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PAPER

Immersive and Interactive Learning: A Systematic 
Review of Virtual Reality in Primary Education

ABSTRACT
Virtual reality (VR) stands for the creation of a simulated environment. Over the last five years, 
VR, particularly mobile VR technology, has been applied in various educational settings. 
However, most research has focused on secondary and higher education, while few system-
atic analyses have focused on the use of VR in primary education. This study systematically 
reviews VR applications in primary education to address existing research gaps. Using a sys-
tematic review approach, we identified and screened studies, assessed their eligibility and 
inclusion, and used two key academic resources to analyze the data: Web of Science and 
Scopus. The final number of articles has reached thirty-nine. The results of these databases 
indicate that VR, particularly mobile VR technology, has a positive impact on learning engage-
ment and teaching effectiveness in primary schools. Nevertheless, further research is needed 
to explore optimal strategies for integrating VR as an interactive tool in a wider range of 
educational environments in primary schools and to provide primary school teachers with 
effective strategies and suggestions for addressing current challenges.

KEYWORDS
immersive learning, interactive learning, primary education, systematic review, virtual 
reality (VR)

1	 INTRODUCTION

Virtual reality (VR) is a form of computer technology that deals with the sim-
ulated environment of a virtual world [1]. The development of digital technology, 
including VR, has transformed teaching methods, providing students with immer-
sive experiences that enable them to travel through past environments and gain 
a deeper understanding of complex concepts [2]. Many studies have begun to uti-
lize mobile devices, including wireless sensors, tablets, head-mounted displays, 
and motion sensors, to access VR tools, confirming the feasibility and effective-
ness of integrating mobile devices with VR [3], [8]. VR, as a new technology, can 
also truly restore the real world and attract students to experience it firsthand [9]. 
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It is precisely because of the high reduction and powerful interactive function of 
VR that traditional learning methods are unmatched; therefore, VR brings more 
attraction, and students’ participation improves [9]. Currently, new teaching strat-
egies, teaching methods, and learning styles have emerged that lead students to an 
immersive experience of 3D and other virtual environments [10]. At the same time, 
VR is considered a powerful tool for learning due to its development. Thus, it can 
be used in elementary schools to promote students’ enthusiasm for participation 
and increase their engagement and interest in learning through the unique visual 
impressions [11]. Visual appeal is very important for elementary school students. 
Therefore, the use of multisensory stimulation can enhance students’ memory and 
understanding while also stimulating their thinking. The emergence of VR has 
become a valuable and novel learning tool for primary school students [12], [13]. 
To summarize, the increasing practice has also demonstrated that VR offers inter-
esting and attractive thematic content, serves as a complex simplification, and can 
be better integrated into the real world [14]. In primary education, VR has changed 
students’ enthusiasm for learning and learning methods, making it a new topic that 
warrants in-depth discussion [15].

Unfortunately, the promotion of VR is delayed in some countries or regions due to 
the lack of essential facilities and equipment, as well as the difficulty of introducing 
it in schools [11]. Moreover, in primary school practice, concerns often arise about 
whether the virtual environment created by the program in VR devices distracts stu-
dents’ attention and is not conducive to learning [16], [17]. Despite the obstacles and 
concerns, people have recognized the enormous educational potential that VR brings. 
VR enables future educators to immerse themselves in immersive learning experi-
ences, make informed decisions, and explore virtual learning environments [18]. 
There is no doubt that VR technology plays a constructive role in increasing student 
enthusiasm and engagement in learning, enhancing student skills, and encouraging 
innovation and critical thinking [1]. Starting with the visualization of virtual tech-
nologies and how to increase student engagement, researchers can focus on how 
VR technology can be integrated into the primary classroom [19]. Current research 
is not yet prolific in terms of the effectiveness and depth of VR’s impact on student 
engagement [20]. Furthermore, these potentially useful VRs are not yet widely uti-
lized in various settings [21]. With its two major advantages of interactivity and 
immersion, VR will continue to prove its benefits in enhancing student enthusiasm, 
engagement, and achievement through thorough research. Therefore, VR should be 
widely used in further studies [22], [24].

In some developed countries, VR is widely used in secondary and tertiary 
education, drawing considerable attention. However, in developing countries 
and regions, the development is slow for various reasons. In primary education, 
several studies have utilized head-mounted VR technology [25], [26], which can 
enhance student engagement. In addition, many countries, including the United 
States, Singapore, and Thailand, have begun to explore the use of VR technology 
to train students’ creativity and critical thinking, as well as to comprehensively 
develop their ability to collaborate and communicate, learn how to solve problems, 
and more [27].

In primary school, it is important to maintain students’ attention, motivation to 
learn, and commitment. As the learning process changes, incorporating technology 
into the learning process is a possibility that needs to be explored [24]. Existing stud-
ies have focused on secondary and tertiary education students, leaving a signifi-
cant gap regarding the application of VR for primary school students. To address 
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this gap, this systematic review focuses specifically on VR applications in primary 
school settings. This review aims to analyze the current research on the use of VR in 
primary schools. This study addresses two key questions:

1.	 What types of VR are currently utilized in primary education?
2.	 How does VR impact the learning outcomes of primary school pupils?

2	 THEORETICAL FRAMEWORK

Our systematic literature review (SLR) reveals that constructivism and cognitive 
load theory are among the most suitable theoretical frameworks for utilizing mobile 
VR in primary education. Constructivism is a theory that focuses on experiential, 
hands-on learning, in which students actively engage with the world around them 
to construct knowledge rather than passively receiving information [28]. Mobile VR 
is very much in this tradition. It provides immersive, interactive experiences that 
allow young learners to explore difficult or abstract ideas through rich, contextu-
alized simulations. Movements such as manipulating objects in a virtual environ-
ment or navigating through a simulated 3D space encourage students to play, make 
decisions, and think—processes related to broader understanding and learning in a 
wider context. Just as cognitive load theory focuses on working memory by reducing 
extraneous cognitive load and supporting actual processing, mobile VR achieves this 
by providing information in spatial and dynamic formats and combining visual, 
auditory, and kinesthetic modalities to enhance access to abstract material [29]. For 
example, when students interact with virtual geometric figures or observe animated 
mathematical procedures in real time, they are relieved of the task of converting 
symbolic representations into mental images, thereby promoting schema construc-
tion and improving comprehension. In mobile VR geometry learning, students 
can visually view geometric objects within a simulated environment that incorpo-
rates visual, auditory, and tactile elements, thereby reducing their cognitive load 
for abstract thinking. This experiential learning approach reduces brain overload 
caused by excessive abstract thinking in traditional learning strategies, allowing stu-
dents to focus more on a deeper understanding and application. It does not require 
students to imagine the change in their minds, so it is consistent with cognitive load 
theory [29], [38]. Similarly, in English VR simulations, students rehearse authentic 
dialogues within a virtual marketplace context. This process of experiential learn-
ing is typical of constructivist theory, as students actively construct knowledge by 
exploring rich, meaningful contexts [6], [8], [39].

