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Abstract

The present study aimed at determining the effect of virtual reality games with and without unilateral
transcranial direct-current anodal stimulation on the cognitive function of sedentary adolescent girls. Therefore,
36 adolescent girls were purposively selected based on the inclusion criteria. Then, equal numbers were placed
in three control groups, virtual reality + anodal stimulation and virtual reality + sham stimulation. The
intervention was implemented for 12 sessions (3 sessions per week). First, sham or anodal stimulation was
applied simultaneously on DLPFC and M1 for 20 minutes with a current intensity of 2 mA. Then, virtual reality
exercises were performed for 1 hour. The control group did not receive any intervention. N-back tests, reaction
time software and cognitive flexibility questionnaire were used to evaluate cognitive performance. The
statistical test of the analysis Mixed ANOVA was used at the significance level of 0.05 and SPSSy; software.
The results showed that the cognitive performance in the anodal stimulation group was superior to the other
two groups in the post-test and retention phase (p=0.05). In fact, virtual reality with unihemispheric anodal
stimulation has more and more lasting effects on the cognitive function of sedentary adolescent girls.
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Extended Abstract
Background and purpose
Virtual reality (VR) and transcranial direct
current stimulation (tDCS) are two exciting
and effective methods that have been proven
useful in many studies (Bashir et al., 2022;
Sanchez-Martinez, Tapia-Tapia, Villagra-
Ortega, Villegas-Arriagada, & Monteiro-
Junior, 2023). Interestingly, recent findings
have shown that concurrent application of
these two strategies might result in greater
outcome compared to using them in isolation
(Massetti et al., 2017). Nevertheless, those
studies were almost conducted on clinical
populations and accordingly, there is still
dearth of information concerning the efficacy
of concomitant use of VR and tDCS in other
populations and their associated variables.
Studies have shown that adolescent girls
are not active enough, and this might
negatively affect their level of cognition (Cui,
Li, & Dong, 2022). A large body of evidence
has corroborated physical activity (PA) as an
effective way to improve cognitive function in
adolescents. In this context, based on their
enjoyable nature, VR games can be a
promising intervention strategy to increase
adolescents’ engagement in PA (Comeras-
Chueca et al., 2021). On the other hand, a
growing body of research has demonstrated
the effectiveness of tDCS in improving
cognitive (Massetti et al., 2017). Taken
together, this raises the question of whether
applying these two strategies culminates in
any synergistic effects on cognitive function in
sedentary adolescent girls.
Therefore, in this study, we investigated the
effect of VR games with and without tDCS on
the cognitive function of sedentary adolescent
girls.

Materials and Methods

Thirty-six  sedentary  adolescent  girls
voluntarily participated in the current study.
They were randomly assigned into 3
experimental groups including: 1) Virtual
reality + anodal-tDCS (VR+a-tDCS); 2)
Virtual reality + sham-tDCS (VR+sh-tDCS);
3) Control group (CG).

Before the intervention, working memory
(WM), reaction time (RT) and cognitive
flexibility (CF) were measured with N-Beck
software, RT software and CF questionnaire,
respectively. Then, VR+a-tDCS and VR+sh-
tDCS were involved in 4 weeks of specified
virtual reality games, 3 times a week. In
VR+a-tDCS group, participants received 20
min of anodal-tDCS at 2 mA intensity before
starting the virtual reality game and in the
VR+sh-tDCS, participants received 20 min of
sham-tDCS at 2 mA intensity before
performing the virtual reality game. The CG
group followed its normal routine during the
4-week experimental period.

At the end of the 4 weeks’ intervention and 2
weeks later, the WM, RT and CF were
measured again under a similar condition. The
mixed ANOVA (3x3 factorial design, 3
groups and 3 time points) was used for
statistical analysis.

Findings

The results showed that there was no
significant difference in RT, WM and CF
among the experimental groups at baseline
(p> 0.05). However, our results showed that
the simple RT in the VR+a-tDCS group was
significantly lower compared to the CG group
at post-test (p=0.001) and retention
(p=0.009). No significant differences were
seen among other groups at post-test and
retention measurements (p> 0.05).

