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Abstract 
While educational technology has developed to the point that extended reality (XR), 

including immersive virtual reality (VR), can be used in education, the overall learning 

outcomes of these technologies are still unknown. This literature review takes a 

comprehensive look at the field of immersive VR and explores the points at which the 

learning outcomes of head-mounted display (HMD) VR stand out and how these outcomes 
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compare to those of other technologies and methods. Learning outcomes can be either 

direct learning outcomes (e.g., test results) or indirect learning outcomes which affect 

learning, such as learning motivation and engagement. The main result of this paper is that 

while HMD-based VR learning environments may not be superior to other technologies, 

such as desktop-based VR environments, regarding direct learning outcomes, there is a 

clear indication of increased learning motivation and engagement.   

Keywords: virtual reality, learning outcomes, learning, learning motivation, learning 

engagement, head-mounted displays, immersive 

Introduction 
Educational technology has experienced such remarkable development that extended 

reality (XR) technologies, such as augmented reality (AR), augmented virtuality (AV) and 

virtual reality (VR), can now be used in educational settings. Furthermore, the 

development of affordable head-mounted displays (HMDs) allows VR technologies to be 

used in educational contexts (Freina & Ott 2015; Freina et al., 2016). HMDs allow students 

to become immersed in virtual learning environments (VRLEs), enabling them to conduct 

different learning activities in these environments. This study is focused on HMD-VR i.e., a 

VR-based environment experienced through head-mounted-displays (HMDs) and 

particularly HMD-based VRLE i.e., a virtual learning environment experienced through 

head-mounted-displays.  

 The primary aim of this literature review is to investigate the effects of VRLEs in terms of 

learning outcomes. In other words, what are the direct or indirect learning outcomes of 

HMD-based VRLEs? In order to make evidence-based decisions about whether to use VR 

in education, there is a need for knowledge on the learning outcomes of VRLEs. It is 

important to remember that it is possible to undertake learning assignments with VR, 

which cannot be conducted in real life; however, it is not likely that VRLEs could be used 

as a substitute for all conventional assignments (Sathe et al., 2017). Nevertheless, this 

makes comparing HMD-VR to other technologies difficult as it is not always possible to 

conduct the same learning tasks using other technologies. Investigating the kinds of direct 

learning outcomes (e.g., improved knowledge, practical skills) for which HMD-VR would 

be most effective would be beneficial both for academia and the use of VRLEs in the field. 

In addition, it is important to study whether HMD-based VRLEs have any effect on 

indirect learning outcomes such as learning motivation and engagement. A higher learning 

motivation can influence direct learning outcomes in a positive manner (e.g., Triarisanti & 

Purnawarman 2019). For example, previous research has shown that high learning 

motivation and engagement can keep students coming back to learn more (Kuo, 2007), 

facilitate positive emotions in learning situations (Vasalampi et al., 2021), and they have a 

significant positive influence on deep learning (Everaert et al., 2017).   
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Figure 1 

Reality continuum 

 

Reality can be thought of as a continuum (Figure 1, based on Mann et al., 2018). A continuum 

starts from the real environment where there are no virtual objects. When computer-generated 

material is added to the real environment, for example, a 3D model through AR glasses or a mobile 

phone, the state is called AR (Mann, 2018). After AR, the environment changes from real to virtual. 

In the virtual environment, the first phase is AV, which, although based on a virtual environment, 

has real components, such as tangible objects (Neges et al., 2018). An example is a green screen 

capture of a human being. Finally, VR is a fully computer-generated simulation with no real 

components. It can be defined as a computer-generated artificial environment, which can be 

interactive (Guttentag, 2010). VR can be fully immersive when viewed through HMDs or semi-

immersive when used through CAVE systems (VR environment projection) or via two-dimensional 

screens, such as computers or tablets. Immersion leads to presence, an important feature of VR 

that can be explained as the feeling of ‘being there’ (Ijsselsteijn & Riva, 2003). According to Pollard 

et al. (2020), immersion and the usage of immersive technology exemplify an ‘enhanced training 

component’ and can keep learners focused, help them maintain interest and motivate them to 

invest sufficient time on a task. HMDs can fully immerse learners into the virtual environment and 

allow user involvement (Vesisenaho et al., 2019). In addition, the immersion of VR-HMD can 

trigger emotionally significant learning situations and induce learners’ engagement in learning 

activities (Bosse et al., 2014; Hanson & Shelton, 2008). This allows learners to be engaged in a 

deeper cognitive processing of the learning material (Huang et al., 2010).   

However, to make broad and effective use of these technologies in educational institutions or 

workplace training settings, their effects regarding learning outcomes need to be explored 

(Holopainen et al., 2020; Vesisenaho et al., 2019). For example, it is crucial to explore whether 

HMD-based VRLEs lead to better learning outcomes over more traditional technologies or learning 

methods, such as desktop-based VR applications or normal classroom teaching. HMD-VR is also 

faced with challenges, limiting its adoption to the educational field, in particular; while the 

hardware is developing, the current equipment still has an entertainment purpose (Jensen & 

Kondradsen, 2018). In addition, the development and content production for HMD-VR are also 
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expensive (Carretero et al., 2021; Jensen & Konradsen, 2018). In this study, we focused on HMD-

based VR systems, and therefore, only studies involving VR environments with HMD displays were 

included.   

This paper will proceed as follows: first, some previous literature reviews on the topic are presented 

and discussed, followed by the research aims and questions. After that, the research methodology 

partly applying the categories of earlier study by Radianti et al. (2020) is presented. Lastly, we 

present the results of the literature review and discuss the importance of the findings.   

