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The aim of this study, via a systematic review, was to investigate the addition of narratives
in immersive virtual reality (IVR) and the associated impacts on learning. Narratives in IVR
put the learner in the story, which, until recent developments in IVR head-mounted display
technology, was out of reach in most classrooms. The review found that added immersion
afforded by VR is particularly important in relation to learning where situational context is
desirable. Importantly, IVR experiences with a narrative may have the potential to increase
affective outcomes for learners, without reducing cognitive gains. Additionally, data
concerning learning theories and design methodologies was extracted from the studies. The
systematic review yielded 12 relevant and applied papers with this demonstrating there are
still significant gaps in the research concerning the impact on learning in narrative IVR. This
review highlights that the inclusion of narratives in educational 1VR offers many potential
benefits, however is yet to be fully explored. There are endless opportunities to tell stories in
IVR. How they can be used and their impact on education is a rich ground for further research
and development.

Implications for practice or policy

e Educators and VR developers should consider including a narrative in an educational
IVR experience because of the potential to increase affective outcomes such as
motivation and engagement, without reducing cognitive gains.

e Learners can benefit from educational IVR experiences with narratives because they can
provide situational context, elicit an emotional response and scaffold complex learning.
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Introduction

Since the launch of the Oculus Rift in 2013, consumer virtual reality (VR) head-mounted displays (HMDs)
have become increasingly affordable and capable, attracting attention as education technologies supporting
learning outcomes (Kavanagh et al., 2017). Highly immersive HMDs are now readily available for schools,
universities and organisations wanting to improve learner outcomes, yet research to date is rudimentary and
disorganised. Spurred on by the increasing availability and excitement around this technology, research has
increased, with studies examining the benefits for learners having varied and diverse objectives. However,
the benefits from research lack consensus and are not being fully realised. One significant oversight is that
the increased immersion afforded by modern HMDs, unlike their less immersive predecessors such as
desktop-based VR, can create narrative experiences that were not previously possible in the digital realm
(Calvert & Abadia, 2020; Misak, 2018). This paper contributes to a larger research agenda by collating
current research focused on immersive VR experiences (IVR) where the learner is immersed in a narrative.
This is distinct from when learners are provided narrative experiences in non-immersive media such as
desktop VR or multimedia materials. It is also distinct from educational material delivered to learners in
IVR, but where the experience is devoid of a narrative.

We use the terminology immersive narrative VR (INVR), which is described as a narrative experience
delivered via a suitably capable IVR HMD, affording heightened immersion in the narrative via a
combination of increased sense of presence, embodiment, agency, realism and other factors (Jeunet et al.,
2018; Shin, 2017; Slater, 2018). Put simply, INVR lets the learner be in the narrative, rather than reading
or watching the narrative on a screen. Via systematic review, our paper demonstrates that to date researcher
and practitioner understanding of the impact of INVR on learning and the design of the experience and
learner outcomes are rudimentary, and studies focused on this system of relationships are very limited.

IVR affords educators the chance to immerse learners in an experience which takes place in a crafted reality.
Educators can create experiences in I\VVR that are not bound by physical, geographic or temporal limitations.
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It is an ideal medium for constructing rich narrative environments using realistic representations and
cognitive artefacts, extending the range of our experience to other social and physical environments
(Biocca, 2002). Afforded by the sense of presence and the embodied experience, learners can be immersed
in a narrative (Shin, 2018). As highlighted by Misak (2018, p. 40), “VR mimics the work of the readers’
imagination” and can convey narrative elements more realistically than its traditional counterparts of texts
or screens, the application of which can be applied to any narrative scenario required for enhancing learning,
extending its potential use to all areas of education. In the context of IVR, the addition of the extra
dimensions of immersion afforded by modern HMDs, specifically the sense of embodiment and presence
(Caserman et al., 2019; Slater, 2018) warrants a closer investigation. With little known how INVR
experiences impact learning, further research is warranted to advance this practice. This creates a
compelling argument for the function of INVR for learning.

This practice of utilising INVR in education is poorly defined and little explored. It is rarely included in
the broader agenda, yet as a practice it is anecdotally proposed to extend the learner experience (Breien &
Wasson, 2020). Narrative stories and the passing of knowledge through storytelling have been applied and
studied in digital learning applications prior to the commercialisation of VR (Dickey, 2005, 2006).
Narratives in digital learning applications include games and interactive learning material, and for the
purposes of this review differ from narratives in IVR, in that they are not delivered via an immersive HMD
(Adams et al., 2012; Dettori & Paiva, 2009; Jemmali et al., 2018). However, the findings from these
previous studies serve as suitable background for this systematic review and can inform the potential
impacts of INVR. Several studies exist on utilising game narrative techniques for interactive educational
experiences, and how these narrative devices allow for increased engagement, presence, self-efficacy,
interest and meaning construction (Garneli et al., 2017; Jemmali et al., 2018). There are studies which have
demonstrated that adding a narrative to an interactive media learning experience results in no or even
reduced learning gains when compared to traditional learning materials (Adams et al., 2012; Martey et al.,
2017). This seems incongruous to what would be expected of increased engagement, presence, self-
efficacy, interest and meaning construction, but to date this has not been explicitly investigated. Hence, the
current evidence regarding narratives in digital learning experiences points towards a mixture of positive
and negative outcomes for learners.