The results also demonstrated that the
Selective RT in VR+a-tDCS group was
significantly lower than that of the CG (p=
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0.001) and VR+sh-tDCS (p= 0.001) group at
post-test measurements while no significant
differences were seen among other groups (p>
0.05). Similarly, 2 weeks after the end of
interventions phase, the Selective RT in
VR+a-tDCS group was significantly lower
compared to the VR+sh-tDCS and CG groups
(p=0. 005; p= 0.001, respectively).

The results revealed that the WM in the VR+a-
tDCS group was significantly higher than the
WM in the CG at post-test (p=0.002) and also
retention (p=0.01). No significant differences
were seen among other groups at post-test and
retention measurements (p> 0.05).

Finally, no significant difference was seen
in the CF among the experimental groups
at any stages of the intervention phase.

Conclusion

The novel finding of this study was that the
cognitive function in the VR+a-tDCS
group was significantly higher than the
VR+sh-tDCS and control groups both at
post-test and the retention test, and
interestingly, there was no significant
difference in cognitive function between
VR+sh-tDCS and control groups.

This indicates the efficacy of adding a-tDCS
to the normal routine of VR games as a novel
strategy for positively affecting cognitive
function of sedentary adolescent girls. Recent
findings provide more support for this notion.
For instance, a large body of evidence has
shown that tDCS could affect a wide range of
cognitive activities possibly via increasing the
excitability of the target areas in the brain,
which subsequently might give rise to
increased dopamine, decreased GABA, and
increased firing frequency of the neural
circuits (Aghajani, Null, & Alizadeh Goradel,
2019). Moreover, the increment in cognitive
function in VR+a-tDCS group might be
caused by chronic application of tDCS leading
to long term potentiation (LTP) mechanisms

Sport Psychology Studies, Volume 12, No 46, 2024

Shahbazi, & et al.

(Moslemi, Azmodeh, Tabatabaei, & Alivandi
Vafa, 2019). Eventually, it seems that using
dual-site tDCS (concurrent stimulation of M1
and DLPFC) could induce more excitability
and strengthen the possible outcomes (Amini
Masouleh, Ghazanfariyan Pour, & Beirami,
2019).

Keywords: Cognitive flexibility, Transcranial
direct current stimulation, Working memory,
Sedentary adolescent girls, Reaction time,
Virtual reality

Article Message

It seems that applying the anodized tDCS
protocol simultaneously on M1 and DLPFC
can increase the effectiveness of VR exercises
and improve performance in cognitive tasks.
Therefore, considering the usefulness of the
introduced intervention, it is suggested that it
clinically be trialed in different societies such
as Parkinson's patients, multiple sclerosis, the
elderly, and so on. It is also suggested that due
to the capability of the Kinect device, the
exercises should be performed in pairs so that
the probability of effectiveness of the
exercises will be increased by spending less
time and making the activity competitive.
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Table 1- Average age, height, and weight (BMI) in three groups (Mean + Standard Deviation)

Groups Age Height (cm) Weight (kg) BMI
Wog,5 O e 039 oM 0393
(Anodal) s 16.08 + 1.00 159.00+ 7.45 52.93+8.21 20.94
(Sham) 15.75£ 0.97 159.67 +5.88 55.79+10.55 21.88
(Control) s 16.17 +1.11 159.33+ 5.50 55.80+5.95 21.98

1. Sanchez-Martinez
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Table2- Mean values of simple RT, Selective RT, WM and CF in three groups at specified time

points (Mean + SD)

