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Abstract: The literature to date is limited regarding the implantation of VR in healthy young
individuals with a focus on cognitive function. Thirty healthy males aged between 22.8 and 24.3 years
volunteered to participate in the study randomly and were assigned to one of two groups with
alike exercises: an experimental group (GE, n = 15) that performed an exercise protocol with a VR
game and a controlled group that performed the exercise protocol without the VR (CON, n = 15).
A 128-card computerized version of the Wisconsin Card Sorting Task (WCST) and the Stroop test were
completed before and after the exercise protocol. There was a significant interaction effect between
time and condition for WCST preservation errors (Fy 390 = 4.59, p = 0.041, nzp = 0.141) and a significant
time effect for all WCST and Stroop outcomes in GE. Results of preliminary findings suggest that
the use of a VR platform offers effective benefits with respect to cognitive flexibility and selective
attention. In addition, participants can achieve additional benefits in cognitive flexibility by engaging
in a traditional exercise protocol of a similar volume.
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1. Introduction

Physical exercise is considered one of the main strategies to improve physical functioning at
all ages [1]. In fact, the health benefits of exercising to improve the ability to carry out everyday
activities [2-4] as well to manage numerous clinical conditions [5,6] have been well documented.

Exercise has been shown to improve physical functioning; nevertheless, the effects of exercise
may vary with the degree of frailty, the format and intensity of the exercise intervention, and the level
of supervision [7].

eHealth interventions are becoming increasingly used in public health, with virtual reality (VR)
being one of the most exciting recent developments [8], with applications from flight simulators to
biomedical uses [9]. Unlike traditional methods, VR places the users inside an experience, whereby,
instead of viewing a screen, users are immersed and able to interact with three-dimensional (3D)
worlds within a controlled setting to create a simulated environment [10,11]. In addition, VR allows its
users to increase the benefits of exercising in comparison to traditional practice [11,12]. In a previous
study [13], participants rated the Astrojumper video game extremely positively and experienced a
significant increase in heart rate after gameplay. Additionally, VR-enhanced exercises are on the rise in
the marketplace and in academic research [14,15].
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The body of research is replete with evidence of VR’s effects on exercise in clinical mental health
cases [16-19] and physical medical cases [20—-24] or both [25,26]. However, in these cases, a wide variety
of forms of VR exercises are explored for the potential to increase physical activity. Together with
the aforementioned benefits, these technologies were also suggested to influence cognitive function
in different population groups [27,28], with significant effects on cognitive interference (i.e., Stroop
test) [28] and flexibility (i.e., Wisconsin Card Sorting Task—WCST) [29]. These changes in cognitive
function after VR exposure have been associated with different mechanisms, including behavioral and
physiological responses [30]. Despite some discrepancy between studies, video games were found to
have beneficial effects, positively associated with cognitive functions [31]. VR video games were also
found to enhance cognitive functions better than conventional methods of learning [32].

Many studies have demonstrated that the sensory and motor systems are activated during
conceptual physiological processing [33]. Such results have been interpreted as indicating that concepts
and important aspects of cognition, more broadly, are embodied [34]. In support of this, there is
a physiological link between the body and mind, with routine exercise generating physiological
adaptations to the body and brain, where it enhances both physical health and cognitive function [35].
In a previous study, an intervention was specifically tailored to include both physical and cognitive
demands, where a designed sport group showed the largest gains in all cognitive measures [33].
Therefore, approaches within an embodied cognition framework provide evidence that the capacity to
understand an individual’s cognitive function while exercising is a prime area where this embodiment
is manifested.

