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OBJECTIVES The present study is aimed at observing the physiological response imagery running with an
avatar in 3D virtual reality (VR) and to explore the differences in physiological responses between imagery
running with and without an avatar in 3D VR.
METHODS We randomly assigned 32 healthy adults to either a group with Avatar (n = 19) or a group without
(n = 13). The group with avatar performed imagery exercise with an avatar in 3D VR and the group without
Avatar performed it without an avatar in 3D VR. Both groups were instructed to mentally imagine performing
running in VR without executing actual physical movements. We recorded electro-physiological data before,
during, and after the 20-min intervention. We also measured the participants’ level of presence and intensity
of experienced cybersickness.
RESULTS In the group with Avatar, all physiological responses increased from the resting to the intervention
period. The group with Avatar also showed a higher level of presence and fewer cybersickness symptoms
than the group without Avatar.
CONCLUSIONS The results suggest imagery running with an avatar in 3D VR might be effective as an
alternative exercise.
© The Asian Society of Kinesiology and the Korean Academy of Kinesiology

Introduction

training on young volleyball players’ passing decision-making
performance and on skating performance, respectively. As

Motor imagery training is the conscious mental process of

imagery training is widely used as an efficient training tool

a movement without any muscular execution [1]. In the field

for improving sports skills, one might wonder how these

of sports, many athletes use imagery training to improve their

effects come about, considering that athletes only imagine

skills, and many studies have shown such effects [2-6]. Fortes

their movements mentally without any real physical motion.

et al. [2]and Rodgers et al. [6] showed the effects of imagery

Studies in the field of neuroscience usually explain
the effects of imagery training on the basis of several
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neurophysiological approaches [7-13]. The first is the
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psychoneuromuscular theory, which states that the muscles

rehearsals without actual physical movements. To overcome

activated during motor execution are also activated during

this problem, we used a virtual reality (VR) technology setup,

motor imagery [8]. The second approach is based on

which can dynamically present situations that are difficult to

autonomic responses, postulating that imagery training may

realize experimentally. We therefore developed an imagery

cause changes in autonomic activation, such as in respiration,

running with an avatar in 3D VR, and the avatar in 3D VR

heart rate, and skin conductance, in the similar way actual

played a role as motor imagery. Based on this, the present

physical movements do [7]. The last approach uses the mirror

study is aimed at observing the physiological response in

neuron system to explain the effects of imagery training,

experience of imagery running with an avatar in 3D VR.

suggesting that mirror neurons are activated for specific goal-

However, to ensure the effectiveness of VR technology, it is

oriented behaviors, irrespective of whether the behaviors

important to explore how effectively people get involved and

are produced by oneself or others [14]. Based on these three

immersed in motor imagery in 3D VR during the imagery

neurophysiological approaches, the effectiveness of imagery

running. Many studies with VR have focused on perspective

training can be neurophysiologically and physically validated.

and on the question whether first-person perspective (1PP)

This raises the question whether imagery training would be

or third-person perspective (3PP) is more effective [17-21].

possible to apply for the general public as it is for athletes. To

According to Kokkinara et al. [20], when participants were

investigate this, we needed to change the concept of imagery

seated without physical movements and watched a walking

“training” to that of imagery “exercise,” because according to

virtual body, 1PP led to a higher sense of body ownership,

the mirror neuron system approach, mirror neurons react to

walking, and agency than 3PP. However, their study focused

object-oriented motor imagery and not simply to emotionally

on the participant’s sense of illusory agency and not on

meaningful behavior [10, 14]. In this sense, the concept of

kinesiological factors. Similar to the results of Kokkinara et

“training” which for athletes means to improve some specific

al.’s study[20], other studies have reported that 1PP led to

performance skill, cannot inspire the same motivation in

a much higher sense of embodiment and spatial presence

members of the general public who do not need to undergo

during VR than 3PP, with most studies focusing on the

training like athletes. In contrast, the concept of “exercise”

relationship between gamification and VR technology [18, 22,

may strongly motivate them to use motor imagery, since

23]. Havranek et al. [22] also reported that during VR video

people usually exercise with a personal goal in mind, such

gaming, participants showed higher ratings of spatial presence

as losing weight, building muscle strength, or improving life

during a 1PP condition than during a 3PP condition.