Because IVVR for learning is relatively new, we must look to other digital-based learning experiences such
as video games and virtual learning environments to see if the integration of a narrative in IVR will aid
learning. If there are complex instructional elements, for example, including a narrative in the digital-based
learning experience, these can lead to reduced learning (Pilegard & Mayer, 2016). However, if a narrative
is added, it can support learning by increasing presence and generating an emotional response (Gorini et
al.,, 2011). The narrative may also support learning by helping learners organise knowledge, increase
motivation and make sense of their experience (Dettori & Paiva, 2009). The problem with such
discrepancies in outcomes can be traced back to differences in learning experience design and study set-
up. Narrative is additional content in the experience, and it may or may not be related to the learning
outcomes. How effectively the narrative is integrated can play a decisive part in the outcomes for the
learners experiencing it (Jemmali et al., 2018). There appears in the current research little attention to the
design process and the quality of the design and how that might impact the learning outcomes. Through
systematic review we investigated this in more depth, with the aim of advancing the role of design and
alignment with the learning outcomes.

Educational VR research agenda

There is a growing body of research examining the potential benefits of VR for learning across a range of
educational domains and disciplines. Studies are seeking evidence to support the implementation of IVR in
curricula across various fields trying to leverage what the technology might offer. As highlighted in the
review by Jensen and Konradsen (2018), some of the 21 studies reported the positive effect IVR can have
on cognitive, affective or psychomotor skill acquisition in specific scenarios. However, it was found that
study quality was below average, and that outside those scenarios, IVR was not more effective than less
immersive material. One of the review’s conclusions was that learning in IVR can be beneficial when the
depicted simulation is correctly utilised. In the review by Hamilton et al. (2020), 29 studies examined the
learning outcomes of IVR when compared to less immersive methods. In the review, cognitive learning
was the most commonly assessed learning domain (87%), over procedural and affective. The same review
examined learning outcomes and found that most studies concluded the IVR intervention was significantly
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better for education. Only two studies in the review reported no difference, and two studies found
detrimental effects to learning when using IVR. The findings from these reviews highlight the mixed results
occurring in the field of study. Further work is warranted to better categorise the types of VR experience
used in education and the impact on learning each category has.

A significant gap emerging from previous reviews is an inquiry into IVR for learners through the lens of
learning theories. Radianti et al. (2020) are the sole researchers in the discovery that included an
examination of learning theories in their review of 38 studies. Even though the review identified the
growing number of application domains where IVR is beneficial, they found that learning theories were
not often considered as an assist or guide towards measuring learning outcomes. Considering this
information, we hypothesised that a review of INVR for learners will yield a similar lack of learning theory
application. This lack of learning theory application in educational IVR studies further demonstrates the
immaturity of the field.

Learning outcomes in IVR

This systematic review examined the literature focused on INVR for learning. As such, we can compare
and analyse the learning outcomes of implementing INVR in education. An overview of the possible
learning outcomes and how they align with learning theory is therefore important. Several studies have
demonstrated that IVR can offer cognitive benefits such as knowledge mastery (Abadia et al., 2019),
knowledge transfer (Bhargava et al., 2018), knowledge retention (Krokos et al., 2019; Meyer et al., 2019)
and task engagement (Bhargava et al., 2018), while others have focused on the affective benefits of IVR,
demonstrating that IVR can increase engagement and elicit emotions (Allcoat & von Miuhlenen, 2018;
Schutte & Stilinovi¢, 2017).

Designing effective instructional material that maximises cognitive outcomes requires knowledge of
cognition and the mechanisms of learning and problem solving (Plass et al., 2010). Cognitive load theory
(CLT) can explain learning outcomes by considering the limitations and capabilities of “human cognitive
architecture” (Plass et al., 2010). Linked to CLT is the cognitive theory of multimedia learning (CTML),
which aims to improve instructional materials to make best use of a learner’s cognitive limits (Mayer,
2009). CTML aims to make the most efficient use of the auditory and visual channels by which we process
words and pictures, the two main methods by which we receive instructional material. An IVR experience
engages these auditory and visual senses, and effecting learning in this environment can be explained by
CLT and CTML.