3	 LITERATURE REVIEW

3.1	 Virtual reality

Virtual reality is a form of computer technology that deals with the environ-
ment in a simulated, virtual world [1]. VR mirrors the real situation or object and 
retains its physical characteristics [30]. In current research on VR technology in 
primary schools, VR is primarily categorized into three types: non-immersive VR, 
semi-immersive VR, and fully immersive VR, which can be used as an intervention 
for teaching and presented through various tools, including computer screens or 
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mobile devices. VR rooms equipped with head-mounted displays are a key compo-
nent of semi-immersive VR technology [31]. The possible use of semi-immersive VR 
in education is currently being researched [32], [33]. Semi-immersive VR and fully 
immersive VR often require more expensive external equipment [34]. To provide 
students with a more realistic experience, developers are working diligently to cre-
ate fully immersive VR experiences [35]. The current fully immersive VR technology 
you can see is 360-degree video, also known as spherical video, which utilizes multi-
sided lenses to capture the environment’s characteristics and provide a unique video 
experience [21].

3.2	 The potential of VR in primary education

To drive the realization of educational outcomes, VR, with its limitations, is 
sought and therefore rapidly developed and widely used [1]. In primary school, the 
application of VR primarily aims to enhance educational experience, with teachers 
seeking to help students better understand educational concepts through VR. Some 
studies also show that VR effectively increases students’ and teachers’ enthusiasm, 
improves students’ understanding and increases efficiency in completing educa-
tional tasks [1]. From the perspective of influencing learning motivation, the emer-
gence of VR enhances students’ creativity, encourages active participation, improves 
learning engagement, and has a positive impact on education [1]. Existing data show 
that students who use traditional educational methods obviously lag behind those 
who try VR courses. The superiority of VR in primary education is obvious [13]. In 
primary education, VR has been shown to improve students’ academic performance 
and engagement, and teachers also feel the tremendous benefits [1]. Although there 
are still some limitations that affect the development of VR, the above studies show 
that the implementation of VR in primary education has unlimited potential [1]. 
In China, for example, VR technology is developing rapidly [36]. In primary school 
classrooms, students often struggle to sustain attention, so VR interventions can 
help improve students’ concentration and encourage their participation [37]. From 
a disciplinary perspective, VR in primary school physical education research has 
not only significantly improved the physical performance of primary school stu-
dents through its innovation, but has also optimized physical education lessons for 
PE teachers, underscoring the application value of VR [1]. This is also confirmed in 
the field of math. VR clearly plays a crucial role in enhancing primary school stu-
dents’ understanding of mathematical modelling and other skills, demonstrating its 
significant benefits [7], [38]. In addition to physical education and math, English is 
not easy to understand, and VR also improves memory and understanding of gram-
mar and vocabulary in spoken English [39]. Therefore, compared with traditional 
education and teaching methods, VR is indeed a new way to improve students’ 
learning efficiency [40]. The potential of VR is now being recognized. Considering 
its great application potential, if VR can be effectively integrated into higher edu-
cation levels at universities, it can also be utilized in primary education [19]. To 
summarize, the existing literature has confirmed the potential for VR development 
in primary education; however, a significant gap remains in the specific application 
of VR in primary schools and the improvement of learning outcomes in primary 
education.
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3.3	 Application of mobile VR technology in primary education

Take mobile VR technology as an example: mobile VR technology, including 
Google Cardboard and Class VR, used in conjunction with smartphones, provides 
students with an immersive experience. Primary school students favor this mobile 
VR technology due to its advantages, such as portability and low cost. It can fulfill 
the desire for interdisciplinary learning experiences and personalized learning of 
primary school students and also stimulate their creative thinking [41]. In addition, 
a study on the application of mobile VR technology in primary school art classes 
found that students using integrated Pico G2 4K VR headsets and HTC VIVE series 
devices for learning clearly experienced the convenience of operation. The immer-
sive experience encourages student engagement and interactivity. It is, therefore, 
also suitable for elementary school. As the level of technical difficulty decreases, 
the costs also decrease, further emphasizing the significant advantages over other 
types of VR technologies [10]. In contrast, the use of desktop VR technology reveals 
its dependence on computers and the internet, which introduces technical barriers, 
connection limitations, platform access restrictions, and the disadvantage that stu-
dents’ needs for personalized interaction cannot be met [23]. In mobile VR technol-
ogy, rural children can learn social etiquette and norms related to social learning 
skills by participating in VR navigation and virtual public activities via Cardboard 
VR, Meta Quest 2, and Tablet VR. The study found that the social skills of primary 
school students were significantly improved [6]. Currently, some studies suggest that 
mobile VR has a limited ability to provide feedback content. Current research often 
has a too small sample size, teachers’ ability to design and use mobile VR is insuffi-
cient, students’ attention is diverted, equipment and technology for mobile virtual 
displays are inadequate, and other challenges exist [24].

4	 MATERIALS AND METHODS

In this review, the research questions were addressed through an SLR. The 
SLR enabled us to analyze the existing literature in a more structured way. The 
SLR helps to review and confirm previous research findings, identify gaps to 
be addressed in this study, and provide insights into future research directions that 
may inspire new ideas. This process supports decision-making [40]. The systematic 
approach and scientific methods help clarify and disseminate research findings 
effectively [42].

