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Extended Abstract
Background and Purpose

Risky decision-making is a type of decision-
making process that occurs when an individual
faces options with potential positive and
negative outcomes in the present and future.
These outcomes are associated with varying
degrees of probability and uncertainty (Royall
& Kurtz, 2010). This process is encoded in the
dorsolateral prefrontal cortex of the brain,
encompassing the logical and calculated
aspects of decision-making (Bechara, Tranel,
Damasio & Damasio, 1996; Hastie & Dawes,
2009).

Personality traits, as one of the most
significant individual differences, have a
considerable impact on risky decision-making
(Levitch et al., 2020). In sports, this process is
a key cognitive function that varies depending
on the nature of the sport (Filho, Tenenbaum
& Yang, 2015). Chess, as a mental sport,

enhances cognitive abilities such as
concentration, problem-solving, strategic
planning, and creativity (Kazemi et al., 2012).
Recent studies have shown that transcranial
direct current stimulation (tDCS) can
influence  various cognitive  functions,
including impulsivity and risky decision-
making. Therefore, the main research question
is whether personality traits play a role in
moderating the effect of tDCS on risky
decision-making in chess players and how this
ability can be enhanced through brain
stimulation.

Materials and Methods

This study employed a pre-test-post-test
design with a control group, conducted in a
double-blind, counterbalanced manner. After
assessing the inclusion and exclusion criteria,
a total of 28 nparticipants, including 14
extroverted students (mean age: 17 £ 0.88) and
14 introverted students (mean age: 16.5 +
1.02), were selected as the statistical sample
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based on the NEO Five-Factor Inventory of
personality traits. The study protocol was
approved by the National Ethics Committee
for Biomedical Research of Iran (code:
IR.UMA.REC.1402.103) and conducted in
accordance with the Helsinki Declaration.
Prior to the experimental sessions, participants
attended an orientation session to familiarize
themselves with the research procedures and
the tDCS intervention. Subsequently, each
participant visited the laboratory on three
separate occasions, with 72-hour intervals
between sessions. During each session, before
and after applying one of the three types of
electrical ~ stimulation  (right anodal/left
cathodal, left anodal/right cathodal, or sham
stimulation at 2 mA for 20 minutes over the
dorsolateral prefrontal cortex), the lowa
Gambling Task and the Lichess computer
game were administered.

Findings

Overall results of the lowa Gambling Task
(IGT), based on personality traits at pre- and
post- tDCS intervention under 3 different
stimulation types are demonstrated in Table 1.
The results of the two-way mixed ANOVA
indicated that the interaction effect between
the between-group factor (personality traits)

and the within-group factor (type of
stimulation) was statistically significant (p =
0.016 < 0.05). Given the significance of the
interaction effect, the mean comparisons of
extroverted and introverted groups under three
different  transcranial ~ direct  current
stimulation (tDCS) models were examined

separately. The findings revealed that
participants in both extroverted and
introverted groups exhibited  different
performances across Vvarious stimulation

sessions. Additionally, the main effect of the
between-group factor was analyzed, and the
results showed no significant difference
between extroverted and introverted groups in
terms of personality traits across any of the
stimulation types (F(1,26) = 1.053, p = 0.314).
On the other hand, the main effect of the
within-group factor indicated a significant
difference among the three stimulation models
(F(2,25)=14.08,112=0.53, p=0.001). The eta
squared value (n?> = 0.53) suggests a very large
effect size. Pairwise comparisons of the three
stimulation  models using  Bonferroni
correction revealed that the risk-prone
decision-making scores were significantly
higher in the right anodal/left cathodal
stimulation condition compared to the left
anodal/right cathodal condition (p = 0.001).

Tablel. Overall Results of IGT based on gender at pre- and post-intervention through three
different stimulation types (Mean+SD)
stimulation types (Mean+SD)

R-Anodal/L-Cathodal

Pre Post
The 2082/35 2789/28
Extroverted + +
401/46 565/83
The 2325 2437/50
Introverted * +
572/69 532/20

Conclusion

In general, brain electrical stimulation (tDCS)
can significantly influence brain activities
related to risky decision-making. Specifically,
anodal stimulation of the right hemisphere

L-Cathodal/R-Anodal Sham
Pre Post Pre Post
2746/42 2451/78  2630/35 2592/85
+ + + +
302/53 429/38 982/89 851/49
2516/07 2335/71  2387/50 2501/78
* + + +
438/04 467/98 547/61 636/80

combined with cathodal stimulation of the left
hemisphere increases activity in the
dorsolateral prefrontal cortex. Conversely,
cathodal stimulation of the right hemisphere
and anodal stimulation of the left hemisphere
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may decrease activity in this region. These
changes in brain activity can affect behavior.
For instance, extroverted individuals under
right-anodal/left-cathodal stimulation
experience increased activity in the
dorsolateral prefrontal cortex and show a
greater tendency toward risk-taking. On the
other hand, introverted individuals under
right-cathodal/left-anodal stimulation
experience reduced activity in this area and act
more cautiously. These findings indicate that
individual personality traits can modulate the
effects of tDCS on decision-making and risky
behaviors.

This research highlights the importance of
considering personality traits when examining
the impact of tDCS on cognitive and
behavioral processes, particularly in areas
such as sports and high-risk activities. Such
findings could be valuable in developing
personalized interventions and tailored
training programs aligned with individual
personality characteristics to optimize risky
decision-making and improve performance
across various fields. Additionally, future
studies should carefully consider stimulation
protocols, hemispheric differences, and
individual variations in decision-making types
during study design.

Keywords: Extroverted, Brain stimulation,
Risky Decision-making, Introverted, Chess
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Figure 1- Changes in scores of risky decision-making test from pre- to post-intervention under three different
tDCS stimulation modalities. (* = significant difference of delta risky decision-making between stimulation types)
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