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Abstract

As virtual reality headsets have become more affordable since 2015, they are increasingly being used
in educational settings. Immersive virtual reality (iVR) does offer unique learning opportunities, and
making it as such an interesting instructional tool. Virtual reality technology has been used and studied
widely in higher education. This scoping review aims to bring an overview of empirical studies of
immersive virtual reality learning experiences in secondary education. Following the scoping review
methodology by Arksey and O’Malley (2005) the databases of Web of Science and Eric were
searched for relevant articles based on the following inclusion criteria: published from 2015 onwards,
with an empirical ground, focussing on secondary education, using immersive virtual reality headsets,
aimed at formal education and written in English or Dutch. From the initial 863 potentially relevant
articles, 33 studies were investigated further, after applying the inclusion criteria. These articles were
then charted and analysed closely. Most studies integrate tethered devices and focus on STEM-
related topics. Four distinct research aims could be identified: media comparison, effectiveness,
design and classroom integration. Immersive virtual reality generates improved test results, mostly
higher than less immersive conditions, but not always significantly higher. Several design elements
were tested but often lack a theoretical grounding. Studies set up in an ecological valid classroom
setting are scarce. Future research directions are suggested on the base of the findings.
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1 INTRODUCTION

Immersive virtual reality has become very popular nowadays and it is being used in a wide variety of
domains such as entertainment [1] training [2], sports [3] and advertising [4]. Two major reasons of its
current popularity are the improved usability and the affordability of the virtual reality headsets, called
Head-Mounted Displays (HMD), opening up educational opportunities too [5].

1.1 Immersive virtual reality

Immersive virtual reality is to be set apart from desktop reality. Desktop virtual reality provides the user
with a virtual experience, generated on a computer screen or tablet. In immersive virtual reality a user
is fully ‘immersed’ in the virtual world through a head-mounted display, without any connection to the
surrounding environment. Both types of virtual reality involve a certain degree of immersion and sense
of presence. Both concepts are often seen as interchangeable, however there is a distinct difference
between them. Slater and Wilbur [6] distinguish between immersion and presence as follows.
Immersion addresses the technical characteristics of the technology, creating a system which is able
to resemble reality as closely as possible. Typical features of immersion are high fidelity of graphics,
spatial sound, a wide field of view and low-latency head tracking. Presence in contrast relates to the
subjective and psychological state of the user sensing actually “being in the virtual environment” [6, p.
4]. This presence is typically generated by giving the user a high degree of interactivity, embodiment
and communicative possibilities. In general, immersive virtual reality, as experienced via an HMD
creates a higher level of both immersion and presence [7].



1.2 Educational affordances of immersive virtual reality

Resulting from considerable investments by big tech companies such as Facebook, HTC and Lenovo,
iVR headsets have significantly upgraded usability, and have become less expensive, making them
accessible for formal education too [5]. As demonstrated by Dalgarno and Lee [8] and Shin [9] virtual
reality holds some unique learning affordances to students, such as learning in contexts which would
be too dangerous or impossible in real life, visualising normally invisible concepts such as one’s
intestines, not having to worry about possibly damaging equipment or machinery, transporting
students to far regions or to other time periods or enhancing empathy by letting them experience
certain scenarios through the eyes of another person [10], [11].

1.3 Literature on immersive virtual reality in education

The educational affordances of immersive virtual reality caught the attention of the academic
community. Freina and Ott [11] investigated the use of immersive virtual reality in education between
2013 and 2014. Most of the studies in their review focussed on the medical field or computer sciences
and were aimed at university learning or adult training. A similar finding was described by Jensen and
Konradsen [12] in their review on head-mounted display use in education and training from 2013
onwards. They found cognitive, psychomotor and affective benefits of HMD VR: spatial awareness
was enhanced and students improved on virtual assembly tasks and in diagnostic interview skills.
However, they identified some barriers too, such as the lack of high-quality educational content and
the hardware which is not designed for educational purposes. Their main suggestion was that future
research should study “not if HMDs should be used, but rather how and for what should HMDs be
used.” [12, p. 1526]. Suh and Prophet [13] elaborated on these research directions, in their review of
immersive technology studies. They found that 25 of the 54 studies addressed education, 42 used a
quantitative approach and 23 of them were published in 2016-2017. Positive outcomes were found in
learning effectiveness, learning engagement, learning attitude, task performance and intention to use
VR. They however identified four negative outcomes too: motion sickness, physical discomfort,
cognitive overload and distracted attention. Individual differences were found in gender, age,
sensation-seeking tendency and personal innovativeness. Specifically for VR in learning and training
contexts they identified some research directions such as stepping away from lab-controlled research
designs and diversifying the research samples. More recently, Radianti et al. [14] investigated the use
of immersive virtual reality applications in higher education. They identified 38 studies from 2016
onwards. Most of the studies used high-end HMDs such as Oculus Rift and HTC Vive; 26 out of 38
were concerned with designing the VLE, most of them addressed procedural knowledge (34%) or
declarative knowledge (26%). The authors concluded that the interest in VR in education has
increased, but that the field is in a “low maturity” state [14, p. 22]. Finally, several reviews focusing on
immersive virtual reality discussed implementations at several educational levels without
distinguishing the adequacy in terms of specific educational levels (e.g. [7], [15]).