Previous Literature Reviews 

Some HMD-VR-based literature reviews (e.g., Feng et al., 2018; Hamilton et al., 2020; 

Jensen & Konradsen, 2018; Radianti et al., 2020) have been conducted, which have taken 

a more explorative approach to the previous research by listing the targeted learning 

outcomes. As stated before, in order to make evidence-based decisions about whether to 

use VR in education, there is a need for knowledge on the learning outcomes of VRLEs. 

Some literature reviews have focused on learning outcomes, but in a limited context, e.g., 

in a certain educational level such as high school.   

Hamilton et al. (2020) conducted a systematic review of quantitative learning outcomes 

(e.g., test score, completion time, knowledge retention) and experimental design. The 

primary finding regarding learning outcomes was that around half of the 29 studies 

examined had a positive effect on learning when HMD-VR was used compared to less 

immersive methods. They restricted their review to high school, higher education and 

adult education students and included only studies with comparable HMD-VR groups 

which underwent other educational methods such as non-immersive technologies (e.g., 

laptop or desktop PC screen). Queiroz et al. (2018) conducted a review of the use of HMD-

VR-based VRLEs in the context of primary school/K12 education. Noteworthy, they also 

included 360-degree video-based solutions, which are not regarded as VRLEs in the 

present article. They found that the papers under study had three learning outcomes: 

knowledge-based, abilities-based and skills-based. Most of these studies reported an 

improvement in learning outcomes. In addition, for the abilities-based studies, the VR 

groups were found to have more task motivation and engagement than the groups using 

other technologies or methods. Jensen and Konradsen (2018) conducted a review of the 

use of HMD-VR in education and training. They identified some key situations where 

HMD-VR was useful for skills acquisition: cognitive skills related to remembering and 

understanding spatial and visual information and knowledge, psychomotor skills related to 

head-movement, and affective skills related to controlling one’s emotional response. 

Outside these situations, HMD-VR had no advantage over other less immersive 

technologies.   

Feng et al. (2018) conducted a systematic review of VR-based serious games for evacuation 

training. They included fifteen studies, five of which adopted a pedagogical approach. 

Using these studies, Feng et al. investigated key elements regarding the development and 
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implementation of the games and proposed a conceptual framework for integrating and 

connecting these elements.   

Radianti et al. (2020) conducted a systematic review of immersive VR applications for 

higher education. They examined the VR technologies, application domains, learning 

content and design elements of the 38 articles in their analysis. Learning outcomes were 

not their focus in the review, but they identified 18 application domains for VRLEs and 

pointed to some unexplored regions of the VRLE design, thereby motivating future work in 

the field. Bradley and Newbutt (2018) conducted a systematic literature review on the use 

of HMD-VR with autism. As VR technology can provide authentic, real-world conditions 

and can be used to train social and life skills in a safe and controlled environment (Bradley 

& Newbutt, 2018). This review did not focus on the learning outcomes of HMD-VR. They 

also found out that not much studies regarding the use of HMD-VR in autism have been 

conducted.  

Summarising these previous reviews, it can be concluded that overviews of the learning 

outcomes of VRLEs have not resulted in increased clarity. It seems that in some situations 

(Jensen & Konradsen, 2018) and for some learning outcomes, such as those of a 

knowledge-based nature (Queiroz et al., 2018), HMD-based VRLEs can be beneficial. 

However, more data are needed to explore the learning outcomes of HMD-VR-based 

VRLEs. Moreover, only the review by Queiroz et al. (2018) included learning motivation 

and engagement as learning outcome variables. Their review indicated positive effect of 

HMD-VR-based VRLEs for motivation and engagement, but more evidence is needed 

before generalization of the results.   

In addition, previous literature reviews have had quite strict inclusion criteria regarding 

the educational levels examined (e.g., only high school). This review aims to present a 

more comprehensive overview of the field as a whole and explore the points at which the 

learning outcomes of HMD-VR stands out and how these learning outcomes compare to 

those of other technologies and teaching methods. In addition, the studies under review 

are not limited to a specific educational level or even to educational studies in general. The 

results of this literature review present therefore an overall picture of the effects of VRLEs 

across different educational levels and contexts.   

Aims and Research Questions 

In this study, the primary aim is to investigate the learning outcomes of VRLEs, both from 

the viewpoint of direct learning outcomes (directly measurable outcomes, e.g., test results) 

and indirect learning outcomes (e.g., learning motivation and engagement, which will 

indirectly affect learning and cannot easily be measured using traditional pre- and post-

tests). In this study, direct learning outcomes are categorised according to different 

learning goals based on primary learning outcomes (e.g., procedural-practical knowledge 

or learning a language).  
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This literature review aims to provide a comprehensive overview of the field and answer 

the following primary research question:   

 1. What research evidence is available regarding the relationship between HMD-based 

VRLEs and their learning outcomes?  

1.1. What kinds of learning outcomes do HMD-based VRLEs offer in terms of different 

learning goals?  

1.2. What kinds of outcomes do HMD-based VRLEs offer in terms of learning motivation 

and engagement? 

Research Methodology 
In order to answer the research questions, a systematic literature review was conducted. 

The process was started by following the guidelines for systematic literature reviews (Boell 

& Cecez-Kecmanovic, 2015; Webster & Watson, 2002), and the first stage of the present 

review was to conduct a keyword search. The main keyword search was focused on one 

database (Scopus) to ensure that the search procedure was rigorous, replicable and 

transparent due to the differences in the search functions and algorithms (Morschheuser et 

al., 2017). In addition, initial searches showed that database-based searches work better 

than journal searches as studies are published in many fields and journals, not just in the 

educational field. Thus, Scopus was chosen as the starting point of the keyword search as it 

indexes the relevant publication platforms on this field of study (e.g., Computers & 

Education, Educational Technology & Society).  