In addition to cognitive outcomes, there is research that supports affective outcomes as being important to
the learning process as well (Um et al., 2012). Affective outcomes include learner satisfaction, motivation,
perceived difficulty and positive perceptions (Um et al., 2012). Together, these terms contribute to the
cognitive-effective theory of learning with media (Moreno, 2006) and expand on CTML (Mayer, 2009) by
adding extra dimensions of learning found in cognitive research. Of particular interest is affective
mediation, which facilitates learning by increasing or decreasing cognitive engagement through
motivational factors. Further supporting affective mediation is interest theory, which states that learners
pay more attention when they are interested (Dewey, 1913). The need to explore the additional affective
benefits INVR learning experiences can offer the learner is considered one of the main categories for data
collection in this systematic review.

Motivated by the current survey of relevant literature presenting as diverse and varied, the research field
requires further investigation to gain a better understanding of IVR in education, and more specifically, the
role of INVR and associated learning outcomes. Moreover, the context of recent research in training,
simulation, game-based learning and general education further compounds the inconsistency in the
application of findings in research and practice. We undertook a systematic review to organise the research
and build on our understanding of INVR to assist learners and contribute to the call for research
underpinning the functions of VR for learning (Bower & Jong, 2020).

To investigate the role of design of INVR for education and to ascertain associated cognitive and affective
learning outcomes, we utilised a systematic review to interrogate the problem, research the question and
construct the inclusion and methods. We specifically focused the systematic review on IVR learning
experiences that feature narratives and those papers aiming on achieving learning outcomes. This review
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will support a better understanding of immersing learners in stories and the benefits of educational INVR,
while advancing the organisation of this research agenda and field of enquiry. Currently, the research has
inconsistent quality and a clear agenda is not evident, which has resulted in a small subset of relevant
papers. INVR may have other benefits, but this is unknown due to the small subset. This small subset shows
an increase in affective learning outcomes and engagement with no reduction in cognitive learning gains,
thereby warranting further empirical research.

Emerging from the current literature reviewed, this systematic review addressed the following research
questions (RQs):

RQ1 To what educational domains are INVR being applied?

The inclusion of this domain analysis focuses on the area of application to ascertain where INVR are most
effective. Looking across all the studies will assist in identifying the key motivation for including a narrative
in the educational VR experience. Comparisons can be made with the educational domains reported in other
systematic reviews to determine if INVR experiences are better suited or more commonly employed in
specific areas.

RQ2 How does an INVR experience impact learning?

VR is a new form of media with new opportunities for immersive learning. As research begins to explore
the affordances of INVR, more needs to be known about how it benefits learning and if the results from
these studies contribute to learning theories.

RQ3 How are narratives being designed and structured in the context of educational IVR?

The purpose of surveying the narrative structures used is to ascertain what narrative elements there are and
what they do for the learner. Are there appropriate design methodologies applied during development to
ensure the narrative is fit for purpose? Pulling data from the selected studies will provide useful information
for future inclusion of narratives in IVR learning experiences.

Method

For this review, we used the preferred reporting items for systematic reviews and meta-analysis (PRISMA,;
Moher et al., 2009). A complete outline of all PRISMA phases follows below.

Search strategy

To begin with, we determined that both journal articles and conference proceedings would be included in
the review. After an initial scoping test, we chose three key databases for the literature search: IEEE Xplore,
Scopus and EBSCO. We conducted searching on these digital libraries during August and September of
2020. In addition to the search results, we included papers found via researcher checking and journal hand
searching.

Search terms
The following search string was used for all databases:

“virtual reality” OR VR

AND immers*

AND educat* OR learn*

AND story* OR stories OR narrative* OR scenario*

This search string was designed to capture all relevant articles to the systematic review. Immers*, which
covers immersive, immersion and immersed, was important because it will return results for immersive VR
as opposed to desktop VR. The terms educat* and learn* were included to ensure the results would meet
the criteria of the VR experience being in an education context or one where learning was measured. The
terms story*, stories, narrative* and scenario* were included to ensure the results fit the criteria of the study
which is focused on the use of narratives in educational VVR. In this instance, story*, stories* and scenario*
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were included to ensure that articles where narratives were described or featured without the specific term
of narrative applied to them, were captured in the search results.

In addition, only articles published in English were included in the search. The final step in the search was
to restrict the year of publication to between 2013 and 2020. The first consumer headset capable of high
levels of immersion, in the form of the Oculus Rift Development Kit 1, became available in early 2013
(Avila & Bailey, 2014). Articles published prior to this would not meet the eligibility criteria.