4.1	 Systematic review

As the research topic involves examining the learning outcomes of VR in pri-
mary schools, this study chooses to systematically review the types of decisions that 
can be achieved with VR in the current context. We have elaborated on the types of 
VR used today, the design and application approaches of VR, and the research find-
ings of VR, aiming to complement the possible shortcomings in previous studies. In 
these articles, we provided an overview of the use of VR on mobile devices, includ-
ing tablets and smartphones [3], [7], [8], [20], [21], [27], [36]. The main databases 
used were Scopus and Web of Science. We used these two databases to collect and 
collate the baseline data. Scopus provides robust tools for searching, organizing 
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and storing literature. Compared to Web of Science, Scopus offers a broader scope. 
Scopus is a scientific indexing database that provides access to a rich collection of 
publications, convenient search queries, comprehensive citations, and traceability 
dating back to the 1960s [43]. After defining the central research question, key-
words were defined to find relevant journal articles using the two search engines. 
To ensure that all relevant articles were included, we conducted a comprehensive 
search of the database. Suitable search terms from the title are “VR,” “primary 
school,” or “elementary school.” These search terms were then combined into 
a search string using the Boolean operators “OR” and “AND” for identification (refer 
to Table 1). The literature search strategies are summarized in Table 1 as part of the 
literature search plan.

Table 1. Keyword search strategy

Keyword The Strings and Combinations of Keywords

Virtual reality
Elementary education

“Virtual Reality” AND
(“Elementary school” OR “Primary school”)

We applied the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) method to extract relevant journal articles based on the flow-
chart [44]. PRISMA helps reduce errors in screening and analyzing the literature, 
improving the clarity and accuracy of the system’s results [45]. This study strictly 
adhered to the PRISMA systematic review, ensuring transparency and standard-
ization in the process of literature selection and analysis. The entire process com-
prises four steps: identification, screening, eligibility verification, and formal 
inclusion.

1.	 Identification: The Web of Science and Scopus, two major search engines, were 
used to identify relevant articles. These databases offer several options for cus-
tomized search results. The keywords listed in Table 1 were used to find arti-
cles related to “virtual reality” and “elementary school” or “primary school.” 
Scopus returned 484 results, and Web of Science 125; a total of 609 articles were 
reviewed. At this stage, only the specified keywords were considered when gen-
erating search engine results. The abstracts were the primary criterion for select-
ing relevant articles.

2.	 Screening: In this phase, the repetitions were removed from the results of the 
identification phase. 18 duplicates were identified from the 609 results and 
removed using the PRISMA protocol technique (see Figure 1). Subsequently, 
the remaining results were excluded if the title of the article was not qual-
ified, it had been reviewed and excluded, the publication year was not in 
2020–2024, the form of the article was not a journal, the language of the 
article was not English, or the open authority was not open. In this way, a 
total of 503 results were removed in this phase; the number of remaining 
articles is 88.

3.	 Eligibility: Then, in the remaining 88 articles, to determine the articles for the sys-
tem, read each separate review at this stage to assess the eligibility and the appli-
cation of manual inspection to ensure that the article in the PRISMA flowchart is 
in the exclusion criteria and finally guarantee that the article is closely related to 
the subject. The last two databases result in 41 articles. After eliminating articles 
that were not suitable for the current SLR reference, the authors examined 41 
full-text articles.
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Fig. 1. PRISMA 2020 flow diagram showing the study selection process

4.	 Criteria for inclusion and exclusion: A comprehensive review of the full texts of 
the research papers revealed that one paper had been withdrawn, two papers 
were not eligible for systematic review, four papers focused on augmented real-
ity, and five papers discussed multiple reality techniques without sufficiently 
addressing the learning outcomes that can be achieved through VR. Therefore, 
they were excluded from the review. In addition, 10 further related studies were 
identified through full-text screening using retrospective and extended tracking 
techniques. These 10 studies were considered relevant and included in the exist-
ing 29 studies, resulting in a total of 39 papers. Ultimately, 39 research articles 
that met the established criteria were included in this study. The principle of 
theoretical saturation was applied to the review, and the search was terminated if 
no new study characteristics were found after 10 consecutive searches. The data 
sources were compiled from secondary sources, including journals, books, and 
documents. In this systematic literature review, journal articles were selected as 
data sources because they offer a more innovative perspective than other sources 
and thus provide a reliable source of information. Table 2 contains guidelines for 
inclusion and exclusion.
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Table 2. Inclusion and exclusion criteria

Criteria Inclusion Exclusion

Headline of the article 
and content

Title and meet study requirements The topics were irrelevant and 
did not meet the study criteria

The year the book was issued Works published between 
2020 and 2024

Publications outside the 
specified range

Publication type Only original studies and 
journal articles

Comments, editorials, and non-
empirical studies

Spoken language English-speaking Others

Research area of the article Primary school and student Other than primary school 
and teachers

Accessibility Complete-text documents Pay or subscribe after browsing 
the article

	  Finally, the 39 articles selected for this study focused entirely on the applica-
bility of the selected articles and the topic, based on the selection process, and 
closely adhered to the inclusion and exclusion criteria related to the results of 
applying VR in primary schools. This study provided useful information and 
conclusions. The study also duly discussed the research design, sample size, and 
number of participants, with a high degree of consistency in both content themes 
and quality. Furthermore, after including 39 articles in this study, the risk of bias 
was identified. Therefore, each article was reviewed and assessed separately by 
two reviewers, and the conflicting findings were analyzed and resolved by a 
third reviewer.

5.	 Data analysis: To create the system overview, we collected relevant data and 
findings from previous research and used them to answer the study’s questions. 
This paper highlights the perspectives that integrate and connect many works, 
seeking ways to advance previous research. To further substantiate the validity 
of the systematic literature review, excellent coding consistency was achieved 
during the review of the papers. Prior to inclusion, the included studies were 
ranked, resulting in an overall selection of data from 39 publications. To obtain 
a broad perspective, we have collected published research articles. To ensure 
the validity of the existing work, themes were developed and categorized 
according to the generality and relevance of the data. After reading all of the 
remaining 39 articles, two main coding guidelines were used: the types of VR 
in primary schools, the creation and implementation of VR, and the impact of 
VR on learning effectiveness. Table 3 lists these two main categories. In some of 
the reviewed documents, ethical approval was not explicitly mentioned; there-
fore, they were excluded from the analysis and conclusions regarding ethics in 
this study.

