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Virtual reality for
workplace learning:

An exploration of learner reaction,
knowledge acquisition, retention,
and post-learning confidence
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Abstract

VR has been rated by the L&D Global
Sentiment Survey as the fourth-
hottest workplace trend for 2017. But
the inevitable question now arising
is: ‘Is virtual reality for learning just
hype?’. VR offers big opportunities
for learning, but currently there

are few evaluative studies on the
usefulness of VR as a learning tool.
This exploratory pilot study aims to
uncover the relative effectiveness

of VR for workplace learning by
comparing it against two other
popular digital learning media
types: an online PDF, and a gamified
elearning interaction.

The study compared learner
reaction, knowledge acquisition,
knowledge retention and confidence,
to determine if one online learning
method was more effective than
another. Our results revealed that
participants found VR significantly
more enjoyable, significantly easier
to concentrate on, and it provided
greater learning satisfaction than
the other learning interventions. Our
results revealed that mobile VR was
at least as effective as the online

PDF and gamified interaction for
knowledge acquisition (out of 10, 9.45
versus 8.70 and 9.36, respectively;
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p >.05) and retention (out of 10, 9.00
versus 7.71 and 7.80, respectively; p
>.05). In terms of confidence to apply
the newly acquired knowledge, VR
yielded high confidence ratings that
were comparable with the other
learning interventions. While further
research is needed to verify these
findings, this pilot study indicated
that VR is at least as effective as the
other digital learning interventions,
and provides significant benefits in
terms of user experience.

Page 2



Introduction

“Learningis the process whereby
knowledge is created through the
transformation of experience ”

Kolb, D. A®

Underpinning learning theories

Before we answer the question

‘is VR effective for learning?’, we
must first understand the learning
theories that underpin VR learning.
Kolb's Experiential Learning Theory®
states that learning involves the
acquisition of abstract concepts
that can be applied to a range of
scenarios. The development of a
new concept is formed from new
experiences. Kolb says, “Learning is
the process whereby knowledge is
created through the transformation
of experience”®. Therefore, in

order to learn, we need to have

a concrete experience, reflect on
that experience, make abstract
conclusions and then actively
experiment with the new information
by applying what was learned and
observing the result’. The concept
of learning from experience is also
echoed in Knowles’ Principles of
Andragogy?, which states that
encountering experiences, including

mistakes, provides the basis for
learning. Thus, it would seem logical
to create learning interventions
that replicate real-life learning
experiences as closely as possible,
without the risks that comes with
mistakes. VR gives us this ability®.

The validity of VR as a pedagogically
effective method of learning is

also supported by Constructivist
Learning theories'®, which state that
knowledge is constructed by learners
through experience and activity™.
Learning should be experiential and
applicable to real-life scenarios™.
There is a growing body of evidence
that supports the connection
between VR and Constructivist
principles™-". VR can unlock learning
affordances that were not previously
possible, including the ability to
teach people through life-like
experiences®.

With VR, learners are able to interact
with a simulated environment in real

time™ and treat that environment in
the same way they would the real
world?. These technical capabilities
support Constructivist Learning
principles by giving the learners

an active role in their learning and
thereby building up their knowledge
based on experience?.

While the use of VR for learning
appears to be underpinned by
experience-based learning theories,
it is also important to understand
the nuances delivered by VR that
enhance the learning experience.

A key factor seems to be presence.
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Presence

Use in formal education

Research shows there is a growing
trend to utilise VR in formal
education?-3°, Educators have used
3D modelling and virtual realities to
teach abstract concepts®. Positive
outcomes have been reported in
educational studies that used VR to
teach subjects such as anatomys
3, geosciences®*, physics concepts®
and improved writing skills®.

An explanation for the positive effect
of VR for learning has been attributed
to a reduced extraneous cognitive
load, which allowed learners to
focus on actively processing the
informative material*’. However,
other studies have discovered
greater learning outcomes with

2D simulations compared with 3D
virtual worlds, due to distractors in
the virtual world®. This suggests
that creating overcomplicated
experiences can inhibit learning.
This implies that any virtual world
needs to be thoughtfully designed
to enhance the learning, rather
than distract from it. The research
also suggests that VR is particularly
suited to learning that is enhanced
by multiple perspectives of the
same scenario®. It is also useful for
subjects that require problem solving
ability and creativity.