Selection and screening

The search returned the following results from each database: IEEE Xplore (n = 108), Scopus (n = 397)
and EBSCO (n = 117). To this, we added articles sourced from researcher checking and journal hand
searching (n = 6) to the total pool. Once duplicates had been removed, a final pool of n = 453 articles
remained. These articles were then screened by reading the title and abstract to remove those which
unmistakably did not fit within this review. This resulted in n = 79 articles for full-text review. Each article
was then assessed against the following criteria to determine the final set of articles included in this review.
To be included, an article must meet all of the eligibility criteria. Figure 1 shows the PRISMA flow diagram
for the process of article search and refinement.

Records identified through
database searching
(EBSCO n =117

Scopus n = 397 Records identified through
IEEE Xplore n = 108) other sources
Total: N = 622 n=6

Records after duplicates removed
n =453

\J

Records after first screening
(reading title and abstract)
n=79

Records excluded
n=2374

\ 4

A4

Records after second
screening (reading contents) >
(n=12)

Records excluded
(n=67)

Figure 1. PRISMA flow diagram
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Eligibility criteria

The first phase required a full-text read through of a sample (n = 20) of the shortlisted papers, which was
conducted by both of the authors. The articles were reviewed against the following criteria:

(1) A narrative being presented to the learner in IVR via an immersive HMD. This needs to be
presented to the viewer and not be created by the viewer. Multiple story branches in a choose-
your-own-adventure format are acceptable. The narrative must be a significant feature of the
experience.

(2) The INVR experience had to be for learners. However, the learners can be either in a school,
higher education, professional or museum setting.

(3) The aim of the study is to improve the learner experience in some capacity. The narrative need not
necessarily be the exclusive intervention for achieving this.

(4) The improvements to the learning experience must be measured and/or assessed.

(5) The design of the INVR experience must be described in satisfactory detail.

A specific set of criteria just for narrative assessment was required in order to determine which of the IVR
experiences featured a true and significant narrative and which did not. After reviewing the initial subset
of 20 papers, it was decided to override the narrative definition offered within each paper, with a pre-
defined narrative definition. The following quote from Wertsch (1998) offers a succinct and suitable
definition of a narrative that papers can be assessed by:

Narrative is organized around temporality, it has a central subject, a plot with a beginning,
middle and end, and an identifiable narrative voice; it makes connections between events; it
achieves a closure, a conclusion, a resolution. (p. 80)

Based on this, the final list of required items that must be present in order to be determined a narrative is
outlined in Table 1.

Table 1
Narrative features
Narrative criteria  Description
Character e Player character that is adequately described or represented (virtually) that
may or may not have agency
e And/or character(s) that inhabit the virtual world which are adequately
described or represented
Setting e Time and location where the narrative can take place
Plot e An event or sequence of events that involves/impacts the character(s) and
takes place in the setting
e A plot sets in motion a sequence of events from which the conflict or crisis

will emerge
Conflict or crisis e A conflict which impacts the character(s) and drives the story forward
Resolution e The conflict is resolved, either successfully or unsuccessfully

Once there was unanimous agreement between reviewers on results of the sample pool assessment, the
reviewers moved on to the final stage and the remaining articles were then subject to a full-text review.
This resulted in n = 12 articles for inclusion in this review.

Data collection process
Categories for data collection were first piloted and then discussed to determine inter-rater reliability. This
ensured that data gathered would be relevant to the overall aims of the study and that the data extracted

would be consistent amongst the researchers. Data were gathered in the following categories: application
domain, learning theory, narrative structure or theory, measures, and outcomes.
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The last step was to obtain a valid quality score for each paper by administering the Medical Education
Research Study Quality Instrument (MERSQI). The MERSQI test was originally developed to assess
medical research (Reed et al., 2007), but was adapted here to include education specific terminology for
each item. The revised MERSQI guide can be found in the appendix. Papers can score a maximum of 18
points on the MERSQI, and higher scores indicate a higher quality study. The intention behind obtaining a
MERSQI score for each article was to gather data and make an assessment on the quality of research
performed in this field.

Results
The following section outlines the results of the systematic review, with analysis conducted to address the

research questions. Table 2 provides a summary of the main characteristics of the articles, covering
participants, VR device, learner type and MERSQI score.

Table 2

Summary table
Paper Participants IVR HMD Learner type MERSQI

score
(Alrehaili & Al 31 Oculus Rift Student (secondary) 14
Osman, 2019)
(Calvert & Abadia, 79 HTC Vive Student (secondary and 155
2020) university)
(Caserman et al., 20 HTC Vive Professional 9
2019)
(Donald & Scott- 53 Oculus Rift  Student (secondary) 7.5
Brown, 2019)
(Buttussi & Chittaro, 96 Oculus Rift General public 145
2018)
(Feng, Gonzalez, 93 (87 Oculus Rift General public 12
Amor, et al., 2020) completed)
(Feng, Gonzélez, 191 Oculus Rift  Students (secondary and 10.5
Mutch, et al., 2020) university) and professionals
(Ferguson et al., 42 PlayStation Student (secondary) 135
2020) VR
(Nowak et al., 2020) 180 (171 HTC Vive General public 13
completed)
(Pagano et al., 2020) 70 & 75 HTC Vive General public 6
(Parong & Mayer, 55 & 57 HTC Vive Student (university) 16
2018)
(Zhang et al., 2019) 90 HTC Vive Students (secondary and 6
(approximately) university) and the general

public

Analysis from the MERSQI scores

Overall, the data from the MERSQI test returned a mean of 11.4 (SD = 3.6), which is 1.3 points lower than
the mean scores from the MERSQ)I test in the review by Hamilton et al. (2020). The variance in definition
of the individual MERSQI items as outlined above may have contributed to the lower mean score.