1.4 Scoping review on immersive virtual reality in secondary education

The previous research mentioned above dealt with immersive virtual reality, not specifically focussed
on secondary education. The current study wants to address this research gap, undertaking a scoping
review. We deliberately chose this strategy as we “do not aim to produce a critically appraised and
synthesized result/answer to a particular question, and rather aim to provide an overview or map of
the evidence.” [16, p. 3] This scoping review addresses this research question: “What is the current
state of research on the empirical use of immersive virtual reality HMDs in secondary education?”

2 METHODOLOGY

This study follows the methodological framework of a scoping review as developed by Arksey and
O’'Malley [17]. They identified four common reasons to perform a scoping review: 1) to examine the
extent, range and nature of research activity; 2) to determine the value of undertaking a full systematic
review; 3) to summarize and disseminate research findings; 4) to identify gaps in the existing
literature. The present study fits the last two rationales.

Arksey and O’Malley [17] describe five stages in their framework that will be discussed in detail in the
next paragraphs.



2.1 Stage 1: Identifying the research question

As argued before we want to identify the state of research on the empirical use of immersive virtual
reality applications in secondary education. We addressed the following research questions: which
subjects have been studied using iVR (RQ1), which types of HMDs were used (RQ2), what is the
research focus of the studies (RQ3), what is the methodology used (RQ4) and what are the main
findings of the studies (RQ5)?

2.2 Stage 2: Identifying relevant studies

The digital databases of Web of Science and Eric (EBSCO) were searched. In concordance with our
research focus we included studies from 2015 onwards. It was only in 2014 that affordable HMDs
were released, such as Oculus Rift and Google Cardboard in 2014 and Samsung Gear VR in 2015.
These HMDs can be seen as affordable for secondary education levels [5] and as our research focus
was on empirical use, studies before 2015 were considered irrelevant.

As a scoping review aims to provide a comprehensive overview, a long list of search entries were
applied, focusing both on technological features (‘immersive virtual reality” or “virtual reality AND
HMD”) and varying educational levels (“secondary education”, “middle school”, “high school”, “K-12"
and broader “students”), combined resulting in 10 search strings.

2.3 Stage 3: Study selection

The selection process resulted (Fig. 1) in the identification of 33 relevant studies.

Studies identified through database searching, n = 863

Studies after duplicates removed, n'= 759

Studies after applying inclusion an&exclusion criteria, n = 29

Studies included based on search of references, n = 4

Final total of studies included in review, n = 33

Figure 1. Selection process of relevant studies.

The initial selection resulted in a set of 863 studies (Web of Science, n = 780; Eric (EBSCO), n = 83).
When merging the two datasets, several studies were found in both databases. These were excluded,
leading to a set of 759 studies. All studies were screened, applying several inclusion and exclusion
criteria such as type of VR used, the empirical nature of the study, and the focus on formal education.
All criteria are described in Table 1. A total of 29 studies were identified.

Table 1. Inclusion and exclusion criteria.

Criterion Inclusion Exclusion
Time frame 2015-2020 Prior to 2015
Language English or Dutch Other languages
Type of | Article; Proceedings paper with at | Proceedings papers without (preliminary) results
article least preliminary results
Educational Secondary education; Junior high | Other educational levels or professional contexts
level school; Middle school; High
school; K-12
Type of VR | Immersive virtual reality; HMD Desktop virtual reality; CAVE virtual reality; dome virtual
used virtual reality reality; augmented reality; mixed reality.
Study focus Empirical studies Review studies; theory building studies; design studies
without (quasi-) experiment




Literature Studies on learning gains, Studies on students with special needs; on sports; on
focus motivation, engagement, technological advancements; on marketing; on therapy; on
educational usability distance learning; on pre-operation

We then manually scanned the references of the studies already identified for new studies which could
have been missed and another 4 studies were identified, bringing the final total to 33 studies.