Although these educational studies
can give some interesting insights
into practical applications for the

VR needs to be thoughtfully designed
to enhance the learning, rather than

distract fromit.
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use of VR training, many of the
studies in this area are based only on
desktop VR experiences. Desktop VR
is a 3D image that can be explored
via a keyboard, mouse, joystick or
haptics on a desktop computer*

42 and although realistic graphics
have been shown to enhance
engagement in learning, they do
not provide the fully immersive
experience that can be achieved

in a state-of-the-art VR headset®.
Education is likely to be restricted by
less immersive technology due to
financial feasibility*4. However, there
are indications of higher adoption

in fully immersive VR training in the
medical industry.
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Medical use cases

As one of the biggest adopters

of VR, there is a large body of
research about the use of VR in

the healthcare sector. VR has been
utilised in medicine for a range of
different purposes, such as surgery
simulation, phobia treatment,
robotic surgery and skills training.
VR training has particular appeal

in healthcare, as errors impact on
human life. VR training for surgical
skills was first proposed in 1993 by
Satava“®. Since then research has
shown that medical practitioners
who underwent training using VR
simulations demonstrated improved
dexterity and performance when
undertaking real surgery, compared
with control groups* -4, VR has
helped medical students learn
about anatomy by giving them the
chance to explore delicate organs
that would usually involve expensive
cadaver dissection®. VR has also
been claimed to be as effective as
traditional methods that involve
dissection and reading text books®'.

VR for workplace learning

As demonstrated, evidence around
the effectiveness of VR for academic
learning is positive according to early
adopters. However, there appears to
be a distinct lack of research around
the effectiveness of VR training in
the organisational workplace. Any
worthwhile innovation for learning
should begin with solid pedagogy
and be robustly examined against
other methods before it can

be widely accepted® VR in the
workplace is gaining increasing
popularity, research attention

and application“. Therefore, it is
becoming increasingly important to
undertake theory-based research to
explore the principles and guidelines
that can aid the learning industry

in producing effective VR-based
learning®s.

In terms of workplace learning, VR
training has seen success in topics
such as crisis and emergency
management, as it offers a
cost-effective alternative to live
simulations. When training for high-
pressure situations, there is a need
for training to simulate the cognitive
overload and pressure that is likely to
be encountered in practice®.

To demonstrate competence in crisis
management, VR creators need to
evoke an emotional state that is
similar to that experienced in real life,
as emotions have a strong impact
on decision-making and problem
solving. But creating live situations

is only possible for a few possible
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scenarios and can be complicated
and expensive®®.

A 2014 study carried out on police
officers compared a virtual

training environment to a real-life
simulated training environment
and a control group®. They found
that the virtual training environment
yielded the same learning transfer
as the standard training, and was
significantly more effective than the
control group. This study suggests
that virtual training environments,
such as VR, could make a cost-
effective substitute for real-world
simulated practice.

Successful results with VR

training are not limited to crisis

and emergency training. VR has
outperformed conventional learning
methods when training workers in
manual skills for assembly tasks®®,
high-risk procedures for powerline
maintenance®, safety procedures
for construction workers®® and safe
behaviours in the mining industry®e.
The Health and Safety Executive
reported an annual spend of £4.8
billion on workplace injury in Britain in
2015%, So, it stands to reason that it
is worth investigating more effective
safety training for other high-risk
industries, such as agriculture,
forestry, construction, manufacturing,
retail, and transportation. However,
despite this emerging evidence,
there is still very little research into
the validity of VR training compared
to other methods.
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The Sponge study

As demonstrated, studies

are beginning to indicate the
effectiveness of VR training for
specific workplace scenarios that
pose significant risk and require
practice®® - %8, However there is
currently not enough evidence that
focuses on modern head-mounted
VR interventions to clarify whether VR
training can live up to the perceived
hype for broader workplace learning.

We aim to compare a mobile

VR training experience for street
fundraisers to other, popular digital
learning interventions.

