10
11
12

13

14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PREPRINT V1 — this manuscript has not been peer reviewed.

Acute psychological and physiological benefits of exercising with virtual reality
Bradley Barbour®3
Lucy Sefton?
Richard M. Bruce?
Lucia Valmaggia® %>
Oliver R. Runswick?!

1 King’s College London, Department of Psychology, Institute of Psychiatry,
Psychology & Neuroscience, London, SE5 8AF, United Kingdom
2Centre for Applied Human and Physiological Sciences, Faculty of Life Science and
Medicine, King’s College London, SE1 1UL, London, UK
3Institute of Health and Social Care School of Allied & Community Health London South Bank
University, 103 Borough Road, London, SE1 OAA UK.

4KU Leuven, Department of Psychiatry, Leuven, Belgium
>Orygen, Centre for Youth Mental Health, The University of Melbourne, Australia

Please cite as: Barbour, B., Sefton, L., Bruce, R. M., Valmaggia, L., & Runswick O. R. (2024).
Acute psychological and physiological benefits of exercising with virtual reality. Pre-print

available from SportRyiv. https://doi.org/10.51224/SRXIV.368

Corresponding author:
Oliver Runswick, Department of Psychology, Institute of Psychiatry, Psychology and

Neuroscience, King’s College London, Guy’s Campus, SE1 1UL. oliver.runswick@kcl.ac.uk

Conflicts of interest: Dr Runswick receives research funding from FitXR Ltd who are a virtual

reality fitness company and the app used in this paper.

Acknowledgments: The authors would like to thank Brendon Stubbs, and the team from

FitXR for their support with this project.

Key words: Perception, Physical Activity, Exercise Performance, Perceived Exertion, VR


mailto:oliver.runswick@kcl.ac.uk

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

PREPRINT V1 — this manuscript has not been peer reviewed.

Abstract

Exercise is a powerful tool for disease prevention and rehabilitation. Commercially
available virtual reality (VR) devices and apps offer an immersive platform to gamify exercise
and potentially enhance physiological and psychological benefits. However, no work has
compared immersive exercise to 2D screen-based equivalents, such as following a video
workout. This study aims to compare the acute effects of an exercise session using a
commercial immersive VR workout to an exactly matched non-immersive screen-based
stimuli. 17 healthy participants (male=7, female=10; aged 24.18+4.56 years), completed a
12-minute guided VR boxing exercise session in FitXR™ and a screen-based matched
equivalent. Physiological responses were recorded continuously using a heart rate monitor
and telemetricmetabolic cart system. Psychological and perceptual responses were
measured using ratings of perceived exertion, physical activity enjoyment scale, and the
physical activity affect scale. Participants recorded significantly higher VO2 (p=0.044), higher
levels of all enjoyment subscales (p<0.05), higher positive affect (p=0.003), and lower
negative affect (p=0.045) in the VR workout compared to the matched screen-based
equivalent. Exercising using a commercially available VR workout offers acute benefits for
chosen work rate, enjoyment, and psychological responses. VR may offer a more efficient
alternative to other forms of screen based and exergaming workouts and could be offered

as a gateway into exercise.
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Introduction

The positive effects of exercise and physical activity on health are well documented.
These include reduction in obesity, cardiovascular disease, cancers, respiratory infection,
osteoporosis, diabetes, lower back pain, anxiety, depression, and all-cause mortality [1-3].
Positive impacts include reduced pain, blood pressure, cholesterol, body mass, and
enhanced sleep quality, stress, mood, and quality of life [3]. Most international
governments recommend adults perform at least 150 minutes moderate intensity or 75
minutes vigorous intensity aerobic activity per week, with moderate intensity muscle
strengthening activities performed two days per week [2, 4]. Despite the known benefits,
over a third of the population remain physically inactive in England and almost half in the
USA [5, 6]. There is a significant need to develop strategies to support individuals in
engaging with exercise and physical activity and technological developments have the
potential to support this need.

Attrition rates for participating in new exercise programmes have been reported up
to 58% [7], with 50% attrition to exercise programmes within 3-6 months [8]. Lack of time
and motivation are amongst commonly reported perceived barriers to exercise [9, 10].
Other potential reasons include lack of facilities/equipment, low energy, no exercise
partner, low previous levels of physical activity, poor social support, anxiety, depression,
pain, and low self-efficacy [7, 11]. Poor education, exercise self-efficacy and negative
perspectives or previous adverse experiences to formal exercise are likely to decrease
enjoyment and participation [12-15]. Researchers have investigated a myriad of
interventions to enhance engagement with exercise and physical activity [16, 17]. A
promising solution is exergames. These are digital games that require physical activity to

play and operate active gaming experiences [18].
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Exergames have been available since the 1980s [19], however technological
advances in the past decade have allowed higher fidelity and better interfaces during
gaming. As such, commercially available gaming consoles and devices have adopted
exergaming capabilities and have become more accessible and affordable. These devices
include immersive virtual reality (VR) headsets. VR involves immersive three-dimensional
computer-generated simulations resemblant of various real or imagined environments,
objects, and events. The user can interact with simulations with full body movement [20].
The element of environmental interaction significantly influences perceptions of immersion
and effort [21, 22] and offers an opportunity for immersive gamified exercise that could
support retention in exercise programmes beyond what can be currently achieved in
exergames using 2D screens.

Efforts to increase sustained exercise participation can utilise the COM-B model of
behaviour change. This model suggests that behaviour (B) is dependent on three
components: capability (C), opportunity (O) and motivation (M) [23-25]. VR can target all
elements of the COM-B model. For example, the capabilities of individuals to exercise,
especially those uncomfortable with or intolerant to exercise, can be enhanced using VR.
This is because, be it due to distraction [27-28] or deliberate manipulation [21, 29],
participants exercise at lower perceived exertion for the same workloads and can choose to
exercise for greater durations or at higher intensities when using VR [21, 30, 31]. When
considering opportunity, the convenient and accessible nature of VR offers opportunities by
allowing users to use them at home at any time and the gamification element allows for fun
social interaction via multiplayer functions and competitions without needing to leave the
house. Motivation to exercise has also been shown to increase with the use of exergames

[18] and compared to non-VR exergames, VR users reported sessions to be more enjoyable



73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

PREPRINT V1 — this manuscript has not been peer reviewed.

