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Abstract
Purpose: Since cortical and subcortical neural structures are involved in both cognitive and motor
functions, the present study aimed to compare the performance of cortical-basal ganglia and
cortical—cerebellar circuits in athletes from cognitive and motor sports.
Methods: The participants included 213 individuals consisting of chess players, track and field
athletes, and non-athletes, with 71 participants in each group (age: 17.54 £ 2.25 years). The
Neurocircuit Questionnaire was used for data collection. Differences between the groups were
analyzed using the non-parametric Kruskal-Wallis test.
Results: The results revealed significant differences among track and field athletes, chess players,
and non-athletes in cortical-basal ganglia circuits (P <0.001, H = 146.14) and cortical—cerebellar
circuits (P < 0.001, H = 148.04). Athletes (both chess and track and field) showed better
performance and higher scores than non-athletes. In the three-group comparison, the highest
performance in both circuits was observed in chess players, followed by track and field athletes,
and then non-athletes.
Conclusion: The findings suggest that the involvement of these neural circuits in motor processing
and the motor demands of sports disciplines may contribute to the superior performance of these
circuits in athletes compared to non-athletes. Moreover, in chess players, the cognitive pathways
of these circuits may be further strengthened due to the high cognitive demands associated with
performance.
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Extended Abstract
Background and Purpose

Cortical and subcortical neural structures,
particularly the basal ganglia and cerebellum
and their reciprocal connections with the
cerebral cortex, play pivotal roles in the
regulation of both motor and cognitive
functions. The basal ganglia are crucial for
action selection, motor planning, habit
learning, and reward-based decision-making,
whereas the cerebellum is central to the fine-
tuning of movements, temporal coordination,
and error-based motor learning and also
contributes to  higher-order  cognitive
processes. These two large-scale neural
circuits—cortical-basal ganglia and cortical—-
cerebellar—jointly support complex forms of
behavior in daily life.

In recent years, sport sciences and cognitive
neuroscience have converged in examining
how long-term engagement in different types
of sports may shape the functioning of these
neural circuits. Athletes in motor-dominant
sports, such as track and field, are
continuously exposed to demands on speed,
strength, timing, coordination, and dynamic
motor control. In contrast, athletes in
cognitive-dominant sports, such as chess, are
primarily engaged in intensive cognitive
activities, including strategic planning,
working memory, pattern recognition, and
rapid decision-making under time pressure,
with more limited overt physical demands.
These contrasting profiles of cognitive and
motor load provide a unique opportunity to
investigate whether and how different sport
disciplines differentially influence the
performance of cortical-basal ganglia and
cortical—cerebellar circuits. The present study
was designed to compare the performance of
these two neural circuits among athletes of a
cognitive sport (chess), athletes of a motor
sport (track and field), and non-athletes. By
examining these groups in parallel, the study
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sought to clarify whether participation in
sport per se is associated with enhanced
circuit performance, and whether cognitively
demanding sports such as chess confer
additional advantages beyond those afforded
by motor-focused training.

Methods

This cross-sectional study included a total of
213 participants, divided into three equal
groups: 71 chess players, 71 track and field
athletes, and 71 non-athletes. All participants
were adolescents or young adults, with a
mean age of 17.54 * 2.25 years, and were
recruited according to predefined inclusion
criteria related to age, health status, and sport
participation history. The chess players were
individuals with established experience in
competitive or structured chess training,
representing a cognitive sport group. The
track and field athletes were actively training
and competing in running, jumping, or
throwing events, representing a motor sport
group. The non-athlete group consisted of
individuals without regular participation in
organized sports or intensive physical
training.

To assess the performance of the cortical—
basal ganglia and cortical—cerebellar circuits,
the  Neurocircuit  Questionnaire  was
administered to all participants. This
standardized instrument is designed to
capture behavioral, cognitive-motor, and
functional indicators related to these neural
networks. It yields quantitative scores that
reflect the efficiency, integrity, or functional
strength of each circuit. Specifically, the
questionnaire generates separate composite
scores for the cortical-basal ganglia circuit
and the cortical—cerebellar circuit, allowing
for direct comparison across groups.

Given the nature of the questionnaire data
and the possibility that the distribution of
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scores might deviate from normality, the non-
parametric ~ Kruskal-Wallis  test  was
employed to examine differences between
the three groups for each circuit. This test is
appropriate for comparing more than two
independent groups when the underlying
assumptions of parametric tests may not be
met. A conservative significance threshold of
P <0.001 was adopted in order to reduce the
likelihood of Type I error due to multiple
comparisons and to ensure  robust
identification of group differences.