The main research focus was to find studies conducted using HMDs in the context of 

learning. Initial searches revealed that, in some studies, the term ‘training’ was used as a 

substitute for ‘learning’. Therefore, both search terms were included in the search using 

Boolean search operators. In order to include all variants of the search words (e.g., learn, 

learning, train, training), an asterisk was used. For the term ‘head mounted display’, both 

the abbreviation ‘HMD’ and the unabbreviated term were included. The final search term 

with Boolean operators was as follows: ‘TITLE-ABS-KEY (virtual reality AND (train* OR 

learn*)) AND (hmd OR head mounted display)’). The search was conducted in October 

2021 and resulted in 1,086 hits. No time frame was used in the search process as no 

literature review on this specific topic had been conducted before.   

Article Inclusion and Exclusion Criteria 

During the second stage, screening was executed based on the inclusion and exclusion 

criteria, which were as follows:  

1) The study needs to be empirical in nature (no software reviews or literature reviews)   

2) The study needs to be scientific in nature (at least 10 references)   

3) The study needs to be in English   
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4) Studies addressing only the ‘learning curves’ of a specific VR hardware or software are 

excluded as they do not consider learning outcomes in VR  

5) Studies that do not include VR with HMD (e.g., contains only AR, mixed reality or 360-

degree video technologies), are excluded.   

6) Studies concerning only navigation or spatial learning in VRLEs are excluded. Spatial 

learning is ‘learning’ in the sense that users learn to navigate better in virtual environments 

or real-life spaces with the help of VR training. However, as the focus of this literature 

review were mainly on exact learning outcomes, spatial learning was excluded.   

Following the eligibility screening, the inclusion and exclusion criteria were revisited to 

assess the coded full texts. Finally of 1,086 studies, 37 were selected for further analysis. 

All articles were coded according to the following information: bibliometric information, 

research context and participants, methods, research setting and results regarding learning 

outcomes.   

The framework presented by Radianti et al. (2020) was used to categorise the different 

learning outcomes. In their literature review, they used four learning content types from 

previous literature: 1) analytical and problem-solving, 2) communication, collaboration 

and soft skills, 3) procedural–practical knowledge and 4) declarative knowledge. They also 

added four more during the coding process: 5) learning a language, 6) behavioural 

impacts, 7) others and 8) not specified. The categories ‘others’ and ‘not specified’ used by 

Radianti et al. (2020) were removed from this article as one of the inclusion criteria was 

the requirement of articulated learning outcomes. Furthermore, the category ‘behavioural 

impacts’ was removed from this analysis due to a clear focus on learning outcomes on this 

article, and the category ‘analytical and problem-solving’ was not found in the articles 

included on the analysis. The learning goals framework is presented in Table 1.  

Table 1 

Modified Framework of Learning Goals (originally presented in Radianti et al., 2020) 

Categories used in this paper  Description  

Declarative knowledge  VR is used to memorise factual knowledge, 

e.g., learning history  

Procedural–practical knowledge  VR is used to assist students with 

internalising procedures, e.g., driving a car  
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Categories used in this paper  Description  

Communication, collaboration, and soft skills  VR is used to improve students’ ability to 

work in a team or improve their 

communication skills or soft skills  

Learning a language  VR is used to improve foreign language 

capabilities, e.g., to speak a foreign 

language  

 

Once the search process was completed, a table (Appendix 1) was constructed from the 

review studies. The table contained the following information from every study:   

1. Bibliographic information (author(s) and year of publication)  

2. Participants (including their education level and/or context and age, if specified on 

the article)   

3. Learning goals  

4. Research setting. Each study is categorised under one condition: (1) only VR, (2) VR 

and other technology and (3) VR and other method. In the ‘only VR’ group, the 

study only had one HMD-VR group or only HMD-VR groups. In the ‘VR and other 

technology’ group, the studies included an HMD-VR group or groups and at least 

one other group which used a different technology, for example, desktop-based VR. 

In the ‘VR and other method’ group, the studies included a VR group and at least 

one other group which used a different method for teaching and/or learning.  

5. Results on learning outcomes. Learning outcomes were separated ‘between time 

points’ and ‘between groups’. If the study measured overall learning outcomes 

between two time points (e.g., pre-intervention and post-intervention), the result 

was shown in the ‘between time points’ column. If the study did not measure or 

report the learning outcome change between time points, the column was marked 

with N/A. The ‘between groups’ column showed whether there was a significant 

difference between the groups in terms of learning outcomes.  

6. Results on learning motivation/engagement.  

Findings 
This section presents the results of the review and focuses on the learning outcomes of 

VRLEs, both in terms of direct and indirect (learning motivation/engagement) learning 

outcomes. Furthermore, the direct learning outcomes were categorised according to 

different learning goals (declarative knowledge, procedural-practical knowledge, 
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communication, collaboration and soft skills, learning a language) modified based on 

Radianti et al. (2020) (Table 1). In addition, studies including the learning motivation and 

engagement -measures are presented as one category. A summary is presented to conclude 

the findings of 37 studies included in the review. (Table 2). A complete list of the included 

studies can be found in the Appendix 1. 