6.	 Quality appraisal: To enhance the methodological value of this review, a quality 
appraisal was conducted for all studies included. The type of study, sample size, 
presence of a control group, and indication of ethical approval were examined. 
Table 3 summarizes the key features of the study design of the included stud-
ies, allowing the reader to critically appraise the strength and limitations of the 
available evidence.
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Table 3. Evaluation of methodological quality

Study and Year
Scale Items

Total (Out of 4)
1 2 3 4

Xue and Wang. (2021)     3

Xie et al. (2022)     3

Wang et al. (2023)     4

Tarng et al. (2022)     4

Sulisworo et al. (2022)     3

Sulisworo et al. (2024)     3

Shim (2023)     4

Sandseter et al. (2023)     3

Puig et al (2021)     4

Mills et al. (2022)     3

Lee and Lee (2021)     4

Jalaluddin et al. (2024)     4

Iasha et al. (2023)     3

Huang et al. (2021)     3

Herwin et al. (2022)     3

Garcia et al. (2023)     4

Chen et al. (2024)     4

Cardona et al. (2021)     4

Braren and Fels (2022)     3

Bae (2023)     4

Asril and Arifin (2023)     3

Asriadi et al. (2023)     3

Amprasi et al. (2022)     4

Laine et al. (2023)     3

Li et al. (2023)     4

Hui et al. (2022)     4

Dai et al. (2024)     4

Córcoles et al. (2023)     4

Van et al. (2024)     3

Guan et al. (2024)     4

Xie & Zhang (2024)     3

Digennaro et al. (2024)     3

Chang et al. (2020)     4

Akman and Çakır, (2020)     4

Çakıroğlu et al. (2021)     3

(Continued)
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Study and Year
Scale Items

Total (Out of 4)
1 2 3 4

Molloy and Farrell (2024)     3

Han (2020)     4

Lai (2024)     4

Xie et al. (2019)     3

Note: Item 1: study type; Item 2: sample size; Item 3: control group presence; Item 4: ethical clearance.

4.2	 Findings of SLR

This section contains information on data synthesis and analysis. A total of thirty- 
nine articles were carefully selected for inclusion in the systematic review following a 
thorough screening process in which specific eligibility criteria were applied to ensure 
relevance and quality. In this study, a thematic analysis was conducted in which all 
selected articles were analyzed based on two research questions. Table 4 contains a 
selection of articles that have been retained. Table 4 illustrates the countries to which 
the selected primary school research articles belong, provides basic information about 
the articles that used VR in this study, categorizes the VR category of the selected 
research articles, describes the specific design options, and outlines the topic areas 
and research findings of the selected research articles. Figure 2 shows that immersive 
VR tops the list with thirteen articles, followed by other hybrid VR technologies (12) 
and 360-degree video technology (3). Meanwhile, Cardboard VR, Tablet VR, and SVVR 
technologies each account for two articles. Other technologies, such as Zuo o-VR, HTC 
Vive Pro Eye, and VR agents, appeared less frequently. Figure 2 also illustrates the 
types of VR technologies employed in primary education, provides examples of inter-
disciplinary applications of data statistics, and presents research findings on how VR 
can enhance learning outcomes in primary education. Table 5 provides a snapshot of 
the countries, regions, and education systems represented in the selected studies.

Fig. 2. Types of VR technologies applied in primary education

Table 3. Evaluation of methodological quality (Continued)
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Table 4. Article summary

No (Country) Author/Year Types of VR VR Design Used Subject Learning Outcomes

1 (Not 
mentioned )

Xue and 
Wang (2021)

Semi-immersive VR 
(Wireless sensing 
microprocessors 
combined with 
the technology 
of virtual)

Created VR dialogue, 
listened to virtual 
sounds, and experienced 
virtual scenes.

English Task-driven, realistic, active 
English communication virtual 
environment.

2 (Not 
mentioned )

Xie et al.  
(2022)

Non-immersive VR Three kinds of 
VR education 
auxiliary systems.

Mathematics Three VR systems were used to 
help enhance students’ interest 
in learning.

3 (China) Wang et al.  
(2023)

Non-immersive 
VR (Cardboard 
VR, Meta Quest 2, 
Tablet VR)

Taught social skills 
with VR and improved 
social skills with Lego 
building blocks.

Social Competence Cultivating them through VR 
and Lego. Social skills helped to 
improve their social skills and 
perceived social support.

4 (Taiwan,  
China)

Tarng et al.  
(2022)

Semi immersive 
(All-in-one virtual 
gaming system)

Employed the suggested 
VR system for 
concentration exercises.

Attention 
Process Training

VR training can effectively 
improve participants’ focus while 
alleviating their learning anxiety 
and cognitive burden.

5 (Not 
mentioned )

Sulisworo 
et al. (2022)

Semi-immersive 
VR (Freely 
mobile zoo-VR)

Applied the virtual 
menu to experience the 
animal audio and text 
description.

Science Zoo VR is suitable for application 
in real educational settings.

6 (Not 
mentioned )

Sulisworo 
et al. (2024)

Semi-immersive 
VR (Freely 
mobile zoo-VR)

In the cognitive load 
theory, the immersive 
experience of animals 
and their habitats was 
taken into consideration.

Science Interest and learning outcomes 
were found to be positively 
correlated.

7 (South Korea) Shim (2023) Semi-immersive VR VR ethics education 
programmes.

Morality Education Educational programmes with VR 
can be simpler
Strengthening moral awareness.

8 (Norway) Sandseter 
et al. (2023)

Fully immersive VR Developed VR scenarios 
and used virtual 
technology to measure 
risk variables.

Psychology, 
Science, Early 
Education and
Family Coaching

The data will be used to explore 
behavioural patterns of children 
risk assessment, willingness, and 
processing.

9 (Spain) Puig et al.  
(2021)

Non-immersive VR Immersed in two- and 
three-dimensional 
virtual environments 
to play the architect, 
making objects.

Mathematics 
(geometry)

Students’ interest in mathematics 
learning has improved, and 
teachers and students speak 
highly of them.

10 (Australia) Mills et al.  
(2022)

Semi-immersive VR Using a head-mounted 
display and a motion 
sensor to analyse 
multimodal data.

Drawing Students’ creative expression 
ability has improved.

11 (South Korea) Lee and Lee  
(2021)

Semi-immersive VR A study on the 
individual and class 
influence of sports 
cognition combining 
football curriculum and 
VR technology.

Soccer VR classes improved students’ 
confidence and focus, and they 
also experienced a greater 
sense of flow.