2.4 Stage 4: Charting the data

In a next phase all relevant data from the studies were descriptively charted in a form, using Excel.
The goal of this charting is to provide the reader with a comprehensive, but clear overview of all key
elements from each study. Summaries include author, sample size, HMD used, research focus,
methodology used and main findings (Table 3).

2.5 Stage 5: Collating, summarising and reporting the results

The last stage of Arksey and O’Malley’s [17] framework is collating, summarising and reporting on the
results. This will be dealt with in the following section.

3 RESULTS

Table 3 provides a detailed overview of the results. We will summarize the findings in short for each
research question below. The findings will be elaborately discussed in the conclusions section.

3.1 RQ1: which subjects have been studied using iVR?

Most of the studies (n = 26) concern STEM topics such as biology, chemistry, mathematics and
computational thinking, four studies (n = 4) address history or cultural studies, two studies (n = 2)
focus on non-curricular training. An overview of the distribution is provided in Table 2.

Table 2
Course subject Studies
STEM [21], [24], [26], [27], [29]-[36], [38]-[40], [42]-[52]

History / cultural studies | [23], [28], [37], [41]

Non-curricular training [22], [25]

3.2 RQ2: which types of HMDs were used?

As discussed before, this review study took 2015 as a starting point, since 2015 meant the arrival of
Google Cardboard (2014) and Samsung Gear VR (2015). It was expected to see these HMDs being
studied in secondary education from 2015 onwards as they are mobile and less expensive. This was
only partially confirmed in our findings as the majority of the studies (n = 15) used high-end, wired
(‘tethered’) and more expensive iVR headsets, such as Oculus Rift and HTC Vive. Thirteen (n = 13)
studies used mobile devices such as Google Cardboard (n = 3), Samsung Gear (n = 7), Google
Daydream (n = 1) or an unidentified mobile HMD (n = 1).

3.3 RQ3: what is the research focus of the studies?

When charting the data, four categories of research foci could be identified: media comparison,
effectiveness, design, integration. Thirteen (n = 13) studies can be qualified as media comparison
studies [18]. These studies compare test results (mainly knowledge, sometimes transfer or motivation
too) between an immersive VR learning condition and another, less immersive learning condition. iVR
was compared to other learning conditions such as desktop, tablet, video, PowerPoint or a book. A
second category of studies addresses the effectiveness of the iVR learning experience, in
performance [24], [35]-[37], [40] and in motivation [39]. Twelve studies (n = 12) can be considered as
design studies as they seek to investigate the effectiveness of an iVR learning design, in terms of
performance or user satisfaction. Several design elements were tested, such as problem-based
learning [42], personalised learning [43], gamification [44], in-VR teacher presence [45], audio
instructions and haptics [46], different types of feedback [25], character customisation [47], gender of



virtual assistant [49] and virtual self-avatar [50]. All previous studies are so-called ‘lab studies’: they
are not carried out within the natural context of a classroom. Two studies (n = 2) however did address
the question how to integrate immersive virtual reality technologies into the classroom context [5], [52].

3.4 RQ4: what methodology is used?

Related to research methodology, most of the studies (n = 21) adopted a quantitative approach. Ten
studies (n = 10) used a mixed methods design, combining quantitative and qualitative measurements.
Two studies (n = 2) adopted a purely qualitative research methodology.

3.5 RQ5: what are the main findings of the studies?

Within the media comparison studies, four studies report significantly higher post-test scores on
knowledge or performance in the iVR condition [22], [23], [25], [31]. Four studies observe an increase
of the post-test results in the iVR condition, but not significantly higher than the less immersive
condition [21], [28], [29], [32]. Apart from performance some studies saw an increase in presence [23],
[24], self-efficacy [22], [25], [27], enjoyment [21], engagement [23], [26], empathy [23], positive
emotions [24], [28], interest [27], motivation [32], [39] and wanting to retake the iVR lesson [30], [33].
In the category of what we called effectiveness, five (n = 5) studies which investigated performance
effectiveness saw an increase in the post-test results. Petersen et al. [38] saw no significant learning
gains in performance but they did on the transfer tests. Immersion has a significant effect on
presence, which in turn has a significant effect on test scores [34]. As for the design studies, the
design choices were very diverse, so no general conclusions could be drawn. Therefore, we refer to
Table 3 for a more detailed view of the results. When integrating iVR into the actual classroom setting,
it has become clear there are several issues which need to be addressed when implementing
immersive VR HMDs into the classroom. Some are organisational or financial, but others are also
ethical or pedagogical [5], [52].