Table 2 

Summary from the Analysis (n = 37) 

Description  Number of studies (studies under a theme/total 

number of studies)  

Studies which compared VR group and another 

technology/method/control group  

31/37 (from total studies)  

The HMD-VR group yielded better results than the 

technology/method/control group  

7/31 (from studies with HMD-group and 

technology/method/control group)  

The technology/method/control group yielded better 

results than the HMD-VR group  

3/31 (from studies with HMD-group and 

technology/method/control group)  

Studies which only compared VR group(s), a 

significant change between two time points or 

groups was found  

5/8 (from studies which only compared VR 

group(s))  

Studies categorised by different learning goals 

Studies with the goal of declarative knowledge 

learning  

22/37 (from total studies)  

Studies with the goal of procedural–practical 

knowledge learning  

13/37 (from total studies)  

Studies with the goal of language learning  2/37 (from total studies)  

Studies which measured learning motivation and/or 

engagement. All of them found a statistically 

significant difference favouring the VR group  

8/8 (from studies measuring learning motivation 

and/or engagement.). 
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Learning Goals - Declarative Knowledge  

A total of 22 articles focused on declarative knowledge, where the primary learning goal 

was to memorise factual knowledge, such as biology- or history-related facts. Fifteen of 

them examined differences between VR methods and other technologies or methods. In 

five of them, the VR group was found to have statistically significantly higher learning 

outcomes compared to other groups. Freitas et al. (2020) studied learning about computer 

memory management and allocation techniques within two groups: HMD VR and 

traditional teaching. The VR group had significantly higher learning outcomes that the 

traditional teaching group. Differences regarding the learning outcomes between the time 

points were not reported. Liu et al. (2020) studied learning about science knowledge on 

three topics: leverage, animals, and plants. They compared the HMD-VR and traditional 

teaching groups. The former had significantly higher learning outcomes. Differences 

regarding the learning outcomes between the time points were not reported. Lui et al. 

(2020) compared learning about microbiology among three groups: HMD-VR in a 

standing position, HMD-VR in a sitting position and a control group (desktop VR). The 

sitting-position HMD-VR group had significantly higher learning outcomes than the 

control group and the standing-position HMD-VR group. Differences between time points 

were not reported. Ou et al. (2021) compared learning about a Taipei tree frog between 

HMD-VR and desktop-VR groups. There was a significant difference in learning outcomes 

between time points; in the post-test, learning outcomes were significantly higher in the 

HMD-VR group. Parmar et al. (2016) studied learning about electrical measurement 

devices between HMD-VR and desktop-VR groups. There was a significant difference in 

learning outcomes between the time points; in the post-test, learning outcomes were 

significantly higher in the VR group.  

Seven studies included only a VR group(s), five of which reported a significantly improved 

learning outcome change between the time points: Bhargava et al. (2018) examined the 

study of metrology-related concepts; Chowdhury and Quarles (2021) analysed learning 

about multiple sclerosis; Kwon (2019) studied the learning of differences between the 

Moon and Earth; Rudolph et al. (2020) examined geoscience learning about Grand 

Canyon rocks; and Teranishi and Yamagishi (2018) studied learning about the names and 

positions of the parts in a PC assembly.  

In Moreno and Mayer’s (2004) study about how to design a plant’s roots, stem and leaves 

to enable survival in five environments, the desktop-VR group had statistically significantly 

better results than the VR group. Differences regarding learning outcomes between time 

points were not reported.   

Two studies found a significant difference between time points, but not between groups 

(Bertrand, 2017; Bhowmick et al., 2018; Dengel, 2020).  

The remaining eight articles did not find statistically significant differences/changes 
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between the groups and/or time points (Chen et al., 2019; Chowdhury et al., 2019; 

Hadjipanayi & Michael-Grigoriou, 2021; Klingenberg et al., 2020; Moesgaard et al., 2015; 

Moreno et al., 2002; Stepan et al., 2017; Taylor & Barnett, 2010). 

Procedural–Practical Knowledge 

There was a total of 12 articles in which procedural–practical knowledge (e.g., learning 

triage skills) was considered the main learning goal, two of which found that the VR group 

had significantly better learning outcomes than the comparison group (Agrawal et al., 

2018; Gutierrez et al., 2007). Agrawal et al. 2018 studied learning about hazard 

anticipation and mitigation skills in driving between two desktop-VR groups and an HMD-

VR group. Changes between the time points were not reported, but on the post-test, the VR 

group recorded significantly better results. Gutierrez et al. (2007) studied learning about 

how to conduct a physical exam and found a significant difference between the time points. 

Furthermore, post-test comparisons between the HMD-VR and desktop-VR groups 

revealed that the VR group had significantly better results.  

In two studies, the desktop-VR group had statistically significantly better results than the 

VR group (Lai et al., 2021; Makransky et al., 2019). Lai et al. (2021) studied learning about 

how to conduct different types of chemical reactions and the making of a galvanic cell, 

while Makransky et al. (2019), examined learning about developing an understanding of 

mammalian transient protein expression. Lai et al. (2021) found a significant difference 

between the time points, but difference between the time points was not reported in 

Makransky et al. (2019).   

Two studies found a significant difference between time points, but not between groups 

(Jung & Ahn, 2018; Osti et al., 2020).   

The remaining six studies found no statistically significant differences/changes between 

the groups and/or time points, or they were not reported (Buttussi & Chittaro, 2017; 

Grassini et al., 2020; Lerner et al., 2020; Nystad, 2006; Sportillo et al., 2018; Yu et al., 

2021). 

Communication, Collaboration and Soft Skills 

One study (An et al., 2018), which was categorised under communication, collaboration 

and soft skills, examined the development of cross-cultural competence skills. The authors 

found no statistically significant between-group differences, and changes between the time 

points were not reported. 

Learning a Language 

Two studies focused on learning a language as a primary learning outcome. Ebert et al. 

(2016) studied the learning of Swedish language vocabulary, with the results indicating 

that while the traditional methods resulted in significantly better memory immediately 
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after the training, the VR group had a statistically significant better record on word 

retention after a week. Nicolaidou et al. (2021) studied the learning of Greek words by 

comparing HMD-VR and mobile application groups. While they found a significant 

difference in learning outcomes between the time points, no between-group differences 

were found. 

