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Abstract

The purpose of this study was to investigate the effect @f synchrOnizing training time with
circadian rhythm on cognitive and motor performance in‘adaléscent volleyball players. This
applied study employed a quasi-experimental ‘repeated-measures design. The statistical
population consisted of female volleyballyplayers aged 13-18 from Kordkuy and Bandar
Torkaman, of whom 36 participants were selected through’convenience sampling and classified
into morning-type, evening-type, and intermediate-type groups based on the Horne—Ostberg
Morningness—Eveningness Questignnaire. Participants completed the Efird volleyball finger
test and the Stroop cognitive task at three, different times of day (morning, noon, and evening)
on separate days. Data were analyzed using.r€peated-measures ANOVA and Bonferroni post
hoc tests with a significance level of p < 0.05. The results indicated a significant main effect of
time of day on motor performance (F =12.79-51006.14, p < 0.001), whereas the interaction
effect between time @ftesting and chronotype on cognitive performance was not significant (p
> 0.05). Overall galigning“training schedules with biological rhythms may enhance motor
performance in adolescents.
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Background and Purpose

The acquisition of cognitive and motor skills is considered one of the fundamental pillars of
human development and plays a critical role in individuals’ quality of life, academic success,
professional growth, and mental well-being. In today's world—characterized by high levels of
psychological stress, rapid technological change, and intensified educational competition—
enhancing these skills is especially crucial during adolescence. However, the effectiveness of
such skills is not solely dependent on education and practice; it is also influenced by biological
rhythms within the body.

Among these, the circadian rhythm stands out as a key biological factor regulating mental,
cognitive, and physical activity. The physiological fluctuations governed by thiskhythm, which
follow a near-24-hour cycle, can significantly alter an individual's physi€al and cognitive
readiness throughout the day. These fluctuations are particularly impactful in,adeléscents, who
are undergoing substantial biopsychological changes.

Previous studies have examined the effects of circadian rhythms on various aspects ofperformance;
however, most have assessed cognitive or motor domains separatelyyratherthan simultaneously.
Furthermore, many have overlooked individual differences in chrenotypes (morning-type, evening-
type, and intermediate-type individuals). Therefore, the present study ‘aims to investigate the
simultaneous influence of circadian rhythm and chronotype @n beth cognitive performance (using the
Stroop test) and motor performance (volleyball set-pass)in ad@lescent volleyball players.

Only a limited number of studies have examinedithe combined“effects of circadian rhythm and
chronotype on integrated cognitive—metemperformance. Moreover, most existing research has
been conducted in controlled laberatory“settings, leaving-a gap in understanding how these
variables function in real-world educational or athletic environments. This research gap motivated
the design of the present study, which seeks to provide a scientifically grounded, data-driven
answer to the question: Is the "optimal time for training" different depending on one’s biological
chronotype? And if so, how does this alignment.affect performance outcomes?

Materials and Methods

The present study egmployed a quasi-experimental design with repeated measures. The
statistical population consisted of adolescent female volleyball players from the cities of
Kordkuy and Bandar, Torkaman.”"From a pool of approximately 600 individuals, 36 participants
wereselected through eonvenience sampling and categorized into three groups—morning-type,
evening-type, and intermediate-type—based on scores from the Morningness—Eveningness
Questionnaire by Horne and Ostberg.

Each participant completed both a cognitive performance test (the computerized Stroop task)
and a motor performance test (volleyball set-pass task) at three different times of day: morning,
noon, and evening. Data were analyzed using repeated measures ANOVA and Bonferroni post-
hoc tests, performed in SPSS software. The significance level was set at p < 0.05 for all
statistical analyses.

Results

The findings of the study were organized around two main hypotheses, each aimed at examining the
effect of circadian rhythms on motor performance (volleyball set-pass task) and cognitive performance
(Stroop test) among adolescent female volleyball players with different chronotypes. To test these
hypotheses, repeated measures ANOVA and Bonferroni post-hoc tests were conducted.
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1. Findings Related to Motor Performance (Volleyball Set-Pass):

Statistical analysis revealed that circadian rhythms had a significant effect on motor
performance in the volleyball set-pass task. Repeated measures ANOVA indicated that the
mean performance scores of participants across three different times of day (morning, noon,
evening) varied significantly within each chronotype group (p < 0.001).

e In the morning-type group, performance was highest in the morning and lowest in the
evening, with this difference being highly significant (p < 0.001).

e In the evening-type group, the best performance was observed in the evening, while a
noticeable decline occurred during morning testing (p < 0.001).

e In the intermediate-type group, although there was a significant difference between
morning and noon scores (p = 0.031), no significant differences weresfound between
noon and evening or between morning and evening.

The Bonferroni post-hoc test confirmed that motor performance impreved-significantly when
the training or testing time matched the participant’s chronotype. This tempgral alignment, or
biological synchronization, was observed across all three gfoups, indicatimg’that an individual’s
circadian rhythm plays a determining role in the quality @f motor skill execution.

2. Findings Related to Cognitive Performance (Stroop Test):

Cognitive performance was assessed usingitwae key indicators derived from the Stroop test:

o Stroop Interference ScoreaReflecting cognitive control and attentional accuracy.
e Reaction Time for Interference: Indicating the speed of cognitive processing.

2.1 Stroop Interference Score:

Repeated measures ANOVA showed na/significant differences in interference scores across
different times of daysfemany of the chronotype groups (p > 0.05). In other words, cognitive
accuracy and control'werenot significantly affected by the time of task execution.

2.2 Reattion Time for Interference:

Regarding xeaction timey,asignificant difference between times of day was found only in the
morning-typegroup (p =0.026). Bonferroni post-hoc analysis revealed that reaction times were
significantly faster in-the morning compared to the evening (p = 0.019), while no significant
differences were found between morning and noon or noon and evening.

In contrast, no significant time-of-day effects on reaction time were found in the evening-type
group (p = 0.087) or the intermediate-type group (p = 0.885).

Conclusion

The findings of this study emphasize that temporal alignment between circadian rhythms and
training time can significantly enhance motor performance in adolescents. This synchronization
effect was observed across all chronotype groups and aligns with existing theories of "temporal
congruence" and "biological optimization of performance.” Such results hold important
implications for coaches, physical education instructors, and training program designers, as
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they underscore the potential benefits of scheduling practice sessions in accordance with an
individual’s biological peak times.

However, in the domain of cognitive performance, circadian rhythm effects were only statistically
significant in the morning-type group. This suggests that cognitive functions may be less sensitive
to fluctuations in time-of-day, or perhaps more influenced by confounding variables such as sleep
quality, mood, stress levels, or nutrition. This finding underscores the need for more rigorous
control of environmental and psychological variables in future research.

Moreover, this study demonstrated that tailoring training schedules based on chronotype could
represent a novel and personalized approach in adolescent education and sports. The findings
open avenues for further research across different age groups, genders, and breader training
contexts. Future studies are encouraged to employ more complex cognitive tasks or a wider
range of motor skills in order to better explore the underlying cognitive—biologicalfmechanisms
at playFunding.

This study received no funding from public, commercial, or nonprgfit organizations.
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