W
Fw Functional Research in
= Sport Psychology

Cold Executive Functions and Motor Skill Acquisition: Effects on
Learning Speed and Performance of Open vs. Closed Skills Under
Psychological Pressure in Novice Athletes

Leila Mikaeil®

, Mohammad Taghi Aghdasi?'’, Zahra Fathi Rezaei®

1. Department of Motor Behavior, Faculty of Physical Education and Sport Sciences, University of Tabriz,

Iran.

2. Department of Motor Behavior, Faculty of Physical Education and Sport Sciences, University of Tabriz,

Tabriz, Iran.

3. Department of Motor Behavior, Faculty of Physical Education and Sport Sciences, University of Tabriz,
Tabriz, Iran. & Head of Brain and Movement Research Group, Research Center of Biosciences and
Biotechnology (RCBB), University of Tabriz, Tabriz.

Article Info

ABSTRACT

Article type:
Research Article

Avrticle history:
Received 24 August 2025
Received in revised
form 13 October
2025
Accepted 19 April
2026
Available online 22 June
2026

Keywords:

Cold executive functions;
open and closed motor
skills; psychological
pressure; novice athletes;
skill acquisition.

Objective: Cold executive functions (CEFs), as core cognitive components, play a
critical role in motor skill learning and performance among athletes. However, their
impact on the learning speed of open versus closed motor skills under
psychologically stressful conditions remains underexplored. This quasi-
experimental study examined the effects of CEFs on the acquisition and execution
of open/closed motor skills under psychological pressure in novice Wushu athletes.
Methods: A pretest-posttest control group design was implemented. Participants
included 30 adolescent female novice Wushu athletes (practicing Taolu and Sanda)
with high CEFs, randomly assigned to open- or closed-skill training groups. The 4-
week intervention comprised three 90-minute sessions/week. Each session involved
five 10-trial blocks under standardized conditions. Assessment tools included the
Cambridge Automated Neuropsychological Test Battery (CANTAB® 2014),
Tentouei (forefoot straight kick technique) motor task, and Spielberger State
Anxiety Inventory (SSAI; 1970). Data were analyzed via repeated-measures
ANOVA using SPSS v23.

Results: CEFs significantly enhanced the acquisition, retention, and transfer of both
open and closed motor skills (p < 0.05). Paradoxically, they exerted an adverse
effect on skill execution under psychological pressure (p < 0.05).

Conclusion: While CEFs accelerate learning of open/closed motor skills, they
impair performance in high-stress contexts. These findings highlight the dual role
of CEFs in motor learning and support evidence-based adjustments in training
programs for novice athletes.
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O ptimal athletic performance,

particularly in high-pressure competitive
environments, relies on the seamless
integration of physical skills with cognitive
and emotional capabilities [1]. Executive
functions, a set of higher-order cognitive
processes, are pivotal in determining athletes’
success [2]. Recent research has categorized
executive functions into cold and hot types,
with cold executive functions being purely
cognitive  processes that operate in
emotionally neutral contexts [3]. These
functions encompass skills such as planning,
set shifting, working memory, and inhibition,
often triggered by abstract concepts,
numbers, or letters [4]. They include
metacognition, cognitive flexibility,
attention, inhibition, planning, working
memory, and problem-solving, all of which
are critical for coordinating complex
behaviors [5]. In sports psychology,
understanding the role of cold executive
functions is essential for elucidating the
cognitive mechanisms underlying motor skill
performance, particularly in open and closed
motor skills [6]. Open motor skills,
performed in dynamic and unpredictable
environments, require active decision-
making and continuous adaptation to external
stimuli, making them heavily reliant on
perceptual and cognitive processes [10]. In
contrast, closed motor skills occur in stable,
predictable settings, following predetermined
patterns with lower cognitive demands [10].
Research suggests that open skills demand
higher levels of executive functions, such as
inhibitory control and cognitive flexibility,
compared to closed skills, which rely on more
automated processes [11]. For instance,