[32]. Such psychosocial factors are predictive to engaging in physical activity and exercise
[33, 34]. VR exercise could increase the capability, opportunity and motivation and have a
positive effect on the frequency at which individuals are motivated to engage with exercise
and the intensity at which they exercise when they do [28, 35]. It could, therefore, enhance
a person’s ability to reach physical activity guidelines [36, 37].

Despite the possible benefits of gamifying exercise and the potentially additional
benefit of using VR for this purpose, no work has used gold standard measures of physical
workload and compared physiological and psychological responses to VR exercise to a
matched 2D equivalent, such as following an on-screen workout. Researchers have often
artificially controlled the participants’ exercise workload or compared VR to rest, rather than
equivalent non-VR exercise. Work has also regularly used bespoke research equipment over
affordable commercially available devices that are accessible to the general population.
Therefore, this study aims to use a commercially available device and app to investigate the
acute effects of a VR workout compared to a matched non-VR workout. This will be
achieved through taking measures of physiological workload (Heart rate, HR, oxygen
consumption), perceptions of effort, enjoyment and affect, as well as the acceptability,
feasibility, and tolerability of using VR for exercise.

Participants completed VO, max testing and engaged in the same boxing workout
both in an interactive and immersive VR setting or with the exact same stimuli appearing on
a large 2D screen. We hypothesised that in the VR condition participants will show a great
capability to exercise and choose to exercise at a higher workload and this will produce a
greater physiological response through higher heart rates and VO3 across the whole
workout. This will be linked to a lower perceived amount of effort, measured through RPE.

We also hypothesised that participants would enjoy the immersive exercise more and
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report higher scores on the physical activity enjoyment scale and enhanced scores on the
positive affect dimension of the physical activity affect scale [38].
Method

Participants

We performed a sample size calculation using G*Power (3.1.9.7) based upon the RPE
effect sizes from Zeng et al. [28] where within subject differences in RPE between a virtual
and traditional cycling condition resulted in an effect of dz = 0.85. Using a matched pairs t-
test, an a of 0.05, and Power of 0.95 (selected to historic issues with low power in this field),
we calculated a required sample size of 17. 17 healthy individuals volunteered to take part
(aged=24.214.6 years; height=168.21+10.49cm; body mass=69.62+14.43kg;
BMI24.47+4.04kg/M?). Individuals who trained >5 days/week, those who reported
limitations or risk in physical exertion and exercise capacity such as medical conditions (e.g.,
COPD, CVD) or any history of metabolic or respiratory disease were excluded. Participation
was entirely voluntary with no financial incentive. This study was approved by the local
Research Ethics Committee (MRPP-22/23/3691) and all participants provided informed
consent.

Materials and Stimuli

VR exercise was conducted using FitXR™ on a Meta Quest 2 VR headset with two
handheld controllers. Specifically, participants engaged in an intermediate difficulty boxing
workout called ‘pack a bunch’ with personal trainer Dillon supplying the instructional
voiceover. The boxing workout consists of orbs flying towards participants with a white light
glowing from one side to indicate the type of punch required. Each workout also
incorporates ducks, weaves, and blocks (Figure 1). The activity duration was 12 minutes 25

seconds. The music and a coach verbally encouraged and guided users through four
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consecutive rounds (warm-up, defense & counter, conditioning, and fight; see Figure 2).
FitXR™ allows users to select a location, all participants conducted this workout in the
‘rooftop’ setting. For the screen-based matched equivalent we created a 2D screen-based
stimuli by screen recording the same workout from the headset meaning the two workouts
out were identical aside from the immersive nature of the VR version and the visuo-haptic
feedback and real-time scores were visible to users in VR. No feedback or scores were
recorded for the NoVR condition, given the nature of the task and technology.

A polar strapped HR monitor (Polar H10) was attached with contact with
participant’s sternum. VO, was measured using a calibrated telemetric metabolic cart
system (Metamax 3B), attached to an oronasal mask which participants wore throughout

the activity (Figure 1).

Figure 1. Left. Participant wearing the headset and portable metabolic cart. Right. First
person view of FitXR™ as displayed in VR and on screen.

Protocol

All participants performed the activity using a VR and a ‘NoVR’ or screen condition.

The order of conditions was counterbalanced. Both sessions preceded with a 1-minute rest
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period, where baseline physiological measures were recorded. There was an approximate 5-
minute rest period between sessions. After both versions were completed, participants
undertook a Modified Balke Protocol walking treadmill VO2 max test [39]. A 1-minute rest
period preceded walking to obtain baseline measures. Due to sex-specific differences, the
initial walking speed was gender dependent (males=3.3 mph, females=3.0mph). The incline
was increased by 2% after 2 minutes of walking and by a further 2% every proceeding
minute. If a maximum incline of 20% was achieved, speed would increase by 0.2mph every
minute. Participants were instructed to continue up to maximal effort. Maximal VO; (VO3
max) was considered to be achieved if HR reached +/-10% of the predicted maximal value
(220bpm — age). All participants achieved this criterion.

Measures

Physiological measures

Throughout the workouts we collected heart rate (HR) in beats per minute (bpm),
oxygen consumption (VO3) in ml/kgmin. Maximal oxygen (VO2 max) was calculated as the
highest mean VO, over a 20 second period and percentage of VO, max during activities
were calculated.

Exercise Perception and Affective Responses.

Incrementally, rate of perceived exertion (RPE) scores was reported by participants
verbally using the CR10 Borg scale [40]. Three short Likert style self-assessment
guestionnaires were administered upon completion of each condition. The Physical Activity
Enjoyment Scale (PACES) questionnaire was administered to quantify enjoyment of activity
[41]. A Physical Activity Affect Scale (PAAS) questionnaire distinguished the psychological
response to each condition [42]. Subscales of the PAAS are used to categorise impacts as

positive (upbeat, energetic and enthusiastic), negative (miserable, discouraged and
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162  crummy), tranquillity (calm, peaceful, relaxed) or fatigue (tired, worn-out and fatigued), as
163  demonstrated by Lox et al. [42]. The post-VR questionnaires proceeded with qualitative
164  insights regarding motivations for using VR, engagement, fears and barriers to using VR.
165 Feasibility, Acceptability, and Tolerability

166 Participants were asked to answer a series of questions after the VR condition,

167  designed to gather participant feedback of the acceptability, tolerability, and feasibility of
168  exercising in virtual reality. Simulation Sickness Questionnaire (55Q) [43] to assess

169 tolerability and potential cybersickness effects and the open-ended questions were asked to
170 further investigate acceptability and feasibility (see Table 1).

