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Objective: The present study aimed to compare executive functions, sports self-
regulation, and mental imagery in athletes (Open and Closed Sports) based on by
moderating personality (introversion/extroversion).

Methods: The research method was retrospective. The statistical population
included professional athletes of open and closed nature (history of participation in
Asian, world, and international competitions) in Tehran in 2023. The sample size
was 180 people, using convenience sampling. The research tools included the
Executive Function Scale of Adult Form by Roth et al. (2005), Ryan and Kennell's
Sports Self-Regulation (1989), Hall et al.'s Mental Imagery (1998), and Eysenck's
Personality Questionnaire (1965). Data were analyzed using multivariate analysis
of variance (MANOVA) and logistic regression.

Results: The findings showed significant differences between open-skill and
closed-skill athletes in the mean scores of all three variables, namely executive
functions, sport self-regulation, and sport imagery. The group means indicated that
open-skill athletes obtained higher mean scores than closed-skill athletes on
executive functions, sport self-regulation, and sport imagery. In addition, the
moderation analysis revealed that introverted personality moderated the
relationships of executive functions, self-regulation, and sport imagery with
participation in open-skill sports.

Conclusion: Based on the findings of the present study, it is recommended that
intervention programs for closed-skill athletes be designed and implemented with
an emphasis on enhancing executive functions, sport self-regulation, and sport
imagery. Furthermore, to increase the effectiveness of psychological interventions,
attention to athletes’ personality traits—particularly introversion—is recommended
in the design of training and psychological programs.
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I he present study aimed to compare

executive functions, sport self-regulation,
and mental imagery among professional
athletes practicing open-skill versus closed-
skill ~ sports, with personality traits
(introversion/extraversion) examined as a
moderating variable. In sport science, skills
are classified along a continuum from closed
to open based on environmental
predictability and task demands. Open-skill
sports occur in dynamic, unpredictable
environments and impose high cognitive
demands due to continuous stimulus
processing and moment-to-moment decision-
making, whereas closed-skill sports occur in
static, stable environments requiring lower
cognitive engagement. Executive functions
are considered the key component in athletes'
decision-making and include response
inhibition, planning, organization, time
management, metacognition, attention, and
working memory. Research shows that
professional athletes in open-skill sports such
as football outperform those in closed-skill
sports such as swimming in executive
functions, working memory, problem-
solving, and cognitive flexibility. Sport self-
regulation refers to psychological processes
through which athletes control and direct
their internal states and cognitive-behavioral
functions to achieve sport goals, and athletes
with  higher self-regulation are more
successful and more likely to be selected for
open-skill sports. Mental imagery is the
reproduction of perceptual experience
through multisensory pathways in the
absence of external stimuli and is an essential
component of athletes' psychological
preparation. Research indicates that open-
skill athletes perform better in cognitive
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processing and imagery compared with
closed-skill athletes. Personality traits such as
extraversion and introversion can influence
athletes' attitudes, tastes, and behaviors, and
may explain inconsistencies in previous
findings regarding cognitive and
psychological differences between open- and
closed-skill athletes. Therefore, the present
study sought to answer whether there is a
relationship among executive functions,
imagery, and sport self-regulation in athletes
(open and closed) with the moderating role of
personality (introvert, extravert).

Method: This study employed a non-
experimental, causal-comparative (ex post
facto) design with an applied purpose and a
quantitative  approach. The statistical
population consisted of professional male
and female athletes (with experience in
Asian, world, and international competitions)
in Tehran in 2023. Open-skill disciplines
included volleyball, basketball, football,
futsal, handball, boxing, fencing, canoe polo,
kabaddi, judo, taekwondo, tennis, and
wrestling; closed-skill disciplines included
cycling, weightlifting, kayaking and rowing,
skiing, and track and field. Based on
Cochran's formula, approximately 180
participants were estimated (90 open-skill
and 90 closed-skill), selected through
convenience sampling. After screening for
incomplete questionnaires and
univariate/multivariate outliers, data from
159 participants were analyzed (response rate
= 88%). Instruments included the Sport Self-
Regulation Questionnaire (Ryan & Connell,
1989; a = 0.73), the Adult Executive
Functioning Scale (Roth, Isquith & Gioia,
2005; a = 0091), the Sport Imagery
Questionnaire (Hall et al., 1998; a = 0.95),
and the Eysenck Personality Questionnaire
(Eysenck, 1965-1976; o = 0.71-0.76). Data
were analyzed using MANOVA and logistic
regression in SPSS-27.

Findings: MANOVA results revealed
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significant differences between open- and
closed-skill athletes in at least one dependent
variable (Wilks' A = 0.691, F(3,153) =
22.477, p = 0.001, n*p = 0.309). Follow-up
ANOVA showed that open-skill athletes
scored significantly higher than closed-skill
athletes in executive functions (F(1,153) =
15.967, p = 0.001, n?*p = 0.094), sport self-
regulation (F(1,153) = 9.704, p = 0.002, n?p
= 0.060), and sport imagery (F(1,153) =
31.760, p = 0.001, n*p = 0.172). Adjusted
means confirmed that the open-skill group
scored higher in executive functions (105.822
vs. 85.275), self-regulation (88.286 vs.
82.357), and imagery (95.606 vs. 80.759).
Logistic regression indicated that executive
functions (b = 0.038, p = 0.001), sport self-
regulation (b =-0.041, p = 0.021), and sport
imagery (b = —0.052, p = 0.001) each
significantly predicted sport type. Moreover,
introversion played a partial moderating role
in all three relationships: executive functions
x introversion (b = —0.023, p = 0.001), self-
regulation x introversion (b = —0.019, p =
0.001), and imagery x introversion (b =
—0.016, p =0.001).