Learning Motivation and Engagement 

In addition, we explored how HMD-VR affected students’ indirect learning outcomes. 

Learning motivation and/or engagement were considered in eight articles (Buttusi et. al, 

2017; Bhowmick et al., 2018; Klingenberg et al., 2020; Stepan et al., 2017; Lerner et al., 

2020; Liu et al., 2020; Nicolaidou et al., 2020; Taylor & Barnett, 2010). Taylor and Barnett 

(2010) studied the learning of procedural tasks concerning military movements and found 

that the control group experienced significantly less engagement and interests/enjoyment 

than the HMD-VR and desktop-VR groups. There was no difference between the HMD-VR 

and desktop-VR groups in learning outcomes concerning training retention. Stepan et al. 

(2017) studied the learning of clinical anatomy among university students. Compared to 

the textbook group, learning in the HMD-VR group was significantly more engaging, 

enjoyable, useful and motivating. There was no difference between the groups in terms of 

learning outcomes regarding clinical anatomy knowledge. Engagement was measured 

in Buttusi et al. (2017), where knowledge about flight safety was studied among three 

groups: high- and low-fidelity HMD-VR and desktop-VR groups. The high-fidelity group 

reported significantly higher engagement than the desktop-VR group, but there was no 

statistically significant difference between the high-fidelity and low-fidelity HMD-VR 

groups. There were no significant differences between the groups in knowledge acquisition 

about flight safety. Bhowmick et al. (2018) studied engagement relating to the learning of 

the midwifery process. The HMD-VR group reported significantly more engagement than 

the 2D-video group, but there were no significant differences between the groups in 

learning outcomes. Klingenberg et al. (2020) studied the effects of teaching as a generative 

learning strategy in biochemistry using the desktop and immersive VR. Regarding intrinsic 

motivation, there was no significant difference between the groups after one intervention, 

but when the students experienced both conditions, there was a statistically significant 

difference that favoured immersive VR. Lerner et al. (2021) studied emergency simulation 

training in HMD-VR and found that the VR training significantly increased the intrinsic 

motivation of the participants. Liu et al. (2020) studied the effects of an HMD-VR-based 

classroom in the context of science lessons. Their results showed that students who took 

the science lessons using HMD-VR had better behavioural, cognitive, emotional and social 

engagement compared to the group which took traditional teaching lessons.  

However, it is worth noting that as the primary focus of this literature review was direct 

learning outcomes in VR, only studies using some kind of measurement for direct learning 

outcomes were included. Therefore, we suggest that future research further investigate the 
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indirect components of learning (learning motivation and engagement) outcomes. 

Summary 

In summary, seven of the 31 studies comparing a VR group and another 

technology/method/control group included significant differences/changes that favoured 

the HMD-VR group (Agrawal et al., 2018; Freitas et al., 2020; Gutierrez et al., 2007; Liu et 

al., 2020; Lui et al., 2020; Ou et al., 2021; Parmar et al., 2016). In three studies, the 

technology/method/control group yielded better results than the HMD-VR group (Lai et 

al. 2021; Makransky et al., 2019; Moreno & Mayer, 2004). The remaining studies found no 

statistically significant between-group differences (See also Table 2).   

For the studies comprising only a VR group(s), five of them recorded a significantly 

improved change in learning outcomes between the two time points or between groups 

(Bhargava et al., 2018; Chowdhury & Quarles, 2021; Kwon, 2019; Rudolph et al., 2020; 

Teranishi & Yamagishi, 2018). Regarding the learning goals, the declarative knowledge 

goal recorded the biggest group (22 studies), followed by procedural–practical knowledge 

(12 studies), learning a language (2 studies) and communication, collaboration and soft 

skills (1 study). Between the different learning goals, there were no clear differences in the 

number of studies with significant differences between the groups or time points. 

Furthermore, all eight studies measuring learning motivation and/or engagement had a 

statistically significant difference that favoured the VR group.  

One anomaly was removed from the summarised figures. In Ebert et al. (2016), the 

immediate post-test scores revealed that the traditional method was significantly better, 

but the VR group scored significantly higher on the retention test. This suggests a 

significant difference favouring both the HMD-VR and traditional methods groups.  

Based on these results, it seems that HMD-VR provides generally higher engagement and 

motivation, though not necessarily higher learning outcomes (e.g., knowledge acquisition). 

However, more research is needed to have more reliable results. Here, the differences were 

not always statistically significant.  

Discussion 
The main goal of this systematic literature review was to explore the evidence in previous 

research regarding learning outcomes in the context of HMD-VR use in all subject areas 

and educational levels. The purpose was to fill the gap from previous literature reviews on 

the topic. A total of 37 studies were analysed. From the general trend of the results, we can 

conclude that there were no notable differences between the technologies (HMD-VR, 

desktop VR, CAVE)—only 23% of the studies comparing VR to another 

technology/method/control condition had better learning outcomes than the comparison 

group. This suggests that the exclusive use of HMD-VR does not generally yield better 
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outcomes. However, the results regarding learning motivation and engagement suggest 

that HMD-VR brings more engagement and motivation to the learning process, likely 

influencing learning outcomes in the long run. Regarding the learning goals, there were no 

clear differences in the number of studies recording a significant difference between the 

groups or time points. In other words, no specific learning goal was found to be more 

suitable for HMD-VR than another method.   

Furthermore, more longitudinal research is needed to determine learning outcomes in the 

long term. Longitudinal research could also help reduce one very important limitation, 

that, is the motivation caused by the VR technology itself, not the content of the HMD-VR.   

