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Abstract

Virtual reality (VR) is not a new technology, nor is its application to edu-
cation. However, it has historically failed to achieve widespread adoption,
both commercially and in education. A recent resurgence in consumer in-
terest has seen rapid growth in the area, and the release of a multitude of
consumer-friendly VR headsets. Whether educational experiences designed
for this latest generation of technologies will actually provide any measurable
difference in either user experience or learning outcomes compared to more
common devices (such as desktop PCs) is unknown, and likely depends on
the quality of the learning experience. Thus in this thesis we investigate
both: how does learning on a VR headset compare to learning through other
digital means, and what techniques and technologies are most suitable for
providing effective educational experiences on VR headsets.

Using a comparative study methodology we investigate 360◦ video as a
novel approach to creating educational VR content. The user experience and
learning outcomes of participants shown this content is compared to those
who viewed cropped versions of the same content on a PC. Existing theory
from the areas of human-computer interaction, psychology, VR, and educa-
tion were synthesized to form a ‘Framework for Designing Educational VR
Experiences’. This framework is intended to increase the likelihood of de-
signing experiences that both achieve the desired learning outcomes, and are
positively perceived by students. An interactive educational VR experience
was created, its design informed by the framework. A secondary comparative
study mirroring the methodology of the first was then conducted, evaluat-
ing this interactive experience (instead of 360◦ video), and comparing the
learning experience to participants who completed a re-programmed version
of the same interactive experience on a desktop PC.
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Although the results of both studies did not identify any statistically sig-
nificant differences in the learning outcomes (nor was the effect of 360◦ video
in Study 1 statistically significantly different from the effect of the interactive
VR experience in Study 2), the results of both user evaluations were over-
whelmingly positive. We conclude that the use of VR in education appears
to provide comparable learning outcomes, in an experience that students are
much more likely to be motivated to use, and perceive as being enjoyable,
engaging, and immersive than the same experience on a desktop PC.
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CHAPTER 1

Introduction

“Hold tight and pretend it’s a
plan.”

Dr. Who

The prevalence of technology in education continues to increase, in a
trend that shows no signs of slowing. As new devices increase in adoption,
from the standard desktop PC, to smart phones and tablets, these devices
are soon applied to educational purposes.

This research focuses on the technology virtual reality (VR), which in
the context of this thesis we define as any experience taking place within an
immersive computer generated environment.

Virtual reality however is not a recent technology, and from its earliest
recorded application to flight simulators in the 1950s, it has been used for
educational purposes. Despite its long history, VR has historically failed to
achieve widespread adoption both commercially, and in education.

A recent resurgence in consumer interest in VR has resulted in both rapid
technological development in the area, and the release of many VR head-
mounted displays or ‘headsets’ targeted and priced for everyday consumers.

Whether this latest generation of headsets will overcome whatever barri-
ers have historically hindered its widespread adoption is unknown. However,
as these devices increase in popularity, we will likely increasingly see them
being used for educational purposes.

A more important question that logically arises is therefore ‘Why ’? Pre-
sumably the desire to use VR over more widely used devices hinges on the

1



Chapter 1. Introduction

assumption that its use will result in some difference in either the students
user experience, or learning outcomes.

Whether this assumption is correct is unknown, and likely depends on a
multitude of factors, including the quality, nature, and content of the edu-
cational experience. To this end, in this thesis we pose 2 primary research
questions:

[RQ1] : How does learning on a VR headset compare to learning through
other digital means (such as on a PC)?

[RQ2] : What techniques and technologies are most suitable for providing an
effective educational experience on a VR headset?

1.1 Organization of thesis

This thesis presents the development and evaluation of 2 distinct approaches
to providing educational VR experience, and introduces a framework de-
signed to inform the design process of such experiences. In Chapter 2 we
provide an overview of the applications, motivations, and problems reported
by existing work investigating the use of VR in education. Chapter 3 de-
scribes the results of a study investigating 360◦ video as an approach to
providing educational VR content. Chapter 4 introduces a framework for
designing educational VR experiences. Chapter 5 presents the results of a
secondary study investigating the effectiveness of a large interactive VR ex-
perience informed by the framework. Finally, Chapters 6 & 7 discuss the
implications and contributions of this research, and suggests direction for
future work.

Chapter 1: Introduction The first chapter provides a brief overview of
our motivations for investigating the primary research questions posed
by this thesis, as well as an overview of its structure, and publications
arising from the research.

Chapter 2: Background There are several questions investigated through
the results of systematic literature review outlined in this chapter.

We first wished to gain a better understanding of the areas to which
VR was already being applied, and by whom. Thus, the chapter begins
by a description of the application domains of the papers analyzed, and
the institutions for which they were created.

We then outline the applications and motivations reported by existing
literature investigating the use of VR in education.
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Finally, we discuss the potential this new generation of VR-related
technologies has to overcome the issues identified, and suggest some
new approaches to providing educational VR experiences.

Chapter 3: 360◦ Video for Education In this chapter we introduce 360◦

video as an alternative approach to providing educational VR experi-
ences with a much lower barrier to entry for content producers.

As the desire to decrease the barrier to entry for content producers was
one of our motivations for pursuing this approach, we begin the chapter
by describing the difficulties we encountered in producing educational
360◦ video content, and our solutions to these issues.

We then introduce the results of a study comparing both the user ex-
perience and learning outcomes of participants who were shown 360◦

video on a VR headset, to those shown cropped versions of the same
videos on a standard desktop monitor.

Chapter 4: A Framework for Designing Educational VR Experiences
This chapter outlines the design of a framework intended to guide the
design of educational VR experiences. The framework was formed
through the synthesis of existing models and theory in the fields of
human-computer interaction (HCI), VR, psychology and education,
and is intended to increase the likelihood of designing educational VR
experiences that both: achieve the desired learning outcomes, and are
positively perceived by students.

The framework is comprised of 45 individual techniques/factors, falling
into 16 dimensions, and divided among 4 primary themes. Addition-
ally, in Appendix D we provided a large checklist intended to provide
practical guidance based on the content of this framework.

Chapter 5: Interactive Educational Virtual Reality A large interac-
tive educational experience designed for the HTC Vive headset was
then designed based on the content of the framework outlined in Chap-
ter 4.

We begin this chapter by explaining how the framework was used to
inform the design, before introducing the results of a secondary study
investigating the user experience and learning outcomes of partici-
pants who used the educational experience, to those who used a re-
programmed version the same experience on a desktop PC. This study
was designed to closely mirror the methodology applied to the 360◦

study outlined in Chapter 3, in order to allow for comparisons between
the two studies results.

3
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Chapter 6: Discussion This chapter begins by discussing differences ob-
served in the results of the two studies through the scope of the 2
primary research questions, before describing the major methodologi-
cal issues we encountered during this research. A discussion into the
utility of the framework, as well as the implications of the research
findings for content producers concludes this chapter.

Chapter 7: Conclusions and Future Work Finally, this chapter outlines
the key findings and implications of the research contained in this the-
sis, before suggesting direction for future work.

1.2 Publications arising from this thesis

The following is a list of publications that arose from the research described
in this thesis. The contents of these publications appear in several chapters
throughout this thesis.

1. Kavanagh S., Luxton-Reilly, A., Wuensche, B., & Plimmer, B. (2016).
Creating 360◦ educational video: a case study. In Proceedings of the
28th Australian Conference on Computer-Human Interaction - OzCHI
‘16 (pp. 34-39). New York, New York, USA: ACM Press.

2. Kavanagh S., Luxton-Reilly, A., Wuensche, B., & Plimmer, B. (2017).
A Systematic Review of Virtual Reality in Education. Themes in Sci-
ence and Technology Education.
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CHAPTER 2

Background

From there to here,
and here to there,
funny things are everywhere.

Dr. Seuss

This chapter begins by first providing a brief history of the use of VR in
education.

Given that despite its lengthy history, VR has failed to achieve widespread
adoption in education; the sections that follow describe the findings of a
systematic literature review investigating:

• The Application Domains of the existing uses of VR in education: both
the subject areas and the institution the educational content was cre-
ated for.

• The Applications and Motivations of Virtual Reality in Education: The
common motivations for using VR in education, and the applications
to which VR has been applied.

• The Problems with Virtual Reality in Education: issues and limitations
identified in existing literature utilizing VR in education.

We then turn our gaze to the future, and introduce a range of new and
upcoming VR technologies, and discuss the potential these technologies have
to overcome the issues and limitations identified during the literature reviews.
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We conclude by summarizing the main findings of the chapter, and how
they led us to investigating the use of 360◦ video as an alternative means of
creating educational VR content (which is then discussed in further detail in
Chapter 3).

Much of this chapter builds upon an existing publication that arose from
this work; see A Systematic Review of Virtual Reality in Education (Ka-
vanagh et al., 2017).

2.1 Introduction

Virtual reality (VR) is not a recent technology, nor is its application to edu-
cation. The first recorded implementation of a digital VR system appeared
in the 1966, in the form of a flight simulator designed for training purposes
for the United States air force (Page, 2000). Adoption remained primar-
ily limited to the public sector for several decades, until in 1991 a series
of specialized arcade games were released by the company Virtuality Group
(Kushner, 2014; West, 1995). However, these proved to be a unpopular and
were discontinued two years later (West, 1995). In 1993 SEGA designed a
virtual reality head-mounted display (HMD or ‘headset’), several game stu-
dios designed software for it, however it was never released (Horowitz, 2004).
In July 1995 Nintendo released their own VR based game system, the Virtual
Boy (Kushner, 2014). Shipping with both a controller and a monochromatic
headset, this too proved to be a commercial flop; and was discontinued less
than 6 months after its initial release date (Kushner, 2014). In short, the
history of consumer VR systems has thus far largely been one of failure.

Although commercially unsuccessful, numerous studies of VRs applica-
tion to education yielded positive findings, ranging from increased time-on-
task (Huang et al., 2010; Johnson et al., 1998), to enjoyment (Apostolellis &
Bowman, 2014; Ferracani et al., 2014), motivation (Cheung et al., 2013; Ja-
cobson & Holden, 2005; Sharma et al., 2013), deeper learning and long-term
retention (Huang et al., 2010; Rizzo et al., 2006). Despite these positive re-
sults, VR systems have also failed to gain widespread adoption in education.

In this chapter, we attempt to gain a better understanding of the issues
faced by educators who are attempting to use VR. However, before we can
understand what problems exist with VR in education, it is first useful to
understand why educators choose to use it in the first place. To this end, over
the course of this chapter we perform two separate thematic analyses. The
first investigates the applications and motivations provided by authors who
have designed and implemented educational VR systems. Furthermore, the
ways in which VR was applied by these authors was analyzed. In the second
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analysis, we investigate the issues and limitations reported by the authors of
these systems. However, only papers that contained evaluations considering
usability factors were included for this analysis. This chapter is structured
according to the results of the analyses performed; whereby its respective
sections directly correspond to the themes and characteristics identified in
the thematic analyses.

The final section of this review introduces a range of new and upcoming
VR-related peripherals, many of which have been the focus of recent main-
stream media attention both for the fact that they are almost all crowd-
funded, and that they aim to bring VR to the masses (Avila & Bailey, 2014;
Control-VR, 2014; Cybreth, 2013; Oculus, 2012; Omni, 2014; PrioVR, 2014).
We do so in order to discuss the potential this latest iteration of technologies
have to overcome the various problems identified in our analyses. To aid in
this process a Virtual Reality Peripherals Matrix has been created, displaying
the modalities, functionalities and specifications of many of these emergent
technologies in a simple format. Special attention is paid to the resurgence
in VR headsets, and the unique interaction difficulties and requirements they
possess (especially in terms of educational applications).

In later sections of the chapter, we discuss how these emergent tech-
nologies possess limitations of their own, and provide examples of future
directions for educational researchers looking to overcome them.

2.2 Methodology

Before reviewing VR educational systems, we first clarify both what we mean
by a virtual reality as well as the scope of educational systems included
in this chapter. While definitions of what constitutes virtual reality vary,
most definitions specify a digital representation of a three dimensional object
and/or environment. In order to capture as many relevant papers as possible,
we have adopted this broad definition, and included VR systems using any
form of input/output peripheral. Resultantly, our analyses focus on literature
containing over 20 different types of input and output peripherals (including
traditional PC interaction).

In this chapter, we also introduce a range of new and developing VR
technologies, the functionalities and specifications of which are contrasted
with those identified in our analyses. Thus, given the rapid rate in which
changes are seen (and specifications improve) in this area, for comparisons
sake we focused our review on recent research.

Mikropoulos & Natsis (2011) performed a similar review of the use of
VR in education from 1999-2009. This research, combined with the rapidly
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Database Search String Results

ACM Digital
Library

acmdlTitle:(“virtual reality” VR) AND acmdlTitle:(classroom
school education)

15

IEEE Xplore ((“Document Title”:“virtual reality”) OR (“Document
Title”:VR)) AND ((“Document Title”:education) OR

(“Document Title”:classroom) OR (“Document Title”:school))

39

Web Of
Science

Title:(“Virtual reality” OR “VR”) and Title:(education OR
school OR classroom)

128

Scopus TITLE (“virtual reality” OR vr) AND TITLE (education OR
school OR classroom) AND PUBYEAR >2009

179

ERIC ((title:“virtual reality”) OR (title:“VR”)) AND
((title:“education”) OR (title:“school”) OR (title:“classroom”))

18

Table 2.1: Systematic Review Sources. Search databases, strings, and num-
ber of results. 379 candidate papers were identified for further analysis.

changing nature of this area, motivated our decision to finalize our search
period to include all papers published from 2010-present (June 2017 at the
time of writing).

We conducted a systematic review following the process outlined by Kitchen-
ham (2004), and searching the academic databases ACM Digital Library,
IEEE Xplore, Web of Science, ERIC, and Scopus. From this, 379 candidate
papers (see Table 2.1) were identified for further analysis dependent on our
inclusion criteria.

For our initial thematic analysis, our inclusion criteria specified that a
paper would only be included for further analysis if it had implemented a VR
based solution in an educational context. Moreover, the authors must have
clearly expressed their motivations behind and/or justifications for utilizing
VR for the system.

To be included in the second analysis (investigating the problems with
such systems) the paper was required to have designed and implemented a
VR educational system, as well as performed an evaluation of it; with at
least some consideration given to usability factors.

Papers that failed to express their motivations could however potentially
be included in the second analysis, while those that did not perform an eval-
uation could be included in the first. A larger number of papers expressed
the motivations behind their system than those that included an evaluation
considering usability factors (90 vs. 35). A total of 26 papers included their
motivations and an evaluation, and were thus included in both of the the-
matic analyses performed (corresponding to ‘Reoccurring Papers’ in Figure
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90 3526 Num. Papers

Analysis 1 Analysis 2
Reoccurring Papers

Figure 2.1: Paper Distribution per Thematic Analysis. The distribution of
papers included in Analysis 1 (applications and motivations of ) and Analysis
2 (problems with) virtual reality in education.

2.1).
These thematic analyses saw papers coded according to their common fea-

tures (i.e. reported issues and motivations). As trends became increasingly
evident in the data these characteristics or ‘codes’ were in turn categorized
into overarching themes. These themes form the basis for the structure of
the sections that follow.

The classification data from our thematic analyses were then extracted
and tabulated in Figures 2.5 & 2.8; the contents of which were then discussed
in further detail in the corresponding subsections that follow.

Full versions of the tabulated data obtained from both analyses have been
included in Appendix A (see Figures A.1, A.2 & A.3).

2.3 Application Domains

Before performing our analysis into what it is that educators hope to gain by
using VR in education, we first wished to get a better understanding of the
areas to which VR was being applied, and by whom. Thus, in this section
we report on the context of research in this area, specifically the distribution
of both the application domains of the papers analyzed, and the institutions
for which they were created.

A total of 99 papers implementing educational VR software have been
analyzed over the course of two thematic analyses in this chapter. The im-
plementations analyzed in these papers have been applied to 40 application
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Health-related: 35%

Other: 27%

Engineering: 19%

Science: 16%

General Education: 28%

Figure 2.2: Application Domain Categories. The primary application do-
mains categories of the 99 papers analyzed over the course of two thematic
analyses. Note that a paper could potentially belong to multiple application
domains.

domains (see Figures 2.2 & 2.3). Papers could potentially belong to multi-
ple domains, for example, a paper could be both intended to teach Safety
practices while being designed for the Construction industry. Thus, in total
the 99 papers were categorized into the 40 application domains 125 times.
Several application domains were notably more prevalent. These include ap-
plications relating to health, engineering, science and those created to act as
general-purpose educational tools (see Figure 2.2).

Of the 99 papers analyzed, 35 were applied to health related domains.
Of these applications, 17 related to general medical topics e.g. (Falah et al.,
2014; Moro et al., 2016; Schwaab et al., 2011), ten to surgical education
(Huang et al., 2016; Wiecha et al., 2010; Yoshida et al., 2014) and three to
physical education (Song et al., 2012; Staurset & Prasolova-Førland, 2016;
Zhang & Liu, 2012).

Applications to engineering were also common, occurring in 19 of the
99 papers. These primarily included applications to aviation (Rupasinghe
et al., 2011; Sharma & Otunba, 2012; Wei et al., 2013), architecture (Zita
Sampaio & Viana, 2013), robotics (Buiu & Gansari, 2014; Galambos et al.,
2014; Hurtado et al., 2010), as well as several other niche areas of engineering.

Interestingly, three of the papers created systems designed purely for
potential use in museums (Angeloni et al., 2012; Apostolellis & Bowman,
2014; Hsieh et al., 2010). Apostolellis & Bowman (2014) justify their VR
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Figure 2.3: Application Domains Breakdown. The specific application do-
mains of 99 papers implementing virtual reality in education.

system by stating that groups visiting museums typically do not get enough
time with its content, and often simply receive information passively from
museum docents. To combat this, they developed a VR based collaborative
and interactive environment to foster greater engagement with the museum
content. Author motivations are discussed in further detail in Section 2.4.
For a graphical representation of the institutions for which the applications
were created, see Figure 2.4.

A total of 28 of the implementations described in the literature were
not specific to any application domains, but were instead general tools that
could be applied to various levels and areas of application (Ewert et al., 2013;
Hsiaoa et al., 2010; Kiss, 2012). Hsiaoa et al. (2010) for example designed a
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Higher Education: 51%

Other: 15%

Secondary Education: 9% Private Sector: 6%

Primary Education: 6%

Early Childhood Education: 4%

Museum: 3%

Unspecified: 3%

Military: 1%
Theme Park: 1%

Multi-level Education: 1%

Figure 2.4: Institution of Education. The institutions and areas for which
the applications described in the 99 papers analyzed were created.

virtual campus using the software Second Life. This campus could be used
by any educators wishing to teach online lessons in any area.

The use of VR in art-related subjects (i.e. literacy, visual art, music
etc.) was less frequent than its use in STEM-related areas. Only seven
papers were designed to be applied to areas relating to the arts. These
included implementations intended for application to music (Gomes et al.,
2012), English (Chung, 2012), history (Chien et al., 2012; Fabola & Miller,
2016; Perez-Valle & Sagasti, 2012) and interior design (Meggs et al., 2012).

2.4 The Applications and Motivations of Vir-

tual Reality in Education

This section describes a thematic analysis of 90 papers which describe the
use of VR in education. We identify the common motivations for using VR,
and the applications to which VR has been applied. The themes identified in
the analysis are discussed in further detail in the corresponding subsections
that follow.
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Figure 2.5: The Applications and Motivations of Virtual Reality in Educa-
tion. Reported applications and motivations (obtained via thematic analysis)
of 90 papers applying VR to education.

2.4.1 Thematic Analysis Results

Our initial thematic analysis of the applications and motivations of VR in ed-
ucation identified 13 common characteristics/codes across the papers, which
could be divided between three themes and fell into one of two primary cat-
egories; Pedagogical or Intrinsic factors (see Figure 2.5).

Motivations are classified as Pedagogical Factors if it was stated by the
authors that their work was supported by, or designed around facilitating the
beliefs of a pre-existing pedagogy. The Intrinsic Factors theme encompasses
all motivations that appear to be rooted in the belief that the system would
result in a more positive internal or personal learning experience for the user
than what is traditionally available.

Some papers fall into multiple categories. For example, VR implemen-
tations that allow distance learning are an area of application; however, the
desire to facilitate deeper learning is an intrinsic motivational factor. Further-

13



Chapter 2. Background

more, some of these motivations are not specific to VR, but instead describe
more general differences between ‘real’ and computer-based learning. Dis-
tance learning for example, is incidentally, rather than intrinsically linked to
VR technologies.

The remainder of this section discusses and elaborates on the codes and
themes identified in this analysis.

2.4.2 Applications

This section outlines the applications of the VR implementations described
in the literature analyzed. By applications, we refer not to the application
domain of the implementations (which are discussed above), but to its actual
purpose or use (e.g. to facilitate distance learning).

2.4.2.1 Simulation

VR provides the possibility for participating in simulations/virtual explo-
rations that would otherwise be infeasible or too dangerous to undertake in
reality (Abdul Rahim et al., 2012; Wei et al., 2013). Public schools pro-
viding ancient history courses are unlikely to consider frequent international
travel for their students a viable option; however, through VR these same
students could explore the architectural brilliance of the Pantheon or even
purely imaginary structures without ever leaving their classroom.

Gaitatzes et al. (2001) demonstrate an example of VR’s ability to simulate
activities that while possible, are infeasible; their combined CAVE1/desk-
based system was developed in order to simulate and allow the virtual explo-
ration of locations of Greek cultural heritage. Using a joystick-like interaction
device, users can freely explore virtual areas and buildings; even examining
and interacting with their contents. While physically visiting the sites con-
tained within the simulation is technically possible, it is likely infeasible for
classrooms on a budget and/or located elsewhere in the world.

Demonstrating a simulation which would otherwise be impossible, Perez-
Valle & Sagasti (2012) developed a virtual system allowing students to visit
16th century Spain. Users of the system are able to explore (in much the
same way as the above example) locations that no longer exist, including
ancient temples as they were hundreds of years ago.

As well as being able to simulate explorations in virtual environments, it
is possible to simulate infeasible interactions (Perez-Valle & Sagasti, 2012;
Sharma & Otunba, 2012). Sharma & Otunba (2012) for example developed

1A CAVE is a physical location in which a virtual environment is displayed/projected
on 3+ walls in order to provide a visually immersive experience.
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a system for flight attendants to simulate aircraft fire drills. They state that
while it is impossible to create fire drills whereby actual hazards are present
(and thus passengers react realistically) due to the potential for injury, such
a simulation is possible using VR.

2.4.2.2 Training

In our analysis, papers were classified as providing training if they were
intended to facilitate the transfer of practical skills. For example, an appli-
cation designed to allow students to virtually explore the universe would not
be classified as training (as its immediate practical value is limited), while
a flight simulator designed for pilots would be. Ambiguities can potentially
arise from this distinction, but as a guideline, papers were classified as train-
ing if they were concerned with the transfer of skills, rather than purely
knowledge. A close interrelationship also exists between training and simu-
lation applications, however it is not a one-to-one relationship; for example
the 16th century virtual recreation of Spain created by Perez-Valle & Sagasti
(2012) discussed above is clearly a simulation, however it is not used for any
training purposes.

However, the use of VR to facilitate training is a common form of sim-
ulation (58% of simulations identified were designed for training purposes).
The training activities simulated are diverse, ranging from flight simulations
(Wei et al., 2013), to chemical engineering (Abdul Rahim et al., 2012), and
construction (Zita Sampaio & Viana, 2013).

Particularly common is the use of VR to simulate medical activities.
Though this generally involved the application of VR to surgical activities
(Falah et al., 2014; Ferracani et al., 2014; Gutierrez-Maldonado & Ferrer-
Garcia, 2013; von Zadow et al., 2013), it has also also be used to simulate
other medical activities such as rehabilitation. Nolin et al. (2016) for example
created a virtual classroom to facilitate the rehabilitation of children with
attention deficit disorders, while work by Chang et al. (2014) investigated
the potential VR holds to motivate patients suffering from Cerebral Palsy.

The ability to simulate these, as well as dangerous activities is a popular
application of VR. Another common example of this is the use of VR to
facilitate pilot training. Flight simulations allow virtual flights to be carried
out in much the same way as the highly computerized piloting that is done
today, and was one of the earliest applications of VR (Page, 2000). Such
simulations can be done without the danger to both trainee pilots, and others
involved training process (Page, 2000; Wei et al., 2013). Similarly in surgical
education, ‘In a computer-generated virtual model, there is no patient who
might suffer ’ (Haluck, 2000).
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2.4.2.3 Access Limited Resources

Just as VR can be used to simulate infeasible activities, it can also be used
to simulate the access of limited resources. This was a characteristic of 37
of the papers analyzed. The term ‘resource’ in this case is used to describe
any thing which is in high demand and/or limited supply. In VR, where the
objects we can include are relatively limitless; these limited resources can
include not just resources in the traditional sense, but scientific equipment
and even the labs containing them. Examples of the simulation of such labs
and equipment are provided below.

Abdul Rahim et al. (2012) simulated a commercial milk powder process-
ing plant. The authors designed this system for students of chemical and
process engineering, stating that such plants were becoming increasingly dif-
ficult to visit due to availability and safety regulations.

A virtual wind farm to facilitate wind energy education was designed by
Abichandani et al. (2014). Users could modify the parameters of the wind
farms and the wind turbines they contained, these modifications would result
in immediate changes to both the appearance of the environment and the
underlying data/visualizations produced. As Ewert et al. (2013) point out,
such systems allow students to experience environments that would otherwise
potentially require excursions or internships.

Hristov et al. (2013) took a different approach, instead allowing students
to directly control a real (physical) laboratory equipment through the use of
a virtual interface. While not increasing the supply of resources available;
this allows them to potentially be accessed for longer periods of time, and
from remote locations.

VR can also be used to simulate the access of non-scientific resources.
Angeloni et al. (2012) for example ‘brought together’ rare and geographically
separated pieces of art in a desktop-based virtual museum for students to
explore.

Finally, as mentioned above a popular application of VR is in surgical
education. As well as being able to simulate interactions with living patients,
in work by both Liu (2014) and Falah et al. (2014) the potential for VR to
overcome the limited number of cadavers available to students was discussed.

2.4.2.4 Distance Learning

Though only mentioned in 8 of the papers analyzed, VR (as with most digital
solutions) has the potential to be used for distance learning (Hristov et al.,
2013; Pena-Rios et al., 2012). As many of the implementations analyzed
were designed to simulate real world learning experiences, the user’s physical
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location is largely irrelevant. Distance learning can allow students to access
the learning materials and resources of leading universities worldwide, and
some studies have found that students consider it preferable (Hristov et al.,
2013; Kiss, 2012; Pena-Rios et al., 2012).

Ideally, students using distance learning should be provided with learning
experiences of comparable quality to those provided otherwise. VR itself is
simply a medium to provide distance learning, and can thus facilitate any of
its numerous advantages. Thus, several of the papers analyzed attempted to
provide a distance learning experience using virtual reality that would more
realistically map what would be provided in person (Chang et al., 2014; Kiss,
2012; Schwaab et al., 2011). For example, in work by Hristov et al. (2013),
students were able to operate real tools located on university grounds through
a virtual environment.

Chang et al. (2014) designed a game-based system to teach users with
cerebral palsy how to independently perform rehabilitation exercises. Video
tutorials serving the same purpose were previously available; however, there
was no way to ensure a person was performing the exercises correctly. To this
end the authors developed a interactive VR system using the Kinect motion-
sensing device. The system provides real-time feedback to users regarding the
validity of their exercise-form based on the angles of their joints, as detected
by the Kinect.

Schwaab et al. (2011) were interested in simulating the mock oral emer-
gency medicine examinations provided to students. The authors designed
a virtual examination room accessible over the Internet (using the software
Second Life) whereby students would assume the role of the doctor, and the
examiner would control the patient avatar. Of the 27 medical students par-
ticipating in this experiment, 70.3% deemed it to be a more realistic setting
than the traditional examination.

2.4.3 Motivations

This section outlines the motivations provided by the authors of the educa-
tional VR implementations described in the literature. These motivations are
categorized into two primary themes; Pedagogical or Intrinsic motivations.
Motivations were categorized as pedagogical if they appeared to be describ-
ing theories of learning, such as constructivism. Intrinsic factors describe
the desire to increase internal student motivations, such as enjoyment and
engagement. These are explained in further detail in the subsections that
follow.
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Collaboration: 30.30%

Constructivism: 28.79%

Other Pedagogy: 21.21%

Gamification: 19.70%

Figure 2.6: Distribution of Pedagogical Motivations. Distribution of the
pedagogical motivation factors identified in our first thematic analysis.

2.4.3.1 Pedagogical Motivations

Existing research has shown that VR solutions are effective at multiple level
of education, and that students tend to look favorably on them (Auld &
Pantelidis, 1994; Huang et al., 2010; Kiss, 2012). VR implementations fre-
quently require some form of input/interaction from the user. Interaction
with educational VR systems encourages active engagement; this is prefer-
able to learning through simple passivities (Pantelidis, 2010). This should be
of particular interest to proponents of humanist learning theory, which itself
was largely a reaction to some of the ‘dehumanizing’ practices of modern
education, including the expectation that students act as primarily passive
learners (Maslow, 1962).

The use of VR in education is at the core of what has been termed Virtual
Reality Learning Environments or VRLEs (Huang et al., 2010). A VRLE is
one that simply provides an immersive 3D environment that students are
capable of interacting with. Though existing studies have demonstrated pos-
itive student perception of VR in education, Huang et al. (2010) ) point out
that ‘...all worthwhile educational innovation must begin with a strong ped-
agogy ’. The distribution of pedagogical motivation factors identified in our
analysis is displayed Figure 2.6.

Constructivism Constructivism is a paradigm that argues that humans
generate meaning through an active, constructive process (Piaget, 1954; Vy-
gotsky, 1980). It further posits that learners actively and continually create
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their own subjective representation of reality based on the interaction be-
tween their ideas and experiences (Dewey, 1985).

The use of VR in education has obvious ties to constructivism (Anopas &
Wongsawat, 2014; Huang et al., 2010; Pantelidis, 2010). John Dewey believed
that the environment has a strong effect on the learner, and that education
should be experimental and experiential (Dewey, 1985; Huang et al., 2010).
These are qualities that can obviously be facilitated through the use of VR
in education.

The explicit mention of constructivism was common in the texts ana-
lyzed. Additionally, several papers that did not mention constructivism ex-
plicitly were motivated by factors consistent with constructivist ideals (Chan-
dramouli et al., 2014; Chung, 2012; Falah et al., 2014).

Collaboration The collaborative potential of VR solutions similarly aligns
closely with social constructivism as well as several other of Vygotsky’s ideas
(Huang et al., 2010). For example, the ability for students to explore these
virtual environments either alone or with the aid of other students or teachers
lends itself well to Vygotsky’s Zone of Proximal Development or ZPD (Huang
et al., 2010). The collaborative potential for VR solutions is a common
motivator among the papers analyzed, being mentioned in 20 of texts, and
accounting for 30.3% of the total pedagogical motivations provided. Several
of the papers analyzed in this review employed collaborative aspects to their
implementations.

The aircraft fire drill software described above for example was designed
to be multi-user, allowing multiple flight attendants to attempt to control
and direct the passengers simultaneously (Sharma & Otunba, 2012).

Several implementations were actually designed with communication and
collaboration as their primary goal ; work by Aylett et al. (2014) for exam-
ple investigated the potential a projector-based VR experience held to break
down barriers, reduce prejudice and improve communication between chil-
dren.

Gamification and Game-based Learning Gamification is the appli-
cation of game-mechanics, and/or other game-like elements to non-gaming
situations, usually (in the case of education) to increase student motivation,
engagement and enjoyment of the learning experience (Huotari & Hamari,
2012; Robson et al., 2015). Despite VR often being associated with games,
only 13 papers used game-based learning or gamification in their implemen-
tations.
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Afonseca & Badia (2013) developed a marine life game designed for chil-
dren with Down syndrome. Students could watch virtual marine life move
about in its ‘natural’ habitat. Students were also asked to participate in
simple identification exercises and quizzes, such as ranking animals in the
food chain. The software was designed to appear informal, fun and inviting
to users.

The virtual art museum mentioned above and designed by Angeloni et al.
(2012) also incorporated game-aspects. As well as simply being able to ex-
plore the virtual environment undirected, the system contained several ‘mini-
games’ such as crosswords and treasure hunts. These mini-games encourage
users to further explore the museum, and to do so in a directed, goal-oriented
fashion.

Aylett et al. (2014) took a different approach, instead creating a virtual
(tablet-based) implementation of Werewolves, a game traditionally played
in person in which players attempt to identify which of them are secretly
werewolves. This allowed the authors to design a system such that several
students were able to work together to attempt to beat several non-player
characters (NPCs). The system both encouraged collaboration and reduced
the number of students required to play the game.

As discussed above, Perez-Valle & Sagasti (2012) created a detailed VR
game designed to facilitate education regarding 16th century Vitoria-Gasteiz
in Spain. The authors have attempted to design a system closely resem-
bling modern role-playing games (RPGs). In it, players must fight their way
through the city, working their way through levels of increasing difficulty
designed to keep students engaged. The game is designed to route students
through notable locations, whereby they frequently encounter NPCs who
provide further information regarding the city.

Other Pedagogy Several papers referenced previous work they had done
in the area which they found effective, and had thus replicated their ap-
proaches in the study analyzed. Little mention was given to pedagogies not
rooted in constructivism. As mentioned above; even when pedagogical be-
liefs were not directly attributed to constructivism, one could argue they were
very closely aligned; Rupasinghe et al. (2011) for example were motivated by
‘the importance of play’ as an intellectual activity, as well as the ability VR
systems have to allow students to ‘explore’ the educational environment.

Rupasinghe et al. (2011) alternatively emphasized the importance of Ac-
tive, Project, and Scenario-based learning for providing education into prac-
tical ‘real-world’ skills. The authors claim that VRs ability to simulate prac-
tical hands-on education could help facilitate these learning approaches.
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Increased Enjoyment: 12.75%

Increased Immersion: 30.87%

Increased Motivation: 21.48%

Personalized: 10.07%

Deeper Learning: 19.46%

Figure 2.7: Distribution of Intrinsic Motivations. Distribution of the intrinsic
motivation factors identified in our first thematic analysis.

Angeloni et al. (2012) cited work by Prensky regarding ‘digital natives’
(i.e. modern generations frequently exposed to new digital technologies). The
authors believed that educational software needs to be designed with con-
sideration to these users. While potentially exciting to older generations,
the authors argue that more effort is required to ensure educational software
remains appealing to digital natives who are less likely to be won over by the
novelty of educational technologies.

2.4.3.2 Intrinsic Factors

The desires to increase motivation, engagement, enjoyment and stimulate a
deeper and more personalized learning experience were commonly provided
as motivations in the literature analyzed. These factors formed the basis for
our second motivation-related theme; intrinsic factors.

Intrinsic factors were much more frequently reported than pedagogical
(accounting for 68.60% of motivations). The distribution of intrinsic peda-
gogical factors is visualized in Figure 2.7.

Increased Immersion A desirable characteristic of VR in education is its
potential to immerse users. Unlike motivation which refers to ones desire to
undertake a task, immersion describes a persons tendency to ‘lose themselves ’
in it (Cecil et al., 2013). The increased immersion facilitated by VR was
mentioned as a motivational factor in 46 of the papers analyzed (making it
the most commonly mentioned factor).
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Immersion in a digital environment while not important on its own, can
lend itself to many other motivations and applications; time-on-task, ex-
ploratory learning, simulation, constructivism, and deeper learning for ex-
ample.

In their discussion of immersion, Ewert et al. (2013) provide an analogous
example of the desired effect: ‘In gaming circles, the term [immersion] is used
by gamers in order to explain to what extent a game can draw them in and
allows them to “lose” themselves in the world of the game’.

Though related, this should not be confused with the complex psycho-
logical concept of presence. In the paper Musings on Telepresence and Vir-
tual Presence Sheridan (1992) defines virtual presence as a ‘sense of being
physically present with visual, auditory, or force displays generated by a
computer ’. This sense of being physically present in a virtual environment is
what differentiates presence from simple immersion, and was also frequently
mentioned by authors.

Jacobson & Holden (2005) for example stated that they believed the use
of VR could provide students with a sense of presence, and that ‘this can be
used to focus a students’ attention on the subject matter ’.

In the description of their aircraft evacuation training software, Sharma &
Otunba (2012) stated that the sense of ‘being there’ facilitated by VR allowed
them to more realistically conduct experiments into how people would behave
in such a situation.

Pena-Rios et al. (2012) stated that one of the motivations for designing
their mixed reality laboratory to be operated within a VR environment was
to ‘increase the sense of presence felt by users ’.

VR headsets can potentially further increase the immersion facilitated
VR, literally immersing users; enveloping their vision and lessoning the pos-
sibility for visual distractions (Rizzo et al., 2000).

Increased Motivation As mentioned in the section Increased Immersion
above, we define motivation in our analysis as the desire, or incentive held
by a student to participate in a learning activity. Our thematic analysis
revealed that this was the second most frequently mentioned motivational
factor, occurring in 32 of the papers. VR possesses several characteristics that
can make it appealing to educators wishing to improve student motivation.

The simple novelty of interactive technologies themselves is mentioned
several times as a factor which can improve student motivation (Ewert et al.,
2013; Huang et al., 2010; Zavalani & Spahiu, 2012). These technologies make
it possible to develop interesting software and activities that can motivate
students more than traditional methods (Gieser et al., 2013).
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Huang et al. (2010) cite several sources of existing research into motiva-
tion and VR, amongst which state that:

• Better motivated students have a tendency to learn better (Sutcliffe,
2003).

• Students are typically more motivated by 3D graphical applications
than 2D (Limniou et al., 2008).

• The continual use of interactive VR can both improve student motiva-
tion and retention (Burdea & Coiffet, 2003).

As mentioned above, patients suffering from cerebral palsy are often pre-
scribed sets of rehabilitation exercises. Chang et al. (2014) however state that
patients frequently fail to complete them. In an attempt to leverage the in-
trinsic motivation associated with VR, the authors developed a Kinect-based
system capable of guiding patients through the rehabilitation exercises.

Gamification, is also a potential means of increasing motivation. Sharma
& Otunba (2012) designed their aircraft evacuation system to include gam-
ification aspects to increase motivation; the system contained a series of
game-like objectives as well as a point-based scoring system.

Increased Enjoyment Closely related to Increased Motivation, many pa-
pers (20) reported choosing VR to increase student enjoyment.

Of the 20 papers that mentioned enjoyment, 13 employed either gamifi-
cation or game-based learning. Thus, every paper that utilized gamification
or game-based learning (described in more detail in the section Gamifica-
tion and Game-based Learning above) also reported increased enjoyment as
a motivational factor.

The remaining 7 papers described either novelty, or the increased interac-
tivity typically provided by educational VR systems as explanation for why
their system would result in increased student enjoyment (Fabola & Miller,
2016; Piovesan et al., 2012; Tsaramirsis et al., 2016).

Personalized A motivation commonly referred to by authors in the liter-
ature was the potential of VR to facilitate personalized learning experiences,
i.e. lessons tailored to the needs of individual students. This was mentioned
in 15 of the papers.

As with other digital learning technologies, through VR one is able to
design software allowing students to explore and learn at their own pace. This
is appealing to both students and educators attempting to teach students of
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different abilities (Angeloni et al., 2012; Chang et al., 2014; Chung, 2012;
Gieser et al., 2013; Perez-Valle & Sagasti, 2012).

