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the laboratory on 3 different occasions interspersed with 72
hours of rest in between. In each session, the impulsivity was
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sham, and Cathodal and sham stimulations on impulsivity
(p=0.001; p=0.02, respectively) while, no significant differences
were seen between the leadership styles on different types of
stimulation. As a novel finding, these results indicated the
possibility of using tDCS intervention to enhance the
performance of sports referees.

Extended Abstract

Abstract

In sports-related environments,
referees are  constantly facing
circumstances that require fast and
deliberate decisions to be made (5). It
has been shown that impulsivity could
positively or negatively impact the
decision-making ability of referees (4).
Impulsivity is defined as the tendency
to provide a quick response without
considerable precaution or
contemplation of the potential
outcomes (6). Accordingly, different
strategies have recently been used to
modulate this factor to boost referees’
performance under uncertainty (2,3).
Non-invasive brain stimulation (NIBS)
or so-called “brain doping” is one of
such strategies that gained attention
over the last couple of years (1). Indeed,
the effectiveness of NIBS depends on
both the stimulation type, intensity,
and duration, and personal differences,
in particular psycho-cognitive
differences such as leadership style. So,
this study aimed to investigate the
effect of different modalities of
transcranial direct current stimulation
on the impulsivity of male sports
referees according to their leadership
style.
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Materials and Methods

The sample size was calculated by the
use of G*Power 3.1.9.2 (Effect size:
0.25, a: 0.05, Power: 0.8, Number of
groups: 1, Number of measurements: 3)
for one-way repeated measures
ANOVA. Accordingly, 24 male Football,
Futsal, Volleyball, Basketball, and
Handball referees including 12 with
transformational leadership styles and
12 with non-transformational
leadership styles voluntarily
participated in this counterbalanced,
double-blind, and sham-controlled
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, the 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
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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
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 Go”.
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Results

Overall results of the IGT scores at pre
and post- tDCS intervention under 3
different  stimulation types are
demonstrated in Table 1.A two-way
mixed ANOVA was used for the
treatment type (within-subject factor
with 3 levels) and the leadership style
(between-subject factor with 2 levels).
Our results demonstrated that there
was no  statistically  significant
interaction between the treatment and
leadership style on the mean delta IMP
scores (Fr249)= 0.66, p-0.51).
Accordingly, the main effect of
leadership style showed that there was
no statistically significant difference in
mean delta IMP score between the two
leadership styles (Fa, 22- 0.363, p-
0.553). On the other hand, the main
effect of stimulation type revealed a
statistically significant difference in
mean delta IMP score among 3
different stimulation types (Fz 44)-
10.99, p- 0.001). Pairwise comparisons
by the use of the Bonferroni correction
showed that the mean delta IMP scores
under the Anodal stimulation was
significantly higher than the mean delta
IMP under the Sham stimulation (p-
0.001). The mean delta IMP score under
the Cathodal stimulation was also
significantly higher than the mean delta
score under the Sham stimulation (p-
0.02).
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Table 1- The impulsivity scores before and after 3 types of tDCS stimulation in
different leadership styles (meantSD)

Leadership style
Transformational Non-transformational
Anodal Cathodal Sham Anodal Cathodal Sham
(mean5D) (meanSD) (meanisSD) (meant5D) (mean5D) (meant5D)

Pre Post Pre Post Pre Post

Pre Post Pre Post Pre Post

443,75 462,08 44125 45275 43516 415
t t * t t t

4012 5086 4748 6014 3443

427.50 43558 42125 44375 437591 42458
t t t * t s
2540 29596 4180 4380 4871 2230 2240

Conclusion

As a novel finding, the results of the
current study indicated that the
effectiveness of non-invasive brain
stimulation with tDCS in improving the
impulsivity of male team sports
referees which is one of the pivotal
factors in risky-decision making. 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 scores compared with
the Sham stimulation. Our results also
revealed that there is no difference
between IMP scores of male sports
referees under different stimulation
types according to their leadership
styles. 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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Figure 1- Changes in scores of Impulsivity test from pre- to post-intervention under

three different tDCS stimulation modalities. (* = significant difference of delta
Impulsivity between stimulation types)
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6. Stop Signal Task

7. Positive Urgency,

8. negative Urgency

9. Lack of Premeditation
10. Lack of Perseverance
11. Sensation-Seeking
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