athletes in open-skill sports, like martial arts,
must rapidly suppress dominant responses to
counter unpredictable opponent actions,
necessitating robust inhibitory control [12].
Conversely, closed-skill sports involve
repetitive, predictable movements and
require less cognitive flexibility [11].
Previous studies have primarily explored
how motor skills influence executive
functions, particularly in children with
attention deficit/hyperactivity disorder [6].
However, the recent distinction between cold
and hot executive functions highlights the
need to examine how cold executive
functions affect motor skill acquisition and
performance in athletes [7]. Existing
literature  presents  mixed  findings,
underscoring the necessity for further
investigation to clarify the role of cold
executive functions in open and closed motor
skills [7]. Moreover, motor learning and
executive functions are interconnected,
facilitating faster skill acquisition through
cognitive processes like attention and
working memory [8]. Neural mechanisms
underlying executive functions also play a
significant role in motor planning, with
enhanced cortical activity linked to improved
motor learning outcomes [9]. Psychological
pressure is a critical factor in athletic
performance, often leading to a phenomenon
known as choking under pressure, where
athletes underperform compared to their
practice capabilities [17]. This is frequently
associated with heightened anxiety, which
disrupts attentional focus and diverts
cognitive resources to task-irrelevant stimuli,
such as crowd noise or performance concerns
[15]. Theories like the distraction theory
suggest that pressure shifts attention away
from  task-relevant  cues,  impairing
performance [15]. Similarly, the processing
efficiency theory posits that anxiety reduces
cognitive processing efficiency, further
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compromising performance [18]. In martial
arts, where rapid decision-making and
adaptability are crucial, understanding how
cold executive functions operate under
pressure is vital for optimizing training and
performance strategies. Given the limited
research on the impact of cold executive
functions on motor skills under pressure in
martial arts athletes, this study aims to
investigate whether these functions influence
the acquisition, retention, and performance of
open and closed motor skills in novice female
Wushu  athletes under  high-pressure
conditions. The hypothesis is that cold
executive functions enhance skill acquisition
and retention but may hinder performance
under pressure due to their analytical and
linear nature, which could slow decision-
making and reaction times.

Methods

Research design

This study employed a semi-experimental,
field-based design to investigate the effects of
different motor skill training regimens. Thirty
novices female Wushu athletes were
randomly allocated into two experimental
groups. The first group engaged in training
centered on open motor skills within a
dynamic, simulated combat context, while
the second group trained in closed motor
skills using a static target. The study protocol
incorporated multiple assessment phases: an
initial evaluation of baseline cognitive
function, a pre-test to establish skill
proficiency, a  structured  four-week
intervention, a retention test to assess
learning consolidation, and finally a transfer
test to evaluate performance under
pressurized conditions simulating
competition.

Participants
The study cohort consisted of 30 novice
female Wushu (Sanda) athletes between the
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ages of 15 and 18 years. Participants were
selected based on stringent inclusion criteria,
which stipulated no history of injury from
high-intensity sports, provision of informed
consent from both the participant and a parent
or guardian, and a confirmed lack of prior
familiarity with the specific motor skills
being tested. Exclusion criteria were defined
as voluntary withdrawal from the study,
exhibiting signs of depression or negligence
during the sessions, or an absence from more
than two training sessions throughout the
intervention period.

Materials

Cognitive assessment was conducted using
the Cambridge Neuropsychological Test
Automated Battery (CANTAB), a well-
validated computerized platform  for
evaluating  executive  functions  [19].
Specifically, four subtests were administered:
the Intra-Extra Dimensional Set Shift (IED)
for cognitive flexibility, the Stop Signal Task
(SST) for response inhibition, the Spatial
Working Memory (SWM) task for working
memory and strategy, and the Cambridge
Gambling Task (CGT) for decision-making
and risk-taking behavior. Skill performance
was scored according to the official technical
criteria established by the International
Wushu Federation [9]. Anxiety levels during
the transfer test were quantified using the
State-Trait Anxiety Inventory (STAI), a
reliable  self-report  questionnaire  for
measuring state anxiety [20]. Training
equipment included standard Wushu
protective gear and stationary punching bags.

Procedure

The research procedure commenced with an
initial testing session where all participants
underwent the CANTAB battery to establish
a baseline of their cold executive functions.
Based on this cognitive profiling, participants
were then randomly divided into the two
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matched training groups. All individuals first
completed a foundational training block to
ensure mastery of basic Wushu movements,
including stance, balance, and the
fundamental straight kick technique (Tan
Tui). A pre-test was subsequently
administered in a low-pressure environment
to record baseline kicking performance for
each group under their respective conditions
(open or closed skill).

