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Abstract

Background: Physical inactivity has been identified as the fourth leading cause of death globally. It is now well
established that a sedentary lifestyle is a unique risk factor for several diseases such as type 2 diabetes and
cardiovascular disease, which account for about 30% of global mortality. Diabetes is a major preventable cause
of costly and debilitating renal failure, heart disease, lower limb amputation, and avoidable blindness. In recent
years, the idea of using interactive computing systems that leverage gamification to promote physical activity
has been widely researched. Prior studies have shown that exergames, that is those that encourage physical
activity, can increase enjoyment and intrinsic motivation compared with conventional exercises; as such, they
can be effective in promoting physical and mental health. There has been some research on immersive virtual
reality (VR) exergames; however, to the best of our knowledge, it is limited and preliminary. This work aims at
filling the gap and investigates the effect of display type (DT) and viewing perspective (VP) on players’
exertion, engagement, and overall game experience in immersive VR exergames.
Objective: This article aims at examining whether DT and VP can affect gameplay performance, players’
exertion, game experience, cybersickness, and electroencephalography (EEG) engagement index when playing
a gesture-based (i.e., body motion) exergame.
Materials and Methods: Study 1 employed a one-way between-subjects design with 24 participants equally
distributed in two groups (immersive VR and 50-inch TV) to perform 12 pre-defined gestures. The main
outcome measures were National Aeronautics and Space Administration-Task Load Index (NASA-TLX)
workload for each group as well as 7 Likert scale and EEG engagement index for each gesture. Study 2 included
16 participants in playing a game with the gestures selected from study 1. All participants played 4 versions
based on combinations of DT (immersive VR and 50-inch TV) and VP (first-person and third-person) to assess
exertion (%HRmax, calories consumption, and Borg RPE 6–20), game experience, cybersickness, and EEG
engagement index.
Results: Study 1 results showed that DT had no effect on the ratings of the gestures, NASA-TLX workload, and
EEG engagement index. Study 2 results showed that immersive VR not only resulted in a significantly higher
exertion (%HRmax, calories consumption, and Borg RPE) but also helped achieve better positive game experience in challenge, flow, sensory and imaginative immersion, as well as lower negative affect. We also found
that nausea and oculomotor were significantly higher in immersive VR.
Conclusion: This pilot study demonstrates that youth who played gesture-based exergame in immersive VR had
a higher level of exertion (%HRmax, calories consumption, and Borg RPE), although the number of performed
gestures were not significantly different. They also felt that immersive VR was much more challenging,
immersive (flow, sensory and imaginative immersion), and had a lower negative affect than a 50-inch TV;
however, immersive VR was more likely to make youth have higher cybersickness.
Keywords: Virtual reality, Exergame, Motion-based gaming, Head-mounted display, Large display, Viewing
perspective
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hysical inactivity has been identified as the fourth
leading cause of death globally.1 It is now well established that a sedentary lifestyle is a unique risk factor for
several diseases such as type 2 diabetes and cardiovascular
disease,2 which account for about 30% of global mortality. In
recent years, the idea of using interactive computing systems
that leverage gamification to promote physical activity has
been widely researched.3 Prior studies4–7 have shown that
exergames, a type of games that encourage physical activity,
can increase enjoyment and intrinsic motivation compared
with conventional exercises; as such, they can be effective in
promoting physical and mental health.8,9
Given the advantages of engaging people in long-term and
regular physical activity, various non-immersive virtual reality (VR)10 (like using interfaces such as a flat-screen TV/
monitor) exergames have been designed to encourage people
to be more active,11 promote a positive lifestyle12 and selfcare.13 Previous literature has shown that exergames could
bring physical and health outcomes to players. For example,
Peng et al.14 have performed a meta-analysis of energy expenditure in exergames where their main finding suggests that
exergames are as effective as traditional physical activities
that facilitate light- and moderate-intensity physical exertion.
Huang et al.15 found that exergames can induce positive
changes in happiness, perceived energy levels, and relaxation
for people who are enthusiastic about doing exercises. Other
studies have shown that exergames are as effective as conventional balance training exercises.16,17 Moreover, the
benefits of playing exergames include, but not limited to,
improving the quality of life,18 reducing state anxiety,19 as
well as improvements in the number of steps taken, standing
balance, gait speed, and mobility.20
Given the recent emergence of immersive VR technology,10
which frequently uses head-mounted displays (HMDs), there is
limited and only preliminary research on immersive VR exergames. Recently, Barathi et al.21 have implemented an exercycle game with interactive feedforward by using immersive
VR to improve players’ performance and maintain intrinsic
motivation. Ioannou et al.22 found that virtual augmented
running and jumping in immersive VR could increase intrinsic
motivation, perceived competence, and flow. Xu et al.23 have
found that playing exergame in immersive VR would not result
in a higher cybersickness than a 50-inch TV. In general, researchers have suggested that immersive VR is useful in promoting physical activity in sedentary and obese children,24
especially to increase their motivation to exercise.25,26 However, the difference between exergaming with a common display and immersive VR is still largely underexplored,
especially regarding their physical and health benefits.
Traditional approaches such as direct observations27 and
subjective measurements11 are the commonly used methods
to measure user experience during games. However, they can
be intrusive and not reliable. Psychophysiological methods,
such as using electroencephalography (EEG), provide relatively non-intrusive, covert, and reliable measurements of
affective states that determine user experience, and this
makes them suitable for studying interactive entertainment.28 Such methods have been used to investigate the effect of controller types,29 viewing angles,30 display types
(DTs), and tasking modes23 on players’ brainwave patterns.
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Chang et al.31 and Stoffregen et al.32 have proved that
videogames can carry a significant risk of cybersickness. One
solution to reduce it is by seeking the most suitable viewing
perspective (VP) (e.g., first person vs. third person). For
example, Medina et al.33 found that cybersickness was more
pronounced for the first-person viewing perspective (1PP)
group than the third person viewing perspective (3PP) group
when performing locomotion walking in navigation tasks in
an immersive VR environment. Similarly, Monteiro et al.34
pointed out that playing an immersive VR racing game in
3PP is less likely to induce cybersickness when compared
with playing it in 1PP.
Given the considerations just mentioned, the aim of this
study was to investigate the effect of DT (immersive VR and
large TV) and VP (1PP and 3PP) on players’ exertion, engagement, and overall gaming experience of exergames. To
this end, we conducted a first study to select a gesture set for
a gesture-based game to make sure that the selected gestures
would not affect players’ gameplay in both DTs. Afterward,
in a second study, we investigated the effect of DTs and VPs
when interacting with an exergame.
The current investigation has been guided by the following hypotheses. Because previous research7 showed that
playing an exercycle game with a common flat monitor and
immersive VR led to an equal level of burned calories, we
hypothesized that:
H1: (a) There would be no significant differences in gameplay performance (i.e., completing the same number of
gestures) among DTs; therefore, (b) we believe the levels
of exertion (%HRmax, calories burned, and Borg RPE)
should also be the same among the DTs.
H2: Immersive VR could result in a higher game experience than large display (LD).
Similarly, because prior work that tested different types of
interventions showed that 3PP could lead to a lower motion
sickness than 1PP,33,34 we predicted that:
H3: During a gameplay of more than 3 minutes, (a) 3PP
could lead to a lower cybersickness than 1PP in exergames. As for immersive VR, we believe that (b) it
could lead to a higher level of cybersickness than LD.
Materials and Methods
Study 1