satisfaction. Therefore, the current study used the concept

In contrast to these findings, some other studies have

of imagery exercise(running) instead of imagery training to

reported that 3PP was more effective in VR than 1PP [19, 24,

verify the possibility of application of motor imagery for the

25]. Galvan Debarba et al. [24] claimed that during full-body

general public.

reaching tasks, 3PP can lead to a higher sense of embodiment

Along with different levels of motivation, it is also

into the virtual body. Huang et al. [19] also used a visual virtual

important to consider how vividly participants imagine

environment for rehabilitation and found that 3PP was more

physical movements. Jeannerod [15] suggested that

effective in shifting weight. These previous studies show that

physiological response changes could be related to the

3PP can be more effective in situations where kinesiological

vividness of the imagined movement. However, the vividness

effects are required, such as fitness, full-body reaching tasks,

of imagery seems to differ between elite athletes and non-

and rehabilitation, than in gaming situations. Particularly, in

elite athletes. Eton, Gilner, and Munz [16] reported that

the present study, physical movements were not required to

non-elite athletes showed less vivid imagery than elite

verify the effectiveness of motor imagery exercises with an

athletes. This means that for the general public, it might be

avatar in 3D VR, and the participants were members of the

even more difficult to go through only conscious mental

general public, not athletes. Therefore, we hypothesized that a
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3PP task would be more effective in the present study.

from one control participant was not collected due to

In human movement, it is considered that visualizing

technical problems, leaving 13 control group participants and

the motor imagery for the specific motion is important.

19 experimental group participants in the data analysis. The

This is because the motor system has the ability to copy and

study was approved by Institutional Review Board (IRBPNU

reproduce another’s motion [26]. Therefore, when people

IRB/2018_84_HR) and written informed consent for study

experience movements from a 3PP, they are able to recognize

participation was obtained from all participants.

them more accurately than when they experience movements
from a 1PP [27]. Huang et al. [19] suggested that 3PP is more
useful in rehabilitation than 1PP. Furthermore, in VR, 3PP
leads to less simulator sickness than 1PP [28]. Therefore,
in previous studies on the effect of different perspectives in
VR, findings might have depended on the specific research
purpose. In the present study, we additionally compared 3D
VR imagery running with an avatar with 3D VR imagery
running without an avatar to verify which perspective was
more effective.
In sum, our main aim was to observe the physiological
response of imagery running with an avatar in 3D VR. The
second goal of this study was to examine the differences in
physiological responses between imagery running with and
without an avatar in 3D VR. Additionally, we also assessed
differences in the level of perceived presence between imagery

Materials and Apparatus
The 3D VR programs for both the with and without avatar
groups used an HTC Vive VR (HTC Corporation, New Taipei
City, Taiwan), which was composed of one head mounted
display (HMD), a pair of hand controllers, and headphones,
and the SteamVR Unity Plugin. The HMD in this study had a
display resolution of 1080 × 1200.
The electro-physiological signal data was obtained by
ProComp Infiniti (Thought Technology Ltd., Montreal,
Canada) and the Biograph Infiniti Software system (version
6.5.0). Regarding the EMG sensor, The MyoScan-Pro sensor
was used. Its active range is from 20 to 500 Hz. It can record
SEMG(surface electromyography) signals of up to 1600 microvolts (µV), RMS. On the sensor, there is a small switch with
three positions: 400N, 1600W and 400W. At the 400W or

running with and without an avatar in 3D VR.

400N positions, the sensor’s amplitude scale is 400 µV, which

Methods

The larger body muscles can produce microvolt readings

Participants
This study recruited neurologically and physically healthy
men and women aged between 19 and 35 years. Thirty-two
participants were randomly assigned into either the group
with Avatar (n = 19; mean age: 22.57 ± 2.26 years, nine
men, 10 women), who performed the imagery running with

allows for a good resolution for most of the body’s muscles.
of up-to 1600 µV. The noise caused by heartbeat recording
upper body muscles can be filtered out by moving the switch
to the 400N (narrow bandwidth) position. In this position,
the sensor will only be sensitive to frequencies between 100
and 200 Hz.
Measurements

an avatar in 3D VR, or the group without Avatar (n = 13;

To verify physiological responses, we obtained

mean age: 21.38 ± 1.75 years, five men, eight women), who

electro-physiological signal data from six channels:

performed the imagery running without an avatar in 3D

electrocardiography (ECG); electromyography (EMG)

VR. A total of 39 people were recruited at the beginning of

of the left side of the biceps brachii, rectus femoris, and

experiment, with 20 assigned to the experimental group and

lateral gastrocnemius; blood volume pulse (BVP); and skin

19 to the control group. Among them, one experimental group

conductance (SC).