The core of the study was a four-week
training program, comprising three 90-
minute sessions per week. The open skill
group practiced in a variable environment
involving simulated combat with an
opponent who executed defensive moves and
light attacks, thereby promoting adaptability.
Conversely, the closed skill group practiced
by repetitively kicking a stationary bag in a
stable environment, focusing on technical
precision and power. Each session involved
multiple sets of kicks, with coaches providing
corrective feedback. Twenty-four hours
following the final training session, a
retention test was conducted under pre-test
conditions to evaluate skill maintenance
without any feedback. Finally, a transfer test
was administered to assess performance
under high-stress conditions; this simulated a
competitive match complete with spectators,
audible cheering, time pressure, and for the
open skill group, active opponent attacks.
State anxiety was measured immediately
prior to this transfer test using the STAI.

Data analysis

All collected data were subjected to statistical
analysis using SPSS software. Descriptive
statistics, including means and standard
deviations, were calculated to summarize the
data. The normality of data distribution was
confirmed using the Shapiro-Wilk test, and
the homogeneity of variances was verified
with Levene’s test. To examine within-group
changes across the different testing phases
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(pre-test, retention, transfer) and between-
group differences, a repeated-measures
analysis of variance (ANOVA) was
employed. Where significant main effects
were identified, appropriate post-hoc tests
were conducted for detailed pairwise
comparisons. The alpha level for statistical
significance was set at p < 0.05.

Results

The study cohort comprised two groups with
mean ages of 16.47 and 16.27 years for the
closed and open skill groups, respectively.
The educational background of all 30
participants was distributed across high
school grades, with 15 in grade 10, 10 in
grade 11, and 5 in grade 12. Preliminary
statistical assumptions were confirmed prior
to main analyses. The Shapiro-Wilk test
verified that all data points for motor skill
performance across the pre-test, retention
test, and transfer test phases were normally
distributed for both groups. Furthermore,
Levene’s test established the homogeneity of
variances across all testing stages, satisfying
the necessary conditions for parametric
analysis. Descriptive statistics revealed a
clear pattern of improvement and subsequent
decline in performance for both groups. The
closed skill group demonstrated higher mean
scores at every stage, starting from a pre-test
mean of 4.20 (SD = 1.82), rising markedly to
10.46 (SD = 1.12) at retention, and then
decreasing to 7.33 (SD = 1.49) under the
pressure of the transfer test. The open skill
group followed a similar trajectory, though
from a lower baseline, with scores of 3.13
(SD = 1.18) at pre-test, 7.53 (SD = 1.64) at
retention, and 6.13 (SD = 1.55) at transfer.
Inferential analysis using repeated-measures
ANOVA substantiated these observations. A
highly significant improvement was found
from pre-test to retention test for both the
closed skill group (mean difference = 6.267,
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p < 0.001) and the open skill group (mean
difference = 4.400, p < 0.001). Conversely, a
significant performance decrement was
observed from the retention test to the high-
pressure transfer test. This decline was more
pronounced in the closed skill group (mean
difference = -3.133, p < 0.001) than in the
open skill group (mean difference = -1.400, p
=0.007).

Discussion:

The findings of this study present a dual role
for cold executive functions in motor skill
performance. The significant improvement in
scores from pre-test to retention test for both
open and closed motor skills indicates a
strong positive influence of these cognitive
functions on the initial acquisition and short-
term retention of skills in novice athletes [7].
This aligns with established literature
positing that cognitive processes like
attention, working memory, and cognitive
flexibility are fundamental for encoding new
motor patterns and reinforcing neural
pathways during the early stages of learning
[8]. However, the pronounced decline in
performance during the high-pressure
transfer test introduces a critical nuance. The
results suggest that wunder conditions
simulating competitive stress, these same
cold executive functions can negatively
impact performance. This is likely
attributable to the analytical, conscious, and
often slower nature of cold executive
processing, which can disrupt the fluid,
automated execution required for optimal
athletic performance [15]. In open-skill
environments, this might manifest as delayed
decision-making, while in closed-skill
scenarios, it could lead to "paralysis by
analysis,"” where over-conscious control
impedes well-practiced movements [11].
This  phenomenon  of  performance
degradation under pressure, often termed
"choking," is supported by theories such as
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the processing efficiency theory, which
argues that anxiety consumes cognitive
resources that would otherwise be available
for task execution [18]. The greater
performance decline observed in the closed
skill group is a particularly intriguing finding.
It suggests that skills learned in a stable,
predictable environment might be more
susceptible to disruption under pressure
compared to open skills, which are inherently
trained within a variable context that may
foster better stress adaptation. The study's
focus on a martial arts context addresses a
notable gap in the literature, highlighting the
complex interplay between cognitive control
and automaticity in a domain where rapid
responses are paramount for success [7].