There were four papers that scored below 10, which is considered low based on previous applications of

the MERSQI (Hamilton et al., 2020). For all these low scoring papers, the focus was on design innovations
with a limited lead user study, which was conducted to validate IVR design methodologies. Any learning
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outcomes which were measured in the studies centred around the affective domains of learner satisfaction,
attitudes and perceptions. Their contributions are valuable in the rapidly evolving field of INVR by
increasing our understanding of the learning domains to which INVR can be applied and how they might
be designed. However, these findings suggest that more studies with robust study designs are required.

Application domain

RQ1 To what educational domains are INVR being applied?
In total, only four application domains were present across the 12 studies: history (n = 4), training serious
games (n = 4), science (n = 3) and public health (n = 1).

The reasons given for including a narrative in the IVR history lessons were to immerse learners in a
significant historical event (Calvert & Abadia, 2020; Pagano et al., 2020); experience personal stories
(Donald & Scott-Brown, 2019); elicit emotional response (Calvert & Abadia, 2020); and to improve
information recall and recall of spatial information (Ferguson et al., 2020).

The reasons given for including a narrative in the training serious games were to mimic real events (Buttussi
& Chittaro, 2018), or to utilise an interactive story that changes based on how the player reacts, mimicking
potential real-life scenarios (Caserman et al., 2019; Feng, Gonzalez, Amor, et al., 2020; Feng, Gonzalez,
Mutch, et al., 2020). Essentially, all four training serious games aimed for a narrative experience that gave
learners a chance to experience a real-life scenario. The only difference was whether the virtual scenario
was fictionalised or based on real events.

The reasons given for including a narrative in the science lessons were to scaffold learning of complex
concepts (Zhang et al., 2019) and to support learning through interactivity (Alrehaili & Al Osman, 2019).
The reasons given for including a narrative in the public health lesson were to let users experience events
and feel empathy in an immersive environment (Nowak et al., 2020).

Looking across all the studies, four common reasons emerged as the key motivation for including a
narrative in the educational IVR experience, which were to immerse learners in real-life scenarios,
experience personal stories, elicit emotional response and scaffold complex learning.

Learning theories and outcomes

Data relating to learning theory, design methodology and narrative structure was extracted from the articles,
which is summarised in Table 3. This data was then used to answer RQs 2 and 3.

RQ2 How does an INVR experience impact learning?

When extracting data relating to learning theories, only explicitly mentioned learning theories which are
clearly linked to the study design, measures or outcomes were included. It was found that 42% (n = 5) of
studies did not mention a learning theory. Mayer’s (2009) CTML was mentioned in two studies. These two
studies were also the most thorough when discussing how these learning theories relate to learning in IVR
and discussed the impact their results have on the theory. The theory was also embedded in the study design.

The following learning theories were mentioned once across all the studies. Self-efficacy theory is used to
explain how well a student performs when engaging in learning activities (Chemers et al., 2001). It is
defined as the effort and persistence on a task that is applied when the learner believes they are competent
in the task (Bandura, 1977). Self-efficacy is an important measure when assessing the effectiveness of
educational IVR materials. Generative learning theory describes one of the key aspects of cognitive
processing in learning. The basis of the theory is that by selecting, organising and integrating information
with prior knowledge, meaningful learning can occur (Fiorella & Mayer, 2015). When audio visual material
is effectually presented to the learner in IVR, generative learning can take place. The zone of proximal
development is defined as the distance between what the learner is currently capable of as an independent
problem solver and what they are potentially capable of under adult guidance (Vygotsky, 1978). It is used
as a hasis for developing educational experiences in IVR that lead to optimal learning. Social cognitive
theory explains that learning occurs not just through direct experiences, but also through vicarious
experiences such as social interactions (Bandura, 1977, 2001). In the context of IVR, for example, learners
can be involved in social situations where learning can occur as explained by social cognitive theory. The
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media-enables-method hypothesis is used to explain why IVVR may afford enhanced methods for learning
by drawing upon the unique affordances of the technology, such as enhanced immersion, presence and
embodiment (Moreno, 2006).

