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Extended Abstract

Background and Purpose

Memory formation in humans is influenced by a variety of factors, among which the amount of
practice during the acquisition of a task plays a critical role. Equally important is sleep, particularly
its crucial function in memory consolidation that directly affects sports performance. Extensive
research indicates that high-quality sleep enhances both cognitive and physical performance, as well
as the acquisition of new skills. Adequate sleep strengthens memory retention and learning capacity,
whereas sleep deprivation has been shown to reduce accuracy and increase the likelihood of sports-
related errors. Daily functioning at optimal levels and effective skill acquisition depend on sufficient
sleep duration and quality.

In addition to sleep, engaging in repetitive practice sessions—referred to as double practice—has
demonstrated positive effects on learning and the retrieval of motor programs. Although prior
research has primarily focused on the impact of sleep before and after practice sessions on motor
memory, the influence of double practice itself on sports skill acquisition remains an intriguing area
of exploration. This raises the question: which variable—sleep or double practice—exerts a more
significant influence on motor memory and skill development?
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Methods

This study employed a quasi-experimental design with a pretest-posttest structure and included a
control group to determine the effects of practice type and sleep on motor learning. The sample size
was calculated using G-Power software (version 1.3) based on a repeated-measures analysis of
variance (ANOVA), effect size = 0.5, a = 0.05, and power = 0.84. The minimum required sample
was estimated at 30 participants; however, to counteract potential attrition, 60 students were
purposively selected from a larger pool of 200. They were randomly assigned to either the regular
practice group (Mean age = 13.92 + 0.16 years, Mean height = 1.61 + 0.02 meters, Mean weight =
53.88 + 2.00 kilograms) or the double practice group (Mean age = 13.60 + 0.15 years, Mean height
= 1.59 + 0.01 meters, Mean weight = 53.76 + 2.18 kilograms). Ultimately, data from 50 participants
were included in the analysis.

Sleep was assessed using several validated tools: the Epworth Sleepiness Scale (ESS), the Pittsburgh
Sleep Quality Index (PSQI), and the Morningness-Eveningness Questionnaire (MEQ). Sleepiness
was additionally measured using a Visual Analog Scale (VAS) from 0 to 100 mm, administered pre-
practice and post-practice. Objective sleep metrics were recorded via Xiaomi Mi Smart Band 5
(model XMSH10HM), capturing sleep duration, wakefulness after sleep onset (WASO), number of
awakenings, and sleep efficiency over two days before and after practice.

The experiment involved a standard forehand service accuracy test, based on the method outlined by
Liao and Richard (2000), employing an ITTF-approved paddle, ball, and standard table. Participants
received five standardized instructions to ensure proper execution. Ethical approval was obtained
under IR.SSRI.REC.1401.1752, after which sleep data were collected before practice sessions.
Participants watched instructional videos, after which the practice groups completed 100 trials (20
blocks of 5 trials). The double practice group performed an additional 100 trials following a rest
interval. Sleep data were recorded over consecutive nights, and a retention test involving 30 trials
across six blocks was conducted two days later. Learning, retention, and relearning indices were
computed, with data tested for normality using the Shapiro-Wilk test. A 2x2 factorial ANOVA
(practice type x sleep duration) was performed using SPSS 26, alongside Pearson or Spearman
correlation analyses, at a significance level of p < 0.05.

Results

Outcomes from the 2x2 ANOVA indicated that double practice significantly enhanced the
acquisition of the forehand serve in table tennis, with the double practice group achieving a
higher learning index than the regular practice group (P = 0.001). Neither sleep duration nor
the interaction between sleep and practice significantly affected the learning, retention, or
relearning indices (P > 0.05). Specifically, no notable differences were observed in retention
and relearning across subgroups (long sleep vs. short sleep), indicating the primary influence
of practice type on immediate learning.

Interestingly, further analysis examining the relationship between sleep parameters and
learning outcomes showed significant positive correlations in some groups: in the double
practice group with long sleep, longer sleep duration before practice was linked to higher
retention (P = 0.04). Similarly, in the regular practice group with long sleep, sleep efficiency
correlating with relearning performance was significant (P = 0.04). Regarding sleep quality
assessed via the PSQI, findings revealed that in the double practice group with short sleep
duration, better sleep quality was associated with higher learning indices (P = 0.009).
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Conversely, in the same group with long sleep, sleep quality was positively correlated with
retention (P = 0.031).

Conclusion

The results suggest that double practice significantly improves the acquisition of the forehand service
in table tennis, especially when combined with sufficient sleep. These findings align with theories of
motor learning and dynamic systems, which posit that repetitive practice reinforces motor programs
and enhances coordination and control. Moreover, the positive correlations between sleep quality and
learning outcomes reaffirm the importance of restful sleep for optimal motor skill acquisition. While
sleep quantity did not exhibit a direct effect on retention or relearning, the individual differences and
limitations of the study may have concealed some effects. Future research involving sleep stage
analysis through EEG could provide deeper insights into the sleep-motor learning relationship.

Key words: Double Practice, Learning Accuracy, Sleep Quantity, Sleep Quality

Article Message

This study indicates that double practice enhances forehand serve accuracy in table tennis, with sleep
contributing independently to motor learning. The interaction effect between sleep and training
volume was not significant, emphasizing that sleep mainly influences learning outcomes on its own.
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Table 1- Mean and standard deviation of the learning index, retention index, and re-learning index across
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Table 2- Mean and standard deviation of sleep factors across different groups
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Table 3-Mean and standard deviation of sleepiness (VAS) and sleep quality (PSQI) across different
groups
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