In total, 26 of the studies were published in journals, while the remaining 11 studies were 

published in conference proceedings. In addition, as the time scope of the studies was so 

wide, we could not tell whether the improved learning outcomes from VR use were caused 

by the superiority of VR or improvements in the VR technology over the years – most 

studies concluding that HMD-VR yields better outcomes than comparison groups are 

published in recent years (Agrawal et al., 2018; Freitas et al., 2020; Gutierrez et al., 2007; 

Liu et al., 2020; Lui et al., 2020; Ou et al., 2021; Parmar et al., 2016).  

One implication is that as the VR technology is further developed, we may see 

corresponding improvements in learning outcomes. Therefore, it would be beneficial to 

reproduce this literature review in the future to ascertain whether the trend regarding the 

evidence has changed. Based on the publication years of the studies, we can see that there 

will be a growing number of studies on this topic, including in the context of 2021.   

Future research avenues include the wider pedagogical framework within the use of VRLEs 

as a part of the learning path. For example, when and how VRLEs should be used in the 

learning path to support learning? Furthermore, it is important to investigate the purpose 

of VRLEs and how they could be integrated with other learning methods and technologies 

(Lähtevänoja et al., 2020). It would also be fruitful to do a deeper dive into the different 

learning goals of HMD-VR. In this study, no differences regarding learning outcomes were 

found between the different learning goals.   

It might also be important for future research to consider the pedagogical design of VRLEs. 

Based on the results of this literature review, it seems that using only the HMD-VR 

technology does not yield better learning outcomes. Perhaps a different pedagogical 

design/approach to VRLEs should be considered. Future research should, therefore, study 

the right pedagogical design for each technology. 

Direct and Indirect Learning Outcomes 

The main finding of this research is that while HMD-based VRLEs may not be superior to 

other technologies (such as desktop VR) regarding direct learning outcomes, a clear 

indication towards improved indirect learning outcomes (learning motivation, 
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engagement) was detected. Based on the results of this literature review, it seems that 

HMD-VR-based VRLEs are more supportive of learning motivation and engagement than 

more traditional desktop-VR-based learning environments. This result is in line with a 

previous literature review on the topic (Queiroz et al., 2018), which also found that VR 

groups have more task motivation and engagement than groups deploying other 

technologies or methods.   

Limitations 

It is important to take the exclusion criteria of this literature review into consideration 

when making comparisons with other literature reviews. For example, the strict definition 

of HMD-VR used in this article implies that all studies using 360-degree videos and no 

computer-generated graphics were excluded. In addition, the search terms may have 

excluded some studies on learning motivation and engagement as they were not usually 

labelled as ‘learning outcomes’ in the articles. Therefore, future research should conduct a 

literature review based only on learning motivation and engagement in VRLEs.  

In addition, it needs to be noted that studies that did not have a clear educational focus 

were still included as long as they had proper learning outcomes. These studies included 

papers that primarily examined the usability and feasibility of a certain VRLE; however, 

they still provided a subject matter to be taught to the participants and looked at learning 

outcome measures in order to investigate the possible learning effects of the environment. 

In these studies, the primary focus was not on learning.  
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Appendix 

Appendix 1 

Studies Included in the Analysis  

Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Agrawal et 
al. (2018)   

36 participants: young 
drivers, 18–25 years   

Procedural–practical 
knowledge. Learning 
young drivers’ latent 
hazard 
anticipation and mitiga
tion skills related to 
driving with VR   

Post-test 
driving 
simulator 
assessment.   

In-game data   

Other 
technology  

N/A  VR group had 
significantly higher 
results   

  

An et al. 
(2018)   

11 reserve officer 
students and 10 non-
military affiliated 
personnel, mean age 
20.58   

Communication, 
collaboration, soft 
skills. Teaching cross 
cultural competence   

Pre-and post-
test, situational 
judgement test, 
Observation   

Other 
technology  

N/A  No significant 
difference between the 
groups (VR performed 
worse), males 
outperformed females   

  

Bertrand 
(2017)   

41 participants: 
students from 
computing and 
engineering classes, 
18–38 years   

Declarative knowledge. 
Learning how to 
operate metrology 
instruments  

Pre- and post-
test cognition 
questionnaires   

Other 
technology  

Significant 
difference between 
time points  

No significant 
differences in learning 
outcomes between 
groups   

  

Bhargava et 
al. (2018)   

65 participants: 
students from 
computing and 
engineering classes, 
18–38 years   

Declarative knowledge. 
Learning metrology-
related concepts, e.g. 
how to take a 
measurement  

Pre- and post-
test cognition 
questionnaires   

Only VR  Significant 
difference between 
time points  

Different levels of 
interaction fidelity did 
not have significant 
effect on learning 
outcomes   

  

Bhowmick 
et al. 
(2018)   

57 participants, 27–51 
years   

Declarative knowledge. 
Learning midwifery 
process regarding 
childbirth   

Pre- and post-
test cognition 
questionnaires 
administered 
orally   

Other 
technology  

Significant 
difference between 
time points  

No significant 
differences on learning 
outcomes between 
groups   

HMD VR 
caused significantly more 
engagement than the 2D-
video group.  
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Buttussi & 
Chittaro 
(2017)   

96 participants: 
volunteers, mean age 
18.36   

Procedural–practical 
knowledge. Learning 
flight safety 
procedures  

Pre-, post- and 
retention 
knowledge test 
administered 
orally  

Other 
technology  

Significant 
difference between 
time points  

No significant 
differences in learning 
outcomes between 
groups   

High-fidelity HMD VR had 
higher engagement than the 
desktop VR  

Chen et al. 
(2019)  