Afonseca & Badia (2013) for example was concerned with the develop-
ment of education software for children with Down syndrome. In the paper,
the authors expressed their desire to provide learning experiences that would
scale according to the unique abilities of the students.

Another potential means for providing a self-paced learning experience;
using VR students can potentially repeat lessons (without the need for an
instructor) as many times as they want (Tredinnick et al., 2014).

Besides learning-related abilities, VR also provides potential to create
lessons that change according to other needs held by the student. For ex-
ample, the system created by Chang et al. (2014) to motivate and educate
patients suffering from cerebral palsy. The included lessons would change
according to the personal requirements (in terms of exercises required) of the
user.

While many of the papers identified during this systematic review were
motivated by this factor, the idea of using VR to facilitate personalized learn-
ing is not a new one; for example Johnson et al. (1998) discussed the rela-
tionship between personalized learning and constructivism. They pointed
out that constructivist ideals revolve around the idea of self-directed learn-
ing, and that this is something one could facilitate through the creation of
personalized virtual learning environments (Johnson et al., 1998).

Deeper Learning VR solutions were also commonly motivated not by any
existing pedagogical theory, but instead simply by the authors’ belief that
they would nonetheless facilitate deeper learning experiences than what is
provided by traditional teaching methods. This was mentioned in 29 of the
papers analyzed.

While few of the papers motivated by this factor explicitly mentioned
constructivism, many appeared to have their beliefs rooted in constructivist
ideals. The message frequently portrayed by authors is that VR will stimulate
deeper learning as students are able to explore, immerse, and infer their own
meaning from their experiences within the virtual reality (Chung, 2012; Falah
et al., 2014).

It is also claimed that the experiential learning process facilitated by VR
is more realistic and potentially valuable to students embarking in practical
fields than traditional teaching methods (Chandramouli et al., 2014; Falah
et al., 2014). Moreover, as Zavalani & Spahiu (2012) state; students learn
best when they are exposed to a variety of teaching techniques and learning
experiences.
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In the design of their 3D stereoscopic projector-based medical training
system for anatomy education for example, Falah et al. (2014) state that they
created it because unlike traditional content delivery; using VR transfers the
learning experience from being one that involves simple memorization to one
that promotes deeper understanding.

2.5 Problems with Virtual Reality in Educa-

tion

Although VR appears to offer several advantages, the literature also reports
several limitations.

The following section is structured as follows: we begin by performing an
analysis of the reported issues and limitations identified in literature utilizing
VR in education. We then identify the primary issues and patterns in the
data analyzed, before discussing and elaborating on them in the subsections
that follow.

2.5.1 Thematic Analysis Results

Our second thematic analysis investigates the problems with VR in edu-
cation. The analysis identified 11 common characteristics/codes, which in
turn could be categorized into four main themes; Overhead, Input Problems,
Output Problems and Usefulness (see Figure 2.8).

Overhead refers to issues associated with the costs (both monetary and
otherwise) associated with designing, or employing VR software in education.
This encompasses the codes Training and Cost, which account for six (8.2%)
and nine (12.3%) of the 73 total issues recorded respectively. This is not
including papers classified as No Reported Issues.

Input Problems refer to all issues involving providing input to the VR
system. This encompasses the codes Input Hardware Usability, Recogni-
tion Inaccuracies, and Lack of Feedback. Recognition Inaccuracies (including
tracking errors) were the most frequently mentioned issue in this category,
accounting for seven (9.5%) of the total issues reported.

Output Problems similarly refer to all issues involving the output provided
by the VR system. This encompasses the codes Insufficient Realism, Soft-
ware Usability and Motion Sickness. Software usability was by far the most
frequently mentioned issue both in this category, and in the whole analysis;
accounting for 17 (23.3%) of the total issues reported.

Our final theme Usefulness refers to the effectiveness of the system in its
educational context, i.e. whether it is fit for purpose. This encompasses the
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Figure 2.8: The Issues and Limitations of Virtual Reality in Education.
Reported issues and limitations (obtained via thematic analysis) of 35 papers
applying VR to education.

codes Ineffective and Lack of Engagement, which account for six (8.2%) and
11 (15.1%) of the total issues respectively. Thus, a lack of engagement was
the second most commonly reported issue identified in our analysis (after
software usability). Though not an issue in itself, papers that expressed No
Reported Issues were also displayed here in Figure 2.8.

Though we have attempted to minimize overlap between these categories,
it is possible that a single issue may belong to multiple categories; particularly
with respect to problems related to headsets, which act as both input and
output devices.

The remainder of this section explains and elaborates on each of the
themes, providing examples from the relevant literature where necessary.
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2.5.2 Overhead

Utilizing VR solutions in the classroom can incur substantial overhead, in
terms of the setup time, the software and hardware costs, as well as training
of both students and educators. These factors were mentioned in 10 (28.6%)
of the 35 papers included in this analysis.

2.5.2.1 Cost

Cost is commonly cited as a reason for the lack of adoption of VR in educa-
tion (Budziszewski, 2013; Huang et al., 2010; Merchant et al., 2014; Mossel
& Kaufmann, 2013; Takala, 2014). Using VR software in the classroom in-
curs both the costs associated with the initial purchase of hardware and/or
software, and ongoing costs including maintenance, support, and training.
However, the actual cost of the initial purchase of educational VR technolo-
gies can be too be high, and many schools may be unable to justify the
expense.

Given the currently small market for VR educational technologies, it may
be difficult for manufacturers and developers to justify undertaking educa-
tional projects. This will likely decrease both the adoption rate of VR tech-
nologies in education, and the quality of those that are produced (Deb &
Ray, 2016). For example, several papers cited the 2007 educational game
Arden, the world of Shakespeare which exemplifies this issue. The project
was cancelled even after receiving a $250,000USD grant, with the creator
stating that one of the reasons for its failure was the amount of funding.
Users did not enjoy the game, and while $250,000 may sound like substantial
investment, the authors stated that it was a ‘drop in the bucket ’ in compari-
son to the funding that is required to produce the published games users are
probably familiar with (Naone, 2007).

While many of these technologies may not be currently affordable for in-
dividual or classroom use (especially those using technologies such as CAVE-
based environments), such systems can still be used in other educational
settings, such as a museums (Angeloni et al., 2012; Apostolellis & Bowman,
2014; Hsieh et al., 2010).

Though Wiecha et al. (2010) admit that using digital distance learning
involves costs in terms of requiring students to possess (or at least have access
to) computers and the Internet, conversely their students (who potentially
already possess the required hardware) reported that they appreciated the
fact that they could save money on transport through the distance learning
the system facilitated.
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2.5.2.2 Training

A similar issue to cost involves the amount of overhead in terms of the train-
ing time required of educators. When a new digital technology is employed
in schools, there is often the need to organize training sessions for educators
(Haluck, 2000; Le et al., 2014). This issue is closely related to the above
issue of monetary cost, but instead describes the time involved in providing
teachers and/or instructors training sessions. The issue of training-related
overhead was mentioned in six (17.1%) of papers.

As the costs for educational VR technologies can vary, so too can the
amount of training that is required of both staff and students. While ed-
ucators may be familiar with the use of desktop PCs, it is less likely they
are familiar with the workings of CAVE systems or headsets; this too could
require additional training (Wang & Lau, 2013; Wiecha et al., 2010).

A long-standing additional problem in the field of computers and edu-
cation is the fact that the amount of training required is not predictable;
instead educators of differing levels of technical ability will require more or
less time to train (Haluck, 2000).

Finally, these issues are also potentially applicable to the students them-
selves. Teachers may have to spend time training students on how to use
the educational systems and their underlying technologies; this in turn could
detract from the amount of time available for teaching (Le et al., 2014).

2.5.3 Input Problems

VR solutions frequently employ specialized hardware. These can be both
more physically demanding, and less reliable than the more popular hardware
such as desktop PCs (Abdul Rahim et al., 2012). However, the requirements
of specialized hardware (such as headsets) and the nature of the interactions
desired can render them nonetheless desirable.

As usability issues and tracking recognition inaccuracies are closely re-
lated problems occurring with a multitude of specialized VR input devices,
the corresponding codes of Input Hardware Usability and Recognition Inac-
curacies have been combined below.

2.5.3.1 Input Hardware Usability and Recognition Issues

The unique requirements of many VR experiences can call for specialized
hardware that users may be unfamiliar with. For example, systems employing
a headset may find a keyboard-and-mouse interaction paradigm unsuitable;
as this would potentially require users to possess the ability to touch type.

28



Chapter 2. Background

The multitude of specialized input devices that can be applied to VR systems
each possess their own set of unique usability issues. These can vary based
on the requirements of the system and the abilities of the users (Afonseca
& Badia, 2013). For example, while a new touch screen device may present
usability challenges to some users (Abdul Rahim et al., 2012), a simple digital
pen may be all it takes for others (Afonseca & Badia, 2013).

Input Hardware Usability issues occurred in six (17.1%) of the papers
analyzed, while recognition inaccuracies that arose in implementations using
specialized hardware occurred in seven (20%) of papers.

Gesture recognition systems are one approach to providing input to VR
systems. Naturalness of interaction is a desirable quality for VR systems
attempting to simulate reality (Gieser et al., 2013; Takala, 2014). Being able
to perform freehand gestures can potentially be more natural than the mouse
and keyboard (Gieser et al., 2013). However, gesture recognition systems
are currently imperfect; suffering from a multitude of problems including
usability issues such ‘gorilla arm syndrome’ (fatigue as a result of having
to hold ones arms up for an extended period of time) (Carmody, 2010),
recognition problems including occlusion, gestural ambiguities and simple
recognition inaccuracy (Gieser et al., 2013).

For example, Soe & Nahavandi (2013) designed a system to promote
and facilitate STEM education. The authors found that interactions with
the Kinect motion sensing device used in their implementation were often
counter-intuitive, unreliable (tracking error frequency and accuracy), and
could have actually detracted from the overall learning experience.

Even highly accurate gesture recognition systems still suffer from a plethora
of limitations. For example, Gieser et al. (2013) wished to employ a commer-
cial marker-based tracking system in their implementation. As well as being
expensive, the authors noted that this required users to wear a full tracking
suit for recognition purposes. This was both time-consuming and provided
for an unacceptable level of comfort.

2.5.4 Output Problems

As with input devices, there exist numerous technologies that can be used
to display output to users. These include immersive head-mounted displays,
CAVE environments, and the standard digital screen. These devices have
their own advantages and limitations, facilitating differing degrees of realism.

The usability of the software displayed by these devices is also an impor-
tant factor, as it impacts on the interactions and overall experience of the
VR environment.
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2.5.4.1 Insufficient Realism

Depending on the context, there may exist a need to provide a virtual ex-
perience which closely maps the real (physical) one. seven (20%) of the
papers reported that their system provided an insufficiently realistic expe-
rience. This accounted for 26.9% of the total output problems reported.
Authors worried that this may detract from the learning experience (Huang
et al., 2010; Le et al., 2014).

Certain situations require a more realistic experience than others. For
example, failing to provide a realistic experience in surgical simulations could
not only provide for a weakened learning experience, but actually negatively
impact the students (if the resultant learning outcomes are inaccurate).

For example, Schwaab et al. (2011) designed a VR system to simulate
mock medical emergency oral examinations. While the majority of the stu-
dents reported that they preferred the VR system to the traditional approach,
several claimed that it did not realistically reflect their practical experience,
and would therefore provide limited benefit to their learning.

As well as limitations to the realism provided by software, there can also
exist limitations to the devices themselves (low pixel density, image latency,
headset tracking accuracy, limited field of view etc.) (Cuccurullo et al.,
2010; Hsiaoa et al., 2010). The potential for newer devices to overcome
these limitations is discussed in further detail in the section Potential New
Approaches below.

2.5.4.2 Software Usability

Software usability issues were by far the most commonly identified problem
reported, occurring in 17 (48.6%) of the 35 papers analyzed.

The nature of these usability issues varied substantially depending on the
nature of the software, and encompassed problems ranging from interface
design, to interaction quality, to readability (Hsiaoa et al., 2010; Hsieh et al.,
2010).

While some of these issues can be attributed to unfamiliarity with the
technologies, others arguably arose simply as a result of issues with the soft-
ware design (Falah et al., 2014; Rus-Casas et al., 2014; Wang & Lau, 2013).
For example, users of the VR medical training system for anatomy education
designed by Falah et al. (2014) reported that their usability issues resulted
simply from problems understanding and navigating the software interface.

Similarly, Huang et al. (2010) reported that it was common for students
to get lost while exploring badly designed virtual environments. Some of
these issues can potentially be avoided through more careful software design.
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For example, Angeloni et al. (2012) in the design of their virtual art museum
included a virtual map and compass accessible to users at all times to avoid
this same issue.

2.5.5 Usefulness

The following section outlines issues identified pertaining to the usefulness of
the systems described in the papers analyzed. By usefulness, we refer simply
to whether the system created was fit for purpose; i.e. whether it provided
an effective learning experience, both in terms of the user experience and its
ability to achieve the desired learning outcomes. Usefulness-related issues
accounted for 17 (23.3%) of the total issues identified in this analysis.

2.5.5.1 Lack of Engagement

Of the 35 papers analyzed, 11 (31.4%) reported a lack of student engagement
with the systems they designed. This was most frequently described in the
form of ‘boredom’ expressed by students (Hsiaoa et al., 2010; Hsieh et al.,
2010).

Increased user-motivation was identified as a justification provided in
33.7% of papers in our first analysis, it is interesting therefore to note that
similarly 31.4% reported this to be an issue in the second.

Attempting to pinpoint a single cause for a lack of engagement with the
VR solutions is difficult and likely futile; instead its relatively high occurrence
probably results from a culmination of the issues identified above.

While the novelty of using VR for education arguably reduces the like-
lihood for boredom, educators should be careful not to rely on this as their
sole means of facilitating student engagement, as demonstrated by existing
literature; poor educational design (even with VR) can still result in a lack
of engagement (Allison & Hodges, 2000; Apostolellis & Bowman, 2014; Ip
et al., 2010).

2.5.5.2 Ineffective

Relatively few (six, 17.1%) papers reported that their implementations were
simply ineffective. Of those that did, multiple based this conclusion solely
on user evaluations, several of which did not contain unanimously (or indeed
primarily) negative feedback (Le et al., 2014; Rus-Casas et al., 2014). As
these conclusions were not based on quantitative statistical analyses, it is
therefore difficult to infer anything further regarding their effectiveness at
achieving the desired learning outcomes.
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Lack of Feedback Motion Sickness No Reported Issues

2 2 2

Table 2.2: Other Factors. Other Issues and Limitations mentioned in 22
papers utilizing Virtual Reality in an Educational setting.

The variance in user perceived effectiveness of these systems could how-
ever potentially demonstrate that people react to VR educational systems
differently. For example, Aylett et al. (2014) developed a system to fight
prejudice and promote sociability among students; while the system had
positive findings for male participants, girls did not demonstrate any change
in behaviour as a result of using the software.

2.5.5.3 Other Factors

There were several additional factors identified during our analysis, however
they were not included because they were either specific to a particular con-
text or to a particular implementation. Several issues which were mentioned
infrequently but identify generalizable problems are discussed below.

Firstly, two papers reported that the lack of tactile feedback provided by
their input system caused usability issues (Chang et al., 2014; Cheung et al.,
2013). While gesture recognition can provide a very natural form of input to
users, the lack of tactile feedback provided by such systems can potentially
detract from their immersion, realism and overall user experience.

Strangely, despite motion sickness being commonly associated with VR
(Abdul Rahim et al., 2012; Huang et al., 2010; Merchant et al., 2014; Rizzo
et al., 2006); only two of the 35 papers analyzed reported motion sickness
(Abdul Rahim et al., 2012; Nolin et al., 2016), despite the fact that many uti-
lized headsets. Whether this is a result of the nature of the paper’s respective
implementations, insufficient testing and/or exposure to the VR experience,
or simply that the issue of motion sickness in VR is overblown is unknown.

Finally, arguably a problem in itself; of all the literature analyzed, only
two reported that the implementation functioned as intended without any
usability issues.

2.6 Potential New Approaches

So far we have discussed existing approaches and applications of VR to ed-
ucation. We have also looked at author’s motivations and justifications, as
well as the reported limitations and issues with their systems.

32



Chapter 2. Background

We now turn our gaze to the future. In this section, a range of new and
upcoming technologies are introduced and compared to those used in the
reported studies. We analyze the specifications of these technologies, and
discuss their potential to overcome the issues and limitations identified.

2.6.1 Virtual Reality Peripherals Matrix

While not every device has been included in the following discussions, we
have attempted to include the recent (popular) input and output peripherals
of interest to VR communities. In order to gain a better understanding of
patterns and/or any discrepancies in the specifications of these devices, we
have also tabulated them (as well as the devices respective functionalities)
into the large ‘Virtual Reality Peripherals Matrix’ shown in Figures 2.9 &
2.10. It is important to note that data pertaining to the specifications of
many of these devices is currently unavailable. This is primarily because
the devices are still lacking a consumer version (correspondingly noted in
Figures 2.9 & 2.10). The metrics contained within the matrix have been taken
from the manufacturers specifications where possible, otherwise from existing
literature that has independently tested the technologies (correspondingly
noted).

2.6.2 Overcoming Existing Limitations

Despite the limitations in data availability, the following sections will discuss
the potential recent technologies have to overcome some of the more prevalent
limitations and issues currently plaguing VR in education.

2.6.2.1 Usability and Training

Many of the devices included in this matrix are part of a new iteration of
popular VR technologies funded by, and/or intended for use by end users
(HTC, 2016; Oculus, 2012; Playstation, 2016; Samsung, 2016b). Moreover,
devices that were not crowd-funded are also often backed by either gaming
companies (as is the case for the Nintendo Wii, Razer Hydra) or by popular
producers of consumer electronics and software (e.g. Microsoft Kinect, Sony
PlayStation VR, and Facebook’s Oculus Rift).

Unlike VR peripherals of the past, which were often designed in an aca-
demic setting solely for research purposes (whereby comfort and usability
were rendered secondary factors); these businesses likely consider the usabil-
ity of their devices of great importance (Naone, 2007).
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A system which is designed with consumer usability in mind may be more
intuitive to use, resulting in lower training time/cost. Future work is needed
to evaluate whether any potential decrease in training time is sufficient to
spur their adoption in education.

2.6.2.2 Recognition Inaccuracies

Of the usability issues identified in the papers, one of the more common was
that of input hardware recognition inaccuracies. The Microsoft Kinect was
the most common gesture recognition platform referred to in research re-
ports. However, there now exists a multitude of gestural recognition systems
capable of higher degrees of recognition accuracy, whilst remaining relatively
affordable.

Though some of these technologies are capable of detecting up to sub-
millimeter recognition, occlusion, false-recognition, gestural ambiguities and
a multitude of other long-standing issues remain unsolved.

Until these problems are resolved, this latest iteration in devices may do
little to improve these issues.

2.6.2.3 Realism

Several papers reported that students found the VR environments to be
insufficiently realistic. Authors worried that this lack of realism reduced
the degree of immersion, and in turn detracted from the overall learning
experience (Hsieh et al., 2010).

Devices such as the Oculus Rift act as an alternative output peripheral
to the traditional screen, and as such bring nothing new to the realism (in
terms of graphical appearance) of environments (in fact many offer reduced
resolutions compared to average desktop screens). By acting as a simple
output medium however (and not performing the graphics rendering onboard
the device), devices like the Oculus Rift will continue to be able to facilitate
improved realism (as it happens) through the continuing advancements made
in the field of computer graphics.

The Oculus Rift does however contain several additional characteristics
which have the potential to provide improved realism. The most obvious of
which is complete visual immersion in the graphical environment. Further-
more, although the current consumer version ships with a resolution of 1080
x 1200 per eye, later versions will likely ship with higher resolutions.

Finally, the developers of the Oculus Rift have managed a design facil-
itating low levels of latency, i.e. the time it takes for input to have visual
effect (around 20ms; see Figure 2.10). This low latency improves the fluidity
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and naturalness of interaction, simultaneously decreasing the risk of motion
sickness and improving the perceived realism (Oculus, 2012).

Continual improvements in the usability and recognition accuracy of input
peripherals additionally have potential to improve the realism of the user’s
interaction experience within such a display.

2.6.2.4 Cost

Finally, we now discuss the potential that the upcoming wave of VR de-
vices have to overcome the issues of pricing and other related costs that are
traditionally involved in employing VR, including in education.

It is impossible to state whether any of the devices included in the periph-
erals matrix are ‘affordable’ or not, given the huge variance in funding that
exists between different schools. Therefore, we instead focus our attention
on general trends and anomalies in the pricing patterns (as per Figure 2.10)
of the devices.

What is immediately obvious is that there now exists large differences in
the pricing of relatively similar devices; in other words, many low-end devices
purport specifications higher than those of their pricier alternatives.

Several of the more advanced gesture recognition systems come in tiered-
pricing plans. While the basic system may appear comparatively affordable,
their prices quickly grow. For example, the STEM VR systems starts at
$220USD. However, if one wants to improve recognition through the purchase
of further sensors the price of the device quickly rises to $580.

Several VR input peripherals cost around the $100USD price mark, namely
the Leap Motion and PlayStation Move controllers. It is important to note
that neither of these devices are complete systems; but instead require the
purchase of more expensive base-hardware. Nonetheless, compared to other
consumer electronics used in educational settings (high definition projectors
for example), some VR systems appear relatively cheap in comparison.

While we cannot definitively state that these devices will be suitably
priced for widespread educational adoption; one can hypothesize that they
will be increasingly developed with affordability in mind.

2.6.3 Approaches to Interacting with Head-Mounted
Displays

Arguably the device which pre-empted the recent resurgence in consumer
interest in VR, the head-mounted display (HMD) or ‘headset’ is of prime
importance to any discussion into the current state and direction of VR
(Avila & Bailey, 2014). Despite the upcoming range of headsets; there still
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lacks a fit-for-all, or even widely used input peripheral for interaction with
them.

While the mouse and keyboard work fine for desktop interaction, pro-
viding input while using headsets poses a range of additional interaction
difficulties, the primary of which is that users are unable to see the de-
vice they are interacting with. This problem is potentially compounded in
an educational environment whereby one may desire additional interaction
functionality, such as the ability to take notes.

However, the continual development of novel input interaction technolo-
gies gives potential for new approaches to interacting within such an inter-
action paradigm. We now provide a few short examples, demonstrating how
new and existing technologies could be leveraged to overcome these issues.

2.6.3.1 Handwritten Notes

Information from external peripherals can potentially be displayed within
virtual environments in real time. Hypothetically one could put on a headset,
sit in a virtual classroom and take handwritten notes on any number of
devices capable of digitally transcribing handwritten notes. The information
could then be displayed to students within the virtual environment in a
virtual notebook. The actual devices used to provide input could range
from a tablet PC, to specialized graphics tablets, to devices that transcribe
physical ink-on-paper such as the LiveScribe digital pen.

Users could still encounter issues in orienting themselves with the device,
i.e. perceiving the physical borders of the input peripheral device solely by
touch. Furthermore, if there was to exist noticeable delay between the physi-
cal action and the notes being displayed within the virtual environment (the
LiveScribe refreshes its information only roughly once per second for exam-
ple) then this would result in unnatural interaction paradigm and potentially
detract from the learning experience (Huang et al., 2010; Le et al., 2014).

2.6.3.2 Capacitive Keyboard

Similarly, one could overlay a virtual keyboard within the virtual environ-
ment. Though users would still have to reach out and find their keyboards,
using a capacitive keyboard could solve the issue of blind-typing for users
who are unable to touch type.

Users could simply place their hands on a capacitive keyboard; the keys
which are currently being touched (though not fully pressed) could be sensed
by the capacitor pads, and then highlighted on the virtual keyboard - allowing
users to physically orient themselves through the virtual environment.
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2.6.3.3 360◦ Video Lectures

Rather than applying computer graphics to VR in education, one could uti-
lize the capabilities of headsets to immerse students in digital recordings of
real life events. Through the use of camera rigs and other tools capable of
capturing 360◦ video and bidirectional sound, one could record educational
environments ranging from significant archaeological sites, to classrooms, lec-
ture theatres and even one-on-one tutorials.

While the usefulness of such an environment as a teaching tool would need
to be evaluated, if effective it could form the basis for the next generation of a
huge range of educational systems; such as fully immersive lecture recordings
or realistic one-on-one intelligent tutoring systems.

2.7 Discussion

In this chapter we have analyzed both the applications and reported moti-
vations for using VR technologies in education (90 papers), as well as the
issues and limitations associated with doing so (35 papers). Furthermore, we
have introduced, compared and discussed a range of recent and upcoming
VR related technologies; evaluating their potential to overcome the issues
identified in our earlier thematic analyses.

Our initial analysis into the applications and motivations of VR in edu-
cation provided by authors in current scientific literature yielded some sur-
prising findings.

The applications of VRs usage in education is largely skewed towards
simulations and training purposes (accounting for a combined total of 72%
of the papers analyzed). Thus, more work is required to evaluate whether
the improved immersion facilitated by tools such as head-mounted displays
render them justifiable as an alternative medium for widespread generalizable
(i.e. non-specialized) applications to digital education.

We also found that despite the fact that much of the literature analyzed
was created to inform educational design, little of the research was grounded
in solid pedagogical reasoning. Discussing such factors would be beneficial to
the designers of future systems. Furthermore, grounding the design in exist-
ing pedagogical theory will potentially increase the likelihood of it achieving
the desired learning outcomes.

Increased immersion and user-motivation were the most commonly re-
ported motivations identified in our initial analysis for using VR in education,
occurring in 46 and 32 of the papers respectively. However, the most com-
monly provided justification for increased user-motivation was that authors
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believed simply utilizing these technologies in education would be enough
to motivate students. Though this may be true in the short term, it is im-
portant that authors do not become reliant on this factor for motivation, as
simple technological novelty will likely diminish with continual use.

Another fairly common application of VR to education was in its ability
to facilitate distance learning. Though none of the papers identified in our
analysis suffered from this issue; when designing VR educational systems, it
is important to remember that designing them around the use of any form
of specialized hardware will likely detract from its suitability as a distance
learning tool. Designing a VR system intended for use with a headset for
example would require all participants of the course to also acquire a headset.
Even if the upcoming iteration of VR headsets are relatively popular among
consumers, such an approach would still likely end up excluding students.

The number of papers that clearly evaluated their systems (including
consideration to usability factors) was relatively small (35 papers).

The issues of cost and training contributed to many of the problems iden-
tified in our analysis. Over 28.6% of papers analyzed reported issues with the
overhead incurred as a result of using VR technologies in education. Hypo-
thetically, as VR devices are increasingly designed for everyday consumers,
both cost and training should decrease.

By far the most frequently reported issue identified in our analysis was
that of software usability. Users reported a multitude of issues, including
counter-intuitive interfaces, confusing objectives, and that they would even
get lost in the virtual environments (Hsieh et al., 2010; Huang et al., 2010; Le
et al., 2014). Further analysis revealed that several of the reported usability
issues were simply a result of avoidable software design decisions. As well
as software usability issues, several papers reported usability issues arising
as a result of recognition inaccuracies and other limitations with the input
hardware. In Section 2.6 we introduced a range of recent and upcoming
VR related peripherals. The specifications for these devices displayed in the
virtual reality peripherals matrix (Figures 2.9 & 2.10) exhibits their potential
to lessen the probability of recognition inaccuracies. However, despite their
improved specifications they are nonetheless still plagued by a multitude of
long-standing interaction limitations (occlusion, gestural ambiguity etc).

Students in the papers analyzed also frequently reported issues with the
lack of realism provided by the educational VR implementations, and authors
in turn felt that this could potentially detract from the learning experience
(Huang et al., 2010; Le et al., 2014). In Section 2.6.3 we discussed the ad-
vent of the resurgent head-mounted display (HMD); we hypothesize that its
lower latency, higher resolution and ability to facilitate the continually evolv-
ing computer graphics field has the potential to lessen this issue. However,
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educators with limited time and resources to spend on creating these im-
plementations will likely still have problems creating virtual environments
which students find to be sufficiently realistic. To this end educators could
potentially consider design factors such as the Uncanny Valley hypothesis;
the point where users begin to negatively perceive further increases in realism
(in this case computer graphics), although whether this hypothesis is appli-
cable to VR is still an open question (Mori, 1970). Regardless, educators may
find it beneficial to focus less on creating perfectly realistic experiences and
more on those that are simply enjoyable and effective. Alternatively, rather
than relying on computer graphics to provide realism, educators could use
these developing technologies in combination, such as headsets with 360◦

video.
Finally, we also discussed the potential these new technologies have to

overcome the issues of usability, cost, and training overhead that have tradi-
tionally hindered VRs adoption. It is however, difficult to draw conclusions
on any of these issues yet; both metrics and price data is still unavailable
for several of these devices, and because the definition of what is ‘affordable’
to schools differs greatly. Nonetheless, we hypothesize that given the crowd-
funded investment model and target (consumer) audience of many of these
technologies; one can fairly safely assume that usability and affordability will
be of prime consideration.

2.8 Conclusion and Future Work

In this chapter we have discussed a systematic review into both the appli-
cations and author’s motivations for using VR in education, as well as the
reported issues and limitations associated with doing so.

Our initial analysis demonstrated tendencies amongst educators to fre-
quently apply VR solutions only in specialized situations requiring realistic
simulations or for training purposes. Future work is needed to investigate
the suitability of VR technologies (such as headsets) purely as an alterna-
tive medium for non-specialized digital education. We also discovered that
little of the work analyzed was actually grounded in solid pedagogical rea-
soning. Moreover, much of the research was motivated by intrinsic factors,
including the belief that students would be motivated by the novelty of VR
technologies; a factor which would likely diminish with continual use.

Our analysis into the reported issues and limitations of VR systems also
yielded interesting results, with problems pertaining to cost, training and
software and hardware usability accounting for much of the data. Partic-
ularly prevalent was the occurrence of software usability issues; occurring
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nearly twice as frequently as most of the other issue reported. Several au-
thors also reported that students found the implementations to be insuffi-
ciently realistic, and claimed that this was a result of the limited time and
resources available to them. Future research should therefore investigate the
application of design hypotheses such as the Uncanny Valley, or utilize alter-
natives to computer graphics to provide increased realism, such as spherical
immersive (360◦) video.

In Section 2.6 we introduced a multitude of recent and developing VR
technologies that have arguably been brought about by a resurgence in con-
sumer interest in VR. The potential these technologies have to overcome
some of the limitations identified our second thematic analysis was discussed
with the assistance of the data contained in our ‘Virtual Reality Peripherals
Matrix’ (Figures 2.9 & 2.10). Unfortunately, future work is needed to pro-
vide a complete matrix, as metrics for many of the devices analyzed are still
unavailable.

This latest iteration in VR technologies possess their own unique set of
interaction requirements and difficulties, especially if one wishes to apply
them to an educational context. Thus, we have concluded our chapter by
providing novel techniques to overcome them, as well as potential directions
for future researchers wishing to apply them to education.

One of these techniques, 360◦ video, is discussed in further detail in the
chapter that follows.
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CHAPTER 3

360◦ Video for Education

“A self fulfilling prophecy.”

Dr. Kavanagh

In this chapter we discuss what is, to the best of our knowledge, the first
research investigating the use of 360◦ video in education.

We begin by first explaining what 360◦ video is, before discussing our
motivation for investigating this approach in Section 3.3. In Section 3.4 we
outline the difficulties we encountered.

Finally, in Section 3.5 we describe the results of a study comparing the
usability and learning outcomes of students exposed to both 360◦ video on
a headset, to those shown cropped versions of the same videos on a desktop
PC.

Much of this chapter builds upon an existing publication that arose from
this work; See Creating 360◦ Educational Video: A Case Study (Kavanagh
et al., 2016).

3.1 Defining 360◦ Video

Spherical video is a broad term which generally encompasses any video with
a larger-than-normal field of view. This can include 180◦ video, 360◦ video,
and their 3D variants (3D capable spherical camera rigs are also available).
The 3D effect is typically achieved in 360◦ video camera rigs using the same
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techniques that are used in standard 3D video, i.e. the stereoscopic capture
(of offset images) which are then presented separately to the left and right
eye of the viewer, providing the perception of depth.

360◦ video is a form of spherical video recording that captures the entire
(360◦) surroundings of the camera. When played on a headset these record-
ings can be rotated to allow the user to look around in much the same way
that we do with our normal vision. This is in contrast to ‘standard’ video,
which is constrained to the cameras field of view.

3.1.1 Does 360◦ Video Constitute VR?

As was discussed in Chapter 2, exact definitions of what constitutes a virtual
reality vary, and in existing literature the term has encompassed experiences
on a multitude of devices (from desktop PCs to virtual reality headsets) and
with substantially differing degrees of interactivity, detail and environment
size.

Virtual surgical simulations for example provide a high degree of interac-
tivity and detail, but generally little emphasis is placed on the surrounding
environment (Satava, 2013). Conversely VR tourism experiences often pro-
vide minimal interactivity, but high emphasis is placed on environmental
detail (Gaitatzes et al., 2001).

Most definitions describe (minimally) a digital representation of a three
dimensional object and/or environment. In the systematic literature review
outlined in the previous chapter, we too adopted this broad definition, in-
cluding VR systems using any form of input/output peripheral. This raises
the question of whether 360◦ video played on a VR headset technically con-
tsitutes VR.

By the definition used in our literature review, one could argue that we
are not working with VR, since there are no 3D objects or environments in
360◦ video. Even if stereostopic 360◦ cameras were used in conjunction with
appropriate headsets, users would still only be limited to one perspective.

However even this is debatable; one could technically argue that 360◦

video is 3D, just not in the traditional sense. We typically define 3D videos as
those that provide a sense of depth despite (typically) being viewed through
a 2D viewport. This is generally achieved by utilizing various stereoscopic
techniques. In order to achieve the spherical effect of 360◦ videos in VR
headsets, images are (virtually) warped so as to fully surround the user. The
resultant image is thus perceived by users as existing simultaneously both in
front and behind them (and thus posessing depth). This however, is simply a
matter of perception, as in reality the effect is achieved simply by completely
stretching the 360◦ video images along the x and y axis. One must therefore
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question whether the simple perception of depth, rather than the actual
existence of additional z -based data is sufficient to describe something as
being 3D.

Discussing 360◦ video in the context of virtual reality headsets further
complicates matters. One could argue that any content viewed on VR head-
sets is by nature VR content. If one accepts this definition, and that 360◦

video played on VR headsets therefore does constitute VR, then (as dis-
cussed above) it is also clear that degree of interactivity afforded by VR
content varies greatly. Nonetheless, although obviously not nearly as inter-
active as VR experiences utilizing technologies such as gesture recognition
hardware (discussed in Chapter 5), 360◦ video is still capable of providing
interactive educational experiences on VR headsets and (regardless of one’s
opinion on whether this technically constitutes VR), for the purposes of this
research we believe this sufficient to justify further investigation.

3.2 360◦ Video - Current Context

Coinciding with the rise of consumer interest in VR, 360◦ video began to
receive mainstream attention. YouTube added support for 360◦ video in
April 2016, with Facebook following soon after (Huang, 2016; Kelion, 2016).
Since then, 360◦ video content has been created for various sporting events,
including the 2016 Olympics, the US presidential debates, and 360◦ video se-
ries have been released by popular content creators such as TV networks like
Discovery, and talk show hosts like Conon O’Brien (O’Brien, 2016; Discovery,
2016).

While the majority of this content is likely being created using profes-
sional camera rigs, which can cost in excess of $155,000USD (360Designs,
2016). There are also affordable consumer-grade 360◦ cameras. Similar to
VR headsets, 360◦ cameras initially reached mainstream consumer attention
as a result of popular crowdfunding campaigns (Bubl, 2013; Martin, 2012;
Giroptic, 2014). These campaigns (once again) resulted in large existing
companies then announcing the production of their own consumer devices,
most notably the Samsung Gear 360 (Samsung, 2016a).

As the current genration of 360◦ cameras are intended for use by every
day consumers, they generally function in much the same way as a standard
digital camera (i.e. click-to-shoot and drag and drop to view). The 360◦

videos taken by these cameras (which are typically standard video files, e.g.
mp4 ), generally only need to be dragged and dropped onto the local storage
of a VR headset to then be playable by the headsets native software. In
the case of the study outlined in this chapter, the preinstalled Oculus Video
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software was used.

3.3 Motivation

The motivation to investigate the use of 360◦ video for education came from a
combination of factors identified during the two analyses comprising the sys-
tematic review discussed in the previous chapter. These factors are discussed
in further detail in the subsections that follow.

3.3.1 Overhead

The primary motivation to pursue 360◦ video arose from the observation
that 28.6% of educators reported the overheads for VR were too costly. This
overhead can be organized as follows:

• Cost
– Initial purchase costs.

– Maintenance costs.

– Cost of producing content.

– Training costs.
• Training

– Staff training time.

– Student training time.

All of these barriers to entry can potentially be reduced by using 360◦

video instead of computer graphics to facilitate the VR experience; however
this involves a trade-off in terms of the interactivity of the experience.

Initial Purchase Costs While consumer VR headsets are now readily
available, at the time of writing these devices are still relatively expensive to
purchase. Moreover, many also require powerful devices to power them. The
HTC Vive and Oculus Rift for example both require a high-end computer
to power them, while the PlayStation VR requires a PlayStation 4 console
(Oculus, 2014; HTC, 2016; Playstation, 2016).

These devices also frequently require the purchase of additional special-
ized input peripherals such as those used for gesture recognition. For some
devices, these have to be purchased separately (Playstation, 2016).
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As 360◦ video is not as computationally intensive as computer generated
interactive VR environments, it can be run on much cheaper devices. This in-
cludes headsets designed to be powered solely by existing smartphones, such
as the Samsung Gear VR range and Google Cardboard (Samsung, 2016b).

Furthermore, as 360◦ video does not facilitate interaction other than the
ability to rotate one’s head, it does not require the purchasing of additional
specialized input peripherals (such as gesture recognition controllers).

Maintenance Costs Although 360◦ video does not reduce hardware-related
maintenance costs, potentially requiring specialized technicians to fix issues,
it does have the potential to reduce future software costs.

While schools and other institutions are frequently required to purchase
licences or updates to software as new versions, operating systems, or hard-
ware is released, 360◦ videos are simple video files that can be played on any
of the major video players that come pre-installed on most VR headsets, and
are therefore potentially less likely to require licences than fully interactive
educational VR experiences.

One way in which 360◦ video can potentially reduce hardware-related
maintenance costs is simply that the cost of replacing hardware is lower due
to the reduced initial purchase costs (from lower hardware requirements).

Cost of Producing Content There are no easy to use content produc-
tion systems for VR besides those that involve building on top of existing
environments such as SecondLife, and these limit the control content cre-
ators have over the authoring/design process. Therefore in order for edu-
cators/institutions to create their own educational VR content, they must
either be familiar with programming and computers graphics/game engines,
or hire and pay programmers to do the work for them. Even if an individual
educator had access to a VR headset, and possessed the required knowledge
to create their own educational VR content; the creation process is still very
slow.

As was discussed in the beginning of this chapter, the current generation
of consumer friendly 360◦ cameras operate similarly to standard digital cam-
eras (click-to-capture). The resultant videos produced can then simply be
imported onto headsets, and played by the headset’s native video players.

This drastically reduces the barrier to entry involved in creating educa-
tional content for VR headsets.

