heterogeneous, so the total picture remains 
somewhat equivocal. Thus, the results imply screen-based 
virtual environments can boost post-secondary students’ 
educational gains, but the extent has yet to be discovered. The 
contribution of this paper to extant research is that it highlights 
how much has not been clarified yet about the advantageousness 
of applying virtual environments in education. Academia is 
therefore urged to continue experimenting with synthesised 
instructional scenarios. 
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I. INTRODUCTION  

Virtual Reality (VR) technology is slowly gaining a firm 
foothold in the field of education and training, allegedly 
because of its considerable influence on various learning 
effectiveness parameters, including skill transfer [1, 2]. VR 
simulations have been exploited for decades in sectors such as 
fire safety exercises, psychological therapy, aviation training, 
and foreign language teaching in order to abstractly represent 
certain aspects of real work situations in training scenarios 
and gradually adapt them to complex reality [3, 4]. 

From a pedagogical standpoint, the virtualization of 
practicum activities is supposed to amplify the 
comprehensiveness of the learning experience, ensure 
left-field teaching content, deepen students’ feelings, and 
upturn their learning engagement, thus leading to elevated 
academic achievement. Moreover, virtual worlds can help 
overcome the limitations of facilities and infrastructure [5]. 
An educational virtual environment can be understood as a 
scene that emulates real or imaginary situations and objects 
actively manipulated by learners to carry out relevant 

activities in an imitative manner, thus obtaining the required 
skills and knowledge [6]. In the case of screen-based learning 
simulations, this fictitious environment is generated through a 
display device so that the individual is not entirely doused in 
the replica and navigates exocentrically [7]. 

VR technology in its low-immersive form offers a middle 
ground between traditional non-VR learning methods and 
high-immersion VR, making it an attractive option for 
educators seeking to improve student outcomes while 
working within budget constraints [8]. This balance is crucial 
in higher education, where resource constraints often limit the 
adoption of more sophisticated, high-immersive VR systems. 
Low-immersive VR experiences, characterized by their use of 
readily available technology like computer screens and 
tablet/mobile phone displays, provide an accessible means for 
educational institutions to incorporate virtual environments 
into their teaching methodologies [9]. For example, a student 
in a nursing program could use a screen-based simulation to 
practice administering medication or responding to a patient’s 
needs in a virtual hospital setting. This approach offers a 
valuable alternative to expensive high-immersion setups 
while still providing an engaging and interactive learning 
experience. Such environments can simulate real-world 
settings and scenarios at a fraction of the cost and complexity 
associated with high-immersive VR, which often requires 
specialized equipment [10]. 

II. LITERATURE REVIEW 

In a recent scrupulous meta-analysis [11], the 
overwhelming majority of reviewed studies used 
high-immersive VR technology as an experimental condition, 
whereas low-immersive studies were mostly published in the 
2000s. It follows that the desktop-based virtualization of 
learning content has become obsolete, but the last few years 
have seen some new research dealing with display simulation 
modalities, which might be partly attributed to the fact that 
high-end VR devices such as headset helmets and glasses are 
still unaffordable for a large number of education facilities. 
Moreover, Mulders et al. [12] believe that applying highly 
immersive VR systems can be substantively flawed given 
possible distraction, working-memory capacity abatement, 
cognitive overload, health and safety risks, issues related to 
integration into designed scenarios, as well as possible 
student’s discomfort associated with wearing a head-mounted 
display. As explained by Eisenlauer [13], personal mobile 
devices could not be introduced as an alternative since they do 
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not imply any input options like a mouse, controller, or 
keyboard; therefore, interactions with the learning materials 
are largely limited to passive watching, and such simulation 
scenarios exert a little realistic effect on the user. Therefore, 
display-based VR learning tools could be considered an 
optimal way to mimic real-world settings and cases in an 
educational context given their familiarity to individuals and 
relative inexpensiveness. 