Table 3. Overview of sample size, HMD, research design and main findings of the studies included

Study Sample | Type of HMD Methods Main findings
size used

Media comparison studies

[21] 31 Oculus Rift DK-2 Quantitative | No significant difference on test scores between iVR and deskiop VR;
significantly higher enjoyment in iVR condition

[22] 40 Samsung Gear Quantitative | Significantly higher test scores in iVR condition, self-confidence higher in iVR

[23] 49 Unknown 6DoF Quantitative | Significantly higher test scores, higher presence,engagement and empathy in

HMD Qualitative | 6D°F
[24] 23 HTC Vive, mobile | Quantitative | Higher presence as result of higher immersion, positive emotions, native
VR, laptop language proficiency

[25] 125 Oculus Rift Quantitative | Significantly higher test scores in post-game feedback condition, significantly
higher self-efficacy in all conditions

[26] 57 Oculus Rift Quantitative | iVR condition used more resources, was more engaged an more action-

Qualitative oriented
[27] 99 (1) Samsung Gear Quantitative | (1) Higher interest and self-efficacy in iVR
131(2) Qualtitative |5y significant higher results on interest, outcome expectations in iVR;

significantly higher post-test scores on self-efficacy and outcome
expectations in both conditions

[28] 56 Samsung Gear Quantitative | Higher test scores and positive emotions in iVR

[29] 40 HTC Vive Quantitative | Higher post-test scores and motivation in iVR group

[30] 60 Samsung Gear Quantitative | Higher attention focus, perceived learning and interest; preference of iVR

[31] 566 Google Cardboard | Quantitative | Significantly higher post-test scores in iVR group

[32] 73 Unknown Quantitative | Higher post-test scores on motivation and performance (not significant)

[33] 28 Unknown Quantitative | iVR group is 50% faster, reports higher interest and wanting to retake




Effectiveness studies

[34] 78 HTV Vive, laptop Quantitative | Presence significantly influenced by immersion, by positive emotions, test
Google Daydream scores significantly influenced by presence
[35] 77 HTC Vive Quantitative | Learning styles have no effect on performance or satisfaction
[36] 16 Oculus Rift DK-2 Quantitative | Higher post-test scores, no effect on attitudes, no effect on presence
[37] 10 Oculus Rift DK-2 Quantitative | Higher post-test scores and enjoyment, especially in boys
[38] 102 Samsung Gear Quantitative | Pretraining significantly higher test scores on transfer test not on knowledge
test
[39] 19 Oculus Rift DK-2 Quantitative | Higher scores on motivation post-test
[40] 79 Samsung Gear Quantitative | Higher post-test scores on performance in iVR group
Design studies
[41] 437 Oculus Rift DK-2 Qualitative Immersion relates to presence, presence relates to enthousiasm; flexible
Quantitative scenario needed; multidisciplinary teams needed
[42] 57 Google Cardboard | Quantitative | Problem-based design results in higher engagement, more creativity and
Qualitative more self-directed learning strategies
[43] 100 Google Cardboard | Quantitative | Higher test scores in personalised learning
[44] 57 Oculus Go Quantitative | Students experienced flow, immersion and presence and like elements of
Qualitative gamification
[45] 88 Oculus Rift CV-1 Quantitative | Higher test scores, higher presence and engagement for live networked
teacher
[46] 13 Android phone Qualitative Students ask for audio instructions over written instructions, haptics are
Quantitative highly acclaimed
[47] 36 Oculus Rift Quantitative | Significantly higher positive evaluation when character customisation
[48] 104 Unknown Quantitative | Higher test scores in structured learning condition; higher presence, interest
Qualitative and active learning in iVR condition
[49] 66 Samsung Gear Quantitative | Gender matching effect of virtual assistant on test scores and transfer
[50] 16 Oculus Rift Quantitative | Higher post-test scores on attention and altered perception of subject;
Qualitative preference of virtual self-avatar over no self-avatar
[51] Not Unknown Qualitative Students ask for high degree of interactivity, feedback, collaborative learning,
stated high frame rate, fidelity and minimal cognitive load
Integration studies
[5] 28 Unkown Qualitative Teachers see the potential of HMD VR; barriers are cost, amount of
headsets, space needed, staff needed; teachers need training; integration of
iVR content in curriculum needed
[52] 54 Oculus Rift CV-1 Quantitative | Barriers for integration are ethical issues, possible motion sickness; teachers
Qualitative need for space, monitoring and aligned content