Training Given the simplicity and inherent naturalness of interaction in-
volved with using 360◦ video on a headset, the amount of required training
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in its use is substantially lower than other forms of VR content.
Unlike standard educational VR software, where users are generally re-

quired to use specialized input peripherals to interact with the environment,
such interactions are not possible within 360◦ video. Instead interactions are
limited to the ability to rotate one’s head to look around the environment.
Although this limits what can be done with 360◦ video compared to standard
VR software, it also limits the amount of training required for both students
and teachers.

3.3.2 Insufficient Realism

In Chapter 2, the analysis of previous VR research showed that many studies
reported that the system provided an insufficiently realistic visual experience.

360◦ video is by nature visually realistic. While issues like camera and
screen resolutions can affect the quality of the video, 360◦ videos are simple
recordings, and as such they are inherently more realistic than computer-
generated environments.

3.3.3 Motion Sickness

A common cause of motion sickness in VR is when a discrepancy arises be-
tween what we see, and what our vestibular system (and other proprioceptive
systems) detect; this is often referred to as ‘sensory disconnect ’ or ‘locomotive
mismatch’ (Hettinger & Riccio, 1992).

In VR this problem commonly occurs with poorly implemented virtual
locomotion (i.e. the ability to move around within the virtual environment),
for example when one’s avatar moves without an appropriate correspond-
ing physical action. Issues with latency and detection inaccuracies can also
potentially induce this effect.

Although it seems somewhat counter-intuitive to argue that the lack of a
particular functionality is a motivational factor; motion sickness has histori-
cally been seen as a barrier to the widespread viability of VR for education,
and the fact that virtual locomotion is not possible within 360◦ video (given
that the ‘viewing point’ is locked to the perspective of the 360◦ camera) hypo-
thetically reduces the likelihood of motion sickness being an issue. However,
if a user attempts to physically move around within the 360◦ video environ-
ment then they could in theory encounter the same sensory disconnect.

This hypothesis is however purely speculative, thus as part of the User
Evaluation all study participants are specifically asked whether they did ex-
perience any motion sickness, and if so to explain what they believe caused
it.
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3.3.4 Recognition Inaccuracies

On of the most significant issues identified by the analysis of VR in education
in Chapter 2, is issues interacting with the VR environment due to poor
gesture recognition.

Recognition inaccuracies (a frequently reported issue identified in the
literature review) become, for the most part, a non-issue when using 360◦

video. This is because, like virtual locomotion, the only interactivity effec-
tively permitted by 360◦ on a headset is the ability to look around. This ren-
ders specialized input peripherals such as gestural recognition devices largely
redundant.

While this greatly reduces the potential applications and educational con-
texts of this form of educational VR, it does in turn minimize the issue of
recognition inaccuracies.

3.3.5 Potential Benefits

As well as the potential 360◦ video has to overcome some of the problems
identified by the Issues and Limitations thematic analysis, we hypothesize
that it can also still facilitate many of the motivations identified during our
Applications and Motivations thematic analysis for using traditional VR for
education.

3.3.5.1 Constructivism

As discussed in Chapter 2, the use of VR in education has obvious ties to
constructivism, and many educators were motivated by ideas rooted in con-
structivist ideals. Whether 360◦ video should still be appealing to educators
motivated by constructivist ideals is debatable.

It is useful here to reiterate that John Dewey believed that the envi-
ronment has a strong effect on the learning, and that education should be
experimental and experiential (Dewey, 1985). While ‘standard’ educational
VR arguably facilitates all three of these ideas, 360◦ video does not meet most
people’s definition of ‘experimental’ learning given the lack of interactivity.
However, it could still be argued that 360◦ video provides an ‘experiential’
learning experience.

360◦ video therefore needs to be used in different ways from standard VR,
and may not be relevant for many traditional VR application areas.
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3.3.5.2 Improved Intrinsic Factors

Many of the papers analyzed in Chapter 2 were motivated by the idea that
the use of VR in education would result in improved immersion, motivation
and enjoyment. All three of these intrinsic motivations can hypothetically
be facilitated through the use of 360◦ video in education.

Regarding increased immersion, 360◦ video can still provide a highly im-
mersive experience that could, in theory, cause users to forget about their
surroundings and ‘lose themselves’ in the environment. Moreover, the use of
360◦ video with headset still provides complete physical (visual) immersion
for the user.

As the vast majority of the papers that cited increased motivation and/or
enjoyment as a justification for pursuing VR for education only provided
novelty as the reason for why they believed VR would facilitate these factors,
this is still applicable to the use of 360◦ video in education. One area however,
where 360◦ video is less likely to increase enjoyment compared to standard
educational VR is in its inability to effectively facilitate game-based learning
and gamification.

3.4 Content Creation Process

In Section 3.5 we discuss the results of a study comparing the usability and
learning outcomes of students exposed to 360◦ video on a headset to those
shown cropped version of the same videos on a desktop PC. Before we discuss
the results of the study however, given that this was, to the best of our
knowledge, the first investigation into the use of 360◦ video in education
(and because the approach was largely motivated by the idea that it should
greatly reduce the barrier to entry); the following section outlines the issues
and difficulties we encountered in attempting to create educational 360◦ video
for this study.

Much of this section builds upon an existing publication, see Creating
360◦ Educational Video: A Case Study (Kavanagh et al., 2016).

3.4.1 Creation Process Overview

In order to capture the video used in the experiment outlined in Section 3.5,
we used the Ricoh Theta S 360◦ Camera (Figure 3.1). Featuring two fish-eye
lenses capable of recording 180◦ each, the Ricoh Theta S stitches the two
cameras together to provide a full 360◦ video (Ricoh, 2017).
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Figure 3.1: The Ricoh Theta S camera we used to capture the 360◦ videos.

While other camera rigs are capable of providing a higher picture qual-
ity than the Ricoh Theta S, they come at a much higher price and with a
steeper learning curve. Priced at $350USD and providing simple click-and-
record functionality the Ricoh Theta S is a camera designed to appeal to the
everyday consumer.

After footage is recorded with the camera, it must then be imported into
the Ricoh Theta software, which stitches the video together from the two fish-
eye lenses and exports it as a standard MP4 file which can be edited by any
standard video editor (in our case Adobe Premiere Pro CC 2015 was used).
Adobe Premiere Pro requires a licence to use, however free alternatives are
also available, such as OpenShot (OpenShot, 2019).

For this experiment the Samsung Gear VR consumer version (model SM-
R322) was used in conjunction with the Samsung Galaxy Note 5 as the head-
mounted display. We decided to use this particular headset as it currently
boasts a higher resolution (2560 x 1440) than its two main competitors, the
Oculus Rift CV1 and HTC Vive, which both possess a resolution of 2160 x
1200. Additional features supported by more sophisticated headsets such as
positional tracking are unnecessary for watching 360◦ video, as users are not
able to move their virtual position in space.

The final video files simply had to be transferred onto the phone in the
format fileName 360.mp4 (where fileName can be any file name) and could
then be played in the Oculus Video software which comes bundled with the
Gear VR software.
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Figure 3.2: The Samsung Gear VR head-mounted display was used in con-
junction with the Samsung Galaxy Note 5.

3.4.1.1 Issues with Creating 360◦ Video

The following section outlines the issues encountered at all stages of the
content creation process, as well as solutions we devised to address these
issues.

Point-of-view The first issue we encountered involved the positioning of
the camera. We found that while wearing a VR head-mounted display and
watching a 360◦ video, it was extremely unnatural if the camera was lo-
cated anywhere but where a head would naturally be in space. For example,
placing the camera on a table positioned the viewpoint in an unnatural and
disconcerting perspective (see Figure 3.3).

Placing the camera at roughly standard human height, seemingly sus-
pended in air provided the most natural feeling in our experience. This
however proved to be slightly challenging.

Giant Hands and Stands Using the camera as a hand-held device re-
sulted in an effect where looking down while wearing the head-mounted dis-
play would show a seemingly giant hand (as it was both slightly warped by
the fish-eye lenses and only inches from them), see Figure 3.4.

We next attempted to use a standard camera tripod to see if this provided
a more natural experience. While it did improve upon the hand-held alter-
native, it still resulted in an unnatural experience. Now rather than seeing a
giant hand, when looking down one would see three warped and abnormally
large tripod legs.
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Figure 3.3: The unnatural and warped perspective that occurs when placing
the camera on a flat surface.

Figure 3.4: The ‘Giant Hands’ effect that occurs when attempting to use a
spherical camera as a hand-held device.

Making a Stand/Monopod The solution we found to this issue was in
using a monopod (a one legged camera stand). This single legged stand was
almost invisible, hidden under the camera, and provided for the most natural
viewing experience. It is important to note that while the Ricoh Theta S does
not ship with a monopod, it does come with a threaded bearing. While we
opted to create a monopod ourselves, existing monopods will thus also work
with the camera, however like most professional camera equipment, we found
these monopods to be quite expensive (especially relative to the cost of the
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camera).

3.4.1.2 Price

As one of the main barriers to creating educational VR content is the as-
sociated cost, we consider the costs of the content creation process in this
section.

Head-mounted Display At the time of writing, several popular consumer-
ready VR headsets are available. These include the HTC Vive, the Oculus
Rift, and the Samsung Gear VR. All of these devices are relatively similarly
priced, however while the HTC Vive and Oculus Rift require a desktop PC
to run, the Samsung Gear VR utilizes the processing ability and sensors of
its latest smartphone range.

The Samsung Galaxy Note 5 + Gear VR together came to approximately
$1200NZD at the time of purchase (February, 2016). While this may be
reasonable for what is arguably currently a luxury consumer gadget, we worry
that this price will reduce the likelihood of these devices being purchased for
educational purposes such as for use in a classroom.

Camera At the time of writing, there are only a handful of spherical video
cameras currently available, and of those even less are consumer friendly.
Popular consumer friendly spherical cameras currently include the Ricoh
Theta (the device we opted for) range, the PixPro SP360 range and the
BublCam. Of these three devices, the Ricoh Theta S currently provided
the highest resolution at 1920 x 1080. The Ricoh Theta S currently costs
$350USD, and its competitors are priced similarly.

While we believe this to be an acceptable price for a 360◦ camera, the qual-
ity of the image created is low, especially in comparison to professional cam-
era rigs. These professional spherical camera rigs are however not intended
to be consumer friendly, and range anywhere between $10,000-50,000USD.

Video Quality A major issue we encountered was with the quality of
the video recorded by the spherical camera. While the device is capable of
recording in 1920 x 1080, it is important to note that this is the resolution
spread across the entire 360◦ image. This means the resultant video quality
is closer to 240p, rather than 1080p.

This problem is potentially compounded by the fact that these early VR
head-mounted displays possess relatively low quality displays for VR pur-
poses; while the 2560 x 1440 resolution of the Galaxy Note 5 might sound
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high, when viewed up close the limited pixel density of the device results in
what is known as the screen door effect. This is an effect whereby the indi-
vidual pixel arrays of the display become noticeable, resulting in an output
akin to looking through a screen door (see Figure 3.5).

Figure 3.5: The ‘Screen Door’ effect that can occur when looking at a device
with insufficient pixel density.

These two factors severely limit the type of educational content one can
viably present in 360◦ on a VR head-mounted display. Specifically, we found
that the image quality was so low that written text (even large text on a
whiteboard for example) was simply unreadable. Thus we were limited to
only presenting educational concepts which could effectively be explained
verbally. This however is arguably a temporary problem which will likely
continue to lessen as new and improved VR head-mounted displays and 360◦

cameras are released.

3.4.1.3 Editing Videos

Another issue we encountered was that there currently exists very little soft-
ware support for editing 360◦ video. While the 360◦ videos are simple MP4s,
and as such can be edited by standard video editors, their spherical (curved)
nature often resulted in video effects becoming warped when viewing them
on a head-mounted display.
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For example, in an attempt to overcome the low video quality affecting
readability, we attempted to manually overlay text onto the video. While
this looked fine when editing the ‘flat’ video in Adobe Premiere on PC, when
viewing the finished video on a head-mounted display in a 360◦ format, this
flat text would appear to ‘float’; hovering unusually out of the place in the
curved environment (see Figure 3.6). Attempting to manually curve the text
in such a way as to mimic the curved nature of the spherical environment
proved to be extremely difficult.

Figure 3.6: ‘Flat’ text needed to be manually curved in order to match the
spherical environment.

Further investigation revealed that a plugin for Adobe Premiere named
Skybox 360/VR Tools has been created to solve this problem, however as the
software package is currently priced at $189USD we decided it was unsuitable
for a study investigating approaches to minimizing the barrier to entry for
VR content producers (Skybox, 2016).

Directing Attention The final issue we encountered during this study
was in directing viewer attention. Although one potential advantage of VR
is that it reduces external visual distractions, ironically we found that one
of the major issues with presenting educational VR lectures was that users
could easily become distracted by the surroundings. Furthermore, simple
actions like gesturing towards an object become less reliable as there is no
guarantee the user will even be looking in the right direction.

Similarly, we found that users could also unintentionally lose track of
where the lecturer was located. The educational 360◦ video file we used in
this study is comprised of a series of separate and distinct recordings, edited
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together in Adobe Premiere and played sequentially. Even if all of the video
clips were aligned properly, i.e. the camera was facing the same direction
during all recordings (something which is counter-intuitive given that the
camera has no clear ‘front’), then issues can still arise in directing a user’s
attention between clips.

For example, if a user finishes one clip having swiveled all the way around
in their chair to see something behind them, then when the next clip begins
playing the user would have their back turned to the lecturer. While one
could easily develop software to reorient the display between clips, this is
currently not possible with Oculus Video player.

As a workaround to this issue, we used Adobe Premiere to freeze the
video for three seconds before each clip begins playing. This gives the user
a short period of time to reorient themselves (ideally towards whatever it is
they are supposed to be looking at).

3.4.1.4 Discussion of Content Creation Process

Choosing the correct hardware to use proved to be quite difficult given the
similarities in many of the devices. In terms of the head-mounted display, we
believe the Gear VR is, at the time of writing, currently best suited towards
this particular mode of interaction. It is cheaper than both the HTC Vive
and Oculus Rift CV1 (when accounting for the additional cost of a PC pos-
sessing the recommended specifications), provides a higher resolution, and
because the device is intended to be used for watching 360◦ videos, addi-
tional functionalities such as positional tracking and specialized VR input
peripherals are unnecessary.

While we opted to use the consumer friendly (and priced) Ricoh Theta
S 360◦ camera in this experiment, doing so resulted in an output image of
such a low quality that the viability of whether 360◦ educational video of
a subject could be created depended on whether or not it could be taught
through verbal means alone. It is our hope that future consumer friendly
spherical cameras are of a high enough quality to alleviate these issues.

We encountered numerous issues at all stages of the content creation
process (from filming to editing) which greatly increased the difficulty of
creating VR content of sufficient quality. Nonetheless, we provided solutions
for almost all of the issues we encountered, and for those that we did not; we
posit that they will likely be solved in the near future by the next generation
of VR head-mounted displays and spherical cameras.

If we were to attempt to create new 360◦ educational content (knowing
what we know now), we could have it edited and playing on a VR head-
mounted display in minutes.
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Overall, this approach greatly lessens the cost and training required to
both use VR head-mounted displays for education, and to create the under-
lying educational content for them.

3.5 Evaluation of 360◦ Video For Education

The primary research questions posed in this thesis are intended to inves-
tigate both differences in the learning outcomes of educational VR experi-
ences compared to more standard content, and the effectiveness of different
approaches to providing VR content.

Therefore in this section we discuss the results of a study comparing the
usability and learning outcomes of students shown 360◦ video on a headset,
to those shown cropped versions of the same videos on a desktop PC.

3.5.1 Study Introduction

To investigate both the usability of this approach, and whether the potential
benefits of VR carry over to the 360◦ video domain, we performed a study in
which participants were shown both a series of 360◦ videos on a VR headset,
as well as cropped versions of videos of a similar nature on a desktop PC.

After watching both sets of videos, participants were asked to complete
both a User Evaluation as well as a Short-term Retention Questionnaire de-
signed to compare how much information they retained from the two video
sets. Six weeks after their initial participation, students were asked to com-
plete a Long-term Retention Questionnaire in order to also measure their
long-term retention. These questionnaires are provided in Appendix Chap-
ter E.

In this section we report on both the results of the user evaluation and
the learning outcomes of the participants who saw an educational video on a
desktop PC, to those who saw the same video in a 360◦ format on a virtual
reality headset.

This is, to the best of our knowledge the first analysis of the use of 360◦

video in education.

Research Questions

1. What differences in the user experience exist when presenting edu-
cational lectures in 360◦ on a virtual reality headset (compared to a
‘standard’ format on a desktop PC)?

58



Chapter 3. 360◦ Video for Education

2. What differences in learning outcomes exist when presenting educa-
tional lectures in 360◦ on a virtual reality headset (compared to a
‘standard’ format on a desktop PC)?

3.5.2 Materials and Methods

This study was designed to compare the learning experience of 360◦ video on
a virtual reality headset, to standard video on a Desktop PC. Both usability
factors and the learning outcomes (in terms of short and long term retention)
were measured. The study was spread over a six week period and involved
the participation of 20 tertiary students.

3.5.2.1 Participants

In total 20 students agreed to participate in the study, signing the Consent
Form provided in Figure F.1. Of these students, 18 were male and 2 were
female. The participants were comprised of 4 postgraduate students, and 16
undergraduates. The mean age of participants was 25, however the ages of
the participants varied greatly (standard deviation 9.02, minimum age=18,
maximum=55 ). No participants dropped out of the study, and all success-
fully completed all activities.

3.5.2.2 Educational Context

Three primary considerations informed the nature of the educational content
to be taught during this study. Firstly, as we were recruiting students with
varying backgrounds, we aimed to control for prior knowledge. Secondly, as
extra information is visible when viewing a 360◦ video, in order to provide
the fairest possible comparison we needed to ensure learning did not rely on
content visible outside of the standard video. Finally, text legibility in 360◦

video is poor, effectively limiting educational experiences to those which can
be taught almost entirely verbally. This problem is potentially compounded
by the limited resolutions of current headsets, and as a result we decided
to slightly reduce the quality of the standard video to provide a fair and
comparable experience.

As a result we decided to create a series of short lectures filmed at 12
visually distinctive locations (e.g. a forest, a lecture theatre, a playground,
inside a car). In each of these locations, a teacher would present a series of
facts about that particular location, and/or point out something of note.

In order minimize the possibility of prior knowledge about a particular
location affecting the results, the information presented was designed to be
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believable but was in fact fictitious. For example, in the Whiterock Bush
recording, participants were informed that this area had been the site of ‘the
frequent illegal dumping of rubbish’, which is untrue. As knowledge of the
fact that the information they were being presented was fictitious could po-
tentially have an effect on learning outcomes, participants were not informed
of this until after the study was completed. Furthermore, while the locations
were chosen to visually distinctive from each other ; in the locations where
fictitious information was presented, the filming occurred in areas that were
largely indistinguishable from similar locations in the local geographic area
(for example, filming in James Cook Domain occurred within a nondescript
patch of trees). Additionally, the names of these locations were also fiction-
alized. This was done in order to minimize the possibility of participants
recognizing the locations, and potentially realizing that the educational in-
formation was fictionalized.

As well as the standard video lectures, we also designed three special case
recordings. In each of these information was presented slightly differently
to the standard lectures. This was done in order to measure three different
factors of interest.

Firstly, we decided to include a lecture theatre as one of the locations, as it
is arguably the most common setting for tertiary educational videos. In this
recording, rather than presenting facts about the location itself, we instead
performed traditional lecture whereby information was presented both ver-
bally and via an overhead projector. This was intended to evaluate whether
increasing the feeling of presence in a lecture theatre would affect learning
outcomes.

We were also interested in whether viewing a video in 360◦ would affect
the active and passive recollection of visual information. We evaluated this
in two different locations. Firstly, during a recording located inside of a
car participants were not presented with any facts, but were instead asked
to memorize as much detail as they could about the interior of the vehicle.
They were later quizzed on this information. Secondly, in order to investigate
whether any possible differences occurred passively, in one of the locations a
bright red ribbon was tied around a tree. This ribbon was clearly visible in
the recordings, however a standard lecture occurred in this location and the
ribbon was never explicitly mentioned. Participants were later asked to recall
where they had seen this ribbon among three visually similar locations.

3.5.2.3 Technologies

The recordings were taken using the Ricoh Theta S spherical camera, and
were shown on the Samsung Gear VR headset (used in conjunction with the
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Group 1 Group 2

Desktop Recordings 360◦ Recordings 360◦ Recordings Desktop Recordings
(Shown First) (Shown First)

Cook Street Bus Stop Rawene Nature
Reserve

Cook Street Bus Stop Rawene Nature
Reserve

James Cook Domain Inside a Car James Cook Domain Inside a Car
Woodward Building Ponga Falls Woodward Building Ponga Falls

Swanson Park Park View Road Swanson Park Park View Road
Willis Lake Playground Willis Lake Playground

Lecture Theatre Whiterock Bush Lecture Theatre Whiterock Bush

Table 3.1: Distribution of the 24 video recordings among the two groups.

Samsung Galaxy Note 5 ).
The PC videos were played on a 23” PC monitor with a resolution of

1920x1080. The videos were obtained using OBS Studio to take 60fps screen
recordings at 1920x1080 of the 360◦ videos running on the Ricoh Theta desk-
top video player software. The videos were manually rotated with the mouse,
to give the impression of a camera turning. While this rotation occurred in
several locations, in the majority of recordings the scene did not have to be
rotated as all of the necessary information was already contained within the
initial field of view. The field of view of the standard video was set to an ap-
proximation of the headset’s. All videos contained stereo (non-spatial) audio,
and the same headphones were used in both the PC and headset experiences.

In total 24 video clips were created (both the 360◦ and ‘flat’ versions
of each location/lecture). Participants were then divided into two groups
(Group 1 & 2). Both groups were shown all 12 locations (and watched videos
both on the headset and on the desktop PC), however Group 1 was shown
locations 1-6 in 360◦ on a VR headset, and locations 7-12 in a standard ‘flat’
format on a desktop PC, while Group 2 was shown the opposite videos on
the headset and PC (see Table 3.1).

3.5.3 Study Procedures

Participants were first asked to fill out a Pre-test Questionnaire. This ques-
tionnaire requested basic information, including the participants age, area of
study, experience with virtual reality headsets, and whether they had any
issues affecting their vision.

Next participants were asked to sit on a swivel-capable computer chair,
put on the headset, and instructed to complete both a pre-installed Oculus
Tutorial and watch a two minute long introductory lecture to familiarize the
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participants with 360◦ video.
After participants had completed the familiarization protocols, they were

then asked to watch the first set of videos (either on the headset or on the
PC, depending on which group they had been assigned to, see Figure 3.7).
Note that these video sets were each comprised of six location recordings
stitched together to form one continuous recording that was approximately
five minutes long.

Pre-test Questionnaire

Familiarization

Watch Desktop Video Set Watch 360◦ Video Set

Group 1 Group 2

Distractor Task

Watch 360◦ Video Set Watch Desktop Video Set

Group 1 Group 2

User Evaluation

Short-term Retention Questionnaire

Long-term Retention Questionnaire

After six weeks

Figure 3.7: Overview of the Study Procedure. Participants were assigned to
either Group 1 or 2, and completed a series of initial activities, followed by
a questionnaire after six weeks.

Participants were then asked to perform a reading task for three minutes,
designed to act as a distractor between the two video sessions. After the
participants completed the task, they were then shown the second set of
videos.

Following the presentation of video content, participants were asked to
complete both a User Evaluation and finally a Short-term Retention Ques-
tionnaire. The User Evaluation was comprised of a combination of short
answer, Likert Scale and open-ended questions, while the Short-term Reten-
tion Questionnaire contained 20 multiple-choice and short answer questions
pertaining to the information the participants received during the two video
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sets.
Six weeks later participants were requested to complete an online Long-

term Retention Questionnaire. This questionnaire was comprised of 21 ques-
tions, and followed the same format as the Short-term Questionnaire. The
questions included in the Long-term Questionnaire were however designed to
be less challenging than those included in the Short-term Questionnaire.

3.5.4 Study Results Overview

The results are split into two primary subsections. Section 3.5.5 discusses
the results of the User Evaluation, while Section 3.5.6 outlines the results of
the Short and Long-term Retention Questionnaires.

3.5.5 User Evaluation

3.5.5.1 Methodology

The User Evaluation was comprised of twelve short answer, Likert Scale and
open ended questions. The majority of these questions were comparative
in nature, whereby participants were asked to answer the question both for
the headset and the desktop experiences. All 20 participants successfully
completed this evaluation.

The data from these evaluations was then tabulated, and the distribu-
tion of the responses from the Likert Scales and other quantitative questions
pertaining to the two approaches were then statistically analysed.

Student’s t-tests were used in the quantitative analysis of User Evaluation
data, while Mann-Whitney U tests were used in the analysis of learning
outcomes (discussed in further detail in Section 3.5.6).

In Five-Point Likert Items: t test versus Mann-Whitney-Wilcoxon1 De Win-
ter & Dodou (2010) compared the power, and Type I & II error rates of t
and Mann-Whitney-Wilcoxon tests against 98 combinations of Likert scale
population distributions. The authors found that power differences and er-
ror rates between the two tests were generally very minor (except in some
extreme cases not applicable to our data), concluding that ‘For five point Lik-
ert items, the t test and MWW generally have similar power, and researchers
do not have to worry about finding a difference whilst there is none in the
population’.

Qualitative responses were examined for key themes, patterns and out-
liers based on the Coding in Detail approach outlined by (Bazeley & Jack-
son, 2013, p. 72). NVivo was used for the coding process, and as a result

1Mann-Whitney-Wilcoxon: An alternative name for the Mann-Whitney U test.
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we created a thematic hierarchy comprised of 29 codes organized into four
primary themes: Engagement, Immersion, Learning, and Technology Limi-
tations. These codes were applied a total of 268 times to the data.

To test the validity of this coding scheme, two reviewers2 independently
coded a subset of the data. Cohen’s Kappa was then calculated, resulting in
a coefficient of κ = 0.8705 suggesting a high degree of inter-rater agreement.

We begin this section by first introducing the quantitative results of the
User Evaluations, before presenting the results of our thematic analysis in
the Section Thematic Analysis below.

3.5.5.2 Quantitative Results

This section outlines the results of our quantitative analysis and interpreta-
tion of the User Evaluation data.

Factor
Desktop Video 360◦ Video

t-test & p-values, effect sizes

Mean sd Mean sd

Enjoyment 0.25 0.88 1.50 0.59 t(19) = 5.78, p < .001, d = 1.66

Immersion -0.65 0.96 1.45 0.58 t(19) = 8.76, p < .001, d = 2.64

Engagement 0.00 0.83 0.95 1.02 t(19) = 4.04, p < .001, d = 1.02

Table 3.2: Mean (sd) and t-test statistics for the Likert Scale rating responses
for participants comparing the desktop and 360◦ Video Experiences.

We begin this section by outlining the results of three separate Likert
Scale questionnaires, in each of which participants were asked to rate the
degree to which they found the learning experiences of both the 360◦ and
desktop videos enjoyable, immersive, and engaging respectively. For each
question participants were asked to provide a rating on a scale of -2 Strongly
Disagree, to 2 Strongly Agree (with 0 corresponding to Neutral).

Table 3.2 presents the means, standard deviations, and results of three
paired t-tests performed across these three factors. A significance level of
α = 0.05 was used for all statistical analysis. The effect sizes are also re-
ported from these t-tests, based on those specified by Cohen (1988); whereby
values of .20, .50 and .80 correspond to small, medium and large effect sizes
respectively (Barry et al., 2015).

2The data and coding scheme was reviewed by both the author of this thesis, and the
primary PhD supervisor (an associate professor in the Department of Computer Science
at The University of Auckland).
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Based on these analyses, we found statistically significant results across all
three t-tests, with participants on average providing more positive responses
for 360◦ video over desktop video in all factors measured. The results for
of each of these factors are discussed in further detail in the sections that
follow.

Enjoyment

Device
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

360◦ Video 0 0 5 40 55

Desktop Video 0 15 60 10 15

Table 3.3: Percentage of respondents (%) rating their enjoyment of learning
via desktop versus 360◦ video.

From Table 3.3 we can see that the majority of participants found watch-
ing 360◦ video on a headset more enjoyable than watching the standard ‘flat’
video on a desktop PC. While only 15% responded negatively to the desktop
video, 60% responded neutrally. Only 25% of participants reported that they
enjoyed the desktop experience.

Conversely, 90% of participants responded positively to finding the 360◦

video experience enjoyable, with 55% Strongly Agreeing to this question.

Immersion

Device
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

360◦ Video 0 0 5 45 50

Desktop Video 20 40 25 15 0

Table 3.4: Percentage of respondents (%) rating their immersion of learning
via desktop versus 360◦ video.

In the context of this study, immersion was defined (and explained to par-
ticipants) as the sense of forgetting about your surroundings, and/or ‘losing
yourself ’ in the learning experience.
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The responses to this question indicate that participants were much more
likely to find the 360◦ video immersive, with 95% of participants responding
positively for this approach (and one participant responding neutrally).

Participants responses to the desktop video were predominantly negative,
with 40% Disagreeing to finding the learning experience immersive, and a
further 20% Strongly Disagreeing to this.

Engagement

Device
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

360◦ Video 5 5 10 50 30

Desktop Video 0 30 45 20 5

Table 3.5: Percentage of respondents (%) rating their engagement of learning
via desktop versus 360◦ video.

In the context of this study, engagement was defined (and explained to
participants) as the degree to which the learning experience holds your at-
tention and makes you actively focus on your learning.

Once again responses were much more in favour of the 360◦ video ap-
proach, with 80% responding positively to this question, compared to 25%
for the desktop video.

Unlike the previous two Likert Scale factors, this was the first in which
any participants responded negatively in regards to the 360◦ video (with 1
participant Disagreeing to this question, and another Strongly Disagreeing).

Maximum Study Times
This section of the User Evaluation investigated how long participants

believed they could comfortably study by both watching 360◦ video on a
virtual reality headset, and by watching standard video on a desktop PC.

Participants believe they can study for a very similar amount of time on
both devices (see Figure 3.8), with a median time of 60 minutes reported for
both devices.

The mean reported time for desktop video was 87.1 minutes (sd = 45),
and 79.4 minutes for the headset/360◦ Video (sd = 57). This is a difference
of less than 8 minutes.

A paired two sample t-test (α = 0.05) comparing the reported times
t(19) = 0.50, p = .62 found no statistically significant differences in the time
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Figure 3.8: Self-reported maximum study times using Desktop and 360◦

video. Mean times indicated by diamond.

participants believe they can comfortably study with each device.

Supplementary Material

Device
Rating Responses (%)

Very Unlikely Unlikely Unsure Likely Very Likely

360◦ Video 0 0 20 20 60

Desktop Video 5 5 25 60 5

Table 3.6: Percentage of respondents (%) rating how likely it is they would
use each approach to supplement their existing learning materials.

Participants were also asked how likely they would be to use educational
materials of a similar nature to those they had been shown on each device;
the contents of which would be intended to act as a supplementary (but
optional) material for their own courses.

For the purpose of this section of the evaluation, participants were asked
to assume they owned and had equal access to both a virtual reality headset
and a desktop PC.
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Participants were asked to provide a rating on a Likert Scale of -2 Very
Unlikely to 2 Very Likely (with 0 corresponding to Unsure).

Participant responses to this question once again primarily favoured 360◦

video, however the difference was less than that observed for enjoyment,
immersion and engagement reported previously.

Nonetheless, 80% of participants expressed they would be either Likely
or Very Likely to use use 360◦ video to supplement their existing learning
material, compared to 65% of participants in regards to desktop video.

A paired two sample t-test (α = 0.05) found t(19) = 3.65, p = .0017, once
again indicating statistically significant differences in participant responses
in favour of 360◦ video.

Overall Effectiveness of 360◦ Video
Participants were asked to provide their overall opinion on 360◦ videos as

an effective tool for education. We begin with a quantitative interpretation
of the responses for the sake of consistency below.
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Figure 3.9: Quantitative interpretation of participant responses to the ques-
tion Overall, is 360◦ video an effective tool for education?

From Figure 3.9 we can see that the majority of participants (12) consid-
ered 360◦ video to be an effective tool for education. Only four participants
expressed that overall they did not think it was an effective tool, while three
participants stated that its effectiveness largely depends on the type of con-
tent that is being taught. The final participant stated that they were unsure
of its effectiveness.
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3.5.5.3 Thematic Analysis

This section outlines the results of our thematic analysis of the responses to
the User Evaluation. As was discussed in the Methodology section, qualitative
responses were analyzed using the Coding in Detail approach outlined by
Bazeley & Jackson (2013).

The four primary themes that emerged from this thematic analysis (En-
gagement, Immersion, Learning, and Technology Limitations) are each de-
fined and discussed in the sections that follow, with exemplar quotes provided
as necessary. Notable sub-themes are also presented in subsections where ap-
propriate.

Engagement In this study we defined engagement as: anything to do with
student attention, enthusiasm or psychological investment in the learning out-
comes. While there exists some debate over definitions of engagement in
education, this is consistent with existing definitions in literature (Dickey,
2005).

Of the four primary themes we identified during our analysis, engage-
ment was the most prevalent. Participant responses were coded 117 times as
relating to engagement, accounting for 43% of the total coded data.

The qualitative opinions of engagement in 360◦ educational video were
mixed. While participants frequently expressed greater interest, enjoyment
and overall enthusiasm (especially in regards to the heightened involvement
with the learning experience), they expressed that they found it substantially
more difficult to maintain attention while watching it. These sub-themes are
discussed in further detail in the subsections that follow.

Enthusiasm Participant descriptions of enthusiasm were much more in
line with the results of the Likert Scale data discussed above, with 4 of the
participants explicitly describing the desktop video as ‘boring ’ while none
said this of the 360◦ video. Participant descriptions of the 360◦ video were
much more likely to be positive, with 12 of the 20 participants explicitly
writing that the experience was enjoyable or ‘fun’.

Involvement One possible explanation for the lower levels of enthusiasm
expressed by participants in regards to the desktop video is the fact that it
is much more of a ‘passivity ’ (i.e. a primarily passive, rather than involved
activity). This idea was expressed by several of the participants, one of whom
described the desktop experience as being ‘Stagnant ’ and the 360◦ experience
as ‘Dynamic’. Another participant similarly expressed (in regards to the
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desktop video) that ‘It was quite boring to just stare dully at the screen, and
try to just take in all the information’.

Attention Although the Likert Scale data discussed above in regards to
engagement showed statistically significant differences in favour of 360◦ video,
many of the qualitative responses regarding attention contradicted this. Par-
ticipants were substantially more likely to describe experiencing distraction
while watching 360◦ video than standard video on a monitor. When directly
asked about their levels of distraction, 10 of the participants described ex-
periencing minimal or no distraction on the desktop video, whereas only 4
participants did so in regards to 360◦ video. This was therefore the most
common criticism of 360◦ video that emerged from our analysis.

The vast majority of participants provided the same explanation for this
distraction, blaming it on the additional surroundings afforded by 360◦ video
(the extra information they could see by looking around while wearing the
headset). This appeared to be a major issue for these participants, one re-
porting ‘I can’t focus on the speaker because I [am] curious with the surround-
ing things ’ while it even caused another to question the entire usefulness of
360◦ video as an educational tool ‘It was very immersive; the experience of
being able to look around and follow visual cues was engaging. But I don’t
know how much the distraction of looking around was combating the useful-
ness of it ’.

The second most common cause of distraction described by participants,
was from coming into contact with the ‘real ’ world while wearing the headset.
For example, one participant described bumping their feet into the wall while
swivelling on a computer chair. This issue was explicitly mentioned by five of
the participants. This suggests that there may exist a strong interrelationship
in 360◦ video between engagement and immersion.

Finally, although distractions were commonly provided as a criticism of
360◦ video, four of the participants wrote that they actually preferred learning
on the headset due to the fact that it reduced the risk of distractions from the
physical environment. This suggests that if a learning experience is intended
to minimize distractions, VR may be more suitable for some people than
others.

Immersion In the context of this study, immersion was defined as the
sense of forgetting about your surroundings, and/or ‘losing yourself ’ in the
learning experience.

This was a very common theme expressed by participants, with responses
being coded as relating to immersion 57 times (and thus accounting for 21%
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of the coded data). Only one of the participants described finding the desktop
video (‘somewhat ’) immersive, whereas 16 (80%) of the participants described
experiencing immersion in the 360◦ video.

The qualitative responses provided regarding immersion were frequently
strongly emotive in nature, with participants often using superlatives in-
cluding ‘surreal ’, ‘incredible’ and ‘powerful ’ to describe the nature of their
experiences.

The way this immersion was experienced by participants was generally
through either a heightened sense of realism and presence (within the virtual
environment), or through a feeling of increased intimacy/closeness to the
presenter. These sub-themes are discussed in further detail in the subsections
that follow.

Presence The sense of really being ‘present ’ in the virtual environment
was the most common form of immersion described, having been explicitly
mentioned by seven separate participants.

The degree to which participants experienced this sense of presence ap-
peared to vary considerably, one participant simply wrote ‘I can feel the
surround[ings] with me, just like I am there.’, while others appeared to de-
scribe a much stronger senses of presence. For example ‘It was very easy to
get a feel for what the place was like. Forgot I was actually still in a room for
a moment...’. Another went further still, writing ‘I was in a new world/place
and felt like I was another person’.

The differing levels of presence afforded by the two approaches were ex-
plicitly described by two of the participants, the first writing (in regards to
the desktop video) ‘I imagine I was there...’ but in regards to the 360◦ video
‘I can feel the surround[ings] with me, just like I am there’. Another partic-
ipant expressed similar sentiment, writing ‘[I] felt more like looking through
someone’s perspective rather than being that person’.

Intimacy Similar to presence, several participants described experienc-
ing a greater sense of intimacy or closeness to the speaker while watching the
360◦ videos. One of the participants listed this as one of the benefits of 360◦

video, writing ‘I found the headset gave me a greater sense of interaction
with the presenter, I could understand him a bit more’, while another wrote
(as a criticism of desktop video) ‘The experience was almost less personal
than in VR, so I felt like I could pay less attention to the facts ’. This feeling
of obligation to the presenter was echoed by another participant, who wrote
‘On a screen I do not feel like I need to pay as much attention as I do in VR,
because I am in no way immersed when watching on a screen, but in VR, I
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feel like I have to pay more attention because the person speaking feels more
like a real person, which is odd, but true’.

Learning This theme encapsulated any discussion pertaining to learning
materials or outcomes. This was the least common theme, and was only
coded 28 times during the analysis (corresponding to approximately 10% of
the coded data).

While several participants expressed the belief that 360◦ video would
result in deeper learning, the vast majority (22) of the responses in this
theme related to the learning materials or content.

Content Generally, the nature of these responses was that the effective-
ness of 360◦ video largely depends on the content that is being taught. Several
of the participants explicitly stated that they did not believe 360◦ video was
suitable for lecture theatre recordings, one for example writing ‘If it’s a lec-
ture recording; there’s no need to be aware of my surroundings - it’d only be
an unnecessary distraction’.

The majority of discussion of content was therefore closely tied to the
issues with distractions described in the section Attention above. However,
rather than outright dismissing 360◦ video due to its higher potential for
distractions, instead several of the participants suggested that educational
360◦ video applications should be limited to those where the extra visual
information is relevant to the lesson, one for example writing ‘I think that
it [360◦ video] allows users to experience something very close to reality.
However, the content should be related to the spherical video3, otherwise it’s
too easy to get distracted ’. These thoughts were echoed almost verbatim by
another participant, who responded ‘...as stated before, immersing students
in a subject is how you best learn. If you could immerse a student and make
sure the distractions are informational, you have a very powerful tool ’.