Looking back at related reviews published over the last 
several years, one can see the dearth of conclusive evidence 
from analysts who attempted to investigate low-immersive 
VR interventions implemented in post-secondary education. 
Despite the potential benefits and practicality of 
low-immersive VR, previous reviews have covered extensive 
topics about the effects of VR while often overlooking the 
principal outcome of VR use expected by educators, which is 
its impact on academic performance. Beck and Perkins [14] 
revised 127 empirical works dealing with desktop virtual 
world environments to categorise them by research 
methodologies utilised, type of data collected, academic field, 
data analysis method, and so on. However, that is a purely 
qualitative analysis aimed at exploring connections between 
the data and discovering gaps in types of research and 
methodologies. Generally, not so much can be deduced from 
the findings. Mulyadi et al. [15] undertook a systematic 
literature review that pooled learners’ post-test learning 
outcomes and affective variables measured within simulated 
technology–based learning experiments, and the investigation 
yielded promising results in terms of knowledge acquisition 
pointing to a significant advantage of virtual learning modes 
over normative methods of instruction. Unfortunately, the 
scope of the analysis covered only nursing students. 
Furthermore, beyond just computer-generated simulations, 
the review involved interventions that employed high-fidelity 
manikins, and the latter had a better effect on knowledge 
acquisition as proven by subgroup analysis. Finally, a third of 
the primary studies looked at affective domain outcomes 
solely. This all raises the problem of how to generalise the 
findings. Similarly, Shorey and Ng [16] completed a 
systematic review of how immersive and non-immersive 
simulations affected diverse learning outcomes in registered 
nurses and nursing students. However, the analysis embraces 
17 individual studies, 13 of which dealt with desktop-based 
VR interventions, and 4 out of 13 were published before 2015 
when VR technology was at a relatively early stage of 
development. A systematic review by Chan et al. [17] in turn 
focuses on virtual chemical laboratories, and again, only 
one-fifth of included studies reported cognitive domain 
outcomes obtained by students subjected to a 
three-dimensional desktop VR condition. A recent review by 
Flavin and Bhandari [18] inspects research pertaining to 
virtual learning environments in tertiary education that were 
published between 2014 and 2018, but the work is descriptive 
in nature rather than analytical and lacks explicit takeaways. 

Thus, it appears that academia still faces the challenge of 
figuring out whether a low-immersive VR experience can 
advance learning performance in post-secondary students. 
Trying to fill this gap, the current review seeks to find the 
overall effectiveness of applying screen-based virtual 
learning environments in higher education on the academic 

achievement of students as reported over the past five years. 
An additional objective is to examine if pre-determined 
moderator variables influence the effects of the interventions 
on learning performance. Therefore, the following questions 
guided this research: 
1) What is the effectiveness of fostering learning success 

through display-based VR technology in higher education 
as pooled from relevant empirical studies? 

2) What kinds of moderator variables affect screen-based 
VR learning outcomes? 

III. METHODS 

To arrive at the research objective, it was agreed to utilise a 
meta-analysis, which refers to a statistical procedure that 
enables amalgamating findings from a number of empirical 
studies on a specific problem in the form of integrated 
quantitative evidence as an attempt to yield conclusive results 
when individual studies are ambiguous or conflicting [19]. 

A. Search Strategy and Quality Criteria 

Using EBSCOhost, Science Direct, and Google Scholar 
electronic databases, a comprehensive search of journal 
publications was performed through the following search 
terms: {‘virtual’ OR ‘VR’} AND {‘learning’ OR ‘reality’ OR 
‘simulation’} AND {‘student’ OR ‘undergraduate’}, AND 
{‘learning performance’ OR ‘outcome’ OR ‘knowledge’ OR 
‘competence’ OR ‘skill’ OR ‘achievement’}. 

The databases were selected for their comprehensive 
coverage of relevant research in education and technology. 
EBSCOhost provides access to a wide range of peer-reviewed 
journals in education and related fields. Science Direct offers 
a strong focus on scientific and technical literature, including 
computer science and engineering, which are pertinent to 
virtual reality research. Google Scholar, while broader in 
scope, serves as a valuable tool for identifying potentially 
relevant studies across various disciplines and for uncovering 
grey literature. This combination of databases ensured a 
robust and balanced search strategy, capturing both 
specialized and interdisciplinary research on virtual reality 
applications in education. 

Only papers published from 2017 onwards were included 
in the meta-dataset. Focusing on more recent publications 
allowed us to capture the latest research incorporating newer 
VR technologies and pedagogical approaches. While earlier 
studies are valuable for understanding the historical 
development of virtual reality in education, our primary focus 
was on evaluating the effectiveness of more recent VR 
applications in enhancing undergraduate learning outcomes. 
To screen all downloaded articles, the following selection 
criteria were applied: 
1) Studies must have evaluated the impact of screen-based 

VR learning (meaning that the virtual environment and 
objects represented three-dimensional graphics running 
on electronic device displays) on higher education 
students, with simulation-assisted learning being the 
primary intervention. 

2) Studies must have adopted either a randomised or 
quasi-experimental research design involving at least one 
no-treatment control group. 
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3) Studies must have drawn upon objective tools measuring 
cognitive learning outcomes, i.e., skills and knowledge 
rather than self-evaluation reports. 

4) Studies must have reported outcomes sufficient to 
compute an effect size. 