(Continued)
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No (Country) Author/Year Types of VR VR Design Used Subject Learning Outcomes

12 (Malaysia) Jalaluddin 
et al. (2024)

Semi-immersive VR Applied VR technology 
to experience the flipped 
classroom and observe 
the improvement 
of rural students’ 
writing ability.

Physical 
and English

In the VR flipped classroom, rural 
students’ vocabulary accumulation 
and learning ability improved.

13 (Indonesia) Iasha et al.  
(2023)

Semi-immersive VR Developed a VR cultural 
tourism model and 
assessed student interest 
in cultural learning.

Cultural learning This mode stimulated students’ 
enthusiasm for learning 
and improves students’ 
cultural identity.

14 (China) Huang et al.  
(2021)

Semi-immersive 
VR (All-in-one 
SVVR experiential 
learning system)

Provided a virtual scene 
experience and guided 
the students to imitate 
the expression mode of 
metaphors in the model 
writing examples.

Writing Students’ interest in writing and 
writing self-expression skills 
were improved.

15 (Indonesia) Herwin et al.  
(2022) [56]

Non-immersive VR Developed the 
VR learning 
management system.

Development 
and application 
of a learning 
management  
system.

The system optimized the teaching 
process and has improved 
students’ learning, understanding 
and retention ability.

16 (Philippines) Garcia et al.  
(2023)

Semi-immersive VR Used 360-degree video 
to conduct a virtual field 
investigation in travel.

Natural Science, 
History, and Culture

360-degree videos provided 
an enjoyable and immersive 
experience.

17 (Not 
mentioned)

Chen et al.  
(2024)

Non-immersive 
VR (Movable 3D 
Modelling Course)

Developed immersive 
3D VR modelling.

3D Modelling A 3D modelling approach based 
on IVR has significantly improved 
creative thinking of primary school 
students and reduced cognitive 
burden in the learning process.

18 (China) Cardona et al.  
(2021)

Semi-immersive VR The user experience 
was evaluated in an 
interactive environment.

ADHD (Attention 
Deficit 
Hyperactivity  
Disorder)

Helped special children experience 
education.
Implemented in VR scenarios.

19 (United States) Braren and 
Fels (2022)

Non-immersive VR The head-related 
transfer functions 
(HRTFs) were measured 
using VR, and high-
resolution 3D scans of 
the head and upper 
semi-stem were 
recorded for each 
participant.

Science (Acoustics) Revealed significant differences 
between pediatric head-related 
transfer functions and adult or 
standard artificial heads. The 
characteristics of the child’s head 
and auricles have an important 
impact on the temporal and 
frequency response of HRTF.

20 (South Korea) Bae (2023) Semi-immersive VR Weekly, an 8-week VR 
physical education 
course, three times.

Physical Education After participating in the virtual 
physical education course, the 
physical health of the students 
improved, and the children also 
showed differences.

Table 4. Article summary (Continued)
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No (Country) Author/Year Types of VR VR Design Used Subject Learning Outcomes

21 (Malaysia) Asril and 
Arifin (2023)

Non-immersive VR Development of 
VR-based education 
modules for teaching.

Islamic 
Religious Education

This VR-based learning approach 
improved the learning process’s 
authenticity, enjoyment, adding 
new dimensions and experiences 
for students.

22 (Indonesia) Asriadi et al.  
(2023)

Non-immersive VR Utilize VR to design 
materials for the 
Social Sciences in 
elementary schools.

Social Sciences VR integration has a significant 
positive effect on learning 
activities.

23 (Greece) Amprasi et al.  
(2022)

Full Immersive Developed a 
comprehensive VR 
gaming programme 
and a standard training 
curriculum.

Selective 
Attention (SA)

Video games improved students’ 
choice and focus.

24 (Finland) Laine et al.  
(2023)

Semi-immersive VR 
(Mobile VR goggles)

Utilized the I-VR 
teaching system to 
comprehend the student 
experience, assess the 
impact of learning, and 
gauge the demand for 
educational I-VRS.

Environment I-VR experiences that affect 
students’ motivation and methods 
of learning and content experience.

25 (China) Li et al.  
(2023)

Fully immersive VR Understanding the 
impact of Video-
Based VR (SVVR) and 
Traditional Video 
on pupils’ writing 
proficiency and 
inspiration.

Writing SVVR developed virtual encounter 
scenarios, thereby enhancing 
pupils’ abilities.

26 (China) Hui et al.  
(2022)

Semi-immersive VR 
(Integrated Pico VR)

VR and head-mounted 
displays were 
introduced into teaching 
activities to evaluate 
the impact of VR on 
the effectiveness of 
elementary school art 
instruction.

Art VR simplified the process and 
enhanced learning engagement.

27 (Netherlands) Dai et al.  
(2024)

Non-immersive VR Synthetic sounds aided 
students in perceiving 
and remembering TTS 
sounds in VR agents.

K-12 classroom 
technology

Adding VR agents improves the 
perception of TTS sound.

28 (Spain) Córcoles et al.  
(2023)

Non-immersive VR Designed the 
integration of the 
virtual environment to 
understand its impact 
on achievement.

History In the VR background, academic 
performance and inspiration 
have improved.

29 (Netherlands) Van et al.  
(2024)

Semi-immersive VR Experience in immersive 
VR where elementary 
school students 
make self-statements 
on drawings.

Drawing I have a deeper experience and 
understanding of how to reflect 
self-transcendence in painting.

Table 4. Article summary (Continued)
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30 (China) Guan et al.  
(2024)

Fully immersive VR A VR collaborative 
painting tool was 
developed and used in 
elementary art classes to 
assess its impact.

Art In VR teaching, students can have 
a higher level of cooperation, 
presentation, and a two-way 
sharing strategy.

31 (China) Xie and 
Zhang (2024)

Semi-immersive VR A VR-integrated STEM 
course called “Bird 
Feeder” was conducted.

STEM education VR-based STEM programmes were 
both practical and impactful in 
addressing the challenges of STEM 
education in primary schools.

32 (Italy) Digennaro 
et al. (2024)

Fully immersive 
VR (Virtual 
reality combined 
with mobile 
social media)

Developed an engaging 
and interactive 
educational setting that 
conveys theoretical 
ideas, allowing children 
to actively engage with 
and absorb the material.

Body image Encouraged comprehensive 
development and welfare 
during the age of VR and social 
media impact.

33 (not 
mentioned)

Chang 
et al. (2020)

Non-immersive VR Non-immersive VR 
teaching systems aided 
students master the 
relevant knowledge 
of geology.