171

172 Table 1. Follow up questions that participants were asked after completing the VR exercise

173  workout and the reason for these questions based on Birckhead et al. [44].

Question/Measure Category

Simulation Sickness Questionnaire Tolerability

What motivated you to participate in this virtual reality and exercise- -
Acceptability
based research?
Did you have any worries or fears about using virtual reality during Feasibilit
exercise? If yes, please tell us what they were. Y
What do you think using virtual reality can add to your exercise -
. Y 8 y Y Feasibility
sessions?
Would you like to use virtual reality again in an exercise session at -
. Acceptability
another time and why?

How often would you like to use virtual reality? It could from any

. . . . Feasibility
time you exercise, every once in a while, or never!
Are then any barriers that would prevent you from using virtual Acceptability/
reality during exercise? Tolerability

174



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

PREPRINT V1 — this manuscript has not been peer reviewed.

Data Analysis
Breath-by-breath VO, and HR data was recorded and extracted for the MetaSoft

studio software. JASP 0.18 was used for statistical analyses. We used two 2 conditions x 27
time points repeated measures ANOVA to investigate the effects of condition (VR and
NoVR) and time (30 second intervals) on heart rate and VO2. To measure effects of
condition and time on RPE we used a 2 condition x four time point repeated measures
ANOVA. A Bonferroni adjustment was employed when multiple comparisons were being
made for time points in order to lower the significance threshold and avoid Type | errors.
Violations of sphericity were corrected by adjusting the degrees of freedom using the
Greenhouse—Geisser correction when € was less than 0.75 and the Huynh—Feldt correction
when greater than 0.75. Partial eta squared was used as a measure of effect size for all
analyses. To compare enjoyment and affective responses in VR compared to NoVR we used
paired sample t-tests for each subscale. All comparisons made were preplanned; therefore,
alpha value was kept at p =.05 and effect sizes (Cohen’s d) and 95% confidence intervals
were reported [45].

We also collected qualitative feedback to explore opportunities to exercise in VR
focusing on participants perceptions of acceptability, feasibility, and tolerability [44]. For yes
or no answers we simply present descriptive counts. Where participants expanded on
answers, we were not able to generate categories for a content analysis based on previous
literature due to the lack of previous work in the area. Therefore, to analyse the follow-up
guestions, we used a blended approach where we first analysed interview content
inductively to produce themes that could then be used for categories in a count-based
content analysis (Runswick et al., 2022) [46]. This process was conducted for each question

and participants were not limited to single codes per question.
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Results

Physiological Responses
Heart Rate

Figure 2 shows how HR changed throughout each round in both conditions.
MeanSD HR values (bpm) during each round were: ‘Rest’ VR=84+14.854, NoVR=87116;
‘Round 1’ VR=113+27, NoVR=107125; ‘Round 2’ VR=127+26, NoVR=119+27; ‘Round 3’
VR=127+29, NoVR=121+27; ‘Round 4’ VR=139+29, NoVR=130128. There was a main effect
of time on HR (p=<0.001, F=73.234, n2=0.686). However, there was no significant effect
between exercise type (p=0.074, F=3.667, n>=0.018) and no significant time-type interaction
(p=0.087 (G-G), F=2.842, n?>=0.10). Peak HR for VR was 142.38bpm and 131.49bpm for nVR.

The mean difference between exercise types was 5.379bpm.

Rest Round 1: Round 2: Round 3: Round 4:
180 warm up defence and counter conditioning fight 10

160
140

120

E 6

Q

=2 100 —HR: VR
2 5 & HR: NoVR
© (-4

£ %0 & RPE: VR
© 4

o RPE: NoVR

60

40

20

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135
Time (minutes)

Figure 2. Heart rate and RPE at 30 second intervals across the VR and NoVR workouts.
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VO

The average VO;max (ml/kg/min) for participants was 45.4149.52. Figure 3 shows how VO,
(ml/min/kg) changed throughout both exercise types. Mean+SD VO2 during each round
were: ‘Rest’ VR=5.31+1.23, NoVR=5.03+0.99; ‘Round 1’ VR=14.75+7.24, NoVR=12.87%6.32;
‘Round 2’ VR=20.00+5.64, NoVR=17.5617.11; ‘Round 3’ VR=18.33+6.80, NoVR=16.57+7.48;
‘Round 4’ VR=22.4318.39, NoVR=19.5618.29. There was a significant main effect of time
(p=<0.001, F=68.853, n?=0.695) and type of exercise (p=0.044, F=4.765, n>=0.019) on VO,.

There was no significant time-type interaction (p=0.289 (G-G), F=1.281, n?=0.004).

Rest Round 1: Round 2: Round 3: Round 4:
warm up defence and counter conditioning fight
40 10

35

30

RPE: NoVR

g 25 .

i=

‘e —V02: VR

£ w

‘—E 20 [° & V02: NoVR
~ + RPE: VR
<}

>

05 1 15 2 25 3 s 4 45 5 55 6 6.5 7 75 8 85 9 95 10 105 11 115 12 125 13 135

Time (minutes)
Figure 3. VO2 and RPE at 30 second intervals across the VR and NoVR workouts.
Rate of Perceived Exertion
Mean RPE values for VR and NoVR at the end of each round were: Round 1=3.6+1.0 and
2.8+1.1, Round 2=4.7+1.3 and 4.0+1.2, Round 3=5.0+1.2 and 3.8%1.3, Round 4= 5.7+1.3 and

4.3+1.5. There was main effect of both time (p<0.001, F=51.379, n?=0.403) and exercise
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type (p<0.001, F=45.289, n?=0.248). The was no significant time-type interaction (p=0.100,
F=2.205, n?=0.016).
Exercise Perception and Affective Responses.