In the interest of removing any possible bias toward a DT,
Study 1 aimed at identifying a set of full-body gestures for
the exergame to be used in Study 2. That is, we evaluated
gestures that would not be affected by DT.
Participants. Twenty-four participants were recruited
from a local university campus to participate in this experiment. Because two participants’ EEG data were lost due to
bad connection between the devices, we recruited another
two participants. The final 24 participants (6 females) were
aged between 19 and 27 (mean = 22.04) years old. Twentytwo played videogames regularly (17 of them played
weekly). For the immersive VR group, only two of them
were frequent users of immersive VR.
The inclusion criteria of the participants for the study were
those who: (1) answered ‘‘no’’ to all Physical Activity
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Readiness Questionnaires,35 (2) had a resting blood pressure
lower than 140/90 mmHg, and (3) had a common (10%–
90%)36 resting heart rate depending on their age and gender.
Instruments. To avoid familiarity with gestures that
could potentially affect the selection of gestures, we employed a one-way between-subjects experiment design with
24 participants (6 females) equally distributed in two groups
where the independent variable was DT—immersive VR and
LD. The experiment was conducted at a university lab. We
used an Oculus Rift CV1 as our VR HMD and a 50-inch 4K
TV as our LD. Both devices were connected to a standard
computer with an i7 CPU, 16GB RAM, and a GeForce GTX
1080Ti GPU. The brainwave signals were collected by a
MUSE headset Edition 1. The program was built in Unity3D,
and players’ gestures were detected by a Microsoft Kinect 2.
The National Aeronautics and Space Administration-Task
Load Index (NASA-TLX)37 is a validated instrument for
measuring workload,38 which consists of six subscales that
represent independent clusters of variables: mental, physical,
and temporal demands, frustration, effort, and performance.
It first presents users with a series of pairs of rating scale
titles (e.g., effort vs. mental demands) and asks users to
choose which of the items was more important to the experience of workload in the task(s) that were just performed.
Then, it asks users to rate each workload cluster in a 21Likert scale.38 The NASA-TLX has been widely used by
universities, industries, and governments.39