Technology Limitations The final theme that emerged from our the-
matic analysis encompasses the description of any issue relating to the tech-
nologies themselves. Responses were coded as relating to this theme 85 times
(corresponding to approximately 31% of the coded data).

The nature of the issues discussed by participants varied considerably,
however the majority can be classified as relating to either comfort or issues
with the viewing experience. Another issue that was also discussed by partic-
ipants was the lack of note taking capabilities while wearing the headset. The

3As discussed in the section ‘Defining 360◦ Video’; Spherical video is an alternative
term used to describe 360◦ video.
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final sub-theme discussed is that of leniency ; unlike the other sub-themes,
this does not relate to any issue with the technologies themselves, but in-
stead describes a phenomenon of leniency or forgiveness exhibited by the
participants towards 360◦ video.

Comfort Problems with the comfort of the virtual reality headset were
among the most commonly observed issues, being mentioned by eight of
the participants. Of these eight participants, two described experiencing a
sense of disorientation when removing the headset, while another expressed
difficulty in swivelling the computer chair while watching 360◦ video. The
remaining five participants however all complained that the headset was too
heavy, with several stating that it was uncomfortable on their neck.

Surprisingly (despite the fact that all participants were explicitly ques-
tioned about it), only one participant reported experiencing any motion sick-
ness while wearing the headset (although this participant also reported ex-
periencing it while watching the desktop video, however they were unsure if
this was the result of ‘carry over from the HMD4’).

Viewing Experience Based on our analysis of the responses, twelve of
the participants reported some issue with the quality of the video and/or
screen in regards to the desktop experience, versus only five participants in
regards to the headset/360◦ video. This is despite the fact that the resolution
of the desktop video was identical to that of the 360◦ video. One possible
explanation for this is that participants had no expectations on the quality of
the 360◦ video. While the majority of responses did not differentiate between
video and screen issues, we report on those that clearly expressed the cause
of the issue below.

Issues with the headset screen were only explicitly mentioned by three
of the participants, all of whom described being able to identify individual
pixels (i.e. the ‘Screen Door Effect’ ), with one writing ‘Because the pixels
were visible, my immersion and attention were both negatively affected ’. It is
surprising that only three of the participants explicitly described experiencing
issues with the headset screen given the limited resolution of current headsets,
although this could potentially be attributed to the fact that the participants
were unable to differentiate between issues of the screen and video. This could
also explain why issues with the video quality were similarly only explicitly
mentioned by four of the participants.

4HMD: Head-mounted Display, an alternative term for virtual reality headsets.
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Note Taking While the visually immersive nature of headset may be
useful for reducing distractions and increasing immersion, an unfortunate side
effect of this is that there is also no obvious way for students to take notes.
This was explicitly mentioned by three of the participants, two of whom
found it to be so severe an issue that they provided it as their justification
for why they believed that overall 360◦ video was not an effective tool for
education.

Leniency The final theme that emerged from responses to the User
Evaluation was that of leniency ; participants were much more inclined to be
forgiving of any issues with the 360◦ video. This leniency was expressed by
six of the participants, and usually came in the form of a criticism which was
then immediately followed by some form of justification as to why this was
unimportant. For example, one participant wrote ‘Yes [I think the quality of
the screen had an effect on my learning]! But overall the experience felt quite
real so the low quality was a compromise’ while another similarly responded
‘Yes, resolution could have been better, but I think that being able to interact
with the environment lessened the impact of this ’.

Interestingly, two of the participants stated that the 360◦ video had a
higher resolution than the desktop video, despite the fact that the two videos
were taken from the same recording. Once again, this could be due to the fact
that the participants had higher expectations of the quality of the desktop
video. One possible explanation for this leniency is that the participants may
have simply felt uncomfortable being overly critical of the 360◦ video, as they
may have assumed the researchers were invested in the approach.

3.5.6 Learning Outcomes

While the results of the qualitative data and analyses identified some issues
with the use of 360◦ video in education, it also found many statistically sig-
nificant and overwhelmingly positive responses in favour of it. We now turn
to questions focusing on the learning and retention of information presented
during the lectures.

3.5.6.1 Methodology

Learning outcomes were tested through two separate questionnaires designed
to measure short and long-term retention. The Short-term Retention Ques-
tionnaire was filled out by participants immediately after watching both sets
of videos, while the Long-term Retention Questionnaire was filled out online
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six weeks later. All 20 participants successfully completed both question-
naires.

These questionnaires were comprised of a combination of multiple-choice
and short answer questions, each of which pertained to a particular loca-
tion they were shown during either the 360◦ or desktop video sets. The
Short & Long-term questionnaires contained 20 & 21 questions respectively,
and were each split into two primary sections; Content Retention and Loca-
tion Recognition. Questions contained in the Content Retention section of
the questionnaires focused on the recall of the information participants were
taught during the lectures, while the Location Recognition questions targeted
visual information about the recording locations. In both questionnaires the
Content Retention section comprised the bulk of the questions (containing
15 questions in each).

The questions were designed to be unambiguous and binary in nature,
thus a strict marking rubric could be applied as participant answers were not
open to interpretation. Marks were tallied for all questions, and participants
were grouped based on whether the question related to content experienced
on the headset or on the PC.

Analysis was undertaken not by the grouping demonstrated in Table 3.1,
but by pseudo-groups comprised of participants from both Group 1 & Group
2 (in fact all participants belong to both groups). This both counter-balanced
the two groups, and minimized the risk of participants of varying abilities
skewing the results. An example of this grouping is provided for clarification
in Figure 3.10. These groups are referred to as the Headset Group and PC
Group, and are used henceforth in the analysis.

Multiple Shaprio-Wilk tests were conducted to determine the distribution
normality of the results of the two pseudo-groups across various dimensions of
both the Short & Long-term Retention Questionnaires. These tests identified
that much the data was non-normally distributed, for example a Shapiro-
Wilk test run on the Headset Group’s ‘Location Recognition’ marks found
W = 0.803, p = 0.016. See Figure 3.11 for a Q-Q (quantile-quantile) plot
visualizing this example.

Thus, the nonparametric Mann-Whitney U test (two-tailed) is used hence-
forth in the analysis of learning outcomes. Unlike t-tests, Mann-Whitney U
tests do not require the assumption of normality, and even when normality
holds possess an asymptotic efficiency of 3/π (' 0.95) compared to t-tests
(Conover, 1980).

The results of these analyses (as well as the results of the 3 special-case
questions outlined in Educational Content above) are discussed in the sec-
tions that follow.
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Question Question Location

Q1 Whiterock Bush

Q2 Inside a Vehicle

Q3 James Cook Domain

Q4 Lecture Theatre

(a) Location the question relates to.

Question Group

Q1 2

Q2 1

Q3 2

Q4 2

(b) Group shown location on headset.

Question
Headset Group PC Group

Marks taken from group

Q1 2 1

Q2 1 2

Q3 2 1

Q4 2 1

(c) Derived pseudo-group marks.

Figure 3.10: Demonstrates the relationship between Groups 1 & 2 and the
pseudo-groups Headset Group and PC Group. For example, Q1 relates to
Whiterock Bush, a location shown on the headset to participants of Group
2. Therefore the Headset Group’s marks for Q1 were taken from Group 2.

3.5.6.2 Short Term Retention

Group
Content

Retention

Location
Recognition

Total
U statistic, p-value, & effect size

Mean sd Mean sd Mean sd

Headset 18.35 3.35 3.3 1.27 21.65 4.28
U = 45, N1 = N2 = 10, p = .485, d = .1673

PC 18.75 3.99 2.7 1.19 21.45 4.91

Table 3.7: Mean (sd) total results and Mann-Whitney U -test statistic for
the Short-term Retention Questionnaire; comparing the learning outcomes
of the Headset and PC groups.

From Table 3.7 we can see that total mean marks of both the Headset and
PC group are very similar (21.65 and 21.45 respectively). The total marks
available for the Short-term Retention Questionnaire was 32, meaning the
Headset group achieved on average a grade of 67.65% while the PC group
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Figure 3.11: Examplar Q-Q plot demonstrating the non-normal distribu-
tions of various dimensions of the learning outcome data: Headset Group’s
‘Location Recognition’ marks from the Short-term Retention Questionnaire.

averaged 67.03%.
A two-tailed Mann-Whitney U -test (α = 0.05) found U = 45, N1 =

N2 = 10, p = .485, suggesting that there existed no statistically significant
differences in the learning outcomes of the two groups.

We calculated Cohen’s d = .1673, which (corresponding to the values
outlined by Cohen) suggests a small effect size (Cohen, 1988).

While the Headset group did perform better on average in the Location
Recognition questions, a second Mann-Whitney U -test indicated that no
statistically significant difference in learning existed (U = 39.5, N1 = N2 =
10, p = .220).

Interestingly, from Table 3.8 we can see that the Headset group performed
better on more than twice as many questions as the PC group. This is
discussed in further detail in Section 3.5.6.5.

3.5.6.3 Long Term Retention

We replicated the analysis procedure outlined in Section 3.5.6.2 above for
the results of the Long-term Retention Questionnaire, the results of which
are outlined below.

From Table 3.9 once again we can see that while the Headset group per-
formed better on average than the PC group (15.25 vs 14.7 respectively), the
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Questions... Count

Groups performed equally 3

PC Group performed better 5

Headset Group performed better 12

Total Questions 20

Table 3.8: Short-term Retention Questionnaire — Raw number of questions
each group performed better on.

Group
Content

Retention

Location
Recognition

Total
U statistic, p-value, & effect size

Mean sd Mean sd Mean sd

Headset 12.15 2.76 3.1 1.04 15.25 3.50
U = 40, N1 = N2 = 10, p = .236, d = .1673

PC 12.1 2.37 2.6 0.49 14.7 2.48

Table 3.9: Mean (sd) total results and Mann-Whitney U -test statistic for
the Long-term Retention Questionnaire; comparing the learning outcomes of
the Headset and PC groups.

difference in learning outcomes was minimal. The total marks available for
the Long-term Retention Questionnaire was 33, meaning the Headset group
achieved on average 46.21%, while the PC group averaged 44.55%.

A two-tailed Mann-Whitney U -test (α = 0.05) found U = 40, N1 =
N2 = 10, p = .236. While this is a smaller p-value than was found for the
Short-term Retention Questionnaire, it is still far from sufficient to claim any
statistically significant differences in learning outcomes exist between the two
groups.

The value of Cohen’s d was much closer to that found previously, with
d = .1615 (versus d = .1673 for the Short-term Retention Questionnaire).
This d -value once again suggests that the effect size was small.

As the Headset group appeared to again perform substantially better
on the Location Recognition questions, we conducted an additional Mann-
Whitney U -test. This however, also failed to find any statistically significant
difference (U = 33, N1 = N2 = 10, p = .084).

We can see in Table 3.10 that the Headset group performed better on
twice as many questions as the PC group. As our analysis failed to find any
statistically significant difference between the two groups, the probability of
this occurring by chance is discussed briefly in Section 3.5.6.5.
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Questions... Count

Groups performed equally 3

PC Group performed better 6

Headset Group performed better 12

Total Questions 21

Table 3.10: Long-term Retention Questionnaire — Raw number of questions
each group performed better on.

3.5.6.4 Special Case Questions

In both the Short & Long-term Questionnaires 3 questions (and therefore 3
recordings) were conducted slightly differently to the rest. These recordings
and questions were each designed to test a different factor of interest.

Firstly, as it is likely the most common setting for tertiary educational
videos; we performed one recording inside of a Lecture Theatre. During this
recording, participants were not asked to memorize information about the
location, but were instead asked to memorize a series of facts both presented
verbally and via an overhead projector.

Secondly, we were also interested in whether the use of 360◦ video would
result in increased passive & active visual information recollection. To test
this, in one recording students were asked to memorize as much detail as they
could about the interior of a vehicle (and were later quizzed on this). In a
second recording we tied a red ribbon around a tree (which was clearly visible
in both the 360◦ and desktop video), however we never explicitly mentioned
the ribbon and just provided a standard lecture in the location. Participants
were later asked to recall (between several visually similar locations) where
they had seen the ribbon.

From Table 3.11 we can see that the Headset group performed better on
all of the cases across both questionnaires (with the exception of the long-
term retention of the passive recollection of visual information, for which the
two groups performed equally).

A Mann-Whitney U -test was conducted which failed to identify any sta-
tistically significant differences between the two groups, however the Cohen’s
d values observed corresponded with a medium effect size in regards to the
short-term passive recollection of visual information, as well as the long-term
lecture theatre learning outcomes and active recollection of visual informa-
tion.
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Questionnaire Case

Headset
Group

PC
Group U statistic, p-value, & effect size

Mean sd Mean sd

Short Term Lecture Theatre 4 1 3.9 0.97 U = 45, N1 = N2 = 10, p = .184, d = .1013

Active Recollection 0.8 0.4 0.7 0.46 U = 45, N1 = N2 = 10, p = .325, d = .2325

Passive Recollection 0.1 0.3 0 0 U = 45, N1 = N2 = 10, p = .184., d = .4714

Long Term Lecture Theatre 2.5 1.13 1.9 0.92 U = 32, N1 = N2 = 10, p = .073, d = .5807

Active Recollection 0.6 0.49 0.3 0.46 U = 35, N1 = N2 = 10, p = .102, d = .6325

Passive Recollection 0.5 0.5 0.5 0.5 U = 50, N1 = N2 = 10, p = .483, d = 0

Table 3.11: Mean (sd) and Mann-Whitney U -test statistics for the three
Special Case factors between the 2 pseudo-groups across both questionnaires.

3.5.6.5 Binomial Test

Questions... Count

Groups performed equally 6

PC Group performed better 11

Headset Group performed better 24

Total Questions 41

Table 3.12: Total number of questions each group performed better on across
both the Short & Long-term Retention Questionnaires.

While the Mann-Whitney U -tests run across the Short & Long-term Re-
tention Questionnaires failed to find any statistically significant differences in
the learning outcomes, it is worth noting that the Headset group performed
better on more than twice as many questions as the PC group (see Table
3.12).

As it is possible that the Headset group’s superior performance on so
many questions happened purely by chance (as the results of the Mann-
Whitney U -tests would suggest), we also investigated the binomial probabil-
ity of these results occurring.

If we assume an equal (50%) probability that one group would perform
better than the other (i.e. assume the headset had no effect on the learning
outcomes), then the cumulative binomial probability of the Headset group
performing better on 24 questions is P (X ≥ 24) = 0.174.

Thus, while there does exist a 17% probability that the results occurred
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by chance; this suggests that it is also possible that the Headset group did
experience improved learning outcomes, but the differences were insufficient
to be considered statistically significant by the Mann-Whitney U -tests.

Nonetheless, as no statistically significant differences were observed this
is purely speculative, and we are unable to claim with confidence that any
difference in learning outcomes exists.

3.6 Discussion

We now discuss the significance of the results of this study in relation to its
two primary research questions.

[RQ1. What differences in the user experience exist when presenting edu-
cational lectures in 360◦ on a virtual reality headset (compared to a ‘standard’
format on a desktop PC)?]

Our quantitative and thematic analyses of the results of the User Eval-
uations resulted in several interesting findings. The most surprising theme
that emerged from the thematic analysis was that of distractions.

While ten of the participants described experiencing minimal or no dis-
traction on the desktop video, only four did so for the 360◦ video. The vast
majority of participants blamed this on the additional surroundings afforded
by 360◦ video (the extra information they could see by rotating their heads).
This source of distraction appeared to be a major issue for many of the par-
ticipants. Some commented that they were unable to focus on the speaker
until they had completely taken in their surroundings, while others provided
it as their justification for why they believed that overall 360◦ video was not
an effective tool for education.

It is important to remember however that the study design of this exper-
iment necessitated the nature of the 360◦ videos; the videos were designed
specifically to ensure the extra information would be unnecessary. This was
done to guarantee a fair comparison could be made between the learning
outcomes of 360◦ and Desktop video.

Nonetheless, this also highlights the importance of content-appropriateness
in educational 360◦ videos. This was another major theme that emerged from
our thematic analysis, with several participants stating that they believe the
effectiveness of 360◦ video largely depends on the content that is being taught.
Educational contexts such as architecture lessons may be suitable for 360◦

video, where potentially all of the extra visual information is relevant (and
therefore not a distraction). It is also worth noting that several participants
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explicitly stated that they did not believe 360◦ video was appropriate for
lecture-theatre recordings.

Another important theme that emerged from our thematic analysis was
the role of immersion and the strong psychological connection that appears
to exist with participants and the 360◦ learning environment and speaker.

Participants frequently described experiencing a sense of presence or ‘re-
ally being’ in the 360◦ environment. The qualitative descriptions of this
presence were often strongly emotive in nature, with participants using su-
perlatives including ‘surreal ’, ‘incredible’ and ‘powerful ’ to describe the na-
ture of their experiences. This same sense of presence was not described by
participants in regards to the desktop video, and suggests that 360◦ video
may be beneficial to those wishing to facilitate experiential learning (and to
those whose pedagogical beliefs are rooted in constructivist ideals).

Similar to presence, participants also frequently expressed experiencing a
sense of intimacy or closeness to the presenter in the 360◦ videos. While some
participants simply described finding the 360◦ video more personal, others
described feeling a sense of obligation to pay attention to the speaker. This
obligation should be of interest to educators and academics looking at ways
to potentially improve student engagement and focus in distance learning.

While several participants did describe experiencing discomfort from the
headset heaviness, it is interesting to note that only one of the participants
reported experiencing any motion sickness. Furthermore, it is possible that
this participant was simply prone to it, as they also reported experiencing
it while watching the desktop video. This result is surprising, given the fact
that motion sickness is a problem which has traditionally hindered virtual
reality headsets. We hypothesize that this may potentially be a result of
the lack of virtual locomotion involved in watching 360◦ videos (Hettinger &
Riccio, 1992; McCauley & Sharkey, 1993).

Our quantitative analysis of the responses to the User Evaluation also
resulted in several interesting findings.

Firstly, participants believed that they could comfortably study for a
similar amount of time watching 360◦ video on a headset to standard video
on a PC (79.4 and 87.1 minutes respectively). This may be related to the
lack of motion sickness mentioned above, and also suggests that the issues
regarding the headset heaviness were not severe.

Our analysis of three Likert Scale questionnaires regarding enjoyability,
engagement and immersion found statistically significant results in all t-
tests, with participants clearly expressing preference towards 360◦ video over
desktop video for all 3 factors.

Thus, both the qualitative and quantitative results show that partici-
pants believe 360◦ video is effective, and would choose to use it in their own
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learning.

[RQ2. What differences in learning outcomes exist when presenting educa-
tional lectures in 360◦ on a virtual reality headset (compared to a ‘standard’
format on a desktop PC)?]

The results of the Short & Long-term Retention Questionnaire Mann-
Whitney U -tests indicate that no statistically significant differences existed
in the learning outcomes of the Headset and PC pseudo-groups.

This was also true for the three ‘Special Case’ questions (pertaining to
retention in Lecture Theatres, as well as the active & passive recollection of
visual information), for which the Mann-Whitney U -tests failed to identify
any statistically significant differences. However, the Cohen’s d values ob-
served did correspond to a medium effect size across all 3 cases, suggesting
that some differences could potentially exist that the Mann-Whitney U -tests
were unable to pick up on.

The raw number of questions that each group performed better on also
suggested that there may be a possibility that the Mann-Whitney U -tests
failed to identify differences in the learning outcomes of the two groups, as
the Headset group performed better on more than twice as many questions
as the Desktop group. Our binomial assessment of the probability of this
occurring purely by chance suggested this should only occur in 17% of cases.

However, assuming that there is no difference between the learning out-
comes of the two groups, then it is important again to emphasize that in
order to provide the fairest comparison, the study designed necessitated that
the 360◦ video was not utilized to its full potential. Thus, these results may
not necessarily carry over to contexts of higher content-appropriateness.

Nonetheless, this study has demonstrated that 360◦ video still provides
a comparable learning experience to desktop video, which is both potentially
less likely to cause motion sickness than traditional educational VR, and more
likely to be perceived by students as enjoyable, immersive, and engaging than
standard video on a monitor.

3.7 Chapter Summary

In this chapter we discussed the results of both a User Evaluation and of a
study comparing the learning outcomes of participants who watched standard
video on a monitor, to those who watched 360◦ video on a virtual reality
headset.

Although no statistically significant differences in learning outcomes were
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observed, the raw number of questions the Headset Group performed better
on provided some indication that there may be learning gain that could be
revealed by a study with a greater number of participants, or more in-depth
testing of knowledge.

By far the most commonly observed criticism of 360◦ video was that the
extra information that was visible served as a distraction. Unfortunately the
study design necessitated this; the videos were designed specifically to ensure
that the extra information would be unnecessary, so that a fair comparison
could be made of the learning outcomes. Nonetheless, this implies that the
suitability of 360◦ video is largely dependent on the context of its use.

Regardless of the issues reported, the majority of participants believed
that overall 360◦ video was an effective tool for education, and also believed
that they would be more likely to use it to supplement their existing learning
materials than standard video on a monitor.

While no statistically significant differences in learning outcomes were
observed; 360◦ video appears to provide a comparable learning experience
to desktop video of equal resolution, and both greatly reduces the barrier
to entry involved in creating educational VR content, and is more likely to
be perceived by students as being enjoyable, immersive, and engaging than
standard video on a monitor.

Nonetheless, as learning outcomes are obviously the most important fac-
tor for most educational systems, and because 360◦ video fails to utilize the
full potential and functionality of VR headsets, we were interested in whether
differences in learning outcomes would occur in an educational experiences
that:

• Did take advantage of the full functionality of these headsets.

• Was informed by existing pedagogical and VR-related design theories.

Thus, in the next chapter we investigate how to take full advantage of
functionality by developing a framework that guides content creation based
on relevant literature. This framework was used to inform the design of a
large Interactive Educational Virtual Reality Experience which is outlined
and evaluated in turn, in Chapter 5.
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CHAPTER 4

A Framework for Designing Educational VR Experiences

“Very well, where do I begin?”

Dr. Evil

In this chapter we outline a framework designed to assist educators and
developers in the design of educational VR experiences.

We begin by first outlining our motivation for creating this framework in
Section 4.1 before providing an overview of the most closely related frame-
works in section 4.2.

Finally, the framework itself is outlined in Section 4.3. A full graphical
representation of the framework is included in Appendix C.

4.1 Motivation

Since we failed to find any statistically significant differences in the learning
outcomes in the 360◦ video study, we were interested in whether any differ-
ences would be observed in a an educational VR experiences that did take
advantage of the full functionality of VR headset, and that was grounded in
existing educational design/pedagogical reasoning.

It is also worth noting that in Chapter 2 we found that very few of the
implementations were grounded in strong pedagogical theory. One potential
explanation for the lack of pedagogical input is simply that academics and
educators are unsure as to what learning theories transfer to the virtual
reality domain. For example, while much of the literature reviewed appears
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Framework Context

HCI
Education

VR

Figure 4.1: Framework Context. This framework is situated at the intersec-
tion of (and considers factors from) the areas of HCI, Education, and VR.

to have its educational reasoning rooted in constructivist ideals, the explicit
mention of constructivism occurred relatively infrequently.

Despite the rising popularity and rapidly changing nature of VR, there is
no recent framework that attempts to inform the design of educational VR
experiences. While there are a multitude of existing frameworks targeting
various distinct factors of importance to education (engagement, collabora-
tion, immersion etc.), there is a need for a more general, or overall model
intended to inform the instructional design of educational virtual reality ex-
periences. In this chapter, we introduce a framework that addresses this re-
search gap. The results of the systematic literature review were used to help
inform the syntheses of existing instructional design models and frameworks
in the areas of computers and education, HCI, engagement, VR, collabora-
tion, and immersion.

Thus, existing frameworks, pedagogical theories, and instructional design
techniques from multiple disciplines have been synthesized to form this frame-
work. The resultant framework considers 45 techniques/factors of relevance
to the use of VR in education, split over eight dimensions and falling into
four primary themes. We believe that by considering these factors, educators
will be able to design educational VR experiences that are both more likely
to achieve the desired learning outcomes, and to be positively perceived by
students.

We begin this chapter by outlining existing design models and frame-
works, and discussing their shortcomings, before introducing and explaining
the components and intended use case of the framework in Section 4.3.

A full graphical representation of the framework is included in Appendix
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C, while Appendix D contains a large checklist intended to provide practical
guidance in the planning and design of educational VR experiences.

4.2 Overview of Related Frameworks

While some literature identified in the systematic literature review outline in
Chapter 2 was incorporated into this framework, major academic databases
and search engines including IEEE Xplore, ACM Digital Library, Web of
Science, Google Scholar, Scopus, and ERIC were searched and snowballing
was used to identify further relevant materials.

This section discusses existing frameworks and models that relate to the
design and evaluation of educational VR experiences.

Historically, educational frameworks have been created for emerging tech-
nologies as they have increased in popularity; from desktop computers, to
mobile devices (Koole, 2009). These technologies each possess a range of
unique design considerations that necessitate frameworks particular to their
usage in education. This is also the case for the use of VR in education.

There are several existing frameworks that are designed for evaluating
educational VR systems. Roussos (1997), for example, designed an Evalua-
tion Framework for Virtual Reality Learning Environments. However, this
framework provides minimal implementation guidelines, and is instead de-
signed to be used for evaluation purposes after the tool has already been
created. This is also the case for other evaluative frameworks, such as the
Framework for Evaluating e-Learning Environments (Gunn, 1996), and even
the more esoteric Framework for Evaluating Collaborative Educational Vir-
tual Environments (Tsiatsos et al., 2010).

Few frameworks exist that are actually designed to guide the development
of educational VR experiences. The most closely related existing theoretical
model is the Theoretical Framework for Designing Desktop Virtual Reality-
Based Learning Environments (Chen et al., 2004). While this framework does
discuss useful pedagogical techniques and macro-strategies, it suffers from
several limitations. Firstly, it is designed specifically for desktop-based VR
systems, and secondly it provides primarily theoretical rather than practical
guidelines, obfuscating actual implementation details. An updated version
of this framework still provides minimal implementation detail (Chen & Teh,
2013).

Virtual reality experiences differ from other educational experiences in
two important ways; they emphasize/afford higher levels of engagement and
immersion. In Chapter 2, we identified increased engagement and immersion
among the primary motivations for educators to pursue the use of VR in
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education, however these are factors that are not given sufficient emphasis
in existing frameworks.

There exists substantial literature in the area of engagement in education,
including multiple frameworks designed to increase the likelihood of student
engagement occurring (Kearsley & Shneiderman, 1998; Lewis & Allan, 2004;
Pittaway, 2012). Similarly, there exists numerous frameworks designed to
facilitate student immersion, most applicably the Theoretical Framework for
Immersive Virtual Environments designed by Slater & Wilbur (1997). These
were used to inform the design of the relevant areas of our own framework.

Virtual reality headsets (including the recent consumer generation) each
come with their own design considerations (HTC, 2016; Oculus, 2014; Playsta-
tion, 2016). Thus, design guidelines for headsets and other VR technology-
specific considerations were also incorporated into our framework.

While these materials are useful for their specific respective purposes
and contexts, there is need for a framework that synthesizes the factors of
relevance to the design of educational VR experiences. In this chapter we
address this need.

4.3 A Framework for Designing Educational

Virtual Reality Experiences

Educational materials from both the frameworks mentioned above as well
as substantial other literature of relevance to the use of VR in education
has been synthesized. The decision as to what factors to include in this
framework was made by both looking for trends and commonalities across
major existing frameworks in the areas related to this framework’s context,
and by cross-referencing these factors with the applications, motivations, and
issues reported by authors of existing educational VR implementations iden-
tified in Chapter 2. This was an iterative process, with the framework going
through multiple changes as new literature was identified, before finalizing
the version outlined in this chapter. Emphasis was placed on organizing the
framework in such a way as to make it easily understandable to educators
with potentially limited technical knowledge. While it is infeasible to design
a framework that addresses all possible factors of relevance, we believe the
current version of this framework effectively synthesizes those most perti-
nent from existing models/frameworks, and other literature relevant to its
context.

In the section that follows we provide an overview of the dimensions of the
framework. In total the framework is comprised of 4 primary themes ; Over-

88



Chapter 4. A Framework for Designing Educational VR Experiences

head, Intrinsic Factors, Usability and Learning Experience. These themes
are further divided into 16 dimensions, which in turn comprise 45 individual
techniques/factors. A full graphical representation of the framework can be
seen in Appendix C. These themes and dimensions form the basis for the
structure of subsections that follow.

4.3.1 Intended Usage

While it is likely infeasible to design an educational VR experience that
applies all of the techniques/factors discussed in this framework; this is not
its intended usage case. Instead, the dimensions and techniques should act
as a guideline for developers and educators, as at least considering these
factors while designing an educational VR experience (and thus grounding
the design in existing pedagogical theory) will hypothetically increase the
likelihood of it achieving the desired learning outcomes, and being positively
perceived by students.

4.3.2 Overhead

As with the definition provided in Chapter 2, in this framework we define
overhead as the additional costs and/or effort incurred as a result of employ-
ing VR-related technologies. This typically comes in the form of monetary
costs and/or training.

4.3.2.1 Cost

The cost-related overhead associated with employing VR technologies typ-
ically comes in two primary forms; initial purchase costs and maintenance
costs.

Initial Purchase Costs Virtual reality systems typically require special-
ized input and output peripherals to use, as well as powerful computers to
run them. The nature of the VR experience largely determines the type of
peripherals that are required. The initial purchase costs of these systems is
frequently reported as being one of the largest barriers to entry for using VR
in education (Haluck, 2000; Huang et al., 2010; Merchant et al., 2014).

Educational VR experiences should therefore ideally be designed to work
on as many major existing VR platforms as possible, as individuals (and
educational institutions) are unlikely to purchase entirely new VR systems
simply to use one piece of software.
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Maintenance Costs Similarly, the maintenance costs of VR systems can
be substantial as technical support may require the expertise of specialized
personal (Merchant et al., 2014; Mossel & Kaufmann, 2013). Designing an
experience that requires regular maintenance will lessen the likelihood of its
adoption. If an educational VR experience is being designed for use in an
educational context such as the public school system, then it is important
that it requires minimal maintenance (such as manual software and hardware
updates).

4.3.2.2 Training

Employing new digital technologies (like VR) in educational contexts such as
schools often requires additional overhead in terms of training for both staff
and students (Haluck, 2000; Pedro et al., 2016).

Educational VR experiences intended for use in educational institutions
should ideally be designed to be intuitive, and/or contain in-built tutorials
(and therefore not require any formal training from staff and/or educators).
If training is required, then it should be sufficiently simple to be carried out
by staff and educators of varying technical backgrounds.

Staff While an increasing number of people are comfortable using ‘typi-
cal’ educational software on a computer, the specialized input and output
peripherals commonly used in educational VR experiences are still relatively
uncommon, and training is therefore often required in their usage. Staff will
likely have to be trained not only in how to use these technologies, but in how
to in turn train their own students on its use. The more training required
to understand a software, the less likely it is to be adopted in the classroom.
When designing an educational VR experience it is therefore important to
consider the required technical knowledge of the staff it is intended for.

Students If a VR experience is intended for use in an educational insti-
tution, then students will also need to be trained in its use. As with staff
training, when designing an educational VR experience, it is important to
consider the required technical knowledge of the students it is intended for.

4.3.3 Intrinsic Factors

Intrinsic factors encompass internally rewarding motivations. In this frame-
work, we focus specifically on the intrinsic factors we believe are most rel-
evant to the use of VR in education: engagement, enjoyment, interest and
immersion.
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4.3.3.1 Engagement

In the context of this framework, engagement is defined as the degree to which
the learning experience holds your attention and makes you actively focus on
your learning (Franceschi et al., 2014; Schaufeli, 2013). This definition is also
consistent with Chapter 2. This dimension encompasses 6 techniques/factors
in this framework: variable progression, self-in-role, collaboration, authentic
activities, focused goals, and measurable progress.

Variable Progression Dickey (2005) writes that ‘proponents of engaged
learning argue that learners can become meaningfully engaged in the learning
environment by being provided with activities that allow them to play an active
role and make judgements about progress towards defined goals ’. Therefore,
ideally the design of the VR educational experience should provide users
with the freedom to choose between multiple ways of achieving the desired
learning outcomes.

In the context of VR, gameplay ‘hooks’ are one potential technique for
allowing users to make these judgements. Howland (2002) defines gameplay
hooks as ‘anything that requires the player to make a decision that relates to
the game, and thus keeps them playing ’. This principle has been leveraged
heavily in both game-based learning and through the use of gamification
(Nah et al., 2014).

Self-in-Role Commonly occurring in video games, self-in-role describes
the sense of identifying with a virtual avatar/character, and potentially their
characteristics/motivations also. This identification can be leveraged to in-
crease student engagement (Schaufeli, 2013).

Thus, when designing educational VR experiences, one should try to both
clearly express the motivations and/or goals of the character while simulta-
neously attempting to align them with the desired learning outcomes.

Collaboration The fundamental underlying idea of the Engaged Learning
Model developed by Kearsley & Shneiderman (1998), is that in order to
improve the likelihood of engagement, students should work collaboratively
towards achieving meaningful tasks.

Although it is not the only approach, providing multi-user support is one
approach to facilitating collaboration in a VR learning environment.

Educators and developers wishing to evaluate their particular approach
to collaboration should refer to the Evaluation Framework for Collaborative
Educational Virtual Environments created by Tsiatsos et al. (2010).
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Authentic Activities The Engaged Learning Model states that students
should work towards projects that are ‘meaningful to someone outside the
classroom’ (Kearsley & Shneiderman, 1998). As Lim wrote in his explanation
of authentic activities ‘Learners need to know they are learning something ’
(Lim, 2004).

Herrington et al. (2003) describe ten ‘Characteristics of Authentic Activ-
ities’, those of relevance have been modified for the use of VR in education
and are listed below:

• Activities should have real-world relevance.

• Activities should be comprised of complex tasks designed to be inves-
tigated by users for extended periods of time (ideally days, weeks and
months).

• Users should be able to achieve the tasks via different approaches (vari-
able progression).

• Activities should be seamlessly integrated with assessment. This can
be done through retrospectively analysing recordings of student ac-
tivities within the VR experience, or by programmatically embedding
assessment into the digital activities.

• Activities should provide different outcomes rather than a single re-
sponse to the correct input.

Focused Goals Explicitly revealing the value and focus of a learning en-
vironment has been shown to further engage students with their learning ac-
tivity (Chen & Teh, 2013; Dickey, 2005). Similarly, Archer & Hughes (2011)
demonstrated that understanding learning goals and expected outcomes has
a positive effect on learning outcomes. Thus, as early as is feasible in the
VR learning experience users should be explicitly informed of the desired
learning outcomes.

Measurable Progress Allowing users to view their progress towards the
desired learning outcomes can also further increase engagement (Bell et al.,
1995; Schlechty, 1990). In the context of VR-based education (especially if
employing gamification or game-based learning) various techniques can be
used to demonstrate progress towards learning goals. Visualizations suitable
for VR include:

• Progress of ‘XP’ (experience) bars.
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• ‘Achievements’ for completing certain tasks.

• Explicit notification of progress towards a learning goal, e.g. ‘Trigonom-
etry +50 Points ’.

4.3.3.2 Enjoyment

While the novelty of using VR for education may reduce the likelihood of
boredom, educators should be careful not to rely on this as their sole means of
facilitating enjoyment, as poor educational design can still result in boredom
(Allison & Hodges, 2000; Apostolellis & Bowman, 2014; Ip et al., 2010).
Furthermore, as VR technologies become more commonplace, the novelty
effect will likely decrease.

It is impractical to list all the factors of relevance to enjoyment, as it
is largely influenced by the other intrinsic dimensions (engagement, interest,
and immersion) as well as other themes of this framework, such as usabil-
ity. Nonetheless, two potential techniques for facilitating enjoyment in a VR
learning experience are game-based learning and gamification.

Game-based Learning and Gamification Although previously discussed
as a means of facilitating engagement, game-based learning can also be used
to increase student enjoyment.

Even if game-based learning is not a suitable approach for a particu-
lar educational context, aspects of gamification (the application of game-
mechanics, and/or other game-like elements to non-gaming situations) can
still potentially be included into non-game-based VR educational experiences
using techniques related to those used for measurable progress. Some exam-
ple techniques include:

• Rewards of ‘Trophies’.

• High-scores and point systems.

• Redeemable virtual currencies.

• Achievements/progress bars (as with measurable progress).

4.3.3.3 Interest

Interest, which is closely related to both engagement and enjoyment, is also
an important intrinsic factor in education. Higher levels of interest in a
learning task can affect other influential learning factors such as: duration
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of attention, level of likely comprehension, and the emotional quality of the
learning experience (Gunn, 1996).

The techniques/factors encompassed by this dimension (movement, use of
colour, animation, challenging users, and guided exploration) are all adapted
for VR based on the Means of Implementing Motivational Factors (Gunn,
1996).

Movement Interest can be enhanced by allowing users the freedom to
move within the environment. In VR this can be achieved through two
primary means; physical/hardware tracking (such as ‘roomscale’ tracking and
gesture recognition) or software-based input (such as a mouse and keyboard).
Approaches such as 360◦ do not allow users to move around the virtual
environment.

Use of Colour The use of colour can potentially be leveraged to im-
prove student interest. Colours can be unrealistically enhanced in computer
generated environments. Using techniques common in games such as post-
processing effects including saturation, bloom and chromatic aberration is
one approach to facilitating this. Effort should also be made to design an
experience that is still enjoyable for colour blind users.

Animation The use of non-static and/or autonomous entities can poten-
tially improve student interest. As well as the static elements of the en-
vironment, virtual reality has the potential to include entities that can be
interacted with and/or act autonomously with the world.

The nature of these entities depends on the educational context, and could
range from an interactable 3D engine, to an autonomous and animated non-
player character (NPC).

Challenging Users Tasks should be designed to be sufficiently challenging
for users in order for them to maintain interest. Tasks that are too easy or
too difficult will result in users losing interest. This is closely related to Flow
State (discussed in Section 4.3.3.4 below).

Guided Exploration Numerous papers have described the importance of
providing users time to explore in virtual learning experiences (Chen & Teh,
2013; Roussos, 1997; Slater & Wilbur, 1997; De Freitas et al., 2010). The
framework developed by Gunn (1996) states that this exploration should be
guided, meaning methods should be put in place to guide this exploration
so that it occurs in a manner which does not result in a user becoming lost
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or losing interest with the experience. Possible techniques for applying this
guided exploration to VR include:

• Narration, i.e. an invisible entity verbally guides the user through a
set of tasks intended to allow the user to explore the environment.

• Non-player characters (NPCs) can be used to guide users, or to set
them tasks intended to facilitate virtual exploration, e.g. ‘I seem to
have misplaced my keys, could you have a look around for them and
return to me when you have found them? ’

• Arrows and other visual cues can also be used in virtual environments
to guide users in their exploration.

4.3.3.4 Immersion

The final intrinsic factor considered in this framework is immersion. While
exact definitions of what constitutes immersion vary, in general they describe
the sense of ‘forgetting about your surroundings ’ and/or ‘losing yourself ’ in
the learning experience (Cecil et al., 2013; Franceschi et al., 2014). Once
again, this is consistent with the definition used in Chapter 2.

In the context of this framework this dimension encompasses the tech-
niques/factors flow state, physical, and reliability.