Figure 4 shows PACES results. Total scores show VR performed superiorly to NoVR
(VR=4.4+0.9, NoVR=2.740.8, p<0.001, d=1.291, 95%Cl=0.630-1.930). VR exercise performed
greater than NoVR exercise for subscales; pleasurable (VR=4.4+1.2, NoVR:3.0+0.2, p<0.001,
d=1.064, 95%Cl=0.454-1.653), fun (VR=4.91£1.1, NoVR=2.7£1.0, p<0.001, d=1.363,
95%Cl=0.685-2.019), pleasant (VR=4.2+1.1, NoVR=2.910.7, p<0.001, d=1.132, 95%CI=0.507-
1.735), invigorating (VR=4.5+0.8, NoVR=2.8+1.2, p<0.001, d=0.995, 95%CI=0.399-1.570),
gratifying (VR=4.1+1.1, NoVR=2.2+1.1, p<0.001, d=1.070, 95%ClI=0.459-1.660), exhilarating
(VR=4.5£0.7, NoVR=2.4+1.2, p<0.001, d=1.4435, 95%CI=0.739-2.109) and stimulating
(VR=4.8+0.9, NoVR=2.7£1.1, p<0.001, d=1.355, 95%Cl=0.679-2.009). No differences were

detected in refreshing subscale (VR=3.5+1.125, NoVR=2.6+1.1, p=0.051, d=0.511, 95%Cl=-

0.003-1.010).
7 * * * * * * *
6
5
w4
)
33 ]
2 m VR
1 NoVR
0
¢ 5 £ p P 2 @ ¥
L — f— — — L3
s 2 8B £ B i %
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Figure 4. PACES subscales for the VR and NoVR workouts. * Denotes significant differences.
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Figure 5 presents the outcomes of PAAS. There was greater positive affect post-VR

exercise (VR=2.5+0.7, NoVR=1.810.7, p=0.003, d=0.774). There were no significant

differences in tranquility (VR=1.1£1.0, NoVR=1.4+1.0, p=0.943, d=-0.405). Compared to

NoVR, there was less negative affect in VR (VR=0.0210.1, NoVR=0.2+0.3, p=0.045, d=-0.438).

There were no differences in fatigue (VR=1.0+0.7, NoVR=0.910.6, p=0.839, d=0.248).

»
*
34 ew
[ __J
[ ]
2—- o8
.
oo
1 -
0 —
-1 -
I
VR Positive
1.5+
1.0 -
0.5
°
00 - o
-0.5 -

1
Screen Positive

VR Negative Screen Negative

3 - [
[
2 — -
-
1- o
(R ]
00— eee
-1 -
2 -
I
VR Tanquilty
4 —
3 - .
2,
oe
L
14 e=
*e
[ ]
00— ew®
1 -
I
VR Fatigue

Screen Tanquilty

2

1
Screen Fatigue

)
)

Figure 5. PAA results showing individual scores, means, and distributions for positive affect

(top left), tranquility (top right), negative affect (bottom left) and fatigue (bottom right).

Feasibility, Acceptability, and Tolerability

No participants reported feeling motion sick after each condition. SSQ results

indicated that general discomfort was reported in VR compared to NoVR (VR=0.5+0.8,

NoVR=0.110.3, p=0.014, d=0.666). No significant differences were found in all other
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260  subscales (p>0.05). Responses to questions on feasibility and acceptability can be found in
261 Table 2. Almost all participants saw VR exercise as a feasible and acceptability addition to
262  their exercise programmes. This generally focused on an ability to add variety to exercise,
263  increase enjoyment and add competition and motivation. 15 out of the 17 respondents
264  would use VR again for exercise and the majority suggested that this would be on a regular
265  basis or once a week or more.

266

267 Table 2. Themes and example quote alongside content counts or each follow-up question.

Question Theme Example Count
What motivated Interest in VR “I wanted to try VR” 8
you t.o p_artICIpate Novelty “I wanted to try something new” 4
in this virtual i w ol
reality and Interest in The ball (’1,1dn t bounce 3
exercise-based Research iccur‘ately :
research? Fun A bit ot;fun to experience a VR 3
workout
No worriesor ~ “None” 11
fears
Did you have any  Spatial “Bumping into things” 3
worries or fears awareness
about using Self- “Looking stupid” 1
virtual reality consciousness
during exercise? Sickness “Slightl}:’wonied about motion 1
sickness
Equipment “Wearing the equipment” 1
Eun “Makes it more fun and creative 6
way to exercise”
“Offers variety of different 6
Variety activities that | wouldn't do
normally”
What do_ you Motivation f‘Deﬁnitely’ ’adds motivation when 5
think using virtual it feels real
reality can _add to Feedback/ “Really_ e_njoy the _ 4
your exercise competition competltlveness, points system -
sessions? compete against self or others”
“Good alternative if you can't go 2
Accessibility  outside/ don't have access to
facilities”
Engagement “It adds engagement and 1

distraction”
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Yes - Fun “Yes because it was fun” 7
Yes - “Yes, because it’s more engaging 3
Motivation and motivating”
Yes — Exercise  “Yes, it was more fun and didn’t 2
: erceptions feel like' ise”’
Would you like to percep @ exerc.lée .
3 . . Yes because it's different to 2
use virtual reality ~ Yes — Variety . .
again in an conventional exercise
exercise session at Yes — Yes, eaiy to fit in with 1
. Schedule schedule
another time and g . o
why? No - No because it was clunky, didn't 1
Ergonomics allow proper movement”
“No because of lack of space and 1
No - Space »
money
No - Cost No be’(,:ause of lack of space and 1
money
Once a week “Once or twice a week” 11
How often would ~ or more
you like to use Every day “Daily” 2
virtual reality for ~ Once amonth  “Maybe twice a month” 3
exercise? or more
Never “Never” 1
Are then any Cost* “Price accessibility” 8
barriers that Space “Space” 6
would prevent Equipment “Technical difficulty of set-up” 3
you from using “No 4
virtual reality No

during exercise?

