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Extended Abstract

Background and Purpose

This study aimed to investigate the effect of transcranial direct current stimulation (tDCS) on attention
networks and free throw performance in wheelchair basketball athletes. Utilizing a semi-experimental
pre-test, post-test design with a control group, the research included 20 male wheelchair basketball
players randomly assigned to either an experimental or control group. The experimental group
underwent four sessions of tDCS targeting the left dorsolateral prefrontal cortex (DLPFC), while the
control group received sham stimulation.

The study measured the efficacy of attention networks through the components of alerting, orienting,
and executive control using the Attention Network Test (ANT). Additionally, free throw performance
in wheelchair basketball was assessed. Data were analyzed using factorial variance analysis. Results
demonstrated that the experimental group exhibited significant improvement in the alerting and
executive control components of attention networks after tDCS compared to the control group.
Moreover, a significant difference was observed in free throw performance between the two groups,
suggesting a positive impact of tDCS stimulation on basketball performance.

Therefore, this study suggests that tDCS can serve as a non-invasive method to enhance executive
functions of attention and improve sports performance in wheelchair basketball athletes. The
procedure is time-efficient and can be easily integrated into athletes' rest or leisure periods.
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Methods

This quasi-experimental study employed a pretest-intervention-posttest design with a control group
to evaluate the impact of four consecutive sessions of continuous transcranial electrical stimulation
on attention networks and free throw scores in male wheelchair basketball athletes. The population
included approximately 500 male wheelchair basketball players affiliated with sports teams. Using
convenience sampling, twenty participants were selected and randomly assigned into two groups of
ten: experimental and control.

Ethical approval was secured from the Biomedical Research Ethics Committee of Shahid Beheshti
University (ethics code IR.SBU.REC.1402.009). Initially, the participants underwent baseline
evaluations using the Attention Network Test and the Free Throw Basketball Test. Subsequently, the
athletes were randomly assigned to their respective groups.

The intervention involved four daily sessions of tDCS with a 24-hour interval between them. Each
session consisted of 20 minutes of stimulation with the anode electrode placed on the F3 area (left
DLPFC) and the cathode electrode on the FP2 area. The control group received sham stimulation
under the same schedule. After completion of the stimulation sessions, post-tests were conducted
utilizing the same assessment tools.

Results

Descriptive statistical analysis indicated that the pre-test mean and standard deviation of free throw
scores were 33.50 = 6.96 for the experimental group and 30.00 £ 7.68 for the control group, revealing
no significant baseline difference. However, post-test scores showed an increase to 39.00 £ 7.27 in
the experimental group, while the control group's scores remained essentially unchanged at 30.00 +
7.55.

A two-way analysis of variance (ANOVA) revealed a statistically significant difference in free throw
scores between groups at post-test (p=0.014), confirming the intervention's efficacy.

For attention network evaluation, a three-way ANOVA (test phase X group x attention component)
was conducted. Due to a significant interaction effect, main effects were not interpreted directly.
Instead, independent t-tests were used to examine differences within each component between groups.
The results showed significant improvements in the alerting component (p=0.005) and executive
control component (p=0.021) in the experimental group compared to controls after stimulation. The
orientation component did not show a significant change (p=0.261).

Overall, these results substantiate the effectiveness of tDCS in enhancing selective components of the
attention network in male wheelchair basketball players.

Conclusion

Selective attention is a critical cognitive function for daily activities, and its improvement is
particularly valuable for athletes with disabilities. This study focused on the effects of tDCS on male
wheelchair basketball athletes, specifically targeting the left dorsolateral prefrontal cortex (DLPFC)
to assess its impact on attention network components and free throw skill.

The ANT components measured alertness, orientation, and executive control. Significant
improvements were documented in alertness and executive control in the experimental group relative
to controls, supporting the conclusion that tDCS enhances cognitive performance in this athlete
population. This inter-study variation may be due to methodological differences between studies.
Also, part of the results of the present study showed that transcranial electrical stimulation of the brain
in the dorsolateral prefrontal cortex (DLPFC) has an effect on the free throw skill of wheelchair
basketball athletes. It can be stated that tDCS of the brain has the ability to enhance various motor
functions. It should also be noted that, it is likely that different brain regions play an effective role in
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limiting or regulating various aspects of athletes' performance, therefore this is a good justification
for using tDCS of the brain to improve and enhance the effectiveness of sports performance. On the
other hand, it has been shown that the physiological effects of tDCS on the brain are very diverse and
depend on individual characteristics. Notably, executive control appears particularly amenable to
stimulation effects, potentially influenced by the number of stimulation sessions—a factor that may
explain variations between studies.