participant and three control group participants fell asleep

For the immersion and stability of both 3D VR programs

during the experiment. Two additional control participants

used in this study, we administered the Presence Questionnaire

were eliminated due to motion sickness. In addition, data

(PQ) [29] and the Simulator Sickness Questionnaire (SSQ)
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[30], which were modified and translated to Korean.
Intervention
Both groups were instructed to mentally imagine that they
were exercising in VR without executing any actual physical
movements. The 3D VR programs used for both the two
groups were implemented for 20 minutes.
As depicted in Figure 1A, the 3D VR program for the
group with Avatar was an avatar jogging simulation. In this
program, participants could select an avatar of the same sex
and control the speed of the avatar with controllers. They were
also able to hear the footsteps at the controlled speed of the
avatar. Furthermore, before the intervention, the participants
were instructed to focus on the avatar’s leg movements. The

informed consent form. Before starting the experiment, they
experienced the 3D VR program used in this study to verify
symptoms of cybersickness for 5 minutes.
If participants had no problem with cybersickness
symptoms, they took a rest for 15 minutes and then they
attached electro-physiological sensors. For measuring the
electro-physiological data, all participants went through an
adaptation period (5 min), a pre-resting period before the
intervention (5 min), the intervention period (20 min), and
a post-resting period after the intervention (3 min). After
this process, the PQ and SSQ were measured to verify the
immersion and stability of the 3D VR programs.
Statistical analysis

3D VR program for the group without Avatar was a jogging

All statistical procedures were conducted using IBM SPSS

simulation with only tracks but no avatar, as shown in <Figure

22.0 for Windows (SPSS Inc., Chicago, IL, USA). All electro-

1>. The group without Avatar did thus not select an avatar,

physiological data were analyzed using repeated-measures

control the speed of an avatar, hear the footsteps, and receive

analysis of variance (RM-ANOVA) with the factors time (three

any further instructions.

levels: pre-resting, intervention, post-resting) and group (two
levels: with, without avatar). To compare mean differences in
the PQ and SSQ scores between the two groups, independent
t-tests were used.

Results
Results of physiological responses are summarized in
<Table 1>. For all electro-physiological data, the group with
Figure 1. The 3D VR running simulation. A) Running simulation for the group
with Avatar. B) Running simulation for the group without Avatar.

Avatar showed higher electro-physiological responses during

Procedure

than during the pre- and post-resting periods before and

the intervention (imagery running with an avatar in 3D VR)

This study was performed as a single-blind, randomized

after the intervention. Moreover, ECG and BVP findings were

controlled trial. Participants were recruited through

significantly different between the avatar with and without.

advertisements on the PNU internet website. All participants

The EMG findings showed medium effect sizes (partial η2 >

took the first screening test by phone. After the first screening,

.06) for a time-by-group interaction, although there were no

participants who passed the inclusion criteria were asked to

statistically significant differences between the groups.

visit the laboratory. A total of thirty-two participants were

Results from the PQ and SSQ are summarized in <Table

randomly assigned to either the group with Avatar or the

2> In terms of the PQ, the group with Avatar (M = 160.21,

group without Avatar.

SD = 22.55) showed higher levels of presence than the group

At the site visit for the experiment, the participants took

without Avatar (M = 147.23, SD = 11.09), although there was

the screening test again, and then they received general

no significant difference between the two groups (t(30) = 1.91,

and detailed information for the study and completed the

p > .05). In terms of the SSQ, the group with Avatar showed
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Table 1. Changes in electro-physiological responses
with Avatar
Variables

without Avatar

RM-ANOVA

Pre-resting
M (SD)

Intervention
M (SD)

Post-resting
M (SD)

Pre-resting
M (SD)

Intervention
M (SD)

Post-resting
M (SD)

Time
F (pη2)

T×G
F (pη2)

ECG
(beats/min)

74.37 (7.42)

81.24 (9.17)

75.91 (8.64)

72.86 (6.15)

75.86 (6.23)

75.22 (7.95)

24.09***
(.445)

6.11**
(.169)

EMG A (μV)

0.69 (1.12)

1.37
(1.52)

0.78 (1.19)

0.31 (0.11)

0.44
(0.26)

0.37 (0.14)

4.57*
(.132)

2.28
(.071)

EMG B (μV)