*Participants were not informed how much headsets or app cost.

Discussion

This study aimed to use a commercially available device and app to investigate the
acute physiological and psychological effects of VR exercise compared to a match 2D screen-
based equivalent. We took measures of workload (HR and VO, perceptions of effort,
enjoyment and affect, as well as the acceptability, feasibility, and tolerability of using VR for
exercise. Results showed that participants chose to engage in higher work rates in VR
compared to a matched screen-based equivalent, but at the same level of perceived

exertion. The VR exercise was also rated as more enjoyable and resulted in more positive
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and less negative affective response. VR exercise was tolerable and was perceived as
feasible and acceptable by the participants.

As hypothesized, VO3 values were higher during VR exercise compared to NoVR, but
participants did also perceive these high levels of exertion, evidenced in higher RPE scores in
VR. HR did not show a significant main effect of exercise type but did show a small effect.
Findings partially support those of Runswick et al. [22] who found participants cycled at
higher intensities in VR. However, participants did not perceive the exertion to be higher.
Similar findings were reported by Glen et al. [47] who found greater RPE values during
exergame conditions compared to a blank screen. Here the higher workload was selected,
but also perceived, this does not support a wider body of work that has shown reductions
in perceptions of exercise intensity [28, 48] or breathlessness [29] in virtual environments.
In this study we aimed to allow participants to exercise as they would naturally in VR, rather
than control workload, as many studies focusing on reducing RPE have done. The higher
work rate in VR may have been influenced by factors, such as enjoyment and live feedback.

As anticipated, enjoyment and positive affect scores were higher for VR exercise,
despite the higher work rates. In traditional exercise settings, enjoyment can decrease as
intensity increases [49], however, here we have shown higher levels of exercise intensity
and enjoyment, suggesting a benefit from exercising in a gamified way. Our findings are
consistent with several studies that find VR to be enjoyable [27, 50]. The environmental
interactivity of VR exercise may have driven this affect where haptic feedback can positively
influence the experience of VR users and improve performance [51-53]. Simulating
kinesthetic information such as force and pressure with punches in VR via haptic feedback,
may have increase sensory fidelity, sense of presence and immersion by engaging senses

beyond the visuo-audio of NoVR [54, 55]. Adding to this previous work, we also captured
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the increase in positive emotions and decrease in negative emotions after the workout,
suggesting investigating the role VR exercise could have in mental health to be a beneficial
direction for future work.

As well as recording higher workloads, more enjoyment and more positive affect
when exercising visiting the lab, we also aimed to collect information on how the
participants perceived the feasibility, acceptability, and tolerability of using VR in the future
[44]. No participants experienced any adverse effects of using the HMD, suggesting that the
exercise is tolerable. Content analysis of the qualitative responses showed that exercise in
VR was likely acceptable and feasible for these participants as well. The majority reported a
desire to use VR for exercise at a regular basis due to increases in motivation and enjoyment
and that VR exercise had few perceived barriers.

Revisiting the COM-B model of behaviour change, our findings suggest that VR could
indeed increase exercise behaviour through increases in capability (C), opportunity (O) and
motivation (M) [23-25]. In literal terms the VR condition here supported participants in
doing more exercise, suggesting the capability to engage in higher intensity exercise may be
impacted. This also suggested that motivation to engage in more intense exercise was
affected. The increases in positive affect and enjoyment add to this motivation element, as
was supported by the qualitative feedback from participants. Improved enjoyment can
improve self-reported self-efficacy for exercise and attitudes towards exercise [56].
Participants also suggested that VR could increase the opportunity to engage in more
regular, higher intensity, and more enjoyable exercise. It is well established that
gamification of exercise can improve enjoyment and attitude towards exercise, as well as
shaping behaviour to increase exercise activity [57, 58] but the findings here suggest that VR

has potential to build on this further.
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Whilst these results are promising, they should be considered in light of the
limitations of this study and its design. Firstly, novelty may play a role in the findings
reported here from acute bouts of exercise. Participants were new to VR and many reported
they took part due to the novelty and were interested in trying VR (Table 2). This may lead
to higher levels of interest and effort in the VR condition and future research should
investigate the use of VR over longer training periods. Additionally, our cohort was relatively
young and active. Therefore, our findings may not be applicable to the wider general
population or older aged adults. In this study, a common comment by participants was that
the VR headset could not be worn perfectly flush over the mid portion of the nose with the
ventilatory mask on. This led to some discomfort and potentially had some effect on display
clarity and adding to the sweating caused the VR headset. When wearing the VR headset,
participants could not see BORG scale, which limits their reporting of RPE values to memory
of the scale and did so verbally after being familiarized with the visual scale beforehand.
There were some large individual differences in enjoyment and affective responses to VR in
this study. It possible that some individuals less engaged or interest in VR may be ‘non-
responders’. While we do not have enough power here for group-based analysis, future
research may benefit from analysing individuals who do and do not enjoy VR.

Exercise in VR can increase chosen work rate, activity enjoyment, and elicit positive
psychological responses compared to a non-VR screen equivalent. Health and fitness
promoting efforts may be enhanced by suggesting VR as an alternative for of exercise.
Whilst VR use continues to expand, embracing such technologies into healthcare systems
can be beneficial for enhancing disease prevention and conditions management. Future,
larger scale studies that explore these concepts further is needed to improve

understandings of VRs applications and uses in exercise over longer training periods.



PREPRINT V1 — this manuscript has not been peer reviewed.

350 References

351 1. US Department of Health and Human Services. Physical activity fundamental to

352 preventing disease. In: Washington, DC: US Department of Health and Human

353 Services, Office of the Assistant Secretary for Planning and Evaluation. 2002.

354 Available from:

355 https://aspe.hhs.gov/sites/default/files/private/pdf/72836/physicalactivity.pdf.
356 [Accessed 20 Sept 2023].

357 2. Warburton DE, Bredin SS. Health benefits of physical activity: a systematic review of
358 current systematic reviews. Curr Opin Cardiol. 2017;32(5):541-556.

359 https://doi.org/10.1097/HCO.0000000000000437.