Table 3
Learning, design and narrative data extraction

Paper

Learning theory

Design methodology

Narrative structure

(Alrehaili & Al
Osman, 2019)

Multimedia
learning theory

Analysis, design,
development,
implementation, and
evaluation (ADDIE

Role playing game (RPG)

model)
(Buttussi & Social cognitive N/A Scenario inspired by real
Chittaro, 2018) theory incident
(Calvert & Abadia, = Media-enables- N/A Historical accuracy,
2020) method hypothesis, scenarios, student at the
mastery approach centre of the action
(Caserman et al., N/A N/A Multiple paths with alternate

2019)

endings

(Donald & Scott- N/A Co-design, design Interviews, lived experience,
Brown, 2019) council's double diamond  oral history
(Feng, Gonzalez, N/A N/A Action-driven narrative

Amor, et al., 2020)

method

(Feng, Gonzélez,
Mutch, et al., 2020)

Problem-based
gaming framework

Action-driven narrative
method

Story modules, explicit
narrative, action-driven
narrative method

(Ferguson et al., Zone of proximal N/A Non-fiction, educational

2020) development environmental narrative
games, active navigation,
passive navigation, explicit
story structure, implicit story
structure

(Nowak et al., N/A N/A Users experience events

2020)

(Pagano et al., Dale's cone of Learning mechanics- Ancient history, help,

2020) experience, game mechanics model,  measuring goals, scoring,

Bloom’s taxonomy

activity theory-based
model for serious games

interaction

(Parong & Mayer,
2018)

Cognitive theory of
multimedia
learning, cognitive
load theory, interest
theory, self-efficacy
theory, generative
learning theory

N/A

Interactive tour with
narration

(Zhang et al., 2019)

N/A

Iterative human centered
design, design make
learn cycle

Interactivity, gameplay,
guided, trial and error, non-
linear, three act structure

Figure 2 shows that knowledge gain was the most popular measure when assessing the outcomes of
narrative VR for education, featuring in 67% of articles. Of the studies that measured knowledge gain, only
four did so in comparison with other non-1VR learning interventions (Alrehaili & Al Osman, 2019; Buttussi
& Chittaro, 2018; Calvert & Abadia, 2020; Parong & Mayer, 2018). Of these four, only one reported a
significant gain in knowledge from the IVR intervention, while the other three reported no significant gain.
In the study by Calvert and Abadia (2020), learners scored higher on knowledge tests after experiencing an
historical story in IVR versus those who viewed the same experience as desktop 360° video. The study by
Alrehaili and Al Osman (2019) tested for knowledge gain in an immersive science lesson and found that
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there was no significant difference between IVR versus desktop-based simulation. They did, however, find
a significant increase in knowledge retention for the IVR group. The two other studies found no significant
knowledge gain for learners in IVR in a training serious game (Buttussi & Chittaro, 2018) and science
lesson (Parong & Mayer, 2018). More studies are required that measure learning gains in INVR experiences
compared to non-IVR learning materials, to better report on this measure.

The following measures belong to the affective outcomes of INVR. The measure of engagement featured
in 57% of articles, where it was considered a key objective for deploying an educational 1VR experience.
Of these articles, only three compared IVR against a non-IVR intervention, all of which reported that
engagement in IVR was significantly higher. The measure of the sense of presence featured in 33% of
articles. The increased sense of presence is common motivator for developing IVR (Jensen & Konradsen,
2018) and in the context of learners, can be used to give context to learning material. Immersing learners
in historical scenarios is one such example. Other measures that reported gains in IVR over non-IVR
learning materials include empathy, immersion, realism, motivation, interest, affect and content-specific
items. There is growing support for the affective benefits of VR for education, with 83% (n = 10) of papers
measuring affective outcomes. In 75% (n = 9) of papers, cognitive and affective measures were both
reported on.
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Figure 2. Assessment measures
Narratives in VR

RQ3 How are narratives being designed and structured in the context of educational IVR?

When extracting data relating to design methodology, only explicitly mentioned applications of design
methodologies were included. Only 42% (n = 5) of studies utilised a design methodology in the process of
developing the VR experience. In all instances where a design methodology was mentioned, it was
explained in detail and followed with the aim of improving learning outcomes. Out of the 58% (n = 7)
articles that did not specify a design methodology, two used a commercially available IVR experience
(Ferguson et al., 2020; Parong & Mayer, 2018).

When extracting data relating to narrative structure, only items explicitly mentioned in the article were
included. The terminology used within the articles to describe narrative structure varied greatly. This could
be due to the varying nature of the application domains, design methodology and goals of each study. INVR
experiences for education are also a newly developing area, with many different narrative structures being
employed in the design of the experience. In response to this, the narrative structures mentioned in Table 3
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were grouped into themes, which were then assigned a narrative term, which is displayed in Table 4. This
list of terms can be used to better describe the structural features of a narrative VR experience for education.