20 participants, years 
21–27  

Declarative knowledge. 
Learning history and 
meteorology with note-
taking feature   

Post-test 
questionnaire   

Other 
method  

No significant 
difference between 
time points  

No significant 
differences in learning 
outcomes between 
groups   

  

Chowdhury 
et al. 
(2019)  

71 participants: 
undergraduate 
students, median age 
20.3 years  

Declarative knowledge. 
Learning about 
multiple sclerosis  

Post-test 
knowledge 
multi-choice 
test  

Other 
technology  

N/A  No significant 
differences in learning 
outcomes between 
groups (VR performed 
better)  

  

Chowdhury 
& Quarles 
(2021)  

40 participants: 
undergraduate 
students, median age 
23.6 years  

Declarative knowledge. 
Learning about 
multiple sclerosis  

Post-test 
knowledge 
multi-choice 
test  

Only VR  N/A  Significant differences 
in learning outcomes 
between groups   

  

Dengel 
(2020)  

78 participants: 13–16 
years  

Declarative knowledge. 
Learning about the 
components of a 
computer, asymmetric 
encryption/decryption 
and finite state 
machines  

Pre- and post-
test 
questionnaire   

Other 
technology  

Significant 
difference between 
time points  

No significant 
differences in learning 
outcomes between 
groups   
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Ebert et al. 
(2016)   

19 participants: student 
volunteers   

Learning a language. 
Learning 10 Swedish 
language   

words  

Pre- post- and 
retention 
language test 
(writing, 
pronunciation)   

Other 
method  

N/A  On the immediate post-
test scores, the 
traditional method was 
significantly better. On 
the later post-test (one 
week later) scores, there 
was no significant 
differences between the 
groups. On the 
retention test, VR 
scored significantly 
higher  

  

Freitas et al. 
(2020)  

80 participants: 16–53 
years  

Declarative knowledge. 
Learning computer 
memory management 
and allocation 
techniques   

Pre-test 
(baseline test 
only) and post-
test knowledge 
test  

Other 
method  

N/A  VR group had 
significantly higher 
learning outcomes 
compared to the 
traditional teaching 
group  

  

Gutierrez et 
al. (2007)   

25 participants: first-
year medical students   

Procedural–practical 
knowledge. Learning 
how to conduct a 
physical exam  

Pre- and post-
test knowledge 
test  

Other 
technology  

Significant 
difference between 
time points  

VR group had 
significantly higher 
learning outcomes  

  

Grassini et 
al. (2020)  

29 participants: 
university students  

Procedural–practical 
knowledge. Learning 
how to build a small 
airplane model   

Performance 
metrics: 
product quality, 
errors made 
during 
assembly, speed 
of assembly  

Other 
technology  

N/A  No significant 
difference between the 
groups on performance 
metrics  

  

Hadjipanayi 
& Michael-
Grigoriou 
(2021)  

30 participants: over 18 
years  

Declarative knowledge. 
Learning about MDD 
symptoms  

Pre- and post-
test knowledge 
test  

Only VR  No significant 
difference between 
time points  

No significant 
difference between 
groups  
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Jung & Ahn 
(2018)   

64 participants: 
students in maritime 
safety training institute, 
23–35 years   

Procedural–practical 
knowledge. Learning 
how to launch a 
lifeboat from a boat   

Pre- and post-
test 
questionnaire, 
observation 
(describing the 
process)   

Other 
technology 
and other 
method  

Significant 
difference between 
time points  

No significant 
difference between 
groups  

  

Klingenberg 
et al. 
(2020)  

89 participants: 
university students, 19–
36 years  

Declarative knowledge. 
Learning about the 
electron transport 
chain  

Post-test 
transfer and 
retention test  

Other 
technology  

N/A  No significant 
difference between 
groups   

No difference between 
groups on intrinsic 
motivation in post-test 1, 
but in post-test 2, there was 
a significant difference 
favouring the VR group  

Kwon 
(2019)   

42 participants: 11 
years   

Declarative knowledge. 
Learning the 
differences between 
Moon and Earth  

Survey   Only VR  N/A  HMD VR with freedom 
to walk and hand 
tracker performed 
significantly higher   

  

Lai et al. 
(2021)  

66 participants: 9th 
graders (high school)  

  

Procedural–practical 
knowledge. Learning 
to do different types of 
chemical reactions and 
making a galvanic cell   

Pre- and post-
test knowledge 
test  

Other 
technology  

Significant 
difference between 
time points  

Desktop VR group had 
significantly higher 
learning outcomes   

  

Lerner et al. 
(2020)  

18 participants: active 
emergency physicians  

Procedural–practical 
knowledge. Learning 
how to conduct an 
emergency scenario, 
including assessment 
and procedures  

Pre- and post-
test knowledge 
test  

Only VR  No significant 
change in 
knowledge between 
pre- and post-test  

No significant change in 
knowledge between 
pre- and post-test  

Intrinsic motivation 
increased significantly 
between pre- and post-test  

Liu et al. 
(2020)  

90 participants: sixth-
grade students, mean 
age 11 years  

Declarative knowledge. 
Learning science 
knowledge (leverage, 
animals, plants)  

Pre- and post-
test knowledge 
test  

Other 
method  

N/A  HMD VR group had 
significantly higher 
learning outcomes   

HMD VR group had 
significantly better 
engagement than traditional 
teaching method  

Lui et al. 
(2020)  

234 participants: 
university students   

Declarative knowledge. 
Learning microbiology 
(complex gene 
regulation system)  

Pre and post-
test knowledge 
test  

Other 
technology  

N/A  HMD VR had 
significantly higher 
learning outcomes   
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Makransky 
et al. 
(2019)   