360 3. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the

361 evidence. CMAJ. 2006;174(6):801-809. https://doi.org/10.1503/cmaj.051351.

362 4. World Health Organization. WHO guidelines on physical activity and sedentary

363 behaviour. 2020. Available from:

364 https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-

365 eng.pdf?sequence=1&isAllowed=y. [Accessed Sept 15 2023].

366 5. UK Government. Physical activity. 2022. Available from: https://www.ethnicity-facts-
367 figures.service.gov.uk/health/diet-and-exercise/physical-activity/latest. [Accessed 8
368 Sept 2023].

369 6. Centers for disease control and prevention. Adult physical inactivity prevalence maps
370 by race/ethnicity. 2022. Available from:

371 https://www.cdc.gov/physicalactivity/data/inactivity-prevalence-maps/index.html.

372 [Accessed 12 Sept 2023].


https://aspe.hhs.gov/sites/default/files/private/pdf/72836/physicalactivity.pdf
https://doi.org/10.1097/HCO.0000000000000437
https://doi.org/10.1503/cmaj.051351
https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-eng.pdf?sequence=1&isAllowed=y
https://www.ethnicity-facts-figures.service.gov.uk/health/diet-and-exercise/physical-activity/latest
https://www.ethnicity-facts-figures.service.gov.uk/health/diet-and-exercise/physical-activity/latest
https://www.cdc.gov/physicalactivity/data/inactivity-prevalence-maps/index.html

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

PREPRINT V1 — this manuscript has not been peer reviewed.

7.

10.

11.

12.

13.

Linke SE, Gallo LC, Norman GJ. Attrition and adherence rates of sustained vs.
intermittent exercise interventions. Ann Behav Med. 2011;42(2):197-209.

https://doi.org/10.1007/s12160-011-9279-8.

Dishman RK. Increasing and maintaining exercise and physical activity. Behav Ther.

1991;22(3):345-78. https://doi.org/10.1016/S0005-7894(05)80371-5.

Arzu D, Tuzun EH, Eker L. Perceived barriers to physical activity in university
students. J Sports Sci Med. 2006;5(4):615.

Herazo-Beltran Y, Pinillos Y, Vidarte J, Crissien E, Suarez D, Garcia R. Predictors of
perceived barriers to physical activity in the general adult population: a cross-
sectional study. Braz J Phys Ther. 2017;21(1):44-50.

https://doi.org/10.1016/j.bjpt.2016.04.003.

Jack K, McLean SM, Moffett JK, Gardiner E. Barriers to treatment adherence in
physiotherapy outpatient clinics: a systematic review. Man Ther. 2010;15(3):220-28.

https://doi.org/10.1016/j.math.2009.12.004.

Cardinal BJ, Yan Z, Cardinal MK. Negative experiences in physical education and
sport: How much do they affect physical activity participation later in life?. J Phys
Educ Recr Dance. 2013;84(3):49-53.

https://doi.org/10.1080/07303084.2013.767736.

Kari JT, Viinikainen J, Bockerman P, Tammelin TH, Pitkdnen N, Lehtimaki T, Pahkala K,
Hirvensalo M, Raitakari OT, Pehkonen J. Education leads to a more physically active
lifestyle: Evidence based on Mendelian randomization. Scand J Med Sci Sports.

2020;30(7):1194-1204. https://doi.org/10.1111/sms.13653.


https://doi.org/10.1007/s12160-011-9279-8
https://doi.org/10.1016/S0005-7894(05)80371-5
https://doi.org/10.1016/j.bjpt.2016.04.003
https://doi.org/10.1016/j.math.2009.12.004
https://doi.org/10.1080/07303084.2013.767736

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

PREPRINT V1 — this manuscript has not been peer reviewed.

14.

15.

16.

17.

18.

19.

20.

21.

Nelson TD, Benson ER, Jensen CD. Negative attitudes toward physical activity:
Measurement and role in predicting physical activity levels among preadolescents. J

Pediatr Psychol. 2010;35(1):89-98. https://doi.org/10.1093/jpepsy/isp040.

Taylor SE, Sirois FM, Molnar DS. Health Psychology. 4th ed. New York: McGraw-hill;
1999.

Chen FT, Etnier JL, Chan KH, Chiu PK, Hung TM, Chang YK. Effects of exercise training
interventions on executive function in older adults: a systematic review and meta-

analysis. Sports Med. 2020;50(8):1451-67. https://doi.org/10.1007/s40279-020-

01292-x.
Fisher E, Wood SJ, Upthegrove R, Aldred S. Designing a feasible exercise intervention
in first-episode psychosis: Exercise quality, engagement and effect. Psychiatr Res.

2020;286:112840. https://doi.org/10.1016/j.psychres.2020.112840.

Benzing V, Schmidt M. Exergaming for Children and Adolescents: Strengths,
Weaknesses, Opportunities and Threats. J Clin Med. 2018; 7(11):422.
https://doi.org/10.3390/jcm7110422.

Best JR. Exergaming in Youth: Effects on Physical and Cognitive Health. Z Psychol.
2013;221(2):72-78. d0i:10.1027/2151-2604/a000137.

Turon-Skrzypinska A, Tomska N, Mosiejczuk H, Ryt A, Szylinska A, Marchelek-
Mysliwiec M, Ciechanowski K, Nagay R, Rotter I. Impact of virtual reality exercises on
anxiety and depression in hemodialysis. Sci Rep. 2023;13(1):12435.

https://doi.org/10.1038/s41598-023-39709-y.

Runswick OR. Player Perceptions of Face Validity and Fidelity in 360-Video and
Virtual Reality Cricket. J Sport Exerc Psychol. 2023;45(6):347-54.

https://doi.org/10.1123/jsep.2023-0122.



https://doi.org/10.1093/jpepsy/jsp040
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1016/j.psychres.2020.112840
https://doi.org/10.1038/s41598-023-39709-y
https://doi.org/10.1123/jsep.2023-0122

PREPRINT V1 — this manuscript has not been peer reviewed.