Embodied cognition is a concept that frequently arises in discussions of VR [36]. However,
the implementation of VR in healthy young individuals is not well documented in the literature,
although few researchers have reported motivational and affective impacts [37-39]. A previous
study [40] indicated that VR improves performance and the affective response to aerobic exercise after
testing 60 female participants aged 18-30 years. Likewise, O’'Donovan and Hussey [41] examined
twenty-eight healthy participants (18 male, aged 19 to 27 years) playing either Wii Sports Boxing,
Tennis and Baseball, or Wii Sports Boxing and Wii Fit Free Jogging. The results determined that the
experience of gaming may affect the exercise intensity in controlled skilled games. Grounded in our
knowledge, no studies have assessed cognitive flexibility and selective attention. Therefore, the aim of
this study is to assess the effects of VR usage, which was hypothesized to deliver additional benefits to
a traditional exercise protocol with respect to cognitive flexibility and selective attention.

2. Materials and Methods

Thirty healthy males (mean + SD, age: 22.8 + 2.3 years, height: 1.73 + 0.8 m, mass: 67.3 + 8.0 kg)
volunteered to participate in the study. Participants were familiarized with the procedures and
were randomly assigned to one of two groups. Both groups had the same exercise protocol: (1) an
experimental group (GE, n = 15) that performed an exercise protocol with a virtual reality game, and
(2) a controlled group that performed the exercise protocol without the virtual reality (CON, n = 15).
Individuals were excluded (1) if known metabolic, respiratory, or cardiovascular conditions were
present or (2) if they were unable to perform moderate to vigorous exercise.

2.1. Experimental Approach

The participants were assessed and required to refrain from exercise, caffeine, or alcohol for 24 h
prior to testing. Informed consent agreements were signed by participants, who were instructed on the
purpose and risks of the study. The study was conducted according to the Declaration of Helsinki
statement and approved by a local ethics committee.
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Participants arrived at the laboratory and a research assistant, blinded to the participants’ groups,
explained the experimental procedure. After completing a demographic questionnaire, each participant
sat comfortably in front of a laptop in a semi-dark room and remained seated for at least 10 min.
Subsequently, after a practice block of 10 trials to ensure that the participants understood the task rules,
the participants completed the WCST and the Stroop test. All protocols were performed at the same
time of the day (~9-11 AM) and under similar environmental conditions (22 °C and 60% humidity,
approximately). Next, a standardized 8 min warm-up, consisting of 3 min of joint mobilization
exercises and 5 min of an electronically braked cycle ergometer (Ergoselect 200, Ergoline, Germany) at
60 rpm, was performed. After the warm-up, participants immediately started the exercise protocol.

Both groups performed a 5 min warm-up on a cicloergometer and then exercised at a moderate
intensity (60-75% of the maximum heart rate—HRmax) in between 13 and 15 on the Borg scale for
30 min. While performing the exercise protocol, participants in GE wore VR glasses and were engaged
in playing the game of Moto VR continuously during the 30 min period. After the protocol, 5 min
cool down at a self-selected speed was carried out. During the training, the participants were verbally
encouraged to maintain the intensity within the established perceived exertion (rather than attain
maximum workload), which was continuously monitored by a trained instructor holding a degree in
sport science. Contrastingly, the CON participants performed the same exercise protocol but without
the VR glasses. The WCST and the Stroop test were assessed again as soon as exercise ceased under
the same conditions (Figure 1).
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Figure 1. Schematic representation of the study design. EG: exercise group; CON: control group; WCST:
Wisconsin Card Sorting Task.

2.2. Exercise Protocol

Participants from both groups exercised on the cycle ergometer (Ergoselect 200, Ergoline, Germany)
at a moderate intensity (60-75% HRmax) and between 13 and 15 on the Borg scale for 30 min. After the
protocol, 5 min cool down at a self-selected speed was allowed. HRmax was determined as follows:
209.3-0.72*age [42]. It was controlled during the trial using a heart rate monitor (Polar®RS800cx,
Kempele, Finland). The rationale of using this protocol was based on a previous study which used the
same protocol to assess the influence of acute exercise on memory [43].