3.20 (10.35)

5.89 (15.67)

6.00 (16.71)

0.47 (0.93)

0.62
(0.92)

0.35 (0.60)

2.17
(.067)

2.16
(.067)

EMG C (μV)

1.09 (1.26)

1.50
(1.53)

1.01 (1.12)

0.78 (0.26)

0.73
(0.15)

0.70 (0.13)

2.41
(.074)

2.36
(.073)

BVP
(pulse/min)

74.28 (7.29)

81.13 (9.46)

75.45 (8.32)

72.69 (6.29)

75.76 (6.24)

74.95 (7.68)

24.13***
(.446)

6.23**
(.172)

SC (µs)

1.47 (1.31)

2.75
(2.32)

3.28 (2.63)

0.50 (0.22)

1.00
(0.74)

2.42 (2.54)

19.35***
(.392)

1.31
(.042)

Note. *p < .05, **p < .01, *** p < .001; M = Mean; SD = Standard Deviation; F = F-value; T × G = time × group interaction; pη2: partial eta squared; ECG:
electrocardiography; EMG: electromyography, A: the left biceps brachii, B: the left rectus femoris, C: the left lateral gastrocnemius; BVP: blood volume
pulse; SC: skin conductance.

changes in physiological responses than the group without
Table 2. Differences in PQ and SSQ scores between the avatar with
and without
Variables

with Avatar
M (SD)

without Avatar
M (SD)

t-value

p-value

PQ

160.21 (22.55)

147.23 (11.09)

1.91

.065

SSQ

4.68 (4.01)

5.23 (8.24)

-.25

.804

Note. M = Mean; SD = Standard Deviation; PQ, Presence Questionnaire;
SSQ, Simulator Sickness. Questionnaire

Avatar; and (III) the group with Avatar showed higher levels
of presence in VR than the group without Avatar.
First, all physiological responses showed increases from
the resting period to the intervention period in the group
with Avatar, in which the participants performed the imagery
running with an avatar in 3D VR. These results are in line
with those of previous studies demonstrating the physiological
effectiveness of motor imagery [31-33]. Papadelis et al. [33]

fewer symptoms of cybersickness (M = 4.68, SD = 4.01) than

reported that motor imagery training increased participants’

the group without Avatar (M = 5.23, SD = 8.24), but there

heart rate and electromyographic activity. Furthermore,

was no statistically significant difference between the two

according to the psychoneuromuscular theory, muscles can be

groups (t(30) = -.25, p > .05); both groups showed few levels

activated during motor imagery training without real physical

of cybersickness symptoms overall.

movements [8]. Based on this theory, Guillot et al. [32] also
reported the effectiveness of motor imagery without any actual

Discussion
This study is aimed at observing the physiological response
of imagery running with an avatar in 3D VR and to explore

movements on muscle activation. Considering the findings of
previous studies, our imagery running with an avatar in 3D
VR led to physiological effects similar to those reported for
motor imagery training.

the differences between 1PP and 3PP conditions in terms of

In addition, these increased physiological response change

changes in physiological responses. The results of this study

patterns are similar to the physiological response change

showed that (I) the imagery running with an avatar in 3D VR

patterns obtained with real physical exercise. When people

led to increased physiological response change patterns from

exercise, they show increases in heart rate, muscle activity,

the resting period to the intervention, similar to that seen in

and activation of the sympathetic nervous system compared

physical exercise; (II) the group with Avatar showed larger

to when they take a rest, and these increases decrease again
The Asian Journal of Kinesiology | 15
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during a rest period after the exercise. Our data show a similar

effective for improving physiological effects by increasing the

physiological pattern, in that all physiological responses

vividness of the imagery. In agreement with previous studies,

increased from the resting period before the intervention

the present study also shows that imagery running from a

to the intervention period and in that the increases in

3PP induced greater physiological response changes than

ECG, biceps brachii, lateral gastrocnemius, and BVP values

imagery running from a 1PP. This suggests that in the absence

decreased again from the intervention period to the following

of physical movements, presenting motor imagery with an

resting period. Many previous studies have reported increases

avatar in 3D VR improved the vividness of the motor imagery.

in physiological responses during physical activities or exercise

This presumably made it easier for the group with Avatar to

periods compared to those at rest [34-39]. Serrador et al. [37]

understand the motion, to feel a sense of embodiment, and to

reported that mean heart rates and EMG activation were

only mentally execute the exercise without actual movements.