Participants’ rating. Participants needed to rate each
gesture via a 7-point Likert scale, ranging from 1, strongly
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disagree, to 7, strongly agree. A higher score indicated that
participants would like to have such a gesture in the final
version of the game.
The EEG metric we used for this study was the engagement index, which has been widely used in the research of
biocybernetics and automation systems,40–44 and is a measurement of how cognitively engaged a person is in a task.40
It can be calculated by the formula E ¼ ða þb hÞ41 where a, b,
and h are averaged values of a, b, and h waves from the EEG
device (i.e., MUSE 1).
Task: performing the gestures. Participants needed to
perform 12 different gestures in a computer program (Fig. 1),
which was developed by the researchers, with the TV or
immersive VR device depending on their assigned group. All
gestures were evaluated by rehabilitation doctors we had
access to. There were six simple gestures (Psi: raising two
hands; Squat: performing a squat; Kick: raising any leg;
Walk: performing walk-in-place; Wheel: performing steering
wheel motion; Zoom: leaning arms forward and stretching
them out), and six complex gestures that were combinations
of simple gestures (Squat+Psi; Squat+Wheel; Kick+Zoom;
Kick+Wheel; Walk+Psi; and Walk+Zoom). For each gesture,
instructions were given to participants via a pre-recorded
5-second video (Fig. 1a). Then, they were requested to repeat
each gesture in two 10-second sessions, with 5 seconds of
rest in between. The order of the gestures was counterbalanced during the experiment.
Procedure. Before the experiment, participants were told
about the purpose of the experiment, given the information

FIG. 1. Screenshot of Study 1 program. (a) Video display area for participants to follow. (b) A character represents the
participant. Color images are available online.
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Table 1. Means (Standard Deviations) of National Aeronautics and Space Administration-Task
Load Index Questionnaire Results

VR
LD

Overall

Mental

Physical

Temporal

Performance

Effort

Frustration

49.11 (14.67)
47.42 (9.15)

40.42 (19.82)
34.17 (19.29)

52.92 (19.71)
61.25 (16.53)

48.75 (19.08)
43.75 (9.08)

45.83 (19.75)
39.17 (20.87)

43.33 (18.26)
41.67 (9.85)

25.83 (20.10)
17.50 (12.70)
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LD, large display; VR, virtual reality.

Results

sheet to read, and the consent form to sign. Once they agreed
to participate, participants were asked to complete a preexperiment questionnaire to collect demographic data. After
the devices used in the experiment were described to them, a
researcher helped calibrate the MUSE (to make sure that the
MUSE had a good connection with the MUSE application
running on a mobile device).
After they understood the process, participants proceeded
to play the computer program and perform the gestures. After
the experiment, participants needed to complete the postexperiment questionnaire and give comments on the gestures to the experimenter through an interview. The whole
experiment lasted about 40 minutes for each participant.
The experiment was conducted under the supervision of the
experimenter, and the surroundings were cleared of any
obstacles to give a safe environment to the participants.