Geology class Enhanced students’ learning 
capability in the field of natural 
science and stimulates their 
enthusiasm for learning.

34 (Turkey) Akman and 
Çakır, (2020)

Fully immersive VR Developed VR games for 
teaching, the impact on 
primary school students’ 
academic performance 
and participation in 
Mathematics.

Mathematics Increased academic achievement 
and maintained the level of student 
engagement in mathematics.

35 (Turkey) Çakıroğlu 
et al. (2021)

Semi-immersive VR Designed a learning 
environment that 
combines a virtual 
environment and 
animated painting.

Biology Health 
Education Science

A high level of interaction 
between the student and the 
subject also brings with it some 
unrealistic students’ perceptions of 
their learning.

36 (Ireland) Molloy and 
Farrell (2024)

Semi-immersive VR Designed a menu of 
immersive technology 
learning experiences.

Autistic VR technology has certain potential 
application advantages, which are 
reflected in this research.

37 (not 
mentioned)

Han (2020) Semi-immersive VR Designed virtual field 
trips based on the 
geography curriculum.

Science Immersive VFTs have significant 
advantages in terms of increased 
attention, emotional engagement, 
and engagement.

38 (not 
mentioned)

Lai (2024) Semi-immersive VR VR creates immersive 
learning scenarios, 
incorporates 
multimodal input and 
interactive elements.

Science Students learn to apply what they 
have learnt in highly interactive 
and immersive VR games.

39 (not 
mentioned)

Xie et al.  
(2019)

Fully immersive VR VR Primary School 
Mathematics Teaching 
System Based on GIS 
Data Fusion.

Mathematics The virtual lab education system 
has greatly increased interest 
in learning.

Table 4. Article summary (Continued)
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Table 5. The country and geographical distribution

Selected Study Number 
(as in Table 3) Country The Continent to Which 

the Country Belongs
Belong to the 

Education System Quantity

3, 4, 14, 17, 25, 26, 30 China Asia 8

7, 11, 20 South Korea Asia

8 Norway Europe 1

9, 28 Spain Europe 2

10 Australia Oceania 1

12, 21 Malaysia Asia 2

13, 15, 22 Indonesia Asia 3

16 Philippines Asia 1

19 United States North America 1

23 Greece Europe 1

24 Finland Europe 1

27, 29 Netherlands Europe 2

31 Italy Europe 1

34, 35 Turkey Asia 2

36 Ireland Europe 1

1, 2, 5, 6, 18, 33, 37, 38, 39 Not mentioned Not mentioned Primary school 9

5	 RESULTS

5.1	 Types of VR that are currently utilized in primary school education

This systematic review analyzes the application of VR in primary schools across 
two databases, focusing on the types of VR use in primary schools, the design and 
implementation approaches, and the key findings. 39 different articles on the use of 
VR learning in primary schools were selected for analysis. The systematic review 
reveals that the primary technologies employed in VR for primary education encom-
pass fully immersive, semi-immersive VR, and non-immersive systems. Among them, 
mobile virtual reality technology is the most widely used and common. In general, 
semi-immersive VR technologies, including mobile virtual reality, are widely used, 
which shows their applicability in education. These include Google Cardboard or 
other mobile VR apps that serve to streamline the process, make it more vivid, and 
improve VR engagement.

5.2	 VR impact on the learning outcomes of primary school pupils

These articles illustrate the extensive use of VR in primary school lessons and 
with primary school students. This also includes a certain number of mobile device 
apps for VR exercises. It is clear from 39 articles that the application potential of VR 
in primary schools is enormous, especially for mobile virtual reality technology, and 
that its portability makes it readily adopted and appreciated by teachers and stu-
dents. Through the integration of different disciplines and the mobile VR experience, 
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primary school students have experienced a significant increase in their eagerness 
to learn and their academic performance. In addition, the experience of mobile VR 
can better address the challenges in actual teaching, meet the needs of students with 
diverse levels and characteristics, and reflect more interactivity and personalization.

1.	 Non-immersive VR: The 39 articles, including 2D surfaces, 3D graphics, virtual 
teaching systems, TTS integration, and 3D modelling, generally make much use 
of semi-immersive VR technology and demonstrate its applicability in education. 
Some of these studies mainly focus on the effects of VR on student engagement in 
learning. For example, Munn et al. [42] present examples of virtual experimen-
tal teaching systems and intelligent supportive teaching systems that have been 
shown to significantly increase student interest and engagement in learning. 
Some studies suggest that they should promote students’ social participation and 
enhance their learning abilities in specific areas. For example, Wang et al. [6] used 
Cardboard VR, meta-tasks, and Tablet VR to introduce a combination of VR and 
Lego-based social skills education, aiming to improve social skills and perceived 
social support in primary school children. Sulisworo et al. [3] also suggested ana-
lyzing Zoo VR in more detail to improve learning skills. Some research trends and 
the positive impact of VR on a subject in primary school, as noted by Puig et al. [46], 
suggest that creating buildings with 2D and 3D shapes has led to increased learn-
ing and interest in mathematics. Iasha et al. [47] developed a model for a VR cul-
tural journey to identify students’ needs and interests in cultural learning and to 
stimulate their inspiration. Several studies have investigated the impact of VR on 
the immersion and authenticity experienced by primary school students in vari-
ous activities. For example, Asril et al. [48] confirmed that the application of VR in 
the classroom enhances the sense of realism, authenticity, and entertainment in 
the learning experience, providing students with a new learning perspective and 
a more engaging experience. Makassar et al. [49] also demonstrated a significant 
positive effect of integrating VR into learning activities.