52 participants: 
university students, 19–
42 years   

Procedural–practical 
knowledge. Learning 
to develop an 
understanding of 
mammalian transient 
protein expression  

Post-test 
knowledge test, 
mobile sensing 
(EEG)   

Other 
technology  

N/A  Desktop VR had 
significantly higher 
learning outcomes   

  

Moesgaard 
et al. 
(2015)   

40 participants: 19–31 
years   

Declarative knowledge. 
Learning what 
happened in Mosede 
Fort, Denmark, during 
World War I  

  

Post-test 
knowledge test   

Only VR  N/A  No significant 
differences between 
groups   

  

Moreno et 
al. (2002)   

Experiment 1: 89 
participants: college 
students  

   

Experiment 2: 75 
participants: college 
students   

Declarative knowledge  

  

Exp1: Learning 
concepts about plants  
  
Exp2: Learning how to 
design a plant  

Post-test 
memory test 
and problem-
solving test  

  

Both 
experiments: 
other 
technology  

N/A  No significant 
differences between 
groups   

  

Moreno & 
Mayer 
(2004)   

48 participants: college 
students, mean age 
19.54   

Declarative knowledge. 
Learning how to design 
plant roots, stem and 
leaves in order to 
survive in five different 
environments   

Post-test 
memory test 
and problem-
solving test  

  

Other 
technology  

N/A  Desktop VR had 
significantly higher 
results on some 
learning outcomes 
(retention, not 
transfer)   

  

Nicolaidou 
et al. 
(2021)  

  

40 participants: 
undergraduate 
students   

  

Learning a language. 
Learning Greek words  

Pre- and post-
test vocabulary 
test  

Other 
technology  

Significant 
difference between 
time points  

No significant 
differences between 
groups   

No significant differences 
between groups on 
engagement  

Osti et al. 
(2020)  

20 participants: 
university students  

Procedural–practical 
knowledge. Learning 
wooden wall 
construction  

Pre-test 
(baseline), real-
world wall 
construction 
test   

Other 
technology  

Significant 
difference between 
time points  

No statistically 
significant difference 
between groups  
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Ou et al. 
(2021)  

80 university students  Declarative knowledge. 
Learning about the 
Taipei tree frog  

Pre- and post-
test multi-
choice 
achievement 
test  

Other 
technology  

Significant 
difference between 
time points.  

Learning outcomes 
were significantly 
higher for the VR 
group  

  

Parmar et 
al. (2016)   

24 participants: college 
students, 19–30 years   

Declarative knowledge. 
Learning about 
electrical measurement 
instruments   

Pre- and post-
test cognition 
questionnaire, 
real-world skill 
test   

Other 
technology  

Significant 
difference between 
time points  

Learning outcomes 
were significantly 
higher for the VR 
group  

  

Rudolph et 
al. (2020)  

30 participants: 19–51 
years  

Declarative knowledge. 
Learning geoscience—
the rocks in the Grand 
Canyon  

Pre- and post-
test knowledge 
test  

Only VR  Significant 
difference between 
time points  

Significant difference in 
high-fidelity and 
medium fidelity groups 
but not in low-fidelity 
group  

  

Sebok & 
Nystad 
(2006)   

24 participants: 
employees of a reactor 
project, 25–61 years   

Procedural–practical 
knowledge. Learning 
industrial training 
skills related to nuclear 
reactors   

Post-test 
knowledge test, 
observation   

Other 
technology  

No significant 
difference between 
time points  

No significant 
differences between 
groups   

  

Sportillo et 
al. (2018)   

60 participants: 
volunteers 
with driver’s license, 
22–71 years   

Procedural–practical 
knowledge. Learning 
driving with 
automated cars in 
different situations: 
manual mode, 
automated mode, and 
take-over request  

Post-test 
driving 
simulator test 
drive (in-game 
data)  

Other 
technology  

N/A  No significant 
differences between 
groups   

  

Stepan et al. 
(2017)   

66 participants: 
university medical 
students   

Declarative knowledge. 
Learning brain 
anatomy  

Pre- and post-
test cognition 
questionnaire   

Other 
method  

No significant 
difference between 
time points  

No significant changes 
in learning outcomes   

HMD VR group had 
significantly higher 
engagement and motivation 
levels  

Taylor & 
Barnett 
(2010)   

98 participants: 
university students, 
mean age 18.9 years   

Declarative knowledge. 
Learning tactical 
movement, selecting 
fighting positions in an 
urban environment 
and the use of hand 
grenades  

Post-test video 
test (choose the 
correct option)   

Other 
technology  

N/A  No significant 
difference   

HMD VR had higher 
engagement and 
interests/enjoyment than 
other groups  
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Author(s) 
and year   

Participants 
(education 
level/context, age)   

Learning goals   Method  Research 
setting in 
addition to 
VR  

Results 

Between time 
points  

Between groups  Learning 
motivation/engagement  

Teranishi & 
Yamagishi 
(2018)   

6 participants: 
university students   

Declarative knowledge. 
Learning PC assembly: 
names and correct 
positions of the parts  

Pre- and post-
test knowledge 
questionnaires   

Only VR  Significant change 
in learning 
outcomes regarding 
the positions of the 
parts but not in 
terms of the names 
of the parts  

Significant change in 
learning 
outcomes regarding the 
positions of the parts 
but not in terms of the 
names of the parts  

  

Yu et al. 
(2021)  

25 participants: nursing 
students  

Procedural-practical 
knowledge. Learning 
basic nursing 
situations (e.g., feeding 
management)  

Pre-and post-
test knowledge 
questionnaire  

Other 
method  

N/A  No significant changes 
between groups  
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