NASA-Task Load Index. A univariate ANOVA yielded
no significant effect of DT (F1,22 = 0.115, P = 0.737) on
overall workload. A multivariate ANOVA also showed
no significant effect of DT on the six NASA-TLX subscales: mental (P = 0.442), physical (P = 0.274), temporal
(P = 0.421), performance (P = 0.430), effort (P = 0.783),
and frustration (P = 0.283). See Table 1 for results.
Gesture set

Participants’ ratings. Results of participants’ ratings of
each gesture can be found in Table 2. ANOVA tests yielded a
significant effect of gesture (F5.539,121.848 = 4.288, P < 0.001)
but not of gesture · group (F11,242 = 0.970, P = 0.474) on
the rating scores of the gestures. There was no significant
effect of group (F1,22 = 0.049, P = 0.826) on participants’
rating of each gesture. Post hoc pairwise comparisons
revealed significant differences between gesture Psi –
Kick+Zoom, Psi – Kick+Wheel, Walk – Kick+Zoom (all
P < 0.05).

Statistical analysis. SPSS version 24 for windows was
used for analysis. The Kolmogorov–Smirnov test was used to
verify the normality of the data. For NASA-TLX37 overall
workload, we analyzed the data by using a univariate analysis of variance (ANOVA) and for its subscales, we employed a multivariate ANOVA to evaluate the effects of DT
on gestures that had been performed by participants. For
participants’ ratings and the EEG engagement index, we
employed a mix-design ANOVA with gesture (12 gestures)
as the within-subjects variable and DT as the betweensubjects variable. Bonferroni correction was used for pairwise comparisons, and Greenhouse-Geisser adjustment was
used for degrees of freedom if there were violations to
sphericity in the data.

EEG engagement index. ANOVA tests yielded no significant effect of gesture (F11,242 = 1.727, P = 0.175), group
(F1,22 = 2.619, P = 0.120), or gesture · group (F11,242 = 0.712,
P = 0.726) on task engagement for each gesture. Results of the
EEG engagement index of each gesture can be found in
Table 2.
Discussion

Our results indicated that DT did not affect players’ preference of the gestures, their workload, and the engagement

Table 2. Means (Standard Deviations) of Participants’ Ratings and Electroencephalography
Engagement Index Results of Each Gesture
Participants’ ratings
Gesture
Psi
Squat
Kick
Walk
Wheel
Zoom
Squat+Psi
Squat+Wheel
Kick+Zoom
Kick+Wheel
Walk+Psi
Walk+Zoom
EEG, electroencephalography.

VR
5.92
4.92
5.08
5.83
5.00
5.58
5.42
4.83
4.08
4.17
5.50
5.50

(0.79)
(1.38)
(1.08)
(0.84)
(1.28)
(1.17)
(1.17)
(1.59)
(1.51)
(1.40)
(1.57)
(1.57)

EEG engagement index
LD

5.67
4.92
5.58
5.67
5.25
5.17
4.67
4.17
5.00
4.25
5.25
5.33

(1.16)
(1.98)
(1.38)
(1.07)
(1.82)
(1.47)
(1.88)
(1.70)
(1.13)
(1.42)
(1.29)
(1.37)

VR
0.81
0.76
0.74
1.06
0.77
0.95
0.82
0.66
0.65
0.70
0.25
0.59

(0.48)
(0.33)
(0.37)
(1.48)
(0.37)
(0.75)
(0.83)
(0.44)
(0.44)
(0.58)
(1.01)
(0.38)

LD
0.51
0.64
0.52
0.71
0.55
0.47
0.55
0.48
0.36
0.54
0.46
0.46

(0.44)
(0.27)
(0.41)
(0.81)
(0.23)
(0.35)
(0.27)
(0.36)
(0.32)
(0.24)
(0.18)
(0.23)
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FIG. 2. The six blocks that were used in the game: (left to right) Kick, Squat, Zoom, Psi, Squat+Psi, and Kick+Zoom.
Color images are available online.
index when performing these full-body gestures. We also
observed that some gestures might raise issues for future
gameplay. We therefore selected the gesture set with the
following exclusion considerations: (1) Based on the participants’ ratings and comments, we decided to exclude
Wheel, Squat+Wheel, and Kick+Wheel gestures since the
ratings of these gestures were low. In addition, 20 out of 24
participants complained during the interview that performing these gestures was too hard (e.g., P9 from the nonVR group: ‘‘This gesture is too difficult to do’’). (2) Based
on our observations, we decided to exclude Walk,
Walk+Psi, and Walk+Zoom gestures since participants
could easily go forward instead of walking-in-place when
performing such gestures, which could cause tracking issues because, similar to nearly all motion tracking devices,
the Kinect 2 we used in Study 2 only had a limited operational tracking area.