4 CONCLUSIONS

4.1 Course subjects of iVR learning experiences

Twenty-six (n = 26) out of a total of 33 studies were setup within the STEM domain. This high number
of STEM subjects can be explained in two ways. First, an intensified interest for STEM (science,
technology, engineering and mathematics) is observed, both in society as in research as STEM
professions are heavily promoted both by government and enterprises [10], [15]. Second, STEM
subjects typically are topics that challenge students because of its level of abstraction and because
also teachers find them difficult to pursue in classroom settings [15]. For instance, chemistry is marred
by the lack of laboratory availability [10]. STEM educational applications therefore foster some of the



affordances which can be found in VR educational applications, such as visualising abstract topics or
experimenting safely [10], [15]. Training in or for dangerous situations is another benefit linked to iVR
learning [11] which was dealt with in two studies [22], [25]. The remaining four studies [23], [28], [37],
[41] address the mobility or inaccessibility issue, which iVR is capable of leveraging [11]. Several other
course subjects have not yet or only scarcely been empirically investigated via iVR learning
experiences, such as language learning, history, economics, arts, psychology and sociology.

4.2 HMDs used in studies

This review included studies from 2015 onwards, as more affordable and mobile HDMs such as
Google Cardboard (2014) and Samsung Gear VR (2015) were only then released. Being affordable
and more mobile, made us expect them to be used in formal education more, as cost and flexibility are
part of them being adopted by teachers [5]. Our data could not confirm the expectation as 15 studies
used tethered devices over 13 studies with mobile HMDs. We do however expect this to change in
favour of mobile devices as can be predicted from the distribution in our data already. In 2018 three (n
= 3) studies used mobile devices. In 2020 that amount raised to 6. Meanwhile, as both Google and
Samsung discontinued support for their mobile iVR devices, smartphone driven VR is now called
‘dead’, especially with the advent of HMDs such as Oculus Go, Oculus Quest and Vive Focus [19].
These iVR HMDs offer an all-in-one solution, greatly enhancing their usability [19]. Future research on
the use of iVR in secondary education should integrate these new devices, especially as they are less
expensive too. They are expected to be increasingly used in secondary education as they can be
integrated more easily in the classrooms due to their mobility: they do not need a powerful VR-ready
desktop or laptop making them again less expensive than tethered HMDs.

4.3 Benefits of integrating iVR learning experiences in secondary education

When comparing iVR learning experiences with less immersive instructional materials such as
desktop VR, tablet, PowerPoint, book or leaflet, post-test results are higher in the iVR condition
compared to other conditions, in some cases these increases are significantly higher. These findings
support the findings of single group iVR itself, set up without a control condition. An increase of the
post-test results was noted, sometimes significantly. Although our aim was not to focus on the quality
of the studies in this review, we do however note that some studies included small samples of
participants. Probably the limited availability of VR HMDs is one of the main reasons. We expect this
to change as the new iVR headsets will increasingly being used and studied. It will then become
easier to study larger samples, improving the reliability of the results. However, since the findings in
our review are consistent with each other, iVR learning experiences can be considered as a valuable
instructional tool in secondary education classrooms.

Next to asking if iVR learning experiences are effective, it is important to investigate what exactly
makes them effective. These studies, mainly labelled as design studies, focus on a variety of
instructional design elements, making it difficult to come to general conclusions. We can however
discern two types: technology-focussed studies and learner-centered studies. Technology-focussed
studies investigate design elements without a clear theoretical grounding. Examples are geared to
character customisation [47], 3D multimodal interaction [41], live networked teacher presence [45],
and a virtual self-avatar [50]. Other design studies adopt a learner-centered approach, investigating
the value of specific learning paradigms in the new iVR technology, e.g. [42]-[44], [48]. As argued by
Makransky et al. [20] “it is not appropriate to take a technology-centered approach” [20, p. 234].
Therefore, future research should investigate to a larger extent how learning can be promoted “taking
into consideration and utilizing the unique affordances that comes with this new technology.” [20, p.
234] leading to a set of consistent instructional design principles for iVR in secondary education.

When we broaden the definition of instructional design to the implementation in the classroom itself,
the need for additional research becomes undeniable as only two (n =2) studies did reflect this
approach. This need was already reported by Jensen and Konradsen [12] but still exists to this date
[5], [52]. As Southgate et al. [52] argue “classrooms are socially active, sometimes unpredictable
places that yield unique and credible insights into the deployment of technology ‘in the field’ [We need
research] which is concerned with providing context-rich descriptions of the failures and successes of
educational technologies in-situ and in practice.” [52, p. 20]. Future research should investigate what
works for immersive virtual reality or not, within the actual classroom itself, not in laboratory settings.
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