Table 4

Structural features of INVR
Narrative structure Mentions
Non-fiction 4
Fiction 8
Passive participant 2
Active participant 10
Implicit story structure 3
Explicit story structure 3
Scenarios 2
Goal driven 1
Branching storylines 1
Guided 3

Storylines are added in IVR to help scaffold complex learning or to provide a situational context to the
material. The added immersion afforded by I\VVR is particularly important in relation to experiences where
situational context is desirable. This applies to either fiction or non-fiction educational IVR narratives. A
fiction or non-fiction storyline in VR provides this situational context in a highly engaging manner.

More studies favoured active participants (83%) than passive participants (17%). Active participation
includes features such as gameplay mechanics and interactivity. Passive participation includes passive
navigation and learners being in the centre of the action. Both active and passive participation were effective
for learning gains.

In the papers that mentioned implicit or explicit story structure, neither structure had comprehensive
advantages for learning over the other. However, with minimal studies from which to draw information
about implicit versus explicit story structure in IVR, there is no comprehensive guide as to which is more
effective in an INVR learning scenario. It is also worth noting that an IVR learning experience can feature
moments of both implicit and explicit story structure. Implicit versus explicit story structure is a very
interesting area, and more studies need to specify which of these they will employ, as both methods have
their unique benefits.

The remaining narrative structures employed in INVR for education were scenarios, goal driven, branching
storylines and guided. Unlike the features discussed above, these features are optional and are not a choice
of either one or the other, such as fiction or non-fiction.

Discussion

We conclude that current research has inconsistent quality, and a clear agenda is not evident, resulting in a
small subset of relevant papers. This small subset shows an increase in affective learning outcomes and
engagement with no reduction in cognitive learning gains. This highlihgts the significance of further
research required in this area. INVR may have other benefits yet to be acknowledged and investigated but
this is unknown due to the small subset.

For all the articles included for review, the following trends emerged. Firstly, in the validity of instrument
domain, only two papers reported relationships to other variables. This is a major omission from the studies,
and for there to be significant gains in the research of INVR, correlation between domains require further
investigation. Secondly, only two papers reported a contribution to educational theory. These are notable
absences and demonstrate that this emerging field is still maturing.

Research foci and future agenda

The small subset of results suggests an emergent field with limited critical mass in any constructs and
domains. The systematic review process exhaustively searched and interrogated papers yet failed to reveal
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a strong consistent approach to the research conducted. The systematic reviews on educational IVR by
Hamilton et al. (2020) and Radianti et al. (2020) found that science was the most common application
domain, with no mention of history, suggesting IVR in a history context as a relatively recent development,
and it is particularly interesting as it is the equal most popular application domain in this review. There are
two possible reasons for this: most articles included in both of those studies were published in 2018 and
some early access in 2019. The history-focused IVR studies in this review were published in 2019 and
2020. It is also possible that as IVR development and research become more accessible, the application
domains for learning expanded to include more general education material, such as history. As more and
more narrative-based learning experiences for IVR are developed, this list of educational domains will
likely increase. The library of INVR experiences is likely to continue growing to cater for a wide range of
pedagoical applications.

From the analysis of educational domains, four main benefits for including a narrative in an IVR learning
experience emerged. These benefits are immerse learners in real-life scenarios; experience personal stories;
elicit emotional response; and to scaffold complex learning. Each of these benefits require further
investigation to better understand the full impact of INVR. The added immersion afforded by IVR is
particularly important in relation to experiences where situational context is desirable.

Lack of foci on learning outcomes

The survey of articles found that only 68% included a learning theory. Of those, only two papers reported
a contribution to an existing educational theory. This low number aligns with the reviews conducted by
Radianti et al. (2020) and Hamilton et al. (2020). Therefore, it is evident that some studies in this field are
making conclusions that IVR will improve learning without analysing their findings against existing theory.
Although it is understandable that some studies will focus more on design innovations and classroom
application, empirical research aligned with learning theory is still required to better understand the role
INVR plays in learning.

Cognitive outcomes in the two studies with CMTL were supported by the theory and positive outcomes for
learners achieved. With the high number of studies featuring affective measures, it is surprising that there
were no learning theories focused on affective features. Considering this, the cognitive-fffective theory of
learning with media (Moreno, 2006) would be a suitable theory for analysis of INVR for education because
of the inclusion of affective outcomes in conjunction with cognitive outcomes.

Regarding learning outcomes, there was one example of knowledge gain and one example of knowledge
retention in the studies. There was no other evidence to suggest that immersive narrative VR can improve
cognitive factors over other forms of media, or of IVR experience without narratives. Similar to research
from other interactive educational media, the cognitive benefits are yet to be fully supported in INVR for
education. What was consistent was the growing support for the affective benefits of INVR for education.