In summary, our exergame in the second study was designed to have four simple gestures—Psi, Squat, Kick, Zoom,
and two complex gestures—Squat+Psi and Kick+Zoom.
Since task engagement index was the same, therefore we
hypothesize that:
H4: DT and VP would not affect the EEG task engagement index.
Study 2

In Study 2, we investigated the impact of DT (Large TV
and Immersive VR) and VP (1PP and 3PP) on gesture-based
exergame gameplay performance and experience.
Participants. Another 16 participants were recruited for
this study. Because one participant’s EEG data were lost due

FIG. 3. A screenshot of the exergame
where the name and colored lines in the
game work as a reminder of each gesture for
the player (a; top) and an example of a
participant performing Psi+Squat gesture
during the game (b; bottom). Color images
are available online.
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Table 3. P Values of Two-Way Repeated Analysis of Variance Results on Game Performance, Exertion,
Simulator Sickness Questionnaire, and Electroencephalography Task Index
Game performance %HRmax Calories burned
DT
VP
DT · VP

0.468
0.338
0.929

<0.01**
0.852
0.086

<0.01**
0.320
1.000

Borg RPE

Nausea Oculomotor EEG engagement index

<0.001***
0.403
0.333

<0.05*
0.072
0.300

<0.01**
0.812
0.510

0.439
0.446
0.303
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Level of significance: *<0.05, ** <0.01, and *** <0.001.
DT, display type; VP, viewing perspective.

to bad connection, we recruited one more participant. The
final 16 participants (5 females) included in the data analysis
were between the ages of 18 and 28 years (mean = 21.75).
Ten of them had some prior experience with immersive VR
(2 of them interacted with it weekly). Fifteen participants
played videogames regularly (12 of them weekly).
We used the same inclusion criteria as Study 1 for this study.

Physiological involvement was assessed by the EEG engagement index. For details of this measurement, see Study
1, Instruments section.
Participants’ preference of the conditions (VR-1PP, VR3PP, LD-1PP, and LD-3PP) was measured by their rankings
of the condition from 1 to 4, where 1 stood for the most
preferred option and 4 for the least preferred option.

Instruments. The experiment followed a 2 · 2 withinsubjects design with combinations of (1) VP—(1PP and 3PP)
and (2) DT—(immersive VR and LD). The order of DT · VP
was counterbalanced in the experiment.
In addition to the devices used in Study 1, we used a Polar
OH1, which has been proved to be able to capture good HR
data when compared with the gold standard of HR measurement of an electrocardiography device,45,46 to record
participants’ heart rate and calorie consumption.
Participants’ task performance was evaluated in terms of
the percentage of blocks removed (i.e., when the gesture was
performed correctly).
Participants’ game experience was measured by using the
33-item core module of the Game Experience Questionnaire.47 It consists of seven components: competence,
sensory and imaginative immersion, flow, tension, challenge,
negative affect, and positive affect.
Cybersickness was assessed by using the 16-item Simulator Sickness Questionnaire.48 It measures a wide range of
possible symptoms of cybersickness, including (but not
limited to) nausea, eyestrain, dizziness, and vertigo. Each
symptom was rated on a severity scale that ranged from 0
(none) to 3 (severe). The scale had an observed Cronbach’s a
of 0.91. This scale was aggregated to produce 2 measures of
cybersickness (Nausea and Oculomotor) with 27 and 21
points, respectively.
Exertion was evaluated by (1) the average heart rate
(%HRmax) and was expressed as a percentage of a participant’s estimated maximum HR (220 minus age).49 (2) Calories burned and (3) ratings of perceived exertion were
measured by the Borg RPE 6–20 scale.50