Flow State Popularized by psychologist Mihály Cśıkszentmihályi, flow
also commonly known as ‘being in the zone’ refers to a state of being fully
immersed in a feeling of energized focus, and complete absorption in an ex-
perience (Csikszentmihalyi, 1990). Cecil et al. (2013) also report that when
students experience a state of flow they become ‘...focused only on the task
and become less aware of extraneous factors ’. Cśıkszentmihályi believes that
the conditions of flow-state interaction involve ‘deep concentration, high and
balanced challenges and skills, and a sense of control and satisfaction’.

Inducing a flow state therefore cannot be attributed to a single design
technique, but instead arises as a result of a multitude of factors operating
harmoniously. Educators should nonetheless be cognizant of whether some-
thing could potentially detract from the potential of the learning experience
to induce flow state when designing their content.

Physical As well as a flow-based immersion, when wearing virtual reality
headsets users are additionally physically immersed in their learning environ-
ments; and are much less likely to be distracted by external visual stimuli.
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The visually immersive nature of headsets results in interaction difficul-
ties; specifically that users will have difficulty orienting themselves on a tradi-
tional keyboard. For this reason, if the nature of the educational experience
permits it, we recommend utilizing the various specialized input peripherals
that are designed to be used with these headsets (such as gesture recognition
systems).

Reliability Virtual reality systems are frequently intended to induce a
sense of ‘being there’ or ‘presence’. Any issues affecting the reliability of
the virtual environment (e.g., visual errors, noticeable delay or ‘lag’) can
potentially detract from this immersion. Virtual learning environments in-
tended to induce a sense of immersion should therefore prioritize reliability
over other factors such as visual aesthetics.

4.3.4 Usability

The third theme of this framework is usability. This is a major issue in the
design of VR systems for education. Virtual reality systems are typically less
familiar to users than other digital devices such as a standard desktop PC,
and frequently use specialized input and output peripherals that come with
their own unique usability considerations.

In this framework, usability encompasses the dimensions input devices,
support, environmental visual quality, motion sickness, realism and ergonomics.

4.3.4.1 Input Devices

While keyboards have become the de facto input device for desktop PCs,
there does not currently exist a fit-for-all input device for VR systems.

In the context of this framework, we consider two primary factors for
input devices; whether it is fit-for-context, and its recognition accuracy (if
applicable).

Fit-for-Context (Natural User Interface) Ideally the input hardware
should closely match the desired virtual interaction style. If the intended
hardware is already known, then the virtual environment should be designed
to match this.

For example, the HTC Vive features two wand-like input devices (HTC,
2016). In order to maximize the naturalness of interaction (and in turn im-
mersion), the virtual representation of these input devices should be designed
to reflect the physical devices with close mapping.
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Recognition Accuracy It is common in VR systems to use specialized
input peripherals, including frequently those that utilize gesture recognition
(HTC, 2016; Oculus, 2014; Playstation, 2016). These devices are prone to
numerous issues which do not affect the mouse and keyboard, including ges-
tural ambiguities (when the tracking system cannot distinguish one gesture
from another), recognition inaccuracies (when the tracking system misrepre-
sents the user), and occlusion (when an object blocks the tracking system,
resulting in tracking errors).

Certain input devices provide more reliable tracking than others, for ex-
ample marker-based gesture recognition systems on average are more reli-
able than freehand gesture recognition. Input devices with higher reliability
should ideally be used, however this also involves a balancing act whereby
naturalness of interaction should also ideally be preserved.

4.3.4.2 Support

Several characteristics of educational virtual reality systems render tradi-
tional computer support systems (such as manuals) inappropriate.

Firstly, if a user encounters an issue while interacting with an educational
VR system that uses a VR headset, then the display quality of current gen-
eration headsets makes it unrealistic to expect them to read through lengthy
manuals while wearing the headset. Alternatively requiring users to take the
headset on and off in order to read through a manual would negatively affect
the usability and immersion of the system.

Educational VR systems should be designed to maximize the naturalness
of interaction, and thus be intuitive to use. A user should therefore ideally
not require external support systems.

Coaching Messages If a support system is absolutely necessary, then us-
ing coaching messages, i.e. displaying/narrating hints or ‘pointers’ to the
user (ideally in combination with guided exploration as described in the sec-
tion Interest) is an approach to doing so which can preserve user interest
(Chen & Teh, 2013).

4.3.4.3 Environmental Visual Quality

This dimension is primarily concerned with limitations of educational VR
systems utilizing headsets. It comprises three factors that are of the most
significance to visual quality: resolution and pixel density, field of view, and
legibility.
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Resolution and Pixel Density When viewed up close individual pixels
become apparent. This effect is undesirable as it detracts from the realism
of the virtual environment.

While ideally screen resolutions should be maximized where possible, this
will largely depend on both funds available, as well as headset technology
and current computing power. Although there is little that developers of
educational VR systems can do to alleviate this issue; we recommend avoiding
presenting detail-dependant information at a ‘distance’ where possible, as
this is where the screen door effect becomes most noticeable.

Field-of-View A secondary hardware limitation of current generation VR
headsets is their limited field-of-view. This is currently substantially smaller
than that of our own vision. The resultant ‘tunnel vision’ can potentially
detract from the realism and immersion of the experience.

Similar to resolution and pixel density above, while higher field-of-view
headsets should be used where possible, this issue is largely dependent on
current headset specifications and computing power.

Attempting to group relevant educational content such that it can be
viewed simultaneously is one potential approach to alleviating this issue.

Legibility The screen door effect can affect the legibility of information
presented on VR headsets. This in turn limits the quantity and nature of
information that can be displayed in educational environments utilizing these
technologies.

We recommend that where possible developers should avoid displaying
large amounts of finely detailed information simultaneously, especially tex-
tual information. If the nature of the educational experience necessitates
displaying large amounts of textual information, then educators should con-
sider whether current headset’s limitations render them inappropriate for
their context.

Furthermore, where appropriate, educators should consider narration, an-
imation or other means of communicating information. As mentioned previ-
ously, displaying detailed information ‘in the distance’ will further accentuate
these issues.

4.3.4.4 Motion Sickness

Motion sickness is an issue commonly associated with the use of VR. It is,
however, largely avoidable and brought about by 3 primary factors: latency,
sensory disconnect, and collision detection issues (Kennedy et al., 2010; Het-
tinger & Riccio, 1992).
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Latency Motion sickness in virtual reality headsets ‘typically arises when
detectable lags are present between head movements and the re-computation
and representation of the head-mounted display scenes ’ (Hettinger & Riccio,
1992).

It is therefore important to minimize latency when designing educational
VR experiences, and to perform evaluations to ensure no perceivable latency
exists. This typically involves a balancing act with factors that can po-
tentially induce latency, such as high graphics quality (as well as hardware
limitations, including screen refresh rates).

Sensory Disconnect Another common cause of motion sickness in virtual
reality is when a discrepancy arises between what we see and our vestibular
(and other proprioceptive) systems; this is also known as a ‘locomotive mis-
match’ (Hettinger & Riccio, 1992). This commonly occurs when a virtual
avatar moves in a way that does not match the physical action of the user
(or vice versa).

When designing educational VR systems, it is therefore advisable to avoid
moving the user’s avatar without action on their part, and to strive to ensure
the match between physical actions is as close as possible to their virtual
representations.

Typically this means prioritizing reliable input and output peripherals
(in order to avoid tracking inaccuracies and lag) and using physical tracking
over software-based movement where appropriate.

Collision Detection Ensuring users remain within the bounds of the vir-
tual environment, and avoiding passing through virtual objects through the
use of collision detection can also help reduce disorientation and motion sick-
ness (Chen & Teh, 2013).

When relocating users to an appropriate location if virtual bounds are vi-
olated it is important to ensure that this is done in a way that minimizes the
sensory disconnect experienced. Typically this involves clearing the screen
before ‘teleporting’ the user to a new location. This is preferable to sub-
jecting the user to relocation via an extended period of automated virtual
locomotion.

4.3.4.5 Realism

If realism is desired for the educational VR experience, then there are 4
important factors developers should consider: graphic/video quality, sound
quality, interaction quality and the accuracy of simulation.
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Graphic/Video Quality The quality of the computer graphics, or video
quality (if spherical video is used to provide the VR experience), and the
environmental visual quality should be maximized where possible if realism
is desired.

Consideration should be paid however to both processing requirements
(in order to avoid perceivable latency) and existing issues in the field of
computer graphics, such as the ‘uncanny valley’ problem which arises from
users negatively perceiving overly lifelike virtual avatars (Mori, 1970).

Sound Quality Realistic audio, including Foley and/or actual audio sam-
ples should be used where realism is desired. Additional technologies such
as 3D positional audio can also be used to further mimic how sounds occur
in the ‘real’ world.

Interaction Quality Objects and characters in the virtual world should
respond as users would expect them to in the real world if realism is desired.
Virtual interactions should be designed to mimic ‘real’ ones, and the recog-
nition accuracy of input hardware peripherals should be maximized where
possible. In the context of VR, this typically involves enabling physics on
virtual objects, and ideally not permitting physically unrealistic interactions,
fore example picking up large virtual objects.

Accuracy of Simulation If the educational experience is intended to be
used for training purposes, then the accuracy of the simulation’s representa-
tion of its physical counterpart is important. This is especially so when the
system is intended to facilitate ‘virtual vocational training’ (i.e. the transfer
of ‘real-world’ or practical skills).

Failing to provide an accurate simulation of the task can cause users
to become disengaged and even potentially negatively affect the students
learning outcomes (Schwaab et al., 2011).

4.3.4.6 Ergonomics

The final usability dimension discussed in this framework is ergonomics. This
in turn encompasses the factors maximum usage time, comfort, fogging and
wearability with glasses.

Maximum Usage Time When attempting to design educational VR ex-
periences it is important to consider that recommended usage times for many
VR headsets are typically much lower than those of a desktop PC (generally
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between 15 minutes and half an hour). Educational VR experiences should
therefore be designed to be completed within the recommended usage time
of the target hardware, especially if users have had limited prior experience
with VR headsets.

Comfort As VR systems often require more intensive interaction than tra-
ditional desktop software, comfort is an important consideration. For exam-
ple, while a user may be able to comfortably interact with an educational
desktop software for 45 minutes, the same user may be unable to be able to
interact with a heavy and physically intensive virtual reality system for the
same period of time.

Issues such as fatigue in holding one’s arms upright can potentially arise
from the extended use of demanding VR input peripherals (Carmody, 2010;
Wachs et al., 2011).

Educators and developers should therefore avoid designing educational
learning environments requiring overly strenuous interaction and/or repeti-
tive movements.

Fogging Virtual reality headsets are prone to screen fogging. This occurs
when there exists a mismatch between the external temperature and that
of the headset lenses. This is typically caused by heat from the user’s face.
Developers of educational VR systems should therefore avoid designing long
and/or strenuous activities where possible.

Wearability with Glasses A final ergonomic factor educational VR de-
velopers should consider is that certain headsets are not designed to be used
while wearing glasses. These should be avoided where possible as they limit
the potential users of the software.

4.3.5 Learning Experience

The final theme of the framework encompasses dimensions that directly relate
to learning design factors, specifically how they pertain to the use of VR in
education. These dimensions include retention, distractions, narration, and
on-screen text.

4.3.5.1 Retention

An important factor of most learning experiences is how much information
students actually retain. As with any good educational system, the design
choices should be informed by sound pedagogy. While there are numerous
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instructional design techniques to choose from, in this framework we focus
on three from existing literature on the use of VR in education. We believe
these to be the most applicable.

Experiential Learning Constructivism is a learning paradigm that posits
that learners actively and continually create their own subjective representa-
tion of reality based on the interaction between their ideas and experiences
(Chen & Teh, 2013; Dewey, 1985).

John Dewey believed that the environment has a strong effect on the
learner, and that education should be both experimental and experiential
(Dewey, 1985). These two characteristics can easily be facilitated through
the use of VR in education. Developers attempting to ground their system
in constructivist ideals should therefore design the environment to provide
interactions that allow users to experiment with the learning environment,
as well as prioritize immersion to facilitate the experiential aspect of con-
structivism.

Collaboration There are numerous potential benefits to the use of collabo-
ration in education, and VR simply acts as medium to facilitate this. In their
Evaluation Framework for Collaborative Educational Virtual Environments,
Tsiatsos et al. (2010) cite some of these potential benefits, including:

• Facilitate advancement of the learning community’s knowledge (Bruck-
man & Bandlow, 2003).

• Facilitates social constructivism and several other of Vygotsky’s peda-
gogical ideas (Huang et al., 2010).

• Can provide for student debate/discussion.

• Can facilitate scaffolding.

Tsiatsos et al. (2010) recommend that students should be organized into
groups of 2-3 and be allowed to work together as a team to accomplish a
common goal, with each student being dependant on everyone else.

Scaffolding Scaffolding describes the process of providing support systems
for students that allow them to reach higher levels of understanding than
would be possible without support. These support systems are gradually
reduced over time as the students abilities increase (Herrington et al., 2003;
Johnson et al., 1998; Lim et al., 2006).
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The ability for students to explore virtual environments either by them-
selves or with the aid of other students/teachers (i.e. collaboration) also lends
itself well to Vygotsky’s scaffolding theory of the ‘Zone of Proximal Devel-
opment’ (Huang et al., 2010).

One potential advantage of the use of scaffolding systems in digital learn-
ing environments is that their difficulty can be automatically adjusted de-
pending on the student’s progress and/or ability. Scaffolding systems can
in turn be combined with other techniques such as gamification in a virtual
environment, to potentially make their gradual reduction more enjoyable.

4.3.5.2 Distractions

Although the immersive nature of VR educational systems reduces the likeli-
hood of distractions occurring from external visual stimuli compared to other
educational systems, developers should still be careful that the virtual en-
vironment they design does not contain too many distractions and detract
from the learning experience.

Coherence This factor as well as modality and redundancy below is adapted
from the Micro-strategies for Enhancing an Instructional Design Model for
Virtual Reality Based Learning developed by Chen et al. (2004).

Maximizing detail may be desirable if absolute realism is the goal; how-
ever, one must be careful not to design a system which contains too many
unnecessary distractions to the user. Mayer (2002) found that ‘Learners learn
better when extraneous words, pictures, and sounds are excluded rather than
included ’. This however once again involves a balancing act with realism.

4.3.5.3 Narration

Narration or ‘voice-over’ can be used as an alternative/complementary tool
to displaying information textually in a virtual environment. While using
current generations of VR headsets involves a compromise in visual quality,
audio quality is unaffected (if the headset supports external audio devices).

Although narration provides some potential benefits, developers of edu-
cational VR systems should consider both modality and redundancy before
attempting to use narration in a virtual environment.

Modality Where suitable, narration is generally preferable in virtual learn-
ing environments to on-screen text. Mayer (2002) found that ‘Learners learn
better from animation and narration than from animation and on-screen
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text ’. An exception to this however is when attempting to display complex
textual information such as programming code or formulae.

Developers of educational VR systems should therefore prioritize narra-
tion over on-screen text where non-complex information is being communi-
cated.

Redundancy Mayer (2002) also found that ‘Learners learn better from
animation and narration than from animation, narration, and on-screen
text ’. In other words, avoid adding on-screen text to supplement narration
as this potentially has a negative effect on learning outcomes.

4.3.5.4 On-screen Text

The viability of on-screen text when using headsets is largely affected by the
quality of the screen/text legibility. While there is little that developers and
educators can do to affect the technological limitations of current generation
hardware, carefully considering the frequency, quantity, and nature of the
text displayed can potentially increase the viability of its use.

Frequency Due to difficulties conveying information with on-screen text,
it should generally be avoided where possible. Current issues with legibility
and the ‘screen-door effect’ can cause on-screen text to detract from the
realism/immersion of the environment. This issue is particularly apparent
with textual information as it generally requires high fidelity, and low quality
text can result in eye-strain. Frequent use of text will in turn likely have a
negative effect on learning outcomes.

Quantity The amount of information that one can legibly display on a
screen has a direct correlation with its resolution. Thus, if on-screen text is a
necessity, then the quantity of text displayed should be kept to a minimum.
Attempting to display large portions of text (and thereby requiring a smaller
font) will only make the ‘screen-door effect’ more apparent.

Nature Certain information can only be effectively expressed through text.
For example, it is unrealistic to expect users to understand complex pro-
gramming code and/or mathematical formulae if it is only taught through
narration.

As discussed in modality above, it is therefore recommended that de-
velopers display complex information that cannot be effectively expressed
via narration or other means as on-screen text. However, where possible to

104



Chapter 4. A Framework for Designing Educational VR Experiences

consider whether the information can be expressed via other means such as
abstract representations and animations.

Furthermore, while certain information may be better expressed through
on-screen text; if substantial textual information is required for the learning
experience, consideration must be made as to whether current limitations to
headset legibility effectively render them unsuitable for the desired learning
material.

4.4 Ephemeral Factors

Due to the rapid and unpredictable changing nature of technologies in this
area, we specifically designed this framework to not be reliant on any one
piece of hardware. It is our hope that the dimensions and factors/techniques
described in this framework remain relevant as future generations of VR-
related technologies are released; and that future developers can still use this
framework to guide their design of educational VR experiences. Nonetheless,
we do hypothesize that some aspects of the framework will become less sig-
nificant factors as future generations of VR related technologies are released.

Overhead, for example, will likely become less limiting as VR-related
technologies are increasingly targeted towards everyday consumers, and the
cost decreases. Moreover, as these technologies become more mainstream, the
amount of training required by both staff and students will likely decrease.
This will be especially so if interaction techniques and input devices become
standardized.

However, a potential negative consequence of these technologies becoming
more mainstream is that student enjoyment and interest could also lessen,
as the novelty of VR decreases.

Other factors from this framework that will likely become less signifi-
cant/influential as the specifications of VR-related technologies improve in-
clude: input device recognition accuracy, environmental visual quality, real-
ism, latency, ergonomics, and the viability of on-screen text.

4.5 Chapter Summary

While there are already numerous frameworks and instructional materials
that target various factors of relevance to educational design, there is a need
for an overall framework that draws from these factors, and is intended to
aid educators and developers in their design of educational VR experiences.
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In this chapter we have attempted to address this research gap. The re-
sultant framework contains 45 techniques/factors of relevance to the use of
VR in education, split over 16 dimensions and falling into 4 primary themes.
While it is unlikely that everything in the framework will be applicable to
every educational VR experience, we believe that considering these factors,
and therefore grounding one’s design decisions in existing cross-disciplinary
research, will increase the likelihood of developing an educational experi-
ence that is perceived by students to be engaging, enjoyable, interesting and
immersive, as well potentially more likely to achieve the desired learning
outcomes.

See Appendix D for a large checklist intended to provide practical guid-
ance in the planning and design of educational VR experiences based on the
content of this chapter.

In order to test the viability of this approach on both learning outcomes
and usability factors, we used this framework to inform the design of a large
Interactive Educational Virtual Reality Experience. In the chapter that fol-
lows we present:

• An overview of the implementation (how it works, the educational con-
text, and a broad description of the levels).

• How the framework described in this chapter was used to inform the
design of the implementation.

• An evaluation investigating usability factors and differences in the learn-
ing outcomes of people who used the VR implementation, to those who
used a similar implementation on a desktop PC.
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CHAPTER 5

Interactive Educational Virtual Reality

“There is no reality, only
perception.”

Dr. Phil

In this chapter we describe an interactive educational VR experience
based on the Framework for Designing Educational Virtual Reality Expe-
riences outlined in the previous chapter.

In Section 5.2.4 we discuss how the framework and corresponding checklist
informed the design decisions of this implementation.

The results of a study comparing the learning outcomes and usability
experience of participants using this implementation both on a headset and
standard desktop PC are then discussed in Section 5.2.6.

5.1 Motivation

Before continuing in this chapter it is useful to reiterate our motivation for
creating this implementation.

Given that no differences in learning outcomes were observed in the study
comparing 360◦ to standard video, we hypothesized that this may be because
360◦ video fails to take advantage of the full capabilities and thus learning
potential of virtual reality systems. We were interested in whether an educa-
tional system that did utilize VRs capabilities would result in any differences
in learning outcomes or usability factors. We wished to ground the design
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of the system in existing pedagogical, psychological, and usability design
theories.

Existing research on VR in education was synthesized into the Frame-
work for Designing Educational VR Experiences outlined in the previous
chapter. All themes, dimensions, and the 45 individual techniques/factors
were considered and used to inform the design of this implementation. The
relationship between the framework and this implementation is discussed in
further detail in Section 5.2.4.

5.2 Evaluation of Interactive Educational Vir-

tual Reality

In this section we discuss the results of a study comparing the usability and
learning outcomes of students who were exposed to interactive educational
experiences both on a VR headset, and on a desktop PC.

For consistencies sake, and in order to provide the fairest comparison
between the two studies; the design of this study, the nature of the resultant
analyses, and the structure of this chapter is based on the corresponding
content for the study investigating 360◦ video, outlined in Chapter 3.

5.2.1 Study Introduction

In this study we wished to investigate the effectiveness of user experience
and learning outcomes of an interactive educational experience designed for
a VR headset, in comparison to learning on more ‘standard’ technologies,
such as a desktop PC.

To do so, we designed and programmed a game-based learning experience
for the HTC Vive headset. We then created an identical version of the learn-
ing experience (with the exception of the input controls) for the desktop PC.
After completing both learning experiences, participants at the University of
Auckland were then asked to complete both a User Evaluation and Short-
term Retention Questionnaire designed to measure how much information
they retained immediately from each of the learning experiences. Six weeks
after their initial participation, participants were then asked to complete a
Long-term Retention Questionnaire. These questionnaires are provided in
Appendix Chapter E.

This section reports on the results the User Evaluation, as well as the dif-
ferences in learning outcomes between the headset and desktop-based learn-
ing experiences across both the Short & Long-term Retention Questionnaires.
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This is, to the best of our knowledge, the first time a comparative eval-
uation has been conducted between interactive learning experiences on a
desktop PC and a virtual reality headset.

Research Questions

RQ1. What differences in the user experience exist when learning via inter-
active educational experiences on a virtual reality headset (compared
to a desktop PC)?

RQ2. What differences in the learning outcomes exist when learning via
interactive educational experiences on a virtual reality headset (com-
pared to a desktop PC)?

5.2.2 Material and Methods

This study was designed to compare the user experience and learning out-
comes of participants exposed to an interactive educational experience on
both a virtual reality headset, and on a desktop PC. The study was spread
over a six week period, and involved the participation of 30 tertiary students.

5.2.2.1 Participants

In total 30 tertiary students agreed to participate in this study, signing the
Consent Form provided in Figure F.1. Of these students, 25 were male,
and 5 were female. The participants were comprised of 21 undergraduate
students, and 9 postgraduates. The mean age of the participants was 25,
however there was substantial variation in age distribution (standard de-
viation=7.98, minimum age=17, maximum age=55 ). All 30 participants
successfully completed the initial activities (User Evaluation and Short-term
Retention Questionnaire) while 28 participants completed the Long-term Re-
tention Questionnaire.

5.2.2.2 Educational Context

Before deciding on the educational context of the learning experience, we
had three primary considerations.

Firstly, as this study was intended to be open to any tertiary student
at the University of Auckland regardless of their area of study, we needed
to control for prior knowledge affecting the study results. Secondly, as we
were designing a comparative study using two different forms of hardware,
we needed to provide the most similar experience possible between each of
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the technologies in order to provide the fairest comparison. Finally, in order
to fairly evaluate the effectiveness of the headsets for educational purposes,
we needed to utilize the full capabilities and affordances of the technologies,
and be careful not to artificially ‘shoehorn’ them in order to provide for a
fairer comparison between the two technologies.

As a result of these considerations, we decided to create an interactive
educational experience comprised of eight visually distinctive locations (see
Figure 5.2). At each of these locations, participants would be presented with
a series of lectures. Generally these lectures would describe the location, its
history, and participants would be presented with numerous facts about the
location. In order to complete most locations participants were also asked
to complete a series of interactive and educational tasks/games relating to
the information they were lectured about. After a location’s respective tasks
were completed, portals to the remaining locations would appear.

In order to eliminate the possibility of prior knowledge about a particular
location affecting participant retention, the information, and locations them-
selves, were designed to be believable, but were in fact entirely fictitious. For
example, at the location Rawene Nature Reserve participants were informed
that the area was the site of the ‘frequent and illegal dumping of rubbish’.
While this information is believable, and the location was designed to resem-
ble similar nature reserves in New Zealand, the location itself does not exist.
As knowledge of the fact that they were being presented with fictitious in-
formation could potentially have an adverse effect on retention, participants
were not informed of this until after the study was completed.

As well as the retention of orally presented facts, many of the questions
in both the Short & Long-term Retention Questionnaires were also designed
to measure five other ‘special ’ factors of interest.

Firstly, as it is arguably the most common setting for tertiary learning,
it was decided that one of the locations would be a standard lecture theatre.
Unlike other locations, at this location participants did not complete any
interactive tasks, but instead sat through a brief virtual lecture (comprised
of both verbal monologue, and information being presented on a virtual pro-
jector screen). Secondly, we were interested in whether the increased im-
mersion and sense of presence hypothetically afforded by the headset-based
experience would result in differences in the retention of spatial memory,
i.e. information relating to the environment’s layout as well as one’s spatial
orientation/position within it. Thirdly, we were interested in whether any
differences would occur in the passive recollection of visual information; i.e.
whether participants would better remember visual information seen in the
headset-based experience, even if they were never told the information was
of any significance/relation to the learning outcomes. Finally, we were inter-
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ested in whether any differences occurred in the passive and active retention
of auditory information; i.e. whether participants would better remember
sounds they heard in the headset-based experience. This factor was tested
both actively (i.e. when participants were explicitly informed of the signifi-
cance of a sound during the learning experience) and passively.

Figure 5.1: The HTC Vive head-mounted display was used in this study in
conjunction with its motion tracking system.

Tasks within the learning experience were carefully designed to adhere to
interaction techniques typical of their respective hardware devices. On the
headset-based implementation, movement was achieved using a combination
of ‘roomscale’ tracking (i.e. users were tracked as they physically walked
around the room, and this movement was in turn translated into the virtual
reality), and through virtual ‘teleportation’ using the HTC Vive’s gestural
recognition controllers (HTC, 2016).

Participants primarily explored the environment using virtual teleporta-
tion due to the limited size of both the Vive’s tracking area and the room
itself (which was approximately 6 x 3m). A virtual grid appeared within
the environment to warn users when they neared the bounds of the tracking
environment.

Interaction with the virtual environment was similarly achieved through
the use of the gestural recognition controllers. In the desktop-based ver-
sion of the implementation, the same movement and interactions were in-
stead achieved through the use of a mouse and keyboard, using the standard
WASD-style interaction paradigm. In both instances, participants were re-
quired to complete a tutorial before they could begin the game, which was
designed to familiarize them with the respective devices controls. The same
headphones were used as in Study 1.
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(a) Tutorial (b) Rawene Nature Reserve (c) Trobriand Island

(d) Lecture Theatre (e) Mount Java (f) The Playground

(g) William Woodward
Building

(h) Sky Memory Palace
(i) Underground Memory

Palace

Figure 5.2: Screenshots of the eight educational locations and tutorial level
visited by users on both the VR headset and desktop PC. The PC version
of the progress bar can also be seen (indicating one’s total progress through
the experience).

5.2.3 Implementation Overview

The programming of the VR and desktop versions of this game used Unity 5
and C#. Both SteamVR and Virtual Reality Toolkit (VRTK ) were used to
help program the VR interactions. We chose to use the HTC Vive headset
over the Oculus Rift CV1 due to it’s out-of-the-box support for ‘roomscale
interaction’ (the ability to track users are as they move around a room). The
HTC Vive Lighthouse system and gestural recognition controllers were used
to provide input when using the VR headset.

The PC used to run both the desktop and VR versions of the game was
purpose-built for the study, and was powered by an Intel Core i-7-6800K CPU
@ 3.40GHz (6 core), 32GB RAM, and a GTX 1080. The desktop-version of
the game was played on a 23” monitor with a resolution of 1920x1080 and a
standard mouse-and-keyboard was used for interaction.

In total 18 different levels were created; both PC and desktop versions
of all eight educational locations, and the tutorial level. Participants were
divided into two groups. Both groups were shown all eight educational lo-
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Group 1 Group 2

Desktop Experience VR Experience VR Experience Desktop Experience
(Shown First) (Shown First)

Desktop Tutorial VR Tutorial VR Tutorial Desktop Tutorial

Rawene Nature
Reserve

Trobriand Island Rawene Nature
Reserve

Trobriand Island

Lecture Theatre The Playground Lecture Theatre The Playground
Mount Java William Woodward

Building
Mount Java William Woodward

Building
Sky Memory Palace Underground Memory

Palace
Sky Memory Palace Underground Memory

Palace

Table 5.1: Distribution of the 18 levels among the 2 groups.

cations (and completed both the VR & desktop tutorial level), however the
grouping determined which four educational locations they visited on the
headset, and which four on the desktop (see Table 5.1). Activity diagrams
for all 9 locations are presented in Appendix Chapter B.

5.2.4 Relation to Framework

In this section we discuss how the Framework informed the design of this
implementation. The content of the subsections that follow are based on the
practical checklist ‘Checklist: Planning and Design of Educational Virtual
Reality Experiences ’ outlined in Appendix D.

Some techniques/factors have been combined for brevity, while those that
were not applicable to this particular implementation are marked ‘(n/a)’ and
explanation is provided.

5.2.4.1 Overhead

Cost

• Initial Purchase Cost : The implementation was programmed so that
it could relatively easily be used on different devices, and therefore
transferred to other headsets, although there are no plans for future
updates to the software given that it was designed purely for the study
described in Section 5.2 below. This enabled the software to be easily
ported to the PC (i.e. reprogrammed for the differing input/output
peripherals, and their respective interaction paradigms). The headset
hardware used for this implementation (the HTC Vive) is intended for
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everyday consumers, and is priced accordingly. Nonetheless, at the
time of writing the initial purchase costs of the headset, as well as the
required supporting hardware (i.e. a powerful desktop PC) are still
substantial.

• Maintenance Costs (n/a): There are no plans for future updates to
the software. Nonetheless, modular components and levels that can
easily be updated and modified independently were used throughout
the programming process in order to adhere to this principle.

Training

• Staff/Students : To reduce the need for training, the implementation
contains a dedicated tutorial level (described above), in which a series of
tasks must be completed before the user is allowed to progress through
the system. These tasks cover all of the required knowledge needed
to complete system in its entirety. The interactions themselves were
designed to be sufficiently simple to be understandable for participants
of different levels of technical knowledge.

5.2.4.2 Intrinsic Factors

Engagement

• Variable Progression: Users were given a choice of how to complete
tasks, where to go within a level, and the portals that appeared at the
end of each level allowed them to choose which level to visit in what
order.

• Self-in-role: Users were informed that they were an explorer within
the game, and were also informed that the lessons will be beneficial to
them in that they would learn about a variety of unique and interesting
locations.

• Collaboration (n/a): Collaboration was not implemented in this study
due to the numerous potential complications and difficulties that may
arise when attempting to control for learning outcomes.

• Authentic Activities : Although the content was fictional study partici-
pants were informed that the these were real places and the information
factual so that they would believe the information has ‘real world rel-
evance’.
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• Variable progression is facilitated (as described above); depending on
whether or not users achieved the task successfully they would receive
different responses to their input. Study limitations meant the activi-
ties could not be spread over days, weeks and months as recommended
by the framework. We decided not to attempt to ‘seamlessly integrate
assessment within the activities’ as this would increase the likelihood
of any potential differences in the interaction paradigms of the two
approaches skewing the learning outcomes of the study.

• Focused Goals : As discussed above, students were informed early on
that they would benefit from the experience in that they would learn
facts about unique locations around the world.

• Measurable Progress : A progress bar was visible at all times, and in-
creased when achieving different tasks or progressing through levels. In
the PC this was visible at the bottom of the screen, while in the VR
implementation the progress bar was attached to the virtual represen-
tation of user’s controllers.

Enjoyment

• Game-based Learning and Gamification: The implementation itself is a
game; thus game-based learning was employed. It possessed numerous
challenging and fun tasks, progress bars, point systems, bonus points
for achieving secret tasks, and high-scores.

Interest

• Movement : Users are free to explore the virtual environments. On
the headset this is achieved by virtual teleportation (as well as phys-
ical/hardware tracking). On the PC this is achieved with the mouse
and keyboard.

• Use of Colour : A combination of post-processing effects, including
modifying the saturation and bloom were used to improve the colours
present in the game. This, however, could only be done in environments
where realism wasn’t desired.

• Animation: As well as the numerous game entities specifically pro-
grammed for the tasks, much of the game-world could be interacted
with. For example stones could be picked up, and birds made noises
when approached.
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• Challenging Users : While we did attempt to design a system that was
challenging, we also wished to ensure that all participants would be able
to complete the implementation. Thus, if a user was unable to complete
a task within a certain period of time, the game would provide them
hints, and eventually direct them to the correct answer.

• Guided Exploration: A combination of narration and visual techniques,
including arrows and highlighting was used to guide users through the
virtual learning experience. Many of the tasks were designed to facili-
tate guided exploration, e.g. ‘Explore the forest and return to me when
you have activated 3 rat traps ’.

Immersion

• Physical : Gesture recognition peripherals (the HTC Vive Lighthouse
System) were used instead of a mouse and keyboard to provide input,
given their better suitability for users wearing headsets.

• Reliability : This was prioritized over other factors (such as graphic
quality) in order to ensure that no lag was perceived by users. This
involved a balancing act between reliability and realism. While this
worked fine for the system we designed, the level of realism of the
implementation has the potential to affect its reliability if powered by
a lesser computer. Nonetheless, the implementation was designed for a
given hardware system and worked for the hardware with minimal lag.

• Flow State: As discussed in the previous chapter, flow cannot be at-
tributed to a single factor, but instead arises from a multitude of fac-
tors operating harmoniously. Nonetheless, the core design philosophy
of the implementation revolved around creating an experience that in-
volved ‘deep concentration, high and balanced challenges and skills, and
a sense of control and satisfaction’ (Csikszentmihalyi, 1990). Some ex-
amples of this include prioritizing reliability over graphic quality, and
the careful design of activities that would challenge users of different
backgrounds.

5.2.4.3 Usability

Input Device

• Fit-for-context : Virtual representations of the HTC Vive’s controllers
were shown within the virtual environment to maximize the closeness of
mapping. The virtual models of the controllers were modified slightly
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in order to make them more fitting with the context of the system.
For example, a progress bar was attached to the handle of the virtual
representation of the controller.

• Recognition Accuracy : We used the HTC Vive’s ‘lighthouse’ tracking
system as it uses multiple tracking devices. This makes it less prone to
recognition inaccuracies and occlusion than alternative systems utiliz-
ing only a single tracking device.

Support

• Coaching Messages : The in-built tutorial was designed to cover ev-
erything users would need to know to complete the entire experience.
This means that users never have to remove the headset (and experi-
ence a decrease in immersion) in order to read external tutorials. If
a user was unable to complete any task in a set period of time, then
the system would automatically run them through the instructions for
that particular task again. If the user was still unable to complete
a task, extra relevant information within the environment would be
highlighted, directing them to the correct answer.

Environmental Visual Quality

• Resolution and Pixel Density : In the design of this system, we avoided
presenting detail dependant information at a ‘distance’ to minimize the
screen door effect.

• Field-of-View : At the time of writing there are only two major PC
consumer headsets available; the HTC Vive and the Oculus Rift. These
two devices feature very similar fields-of-view, and it was therefore a
combination of other factors (e.g. fit-for-context) that informed our
decision to use the HTC Vive.

• Legibility : We avoided displaying large amounts of information simul-
taneously in the design of the implementation. Where tasks required
the user to interact with multiple entities, these entities were spaced
around the environment. Narration was also used extensively through
the software (as opposed to on-screen text).
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Motion Sickness

• Latency : While realism was desired for this implementation, reliability
was prioritized. This was done to avoid any perceivable latency. This
was especially important in the design of this implementation, as many
of the participants would likely be first time VR users.

• Sensory Disconnect : Physical tracking and teleportation was used to
avoid sensory disconnect. Physical tracking provided a closeness of
mapping between the users physical actions and their virtual repre-
sentations. Teleportation theoretically reduces the likelihood of users
experiencing locomotive mismatch as a result of virtual movement with-
out corresponding physical action on the part of the user (e.g. holding
down a button to walk). This is because the movement is instantaneous,
rather than subjecting users to extended periods of virtual movement.

• Collision Detection: Collision detection was enabled for the bounds of
the virtual environment. If a user placed their head ‘through’ a virtual
object, then the object would either be clipped, or the screen temporar-
ily blacked out. Relocation was done through the use of teleportation.

Realism

• Graphic/Video Quality : Visual quality was maximized as much as pos-
sible while maintaining a reliable frame rate, and post-processing effects
were used to improve the realism. This, however involved a balancing
act whereby reliability was prioritized (see motion sickness).

• Sound Quality : Real audio samples were used to provide improved re-
alism to the environment. For example, freely available recordings from
the New Zealand’s Department of Conservation were used to provide
bird sounds. Three-dimensional sound and realistic sound levels/fall-off
distances were used to improve this realism.

• Interaction Quality : Game objects (e.g. stones) can be picked up re-
spond to physics as one would expect. Other interactions occur through-
out the environments, for example the aforementioned birds grow louder
when a player nears.

• Accuracy of Simulation (n/a): This implementation is not intended to
be used for practical training purposes.
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Ergonomics

• Maximum Usage Time: The expected usage time for the implementa-
tion was designed to be kept to a minimum. In total a full play-through
takes 10-15 minutes. As with motion sickness, this was especially im-
portant given that many of the participants were likely first time VR
users.

• Comfort : Overly strenuous activities were avoided in the implementa-
tion. All tasks were designed to be relatively short, and spaced apart
with short lectures between, and to not require repetitive movements.

• Fogging : As mentioned above, the expected usage time was minimized,
and strenuous tasks avoided, which lessens the likelihood of fogging
occurring.

• Wearability with Glasses : The HTC Vive contains adjustable lenses
that support users requiring glasses.

5.2.4.4 Learning Experience

Retention

• Experiential Learning : The implementation was designed to be both
experimental (i.e. users were free to interact with entities of the world)
and experiential (i.e. users could explore the environment at their own
pace). Immersion related factors were also prioritized in order to fur-
ther facilitate the experiential aspect of constructivism.

• Collaboration (n/a): As discussed above, collaboration could not be
employed as it introduced too many variables in regards to the validity
of the outcomes of the study (especially in terms of learning outcomes).

• Scaffolding : The degree to which tasks were explained to users (and
the visual hints they were provided with) gradually decreased over the
course of the levels, and no hints were provided in the final memory
palace locations.

Distractions

• Coherence: While the implementation was designed to facilitate real-
ism, we were also careful not to go overboard in filling the environments
with unnecessary detail. Doing so could potentially detract from the
learning experience.
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Narration

• Modality : Narration is used almost exclusively throughout the imple-
mentation. No complex textual information is displayed, and was lim-
ited to short place names and numbers.

• Redundancy : On-screen text was never used to supplement narration
in the implementation.

On-screen Text

• Frequency : On-screen text was very rarely used in the implementation.

• Quantity : When on-screen text was used, the quantity was minimized.
For example, only short (1-3 word) answers were displayed during the
multiple-choice quiz presented in the William Woodward Building lo-
cation. Textual elements were designed to be both large, and spaced
apart from one another in order to minimize the screen-door effect.

• Nature (n/a): The nature of the implementation did not require com-
plex textual information, therefore this factor did not detract from the
viability of VR for this particular educational context.

5.2.5 Study Procedure

The study procedure was designed to replicate that of the 360◦ video study
outlined in Chapter 3.