419 22. Runswick OR, Siegel L, Rafferty GF, Knudsen HS, Sefton L, Taylor S, Reilly CC,

420 Finnegan S, Sargeant M, Pattinson K, Bruce RM. The Effects of Congruent and

421 Incongruent Immersive Virtual Reality Modulated Exercise Environments in Healthy
422 Individuals: A Pilot Study. Int J Hum Comput Interact. 2023:1-11.

423 https://doi.org/10.1080/10447318.2023.2276524

424 23. Ellis K, Pears S, Sutton S. Behavioural analysis of postnatal physical activity in the UK
425 according to the COM-B model: a multimethods study. BMJ Open 2019;9:028682.
426 d0i:10.1136/ bmjopen-2018-028682

427 24. Michie S, Van Stralen MM, West R. The behaviour change wheel: a new method for
428 characterising and designing behaviour change interventions. Implement Sci.

429 2011;6(42):1-12. https://doi.org/10.1186/1748-5908-6-42.

430 25. Willmott TJ, Pang B, Rundle-Thiele S. Capability, opportunity, and motivation: an
431 across contexts empirical examination of the COM-B model. BMC Public Health.
432 2021;21(1):1014. https://doi.org/10.1186/s12889-021-11019-w.

433 26. Warburton DE, Bredin SS, Horita LT, Zbogar D, Scott JM, Esch BT, Rhodes RE. The
434 health benefits of interactive video game exercise. Appl Physiol Nutr Metab.

435 2007;32(4):655-663. https://doi.org/10.1139/H07-038.

436 27. Stewart TH, Villaneuva K, Hahn A, Ortiz-Delatorre J, Wolf C, Nguyen R, Bolter ND,
437 Kern M, Bagley JR. Actual vs. perceived exertion during active virtual reality game
438 exercise. Front Rehabil Sci. 2022;3:887740.

439 https://doi.org/10.3389/fresc.2022.887740.

440 28.Zeng N, Liu W, Pope ZC, McDonough DJ, Gao Z. Acute effects of virtual reality

441 exercise biking on college students’ physical responses. Res Q Exerc Sport.

442 2022;93(3):633-9. https://doi.org/10.1080/02701367.2021.1891188.



https://doi.org/10.1080/10447318.2023.2276524
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/s12889-021-11019-w
https://doi.org/10.1139/H07-038
https://doi.org/10.1080/02701367.2021.1891188

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

PREPRINT V1 — this manuscript has not been peer reviewed.

29.

30.

31.

32.

33.

34.

Finnegan SL, Dearlove DJ, Morris P, Freeman D, Sergeant M, Taylor S, et al. (2023)
Breathlessness in a virtual world: An experimental paradigm testing how discrepancy
between VR visual gradients and pedal resistance during stationary cycling affects
breathlessness perception. PLoS ONE. 2023;18(4): e0270721.

https://doi.org/10.1371/journal.pone.0270721

Rutkowski S, Szary P, Sacha J, Casaburi R. Immersive virtual reality influences
physiologic responses to submaximal exercise: A randomized, crossover trial. Front

Physiol. 2021;12:702266. https://doi.org/10.3389/fphys.2021.702266.

Xu W, Liang HN, Zhang Z, Baghaei N. Studying the effect of display type and viewing
perspective on user experience in virtual reality exergames. Games Health J.

2020;9(6):405-14. https://doi.org/10.1089/g4h.2019.0102.

Mologne MS, Hu J, Carrillo E, Gomez D, Yamamoto T, Lu S, Browne JD, Dolezal BA.
The Efficacy of an Immersive Virtual Reality Exergame Incorporating an Adaptive
Cable Resistance System on Fitness and Cardiometabolic Measures: A 12-Week
Randomized Controlled Trial. Int J Environ Res Public Health. 2022;20(1):210.

https://doi.org/10.3390/ijerph20010210.

Crain AL, Martinson BC, Sherwood NE, O'Connor PJ. The long and winding road to
physical activity maintenance. Am J Health Behav. 2010;34(6):764-75.

https://doi.org/10.5993/ajhb.34.6.11.

Mouatt B, Smith AE, Mellow ML, Parfitt G, Smith RT, Stanton TR. The use of virtual
reality to influence motivation, affect, enjoyment, and engagement during exercise:
A scoping review. Front Virtual Real. 2020;1:564664.

https://doi.org/10.3389/frvir.2020.564664.


https://doi.org/10.1371/journal.pone.0270721
https://doi.org/10.3389/fphys.2021.702266
https://doi.org/10.1089/g4h.2019.0102
https://doi.org/10.3390/ijerph20010210
https://doi.org/10.5993/ajhb.34.6.11

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

PREPRINT V1 — this manuscript has not been peer reviewed.

35.

36.

37.

38.

39.

40.

41.

42.

Ng YL, Ma F, Ho FK, Ip P, Fu KW. Effectiveness of virtual and augmented reality-
enhanced exercise on physical activity, psychological outcomes, and physical
performance: A systematic review and meta-analysis of randomized controlled trials.

Comput Hum Behav. 2019;99:278-91. https://doi.org/10.1016/j.chb.2019.05.026.

Debska M, Polechoniski J, Mynarski A, Polechoniski P. Enjoyment and intensity of
physical activity in immersive virtual reality performed on innovative training devices
in compliance with recommendations for health. Int J Environ Res Public Health.

2019;16(19):3673. https://doi.org/10.3390/ijerph16193673.

Polechoniski J, Debska M, Debski PG. Exergaming can be a health-related aerobic
physical activity. BioMed Res Int. 2019. 1890527.

https://doi.org/10.1155/2019/1890527.

Sauchelli S, Brunstrom JM. Virtual reality exergaming improves affect during physical
activity and reduces subsequent food consumption in inactive adults. Appetite.

2022;175:106058. https://doi.org/10.1016/j.appet.2022.106058.

Balke B, Ware R. W. An experimental study of physical fitness of Air Force

personnel. U.S. Armed Forces Med J. 1959;10(6):675—-688

Borg G. Borg's perceived exertion and pain scales. United Kingdom: Human kinetics;
1998.

Motl RW, Dishman RK, Saunders R, Dowda M, Felton G, Pate RR. Measuring
enjoyment of physical activity in adolescent girls. Am J Prev Med. 2001;21(2):110-17.

https://doi.org/10.1016/s0749-3797(01)00326-9.