Task: GestureStar game. Inspired by the commercial
exergames Beat Saber and Just Dance, we developed GestureStar. In GestureStar, players encountered blocks flying
toward them every 6 seconds and were required to make the
corresponding gesture to eliminate each block within 6
seconds; otherwise, they would miss it. One game lasted
about 8 minutes (1 minute for training and 7 minutes for the
actual experiment). In total, participants were required to
perform 10 gestures during training and 70 during gameplay.
As stated earlier, the game had four simple gestures (Psi,
Squat, Kick, and Zoom), and two complex gestures (Squat+Psi
and Kick+Zoom). We employed six different blocks to represent the gestures in the game (Fig. 2). Figure 3a shows a
screenshot of the game, and Figure 3b shows the setup of a
player playing the game.
Procedure. Participants were briefed of the purpose of
the experiment and asked to sign the consent form and
complete a pre-experiment questionnaire. Afterward, a researcher helped participants to wear and calibrate the MUSE
1 and Polar OH1. We only recorded EEG and heart rate data
for the 7-minute experimental part. After each condition,
participants were asked to complete the post-experiment
questionnaire. They could rest as much as they want between
conditions. After the experiment, they were asked to give
feedback and rank each condition. The whole experiment
lasted about 1 hour for each participant.
Statistical analysis. Similar to Study 1, SPSS version 24
for windows was used for analysis. The Kolmogorov–
Smirnov test was used to verify the normality of the data. We

Table 4. Means (Standard Deviations) of Completion Rates, Exertion, Nausea, Oculomotor,
and Electroencephalography Engagement Index
Completion rate
VR_1PP
VR_3PP
LD_1PP
LD_3PP

91.79%
92.77%
92.41%
93.57%

(3.28%)
(3.36%)
(5.64%)
(4.92%)

%HRmax
53.60%
52.78%
50.60%
51.25%

(6.82%)
(6.33%)
(6.03%)
(5.77%)

Calories
burned
42.81
43.81
34.75
35.75

(13.11)
(13.38)
(12.07)
(13.00)

Borg RPE
14.50
13.94
11.94
12.06

(1.90)
(1.12)
(1.57)
(1.84)

1PP, first-person viewing perspective; 3PP, third person viewing perspective.

Nausea
1.88
2.56
1.69
1.50

(1.54)
(2.13)
(1.89)
(1.41)

Oculomotor
2.81
3.13
1.69
1.50

(2.54)
(2.22)
(1.82)
(1.41)

EEG engagement
index
0.36
0.26
0.35
0.38

(0.23)
(0.43)
(0.30)
(0.22)
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Table 5. P Values of Two-Way Repeated Analysis of Variance Results of the Game
Experience Questionnaire
Competence

Sensory and imaginative
immersion

Flow

Tension

Challenge

Negative
affect

Positive
affect

0.588
0.181
0.085

<0.01**
0.284
<0.01**

<0.01**
0.070
0.073

0.730
0.453
0.224

<0.01**
0.133
0.118

<0.05*
0.060
0.770

0.125
0.348
<0.05*

DT
VP
DT · VP

Level of significance: *<0.05, ** <0.01, and *** <0.001.

used the two-way repeated measures ANOVA and Bonferroni correction for pairwise comparisons.
Results
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Hypothesis testing

Analytical results of game performance, exertion (average
%HRmax, Calories burned, and Borg RPE), simulator sickness questionnaire, and EEG engagement index can be found
in Table 3.
Details of participants’ task performance and exertion for
each condition can be found in Table 4. No significance was
found on task performance between conditions, supporting
H1a. However, immersive VR had led to a higher %HRmax
(P = 0.005), calories burned (P = 0.001), and Borg RPE rating
(P = 0.000) than LD, not supporting H1b.
Analytical results of each Game Experience Questionnaire component are shown in Table 5. The score for
immersive VR was higher than LD regarding challenge
(P = 0.002), flow (P = 0.004), and sensory and imaginative
immersion (P = 0.002); whereas immersive VR had a lower
score regarding negative affect (P = 0.023) than LD. Therefore, the results supported the H2. Table 6 shows the scores
for each component.
No significance was found for Nausea and Oculomotor on
VP, not supporting H3a. H3b was supported since immersive VR had caused a higher level of Nausea (P = 0.016)
and Oculomotor (P = 0.010) than LD. Details of the sickness
scores for each condition can be found in Table 4.
H4 was supported as no significant effect of DT and VP
was found on EEG engagement index. Values of EEG engagement index can be found in Table 4.
User preference

Friedman tests yielded a significant difference depending
on which version participants preferred v2(3) = 10.059,
P = 0.018. However, post hoc analysis with Wilcoxon
signed-rank tests and Bonferroni correction did not reveal
any significant difference between conditions, although 63%
of the participants selected VR-1PP as their top choice.