5) Studies must have been published in English and 
peer-reviewed. 

Studies meeting the following criteria were discarded: a) 
papers irrelevant to the current study objective; b) 
dissertations, conceptual papers, and conference materials; c) 
papers unavailable as full-text documents; d) given that a 
critical point in virtual learning is the opportunity for 
participants to interact with the simulated environment, 
studies in which non-manipulable digital content was offered 
to students such as lectures delivered through Zoom [20] or 
just video clips [17] were not included in this review,  
although the authors called the interventions virtual ones. 

B. Literature Screening 

The literature search results were screened against the 
quality criteria between January and April 2023. Upon the 
initial search, a total of 411 potentially relevant records were 
returned, which dropped to 356 after removing duplicates. 
Upon removing inapposite articles based on title and abstract 
primary screening, 62 full-text documents were downloaded 
and thoroughly examined for eligibility. In addition, 75 
sources derived from earlier reviews were scrutinised. 
Eventually, a total of 16 studies comprising 2,508 students 
were considered for the final quantitative synthesis. 

C. Data Synthesis 

Hedge’s g with a 95% confidence interval was used to 
estimate the mean weighted effect size to compare the 
effectiveness between virtual learning and non-virtual 
learning using the R programming language. To account for a 
possible high variance in effect sizes across the primary 
studies, the post-test effect sizes of the interventions were 
integrated using a random-effects model. Data were averaged 
in the event of two and more learning outcomes pertaining to 
the cognitive domain being presented within one investigation. 
The effect size was regarded as small (0.2), medium (0.5), and 
large (0.8) [21]. Z-statistics at the p <0.05 level were 
considered significant. Heterogeneity was appraised by virtue 
of the I2 parameter, with more than 75% indicating 
considerable heterogeneity between the studies [22]. Besides, 
the Q statistic was employed. A Baujat plot [23] was drawn to 
inquire into the contribution of each study to the overall 
heterogeneity. Using Meta-Essentials [24], studies were 
coded dichotomously within subgroup analyses for the 
potential moderating effect of study design, i.e., whether 
participants were assigned into groups randomly or 
conventionally, as well as outcome type measured, i.e., skills 
or knowledge.  Publication bias was assessed using the Begg 
and Mazumdar rank test, along with Egger’s regression, to 
determine whether works in the field were published 
selectively, favoring positive evidence. Additionally, a 
normal quantile plot showing the distribution of the data 
against the expected normal distribution was generated to 
visually elucidate its asymmetry, which would point to the 
publication bias of the sample data. 

IV. RESULTS 

The current integrative review was conducted on seven 
experimental studies (43.75%) and nine quasi-experimental 
studies (56.25%). Of them, two studies were carried out in 
European countries, including France and Finland (12.5%); 
seven in Asia, namely Taiwan, China, Singapore, Israel, and 
Turkey (43.75%); and seven in the Americas, namely Canada, 
the United States of America, and Brazil (43.75%). The most 
frequent learning domain was nursing education [25–34], 
followed by chemistry education [35–37], while one study 
each focused on medical education [38] and dental education 
[39], and another one involved undergraduate students from 
various subject fields [40]. As for learning application type, 
the largest proportion of the studies used a simulation as the 
treatment (68.75%) and the remainder utilised serious games 
(31.25%). Regarding implementation modality, only 
investigations by Lebdai et al. [38] and Chang et al. [39] 
applied the experimental tools in a ubiquitous manner, while 
in the remaining studies participants were required to use the 
synthetic environment in a formal research setting. The 
weighted mean effect of the screen-based VR interventions on 
the students’ learning performance is shown in Fig. 1. 

 

 
Fig. 1. Pooled estimate of the reviewed studies. (SD: Standard Deviation; 

SMD: Standardised Mean Difference; CI: Confidence Interval). 

 
The overall effect size using the random-effects model is 

0.975 which is commonly regarded as a large promotion 
effect. It was statistically significant at Z-value = 3.918,  
p < 0.01. It is therefore likely that the screen-based VR groups 
generally fared better than the comparison groups. As regards 
publication bias, the normal quantile plot for the selected 
studies is presented in Fig. 2. 

  

 
Fig. 2. Normal quantile plot for the reviewed studies. 
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In the diagnostic plot, all the dots representing effect, sizes 
calculated for the studies fall basically near the central line 
and form a mild curvature, which informs us that the 
investigations in the evaluated area were hardly published 
selectively. Furthermore, both the Begg and Mazumdar test 
(Kendall’s tau = 0.12; p = 0.528) and the Egger regression test 
(p = 0.859) indicated no evidence of the data asymmetry. 
However, a statistically significant Q value (Q(df = 15) = 
413.5111, p <0.001) along with the I2 criterion (96%) 
indicated the presence of heterogeneity across the studies, so 
the between-study variance is highly likely to be attributable 
to the discordance in the effect sizes, not to sampling error.  