Additionally, stimulation of the DLPFC positively affected free throw performance, suggesting that
tDCS facilitates motor function enhancements. It is also likely that different brain regions regulate
distinct aspects of athletic performance, providing rationale for tDCS as a tool to improve sports
efficacy.

The physiological consequences of tDCS on the brain are diverse and vary according to individual
characteristics, underscoring the need for tailored approaches in future applications.

Keywords: Attention Network, Alerting, Orienting, Executive Control, Transcranial Current
Stimulation.

Article Message

The findings demonstrate that transcranial electrical stimulation can positively influence attention
network components and basketball free throw ability in wheelchair basketball athletes. As a non-
invasive, time-efficient intervention, tDCS can be conveniently applied during athletes' leisure or rest
to improve executive attention functions and athletic performance.
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(b) Three target conditions
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Table 2- Results of the 2 (test phase) ANOVA test in 2 (group)
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Eta P-Value F-Value ©lygdxe Df @lygdze Source
Mean Sq Sum Sq

0.242 0.027 5.762 75.625 75.625 al> o

Phase

0.242 0.027 5.762 75.625 75.625 09,5 xal> o

PhasexGroup

0.185 0.058 4.083 390.625 390.625 05,5

Group
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Table 3- Results of Independent t-test post hoc on free throw before and after the test
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Mean Difference P-Value @ol3l a0 t-Value Source
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9.00000 0.014 18 2714 93]

it il Sl as (P=+/+VF) cils 5425 (5 loline SN 09,5 90 s 5T Gy (g0l j0 a5 0ls i s

D g b JlaSly oI55 54 ol)'—l Sy sl o (slaasex] )3 oSy Jhsh) gladzlowe coled
¥ X (09,5 ¥ X (o903l al>50) ¥ S 0 uilyly Julos 9031 5l azgs sloaS—o ezl j0 0 Slee Julos (6l 5
oSl osail (955 Jfoline a4y azgi bl (el lgsS G ile sl 0go3 ol Jgl (28 G -0 ooliessl (o)
deol ol )l sl sl <8 50 ()85 ol ga5] cnl pgd (28 ke 092 2l Wmodls uily)lgsS s il (P47 0)
25 e g et 58 53 (P21 0) (Jg0 Cag)S (905] (105 ol ay az g b o ooliil (U590 Cug)S (03] |
S lobne & az i b (Sleiar gasl Al e 53 bt ()5 CaS (28 Sl bgye (F) slagaslss el o

25 S 5555 oosle (oS AP 0) (S se (e

g sloaSd ey ;0 (ite) ¥ x (09,5) ¥ x (Gg05] alo o) ¥ o5 5o uilyly Lo (15031 ulis -F Jgor
Table 4- Results of the 2 (test phase) x 2 (group) % 3 (variable) composite analysis of
variance test on the attention network index
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Eta F- Mean Sq
Value

0.787 .0001 66.57 56368.65 2 112737.30 Factor
Jole
0.016 0.75 28 243.35 2 486.71 Factor * Group
0g,5x Jole
0.365 0.005 10.33 4604.99 1.0 4604.99 Phase
al> e
0.445 0.001 14.41 6422.71 2 6422.71 Phase * Group
09,5 al> o
0.121 0.09 2.48 1003.42 2 2006.85 Factor * Phase
al> o x Lole
0.265 0.004 6.5 2629.90 2 5259.81 | Factor * Phase * Group
o5, Sxal> 1o x Jole
0.06 0.280 1.239 1585.951 2 1585.951 Group
o5
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Table 5- Results of Post hoc independent t-test on the effect of direct transcranial electrical
stimulation on attention components
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Mean Difference P-Value Df | t-Value Source
14.93 0.118 18 1.64 Preealerting

i yge3] i

-10.29 0.005 18 -3.17 Postalerting

Seie 903l

39.075 0.081 18 1.85 Preeconflict
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