2.3. Virtual Reality

Immersive VR through a head-mounted device (Samsung Gear VR) and a Samsung Galaxy S7
using an interactive video game (Moto VR on Steam) was simultaneously employed by GE participants.
MotoVR is a game in which participants simulate driving a motorcycle and play in a race against
time. The motorcycle body could be tilted with the head using the head-mounted device, and shifting
the body (e.g., forward or backward) affected the center of gravity of the motorcycle. This game was
selected since it allowed users to automatically continue with the race or start a new one once finished,
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without wasting time. Moreover, these types of games, in which players play in the global view by
focusing on visual information, were identified to improve attention (e.g., sustained and divided
attention), working memory, and motivation [31,44,45].

2.4. Outcomes

The International Physical Activity Questionnaire (IPAQ) long form assesses physical activity
intensity levels and differentiates between usual sitting time on a weekday and on a weekend day.
Outcome measures from the IPAQ were (a) total physical activity expressed as minutes per day
and minutes reported in (b) vigorous-intensity, (c) moderate-intensity activity, and (d) walking time.

2.5. Wisconsin Card Sorting Task (WCST)

A 128-card computerized version of the Wisconsin Card Sorting Task (WCST) [46] was used to
evaluate subjects’ cognitive flexibility. The WCST entails matching stimulus cards with one of four
category cards combining the color, shape, and number by pressing one of the four number keys
(1-4) on the computer keyboard. Two types of errors are possible (EC): (1) perseveration errors (PEC),
in which the participant makes a response applying an old rule, and (2) non-perseverative errors (NPE),
which refer to selecting an incorrect card once a sorting rule has been learned.

2.6. Stroop Test

The Stroop test was used to assess the ability to inhibit cognitive interference [47], which is the
ability to respond to certain environmental stimuli while ignoring others (related to selective attention).
The test consisted of a computerized presentation with names of four colors (yellow, blue, green,
and red), written in capital letters. Each word appears six times and the same word never appears
two consecutive times throughout the test. The subject is instructed to read each word as quickly as
possible and select the color in which the word is written while ignoring the meaning of the written
word. The number of congruent (C) and incongruent (IC) conditions were measured.

2.7. Statistical Analyses

Statistical analysis was performed using JAMOVI software (version 0.9, The Jamovi Project—2019).
A two-way mixed repeated measures ANOVA was used with time as within-subjects factor and group
as between-subjects factor. Tukey’s post-hoc tests were conducted to examine pairwise comparisons
among groups. The significance level was set at p < 0.05. Simple effects in time were also tested using
T-paired sample test with Student’s T test in the case of normal distribution (assessed via Shapiro Wilk
test) or Wilcoxon test in the case of non-parametric data. The magnitude of effects was calculated using
partial eta-squared (nzp) as follows: <0.01 (trivial), 0.01-0.06 (small), 0.06-0.15 (medium), and >0.15
(large effects).

3. Results

3.1. Wisconsin Card Sorting Task (WCST)

As reported in Table 1, there was a significant interaction effect between time and condition for
Wisconsin_PEC (Fy 39 = 4.59, p = 0.041, nzp = 0.141-small). There was a significant time effect for WCST
in both groups (Table 2).
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Table 1. WCST and Stroop test changes as a result of 30 min exercise protocol with or without

superimposed VR.
Pre Post
GE CON GE CON p? F pP n%p
20.1 149 133 9.27
WCST_EC 9.48) (6.60) (7.47) (3.33) 0420 0215 0647  0.008
12.5 9.60 8.67 6.47 .
WCST_PEC o)) (3.78) (3.31) (1.73) 0402 4590  0.041 0.141
7.60 5.27 4.60 2.80
WCSTNPEC o) (3.92) (4.69) 2.04) 0.640 0.09 0.761 0.003
Stroop_C (12(2212) 986 (201) 839 (170) 887(179)  0.913 1.40 0247  0.048
1124 1104
Stroop_IC (157) (225) 947 (149) 951(163) 0989 0352 0558  0.012

All data are reported as mean (SD). WCST: Wisconsin Card Sorting Task; EC: total number of errors; PEC:
perseverative errors; NPE: non-perseverative errors; symbols represent significant differences at p < 0.05.
p ? = inter-group differences after treatment using repeated measures ANOVA followed by Tukey’s post-hoc;
p P = between-groups differences.