Participants were first asked to complete a Pre-test Questionnaire. This
questionnaire was designed to record basic information about the partici-
pants, including their age, area of study, prior experience with virtual reality,
as well as if they had any issues with their vision.

Next, participants were asked to complete the first of the two sets of ed-
ucational experiences (either on the headset or on the desktop depending on
which group they were assigned to). Each of these sets of educational expe-
riences consisted of a tutorial level, followed by four educational locations.

After participants had completed the first educational experience they
were asked to perform an unrelated reading task for three minutes. This
task was designed purely to act as a distractor between the two activities.
Participants were then asked to complete the second educational experience,
visiting the remaining four locations, using the opposite hardware to what
they used in the first experience.
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Next participants were asked to complete a User Evaluation and a Short-
term Retention Questionnaire. The User Evaluation was comprised of a com-
bination of open-ended, multiple-choice, and Likert-scale questions designed
to evaluate and compare users opinions of both the VR and desktop expe-
riences. The Short-term Retention Questionnaire was designed to test users
retention of the information contained in both the educational experiences
they completed, and was comprised of a combination of 40 multiple-choice
and short-answer questions. Six weeks after the initial set of activities, partic-
ipants were asked to complete an online Long-term Retention Questionnaire.
This questionnaire was of a similar nature to the Short-term Retention Ques-
tionnaire, however the questions were easier in nature, and contained slightly
fewer (36) questions.

A graphical overview of the study procedure can be seen in Figure 5.3.

Pre-test Questionnaire

Familiarization

Headset Tutorial PC Tutorial

Group 1 Group 2

Headset Location Lessons PC Location Lessons

Distractor Task

PC Tutorial Headset Tutorial

Group 1 Group 2

PC Location Lessons Headset Location Lessons

User Evaluation

Short-term Retention Questionnaire

Long-term Retention Questionnaire

After six weeks

Figure 5.3: Overview of the Study Procedure. Participants were assigned to
either Group 1 or 2, and completed a series of activities spread over 6 weeks.
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5.2.6 Study Results Overview

This section is broken into two primary subsections. Section 5.2.7 outlines
both quantitative and qualitative analysis of the participant’s responses to
the User Evaluation, while Section 5.2.8 outlines the results of both the Short
& Long-term Retention Questionnaires.

5.2.7 User Evaluation

5.2.7.1 Methodology

In this section we discuss the results of the User Evaluation that participants
filled out immediately after completing both the VR and desktop educational
experiences.

The user evaluation was comprised of a combination of short answer,
Likert-scale, and open-ended questions. These questions were predominantly
comparative in nature; whereby participants were asked to compare and con-
trast the two experiences, and discuss any differences they observed. All 30
participants successfully completed the User Evaluation, however two partic-
ipants failed to answer all questions.

Participant responses to quantitative questions were tabulated, and were
statistically analysed to identify any potential differences between the two
experiences.

As with the study outlined in Chapter 3, Student’s t-tests were used in the
quantitative analysis of the User Evaluation, while Mann-Whitney U tests
were used in the analysis of Learning Outcomes (Section 5.2.8). Student’s
t and Mann-Whitney U tests provide similar power, and Type I & II error
rates when analysing Likert scale data, and differences between the two only
become apparent in some extreme cases not applicable to our data. See
Five-Point Likert Items: t test versus Mann-Whitney-Wilcoxon (De Winter
& Dodou, 2010) for a detailed discussion on the topic.

Qualitative data was thematically analysed based on the Coding in Detail
approach outlined by Bazeley & Jackson (2013). NVivo was used for the
coding process. In total 32 codes were created, falling into 4 primary themes:
Engagement, Immersion, Learning and Technology. These codes were applied
to the data a total of 426 times.

To test the validity of the coding scheme, two reviewers independently
coded a subset of the data. Cohen’s Kappa was calculated, resulting in a
coefficient of κ = .867, this suggests a high degree of inter-rater agreement.
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5.2.7.2 Quantitative Results

In this section we outline the results of our quantitative analysis of participant
responses to the User Evaluation.

Factor
Desktop Experience VR Experience

t-test & p-values, effect sizes

Mean sd Mean sd

Enjoyment 0.63 0.8 1.63 0.66 t(29) = 6.77, p < .001, d = 1.43

Immersion -0.33 0.83 1.53 0.56 t(29) = 10.15, p < .001, d = 2.64

Engagement 0.30 0.86 1.40 0.66 t(29) = 5.67, p < .001, d = 1.44

Table 5.2: Mean (sd) and t-test statistics for the Likert Scale rating responses
for participants comparing the desktop and virtual reality experiences.

We begin by outlining the results of three Likert-scale questions designed
to compare participant’s perceived Enjoyment, Engagement and Immersion
between the two experiences. For all three questions, participants were asked
to provide a rating on a scale of -2 Strongly Disagree, to 2 Strongly Agree
(with 0 corresponding to a neutral response). Paired t-tests were performed
on each of these questions, and a significance level of α = 0.05 was used for
all statistical analysis. The effect size was also reported for all t-tests, based
on the values specified by Cohen (1988), whereby values of .20, .50, and .80
correspond to small, medium, and large effect sizes respectively (Barry et al.,
2015).

Based on the results demonstrated in Table 5.2, we found statistically
significant results across all 3 factors, with participants on average provid-
ing more favourable responses towards the VR approach. These results are
discussed individually in the sections that follow.

Enjoyment

Experience
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

VR Experience 0 3.3 0 26.7 70

Desktop Experience 0 6.7 36.7 43.3 13.3

Table 5.3: Percentage of respondents (%) rating their enjoyment of learning
via Desktop versus VR.
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From Table 5.3 we can see that participants, on average, found the VR
learning experience much more enjoyable. While 13.3% of the participants
strongly agreed that the desktop learning experience was enjoyable, 70% re-
sponded so for the VR experience.

Conversely, while 43% of participants responded either neutrally or neg-
atively to finding the desktop experience enjoyable, only one participant
(3.3%) responded so for the VR experience.

Immersion

Experience
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

VR Experience 0 0 3.3 40 56.7

Desktop Experience 6.7 36.7 40 16.7 0

Table 5.4: Percentage of respondents (%) rating their immersion of learning
via Desktop versus VR.

Immersion was explained to participants as the sense of ‘being there’
and/or ‘losing yourself ’ in the learning experience1. From Table 5.4 we can
see that participants were much more likely to report experiencing a sense of
immersion within the VR learning environment. While 96.7% of participants
responded positively to this question in regards to the VR experience, only
16.7% did so when evaluating the desktop experience.

Interestingly, 43.3% of participants disagreed with experiencing a sense
of immersion when using the desktop experience, whereas no participants
responded so for VR.

Engagement
Engagement was explained to participants as the degree to which a learn-

ing experience ‘holds your attention’ and makes you ‘actively focus on your
learning ’.

As with enjoyment and immersion above, participant responses once
again were on average more positive for the VR learning experience, with
90% of participants responding positively (versus 46.6% for the desktop expe-
rience). Similarly, while 16.6% of participants responded that they disagreed
with finding the desktop learning experience engaging, no participants re-
sponded so for the VR experience.

1This, and the definitions in the sections that follow are consistent with those provided
to the 360◦ video study participants.

124



Chapter 5. Interactive Educational Virtual Reality

Experience
Rating Responses (%)

Strongly Disagree Disagree Neutral Agree Strongly Agree

VR Experience 0 0 10 40 50

Desktop Experience 3.3 13.3 36.7 43.3 3.3

Table 5.5: Percentage of respondents (%) rating their engagement of learning
via Desktop versus VR.
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Figure 5.4: Self-reported maximum study times using Desktop and VR edu-
cational experiences. Mean times indicated by diamond.

This section of the User Evaluation asked students to report on how long
they believed they could comfortably study using both experiences. As can
be seen from Figure 5.4, participants on average believed they could study
longer using the desktop experience.

While a median time of 60 minutes was observed for both experiences,
participants reported a mean time for the desktop experience of 106.52 min-
utes (sd = 76.85), versus only 68.91 (sd = 49.28) minutes for the VR expe-
rience; a mean difference of 37.61 minutes.

Despite these differences, a paired two sample t-test (α = 0.05) of the
participants reported times found t(29) = 0.91, p = .18, failing to identify
any statistically significant differences.
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Supplementary Material

Device
Rating Responses (%)

Very Unlikely Unlikely Unsure Likely Very Likely

VR Experience 0 3.4 3.4 41.4 51.7

Desktop Experience 3.4 10.3 34.5 51.7 0

Table 5.6: Percentage of respondents (%) rating how likely it is they would
use each experience to supplement their existing learning materials.

Participants were asked to state how likely they would be to use educa-
tional experiences of a similar nature to those they used on the headset and
desktop PC, if they were available to act as supplementary (but optional)
materials for their own courses.

As with other Likert scale questions, participants on average provided
more favourable responses for the VR experience; with over 50% of partic-
ipants indicating that they would be very likely to use a VR experience to
supplement their learning, while no participants responded the same for the
desktop experience. Only slightly over half (51.7%) of participants responded
positively for the desktop experiences, versus 86.7% for the VR experience.

A paired two sample t-test (α = 0.05) found in t(29) = 6.83, p < .001,
once again suggesting statistically significant differences in favour of the VR
experience.

Overall Effectiveness of VR Experience
Participants were also asked to state their overall opinion on whether

or not they believed VR was an effective tool for education. While this
was an open ended question, and is analysed in further detail in the sec-
tion Thematic Analysis that follows; for consistencies sake we now provide a
quantitative interpretation of the participant’s responses. Despite being open
ended question participant responses were sufficiently clear to be classified
into the categories outlined in Figure 3.9.

From Figure 5.5 it is clear that the vast majority (26) of the participants
believed that overall, VR is an effective tool for education. Of the remaining
responses, one participant stated that they were unsure of its effectiveness,
while another believed that it depended on the content being taught. Only
one participant’s response indicated that they unequivocally did not believe
VR was an effective tool.
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Figure 5.5: Quantitative interpretation of participant responses to the ques-
tion Overall, do you think educational VR is an effective tool for education?

5.2.7.3 Thematic Analysis

In this section we outline the results of a thematic analysis performed on
participant’s responses to the open ended questions of the User Evaluation.
As discussed in Section 5.2.7.1, responses were analysed for key themes based
on the Coding in Detail approach outlined by Bazeley & Jackson (2013).

While there exists overlap between the themes identified here and those
that emerged from the thematic analysis of the 360◦ video study, the degree
to which many of these factors were represented differed between the two
studies.

The four primary themes that emerged from our thematic analysis were
Engagement, Immersion, Learning, and Technology. These, as well as notable
sub-themes (or ‘codes ’) are presented in the sub-sections that follow, with
exemplar quotes provided as necessary.

Engagement This theme encompassed anything to do with attention, en-
thusiasm, or psychological investment in the learning outcomes. While there
exists substantial debate over what constitutes engagement, these definitions
are consistent with those found in existing literature (Dickey, 2005).

Of the four major themes identified in our thematic analysis, codes relat-
ing to engagement were by far the most common; accounting for 192 pieces
of coded data (45%).

While qualitative participant responses regarding enthusiasm were highly
favourable for the VR experience, participants expressed more mixed opin-
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ions when it came to the effect VR had on their attention. This, in turn
appeared to be closely related to their sense of interactivity with the learn-
ing experience; these sub-themes are discussed in further detail in the sections
that follow.

Enthusiasm Qualitative descriptions of enthusiasm were highly favourable
for the VR experience, consistent with the quantitative results. Participants
frequently described the VR experience as being ‘Very fun’, ‘Very Cool ’ or
‘Amazing fun’, while responses regarding the desktop experience were less
positive, with participants often describing a feeling that ‘It was alright ’, or
‘It was fine’, and even ‘With the desktop I kind of wanted to get it over with’.

Several participants provided comparative statements of their enjoyment
of the two experiences, all of which reflected the feeling that ‘Overall I would
enjoy the experience more [on a headset] than on the desktop’.

Other responses described that the VR experience did not feel like learn-
ing at all, e.g. ‘I felt that I learnt a lot without feeling like I was consciously
learning things, and whilst having fun’, or ‘Doesn’t feel like a learning envi-
ronment, which makes it easier to enjoy things ’.

Interactivity Many of the participants commented on the high levels of
interactivity afforded by both learning experiences, and how they believed
this positively affected their engagement. More participants discussed the
interactivity of the VR experience than the Desktop experience (27% vs
10%).

Several participants commented on the increased physicality of the VR
experience, one writing that the VR experience was ‘A lot more engaging
[because] there is a lot of required movement interactions which helps ’, while
another wrote that ‘There are more physical interactions in VR Games than
Desktop. This encouraged me to find out more information’.

Another participant described finding the VR experience preferable, even
during times when both experiences provided minimal interactivity, writing
that the desktop experience ‘Was good and fun to play the game, but due
to the lack of immersion got quite tedious just standing and listening to the
instructions ’, but that the VR experience ‘Was very fun, even in the parts
where I couldn’t do anything it was still fun as I could look around and be
immersed in the game’.

Attention Discussions regarding the effect that the learning environ-
ments had on attention levels were particularly common, accounting for 22%
of the total coded data.
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A common criticism of the desktop experience, mentioned by five separate
participants was that they remained aware of, and distracted by, their physi-
cal surroundings. As well as being distracted by their physical surroundings,
several participants also mentioned that when using the desktop experience,
they felt the impulse to change windows and/or Google topics, and that this
in turn distracted them. Conversely one participant wrote ‘VR games cut
me off from any external distractions such as cellphone usage and Facebook
so I would be more likely to not get distracted ’.

Distractions in the VR experience could be attributed to three primary
causes. Firstly, several participants discussed being distracted by the con-
cern that they would bump into their physical surroundings while wearing
the headset. Secondly, several participants discussed being distracted by
the simple novelty of using the a VR headset, although all mentioned that
they believed this effect would lessen over time. Finally, several participants
described becoming distracted by the ability to ‘play around ’ and explore
the virtual environment, with one participant writing ‘I kept myself more
interested in exploring the simulation than listening to the instructions ’.

Participants also frequently expressed a belief that the perceived higher
levels of immersion provided by the VR experience, both physical and psy-
chological, facilitated higher levels of focus or ‘100% concentration’ than the
desktop experience.

Immersion The second major theme identified during our thematic anal-
ysis was immersion; the sense of ‘being there’ and/or ‘losing yourself ’ in the
learning experience. This theme accounted for 16% of the total coded data.

Responses regarding the immersive nature of the VR learning experience
frequently employed emotive language and/or superlatives to describe the
nature of the experiences. Participants often described a sense of being ‘fully ’
or ‘far too’ immersed in the VR experience, whereas no participants described
experiencing similar levels of immersion in the desktop experience.

As discussed in Attention above, many participants (30%) also com-
mented on the visually immersive nature of VR headsets. In other words,
when wearing headsets one cannot easily be distracted by external visual
stimuli.

Other major immersion-related sub-themes included discussions around
both the realism, and sense of presence afforded by the respective learning
experiences. These are discussed in further detail in the sections that follow.

Presence The most common form of immersion described by partic-
ipants was a sense of really ‘being ’ in the virtual environment. While this
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sense of presence was described by 26% of participants, all discussion revolved
around the VR experience, and no participants described experiencing pres-
ence during the desktop experience.

Several participants believed that the sense of presence would have a
positive effect on the learning, for example ‘Yes, I think that having the
feeling that you’re in the area your learning about has a more positive effect
on my learning because I’m able to relate the experience to the information
I’m learning ’.

Conversely several participants described an inability to experience pres-
ence with the desktop experience. For example, one participant commented
‘I felt that the physical world was still surrounding me, and that my connec-
tion to the computer screen was more 1 dimensional ’ while another wrote ‘It
took a while for me to feel like I was in the places. I knew I was playing a
computer game most of the time instead of actually feeling like I was at a
different place’.

Realism The accuracy or ‘realness’ of the simulation was discussed by
several participants. As with Presence above, all participant discussion re-
garding realism was focused on the VR experience.

Participants attributed the higher levels of realism afforded by the VR ex-
perience to differing factors, including naturalness of interaction, depth per-
ception, and screen quality. For example, while one participant commented
on how ‘The head tracking in the Vive meant [they] could look around more
naturally ’, another described experiencing a ‘Greater sense of depth of space
and distance’. Several participants also commented on the ability to interact
with environment in a realistic manner within the VR experience, and how
it would be useful for ‘hands-on experiments ’.

Finally, several participants expressed that the improved realism simply
made them feel that the information was more ‘worth remembering ’.

Learning The third theme identified during our thematic analysis was
Learning, this encompassed any comments about the learning potential of
either experience. This was the least commonly occuring theme, accounting
for only 15% of the total coded data.

The majority of participants reported that the VR experience would have
a positive effect on their learning. Discussions regarding learning primarily
revolved around the ideas of deep learning and the type of content taught.
These themes are discussed in further detail in the subsections that follow.
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Deep Learning This encompassed any discussion around the idea that
one approach would result in a ‘deeper’ or ‘stronger’ learning experience
and/or memories than the other.

Although this theme accounted for 5% of the total coded data, only one
comment related to the desktop experience, in which a participant wrote
‘Yes, it did help me to learn but it wasn’t as effective as the VR, however it
is better than studying ‘traditionally’ with books and pens and paper ’.

Participants attributed the perceived deeper learning afforded by the VR
experience primarily to three major factors. Firstly, several participants
believed that the increased physical interactivity of the VR experience im-
proved it’s memorability. For example, one participant wrote ‘The life-like
interactions of moving over to things to being able to pick them up makes the
experiences more memorable’. Secondly, several participants described expe-
riences akin to experential learning, with one writing ‘You are able to link
the experience of being in an environment to the information you’re learning.
I think it would be more likely to stick ’, while another wrote ‘Studying from
a book is good, but actually experiencing things is a sure-fire way to ensure
memory. VR offers the next best thing ’. Finally, several participants stated
that the VR experience afforded better spatial awareness, and believed that
this would positively effect their spatial memory.

Content Many participants described feeling that the effectiveness of
VR for education largely depended on the nature of the content being taught.
This was expressed by 36% of participants.

One participant also believed that VR was not appropriate for adult edu-
cation, writing ‘I think it might work better for little kids i.e. primary school,
but I don’t think it would do well for university students ’.

Several participants commented that the learning aspect of educational
VR systems should be seamlessly integrated into the learning experience,
rather than as learning tasks. For example one participant wrote that VR
is effective for learning ‘as long as that environment is built well to prop-
agate a learning experience’, while another wrote ‘The educational content
must be fully integrated, not as images or exercises, but as part of the basic
interactions ’.

Aligning with the quantitative data observed in the section Maximum
Study Times, some participants also described finding the educational VR
content tiring, one for example writing ‘For the purpose of education, I sug-
gest desktop. Because it requires less physical movements, which means that
people could spend more time studying on desktop without getting tired ’.

As discusssed in Deep Learning above, several participants described feel-
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ing that VR ‘would be most effective where there is something innately spatial
about the knowledge being learnt ’, and that it would be an ‘effective tool for
visualisation and interactivity ’.

One participant wrote that the VR would be ‘Useful to demonstrate
knowledge in real world applications ’, however believed it would be unsuitable
for emulating non-interactive environments, such as lecture theatres ‘given
the extra hassle’.

Finally, and interestingly given the inferior resolutions of current-generation
VR headsets compared to desktop screens, several participants wrote that ‘If
smaller details were important the Vive would definitely be better ’. Another
participant similarly stated ‘I feel if there is a benefit to seeing things at a
higher level of detail it would be beneficial, as in the Vive I felt I could see
textures and finer details much more easily ’.

Technology The final major theme identified in our thematic analysis was
Technology. This encompassed any comments pertaining to the hardware
and/or software itself. This theme also encompassed usability-related factors,
such as comfort and motion sickness. Technology-related comments were
common, accounting for 23% of the total coded data.

Surprisingly, very few participants reported usability issues with the VR
experience. By far the most common complaint, was that users were worried
they would ‘walk into a wall, or trip over the cord or something like that ’.
The HTC Vive VR headset has an in-built chaperone system which warns
users if they are nearing a wall, and although this was demonstrated to users
during the tutorial, responses indicate that users were not fully trusting of
it.

Interestingly, only one participant reported experiencing any motion sick-
ness with the VR experience, and no participants reported experiencing any
on the desktop. This is likely because the system was designed to avoid any
locomotive mismatches occurring. Movement was instead achieved through a
combination of instantaneous virtual teleportation and the Vive’s one-to-one
physical tracking.

The other major sub-themes identified during our thematic analysis re-
lated to comfort and screen quality. These are discussed in further detail in
the sections that follow.

Comfort Comfort-related issues were very common, being mentioned by
40% of participants. All comfort-related comments were relating to the VR
experience, and no participants complained about the comfort of the desktop
experience. All comments described one of three issues; the intensiveness of
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the experience, the headset cord and surroundings, or the headset itself.
Firstly, seven participants expressed finding the VR experience ‘tiring ’.

While most were vague about what caused this, several complained about
simply needing to stand to use the experience, while another complained
about it being too ‘intensive’. This was a sufficiently major issue that some
participants believed it effectiveley rendered VR inappropriate for education,
with one writing ‘For purpose of education, I suggest desktop. Because it re-
quires less physical movements, which means that people could spend more
time studying on desktop without getting tired ’ while another similarly wrote
‘The virtual reality is great and all, but the uncomfortableness of it all, like
standing up and having movement limited becomes a less ideal study environ-
ment ’.

Secondly, three participants complained about finding the headset cord/wiring
‘difficult to ignore’. The HTC Vive has a large cable which runs from the
back of the headset to the PC powering it, although wireless versions of the
headset are now available.

Finally, three participants had issues with the comfort of the headset it-
self. One wrote that the ‘headset was a bit heavy ’, while another complained
that it was uncomfortable to use while wearing glasses. Lastly, one partic-
ipant believed that ‘In the long term the VR might have a bit of strain on
peoples eyes ’.

Screen Quality Comments relating to the screen quality were the most
frequently occuring sub-theme accounting for 30% of the total technology-
related coded data.

Interestingly, only four participants commented negatively about the screen
quality of the headset. Of these, three complaints described pixelation/blurriness,
although one attributed this as being ‘possibly due to my glasses ’ and went
on to write that ‘I don’t think that this affected my learning ’. The third par-
ticipant wrote that the headset screen ‘had a low refresh rate, hence caused
a bit of nausea’. This is interesting given the software ran at a stable FPS
and the HTC Vive at a 90Hz refresh rate.

The remaining comments all favourably described the headset screen when
compared to the desktop monitor, with multiple participants describing that
they could see a lot more details ’, or that the headset meant they were ‘seeing
things at a higher resolution’ compared to the ‘low detail ’ of the desktop
monitor.
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5.2.8 Learning Outcomes

5.2.8.1 Methodology

The following section outlines the results of both the Short & Long-term
Retention Questionnaires. These questionnaires were comprised of a com-
bination of multiple-choice and short-answer questions. The Short-term re-
tention Questionnaire contained 40 questions, and the Long-term Retention
Questionnaire 36.

The Short-term Retention Questionnaire was taken immediately after
students completed both educational experiences, while the Long-term Re-
tention Questionnaire was completed online six weeks later. All 30 partici-
pants successfully completed the Short-term Retention Questionnaire, how-
ever 2 participants dropped out of the study, leaving 28 completed Long-term
Retention Questionnaires.

The questions contained in both questionnaires were designed to be binary
in nature, so a strict and unambiguous marking rubric could be applied.
Marks were calculated for all questions, and participants were grouped based
on whether they had seen the location a question pertained to on either the
headset or desktop.

As with the 360◦ video study analysis; pseudo-groups comprised of par-
ticipants from both groups were used for comparison. For example, grades
for the ‘Headset Group’ were taken from Group 1 for questions relating to
Trobriand Island location (as this is the group that saw this location on the
headset), and from Group 2 for questions relating to the Mount Java loca-
tion. This counterbalanced the two groups to minimize the risk of participant
ability skewing the results. These groups are referred to as the Headset Group
and PC Group, and are used henceforth in the analysis.

Multiple Shapiro-Wilk tests were conducted to test the normality of re-
sults of the two pseudo-groups across various dimensions of both the Short &
Long-term Retention Questionnaires. These tests identified that much of the
data was non-normally distributed. For example, a Shapiro-Wilk test run
on the Headset Group’s ‘Location Recognition’ marks found W = 0.815, p =
0.006. See Figure 5.6 for a Q-Q (quantile-quantile) plot visualizing this ex-
ample.

Thus, as with the Study outlined in Chapter 3, Mann-Whitney U tests
(two-tailed) are used henceforth in the analysis of learning outcomes. Mann-
Whitney U tests do not require the assumption of normality (unlike t-tests),
and even when normality holds, provide an asymptotic efficiency of 3/π ('
0.95) compared to t-tests (Conover, 1980).

The results of these analyses (as well as the results of the 5 special-case
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Figure 5.6: Examplar Q-Q plot demonstrating the non-normal distributions
of various dimensions of the learning outcome data: Headset Group’s ‘Loca-
tion Recognition’ marks from the Short-term Retention Questionnaire.

questions outlined in Section 5.2.2.2) are discussed in the sections that follow.

5.2.8.2 Short-term Retention

From Table 5.7 we can see that although the Headset-group achieved a higher
mean grade, the two pseudo-groups performed extremely similarly. The mean
grades of 44.43 and 44.17 correspond to a percentage total grade of 74.06%
and 73.61% for the Headset and PC groups respectively.

Group
Total Grade

U statistic, p-value, & effect size

Mean sd

Headset 44.43 4.20
U = 108.5, N1 = N2 = 15, p = .485, d = .442

PC 44.17 4.77

Table 5.7: Mean (sd) total results and Mann-Whitney U -test statistic for
the Short-term Retention Questionnaire; comparing the learning outcomes
of the Headset and PC groups.

A two-tailed Mann-Whitney U -test (α = 0.05) found U = 108.5, N1 =
N2 = 15, p = .485, suggesting that there existed no statistically significant
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differences in the short-term learning outcomes of the two groups.
Finally, we calculated Cohen’s d = .0579, which suggests a small effect

size. This is also reflected in the raw number of questions each group per-
formed better on (see Table 5.8), for which we observe only minor differences.

Questions... Count

Groups performed equally 6

PC Group performed better 19

Headset Group performed better 15

Total Questions 40

Table 5.8: Short-term Retention Questionnaire — Raw number of questions
each group performed better on.

5.2.8.3 Long-term Retention

Once again, from Table 5.9 we can see that the two groups performed remark-
ably similarly. The mean marks of 28.65 for the Headset group, and 28.60
for the PC group correspond to percentage grades of 56.17% and 56.07%
respectively.

Group
Total Grade

U statistic, p-value, & effect size

Mean sd

Headset 28.65 2.93
U = 106, N1 = N2 = 15, p = .402, d = .017

PC 28.60 3.32

Table 5.9: Mean (sd) total results and Mann-Whitney U -test statistic for
the Long-term Retention Questionnaire; comparing the learning outcomes of
the Headset and PC groups.

A two-tailed Mann-Whitney U -test (a = 0.05) found U = 106, N1 =
N2 = 15, p = .402, strongly suggesting that no statistically significant differ-
ences existed in the long-term learning outcomes of the two groups.

From 5.10 we can see that although the Headset group now performed
better on the raw number of questions (whereas the PC group performed
better in the Short-term Retention Questionnaire), these differences were
negligible.
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Finally, we calculated Cohen’s delta, finding d = .017, once again sug-
gesting a small effect size.

Questions... Count

Groups performed equally 0

PC Group performed better 16

Headset Group performed better 20

Total Questions 36

Table 5.10: Long-term Retention Questionnaire — Raw number of questions
each group performed better on.

5.2.8.4 Special Case Questions

As discussed in the section Educational Context (Section 5.2.2.2), we were
also interested in measuring the learning outcomes of participants relating to
five special factors. Many of the questions contained in both questionnaires
were designed to target these factors.

Firstly, we were interested whether there existed any differences in the
learning outcomes of participants in the virtual Lecture Theatre location.
We were also interested in measuring any differences in spatial memory, as
well as the passive recollection of visual information. Finally, the active and
passive recollection of auditory information was also measured. In all cases,
by Passive, we are referring to when participants were not explicitly told to
memorize something.

From Table 5.11 we can see that although medium effect sizes were ob-
served for the Spatial Memory short-term retention, and the long-term reten-
tion of Passive Visual Information, once again the Mann-Whitney U -tests
failed to identify any statistically significant differences.

5.3 Discussion

[RQ1. What differences in the user experience exist when learning via in-
teractive educational experiences on a virtual reality headset (versus on a
desktop PC)?]

Our quantitative analysis of the user evaluation yielded several interesting
findings, including statistically significant differences across the participant’s
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Questionnaire Case

Headset
Group

PC
Group U statistic, p-value, & effect size

Mean sd Mean sd

Short Term Lecture Theatre 5.13 1.37 5.47 1.22 U = 96.5, N1 = N2 = 15, p = .254, d = .2621

Spatial Memory 11.73 1.18 10.67 1.89 U = 73.5.5, N1 = N2 = 15, p = .052, d = .6728

Visual Information 1.8 0.4 1.6 0.49 U = 90, N1 = N2 = 15, p = .125, d = .4471

Auditory Information 1.33 0.7 1.60 0.61 U = 89, N1 = N2 = 15, p = .14, d = .4112

Auditory Information 0.4 0.49 0.53 0.5 U = 97.5, N1 = N2 = 15, p = .24, d = .2626

Long Term Lecture Theatre 2.3 1.1 2.6 1.25 U = 81, N1 = N2 = 15, p = .09, d = .2548

Spatial Memory 9.16 1.82 8.88 1.52 U = 95, N1 = N2 = 15, p = .238, d = .167

Visual Information 1.35 0.68 0.94 0.88 U = 83.5, N1 = N2 = 15, p = .105, d = .5214

Auditory Information 0.71 0.77 0.80 0.65 U = 104.5, N1 = N2 = 15, p = .368, d = .1263

Auditory Information 0.27 0.44 0.31 0.46 U = 112.5, N1 = N2 = 15, p = .489, d = .0889

Table 5.11: Mean (sd) and Mann-Whitney U -test statistics for the five Spe-
cial Case factors between the 2 pseudo-groups across both questionnaires.
Passive cases indicated by italics.

reported enjoyment, immersion, and engagement of the two experiences as
well as large effect sizes for all three factors, all favouring the VR experience.

When asked how long participants believed they could comfortably study
using either approach, a median study time of 60 minutes was recorded for
both experiences. However, the mean responses indicated a different story,
with participants reporting that they could study for a substantially shorter
time on the VR experience than the desktop (68.91 vs 106.52 minutes). This
indicates substantial variance in the opinions of the participants, and also
that some believed they could study for a substantially longer time on the
desktop PC than the median time of 60 minutes.

Participants also indicated that they would prefer VR over desktop as the
medium to provide optional supplementary learning materials to their own
courses. This suggests that participants believed VR would be an effective
tool for educational experiences beyond the context demonstrated in our
experiment.

We also provided a quantitative interpretation of a question in the User
Evaluation in which we asked participants whether, overall, they believed VR
was an effective tool for education. All participants answered this question,
with 26 (87%) of participants responding positively. Only one participant
explicitly stated that they did not believe it was an effective tool, while the
remaining two stated they were either unsure, or that it depended on the
nature of the content being taught. As with the 360◦ video study outlined
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in Chapter 3, this indicates that participants overwhelmingly believed the
VR experience was effective. Regardless of the actual observed learning out-
comes, this belief could be used to motivate students.

The results of our thematic analysis largely echoed the results of our
quantitative analysis, with participants frequently describing the VR expe-
rience as being ‘Amazing fun’ while conversely using statements like ‘It was
alright ’ to describe the desktop experience. Many participants described en-
joying the increased interactivity of the VR experience, and described the
desktop experience as comparatively ‘tedious ’. Interestingly, another par-
ticipant wrote that the VR experience was still ‘very fun, even in the parts
where I couldn’t do anything ’. This however, can likely be attribute to the
novelty of the experience.

Coinciding with the Likert-scale data on immersion, 26% of participants
described experiencing a strong sense of presence in the VR experience, while
no participants described experiencing presence during the desktop experi-
ence.

This strong sense of immersion could possibly be attributed to the higher
levels of focus described by participants using the VR experience. Many
described becoming distracted while using the desktop experience, either by
their surroundings, or by feeling the impulse to change windows. On the VR
experience, participants described being ‘cut off from distractions ’ and that
they felt ‘100% concentrated.’

Other descriptions of immersion were common throughout the User Eval-
uation, with participants frequently using emotive language and superlatives,
describing being ‘fully ’ or ‘far too’ immersed in the VR experience. No sim-
ilar sentiment was expressed for the desktop experience. This suggests that
participants had substantially different qualitative experiences between the
two approaches. Future work should investigate the potential effect this could
have on factors such as time-on-task.

Another common idea expressed throughout the User Evaluation was that
the effectiveness of VR would largely depend on the nature of the content
being taught. Opinions on what this content should be differed between
participants. Most commonly participants believed that VR is best suited
towards teaching visually oriented and spatial information. Interestingly,
several participants stated that VR would be best suited for content where
detail is important, despite the fact that current generation headsets have
limited resolutions. This can potentially be attributed to the ability to move
extremely close to objects within a VR environment when using a headset, in-
cluding items on the (virtual) ground. Such a degree of freedom of movement
is generally not permitted in typical PC mouse-and-keyboard experiences.

Comfort related issues were also very common with VR, with 7 (23%)
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participants describing the experience as being ‘tiring ’, or too ‘intensive’.
Other issues included participants worrying about walking into their sur-
roundings while wearing the headset, finding the headset cord to be distract-
ing, although this is a lesser issue as wireless versions of the headset are
now available, and simply finding the headset itself uncomfortable. This was
sufficient to cause one participant to write that ‘For purpose of education, I
suggest desktop’. As multiple participants described finding the experience
tiring, despite it specifically being designed to avoid this; it is possible that
the experience was too long for primarily first-time VR users. Interestingly,
only one participant reported experiencing motion sickness during the VR
experience. This is most likely due to the fact that participants could only
move their virtual avatar using instant teleportation, or via physical tracking.

Finally, and coinciding with participant’s comments on VR being more
suitable for higher-detailed content; surprisingly only four participants com-
mented negatively about the quality of the headset screen, while the remain-
ing 27 comments all described the screen quality positively. However, this
can potentially be attributed to the fact that participants were less likely to
have any preconceptions about the screen quality of VR headsets.

[RQ2. What differences in the learning outcomes exist when learning via
interactive educational experiences on a virtual reality headset (versus on a
desktop PC)?]

Despite the overwhelmingly positive User Evaluation, and participant’s
own statements that they reported they would learn better from the VR
experience; the results of our analyses of the Short & Long-term Retention
Questionnaires indicate that no statistically significant differences in learning
outcomes exist.

This was also the case for all five Special Case Questions, across both
questionnaires. Cohen’s d values corresponding to medium effect sizes were
observed for both the short-term Spatial Memory, and long-term Passive
Recollection of Visual Information (for which the Headset Group performed
better). However, our two-tailed Mann-Whitney U -test failed to identify
any statistically significant differences. This however, suggests that there
may exist minor differences that the Mann-Whitney U -tests were unable to
identify.

Overall the two groups performed remarkably similarly over all questions.
Across both questionnaires the PC Group performed better on 35 questions,
the Headset Group also on 35, and the groups performed equally on six
questions. The differences in mean grades between the two groups was 0.26%
for the Short-term, and 0.10% for the Long-term Retention Questionnaire.
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Thus, while the results of this study did not demonstrate any statisti-
cally significant differences in the learning outcomes of the two groups, it
suggests that VR can potentially provide nearly identical learning outcomes
to those provided on desktop, in an experience that is likely to be perceived
by students as being less distracting, and also more enjoyable, immersive,
and engaging.

5.4 Chapter Summary

In this chapter we discussed the results of a study comparing the user expe-
rience and learning outcomes of an educational desktop and VR experience.

While medium effect sizes (in favour of the VR experience) were observed
for short-term recollection of spatial information, as well as the long-term
passive recollection of visual information; the results of our Mann-Whitney
U -tests and other analyses of the Short & Long-term Retention Question-
naires failed to identify any statistically significant differences in participant
learning outcomes.

Our thematic analysis of the User Evaluation yielded several interesting
findings. Interestingly, participants were much more likely to report being
distracted during the desktop experience than the VR experience. This is
the opposite to what was observed for the 360◦ video study.

Despite the actual learning outcomes observed, participants generally be-
lieved that the VR experience was more memorable, and overwhelmingly
stated that they would prefer to use VR to supplement their existing learn-
ing materials.

To conclude the study results, while once again this experience does not
appear to provide any measurable improvement in the short and long-term
learning outcomes of participants over the standard desktop approach; as
with 360◦ video it appears to be able to provide nearly identical learning
outcomes, in an experience which participants are much more likely to per-
ceive as being enjoyable, immersive, engaging, and from which they are less
likely to be distracted.

Nonetheless, the Framework for Designing Educational Experiences, and
in turn the implementation outlined in this chapter was motivated by the
hypothesis that unlike the 360◦ video implementation, an educational expe-
rience that did take full advantage of the functionality of headsets, and was
informed by existing pedagogical and VR-related design theories would be
more likely to result in observable differences in learning outcomes.

Thus, in the next chapter we discuss possible explanations for both why
the expected outcomes were not observed, and why other differences occurred
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between the results of the two studies. Finally, the implications of these
results are discussed in the context of the research questions.

142



CHAPTER 6

Discussion

“No, this is real.”

Dr. Strange

Over the course of this thesis we have attempted to answer two primary
research questions:

[RQ1] : How does learning on a VR headset compare to learning through
other digital means (such as on a PC)?

[RQ2] : What techniques and technologies are most suitable for providing an
effective educational experience on a VR headset?

To answer these questions, it was first prudent to investigate:

• The subject areas and institutions to which VR had already been ap-
plied in education.

• The common motivations for using VR in education, and the applica-
tions to which it was applied.

• The problems identified by existing literature utilizing VR in education.

These questions were addressed in a systematic literature review outlined
in Chapter 2. This review identified several issues. Few of the implemen-
tations discussed in existing literature were grounded in solid pedagogical
reasoning, but were instead frequently motivated solely by the novelty of
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VR technologies; a factor that will likely diminish over time. Problems fre-
quently reported by the authors of these papers included usability issues,
training overhead, and the cost/time involved in producing educational VR
content.

In Chapter 3 we investigated the potential of 360◦ video as a novel ap-
proach to address some of these issues; notably through its lower barrier to
entry for content producers. This was done through a study comparing the
user experience and learning outcomes of 360◦ video to standard video on a
PC.

In Chapter 4, to address RQ2 we outlined a framework designed to inform
the design of educational VR experiences. A secondary literature review
was conducted and existing pedagogical and design theories in the areas of
psychology, education, and human-computer interaction were synthesized to
form the framework.

Lastly, in Chapter 5 we outlined the results of a secondary study in-
vestigating an alternative technique informed by the framework (interactive
educational VR) for providing educational experiences on a VR headset.

In this chapter we provide potential explanations and discuss the impli-
cations of key results identified during this research, especially in the context
of the thesis research questions. Differences observed in the results of the
two studies are also discussed in Section 6.1. Finally, we provide discussion
into the major methodological issues and other limitations of this research.

6.1 Comparison of Study Results

As both studies outlined in this thesis were designed to adhere to the same
methodology, we can effectively compare their findings. In this section we
discuss the studies’ respective key findings, their commonalities, and provide
possible explanations for differences where they occurred.