greater during a physically active state than during rest. Vargas

In the PQ assessment, the group with Avatar showed a

et al. [39] also found increases in response changes from the

higher level of presence in VR than the group without Avatar,

period before the exercise to the exercise period in terms

although there was no significant difference between the two

of skin wettedness. The results of the current study are thus

groups. This is inconsistent with the findings of previous

partially in line with those of previous studies, even though the

studies that showed higher effectiveness for the 1PP than for

present study required participants to only mentally exercise

the 3PP [18,20,22,23]. The fact that some previous studies

using motor imagery without any real physical movements.

were related to gaming might explain some of the differences

This indicates that imagery running with an avatar in 3D VR

between the present findings and previous findings. In

leads to physiological response change patterns in the similar

the present study, it was important for participants to feel

way real physical running does, which means that it can be

embodied into the motor imagery to understand and learn

applied as a new type of exercise.

the kinesiological movements. This is why the vividness of

Secondly, to observe the physiological response of being

the imagery was relevant and why the imagery running with

embodied into an avatar in 3D VR (3PP), we compared

an avatar in 3D VR was more effective than that without

imagery running with an avatar in 3D VR to imagery running

an avatar in 3D VR. This finding is therefore partially in

without an avatar in 3D VR (1PP). The group with Avatar

line with those of previous studies on kinesiological effects

that performed the imagery running with an avatar in 3D

that showed higher effectiveness of the 3PP than the 1PP

VR showed greater increases in ECG and BVP responses

[19,24,25]. Especially, according to Kokkinara et al. [20],

from the resting period to the intervention period than the

although the authors showed the effectiveness of the 1PP in

group without Avatar that performed the imagery running

illusions of body ownership and agency compared with the

without an avatar in 3D VR. Moreover, although there were no

3PP, their participants initially saw the avatar’s whole body

significant differences between the two groups in the present

through a mirror in a virtual environment, watching the avatar

study, the effect sizes of all EMG values in the time-by-group

walking from a 1PP. This suggests that there were effects of

interaction were greater than the medium size, and the EMG

the 1PP on the participants’ experience of illusory agency

values in the group with Avatar showed greater increases in

since participants firstly understood the whole virtual body

responses from the resting period to the intervention period

by showing the virtual body through the mirror in the VR

than those in the group without Avatar. These results indicate

before performing the program from a 1PP. Therefore, this

that 3PP is more effective than 1PP in inducing physiological

finding indicates that presenting motor imagery from a 3PP

response changes similar to those observed with actual

can be more effective for the participant’s sense of embodiment

exercise. Jeannerod [15] stated that the vividness of imagery

and presence when there are no actual physical movements.

is important to induce physiological responses. Vergeer and

However, we found no significant difference between the two

Roberts [40] also suggested that movement imagery could be

groups in the PQ score, which is probably due to our small
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sample size. Therefore, future studies with larger sample sizes

the Ministry of Education of the Republic of the Korea

are necessary to further investigate this issue.

and National Research Foundation of Korea(NRF-

The SSQ assessment showed no significant difference
between the two groups. Both groups showed few levels
cybersickness symptom, which means that both 3D VR
programs used in this study are safe to use and do not induce
cybersickness.
In conclusion, this study demonstrates the physiological
response of imagery running with an avatar in 3D VR and
shows significant differences between the 1PP and 3PP.
Furthermore, we demonstrate the effectiveness of imagery
running with an avatar in 3D VR in terms of the level of
presence in VR compared to that of imagery without an
avatar in 3D VR. This is the first study to address the usability
of a combination of motor imagery and 3D VR technology
in members of the general public as an alternative exercise.
Contrary to previous studies on imagery training, this study
complemented imagery training with VR technology and
observed its physiological response while also comparing 1PP
and 3PP. Furthermore, this is also the first study to adapt the
concept of imagery exercise used in athletes to one of imagery
training to make the motor imagery approach useful for the
general public.
Notwithstanding the intriguing results of the current study,
it has some limitations. Since this study had a small sample
size, which makes it difficult to generalize its findings, further
research with larger sample sizes is needed to validate the
study findings. In Addition, the difference in physiological
response by sex was not observed because the sex ratio was not
matched and the physiological characteristics of subjects were
not collected. This study observed the physiological response
of only one 20-minute experience, then further studies are
needed to verify the long-term effectiveness of imagery
running with an avatar in 3D VR in terms of physiological
responses.
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