Results

Statistical analysis revealed clear and
statistically significant differences between
the three groups in both neural circuits under
investigation. For the cortical-basal ganglia
circuit, the Kruskal-Wallis test indicated a
highly significant group effect (H = 146.14,
P < 0.001). Post-hoc comparisons
(conceptually) showed that athletes—both
chess players and track and field athletes—
scored higher than non-athletes. Among the
three groups, chess players achieved the
highest scores, suggesting more efficient or
better-performing  cortical-basal  ganglia
functioning. Track and field athletes also
showed enhanced performance relative to
non-athletes, though their scores tended to be
lower than those of chess players. Non-
athletes consistently obtained the lowest
scores on indices related to this circuit.

A similar pattern emerged for the cortical—-
cerebellar circuit. The Kruskal-Wallis test
again demonstrated a highly significant
group effect (H = 148.04, P < 0.001). Both
groups of athletes outperformed non-athletes,
indicating that regular involvement in
structured sports is associated with better
cortical—cerebellar  circuit  performance.
Within the athlete groups, chess players once
more displayed the highest scores, followed
by track and field athletes in an intermediate
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position, and non-athletes at the lowest level.
Across both circuits, therefore, the gradient
of performance was consistent: chess players
> track and field athletes > non-athletes.
These findings point to two key conclusions.
First, sport participation is associated with
superior performance of neural circuits that
integrate cortical regions with the basal
ganglia and cerebellum. Second, within the
spectrum of sports, cognitively demanding
disciplines such as chess may confer an even
greater benefit to these circuits, particularly
to their cortical components and cognitive
control functions.

Conclusion

The observed superiority of athletes over
non-athletes in both cortical-basal ganglia
and cortical—cerebellar circuits aligns with a
growing body of literature suggesting that
regular physical activity and sport training
promote neuroplastic changes in the brain.
From a neurobiological perspective, repeated
engagement in complex motor tasks, as seen
in track and field, stimulates sensorimotor,
premotor, and supplementary motor areas as
well as the associated subcortical structures,
thereby strengthening the connectivity and
functional efficiency of these circuits. The
better performance of track and field athletes
compared with non-athletes in both circuits
likely reflects such adaptations related to
motor learning, coordination, and timing.

The even higher scores in chess players,
however, underscore the important
contribution of cognitive load and executive
processing in shaping these neural systems.
Chess requires sustained attention, rapid
evaluation of multiple alternatives, long-term
planning, working memory for positions and
variations, and flexible strategy adjustment in
response to an opponent’s actions. These
processes heavily recruit prefrontal cortical
areas and their loops with the basal ganglia
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and cerebellum. Over time, intensive practice
in such cognitively demanding tasks can lead
to improvements in the efficiency and
integration of these circuits, not only in
cognitive domains but also in cognitive-
motor integration. The consistent ranking of
performance—chess players highest,
followed by track and field athletes, and then
non-athletes—suggests that both the motor
demands of physical sports and the cognitive
demands of mental sports can positively
affect neural circuit performance. However,
the nature of the training appears to shape the
profile of enhancement. In chess players, the
strong involvement of executive, attentional,
and strategic functions may preferentially
strengthen the cortical and cognitive
components of the circuits, producing
superior overall scores. In track and field
athletes, repetitive, high-intensity motor
training may primarily bolster motor
execution and timing-related aspects of these
networks, leading to improvements that are
evident but somewhat less pronounced than
in the cognitively rich context of chess. These
findings have several implications. From a
theoretical standpoint, they support a model
in which cortical-basal ganglia and cortical-
cerebellar circuits are not only responsive to
traditional motor skill training but also highly
sensitive to complex cognitive training
embedded in structured, rule-based activities
such as chess. From an applied perspective,
they suggest that incorporating cognitively
demanding activities into sport training
programs, or using cognitive sports
themselves as tools, may enhance neural
circuit performance in ways that complement
physical training.

In summary, this study demonstrated that
athletes in both a cognitive sport (chess) and
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a motor sport (track and field) exhibit
superior performance of cortical-basal
ganglia and cortical—cerebellar circuits when
compared to non-athletic individuals. The
highest performance levels were consistently
observed in chess players, followed by track
and field athletes, and then non-athletes.
These results highlight the pivotal role of
sport-related motor and cognitive demands in
shaping the efficiency and functional
capacity of neural circuits involved in motor
and cognitive processing. The findings
further suggest that sports characterized by
high cognitive load, such as chess, may
provide an additional advantage by especially
strengthening the cortical and executive
components of these circuits. Therefore, both
cognitive and motor sports can be considered
valuable contexts for promoting neural
circuit function, with potential implications
for cognitive enhancement, motor skill
development, and possibly even the design of
interventions for populations with motor or
cognitive deficits.
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1. Corticocenteric

2. Cortico-Basal-Ganglia Circuitry
3. Cerebro-Cerebellar Circuitry

4. Neural Circuits Questionnaire
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