We begin by outlining the results of our quantitative and qualitative (the-
matic) analysis of the two User Evaluations before contrasting the observed
Learning Outcomes.

6.1.1 User Factors

Statistically significant differences were observed in our quantitative analysis
of the Likert-scale data pertaining to enjoyment, immersion, and engagement
in both studies; all demonstrating clear participant preference towards the
use of the headset to deliver the experience.
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Factor
Study 1:

360◦ Video
Study 2:

VR U statistic, p-value, & effect size

Mean sd ∆ Mean sd ∆

Enjoyment 1.5 0.59 +1.25 1.63 0.66 +1 U = 255.5, N1 = 20, N2 = 30, p = .15, d = .208

Immersion 1.45 0.58 +2.1 1.53 0.56 +1.86 U = 278.5, N1 = 20, N2 = 30, p = .318, d = .14

Engagement 0.95 1.02 +0.95 1.40 0.66 +1.1 U = 228, N1 = 20, N2 = 30, p = .061, d = .524

Table 6.1: Study comparison: Mean (sd) results, difference from the study’s
respective control device mean (∆), and Mann-Whitney U -test statistic for
the Likert scale questions pertaining to enjoyment, immersion, and engage-
ment ; comparing the Study 1 & 2 Headset approach.

In Table 6.1 we provide a comparison of the results of Likert scale ques-
tions pertaining to these factors for the Headset device of both Study 1 &
2. We performed three Mann-Whitney U tests on the mean of each Headset
device, and also included the difference from the control device’s mean for
that factor in each study (∆).

From Table 6.1 we can see that although more positive responses were
observed for the Headset approach than the control across both studies, the
three MWU tests failed to identify any statistically significant differences
in the degree to which each approach (360◦ video and interactive VR) af-
fected this improvement. In other words, although both approaches appear
to have a positive effect on all 3 factors, we cannot conclusively state that
one approach is more effective than another for targeting a particular factor.

Interestingly, a median comfortable study time of 60 minutes was ob-
served for the desktop approach in both studies, as well as both 360◦ video,
and interactive VR. When considering the mean study times however, the
differences were much more substantial. In Study 1, a mean study time of
79 minutes (sd = 57) was observed for 360◦ video, and 87 (sd = 45) minutes
for desktop video, however in Study 2, a mean study time of 69 minutes
(sd = 49) was observed for the VR approach, and 107 (sd = 77) minutes
for the desktop. These results are surprising for two reasons. Firstly, they
indicate that while participants believed they could study for a similar length
of time in Study 1 regardless of the device they were shown the video on,
the same did not hold true for the interactive experience. Moreover, these
results also indicate that the participants in Study 2 believed they could
study by playing an educational game on a desktop for substantially longer
than the participants in Study 1 believed they could simply watch a video on
the same device (∆ = 19.42). This can likely be attributed to the fact that
participants were more likely to report finding the desktop video approach
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boring.
In both studies participants stated they were much more likely to prefer

to supplement their own courses with the headset content over the desktop.
The degree of this preference was nearly identical for both the 360◦ video
(mean = 1.4) and VR approach (mean = 1.41), U = 296, N1 = 20, N2 =
29, p = .47, d = .018. While this is an interesting finding, one must consider
the likely impact of novelty on this factor; this is discussed in further detail
in the section Methodological Issues (Section 6.2) below.

A quantitative interpretation of the question ‘Overall, is [360◦ video/VR]
an effective tool for education? ’ was included in our analysis of both studies.
While 87% of participants stated that yes, they believed interactive VR was
an effective tool, only 60% of participants responded so for 360◦ video. Fur-
thermore, 15% of participants stated that they believed the effectiveness of
360◦ video depended on the content being taught, while only 3% of partici-
pants stated the same for the interactive VR. Most importantly, while only
3% of participants expressed that that no, they unequivocally did not believe
interactive VR was an effective tool for education, 20% of participants stated
the same for 360◦ video.

While one must also consider the possibility that differences in the at-
titudes of participants between groups could be responsible for these and
other qualitative differences observed, these results nonetheless indicate that
participants are much more likely to have confidence in the effectiveness of
interactive VR over 360◦ video as an educational tool.

Arguably the most common issue reported by participants in the 360◦

video study was that of distractions. This issue was mentioned by 80% of
the studies participants, and was primarily blamed on the additional sur-
roundings visible when watching 360◦ video. Conversely, in the interactive
VR study participants were much more likely to describe the desktop experi-
ence as being more distracting, stating that at times they felt the impulse to
change windows/Google thoughts. While it is interesting that no participants
in Study 1 reported feeling the impulse to change windows while watching
the desktop video, the higher levels of distractions reported for 360◦ video
in comparison to the interactive VR can most likely be attributed to the
nature of the content necessitated by Study 1’s design; this is also discussed
in further detail in Methodological Issues (Section 6.2) below.

Comfort-related issues were reported by 40% of participants in both stud-
ies. In Study 1, this was generally attributed to a general discomfort in
wearing the headset, and in Study 2 to the intensity/tiring nature of the
experience. This is unsurprising given the comparatively passive nature of
360◦ video. Only one participant in each study reported experiencing any
motion sickness, despite it being an issue which was frequently mentioned
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in existing literature on VR in education (Abdul Rahim et al., 2012; Huang
et al., 2010; Merchant et al., 2014; Rizzo et al., 2006; Nolin et al., 2016). This
is most likely because participant’s virtual avatars were never moved with-
out a corresponding physical action on their part during the interactive VR
implementation, and because the camera was stationary, and no movement
(other than rotation) was possible during the 360◦ video recording. In both
cases, this avoids sensory disconnect or ‘locomotive mismatch’.

Surprisingly across both studies participants were more likely to criticize
the screen quality of the desktop implementations over their headset coun-
terparts. While 31 comments were recorded as relating to screen quality in
Study 2, only four were negative, and the remaining 27 comments all pos-
itively described the quality of the headset screen. Similarly in Study 1,
twelve participants reported issues with the quality of the video on the desk-
top, whereas only five did so for the 360◦ video; this is despite the fact that
the videos had the same resolution. This is most likely because unlike desk-
tops (for which participants probably already had experience watching videos
and playing games on), participants most likely had lower expectations when
it came to the quality of the content on VR headsets.

An idea expressed frequently by participants of both studies was that the
effectiveness of the approach being investigated would largely depend on the
nature of the content being taught. For example, several participants wrote
that the headset was inappropriate for displaying lecture theatre content; for
the 360◦ video implementation one participant wrote that this was because
there was no need to be aware of your surroundings in a lecture theatre,
while in the interactive VR study another participant wrote that in this
particular context it simply was not ‘worth the hassle’. Participants of the
360◦ video study frequently commented on the importance of ensuring that
the additional visible content was relevant to the learning content, while
several Study 2 participants described their belief that assessments should be
seamlessly integrated into the experience, rather than appearing as separate
tasks. Study 2 participants also wrote that they believed VR was most
appropriate for content that either had some innately spatial element, or
where small details were important. This latter suggestion is interesting
given the limited resolutions of current generation headsets, and participants
were most likely referring to the ability to move ones (virtual) face close to
the object they were examining.

An interesting phenomena identified during Study 1, was that partici-
pants frequently described experiencing a strong psychological connection,
and/or feeling of obligation to pay attention to the speaker while watching
the 360◦ video. Given that the speaker in this case was the author, who was
present during the study proceedings; it is tempting to attribute this alone
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to the sense of obligation, however by this logic the same intimacy should
have also been reported for the standard video on a desktop, which it was
not. Theoretically this could be leveraged to increase student motivation.

Despite the actual observed learning outcomes (discussed in further detail
in Section 6.1.2), participants of both studies believed themselves that the
headset content would result in improved learning outcomes. Regardless
its accuracy, the belief that an educational experience is effective should in
theory positively affect student motivation.

The degree to which students were immersed in the headset content ap-
peared to be substantially different across both studies when compared to
the desktop counterparts. Participants frequently employed strongly emotive
language and superlatives to describe the nature of the headset experiences.
This immersion generally described a sense of presence, and was never applied
to the desktop experience in either study.

Finally, the qualitative/thematic analyses appeared consistent with our
quantitative analysis of the user evaluation across both studies, suggesting
regardless of whether one employs 360◦ video or interactive VR; the approach
is much more likely to be perceived as engaging, immersive, and enjoyable
than its desktop counterpart.

6.1.2 Learning Outcomes

The learning outcomes across both studies were consistent with each other,
in that no statistically significant differences were observed for either. This
held true for the various special case factors of interest measured across both
studies, for example spatial memory.

Although minor differences were observed for some factors, because our
analyses failed to identify any statistically significant differences, we are un-
able to conclude anything other than that there may potentially exist some
differences which the Mann-Whitney U -tests were unable to identify.

Nonetheless, the lack of any measurable difference in learning outcomes
was surprising in both studies, and even more so in the second given it
fully utilized the capabilities of the headset and was grounded in existing
pedagogical theory. We discuss potential explanations for this, and other
issues that arose during the course of this research in the section that follows.

6.2 Methodological Issues

In this section we discuss the primary methodological issues we encountered
over the course of the research outlined in this thesis. Some of these issues
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are specific to the context of this research, while others relate more broadly
to the difficulties encountered when designing and conducting comparative
educational studies.

6.2.1 360◦ Video Study Educational Context

The first major methodological issue encountered, and in turn arguably the
most major threat to the validity of the results of Study 1 arose as a result
of the difficulty fairly comparing 360◦ to standard video. The purpose of
this study was to compare whether participants learnt any differently when
watching 360◦ videos on a headset, to standard videos on a desktop. As users
do not typically watch (and manually rotate) 360◦ videos on a desktop, this
meant that we instead had to display videos that fairly represented standard
content. Rather than performing two separate recordings at each location
(one with a standard camera, and one with a 360◦ video camera), to further
reduce the risk of any discrepancies occurring it was decided that only one
recording would be captured with a 360◦ camera, and the video would instead
be cropped to a field-of-view typical of that of a standard video.

While the desktop video was rotated at times to mimic the turning of a
standard camera, we had to be careful to ensure that the learning outcomes
were not dependant on content that was only visible within the 360◦ video.
This meant that the learning content (and speaker) was almost always visible,
even without the 360◦ video users having to rotate their heads.

This artificial shoehorning of the potential of 360◦ video could have two
major ramifications on the results of the study. Firstly, many of the quali-
tative comments regarding the distracting nature of the surroundings when
watching 360◦ may not have occurred had more of this content actually been
relevant to the learning outcomes; instead this would inherently render it rel-
evant, and not a distraction. Secondly, because the majority of content was
designed to be visible to participants from the initial frame of view, rather
than being spread around the environment in 360◦; one could argue that
it failed to utilize the improved spatial affordances of 360◦ video. Had the
content been designed to better utilize these capabilities, it is possible that
differences hitherto missed may have been observed.

6.2.2 Conducting Comparative Technological Studies

The previous section outlined just one example of the numerous potential
difficulties involved in fairly conducting comparative studies. In the case of
this research, VR was being investigated for education because it is both
functionally and (in theory) experientially different to a standard desktop,
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and thus designing a study with completely identical conditions is by nature
impossible.

In essence, the primary issue with studies of this nature can be thought
of as a balancing act, whereby typically one wishes to compare some new
technology (with some functional or experiential difference) against another
technology, while utilizing these differences, but not to an extent that renders
the comparison unfair, or alternatively to artificially shoehorn the technology
being investigated.

While for example, the issue was not as major in the second study as with
360◦ video, one could argue that differences in the nature of the interactions
between the VR and desktop experiences could have resulted in differences
in the learning outcomes. Teleportation for example was enabled for users of
the VR implementation (as this is typical for VR games of this nature), while
on the desktop users instead moved around using a mouse and keyboard (as
is also typical for this technology).

6.2.3 Other Study Design Difficulties

While the previous section described general issues in conducting compara-
tive technological studies, in this section we briefly discuss some of the other
methodological difficulties we encountered that were specific to our study
design. Each of these issues has the potential to have affected our study
results; including the lack observed differences in learning outcomes.

6.2.3.1 Educational Content

Firstly, as both our studies were open participants from any area of study
at the University of Auckland, we needed to, as best we could, attempt to
control for prior knowledge affecting the study results. This consideration
largely affected the nature of the content taught in both studies. We could
not for example, teach the participants programming, in case one group ended
up with a larger number of computer science/software engineering students.
This however meant that the educational content had to be designed to be
simple enough to be understandable by participants of various backgrounds.
While one might therefore assume that no differences were observed simply
because the content was too easy, the participants grades did not reflect this.
However, another potential issue that warrants consideration is that the na-
ture of the content taught in both studies might not be what is best suited
for VR. The systematic literature review outlined in Chapter 2 identified
numerous papers motivated by VRs potential for training, i.e. the transfer
of practical or ‘hands on’ skills (Sharma & Otunba, 2012). Common exam-
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ples include pilot and surgeon training (Ferracani et al., 2014; Rupasinghe
et al., 2011; Wei et al., 2013; Zita Sampaio & Viana, 2013). Whether VR is
actually effective at facilitating training of this practical/‘hands on’ nature
is unknown, however as neither study investigated this we suggest it is an
area that requires future investigation.

6.2.3.2 Study Size and Length

Other potential threats to generalisability of the study results include both
the size, and length of the studies. Study 1 & 2 involved 20 & 30 participants
respectively. While ideally larger numbers of participants would have been
recruited, these numbers were decided upon based on difficulties recruiting
participants.

Another potential issue was in the length of the studies themselves. While
both studies were spread over a 6 week period, they each only involved two
activities, and of these only one learning activity. As Herrington et al. (2003)
state, and we ourselves recommend in our framework; activities should be
comprised of complex tasks designed to be investigated by users for extended
periods of time (ideally days, weeks and months). We could not reasonably
expect the participants to commit this amount of time. It is possible that
greater exposure to the learning experiences could have revealed potential
differences in learning outcomes that were otherwise missed.

6.2.4 The Impact of Novelty

A final threat to validity that warrants a section of its own is the potential
impact of novelty on both the user experience and learning outcomes.

Despite the fact that there now exists numerous VR headsets; at the time
of writing, exposure to headsets was for the majority of our participants a
novel experience. While any ramifications of novelty are therefore not only
to be expected, but realistic; if VR ever achieves widespread adoption it is
prudent to consider what results can potentially be attributed primarily to
novelty, as these results are unlikely to carry over to widespread adoption.

It is impossible to predict which factors measured across both studies
were most affected by novelty, but its potential ramifications across both
the user experience and learning outcomes are far reaching. Hypothetically,
lower levels of novelty may actually be beneficial to the learning experience
in some cases. While for example, enjoyment, and the frequency with which
participants stated they would prefer to use VR over desktops would likely
decrease as novelty did, conversely increased familiarity with headsets would
likely increase the amount of time students could comfortably study using the
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device, and simultaneously reduce distractions occurring simply as a result
of the novelty of the experience, as we observed in both studies. This may
have negatively affected learning outcomes, and potentially contributed to
the lack of observed differences.

While novelty should not be relied upon, and should be viewed as an
effect which will likely diminish over time; the novelty of VR technologies
could be utilized as an additional tool to facilitate student motivation.

6.3 Framework Utility

The Framework for Designing Educational VR Experiences was designed to
guide in the development of educational VR experiences that would be more
likely to both be positively received by students, and to achieve the desired
learning outcomes. Although the learning outcomes for the Study 2 headset
group were practically identical to those observed for the desktop, given that
no further differences were observed, the utility of this framework bears some
discussion.

As we have discussed, there are numerous factors that could have poten-
tially contributed to, or even explain the lack of measurable differences in
learning outcomes. Another possible explanation however is simply that, at
least in the context of these studies, VR provides minimal or no difference
in learning outcomes compared to the desktop; even if utilized to its full
potential and grounded in existing design, pedagogical, and psychological
theory.

Regardless, at this point we are unable to claim with confidence that
utilizing the framework will result in learning gains beyond what one would
expect from a comparable experience on a desktop; however, conversely there
is no reason to assume that adhering to the guidelines of the framework, which
are themselves based on existing theory, would be detrimental to learning
outcomes.

Finally, it is important to remember that the framework is situated at
the intersection of the fields of human-computer interaction, psychology, and
education. Facilitating improvements in learning outcomes is only one goal of
the framework, and its other, to guide the design of a positive user experience
appears to have been achieved. Nonetheless, future investigation is required
to test the effectiveness of the framework in improving learning outcomes.

While there already exists frameworks targetting various psychological
factors of relevance to education, and several designed specifically for VR in
education (Roussos, 1997; Chen et al., 2004; Chen & Teh, 2013); these largely
provide theoretical guidelines, obfuscating actual implementation details. It
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is our hope that the framework and corresponding checklist we created by
synthesizing these materials addresses this gap, and can provide practical
guidance to educators wishing to ground their design in existing pedagogical
theory.

6.4 The Content Producer Perspective

A major focus throughout this thesis was the content producer; specifically
the barriers to entry involved in creating educational VR content. This
issue was first identified during the systematic literature review outlined in
Chapter 2, and was a primary motivation for investigating 360◦ video. Given
the emphasis placed on this, the fact that in Chapter 5 we instead outlined
the design of an interactive VR system with a much higher barrier to entry
warrants discussion.

The primary motivation to both create the Framework for Designing Ed-
ucational Frameworks, and in turn the interactive VR system outlined in
Chapter 5 was the hypothesis that we observed no differences in the Study 1
learning outcomes because 360◦ video fails to utilize VRs full functionality.

Designing experiences that do however, requires knowledge of program-
ming and (usually) game engines, and thus drastically increases the barrier
to entry. This, like many of the other design decisions is therefore a balancing
act, whereby increasing the interactivity (and resultant complexity) of the ed-
ucational VR experience in turn increases the barrier to entry. Furthermore,
the lack of interactivity possible in 360◦ video greatly limits its potential ap-
plications, for example it is difficult to imagine a context in which it would
be useful for practical or ‘hands on’ training.

Nonetheless, if interaction with the environment is not necessary for the
learning experience, then the results of Study 1 indicate that utilizing 360◦

video for headsets is one approach that is simultaneously: able to provide
comparable learning outcomes to standard video on a monitor, is more likely
to be perceived as being engaging, immersive, and enjoyable by students,
and drastically reduces the barrier to entry involved in creating educational
VR content. Where suitable, these findings are potentially of interest to the
numerous authors identified in Chapter 2 discussing the overhead associated
with VR in education (Budziszewski, 2013; Huang et al., 2010; Merchant
et al., 2014; Mossel & Kaufmann, 2013; Takala, 2014).
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CHAPTER 7

Conclusions and Future Work

“You will not persuade me with
appeals to my intellectual
vanity.”

Dr. Lecter

Virtual reality is not a recent technology, nor is its application to educa-
tion. While, at the time of writing, VR has still failed to achieve widespread
adoption, the area has achieved substantial growth as a result of a recent
resurgence in consumer interest. At the time the research outlined in the
thesis was first proposed, VR was beginning to receive increased attention as
a result of several notable crowd funding campaigns (see Chapter 2). Now, at
its conclusion only a few years later; numerous consumer friendly VR head-
sets are available, many of which are backed by large existing consumer-facing
companies.

In this thesis we describe an analysis into the application, motivations,
and reported problems associated with using VR in education.

A study investigating the viability of 360◦ video as an approach to provid-
ing educational VR experiences is outlined, in which we report on both our
experiences as a content producer, and our analyses of the user experience
and learning outcomes.

We also present a framework, combining existing theory from the areas of
psychology, HCI, VR, and education. This framework is intended to ground
the design of educational VR experiences in existing theory, and increase the

154



Chapter 7. Conclusions and Future Work

likelihood of them both achieving the desired learning outcomes, and being
positively perceived by students.

Finally, we simultaneously tested both the viability of this framework,
and the perceived user experience and learning outcomes of a large interactive
educational VR experience, designed to fully utilize the capabilities of the
latest generation of headsets.

In this work we answer the two primary research question the thesis posed:

[RQ1] : How does learning on a VR headset compare to learning through
other digital means (such as a on a PC)?

[RQ2] : What techniques and technologies are most suitable for providing an
effective educational experience on a VR headset?

Our systematic literature review yielded several interesting findings. Firstly,
little research in the area is grounded in existing pedagogical theory. Fur-
thermore, the only justification frequently provided for investigating VR was
the belief that student enjoyment/motivation would increase as a result of
its novelty; a factor which will likely diminish over time. Usability issues and
costs, including the barrier to entry for content producers were frequently
provided as an issue. For this reason, we decided to investigate the use of
360◦ video as an alternative approach to creating educational VR content.

We encountered several minor difficulties when attempting to create edu-
cational 360◦ video content. Given that this was, to the best of our knowledge
the first investigation of 360◦ video for education; these issues, and our so-
lutions to them were provided in Chapter 3. Our qualitative analysis of the
participants reported user experience yielded overwhelmingly positive find-
ings in favour of 360◦ video, with participants on average reporting finding
the experience much more enjoyable, engaging, and immersive than standard
video on a monitor. The majority of participants also stated that they be-
lieved 360◦ video was an effective tool for education, and that they would
prefer it to standard video as a tool to supplement their own course learning
materials. Despite what participants believed, our analysis of the learning
outcomes however failed to identify any statistically significant differences in
the learning outcomes of participants shown 360◦ video on a headset to those
who viewed the same content as standard video on a desktop. This held true
for the special case factors, several of which were selected because we hy-
pothesized they would be most likely to exemplify any potential differences.
Interestingly, the 360◦ video group did perform better on large number of
questions, however because our analysis failed to identify any statistically
significant differences we are unable to make any claims other than that
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this indicates that there may exist minor differences that our Mann-Whitney
U -tests failed to identify.

Motivated by both the lack of observed differences in learning, and the
lack of pedagogical theory present in the literature analysed in Chapter 2, a
secondary literature review was conducted into numerous factors of relevance
to the design of educational VR experiences. Existing frameworks, theory,
and other models in the fields of HCI, VR, psychology, and education were
synthesized to create the Framework for Designing Educational VR Expe-
riences. This framework is comprised of 45 individual techniques/factors,
falling into 16 dimensions, and divided among 4 primary themes. Addi-
tionally, in Appendix D we provided a large checklist intended to provide
practical guidance based on the content of this framework.

Finally, we begin Chapter 5 by providing an example of how the frame-
work was used to guide the design of our own interactive educational VR
experience. This implementation was motivated by the hypothesis that we
failed to observe any differences in the learning outcomes of the 360◦ video
study both because it was not grounded in any pedagogical theory, and
it failed to utilize the full capabilities of VR headsets. While, once again
our qualitative analysis of the user experience demonstrated clear preference
towards the VR approach, despite the fact that the design of this implemen-
tation was grounded in theory (based on the contents of the framework),
and took full advantage of the functionality of the headset; surprisingly we
still failed to identify any differences in learning outcomes. As with 360◦

video, this was also the case for our analysis of the special case factors, in-
cluding those for which we hypothesized we would be most likely to observe
differences, such as spatial memory.

While it is possible that this is a result of the various methodological
issues and threats to validity discussed in the previous chapter. Despite
substantial existing literature and research in the field being motivated by
the assumption that the use of VR would somehow invariably result in deeper
learning (Section 2.4.3.2); given the findings of both studies we are unable to
conclude that VR provides any statistically significant differences in learning
compared to similar experiences on a PC.

Nonetheless, whether utilizing 360◦ video or fully interactive experiences,
the use of VR in education appears to provide comparable learning outcomes,
in an experience that students are much more likely to be motivated to use,
and perceive as being enjoyable, engaging, and immersive than the same
experience on a PC.
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7.1 Future Work

Although our Mann-Whitney U -tests failed to identify any statistically sig-
nificant differences; given that medium effect sizes (Cohen’s d) were observed
for multiple special case factors in both studies, we believe these most war-
rant further investigation.

As many papers identified during the systematic literature review outlined
in Chapter 2 were motivated by the belief that VR would be effective at
facilitating practical or ‘hands on’ training, and given that neither of our
studies investigated this application, we believe this is an area which also
deserves further investigation.

In order to provide the fairest possible comparison in the 360◦ video study,
we ensured that the majority of learning content was visible to participants
even without them having to rotate their heads. Given that this fails to real-
ize 360◦ videos ability to spread content around the environment, we believe
further investigation is required into content that does effectively utilize the
available space, specifically whether differences arise in visual factors and
spatial memory.

Although the results of Study 2 were indicative of a positive user expe-
rience, given that no differences in learning outcomes were observed further
investigation is also needed to test the effectiveness of the framework at im-
proving learning outcomes.

Finally, as discussed in the section Ephemeral Factors of Chapter 5; if
VR continues to increase both in adoption and technical specifications, then
some of the frameworks factors will in turn likely become a lesser, or even
non-issue.
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APPENDIX A

Systematic Review Data

Figures begin on the following page.
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Appendix A. Systematic Review Data
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APPENDIX B

Activity Diagrams: Interactive Educational Virtual Reality

Figures begin on the following page.
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Appendix B. Activity Diagrams

Figure B.1: Activity Diagram of the Island location.
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Figure B.2: Activity Diagram of the Room location.

Figure B.3: Activity Diagram of the Playground location.
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Figure B.4: Activity Diagram of the Mountain location.
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Figure B.5: Activity Diagram of the Lecture Theatre location.

Figure B.6: Activity Diagram of the Forest location.
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Figure B.7: Activity Diagram of the 2 Memory Palace locations.
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Figure B.8: Activity Diagram of the Tutorial location.
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APPENDIX C

Framework Graphical Overview

Figures begin on the following page.
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Appendix C. Framework Graphical Overview
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APPENDIX D

Checklist: Planning and Design of Educational Virtual

Reality Experiences

Theme Dimension Factor Checklist: In the planning/design
stages of your educational VR experience
have you considered...

Overhead Cost Initial
Purchase

Cost

� Whether the initial purchase costs
of the required hardware will viable for
your target audience.
� The feasibility of designing your expe-
rience to work on multiple existing VR
platforms (cross-platform capability).

Maintenance � Whether the hardware and/or
software will require regular mainte-
nance/updates.
� Whether maintenance/technical sup-
port will require specialized personal,
and whether this is feasible for the
target audience.

Training Staff � Whether it is sufficiently us-
able/understandable to be teachable
to staff (if it is intended to be used in
educational institution).
� Whether staff, in turn, will be able to
train their own students in its use.

Students � Whether it is sufficiently us-
able/understandable to be teachable
to students of the intended technical
knowledge.
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Intrinsic
Factors

Engagement Variable
Progression

� Allowing users the freedom to choose
between multiple ways of achieving the
desired learning outcomes.
� Utilizing gameplay ‘hooks’ as poten-
tial means of facilitating variable pro-
gression.

Self-in-role � Whether the goals and/or motivations
of the virtual character are clearly ex-
pressed.
� Whether these goals align with the de-
sired learning outcomes.

Collaboration � Providing multi-user support as a ba-
sic approach to facilitating collaboration.
� Evaluating your design decisions using
the Evaluation Framework for Collabo-
rative Educational Virtual Environments
created by Tsiatsos et al. (2010).

Authentic
Activities

� Whether your activities have real-
world relevance.
� Whether your activities are comprised
of complex tasks designed to be investi-
gated by users for extended periods of
time (ideally days, weeks and months).
� Whether users can achieve the tasks
via different approaches (Variable Pro-
gression).
� If it is feasible to seamlessly inte-
grate assessment within the activities, ei-
ther through programmatically embed-
ding assessments into the activities, or
retrospectively analysing recordings of
student activities.
� Designing different outcomes for dif-
ferent inputs, rather than a single re-
sponse to the correct input.

Focused
Goals

� Explicitly revealing the value, focus,
learning goals, and expected outcomes of
the learning environment as early as is
feasible.
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Measurable
Progress

� Allowing users to view their progress
towards the desired learning outcomes.
� Utilizing gamification and/or game-
based learning techniques, such as:

• Progress of ‘XP’ (experience)
bars.

• ‘Achievements’ for completing
certain tasks.

• Explicit notification of progress
towards a learning goal, e.g. ‘Goal
+50 Points’.

Enjoyment Game-based
Learning &

Gamification

� Game-based learning as an approach
to improving student enjoyment.
� Gamification (the application of game-
mechanics, and/or other game-like ele-
ments to non-gaming situations), such
as:

• Rewards of ‘Trophies’.

• High-scores and point systems.

• Redeemable virtual currencies.

• Achievements/progress bars (as
with measurable progress).

Interest Movement � Allowing users the freedom to ex-
plore/move within the environment,
either through physical tracking or
software-based input.

Use of
Colour

� Enhancing colours within the vir-
tual environment, and/or utilizing post-
processing effects such as saturation,
bloom, and chromatic aberration to im-
prove student interest.
� Designing an experience that is still
usable and enjoyable for students with
colour blindness.

Animation � Whether it is viable to include in-
teractable objects and/or entities, such
as autonomous ‘non-player characters
(NPCs)’ to improve student interest.

Challenging
Users

� Whether the activities are sufficiently
difficult to maintain student interest.
Tasks that are too easy or too difficult
will result in user disinterest.
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Guided
Exploration

� Allowing users time for guided explo-
ration of the virtual learning environ-
ment. Possible techniques include:

• Narration; i.e. an invisible entity
verbally guides the user through a
set of tasks intended to allow the
user to explore the environment.

• Non-player characters (NPCs)
can be used to guide users, or to
set them tasks intended to facili-
tate virtual exploration.

• Arrows and other visual cues can
also be used in virtual environ-
ments to guide users in their ex-
ploration.

Immersion Physical � Whether the physically (visually) im-
mersive nature of VR headsets makes the
application of specialized input periph-
erals (such as gesture recognition sys-
tems) more appropriate than traditional
input technologies (such as mouse and
keyboard).

Reliability � Prioritizing reliability over other fac-
tors (such as improved visual aesthetics)
if the experience is intended to induce
immersion.

Flow State Flow state cannot be attributed to sin-
gle design technique, but instead arises
as a result of a multitude of factors op-
erating harmoniously. Designers should
nonetheless attempt to design an expe-
rience that facilitates user interactions
that involve ‘deep concentration, high
and balanced challenges and skills, and a
sense of control and satisfaction’ (Csik-
szentmihalyi, 1990).

Usability Input Device Fit-for-
Context
(Natural

User
Interface)

� Whether the desired virtual interac-
tion style (and virtual representation)
closely matches the intended input hard-
ware.

Recognition
Accuracy

Whether the intended input devices pro-
vide sufficient reliability/recognition ac-
curacy for the desired context.
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Support Coaching
Messages

� Maximizing naturalness of interaction,
and thus how intuitive the system is to
use.
� Displaying and/or narrating hints or
‘pointers’ to the users (ideally in com-
bination with Guided Exploration) as
an approach to providing support which
preserves user interest.

Environmental
Visual
Quality

Resolution
and Pixel
Density

� Prioritizing higher-resolution screens
where possible.
� Avoiding displaying detail-dependant
information at a distance (to minimize
the screen door effect).

Field-of-view � Prioritizing higher field-of-view
screens where possible.

Legibility � Avoiding displaying large amounts
of finely detailed information simultane-
ously, including textual information.
� Using narration, animation, or other
means of communicating information.

Motion
Sickness

Latency � Minimizing/avoiding any latency
where possible.
� Performing evaluations to ensure no
perceivable latency exists.

Sensory
Disconnect

� Avoiding moving the user’s avatar
without action on their part.
� Achieving as close as possible a match
between physical interactions on the
user’s part, and their virtual represen-
tations.
� Prioritizing reliable input and output
peripherals.
� Prioritizing physical tracking over
software-based movement where viable.

Collision
Detection

� Ensuring that users remain within the
bounds of the virtual environment, and
ideally avoid passing through virtual ob-
jects.
� Ensuring that virtually relocating
users is done in a way that does not in-
duce motion sickness (i.e. minimizing
Sensory Disconnect). Typically, this can
be done by temporarily darkening the
screen before ‘teleporting’ the user to a
new location.
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Realism Graphic/Video
Quality

� Maximizing the quality of the com-
puter graphics, or video quality, and the
Environmental Visual Quality if realism
is desired.
� Ensuring that the desired realism can
be achieved within the processing re-
quirements, and without any perceivable
Latency.
� Whether they wish to avoid achieving
the ‘uncanny valley ’ effect.

Sound
Quality

� Using realistic audio, including Foley
and/or actual audio samples.
square Using 3D positional audio to fur-
ther improve realism.

Interaction
Quality

� Designing virtual interactions to
closely mimic ‘real’ ones, and to maxi-
mize the Recognition Accuracy of input
peripherals and naturalness of interac-
tion where possible.

Accuracy of
Simulation

� Whether the accuracy of the sim-
ulation is sufficiently accurate to pro-
vide virtual vocational training (i.e.
the transfer of ‘real-world’ or practical
skills).

Ergonomics Maximum
Usage Time

� Whether the educational experience
can be completed within the recom-
mended usage time of the targeted hard-
ware platform.

Comfort � Avoiding designing educational learn-
ing environments that require extended,
overly strenuous interactions and/or
repetitive movements.

Fogging � Avoiding designing strenuous activi-
ties, to avoid headset fogging.

Wearability
with Glasses

� Avoiding headsets that are not de-
signed to be used while wearing glasses
if possible, as these limit the potential
users of the software.

Learning
Experi-

ence

Retention Experiential
Learning

� Designing the experience to be both
experimental and experiential. Ideally
the system should be designed to allow
users to experiment with the learning en-
vironment, and care should be made to
prioritize Immersion in order to facili-
tate the experiential aspects of construc-
tivism.
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Collaboration � Refer to Intrinsic Factors → Engage-
ment → Collaboration.
� Organizing students into groups, and
allowing them to work together as a
team to accomplish a common goal, with
each student being dependant on every-
one else.

Scaffolding � Gradually reducing the degree of sup-
port provided to users to achieve tasks
over time. This can be done in combi-
nation with Gamification to make their
gradual reduction more enjoyable.

Distractions Coherence � Avoiding designing a system that con-
tains too many unnecessary distractions
to the user if absolute realism is not the
goal.

Narration Modality � Prioritizing narration over on-screen
text where non-complex information is
being portrayed.

Redundancy � Avoiding adding on-screen text to sup-
plement narration, as this potentially
has negative effects on learning out-
comes.

On-screen
Text

Frequency � Avoiding frequently displaying textual
information within the virtual environ-
ment.

Quantity � Keeping the quantity of text displayed
to a minimum (if communicating textual
information is a necessity).

Nature � The viability of alternative means
of communicating complex information,
such as abstract representations and an-
imations.
� Whether current limitations to head-
set legibility effectively render them un-
suitable for the desired learning context.

Table D.1: Checklist: Planning and Design of Educational VR Experiences
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Questionnaires

Figures begin on the following page.
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Usability Questionnaire  
Note: Extra pages are provided at the back of this questionnaire if needed. 
 
1. Did you find the learning experience enjoyable? 

Desktop 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

Head-mounted Display 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

 

2. Did you find the learning experience immersive? I.e. did you forget about your 

VXUURXQGLQJV��DQG�µORVH�\RXUVHOI¶�LQ�WKH�H[SHULHQFH" 

 

Desktop 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

Head-mounted Display 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

 

3. Did you find the learning experience engaging? I.e. did the learning experience hold 

your attention and make you actively focus on your learning? 

Desktop 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

Head-mounted Display 

� Strongly Disagree � Disagree � Neutral � Agree � Strongly Agree 

 

  

Appendix E. Questionnaires

Figure E.1: Study 1 Usability Questionnaire (User Evaluation).
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4. If you answered positively for Q2. or Q3. above, please describe your experiences: 

Desktop Head-mounted Display 

  

 

5. How long do you think you could comfortably study like this? 

 

Desktop Head-mounted Display 

  

 

6. Describe how often (if at all) you think you got distracted during the learning 

experience:  

 

Desktop Head-mounted Display 

  

Appendix E. Questionnaires

Figure E.2: Study 1 Usability Questionnaire (User Evaluation).
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7. If you owned both a head-mounted display and a desktop PC, and you had access to 

videos of a similar nature to those shown today, the contents of which were 

intended to act as a supplementary (but optional) material for YOUR own courses; 

how likely is it that you would use these on top of your existing learning materials? 

 

Desktop 

� Very Unlikely � Unlikely � Unsure � Likely � Very Likely 

Head-mounted Display 

� Very Unlikely � Unlikely � Unsure � Likely � Very Likely 

 

8. If the lecture recordings were available in both spherical and standard format (i.e. 

video on a monitor) which would you be more likely to use (assuming you had equal 

access to both a PC and a head-mounted display)? 

� Standard Video on a Monitor � Spherical Video on an HMD 

 

Explain your decision: 

 

 

 

Appendix E. Questionnaires

Figure E.3: Study 1 Usability Questionnaire (User Evaluation).
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9. Do you think the quality of the video and/or screen had any effect on your 

learning? Please comment on this: 

 

Desktop Head-mounted Display 

  

 

10. If you experienced any motion sickness, please describe this (and if known, what caused 

it) below: 

 

Desktop Head-mounted Display 

  

Appendix E. Questionnaires

Figure E.4: Study 1 Usability Questionnaire (User Evaluation).

182



 

 

11. If you experienced any other issues, please list and describe them below (no matter how 

small): 

 

Desktop Head-mounted Display 

  

 

12. Finally, overall do you think watching spherical video on a virtual reality head-mounted 

display is an effective tool for education? Describe why/why not below: 

 

 

Appendix E. Questionnaires

Figure E.5: Study 1 Usability Questionnaire (User Evaluation).
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Questionnaire - Short Term Retention
Please attempt to answer all questions. If you do not know the answer to a question, partial answers 
are also accepted.

1. Please enter your UPI below:

2. What 2 buses currently feed the Cook Street
bus stop?

3. What color was the interior of the vehicle you were shown?
Mark only one oval.

 Black with blue trim

 Black with white trim

 Black with green trim

 White with blue trim

 White with blue trim

 White with black trim

 Blue with black trim

 Blue with green trim

 Blue with white trim

 Green with black trim

 Green with blue trim

 Green with white trim

4. The James Cook domain is popular with whom?
Mark only one oval.

 Local runners and walkers

 Local dog walkers

 Local families

5. What 3 numbers were you asked to memorize in the lecture theatre?
Mark only one oval.

 1, 3, 8

 3, 5, 7

 1, 5, 7

 3, 5, 8

Appendix E. Questionnaires

Figure E.6: Study 1 Short-term Retention Questionnaire (Google Form).
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6. Which 3 shapes were drawn on the screen in the lecture theatre?
Check all that apply.

 Triangle

 Square

 Diamond

 Circle

 Star

 Pentagon

7. Why did Ponga Falls become the focus of media attention in 2010?
Provide as much detail as you can remember.
 

 

 

 

 

8. Which of the following pieces of equipment would you NOT find at the playground shown?
Mark only one oval.

 Slide

 Bridge

 Monkey bars

 Swings

 Seesaw

9. The Rawene Nature Reserve has been closed to the public on 3 separate occasions in the
last 80 years, what were the causes of these closures?
Provide as much detail as you can remember.
 

 

 

 

 

10. There are 2 major issues currently plaguing Whiterock Bush's environment/ecology, what
are they?
Provide as much detail as you can remember.
 

 

 

 

 

Appendix E. Questionnaires

Figure E.7: Study 1 Short-term Retention Questionnaire (Google Form).
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11. What are the 3 most popular sports played at Swanson Park?
Check all that apply.

 Hockey

 Golf

 Soccer

 Tennis

 Touch Rugby

 Rugby

 Athletics

 Cricket

12. The William Woodward building has had to have been reconstructed on 3 separate
occasions, what were the causes of these reconstructions?
Provide as much detail as you can remember.
 