In spite of considerable between-study heterogeneity, there 
were no effect sizes three standard deviations above or below 
the combined estimate, so the three-sigma rule of thumb [41] 
was not violated and effect-size-based outliers were not 
detected. To assess sources of heterogeneity in the 
meta-analytic data visually, a Baujat plot was generated 
(Fig. 3). 

 

 
Fig. 3. Baujat plot for the reviewed studies. 

 

As depicted in Fig. 3, half of the primary studies have a 
high overall heterogeneity contribution, and removing them 
from further analysis would be destructive to the 
meta-analysis quality. It was therefore decided to perform a 
subgroup analysis in an attempt to explain the conflicting 
effects by different experimental designs of the included 
studies (Fig. 4). 

 

 
Fig. 4. Subgroup analysis based on research design. (CI: Confidence 

Interval; PI: Prediction Interval). 
 

As seen in Fig. 4, neither the subgroup of randomised 
research nor the one representing quasi-experimental studies 

can be treated as a homogeneous population. Additionally, a 
subgroup analysis was undertaken to determine if the effect 
sizes differ depending on whether or not the measured 
outcomes included practical skills (Fig. 5). Unfortunately, 
both of the coded subgroups were markedly heterogeneous 
again and further examination of this moderator must be ruled 
out. 

 

 
Fig. 5. Subgroup analysis based on intervention outcome. (CI: 

Confidence Interval; PI: Prediction Interval). 

 
It is evident from the descriptive results outlined earlier that 

the reviewed works mostly share common application-related 
and contextual characteristics, which undermines the use of 
other moderators except for research design and assessed 
outcome type. Concerning the duration of the interventions, it 
is unspecified in nine of the 16 studies, so this analysis is not 
possible. The learner’s gender does not seem to be a 
promising adjustment variable to the authors of this review. 

V. DISCUSSION 

 The primary aim of this study was to determine the 
effectiveness of screen-based VR simulations in improving 
the learning performance of higher education students. After 
calculating the weighted mean effect of relevant interventions 
on learners’ knowledge and skills, we cannot definitively state 
whether a low-immersion virtual learning environment is 
beneficial for higher education students. 

Radianti et al. [42] promote the idea that VR interventions 
with educational purposes should rest on learning theories, 
such as behaviourism, cognitivism, constructivism, and 
connectivism, since it is presumed that VR learning activities 
grounded in a solid theoretical framework are more likely to 
bring about corresponding learning achievement. Having 
critically reviewed 56 empirical works dedicated to desktop 
virtual worlds for education, Loke [43] inferred that the 
studies were supported by several theories that explain to 
some extent how mental operations, reflection, verbal 
interactions, and vicarious experiences that individuals 
undergo in a computer-generated learning environment are 
somewhat analogous to those occurring in a non-simulated 
mode of learning while affording participants the opportunity 
to break down psychological and physical barriers, as well as 
broaden their scope of action, thus instigating learning gains. 

As for the 16 primary studies overviewed herein, 12 are 
reportedly not underpinned by solid learning theories. 
Particularly, Banjo-Ogunnowo and Chisholm [25] indicated 
that they employed the model “Thinking like a nurse” [44] as 
the theoretical framework for their study. Nevertheless, the 
intervention is described in general terms only, so it is 
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uncertain how exactly the virtual learning modality was 
driven by the model. In the empirical work by Haerling [29], it 
is reported that the “study uses the National League for 
Nursing/Jeffries Simulation Theory as a guiding 
framework” [45]. In fact, the author just referred to the theory 
in order to demonstrate several variables on which control and 
treatment groups differed. Tarng et al. [36] claim that their 
virtual laboratory was developed based on the situated 
learning theory elaborated by Brown et al. [46], which insists 
that learning is incorporated in a certain socio-physical 
context. The theory was applied to the intervention in the way 
that the virtual laboratory designed by the authors implied 
learning under realistic situations by replicating hands-on 
operations. Saastamoinen et al. [32] mention experiential 
learning theory [47] as the theoretical framework for their 
serious-game-based study since they believe that simulation 
games enable experiential learning. Fromm and 
co-authors [48] clarify that the virtual environment imparts a 
copious and captivating education context in which 
individuals can learn by doing and reflect on the experiences 
to obtain new skills or ways of thinking. In a similar vein, 
constructivist learning theory [49] revolves around the notion 
that learning is effective as long as students construct 
knowledge through learning-by-doing [50]. In this respect, 
synthetic reality provides a controlled, exploratory 
environment for learning through experimentation. 
Meanwhile, social constructivist learning theory [51] 
approaches learning as collaborative in nature. Within this 
context, Loke [43] proposes narrowing the social interactions 
to verbal interaction since not all virtual actions are fully 
equal to those in non-emulated reality. In 14 of the 16 studies 
included in the current review, it is not clear from the article 
text whether the VR environment implied verbal interaction 
with virtual agents or real-world actors. It is pointed out in the 
paper by Enneking et al. [35] that “students typically worked 
in pairs,” but this cooperation cannot actually be considered a 
VR-mediated verbal interaction. Regarding Tarng et al. [36], 
it is written in the article that learners could “follow the verbal 
instructions to select the virtual instruments for conducting 
the experiment,” but this does not imply any verbal response 
from the participants, so it is a one-way process rather than an 
interaction. It therefore does not appear feasible to assess 
whether the embodiment principle was employed in the 
selected investigations. The principle stems from social 
agency theory [52] and holds that learners are more assiduous 
when virtual agents exhibit human-like facial expressions, 
gestures, and so forth, which increases students’ social 
presence [53]. However, none of the observed theories 
provide an understanding of how the virtual world experience 
promotes the enhancement of real-world knowledge and skills 
given the lack of a firm connection between the direct 
experience and the virtual one. 