Table 2. Intra group differences in WCST and Stroop as a response to a 30 min exercise protocol with or
without superimposed VR.

GE CON
P Mean Difference Lower Upper P Mean Difference Lower Upper
Wisconsin_EC 0.006 * 6.80 2.29 11.31 0.002 * 5.60 2.36 8.84
Wisconsin_PEC 0.009 * 3.80 11.10 6.49 0.001 * 3.13 143 4.83
Wisconsin_NPEC ~ 0.047 * 3.00 0.040 5.96 0.035* 247 0.20 4.73
Stroop_C 0.002 * 183.07 76.32 289.81 0.071 99.00 -97.10 207.71
Stroop_IC <0.001 * 176.87 134.31 219.42 <0.001* 152.73 76.57 228.90

WCST: Wisconsin Card Sorting Task; EC: total number of errors; PEC: perseverative errors; NPE: non-perseverative
errors; symbols represent significant differences at p < 0.05. * = between-groups differences.

3.2. Stroop Test

Non-significant interaction effects between time and condition for Stroop_C (F; 390 = 1.40, p = 0.247,
nzp = 0.048-small) and Stroop_IC (F; 390 = 0.35, p = 0.558, nzp = 0.012-small) were observed. However,
while there was a significant time effect for all Stroop outcomes in GE (Table 2), non-significant
intra-group changes were observed in CON for Stroop_C (p = 0.071).

4. Discussion

Few studies have investigated the implementation of VR in healthy young individuals. Moreover,
to the best of our knowledge, this is the first study that has assessed cognitive flexibility and selective
attention using this technology. Therefore, the aim of this study was to investigate the effects of
VR usage which would deliver additional benefits to a traditional exercise protocol with respect to
assessing cognitive flexibility and selective attention. The main results of the present study were as
follows: (1) there was a significant interaction effect between time and condition for Wisconsin_PEC,
(2) there was a significant time effect for WCST in both groups, (3) there was a significant time effect
for all Stroop outcomes in GE; however, non-significant intra-group changes were observed in CON
for Stroop_C.

In comparing our results to the WCST, the previous studies confirmed that exercise may be helpful
in maintaining executive functions and behavioral performance levels [48]. In addition, the study
confirmed that moderate exercise improves brain efficiency for executive functions in young adults.
In the current study, a significant time effect for WCST in both groups was observed which was in
agreement with previous studies using moderate-intensity protocols [49,50].
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Further studies confirmed that a single session of low-volume, supramaximal interval exercise
significantly increases executive function [51]. In addition, an acute bout of exercise (cycling at
moderate intensity) can improve performance on an executive function task [52,53]. The reduction in
non-perseverative errors on the WCST may reflect improved attention, inhibition, and overall working
memory [54]. Meanwhile, a previous study [55] suggested that transient hypofrontality occurs during
high-intensity exercise, but not during low- and moderate-intensity exercises. Nevertheless, a certain
level of intensity seems to be needed in order to release dopamine and influence the activation of
different cortex areas [56,57].

The Contingent Continuous Performance Task and WCST tests were used in a previous study [58]
as measures of executive control. Following the ventilatory threshold, executive control performance
remained poor, possibly owing to the additional amount of time which the brain needs in order to
return to homeostasis following intense exercise. According to Chang et al. [59], tentative explanations
for the exercise effect postulate that exercise allocates attention resources, influences the dorsolateral
prefrontal cortex, and is implicated in exercise-induced dopamine release. Widely in use for more
than half a century after the initial presentation of the WCST, there are limitations to classical tasks
with VR which must be overcome [60]. Nonetheless, WCST in VR has been comprehensively used in
neuropsychology clinical research [61] and in physically unhealthy older adults [24].