Discussion
Discussion on the hypotheses

We found support in our results for H1a, where participants completed the same number of gestures in both immersive VR and LD conditions. However, H1b was not
supported, even though the completion rates of the gestures
were the same. One possible explanation might be because
the weight of the VR HMD that participants had to carry
during the immersive VR condition increased the intensity of
the exergame, although the Oculus CV1 just weighted 470 g.
We found support for H2; that is, playing exergames in
immersive VR had a better gameplay experience as it was
more challenging, immersive (based on the flow, sensory,
and imaginative immersion components) to participants, and
had less negative effects. Interestingly, our findings did not
support the results from a previous study23 in which researchers found that playing a motion-based exergame in
immersive VR might have the same level of game experience. One possible explanation might be because the length
of our game was much longer than theirs.
Previous studies33,34 suggested that 3PP could lead to a
lower sickness level than 1PP; however, we did not find
support for H3a. That is, playing an exergame in 3PP did not
result in a lower cybersickness level than in 1PP. We hypothesize that since our game demanded a reasonable
amount of movement, the bone vibration equated in lower
levels of cybersickness in both versions equally.51 Further, in
our experiment, participants often focused on a fixed point,
so they could better observe the oncoming objects, which
equated to the same advantage as 3PP, thus not bringing any
special advantage in this scenario. H3b was supported, as our
data indicated that players felt sicker (both nausea and oculomotor) when playing in immersive VR than LD, which is
in line with previous immersive VR studies.52,53
We confirmed our H4 that DT and VP did not affect the
EEG engagement index.
Practical implications

Our results indicate that playing a full-body gesture exergame in immersive VR could lead to a higher exertion

Table 6. Means (Standard Deviations) of Game Experience Questionnaire Subscales
Competence
VR_1PP
VR_3PP
LD_1PP
LD_3PP

2.79
2.74
2.54
2.88

(0.58)
(0.69)
(0.55)
(0.63)

Sensory and imaginative
immersion
2.66
2.38
2.01
2.09

(0.52)
(0.63)
(0.51)
(0.61)

Flow
2.51
2.26
1.78
1.74

(0.69)
(0.70)
(0.46)
(0.43)

Tension
0.90
0.98
1.00
0.81

(0.74)
(0.75)
(0.82)
(0.78)

Challenge
2.09
2.06
1.81
1.50

(0.85)
(0.79)
(0.85)
(0.56)

Negative
affect
0.86
1.10
1.19
1.34

(0.84)
(0.81)
(0.78)
(0.76)

Positive
affect
3.09
2.78
2.64
2.78

(0.83)
(1.03)
(0.75)
(0.72)
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level than LD (i.e., it burned more calories, and led to a
higher %HRmax, and perceived exertion level on the Borg
RPE). Moreover, playing an exergame in immersive VR can
induce not only a higher immersion level but also a lower
negative feeling than LD. As such, when players need some
exercise, they could be introduced to playing exergames with
VR HMDs. However, if players start to get cybersick
quickly, they should play exergames with LD.
For game designers, consideration should be taken with
respect to gestures: (1) by not designing and including
complex gestures (e.g., wheel used in Study 1); (2) by
avoiding gestures such as walk-in-place because players
might need to move around, which could lead to tracking
issues and potentially dangerous situations.
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Strengths, limitations, and future work

The strengths of our research include: (1) the gestures used
for the exergame were selected systematically (from Study 1)
to remove any bias toward any particular type of display that
could originate from a gesture; (2) the effect of DT (immersive VR and LD) and VP (1PP and 3PP) on cybersickness
and exertion in exergames were never previously examined.
To our knowledge, we are the first ones to conduct this research; (3) another strength of the study is that it has contributed to the limited research topic of immersive VR on
health benefits to its users (e.g., exertion).
There are some limitations to this research. One limitation
is that the research involved a relatively small sample
(though this is normal in research published in this area).54
Future work can involve a larger and more diverse group of
participants. Moreover, the current version of GestureStar
seems only to be a light-intensity game as participants’
%HRmax is lower than 64% (Table 4), which is the lower
bound of moderate intensity exersises.55 One possible solution to increase the intensity of the game is by narrowing the
wait time for the next block if the player eliminates the
current block in advance. In addition, future work can focus
on reducing potential nausea and other adverse side effects
while increasing the intensity of the immersive VR version
of the exergame.
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