When the primary studies were looked at in terms of 
whether a given study was value-added research or just 
adopted media comparison, that is whether it included a 
juxtaposition of different design components of the same 
simulation (for example, a virtual scenario either 
accompanied by narration or not) apart from a negative 
control group [52], only two of the reviewed studies provide a 
value-added comparison: in the research conducted by  

Du et al. [40] either a single-player or a multiple-player 
version of a virtual gaming system was proposed for 
participants, whereas Craig et al. [25] evaluated low-fidelity 
and high-fidelity simulations beyond the treatment-control 
pair. This picture is in line with the findings of the scoping 
review by Chan et al. [54]. At the same time, in contrast to 
findings in the latter research, the current meta-analytical 
work shows that most of the selected studies look into 
participants’ practice-anchored skills, probably because the 
mentioned review encompassed exclusively virtual chemical 
laboratories. On the other hand, it scoped school-aged 
students and all types of educational virtualisation rather than 
those restricted to the desktop category. Paradoxically, this 
indicates that display-based learning simulations have been 
utilised for the purpose of honing the professional skills of 
tertiary education students more extensively compared to 
natural user interfaces equipped with advanced tracking 
sensors. 

In terms of learning effectiveness, our findings align with 
similar studies that suggest low-immersion VR can bolster 
learning outcomes [55, 56]. The overall positive effect 
indicates that virtual conditions indeed boost post-secondary 
students’ educational gains. However, the substantial 
between-study variance implies that the effectiveness is not 
uniform and may depend on various factors, which brings us 
to the consideration of moderator variables. The moderator 
analyses performed here across research design (experimental 
versus quasi-experimental) and outcome type (practical skills 
measured or not) revealed that these variables did not account 
for the heterogeneity in the results. This suggests that other 
factors, such as the subject matter taught, might play a more 
significant role in determining the learning outcomes. 
Unfortunately, the number of relevant quantitative studies 
must be several times higher than it currently is to provide 
subgroups large enough for adequate comparison. 

VI. CONCLUSION 

As for limitations of this review, its most vulnerable point 
is the between-study variance, which reduces the statistical 
power of the work. The effect sizes were found to be too 
heterogeneous to allow for the estimation of a combined 
outcome, so the first research question remains unanswered. 
We attempted to address the issue by exploring potential 
moderators in the form of different research designs and 
intervention outcomes, but to no avail. Thus, the results imply 
that screen-based virtual environments can boost 
post-secondary students’ educational gains, but the extent has 
yet to be discovered. Further experimental implementation of 
VR technology and teaching scenarios is encouraged for 
higher education. Despite not having yielded any concrete 
conclusions regarding the effectiveness of screen-based 
educational VR environments in post-secondary education as 
compared with conventional learning, this paper sheds light 
on how ambivalent the subject is: seemingly evaluated 
throughout, it still has blind spots to overcome. Moreover, 
this investigation extends and complements extant research 
on the overall impact of virtual learning on students’ cognitive 
learning outcomes. In line with the call for a balanced 
integration of physical and virtual interaction, we recommend 
future research to explore the practical harmonization of 
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virtual learning environments with contemporary educational 
paradigms, such as flipped or fuzzy-based learning 
approaches. 
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