. WM
Selective RT
Simple RT (Time) (Percentage of CF
Wog,§ (Time) . ) correct answers) &2 iy Bllass!
) ) S o 5 aidls s
(o) o3lw ko () w2 ,3) 8, LS
o (v by
Baseline
1. 407.27 £70.30 574.46 + 76.38 42.17 +16.93 94,75+ 14.11
(©s23lt)
Post-test
N 309.00 + 20.88 389.17+ 54.85 76.75 £ 12.06 104.33 +11.28
(05251 0m)
Retention
_ 327.75+£31.22 384.83 +47.90 76.92 +17.00 102.08+12.18
(89,5%2)
Baseline
R 468.08 + 41.78 603.06 +51.108 33.08 £ 15.63 96.75 + 12.77
(0323l te)
Post-test
Cx 363.67 + 72.07 482.50+58.48 64.33 +£17.32 98.92 + 11.64
(Sham) (Oge3lom)
Retention
- 380.08 + 65.59 470.00 + 68.36 58.67 +21.21 97.00+ 12,51
(8o 5%%)
Baseline
e 425.33 £59.83 553.38 + 64.96 50.08 + 18.27 93.58 £ 9.26
(S~
Jyss Post-test
- 404.92 +53.39 529.08 + 54.69 50.51 + 16.69 95.17 +11.92
(Control) (035l
Retention
(65,5) 397.58+52.50 519.25 + 57.43 52.67+16.58 92.95 + 10.33

Table3- Results of One-way ANOVA of Simple RT, Selective RT, WM and CF

. Mean Std.

Dependent Variable Group(l) Group(J) Difference (1-J) Error p-value

VR+sh-tDCS -54.666 21.706 .055

+a-

post- test VR+a-tDCS Control -95.916 21.706 <0.001

. VR+sh-tDCS Control -41.250 21.706 .180

simple RT

VR+a-tDCS VR+sh-tDCS -52.333 21.126 .060

Retention Control -69.833 21.126 .009

VR+sh-tDCS Control -17.500 21.126 712

VR+sh-tDCS -93.333 22.876 .001

. VR+a-tDCS

Selective RT  post- test Control -139.916 22.876 <0.001

VR+sh-tDCS Control -46.583 22.876 142
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Table3- Results of One-way ANOVA of Simple RT, Selective RT, WM and CF

. Mean Std.
Dependent Variable Group(l) Group(J) Difference (1-J) Error p-value

VR+sh-tDCS -85.166 23.881 .005

Retention VR+a-tDCS
Control -134.416 23.881 <0.001

VR+sh-tDCS Control -49.250 23.881 135

VR+a-tDCS VR+sh-tDCS 12.416 6.342 .163

post- test Control 25.250 6.342 .002

Working VR+sh-tDCS Control 12.833 6.342 .145

memory VR+sh-tDCS 18.250 7.504 .066

Retention VR+aDCS Control 24,250 7.504 011

VR+sh-tDCS Control 6.000 7.504 729

VR+a-tDCS VR+sh-tDCS 5.416 4,741 527

post- test Control 9.166 4.741 .170

Cognitive VR+sh-tDCS Control 3.750 4.741 734

flexibility VR+sh-tDCS 5.083 4.782 574
. VR+a-tDCS

Retention Control 6.166 4.782 444

VR+sh-tDCS Control 1.083 4.782 .975

ol 3 BB RT ool (1 S3ko 55 w0 S5 095 13 35
Jsbay (P=0.007) 85w O}Aﬂ 5 (P=0.006) O}oﬂu..,;
39 93l o ya 5l yiaS (5 loline
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(P<0.001) (63,5 5051 5 (P<O.00L) ygeilopes abolis 5
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5 (P<0.001) 90l s > zusmo gl dopd Sk 35 wi
doye jljuie g )bline bty (P=0.001) (00,50 (505
S5 (sloog S )3 (B g plpdllani it 53 59 (90l i
Wl 399 (6 )bolixe gl alisee Jloj ablie jo S g oud
3ol 9 (P<0.019) yseil ey abolio )3 (Jlogl S 09,5 Lol
Oseilitn Al ye 5l ity 5 bline ysbay (P=0.032) (63,5,
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