Discussion: The findings of this study are
consistent with most previous research on
executive functions, self-regulation, and
imagery. The higher executive functions in
open-skill athletes can be explained by the
cognitive—environmental nature of these
sports: open-skill sports are performed in
dynamic,  unpredictable  environments
dependent on interaction with the opponent,
requiring  continuous  monitoring  of
environmental information, inhibition of
inappropriate responses, and quick, flexible
decision-making.  These  requirements
continuously engage working memory,
cognitive inhibition, and cognitive flexibility.
From a neurocognitive and experience-
dependent learning perspective, long-term
practice in open-skill sports is associated with
functional and structural adaptations in
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prefrontal regions underlying executive
control and decision-making, and repeated
exposure to complex, multi-stimulus
situations strengthens neural networks related
to attention regulation, rapid information
processing, and cognitive flexibility.
Empirical evidence shows that open-skill
athletes perform better in neuropsychological
tests related to executive functions compared
with closed-skill athletes and non-athletes.
The higher sport self-regulation in open-skill
athletes can be explained by the structural
and cognitive nature of these sports. In open-
skill sports, the performance environment is
dynamic and dependent on interaction with
the opponent, teammates, and environmental
conditions;  therefore,  athletes  must
continuously  readjust goals, monitor
performance, and adopt new strategies.
Based on Zimmerman's self-regulated
learning theory, self-regulation includes
forethought, performance execution, and
self-reflection;  athletes in  open-skill
disciplines, due to continuous changes in
game situations, are forced to continuously
cycle through these stages, strengthening
their self-regulation skills. In contrast, in
closed-skill disciplines such as shooting or
gymnastics, execution patterns are pre-
stabilized and the competitive environment is
relatively fixed, reducing the need for
continuous goal setting and strategy
modification. The higher sport imagery in
open-skill athletes can be explained by the
different cognitive and perceptual nature of
these disciplines. In open-skill sports, where
the competitive environment is constantly
changing, imagery plays an essential role in
predicting situations, reviewing possible
responses, and mental preparation for
unexpected conditions. Based on Paivio's
imagery use model, cognitive general and
motivational general components are more
important in open-skill disciplines because
athletes must constantly practice tactics,



variable game situations, and concentration
and emotion control in their minds, whereas
in closed-skill disciplines, imagery is mostly
used to stabilize movement patterns and
execution accuracy. From the perspective of
functional  equivalence  theory, the
effectiveness of imagery increases when
mental representation closely resembles
actual execution conditions; the diversity of
open-skill situations forces athletes to
repeatedly simulate multiple scenarios,
strengthening imagery ability. Regarding the
moderating role of introversion, executive
functions include higher-level cognitive
processes such as response inhibition,
working memory, and cognitive flexibility
that regulate goal-directed behavior and
adaptation to  variable  conditions.
Introversion is associated with internal focus,
deeper information processing, and greater
behavioral control; based on Eysenck's
arousal theory, higher cortical arousal in
introverted individuals can lead to more
precise stimulus processing and more
measured regulation of reactions. Thus, the
combination of strong executive functions
with introverted characteristics can create a
cognitive advantage in complex open-skill
situations by increasing concentration,
reducing impulsivity, and strengthening self-
monitoring. Similarly, introversion can
facilitate more effective use of self-regulation
skills and imagery in technique-oriented and
complex activities. Overall, the results show
that executive functions, self-regulation, and
imagery are the main factors distinguishing
open and closed sports, but these
relationships are strengthened or weakened
by introversion.

Conclusion: Open-skill athletes exhibit
higher levels of executive functions, sport
self-regulation, and mental imagery
compared with closed-skill athletes, and
introversion  partially moderates  these
relationships. These results imply that
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psychological and training interventions
should not be designed uniformly for all
athletes; rather, the nature of the sport skill
and personality traits should be considered as
determining factors in planning cognitive and
psychological training programs. Coaches
and sport psychologists may place greater
emphasis on  strengthening  executive
functions, self-regulation, and mental
imagery in closed-skill sports.

Keywords: Executive Functions, Sport Self-
Regulation, Mental Imagery, Open and
Closed Skills, Introversion—Extraversion

Article message
This study demonstrates the dual role of cold

executive  functions in motor  skill
performance.  While these  cognitive
processes  significantly enhanced the

acquisition and retention of both open and
closed skills, they negatively impacted
performance under high-pressure conditions.
The analytical nature of cold executive
functions likely impedes rapid decision-
making and automated execution during
stress. These findings highlight a critical
paradox for coaches: cultivating cognitive
control is essential for learning, yet its over-
engagement during competition can be
detrimental. Training programs should
therefore incorporate strategies to help
athletes manage pressure and transition from
cognitive control to automaticity.
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