Lox CL, Jackson S, Tuholski SW, Wasley D, Treasure DC. Revisiting the measurement

of exercise-induced feeling states: The Physical Activity Affect Scale (PAAS). Meas


https://doi.org/10.1016/j.chb.2019.05.026
https://doi.org/10.3390/ijerph16193673
https://doi.org/10.1155/2019/1890527
https://doi.org/10.1016/j.appet.2022.106058
https://doi.org/10.1016/s0749-3797(01)00326-9

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

PREPRINT V1 — this manuscript has not been peer reviewed.

43,

44,

45.

46.

47.

48.

49,

Phys Educ Exerc Sci. 2000;4(2):79-95.

https://doi.org/10.1207/515327841Mpee0402 4.

Kennedy RS, Lane NE, Berbaum KS, Lilienthal MG. Simulator sickness questionnaire:
An enhanced method for quantifying simulator sickness. Int J Aviat Psychol.

1993;3(3):203-20. https://doi.org/10.1207/s15327108ijap0303 3.

Birckhead B, Khalil C, Liu X, Conovitz S, Rizzo A, Danovitch |, Bullock K, Spiegel B.
Recommendations for methodology of virtual reality clinical trials in health care by
an international working group: iterative study. JMIR Ment Health.

2019;6(1):e11973. https://doi.org/10.2196/11973.

Althouse AD. Adjust for multiple comparisons? It’s not that simple. Ann Thorac Surg.

2016;101(5):1644-5. https://doi.org/10.1016/j.athoracsur.2015.11.024.

Runswick OR, Mann DL, Mand S, Fletcher A, Allen PM. Laterality and performance:
Are golfers learning to play backwards? J Sports Sci. 2022;40(4):450-8.

https://doi.org/10.1080/02640414.2021.1997011.

Glen K, Eston R, Loetscher T, Parfitt G. Exergaming: Feels good despite working
harder. PLoS ONE. 2017;12(10):e0186526.

Murray EG, Neumann DL, Moffitt RL, Thomas PR. The effects of the presence of
others during a rowing exercise in a virtual reality environment. Psychol Sport Exerc.

2016;22:328-36. https://doi.org/10.1016/j.psychsport.2015.09.007.

Decker ES, Ekkekakis P. More efficient, perhaps, but at what price? Pleasure and
enjoyment responses to high-intensity interval exercise in low-active women with
obesity. Psychol Sport Exerc. 2017;28:1-10.

https://doi.org/10.1016/j.psychsport.2016.09.005.



https://doi.org/10.1207/S15327841Mpee0402_4
https://doi.org/10.1207/s15327108ijap0303_3
https://doi.org/10.2196/11973
https://doi.org/10.1016/j.athoracsur.2015.11.024
https://doi.org/10.1080/02640414.2021.1997011
https://doi.org/10.1016/j.psychsport.2015.09.007
https://doi.org/10.1016/j.psychsport.2016.09.005

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

PREPRINT V1 — this manuscript has not been peer reviewed.

50.

51

52.

53.

54.

55.

56.

Farrow M, Lutteroth C, Rouse PC, Bilzon JL. Virtual-reality exergaming improves
performance during high-intensity interval training. Eur J Sport Sci. 2019;19(6):719-

27. https://doi.org/10.1080/17461391.2018.1542459.

. Cameirao MS, Badia SB, Duarte E, Frisoli A, Verschure PF. The combined impact of

virtual reality neurorehabilitation and its interfaces on upper extremity functional
recovery in patients with chronic stroke. Stroke. 2012;43(10):2720-8.

https://doi.org/10.1161/STROKEAHA.112.653196.

Ebrahimi E, Babu SV, Pagano CC, Jorg S. An empirical evaluation of visuo-haptic
feedback on physical reaching behaviors during 3D interaction in real and immersive
virtual environments. ACM Trans Appl Percept (TAP). 2016;13(4):1-21.

https://doi.org/10.1145/2947617.

Ramirez-Fernandez C, Moran AL, Garcia-Canseco E. Haptic feedback in motor hand
virtual therapy increases precision and generates less mental workload. 2015 9th
International Conference on Pervasive Computing Technologies for Healthcare
(PervasiveHealth). IEEE. 2015, 280-6.

https://doi.org/10.4108/icst.pervasivehealth.2015.260242.

Akay M. Force and touch feedback for virtual reality [book reviews]. Proceedings of

the IEEE. 1998;86(3):600. https://doi.org/10.1109/JPROC.1998.662885.

Rose T, Nam CS, Chen KB. Immersion of virtual reality for rehabilitation-Review. Appl

Ergon. 2018;69:153-61. https://doi.org/10.1016/j.apergo.2018.01.009.

Lewis BA, Williams DM, Frayeh A, Marcus BH. Self-efficacy versus perceived
enjoyment as predictors of physical activity behaviour. Psychol Health.

2016;31(4):456-69. https://doi.org/10.1080/08870446.2015.1111372.



https://doi.org/10.1080/17461391.2018.1542459
https://doi.org/10.1161/STROKEAHA.112.653196
https://doi.org/10.1145/2947617
https://doi.org/10.4108/icst.pervasivehealth.2015.260242
https://doi.org/10.1109/JPROC.1998.662885
https://doi.org/10.1016/j.apergo.2018.01.009
https://doi.org/10.1080/08870446.2015.1111372

535

536

537

538

539

540

PREPRINT V1 — this manuscript has not been peer reviewed.

57. Goh DHL, Razikin K. Is Gamification Effective in Motivating Exercise?. In: Kurosu, M.
(eds) Human-Computer Interaction: Interaction Technologies. HCI 2015. Springer,

Cham. 2015:608-17. https://doi.org/10.1007/978-3-319-20916-6 56.

58. Matallaoui A, Koivisto J, Hamari J, Zarnekow R. How effective is “exergamification”?
A systematic review on the effectiveness of gamification features in exergames.

2017. https://doi.org/10.24251/HICSS.2017.402.



https://doi.org/10.1007/978-3-319-20916-6_56
https://doi.org/10.24251/HICSS.2017.402