INVR design and learning outcomes

The papers in this review all included a narrative and the results did not demonstrate negative learning
impacts. This sits in contrast to the findings of Pilegard and Mayer (2016), but more importantly, gives
support to the argument by Jemmali et al. (2018) that there are many variables in the design of the narrative
experience and the associated studies that means a comprehensive analysis is difficult. The application of
appropriate design methodologies was evident in the literature; however, this was from fewer than half the
surveyed studies. Considering that how an IVR experience is designed can have significant impact on both
cognitive and affective outcomes, this is an important finding. However, the outcome of this review is that
the inclusion of a narrative in an IVR experience for learning should be considered when the educational
goal is to immerse learners in real-life scenarios; experience personal stories; elicit an emotional response;
or to scaffold complex learning.

The lack of learning theory and application of design methodology can be improved by bringing together
more interdisciplinary teams of researchers and active practitioners in the fields of education, psychology,
design, computer games and creative writing. When a team tries to develop an IVR experience and then
undertake empirical research, cost time and design aspects are in conflict — this may be solved by cross-
functional teams. Writing, designing and developing an immersive narrative that engages students and
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achieves learning goals is a complex undertaking. This is supported by Jemmali et al. (2018), who suggested
that adding narratives is further complicated by the variation in duration, relationship to learning content
and overall structure. To assist, structural features of INVR found in the articles of this systematic review
(Table 4) can act as a guide for future research and development. These assistive narrative structures are
learners being active or passive in the narrative; implicit or explicit story structure; scenarios; goals;
branching storylines; and guidance. Importantly, these structures apply to either fiction or non-fiction
narratives. Indeed, each of these narrative structures can be further explored in future research to determine
the unique characteristics and impacts on learning of each.

Conclusion and future directions

The results from this systematic review reveal that the existing research is returning varying results and
offers little critical mass in any of the focal areas. Of the small subset of papers found in the review, the
results regarding cognitive outcomes from INVR lack consensus. This variation in findings is a result of
the diverse quality and study design of the papers, in addition to the variation in narrative design structures
within each study. Some of the studies found a positive impact on knowledge gain; however, there was no
clear narrative structure that leads to this. Compounding the lack of consistency, several studies showed no
increase in cognitive outcomes compared to other forms of media, suggesting this variability warrants
further research. Conversely, affective outcomes resulting from the INVR showed consistent gains in
learner engagement, empathy, interest, self-efficacy, motivation and presence over other forms of
educational media, with these benefits applying to all narrative structures present in the articles. Therefore,
the INVR narrative design structures found in this study may assist in adding clarity to future research and
in building a strong research agenda advancing IVR and learning outcomes. This study highlights the small
number of comprehensive studies linking learning theory, design methodology, narrative structure and
learning outcomes, and as such, confirm further research is still required for a better understanding of the
learning outcomes and role of INVR in education. Regardless, there is still compelling evidence that INVR
offers affective benefits in a wide range of educational applications and should be considered a valuable
educational tool.
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Original MERSQI by Reed et al. (2007, p. 1004), adapted for education

Domain

MERSQI Item

Original subscale

Educational technology specific
subscale

Study design

Study design

Single group cross-sectional or  no change
single group post-test only

Single group pre-test and post-  no change
test

Nonrandomised, 2 group no change

Randomised controlled trial

Experimental trials with
participant randomisation

Sampling Institutions 1 institution sampled 1 learner type sampled (primary,
secondary, university,
professional or general public)

2 institutions sampled 2 learner types sampled

>2 institutions sampled >2 learner types sampled

Response rate N/A no change

<50% or not reported no change

50%-74% response rate no change

>75% response rate no change

Type of data  Type of data Assessment by study Assessment by study participant

participant (user evaluation, surveys,
interviews or focus groups)

Objective measurement Objective measurement
(knowledge tests or physiological
measures)

Validity of Internal N/A no change

evaluation structure Not reported no change

instrument Reported no change

Content N/A no change
Not reported no change
Reported no change
Relationshipsto N/A no change
other variables ~ Not reported no change
Reported no change

Data Appropriateness  Data analysis inappropriate for  no change

analysis of analysis study design or type of data
Data analysis appropriate for no change

study design or type of data
Complexity of Descriptive analysis only no change
analysis Beyond descriptive analysis no change

Outcomes Outcomes Satisfaction, attitudes, Learner satisfaction (usability),

perceptions, opinions, general
facts

learner attitudes (engagement and
motivation), learner perceptions
(in the case of VR this can be
presence, embodiment or
immersion), opinions or general
facts

Knowledge, skills

Knowledge and/or skills
acquisition

Behaviours

Learner behaviours

Patient/health care outcome

Education theoretical contribution
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