2.	 Semi-immersive VR: Semi-immersive VR technology is becoming increas-
ingly prevalent in primary education, with students being more familiar 
with 360 videos, the virtual field trip model, semi-VR experiences, and mul-
timedia integration, which allows them to experience the profound effects of 
semi-immersive VR. The introduction of the combination of external media and 
VR has led to many research results. For example, Xue and Wang [8] primarily 
guided students in integrating wireless sensor microprocessors and VR to facili-
tate English language acquisition through interactive activities in a virtual envi-
ronment. Another example: In primary schools, VR-based STEM programs are 
both practical and effective in addressing STEM teaching challenges [49]. Tarng 
et al. [50] utilized the proposed VR system. Concentration exercises are designed 
to improve individuals’ concentration and effectively reduce learning stress and 
mental effort. Sulisworo et al. [3] noted that the Zoo VR program was designed 
to accommodate various learning models, providing opportunities that can be 
experienced both inside and outside the classroom. According to Shim [51], VR 
education initiatives can strengthen moral awareness. Mills et al. [5] investigated 
a multimodal combination using a head-mounted display and a motion sensor. 
A multimodal analysis of video and other sensory input was also conducted. 
Capturing data and thinking aloud represent new forms of creativity. Jalaluddin 
et al. [52] investigated the use of VR to improve the writing skills of students 
in rural primary schools. Huang et al. [53] taught students to imitate figurative 
expressions using writing models. They encouraged students to observe and 
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create virtual scenarios. Those who used SVVR showed significant improvement 
in figurative expression in descriptive writing. Herwin et al. [54] found that VR 
significantly improves teaching and learning by making it more engaging and 
interactive. The VR-based learning management system enhances the teaching 
process, promotes the understanding and retention of learning material, and 
provides students with a customized learning experience. Garcia et al. [55] con-
ducted a virtual tour using 360-degree videos and found that they can provide an 
enjoyable and immersive experience. Semi-immersive virtual reality technology, 
including mobile VR, was found to provide students with a rich experience and 
enhance their learning ability.

3.	 Fully immersive VR: Current research is also investigating the learning out-
comes that can be achieved through fully immersive VR in primary education. 
Fully immersive VR technologies encompass games that enable full immersion, 
body roll simulations with multi-sensory integration, and devices such as HTC 
VIVE, PICO VR, SVVR, and others, offering a range of innovative ways to explore 
the application of VR in primary education. Sandseter et al. [57] investigated 
VR scenes, developed eye-tracking techniques and motion capture algorithms 
to assess variables related to risk management, and examined children’s risk 
assessments, preferences, and behavioral patterns. Additionally, research [58] 
has demonstrated that VR is an effective means of enhancing selective attention, 
comparable to traditional training methods. There are also studies [4], [59], [60] 
that use different VR games to influence the interaction and participation of pri-
mary school students. In addition, some studies focus on the cooperation of pri-
mary school students [61] and the overall development [2].

5.3	 Advantages of mobile VR in primary education, obstacles to 
implementation and curricular integration into the curriculum

The application of VR technology in schools holds great promise for enhancing 
the learning experience by creating more opportunities for interdisciplinary learn-
ing and stimulating students’ creativity through interactive virtual worlds. Mobile 
VR provides primary school teachers with the latest equipment to enhance their sup-
port in the teaching and learning process. It enables teachers to introduce abstract 
ideas in subjects such as math using dynamic visualizations, making them easier 
and more interesting for children to understand. This technology facilitates mastery 
of concepts, supports different learning styles, and enables more effective differ-
entiated instruction. For example, VR can mimic real-world environments, making 
language learning more realistic and authentic, increasing learner engagement and 
motivation, promoting creative language use, and providing greater cultural sen-
sitivity [62]. However, there are challenges in implementing VR, particularly the 
lack of sufficient teacher training in VR skills. It is crucial to continuously improve 
teachers’ competence in planning, developing, and teaching students how to use VR, 
deepen their knowledge of the technology, and promote its adoption in the class-
room. Improving professional development, increasing the availability of VR, and 
reducing costs are ways to remove these barriers and realize the full educational 
potential of VR. In the past, concerns about the excessive cost and low quality of VR 
have deterred some from believing that mass adoption is not possible [63]. There are 
also concerns about the compatibility of VR content with national curricula, as most 
available materials do not always meet the required learning standards or outcomes. 
Without thoughtful customization or creation of VR materials that are aligned with 
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the curriculum, there is a risk that VR solutions will be more of a distraction than an 
educational tool.

6	 DISCUSSION

6.1	 The value of virtual reality in primary schools

Virtual reality is gradually being used in primary education, with the main type 
being semi-immersive VR, including mobile VR [6], [8], while other types serve as 
supplements. Several innovative practices have emerged in the design and devel-
opment of this technology, such as the development of interactive modules, the 
application of 360-degree videos [18], [44], body roll simulation [2], and task-based 
design [8]. Research has shown that VR significantly increases attention, interest in 
learning, creativity, and academic performance in primary school students, promot-
ing comprehensive improvement in their skills. Semi-immersive VR, represented by 
mobile VR, leverages its portability and flexibility to deliver more personalized and 
richer learning content [48], [57] at a lower cost, enabling students to experience cul-
tural and historical contexts anytime, anywhere, and achieve broader applications 
through the implementation of immersive learning [20], [50].

It has been proven that VR enhances students’ concentration, motivation, cre-
ativity, and performance, promoting the development of their entire personality. 
However, to realize its full potential for education, it must be consciously integrated 
into the learning process. Teachers need to develop meaningful VR learning activ-
ities that not only align with curriculum objectives but also promote higher-level 
skills such as teamwork and creative thinking and address students’ physical and 
mental development needs [1], [6].

6.2	 Current challenges and implementation strategies

Currently, there is a lack of specialized training, weak design skills among teach-
ers, insufficient or inappropriate mature content in course development, and gen-
erally high costs of using the devices [1], [51], [64], all of which lead to a mismatch 
between application and actual teaching, as well as difficulties in implementation. 
In the future, more investment will be needed in mobile VR to continuously reduce 
development and utilization costs, promote targeted and systematic teacher training, 
and design mature teaching resource packages that meet the curriculum standards 
of primary schools in different countries.

For the more commonly used subjects, such as science, math, and PE in primary 
school, further in-depth research [50], [65], [66] is needed to promote the integration 
of virtual environments with history and combine them with multiple subjects, such 
as art and PE. For the less common Chinese language teaching in primary school, 
actively engaging students’ senses through immersive experiences compensates for 
the lack of hands-on writing exercises. By incorporating stories into virtual scenar-
ios, students are guided to participate in meaningful events, transforming situational 
interest into motivation to learn [67], [68].

