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Abstract

The aim of the present study was to investigate the effects of different models of
transcranial Direct Current Stimulation (tDCS) on risky decision-making in male team
sports referees. Twenty-four Football, Futsal, Volleyball, Basketball and Handball
referees aged 19-38 from level 3 to national level with 2-18 years of experience voluntarily
took part in this study. After the familiarization session, in a double-blind, sham-controlled
crossover design, each subject visited the laboratory on three different occasions separated
by at least 72 hours in between and was exposed to Anodal, Cathodal, and Sham
stimulation types over the right dorsolateral prefrontal cortex (L-DLPFC). Before and after
each stimulation type, lowa Gambling Task (IGT) and Impulsivity (IMP) Go/No Go
psychological tasks were performed. The difference between the mean values of the
variables (Delta) at pre and post-intervention were calculated and used for statistical
analyses. The results showed that delta IGT was significantly higher in Anodal and
Cathodal stimulation compared to Sham stimulation (p=0.003, p=0.01, respectively). On
the other hand, a significantly higher delta IMP was observed in Anodal and Sham
stimulation in comparison with Cathodal stimulation (p=0.0001, p=0.002, respectively).
As a novel finding, these results indicated the positive effects of Anodal stimulations via
the right DLPFC in factors associated with risky decision-making in male sports referees.
To conclude, these results pave the path for using tDCS as a possible strategy to boost
risky decision-making in male sports referees. However, more research is needed to
ascertain this conjecture.
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Extended Abstract
Background and Purpose

Non-invasive brain stimulation (NIBS) or so-called “neurodoping” has recently
been used as a new strategy to boost sports-related performance (1). It includes
modulating the activity of neural circuits in different parts of the brain which in
turn, changes the excitability of neurons in target areas and induces favorable
effects on performance (2-4). Transcranial direct current stimulation (tDCS) is the
most common brain stimulation method that uses a weak electrical current to alter
the cortical excitability, producing facilitatory or inhibitory effects on athletic
performance (5). Previous studies have shown the positive effects of tDCS on a
variety of sports-related performance such as muscular strength, movement
perception, motor learning, cognitive function, endurance performance, and
muscular fatigue (1). These positive effects increased the intention to use tDCS in
other sports-related areas such as sports referees to see if their ability to make fast
and deliberate decisions is affected by tDCS intervention. Accordingly, the aim
of the current study was to investigate the effects of different models of tDCS on
risky decision-making in male team sports referees.

Materials and Methods

In a counterbalanced, double-blind, and sham-controlled study design, 24 male
Football, Futsal, Volleyball, Basketball, and Handball referees voluntarily took
part in this study. The inclusion criteria were defined as follows: they were right-
handed, had no history of clinical impairments and neurological disorders, did not
use any external or internal electrical stimulator in their bodies, had at least 3 years
of experience at national and international sports competitions. All participants
got familiar with the study protocol and then, written informed consent was
obtained from each participant. The experimental procedure was reviewed and
approved by the Ethics Committee on Biomedical Research at Razi University,
Kermanshah, Iran (Regist #: IR.KUMS.REC.1398.653), and conducted in
accordance with the declaration of Helsinki. Before commencing the experimental
sessions, subjects participated in a familiarization session to be acquainted with
the whole experimental procedure and also the tDCS intervention. Then, each
subject visited the laboratory on 3 different occasions interspersed with 72 hours
of rest in between. In each session, the impulsivity was first measured by the Go/
No Go impulsivity test and then, subjects were exposed to one of the three models
of transcranial direct current stimulation (tDCS) including Anodal, Cathodal, and
Sham stimulation for 20 minutes at 2 mA intensity over the right DLPFC area.
After the cessation of the stimulation, impulsivity was again measured under a
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similar condition. To deliver electrical stimulation over each subject’s DLPFC
area, we used a Neurostim battery-driven unit stimulator (Medina Tebgostar;
Tehran, Iran). The impulsivity digital games (Medina Tebgostar; Tehran, Iran)
involved 100 tasks that would be chosen at the discretion of the participant as
“Go” or “No Go0”. The Persian adaptation of computerized IGT (Medina
Tebgostar; Tehran, Iran) was used in the current study wherein, each participant
was given a virtual loan of $ 2,000.00 and was expected to win as much as possible
during the subsequent 100 trials.

Results

Overall results of the Impulsivity (IMP), lowa Gambling Task (IGT), and
Reaction Time (RT) scores at pre- and post- tDCS intervention under 3 different
stimulation types are demonstrated in Table 1.

Tablel- Overall results of IGT, IMP, and RT scores at pre- and post-intervention
through three different stimulation types (Mean£SD)
stimulation types (MeanxSD)

Anodal Cathodal Sham
Pre Post Pre Post Pre Post
2481.25 2729.16 23375 2523.95 2586.45 2225
IGT + + + + + +
% 605.78 885.1 903.64 869.04 451.98 526.06
Z 435.62 450.83 431.25 448.25 438.54 419.79
S mp + + + + + +
35.6 47.01 48.19 53.87 28.37 23.93

RT 604+60 589+70  603+70  598+70 62040  600+60
IGT: lowa gambling task; IMP: Impulsivity; RT: Reaction Time

The difference between mean values at pre- and post- tDCS intervention (Delta)
was calculated for each variable and used for statistical analyses. The results by
the use of one-way repeated measures ANOVA showed that delta IGT was
significantly different among three different stimulation types (F=6.71; p=0.003).
Post hoc test revealed that delta IGT was significantly higher under Anodal and
Cathodal stimulation compared to the Sham stimulation (p=0.003; p-=0.01,
respectively), while no significant difference was observed in delta IGT between
Anodal and Cathodal stimulation. A significant main effect of condition
(stimulation types) was also observed for delta IMP (F=11.158; p=0.001). Post
hoc comparisons of delta IMP at three different stimulation types indicated the
same trend as delta IGT in which a significant higher delta IMP score was seen
under Anodal and Cathodal stimulation in comparison to the Sham stimulation
type (p=0.0001; p=0.002, respectively), while there was no significant difference
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in delta IMP between Anodal and Cathodal stimulation. Finally, the results of the
present study indicated that the stimulation types elicited no statistically
significant changes in delta RT (F=1.752; p=0.185).

Conclusion

As a novel finding, the results of the current study demonstrated the effectiveness
of non-invasive brain stimulation with tDCS in improving factors related to risky
decision-making of male team sports referees. It seems that unilateral Anodal and
Cathodal stimulation over the right DLPFC area increases the activity of the
related neural circuits culminating in improved IMP and IGT scores compared
with the Sham stimulation. On the other hand, the results of the ongoing study
revealed that this stimulation paradigm had no effect on the reaction time of male
referees, which raised the question of whether other stimulation paradigms could
affect the reaction time of referees or the reaction time is not affected by tDCS.
Article Message

From a practical point of view, these results can pave the path for considering
brain modulation or so-called neurodoping as a new strategy to enhance referees’
performance. Nevertheless, it must take into consideration that more study with
rigorous research design is required to generalize the results to the real situation
in the field.
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