Research question

We argue that mobile VR can be
used to teach observational skills
and decision-making. The aim of our
study is to compare three types of
digital learning methods:- an online
PDF, a gamified elearning interaction,
and a mobile VR experience - to
determine which online learning
method is most effective for
workplace learning.

As there are currently no
standardised methods for evaluating
VR training, we constructed outcome
measures based on Kirkpatrick’s
model for training evaluation®, which
recommends evaluating reaction,
learning, behaviour and results, to
determine learning effectiveness.
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Our outcome measures are
listed here:

* Reaction: We measured learner
reaction and engagement by
assessing levels of enjoyment,
ability to concentrate and learning
satisfaction.

e Learning: We measured learning
using post-learning assessments.
We captured knowledge acquisition
immediately after the training and
learning retention a month later.

 Behaviour and Results
(confidence for application):
As this was a pilot study on
participants who would not have the
opportunity to execute the training in
the workplace, we could not explicitly
measure behaviour and results.
Therefore, in our study we asked
participants to rate their perceived
confidence for application.
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Methodology

Participants Digital learning methods We produced three different learning
experiences that were all based on
the same content:

¢ PDF document:
a four-page online document
that specified the rules of who
street fundraisers are allowed
to approach.

Gamified interaction:

an illustrated gamified interaction
consisting of a brief introduction
that explained the rules of the
game, a binary yes/no interaction
where learners had to decide
whether they were allowed to
approach that person (illustrated
character), followed by a ‘hotspot’
feedback where learners could
see which questions they had got
right/wrong and learn the correct
response.

Mobile VR experience:

an interactive 360 degree video
displayed on a smartphone in a
mobile VR headset. It consisted
of an introduction from a virtual
presenter, followed by an
interaction where users had to
spot people to approach and
make a binary choice whether
they were or were not allowed to
approach the person, then instant
video feedback on their decision.




Procedure
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The study design is summarised in Fig. 1. The study was conducted in two stages:

Stagel
Pre- and post-learning survey

A written brief was given to each
participant on arrival and written
consent was obtained. Each
participant was assigned to a
computer to fill out the pre-learning
survey on their own. Once the
participant had completed the
pre-learning survey, a researcher
read them scripted instructions and
presented them with their randomly
allocated learning intervention. In
each condition, participants were
told they could take as much time
as they needed on the learning
experience, and that they would

Learning interventions
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Mobile VR experience

be asked questions about the
experience afterwards. Once the
participant had finished the learning
experience, they were asked to fill out
the post-learning survey. After the
post-learning survey was completed
participants were supplied with a
paper copy of a mini debrief, paid
and thanked for their time.
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Stage 2
Follow-up retention survey

One month after the learning
experience, participants were
emailed the online learning retention
follow-up survey, which contained
the same 10 questions used for
knowledge acquisition. This survey
was completed by participants at
home in their own time. Participants
were given three days in total to
complete the follow-up survey.
Once the deadline for responses
had passed, one participant was
awarded the £50 voucher and all
participants received a full written
debrief.

Knowledge retention
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Follow-up learning retention survey

Stage1

Fig.1. A model summarising the study design
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As mentioned above, outcomes were assessed via three online
surveys in total. The first was conducted before the learning
experience, the second was given immediately after, and the follow-
up learning retention survey was emailed to participants one month
after the learning experience. The surveys contained the following
sections:

Pre-learning survey

11 Participant demographics
1.2.  Fundraising experience
1.3.  Virtual reality experience

Post-learning survey

21 Learner reaction/engagement — 7-point Likert-scale, self-
report questions on enjoyment, learning satisfaction and
concentration.

