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ABSTRACT

Sleep after a new sequence memory training can enhance the explicit memory
in children. However, children’s sleep-dependent motor memory consolidation particularly in implicit
complex sequence tasks is unclear. Therefore, this study aims to investigate the role of night-time sleep
and wakefulness on children’s motor memory consolidation following an implicit complex task.
[VETELE In the current study, 26 boys aged 9-12 years were randomly assigned in two groups of sleep
and awake. Acquisition phase included 10 blocks of 96 trials. The sleep group performed initial training
at 8 (x1) PM while the awake group performed it at 8 (+1) AM by using the dynamic arm movement task.
The participants were not aware of the sequence order. After training, the children’s performance was
tested after 12 hours.
ST The results of 2x2 Mixed ANOVA in the consolidation phase showed the significant main effect
of block on response time (P=0.000) and prediction error (P=0.023). However, the interaction effect of
block and group were not significant on response time (P=0.566) and prediction error (P=0.887).
[ETTIMERT The sequence memory consolidation in children under an implicit complex task can be
improved offline regardless of having sleep between training and test sessions. Hence, sleep is not
: necessary for offline enhancement of motor sequence skills. Passage of time is effective for improvement
Received: 01 Jul 2021 © indynamic arm movement task. Therefore, the role of sleep in offline learning of motor skills depends on
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Extended Abstract
Introduction

emory consolidation includes latent pro-

cesses that become integrated and strong

after training during the quiet and rest

period to change the unstable short-term

memory into stable long-term memory
over time. In such processes, learning happens implicitly,
without any practice or experience, usually after sleep. In
literature, the role of sleep in the consolidation of explicit
(declarative) memory and implicit (non-declarative) mem-
ory in adults has been reported. However, few studies have
conducted on children. These studies showed that the role of
sleep in motor skills depends on the nature and demands of
the task. Sleep after learning an explicit motor sequence skill
results in enhancement of children’s explicit memory. How-
ever, children’s sleep-dependent motor memory consolida-
tion particularly in implicit motor sequence tasks is unclear.
Therefore, this study aims to investigate the role of night-
time sleep and wakefulness on children’s motor memory
consolidation under an implicit complex task.

Materials and Methods

In the current study, participants were 26 boys aged 9—12
years, randomly assigned in two groups of sleep and awake.
Acquisition phase included 10 blocks of 96 trials. Children
in the sleep group performed initial training at 8 (1) pm and
the wake group performed it at 8 (1) am. To evaluate the
implicit sequence memory, dynamic arm movement task
was used. In this task, participants produced the sequences
by moving a lever with their right hand to sequentially pre-
sented target on the screen. The participants were not aware
of sequence order. Children’s performance was tested after
12 hours. The consolidation phase included one block of 96
trails. MATLAB software was used for data processing, and
SPSS software, version 22 for statistical analysis. The ex-
perimental variables were response time and prediction er-
ror. For analyzing data in the acquisition and consolidation
phases, 2x10 and 2x2 Mixed ANOVA were used.

Results

The results in the acquisition phase showed significant dif-
ferences between the means of response time and prediction
error in 10 blocks (P<0.05). However, the interaction effect
of block and group was not significant on any variables
(P>0.05). Therefore, general improvement in acquisition
phase occurred similarly in the sleep and awake groups. The
results of analysis for the sequence-specific learning memo-
ry showed the significant main effect of block (Block 9 and
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the average of blocks 8 and 9) on both response time and
prediction error (P<0.05), which were significantly higher in
the Block 9 than in the average of Blocks 8 and 10. However,
the interaction effect of block and group was not significant
on any variables (P>0.05).

The results in the consolidation phase indicated the sig-
nificant effect of block on response time and prediction er-
ror (P<0.05) which were significantly lower in the block 11
(Testing block) after 12 hours than in the last block (Block
10) of the acquisition phase. Therefore, offline learning and
consolidation between training and testing sessions were oc-
curred in children. However, the interaction effect of block
and group was not significant on any variables (P>0.05).

Conclusion

The findings indicated that online learning in the acqui-
sition phase and offline learning and memory consolida-
tion occurred in children following an implicit complex
task (dynamic arm movement task). The sleep and awake
groups showed similar improvement. Therefore, im-
provement in children’s performance in an implicit motor
task is not only due to the result of practice and training.
Such improvement can also occur after training with-
out consciousness and attention (even during night-time
sleep). Therefore, passage of time is an essential factor
for improvement in the dynamic arm movement task. In
conclusion, sleep after training a complex skill is not the
only effective factor in sequence memory consolidation;
it also depends on the nature of task.
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6. (Xiaomi Mi Band-2)
7. Mi Fit
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5. Increment rotary encoder
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11. Box’s Test
12. Mauchly’s Test
13. Greenhouse-Geisser’s Epsilon
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8. Recognition Test
9. Math works, R2014a
10. Sequence specific learning
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