Conclusion

In conclusion, this study provides evidence
that cold executive functions play a
facilitative role in the acquisition and
retention phases of motor learning for novice
Wushu  athletes.  Nevertheless, these
cognitive processes appear to have a
detrimental effect on performance when
athletes are subjected to high-pressure,
competition-like conditions. This paradox
underscores the necessity for training
methodologies that evolve beyond pure
technical repetition. Coaches should integrate
psychological skills training, such as anxiety
management and mindfulness, to help
athletes regulate the potentially interfering
effects of conscious control during
performance, thereby promoting resilience
under pressure [20].

The generalizability of these findings is
tempered by certain limitations, including the
inability to control for personality, socio-
economic, and motivational variables, as well
as the relatively short four-week intervention
period. Future research should endeavor to
create more homogenous participant samples
and extend the training duration to investigate
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long-term effects. Furthermore, exploring the
neural correlates of this cognitive-motor
interaction through neuroimaging
techniques, and testing interventions like
neurofeedback, would be valuable directions
for subsequent studies [16]. Ultimately, a
holistic training approach that harmonizes the
development of cognitive skills with their
strategic disengagement under pressure is
crucial for optimizing athletic performance in
competitive martial arts.

Keywords:

Cold executive functions, open and closed
motor skills, psychological pressure, novice
athletes, skill acquisition.

Article message

This study demonstrates the dual role of cold
executive  functions in  motor skill
performance among novice Wushu athletes.
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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Table 1- Results of the Shapiro-Wilk normality test for motor performance scores

Al 2y o)la“N ds o 09,5
Result p-value Test Stage Group
statistic
Jbys 0.268 0.929 RYYS 3,5,
Normal Pre-test Wi © ) geo/ 3 pow
JLe)S 0113 0905 (O?‘jjd‘i) d)h:lg, COld executive
Normal Retention (Post-test) function/closed skills
Jbys 0.170 0.917 ((Lid cou) Jlasl
Normal Transfer (Under Pressure)
Jb s 0.279 0.931 903t sl a8
Normal Pre-test U O, ke/d
JLe)S 0525 0950 (O?‘jjd‘i) d)h:lg, COld executive
Normal Retention (Post-test) function/open skill
Jbys 0.152 0.913 ((Lid cou) Jlasl
Normal Transfer (Under Pressure)
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Table 2- Results of Levine's homogeneity of variances test
A u.g:)'.\io b)Loi 41&,»
Results p-value Test statistic Stage

ed 0.538 0.731 9ol i
Homogeneous Pre-test

et 0.732 0.431 (o9l ol
Homogeneous Retention (Post-test)

e 0.987 0.045 (Las o) Jlsl
Homogeneous Transfer (Under Pressure)
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1 Shapiro-Wilk test
2 Levene's test
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Table 3- Descriptive indices of motor performance scores in three stages

RESLS Syl Al yo 895
Mean Frequency Stage Group
4.20+1.82 15 903t K ) lgal 3 gyl 3,518
Pre-test Cold executive function/closed skills
10.46+1.12 15 (Gr9o5 ) s plosly
Retention (Post-test)
7.33+£1.49 15 (Lad cos) Jlsl
Transfer (Under Pressure)
3.13+1.18 15 o9l b @leel s ol ynl 5,518
Pre-test Cold executive function/open skill
7.53+1.64 15 (5ol ms) g5k
Retention (Post-test)
6.13+1.55 15 (Lad cos) Jusl

Transfer (Under Pressure)
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Table 4- Results of comparison of the mean of pre-test, and retention (post-test) of the groups

N (sl oo 59,5
Results p-value Mean Group
3 gime <0.001 6.267 Ay g0
Significant Closed Skills
I3 gime <0.001 4.400 b sl
Significant Open Skills
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Table 4- Results of comparison of the mean of retention (post-test), and transfer (under pressure) of the

groups
A TS oeNle 09,5
Results p-value Mean Group
3 e <0.001 -3.133 Ay S)le
Significant Closed Skills
3 e 0.007 -1.400 b o)l
Significant Open Skills
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