 

 

 

 

13. What is unique about Willis Lake compared to lakes of the surrounding area, and what has
this resulted in?
Provide as much detail as you can remember.
 

 

 

 

 

14. A red ribbon could be seen tied around a tree in which location?
Mark only one oval.

 Ponga Falls

 Whiterock Bush

 James Cook Domain

 Rawene Nature Reserve

15. Park View Road is connected to 2 other roads, what are they?
Check all that apply.

 Eden Crescent

 Monarch Crescent

 Lake Road

 The Strand

 Cook Street

Appendix E. Questionnaires

Figure E.8: Study 1 Short-term Retention Questionnaire (Google Form).
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16. One of the locations you were shown was said to have a few picnic tables, where was
this?
Mark only one oval.

 James Cook Domain

 Swanson Park

 The Playground

 Whiterock Bush

 Rawene Nature Reserve

Location Recognition
Please attempt to answer all questions.

17. Where was the image shown in Figure 1 above taken?
Mark only one oval.

 Rawene Nature Reserve

 Willis Lake

 Swanson Park

 Whiterock Bush

Figure 1

Figure 2

Appendix E. Questionnaires

Figure E.9: Study 1 Short-term Retention Questionnaire (Google Form).
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18. Where was the image shown in Figure 2 above taken?
Mark only one oval.

 Rawene Nature Reserve

 Willis Lake

 Swanson Park

 Whiterock Bush

Figure 3

Appendix E. Questionnaires

Figure E.10: Study 1 Short-term Retention Questionnaire (Google Form).
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19. Where was the image shown in Figure 3 above taken?
Mark only one oval.

 The Cook Street bus stop

 Park View Road

Figure 4

Appendix E. Questionnaires

Figure E.11: Study 1 Short-term Retention Questionnaire (Google Form).
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20. Which of the images shown in Figure 4 above was taken at Whiterock Bush?
Mark only one oval.

 Image A

 Image B

 Image C

21. Where was the image shown in Figure 5 above taken?
Mark only one oval.

 James Cook Domain

 Swanson Park

 The Playground

 Rawene Nature Reserve

Figure 5

Figure 6

Appendix E. Questionnaires

Figure E.12: Study 1 Short-term Retention Questionnaire (Google Form).
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22. Of the images shown in Figure 6 above, 1 was NOT taken at any of the locations you were
shown, which was it?
Mark only one oval.

 Image A

 Image B

 Image C

 Image D

 Image E

 Image F

Appendix E. Questionnaires

Figure E.13: Study 1 Short-term Retention Questionnaire (Google Form).
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Questionnaire - Long Term Retention
These questions all relate to the video materials you were shown during your initial participation in 
the study.

Please attempt to answer all questions. If you do not know the answer to a question, partial answers 
are also accepted.

1. Please enter your UPI below:

2. The Cook Street bus stop is fed by how many buses?
Mark only one oval.

 1

 2

 3

 4

 5

3. Name the bus(es) below:
 

 

 

 

 

4. What color was the interior of the vehicle you were shown?
Mark only one oval.

 Black with blue trim

 Black with white trim

 Black with green trim

 White with blue trim

 White with blue trim

 White with black trim

 Blue with black trim

 Blue with green trim

 Blue with white trim

 Green with black trim

 Green with blue trim

 Green with white trim

Figure 1

Appendix E. Questionnaires

Figure E.14: Study 1 Long-term Retention Questionnaire (Google Form).
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5. The location shown in Figure 1 above was said to be popular with whom?
Mark only one oval.

 Local dog walkers

 Local runners and walkers

 Local families

6. What 3 numbers were you asked to memorize in the lecture theatre?
Mark only one oval.

 1, 5, 7

 3, 5, 7

 3, 5, 8

 1, 3, 8

7. Which of the following pieces of equipment would you NOT find at the playground you
were shown?
Mark only one oval.

 Slide

 Bridge

 Monkey bars

 Swings

 Seesaw

Appendix E. Questionnaires

Figure E.15: Study 1 Long-term Retention Questionnaire (Google Form).
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8. There are 2 major issues currently plaguing Whiterock Bush's environment/ecology, what
are they?
Provide as much detail as you can remember.
 

 

 

 

 

9. Which 3 shapes were drawn on the screen in the lecture theatre?
Check all that apply.

 Pentagon

 Square

 Triangle

 Circle

 Diamond

 Star

10. The Rawene Nature Reserve has been closed to the public on 3 separate occasions in the
last 80 years, what were the causes of these closures?
Provide as much detail as you can remember.
 

 

 

 

 

11. What are the 3 most popular sports played at Swanson Park?
Check all that apply.

 Hockey

 Golf

 Soccer

 Tennis

 Touch Rugby

 Rugby

 Athletics

 Cricket

Appendix E. Questionnaires

Figure E.16: Study 1 Long-term Retention Questionnaire (Google Form).
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12. Why did Ponga Falls become the focus of media attention in 2010?
Provide as much detail as you can remember.
 

 

 

 

 

13. The William Woodward building has had to have been reconstructed on 3 separate
occasions, what were the causes of these reconstructions?
Provide as much detail as you can remember.
 

 

 

 

 

14. What is unique about Willis Lake compared to lakes of the surrounding area, and what has
this resulted in?
Provide as much detail as you can remember.
 

 

 

 

 

15. Park View Road is connected to 2 other roads, what are they?
Check all that apply.

 Eden Crescent

 Monarch Crescent

 Lake Road

 The Strand

 Cook Street

16. One of the locations you were shown was said to have been damaged in a fire, where was
this?
Mark only one oval.

 James Cook Domain

 Swanson Park

 William Woodward Building

 The Playground

 Whiterock Bush

 Rawene Nature Reserve

Figure 2

Appendix E. Questionnaires

Figure E.17: Study 1 Long-term Retention Questionnaire (Google Form).
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17. Where was the image shown in Figure 2 above taken?
Mark only one oval.

 Rawene Nature Reserve

 Willis Lake

 Swanson Park

 Whiterock Bush

18. Where was the image shown in Figure 3 above taken?
Mark only one oval.

 Rawene Nature Reserve

 Willis Lake

 Swanson Park

 Whiterock Bush

Figure 3

Appendix E. Questionnaires

Figure E.18: Study 1 Long-term Retention Questionnaire (Google Form).
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19. Where was the image shown in Figure 4 above taken?
Mark only one oval.

 The Cook Street bus stop

 Park View Road

Figure 4

Figure 5

Appendix E. Questionnaires

Figure E.19: Study 1 Long-term Retention Questionnaire (Google Form).
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20. Which of the images shown in Figure 5 above was taken at Whiterock Bush?
Mark only one oval.

 Image A

 Image B

 Image C

21. A red ribbon could be seen tied around a tree in which of the locations shown in Figure 5
above?
Mark only one oval.

 Image A

 Image B

 Image C

22. Where was the image shown in Figure 6 above taken?
Mark only one oval.

 James Cook Domain

 Swanson Park

 The Playground

 Rawene Nature Reserve

Figure 6

Figure 7

Appendix E. Questionnaires

Figure E.20: Study 1 Long-term Retention Questionnaire (Google Form).
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23. Of the images shown in Figure 7 above, 1 was NOT taken at any of the locations you were
shown, which was it?
Mark only one oval.

 Image A

 Image B

 Image C

 Image D

 Image E

 Image F

Appendix E. Questionnaires

Figure E.21: Study 1 Long-term Retention Questionnaire (Google Form).
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Usability Questionnaire  

 
1. Did you find the learning experience enjoyable? 

Desktop 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

Head-mounted Display 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

 

2. Did you find the learning experience immersive? I.e. did you forget about your 

surroundings, and ‘lose yourself’ in the experience? 

 

Desktop 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

Head-mounted Display 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

 

3. Did you find the learning experience engaging? I.e. did the learning experience hold 

your attention and make you actively focus on your learning? 

Desktop 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

Head-mounted Display 

☐ Strongly Disagree ☐ Disagree ☐ Neutral ☐ Agree ☐ Strongly Agree 

 

  

Appendix E. Questionnaires

Figure E.22: Study 2 Usability Questionnaire (User Evaluation).
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4. If you answered positively for Q2. or Q3. above, please describe your experiences: 

Desktop Head-mounted Display 

  

 

5. How long do you think you could comfortably study like this? 

 

Desktop Head-mounted Display 

  

 

6. Describe how often (if at all) you think you got distracted during the learning 

experience:  

 

Desktop Head-mounted Display 

  

Appendix E. Questionnaires

Figure E.23: Study 2 Usability Questionnaire (User Evaluation).

201



7. If you owned both a head-mounted display and a desktop PC, and you had access to 

games of a similar nature to those shown today, the contents of which were 

intended to act as a supplementary (but optional) material for YOUR own courses; 

how likely is it that you would use these on top of your existing learning materials? 

 

Desktop 

☐ Very Unlikely ☐ Unlikely ☐ Unsure ☐ Likely ☐ Very Likely 

Head-mounted Display 

☐ Very Unlikely ☐ Unlikely ☐ Unsure ☐ Likely ☐ Very Likely 

 

8. If educational games were available in both a virtual reality and standard format 

(i.e. on a PC) which would you be more likely to use (assuming you had equal access to 

both a PC and a head-mounted display)? 

☐ Standard Games on a Desktop ☐ VR Games on an HMD 

 

Explain your decision: 

 

 

 

Appendix E. Questionnaires

Figure E.24: Study 2 Usability Questionnaire (User Evaluation).
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9. Do you think the quality of the game and/or screen had any effect on your 

learning? Please comment on this: 

 

Desktop Head-mounted Display 

  

 

10. If you experienced any motion sickness, please describe this (and if known, what caused 

it) below: 

 

Desktop Head-mounted Display 

  

 

Appendix E. Questionnaires

Figure E.25: Study 2 Usability Questionnaire (User Evaluation).
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11. If you experienced any other issues, please list and describe them below (no matter how 

small): 

 

Desktop Head-mounted Display 

  

 

12. Finally, overall do you think educational virtual reality are an effective tool for education? 

Describe why/why not below: 

 

 

 

Appendix E. Questionnaires

Figure E.26: Study 2 Usability Questionnaire (User Evaluation).
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Questionnaire - Short Term Retention
Please attempt to answer all questions. If you do not know the answer to a question, partial answers 
are also accepted.

* Required

1. Please enter your UPI below: *

The Island
Please attempt to answer all questions.

2. Q1. Which of the shellfish shown in Figure 1 is the species of shellfish unique to the
island?
Mark only one oval.

 Shellfish A

 Shellfish B

 Shellfish C

 Shellfish D

Figure 1

Figure 2

Appendix E. Questionnaires

Figure E.27: Study 2 Short-term Retention Questionnaire (Google Form).
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3. Q2. Which of the plants shown in Figure 2 did you identify on the island?
Check all that apply.

 Plant A

 Plant B

 Plant C

 Plant D

 Plant E

 Plant F

4. Q3. How many cricket wickets are used in Trobriand Cricket?
Mark only one oval.

1 2 3 4 5 6 7

Video 1

 http://youtube.com/watch?v=MDoISRPrtKw

Appendix E. Questionnaires

Figure E.28: Study 2 Short-term Retention Questionnaire (Google Form).

206



5. Q4. Listen to Video 1 above. Which of the 3 bird calls could be heard on the island?
Mark only one oval.

 Bird Call A

 Bird Call B

 Bird Call C

William Woodward Building
Please attempt to answer all questions.

6. Q5. When was the William Woodward Building Constructed?
Mark only one oval.

 1932

 1894

 1918

 1860

7. Q6. The William Woodward Building has been reconstructed on 3 separate occasions, list
the causes of these reconstructions below.
 

 

 

 

 

8. Q7. The William Woodward Building has been used for 3 separate purposes since it was
first opened, select these uses below.
Check all that apply.

 Police Station

 A Post Office

 Office Space

 A Library

 A Hospital

 Storage Space

 A Bank

Figure 3

Appendix E. Questionnaires

Figure E.29: Study 2 Short-term Retention Questionnaire (Google Form).
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9. Q8. Which of the paintings by artist Tom Head shown in Figure 3 above could be seen on
the wall of the William Woodward Building?
Mark only one oval.

 Painting A

 Painting B

 Painting C

 Painting D

 Painting E

 Painting F

The Playground
Please attempt to answer all questions.

10. Q9. Which 5 pieces of equipment listed below could be seen at the playground?
Check all that apply.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

Figure 4

Appendix E. Questionnaires

Figure E.30: Study 2 Short-term Retention Questionnaire (Google Form).
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11. Q10. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'A'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

Appendix E. Questionnaires

Figure E.31: Study 2 Short-term Retention Questionnaire (Google Form).
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12. Q11. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'B'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

13. Q12. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'D'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

The Mountain
Please attempt to answer all questions.

14. Q13. How high is the mountain you
measured with your laser pointer?

15. Q14. What is the yearly average temperature at the top of the mountain?
Mark only one oval.

 -4°C

 -2°C

 0°C

 2°C

 4°C

Appendix E. Questionnaires

Figure E.32: Study 2 Short-term Retention Questionnaire (Google Form).
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16. Q15. When did Mt. Java last erupt?
Mark only one oval.

 1230

 1650

 1825

 1932

17. Q16. Which of the pieces of rubble shown in Figure 5 above could be seen at the base of
the mountain?
Mark only one oval.

 Rubble A

 Rubble B

 Rubble C

 Rubble D

Figure 5

Figure 6

Appendix E. Questionnaires

Figure E.33: Study 2 Short-term Retention Questionnaire (Google Form).
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18. Q17. Which of the Mountains shown in Figure 6 above were said to also be active
volcanoes?
Check all that apply.

 Mountain A

 Mountain B

 Mountain C

 Mountain D

 Mountain E

 Mountain F

Lecture Theatre
Please attempt to answer all questions.

19. Q18. What 3 numbers were you asked to memorize in the lecture theatre?
Mark only one oval.

 1, 3, 8

 3, 6, 9

 8, 3, 7

 7, 1, 5

 3, 9, 3

20. Q19. Write down the 3 shapes AND their colors that you were asked to memorize in the
lecture theatre. Example: 'Square: Green'.
 

 

 

 

 

Rawene Nature Reserve
Please attempt to answer all questions.

21. Q20. What 3 issues are currently affecting the local wildlife of the Rawene Nature
Reserve?
 

 

 

 

 

Figure 7

Appendix E. Questionnaires

Figure E.34: Study 2 Short-term Retention Questionnaire (Google Form).
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22. Q21. Which of the berries shown in Figure 7 above is safe to eat?
Mark only one oval.

 Berry A

 Berry B

 Berry C

Underground Memory Palace
Please attempt to answer all questions.

23. Q22. What could be heard in the corner
containing the cube and the lamp?

24. Q23. What colour was the cube in the corner containing the lamp?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

25. Q24. What 3 letters could be seen above the
airplane?

26. Q25. What color were the balls used in the atom diagram (located above the airplane)?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

Appendix E. Questionnaires

Figure E.35: Study 2 Short-term Retention Questionnaire (Google Form).
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27. Q26. What 4 numbers could be seen above the stairs?
Mark only one oval.

 3, 5, 7, 10

 3, 6, 9, 11

 3, 2, 3, 11

 3, 6, 9, 12

 3, 5, 7, 11

 3, 6, 9, 10

28. Q27. Besides the numbers, what else was in
the corner with the stairs?

29. Q28. What color was the balloon located in the corner with the building?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

30. Q29. How many storeys was the building?

31. Q30. If you were facing the corner with the building, which corner would be located to your
left?
Mark only one oval.

 The Stairs Corner

 The Airplane Corner

 The Lamp Corner

32. Q31. If you were facing the corner with the Airplane, which corner would be located to
your left?
Mark only one oval.

 The Stairs Corner

 The Building Corner

 The Lamp Corner

Sky Memory Palace
Please attempt to answer all questions.

33. Q32. What 2 letters could be seen sitting on
either end of the seesaw?

Appendix E. Questionnaires

Figure E.36: Study 2 Short-term Retention Questionnaire (Google Form).
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34. Q33. What colour were each of these letters?
E.g. 'Y: Red, U: Purple'

35. Q34. What was the date (4 digit number)
located in the corner with the banana tree?

36. Q35. Besides the number, what else was in
the corner with the banana tree?

37. Q36. What was the text located above the office chair (in the corner containing the cube
and office chair)?
Mark only one oval.

 3M

 N7

 3N

 MN

 7N

 7M

 M7

 N3

38. Q37. What could be heard in the corner
containing the table and ball?

39. Q38. What color was the ball located on the table?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

40. Q39. If you were facing the corner with the seesaw, which corner would be located to your
left?
Mark only one oval.

 The Table and Ball Corner

 The Office Chair Corner

 The Banana Tree Corner

Appendix E. Questionnaires

Figure E.37: Study 2 Short-term Retention Questionnaire (Google Form).
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41. Q40. If you were facing the corner with the table and ball, which corner would be located
to your left?
Mark only one oval.

 The Office Chair Corner

 The Banana Tree Corner

 The Seesaw Corner

Appendix E. Questionnaires

Figure E.38: Study 2 Short-term Retention Questionnaire (Google Form).
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Questionnaire - Long Term Retention
Please attempt to answer all questions. If you do not know the answer to a question, partial answers 
are also accepted.

* Required

1. Please enter your UPI below: *

The Island
Please attempt to answer all questions.

2. Q1. Which of the shellfish shown in Figure 1 is the species of shellfish unique to the
island?
Mark only one oval.

 Shellfish A

 Shellfish B

 Shellfish C

 Shellfish D

Figure 1

Figure 2

Appendix E. Questionnaires

Figure E.39: Study 2 Long-term Retention Questionnaire (Google Form).
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3. Q2. Which of the plants shown in Figure 2 did you identify on the island?
Check all that apply.

 Plant A

 Plant B

 Plant C

 Plant D

 Plant E

 Plant F

4. Q3. How many cricket wickets are used in Trobriand Cricket?
Mark only one oval.

1 2 3 4 5 6 7

Video 1

 http://youtube.com/watch?v=MDoISRPrtKw

Appendix E. Questionnaires

Figure E.40: Study 2 Long-term Retention Questionnaire (Google Form).

218



5. Q4. Listen to Video 1 above. Which of the 3 bird calls could be heard on the island?
Mark only one oval.

 Bird Call A

 Bird Call B

 Bird Call C

William Woodward Building
Please attempt to answer all questions.

6. Q5. When was the William Woodward Building Constructed?
Mark only one oval.

 Between 1750-1759

 Between 1800-1849

 Between 1850-1899

 Between 1900-1950

 Between 1951-2000

7. Q6. The William Woodward Building has been reconstructed on 3 separate occasions, list
the causes of these reconstructions below.
 

 

 

 

 

8. Q7. The William Woodward Building has been used for 3 separate purposes since it was
first opened, select these uses below.
Check all that apply.

 Police Station

 A Post Office

 Office Space

 A Library

 A Hospital

 Storage Space

 A Bank

Figure 3

Appendix E. Questionnaires

Figure E.41: Study 2 Long-term Retention Questionnaire (Google Form).
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9. Q8. Which of the paintings by artist Tom Head shown in Figure 3 above could be seen on
the wall of the William Woodward Building?
Mark only one oval.

 Painting A

 Painting B

 Painting C

 Painting D

 Painting E

 Painting F

The Playground
Please attempt to answer all questions.

10. Q9. Which 5 pieces of equipment listed below could be seen at the playground?
Check all that apply.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

Figure 4

Appendix E. Questionnaires

Figure E.42: Study 2 Long-term Retention Questionnaire (Google Form).
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11. Q10. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'A'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

Appendix E. Questionnaires

Figure E.43: Study 2 Long-term Retention Questionnaire (Google Form).
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12. Q11. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'B'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

13. Q12. If Figure 4 above represents a bird's-eye view of the playground, what piece of
equipment would be located in Position 'D'
Mark only one oval.

 Picnic table

 Slide

 Bouncy castle

 Sandbox

 Bouncy ball

 Rock-climbing-wall

 Merry-go-round

 Seesaw

 Flying fox

 Fireman's pole

The Mountain
Please attempt to answer all questions.

14. Q13. How high is the mountain you measured with your laser pointer?
Mark only one oval.

 40m

 50m

 400m

 500m

 4000m

 5000m

Appendix E. Questionnaires

Figure E.44: Study 2 Long-term Retention Questionnaire (Google Form).
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15. Q14. When did Mt. Java last erupt?
Mark only one oval.

 1230

 1650

 1825

 1932

16. Q15. Which of the pieces of rubble shown in Figure 5 above could be seen at the base of
the mountain?
Mark only one oval.

 Rubble A

 Rubble B

 Rubble C

 Rubble D

Figure 5

Figure 6

Appendix E. Questionnaires

Figure E.45: Study 2 Long-term Retention Questionnaire (Google Form).
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17. Q16. Which of the Mountains shown in Figure 6 above were said to also be active
volcanoes?
Check all that apply.

 Mountain A

 Mountain B

 Mountain C

 Mountain D

 Mountain E

 Mountain F

Lecture Theatre
Please attempt to answer all questions.

18. Q17. What 3 numbers were you asked to memorize in the lecture theatre?
Mark only one oval.

 1, 3, 8

 3, 6, 9

 8, 3, 7

 7, 1, 5

 3, 9, 3

19. Q18. Write down the 3 shapes that you were
asked to memorize in the lecture theatre:

Rawene Nature Reserve
Please attempt to answer all questions.

20. Q19. What 3 issues are currently affecting the local wildlife of the Rawene Nature
Reserve?
 

 

 

 

 

Figure 7
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Figure E.46: Study 2 Long-term Retention Questionnaire (Google Form).
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21. Q20. Which of the berries shown in Figure 7 above is safe to eat?
Mark only one oval.

 Berry A

 Berry B

 Berry C

Underground Memory Palace
Please attempt to answer all questions.

22. Q21. What could be heard in the corner
containing the cube and the lamp?

23. Q22. What colour was the cube in the corner containing the lamp?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

24. Q23. Which of the following could be seen floating above the airplane?
Mark only one oval.

 A series of numbers

 Berries

 A series of letters

 Trees

25. Q24. What 4 numbers could be seen above the stairs?
Mark only one oval.

 3, 5, 7, 10

 3, 6, 9, 11

 3, 2, 3, 11

 3, 6, 9, 12

 3, 5, 7, 11

 3, 6, 9, 10

26. Q25. Besides the numbers, what else was in the corner with the stairs?
Mark only one oval.

 A giant cricket ball

 A giant red cube

 A giant pencil

 A giant tree

Appendix E. Questionnaires

Figure E.47: Study 2 Long-term Retention Questionnaire (Google Form).
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27. Q26. What color was the balloon located in the corner with the building?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

28. Q27. What else was located on top of the building?
Mark only one oval.

 A flaming torch

 A series of numbers

 An atom diagram

 A series of letters

29. Q28. If you were facing the corner with the building, which corner would be located to your
left?
Mark only one oval.

 The Stairs Corner

 The Airplane Corner

 The Lamp Corner

30. Q29. If you were facing the corner with the Airplane, which corner would be located to
your left?
Mark only one oval.

 The Stairs Corner

 The Building Corner

 The Lamp Corner

Sky Memory Palace
Please attempt to answer all questions.

31. Q30. What 2 letters could be seen sitting on either end of the seesaw?
Mark only one oval.

 L & P

 R & S

 S & P

 J & K

 P & R

Appendix E. Questionnaires

Figure E.48: Study 2 Long-term Retention Questionnaire (Google Form).
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Powered by

32. Q31. What was the date (4 digit number) located in the corner with the banana tree?
Mark only one oval.

 1450

 1865

 2007

 1943

 1620

33. Q32. Besides the number, what else was in
the corner with the banana tree?

34. Q33. What could be heard in the corner
containing the table and ball?

35. Q34. What color was the ball located on the table?
Mark only one oval.

 Red

 Green

 Purple

 Orange

 Blue

 Black

 White

36. Q35. If you were facing the corner with the seesaw, which corner would be located to your
left?
Mark only one oval.

 The Table and Ball Corner

 The Office Chair Corner

 The Banana Tree Corner

37. Q36. If you were facing the corner with the table and ball, which corner would be located
to your left?
Mark only one oval.

 The Office Chair Corner

 The Banana Tree Corner

 The Seesaw Corner

Appendix E. Questionnaires

Figure E.49: Study 2 Long-term Retention Questionnaire (Google Form).

227



APPENDIX F

Ethics

Figures begin on the following page.

228



    
 

Department of Computer Science, 
38 Princes Street, Auckland, 

+64 9 373 7599 x 82930 
 

The University of Auckland 
Private Bag 92019 

Auckland 1142 
New Zealand 

Consent Form 
 

This Form will be Held for a Period of 6 Years 
 

Name of Researcher:  Sam Kavanagh, skav012@aucklanduni.ac.nz 

Name of Supervisor(s): Andrew Luxton-Reilly, a.luxton-reilly@auckland.ac.nz; 

                                          Burkhard Wuensche, burkhard@cs.auckland.ac.nz 

I have read the Participant Information Sheet, and I have understood the nature of the research and why I have 

been selected. I have the opportunity to ask questions and have them answered to my satisfaction. 

 I agree to take part in this research. 

 My participation is voluntary. 

 I understand that I will be asked to complete 2 questionnaires and an interview, as well as play an 

educational game both on a desktop PC and on a virtual reality head-mounted display. 

 I understand that there is potential for mild discomfort in the form of nausea and/or dizziness from 

wearing the head-mounted display. I also understand that if this happens, a quiet place for me to sit 

and recover will be made available.  

 I understand that the researcher and their supervisors will have access to the raw data obtained from 

my interview/questionnaires. 

 I understand that an anonymized form of this data may be used to form the basis for research papers 

that may be submitted to conferences or journals. I also understand that it may be used in local 

presentations to research groups or departmental seminars. 

 I understand that I am free to withdraw participation at any time without giving a reason, and to 

withdraw any data traceable to me up to 1 week after the submission of my final questionnaire. 

 I understand that my participation/non-participation in this research will not affect my relationship 

with the University of Auckland, nor have any effect on my grades. 

 I understand that the data will be kept for 6 years, after which time any data will be destroyed. 

 I wish to receive a summary of findings, which can be emailed to me at this email address:  

 

__________________________________ (enter email address here, if desired). 

 

Name: __________________________________. 

 

 

Signature: __________________________________.  Date: _______________________. 

 

For any queries regarding ethical concerns you may contact the Chair, The University of Auckland Human Participants Ethics Committee, The University of 

Auckland, Research Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 x 83711. Email: ro-ethics@auckland.ac.nz 

Approved by the University of Auckland Human Participants Ethics Committee on 08.03.2016 for three years. Reference Number 016696. 
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Department of Computer Science, 
38 Princes Street, Auckland, 

+64 9 373 7599 x 82930 
 

The University of Auckland 
Private Bag 92019 

Auckland 1142 
New Zealand 

Participant Information Sheet 
 

Evaluating the Learning Experience and Outcomes of Educational 
Spherical Videos on Virtual Reality Head-mounted Displays 

 

Name of Researcher: Sam Kavanagh 

Name of Supervisor(s): Dr Andrew Luxton-Reilly and Dr Burkhard Wuensche 

Research Introduction 
I am Sam Kavanagh and I am a PhD student in the University of Auckland Computer Science department. I am 

also currently a marker for the same department. My supervisors are Dr Andrew Luxton-Reilly and Dr Burkhard 

Wuensche, both of whom are Senior Lecturers in the Computer Science Department. 

This Project 
This experiment aims to investigate the potential that virtual reality head-mounted displays (HMDs) have in 

education.  Specifically, I am studying the viability and effectiveness of using 360° ‘spherical’ video to provide 

educational lectures when presented on desktop screens compared with head-mounted displays.  I believe the 

results of this project could potentially motivate an entirely new approach to providing educational content on 

virtual reality HMDs. 

Risks 
There is a risk of very mild discomfort as a result of wearing the HMD. This may come in the form of dizziness 

and/or nausea, similar to that experienced by some people watching 3D movies. If you feel any discomfort 

during the study, then you may stop watching the video or remove the headset at any time.  In the event that 

you experience discomfort, then a quiet place for you to sit and recover will be made available. 

Invitation to Participate 
You are invited to participate in this experiment because you are currently a student at the University of 

Auckland. Later studies will potentially target younger participants, however this study is intended to assess 

the viability of this approach with tertiary students. 

Voluntary Participation 
Your participation is voluntary, and you may decline this invitation without penalty. If you are a student at the 

University of Auckland, then your participation/non-participation will not affect your grade, nor your 

relationship either myself or my supervisors (listed above). You are free to contact the head of department if 

you feel that this has not been upheld.  If you do not respond to the email containing this participation 

information sheet within 7 days, it will be assumed you no longer wish to participate and no further attempts 

to contact you will be made. 
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Figure F.2: Study 1 Participant Information Sheet.
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Compensation 
If you agree to participate, then you will have the opportunity to spend 30 minutes playing around with 

various games and applications on a virtual reality HMD.  You will be allocated this time whether or not you 

choose to complete all the study activities, or to withdraw your participation. 

Project Procedures and Duration 
If you choose to participate, you will be asked to participate in two activities split over a period of 6 weeks. The 

first will take 20-45 minutes, and will need to be done in person. The second will take approximately 20 

minutes, and can be done online. You can choose to withdraw from participation in this project at any time. 

Activity 1 
You will be first asked to fill out a brief pre-test questionnaire, this questionnaire is designed to measure what 

previous experience you have with virtual reality HMDs. You will also be asked if you have any issues affecting 

your vision (so the HMD can be adjusted accordingly).  

After this, you will be asked to watch two educational videos for a period of 3-5 minutes each. The group you 

are assigned to will determine the order you watch these videos; either first on a virtual reality head-mounted 

display, or first on a standard desktop PC. When you are using the HMD you may encounter mild discomfort in 

the form of nausea and/or dizziness. If you experience any discomfort, you may ask for the video to be 

switched off and may remove the HMD. 

After you have completed watching the videos, you will be asked to fill out another questionnaire. This 

questionnaire will contain a combination of multiple choice and open ended questions, focusing on the 

usability experience you had watching the videos. 

After you have completed the questionnaire, you will be asked to participate in a brief interview/oral 

assessment of the content covered in the videos. This interview will also contain a combination of multiple 

choice and open ended questions, attempting to assess the amount of information that you retained from the 

videos.  

Activity 2 
Six weeks after you have completed Activity 1, you will be asked to complete a brief online questionnaire 

containing a similar combination of questions to those conducted in the interview outlined above. This is done 

in order to measure your long term retention of the information covered in the videos. 

Data Storage, Retention, Destruction and Future use 
I will collect the data for this study from the responses you (and other participants) provide during the pre-test 

questionnaire, usability questionnaire, post-test interview, and the online questionnaire.  This data will be 

used for a PhD thesis and for possible publication in conference or journal papers.  The data may also be used 

in academic presentations to research groups or departmental seminars.  Your data will only be presented in a 

way that ensures your identity is not revealed. 

The paper-based questionnaires data will be digitally entered and then placed in a confidential document bin 

for destruction.  The electronic data entered from questionnaires will be stored on a UoA secure server, where 

it will remain for a period of 6 years, after which it will be deleted.  Your consent form will be stored in locked 

filing cabinet in the office of the primary supervisor (Dr Andrew Luxton-Reilly) for a period of 6 years, after 

which it will be placed in a confidential bin for destruction according to standard UoA practices. 

Right to Withdraw from Participation 
You have the right to withdraw from the project procedures at any point before, during, or between the 

activities outlined above without having to give a reason. The withdrawal of your questionnaire/interview data 
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is possible up to a week after the completion of your participation (i.e. one week after your completion of the 

online questionnaire). 

Anonymity and Confidentiality 
Your identity will remain confidential throughout this research project.  Only me and my supervisors will have 

access to the raw research data that will include your name. When you sign the consent form, a code will be 

entered on the consent form and used to identity your data.  Your name will not be stored with the data, and 

the data will be stored electronically, separate from the consent forms. If the information you provide is 

reported/published, this will be done in a way that does not identify you as its source. 

A copy of the research findings will be made available to you, if you wish (to be specified in the consent form). 

Contact Details and Approval 
 

Student Researcher name and 
contact details 

Supervisor name and contact 
details 

Head of Department name and 
contact details 

Sam Kavanagh, 
skav012@aucklanduni.ac.nz  

Dr Andrew Luxton-Reilly, 
Department of Computer Science, 
a.luxton-reilly@auckland.ac.nz, 
+64 9 373 7599 x 85654  
 
Dr Burkhard Wuensche, 
Department of Computer Science, 
EMAIL, 
+64 9 373 7599 x 83705  

Prof Gill Dobbie, 
Department of Computer Science, 
g.dobbie@auckland.ac.nz, 
+64 9 923 3949 

 

 

 For any queries regarding ethical concerns you may contact the Chair, The University of Auckland Human 

Participants Ethics Committee, The University of Auckland, Research Office, Private Bag 92019, Auckland 1142. 

Telephone 09 373-7599 x 83711. Email: ro-ethics@auckland.ac.nz 

 

Approved by the University of Auckland Human Participants Ethics Committee on 08.03.2016 for three years. 

Reference Number 016696. 
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Department of Computer Science, 
38 Princes Street, Auckland, 

+64 9 373 7599 x 82930 
 

The University of Auckland 
Private Bag 92019 

Auckland 1142 
New Zealand 

Participant Information Sheet 
 

Evaluating the Learning Experience and Outcomes of Educational 
Virtual Reality Games on Head-mounted Displays 

 

Name of Researcher: Sam Kavanagh 

Name of Supervisor(s): Dr Andrew Luxton-Reilly and Dr Burkhard Wuensche 

Research Introduction 
I am Sam Kavanagh and I am a PhD student in the University of Auckland Computer Science department. I am 

also currently a marker for the same department. My supervisors are Dr Andrew Luxton-Reilly and Dr Burkhard 

Wuensche, both of whom are Senior Lecturers in the Computer Science Department. 

This Project 
This experiment aims to investigate the potential that virtual reality head-mounted displays (HMDs) have in 

education.  Specifically, I am studying the viability and effectiveness of using games to provide educational 

experiences on desktop screens compared with head-mounted displays. I believe the results of this project 

could potentially improve understanding of the differences in learning that occur when presenting information 

on virtual reality head-mounted displays compared to other digital mediums, such as desktop PCs. 

Risks 
There is a risk of very mild discomfort as a result of wearing the HMD. This may come in the form of dizziness 

and/or nausea, similar to that experienced by some people watching 3D movies. If you feel any discomfort 

during the study, then you may stop watching the video or remove the headset at any time.  In the event that 

you experience discomfort, then a quiet place for you to sit and recover will be made available. 

Invitation to Participate 
You are invited to participate in this experiment because you are currently a student at the University of 

Auckland. Later studies will potentially target younger participants, however this study is intended to assess 

the viability of this approach with tertiary students. 

Voluntary Participation 
Your participation is voluntary, and you may decline this invitation without penalty. If you are a student at the 

University of Auckland, then your participation/non-participation will not affect your grade, nor your 

relationship either myself or my supervisors (listed above). You are free to contact the head of department if 

you feel that this has not been upheld. If you do not respond to the email containing this participation 

information sheet within 7 days, it will be assumed you no longer wish to participate and no further attempts 

to contact you will be made. 
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Compensation 
If you agree to participate, then you will have the opportunity to spend 30 minutes playing around with 

various games and applications on a virtual reality HMD.  You will be allocated this time whether or not you 

choose to complete all the study activities, or to withdraw your participation. 

Project Procedures and Duration 
If you choose to participate, you will be asked to participate in two activities split over a period of 6 weeks. The 

first will take 20-45 minutes, and will need to be done in person. The second will take approximately 20 

minutes, and can be done online. You can choose to withdraw from participation in this project at any time. 

Activity 1 
You will be first asked to fill out a brief pre-test questionnaire, this questionnaire is designed to measure what 

previous experience you have with virtual reality HMDs. You will also be asked if you have any issues affecting 

your vision (so the HMD can be adjusted accordingly).  

After this, you will be asked to play two educational games, for a period of 10-15 minutes each. The group you 

are assigned to will determine the order you play these games; either first on a virtual reality head-mounted 

display, or first on a standard desktop PC. When you are using the HMD you may encounter mild discomfort in 

the form of nausea and/or dizziness. If you experience any discomfort, you may ask for the game to be 

switched off and may remove the HMD. 

After you have completed playing the games, you will be asked to fill out another questionnaire. This 

questionnaire will contain a combination of multiple choice and open ended questions, focusing on the 

usability experience you had playing the games. 

After you have completed the questionnaire, you will be asked to participate in a brief interview/oral 

assessment of the content covered in the games. This interview will also contain a combination of multiple 

choice and open ended questions, attempting to assess the amount of information that you retained from the 

games.  

Activity 2 
Six weeks after you have completed Activity 1, you will be asked to complete a brief online questionnaire 

containing a similar combination of questions to those conducted in the interview outlined above. This is done 

in order to measure your long term retention of the information covered in the games. 

Data Storage, Retention, Destruction and Future use 
I will collect the data for this study from the responses you (and other participants) provide during the pre-test 

questionnaire, usability questionnaire, post-test interview, and the online questionnaire.  This data will be 

used for a PhD thesis and for possible publication in conference or journal papers.  The data may also be used 

in academic presentations to research groups or departmental seminars.  Your data will only be presented in a 

way that ensures your identity is not revealed. 

The paper-based questionnaires data will be digitally entered and then placed in a confidential document bin 

for destruction.  The electronic data entered from questionnaires will be stored on a UoA secure server, where 

it will remain for a period of 6 years, after which it will be deleted.  Your consent form will be stored in locked 

filing cabinet in the office of the primary supervisor (Dr Andrew Luxton-Reilly) for a period of 6 years, after 

which it will be placed in a confidential bin for destruction according to standard UoA practices. 

Right to Withdraw from Participation 
You have the right to withdraw from the project procedures at any point before, during, or between the 

activities outlined above without having to give a reason. The withdrawal of your questionnaire/interview data 
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is possible up to a week after the completion of your participation (i.e. one week after your completion of the 

online questionnaire). 

Anonymity and Confidentiality 
Your identity will remain confidential throughout this research project.  Only me and my supervisors will have 

access to the raw research data that will include your name. When you sign the consent form, a code will be 

entered on the consent form and used to identity your data.  Your name will not be stored with the data, and 

the data will be stored electronically, separate from the consent forms. If the information you provide is 

reported/published, this will be done in a way that does not identify you as its source. 

A copy of the research findings will be made available to you, if you wish (to be specified in the consent form). 

Contact Details and Approval 
 

Student Researcher name and 
contact details 

Supervisor name and contact 
details 

Head of Department name and 
contact details 

Sam Kavanagh, 
skav012@aucklanduni.ac.nz  

Dr Andrew Luxton-Reilly, 
Department of Computer Science, 
a.luxton-reilly@auckland.ac.nz, 
+64 9 373 7599 x 85654  
 
Dr Burkhard Wuensche, 
Department of Computer Science, 
EMAIL, 
+64 9 373 7599 x 83705  

Prof Gill Dobbie, 
Department of Computer Science, 
g.dobbie@auckland.ac.nz, 
+64 9 923 3949 

 

 

 For any queries regarding ethical concerns you may contact the Chair, The University of Auckland Human 

Participants Ethics Committee, The University of Auckland, Research Office, Private Bag 92019, Auckland 1142. 

Telephone 09 373-7599 x 83711. Email: ro-ethics@auckland.ac.nz 

 

Approved by the University of Auckland Human Participants Ethics Committee on 08.03.2016 for three years. 

Reference Number 016696. 
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