Table 6 lists the main challenges schools encounter when utilizing VR tech-
nology, including cost, teacher training, and resource availability, and discusses 
the key implications of VR technology in practice. Finally, there are fundamental 
issues of equity, access, and sustainable impact. Country and regional differences in 
technology, curricula, and research facilities emphasize the need for international 
collaboration and locally adapted plans for implementation.
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Table 6. A summary of the challenges of VR and the educational benefits

Selected Study Quantities 
and Numbers (in Table 3)

Challenge/
Benefit Types Key Findings

7 (3, 4, 12, 19, 27, 30, 37) Costs The costs are high, and it is not easy to fulfil 
them at the same time. Consider whether the 
infrastructure can fulfil the requirements.

5 (5, 9, 11, 31, 32) Teacher Training Strengthen teachers’ creativity and skills to guide 
students towards VR experiences and empower 
teachers to deliver personalized VR experiences 
and project design.

8 (1, 2, 3, 10, 11, 13, 25, 36) Accessibility Accessibility has been improved, but it still needs 
further improvement, and most VR applications 
or systems have development potential.

8 (1, 6, 14, 18, 22, 24, 25, 27)

Educational benefits

Creation of a positive learning environment.

11 (2, 6, 9, 11, 13, 15, 21, 27, 
33, 37, 39)

Enhance students’ interest in learning.

1 (3) Reducing inequalities in education.

5 (4, 11, 17, 23, 37) Reduce students’ burden and anxiety, and 
improve students’ concentration.

8 (5, 9, 12, 13, 14, 15, 22, 28) Students perform better academically.

1 (7) Promote students’ moral awareness.

1 (8) Instructor’s pedagogical problems.

3 (24, 26, 34) Increase student engagement and motivation.

5 (20, 25, 29, 30, 38) Improve students’ physical fitness and ability.

1 (35) Generating negative educational benefits 
(generating unrealistic perceptions)

6.3	 Emerging directions and opportunities

While existing research based on leading databases suggests that VR, especially 
mobile VR, enhances the quality of learning and teaching in primary schools, the 
discipline would greatly benefit from additional research on less explored but 
highly promising applications. Focusing on less explored areas such as the use of 
mobile VR for inclusive learning (e.g., supporting students with special educational 
needs), children’s emotional regulation (e.g., using immersive environments to build 
socio-emotional skills), and low-cost, mass-produced VR solutions for poor or remote 
schools would make the work much more original and relevant. Furthermore, future 
research should not only confirm the benefits of VR but also analyze pedagogically 
appropriate, context-specific integration approaches that empower primary school 
teachers to respond effectively and reliably to prevailing issues such as curriculum 
relevance, teacher training deficits, and infrastructural constraints. Future research 
must seek to fill important gaps in existing practice in education by identifying how 
mobile VR can be strategically utilized to promote equity, accessibility, and inter-
disciplinary learning in primary education. While much of the existing literature 
addresses interaction and teaching skills, there is a lack of empirical work that 
examines how mobile VR can support marginalized learners, such as students in 
rural areas, those with limited resources, or those with learning difficulties. Further 
research is also needed to explore how VR can facilitate cross-curricular connections. 
Studies such as those by Papadakis [69], [70], which uncover the synergy between 
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cloud technologies and immersive technologies such as AR and simulation, suggest 
that future VR research should examine this technological convergence to create 
more inclusive, scalable, and pedagogically robust solutions. Ultimately, future stud-
ies should investigate inclusive design principles for creating VR content that is suit-
able for diverse learners and aligns with various pedagogical objectives [71], [72].

7	 CONCLUSION

The study, based on the systematic integration of 39 studies, demonstrates the 
significant potential of mobile VR in primary school education. Extensive empir-
ical research has demonstrated that mobile VR technology can enhance student 
engagement, creativity, and academic achievement through immersive and interac-
tive learning experiences. Although primary school educators have recognized the 
potential of mobile VR technology, issues such as inadequate teacher training, the 
high costs associated with using VR devices, and a lack of appropriate curriculum 
resources in primary schools have hindered extensive research. In the future, edu-
cators must be guided to further explore this technology. Through professional train-
ing, teachers of each subject will be instructed to select the appropriate VR equipment 
based on the subject’s characteristics and develop training plans and corresponding 
course content using this technology. The aim is to alleviate the academic burden on 
students and increase the participation and enthusiasm of primary school teachers 
in research. In the future, the application of mobile VR technology in primary educa-
tion will be realized on a larger scale through joint efforts in the development of VR 
curriculum content, the professional development of primary school teachers, tech-
nological innovation, and the strengthening of international cooperation. To illus-
trate the findings of this study, the final summary, Figure 3, shows the relationship 
between VR type, mobile accessibility, and learning outcomes.

Fig. 3. Relationship between VR type, mobile accessibility, and learning outcomes
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8	 LIMITATIONS

A small proportion of the articles selected in this study did not contain an explicit 
reference to ethical approval. Therefore, they were excluded from the analysis and 
conclusions regarding ethics in this study. As shown in Table 5, the articles discussed 
in this study also have some limitations and are relatively unevenly distributed, 
which may impact the general applicability of the results presented in this study. 
Future studies should therefore cover more regions, such as Africa, South America, 
and Eastern Europe. Current studies are rather biased; the negative challenges and 
dilemmas are not thoroughly discussed, and there is a notable lack of long-term 
studies. Future studies can try to conduct randomized controlled trials and long-
term studies.

The articles analyzed in this study also have certain limitations, namely that most 
of the review articles focus on Asia and China in particular, resulting in a rather 
uneven geographical distribution of studies. This concentration may limit the gener-
alizability and transferability of the study’s findings to other regions with different 
socio-technical systems, policy frameworks and teacher education systems. In dif-
ferent parts of the world, differences in technological infrastructure, such as access 
to a stable internet connection, availability of VR hardware and technical support, 
influence the feasibility and effectiveness of implementation in primary schools. The 
policy environment is also significantly different: some countries have established 
national policies and funding initiatives to support the introduction of educational 
technology, while others lack clear guidelines or adequate financial support to 
strengthen VR in schools. Teacher education programs also differs widely; nations 
that have extensive professional development programs for digital pedagogy is more 
likely to have a smooth incorporation of VR, as teachers can plan, teach, and sustain 
VR-supported lessons. For nations where teacher education is poor or teachers have 
increased workloads, the adoption of VR technology tends to be slow and irregular. 
These disparities underscore the need for more representative, regionally diverse 
research to better comprehend the problems and promise of mobile VR implemen-
tation globally, and to develop context-dependent policies and training programs 
that can more effectively assist educators and students in various learning settings.
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