There are no previous studies with exercise to the knowledge of the researchers of this study.
Therefore, the results are compared with other topics similar to current research. Once Bir6 et
al. [62] developed a two-choice rule-switch task with mice, they concluded that the animals learnt to
discriminate between the visual cues and successfully switched their strategies according to the related
rules. The findings support the role of prefrontal networks in mice for cognitive flexibility.

In a previous study, Delahaye et al. [63] used VR technology to induce stress and to test three main
cognitive functions for decision-making in stressful situations. The results indicated that if someone
perceived the virtual Trier Social Stress Test (TSST) as unexpected, as an indicator of a mild stress
response, their cognitive flexibility was improved; meanwhile, the authors of [64] examined the VR
more closely to approximately reflect real-life settings, distractions, and common interchanges using
WCST and Look for a Match (LFAM). The results demonstrated that the participants found LFAM to
be more enjoyable and interesting, whereas they found the WCST to be easier.

Maintaining a certain level of physical activity has beneficial effects on the body itself but also,
surprisingly, on cognition [65]. Despite new developments, a large portion of VR’s potential is still
unexplored; therefore, real experiences in a flexible context that combine relevant cultural, physical,
and cognitive aspects are necessary [66]. To date, cognitive flexibility has been measured only using
neuropsychological tasks; therefore, the VR task was developed to evaluate cognitive flexibility [67].

A previous study [68] investigated immersive VR as a novel technique to test the executive function
of healthy younger and older adults. The conclusion drawn from the study indicated that immersive
VR measures were found to be stronger contributors than existing traditional neuropsychological
tasks in predicting age-related cognitive decline. Accordingly, the physiological explanation of VR in
improvements of cognitive reality is severely limited.

To the best of our knowledge, this is the first study conducted with healthy adults in this field;
hence, there is no point of reference with the same population as to the current study. Nonetheless, the
authors of [69] studied older adults at risk for mild cognitive impairments, the authors of [70] studied
patients with brain injury, and the authors of [71] studied cardiac rehabilitation patients—all utilized
the Stroop test. Performance in VR was present in all three studies. Utilizing the Stroop test in all three
studies found that the implementation of immersive VR interventions is effective in improving specific
executive functions and information processing. These findings are in line with those collected in our
study while employing the Stroop test.

Utilizing VR can have added effects when compared with traditional exercise. The research
confirms that VR-enhanced aerobic exercise may prove to be an effective method for improving
cognitive function and increasing confidence to navigate real-world scenarios among individuals at
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risk of cognitive impairment [72]. In an additional similar study, over 50% of participants stated that
they preferred the VR condition compared to the traditional workout and claimed that it improved
their focus [73]. A review of the literature examining the effects of VR suggested that VR exercise has
the potential to exert a positive impact on individuals” physiological, psychological, and rehabilitative
outcomes compared with traditional exercise [74].

The main limitations of the study were (1) the sample characteristics of only young healthy males
and (2) the size. The participants were 30 healthy adults with no known pre-existing conditions.
A larger sample, perhaps including healthy and unhealthy populations, is suggested for future studies.
In addition, based on our knowledge, this was the first study to investigate the effects of VR usage
in terms of delivering additional benefits to a traditional exercise protocol with respect to assessing
cognitive flexibility and selective attention.

5. Conclusions

Overall, the current investigation offers a proof of concept that VR intervention can affect the use
of VR to provide additional benefits to a traditional exercise protocol with respect to cognitive flexibility
and selective attention in healthy adults. The VR provides an interactive and visually stimulating
approach. With evidence, this alternate specialized intervention platform could provide training for
those who may not have motivational domain. The quality, quantity, and sample size of the existing
study are far from ideal. Therefore, more studies are needed to confirm the observed positive effects.
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