2.2. Learning acquisition and confidence — 10 questions about
the learning objectives that should have been attained from
the learning experience; each question was followed by a
confidence rating

2.3. Perceived confidence to apply — three Likert-style questions
about learners’ confidence in their current knowledge,
confidence for application and confidence in one month’s
time

2.4. Memorability of experience questions
2.5. Perceived value of the learning - opinion-based questions
Learning retention follow-up survey

3.1. Learning retention and confidence — the same 10 questions
from the learning acquisition section about the learning
objectives were asked again one month later; each question
was followed by a confidence rating

A p value of <.05 was adopted as the significance threshold
throughout all statistical analyses. Data normality was tested for

all experiments using the Shapiro-Wilk Test for normality. Skewness
and kurtosis were examined, as were boxplots and histograms. The
distribution of data between groups was measured by a Levene's
test to check homogeneity of variance for data that was normally
distributed. A one-way ANOVA was used to test the homogeneity of
variance for non-parametric data. Where the data was not normally
distributed, non-parametric alternatives were used.
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Results

Pa rticipants The average age of the participants [ ] [ ] @ o o
was 24.19 years. Ninety percent of the
Thirty-two adult volunteers participants were full-time students.
participated in the initial part of the  The participants’ previous experience
study: 10 participants encountered of street fundraising was measured.
the PDF learning condition, 11 Of the 32 participants 53.1% had O 6 6 o ©o
participants were in the gamified worked for a charity before and 21.9%
condition and 1l participants were in - had taken part in street fundraising
the mobile VR condition. before. However, after interrogating
Of the original 32 e ¢ the participants’ charity experience
© onginal 5= participants, no participants were excluded from 10 out of the 11
19 (59%) took part in the follow- . ) - .

c ed tenti the study as their experience was participants in the VR
up knowledge retention sunvey. not directly related to the street condition said they would
There were 7 participants in the - feel valued if their

fundraising outcomes that were

organisation offered this

PDF condiition, 5 participants in the being tested against in this study. type of learning

gamified condition and 7 participants
in the mobile VR condition.

Learner Reactions

Our enjoyment subscale consisted of 10 items, our concentration subscale consisted of 7 items, and our learning
satisfaction subscale consisted of 10 items. As the scales used were created with a mixture of questions from existing
scales we tested the reliability of our scales with Cronbach’s Alpha. All subscales were found to be highly reliable with
Cronbach’s alphas of .97, .87, and .90 respectively. The results from the survey are displayed in

Table 1 below.

Table1

Learner mean reactions (on a 7-point Likert scale)

Reactions PDF Game VR
M (SD) M (SD) M (SD)
Enjoyment 3.82 (146) 5.46 (.95) 6.46 (.69)
Concentration 4.99 (119) 610 (53) 6.66 (.40)
Satisfaction 460 (86) 559 (71) 6.55 (39)
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Enjoyment Concentration Learner satisfaction
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Learning
We measured knowledge acquisition directly after the learning experience and knowledge retention one month later.

Knowledge acquisition

Results are shown in Figure 2.

n

10 i ' '
5

PDF Game VR

©

~N

(-]

Fig. 2. Mean (SD) score out of 10 for knowledge acquisition immediately post learning

A Kruskal-Wallis H test was used to measure the Although the difference was not statistically significant,
difference in knowledge acquisition between the groups. numerically, the VR condition (M = 9.45) produced the
The test showed no significant difference in knowledge highest knowledge acquisition score followed by the

acquisition between the different learning groups (p > .05). game (M = 8.70), followed by the PDF (M = 9.36). This
provided some evidence for our hypothesis that VR is
better placed to teach observational skills and decision-
making than traditional techniques.

Page 12



Sponge.

Knowledge retention

Results are shown in Figure 3.

n
10
9
8
7
6
5
PDF Game VR

Fig. 3. Mean (SD) score out of 10 for knowledge retention at one month

A one-way ANOVA was used to measure the difference Again, although the difference was not statistically

in knowledge retention between the groups. The test significant, the VR learning condition led to better
showed no significant difference in knowledge retention  knowledge retention (M = 9.00) than the game
between the different learning groups (p > .05). (M = 7.80) or the PDF (M = 7.71). Although non-significant,

VR scored, numerically, markedly higher, which provided
some evidence for our hypothesis that VR learning
increases knowledge retention.
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Confidence knowledge of who to approach in
. ) a month’s time?” the game group

Perceived confidence for displayed the highest level of

application perceived confidence, followed by

As shown in Table 2, perceived
confidence was similar across all
three conditions for the first two
questions. However, on the third
question “How confident would
you feel if you were tested on your

in the PDF condition was lowest.

The difference in confidence
between the groups in question
three was statistically significant,
x2(2) = 8.27, p = .016, with a mean

Table 2

Confidence for application questions (on a 5-point Likert-scale)

Reactions oor
M (SD)
Confidence in knowledge 3.82(1.46)
Confidence in application 4.99 (119)
Confidence in one month time 4.60 (.86)

Confidence in responses

the VR, and the perceived confidence

Sponge.

rank score of 10.55 for the PDF, 21.05
for the game and 17.36 for the VR
experience.

Post-hoc tests revealed that the
game group scored significantly
higher in perceived confidence than
the PDF group. However, there was no
significant difference between the VR
and PDF group, or the VR and game

group (p > .05).

Game VR
M (SD) M (SD)
5.46 (.95) 6.46 (.69)
6.10 (.53) 6.66 (.40)
559 (71) 6.55 (.39)

No significant difference was found between the groups in terms of confidence in their responses for the knowledge

acquisition or knowledge retention questions (p > .05).
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Discussion
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variation in the participants’
perceived confidence to apply.

Taken together, our results suggest
that VR training at a minimum

can be as effective for learning

as standard digital learning
interventions. It provides the same
level confidence, and the results
suggest it may even provide higher
levels of knowledge acquisition
and retention. Furthermore, VR
training evokes a more positive
reaction towards the learning and
increased learner engagement,
which may be expected to improve
future application of the acquired
knowledge.

So, to answer the question ‘does VR
live up to its hype?’ Our pilot study
indicates that for observational
learning and decision-making it
does provide learners with a more
positive learning experience than
other techniques, and yields good
levels of knowledge acquisition,
retention and confidence. However,
our exploratory study has only
really scratched the surface of VR’s
potential for learning.

Our study was based on mobile

VR as this is an affordable and
accessible method to deliver VR
training across large organisations.
However, there are a wide variety of
VR technologies that can be utilised,
such as desktop VR, fully immersive
room-scale VR and the addition of
haptics to increase the immersive
experience. To fully understand VR's
capability for learning we need to
begin exploring these associated
emerging technologies; not just to
emulate current practices, but to
create new, pedagogically sound
practices®®,
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Organisations are beginning to
realise that workplace learning

can be used to achieve long-term
strategic goals, instead of just short-
term objectives®’. But to understand
the impact of learning, we need to
gather empirical evidence around
the effectiveness of these newer
learning interventions. Currently
there is a lack of evidence in learning
and development, and although
this pilot study is a very small step
towards gathering more empiricall
data around learning techniques,
we are keen to embrace the power
of research. If evidence around the
effectiveness of different learning
interventions can be gathered as
they emerge, we can foster a culture
of evidence-based practice based
on solid pedagogy.

As a next step, we are keen to
explore the effectiveness of mobile
VR further, with a larger participant
group. We would also like to explore
learning outcomes beyond that

of knowledge acquisition and
retention. Ideally, we would be
looking to see how VR training truly
affects workplace performance

in real employees. As emerging
technologies continue to emerge, we
have a duty as learning professionals
to explore how technologies can

be utilised and transformed into
meaningful learning experiences.

This study has demonstrated that
VR is beginning to show great
potential for workplace learning

in terms of decision-making and
observation. But it is important not
to believe that VR is a one-size-fits-
all solution. More research should
be conducted into what type of

Sponge.

learning subjects benefit most

from VR methods. To innovate,

we need to embrace a spirit of
discovery, be ready to explore

new technologies and techniques,
and begin creating more exciting
learning experiences that make a
difference to employees. This study
only required the first two stages;
remembering and comprehending,
making the learning relatively
simplistic. All three learning condition
groups rated high confidence on
average, which suggests that all
three learning interventions provided
sufficient levels of information to
give participants confidence in their
knowledge. However, if this same
study was carried out with more
complicated learning outcomes that
involved mastery, we may have seen
more variation in the participants’
perceived confidence to apply.
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Conclusion

Our research
demonstrated
that learners
are significantly
more engaged
by a VR learning
intervention.
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To discuss the ideas in this white paper and
discover more about introducing VR learning into your
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