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ABSTRACT

Down syndrome (DS), the most common genetic cause, is associated with
significant deficits in various cognitive domains, especially visuospatial memory, which severely affect
the daily functioning and learning of children with DS. This study aimed to investigate the effects of
cognitive and cognitive-motor training on visual-spatial memory in children with DS.

[ETELE The participants included 24 children with DS, aged 10 to 12 years, who were randomly assigned
to two groups: cognitive training and cognitive-motor training. Participants in both groups performed a
simultaneous visual-spatial working memory task in the pretest. Then, the children underwent training
for 21 sessions. The cognitive training group completed the Cogni Plus program during this period, and
the cognitive-motor training group played different cognitive games. After completing the training
sessions, a posttest evaluation was conducted. The data were analyzed using a 2 (groups)x2 (phase)
mixed-design analysis of variance.

ST The results revealed that there is a significant difference between groups (P<.05). Comparison
of means showed that the mean response accuracy in cognitive group (98.75+5.39) was better than the
cognitive-motor training group (62.25+5.27).

[CHTIETY Cognitive and cognitive-motor training increased response accuracy in the groups, and cognitive

Received: 22 Oct 2025 . training was more effective. Computer games provide a sense of control, which ultimately increases
Accepted: 21 Dec 2025 sustained attention and working memory.
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Introduction

own syndrome (DS), also known as trisomy
21, is the leading genetic cause of intellec-
tual disability, affecting approximately 1 in
700 to 1000 live births. Individuals with DS
often experience cognitive challenges, par-
ticularly in memory and executive function, which can
impact learning. Visual-spatial memory, an area in which
some strengths are observed, remains limited compared
to those of typically developing peers. In this regard,
Meneghetti et al. (2021) found that participants with DS
performed worse than controls on simultaneous spatial
working memory tasks, but not on spatial sequential tasks.
Cognitive training programs have emerged as promising
interventions to improve cognitive outcomes in this popu-
lation. Recent studies have demonstrated that structured
cognitive training can lead to measurable gains in visual
recognition memory, highlighting the potential for tar-
geted interventions to address specific deficits. This study
aimed to compare cognitive training and cognitive-motor
training on visual-spatial memory in children with DS.

Methods

Using convenience sampling, a sample of 24 individuals
(ages 10-12 years, right-handed, with normal or normal-
ized vision, 1Q level between 50 and 70) was selected and
randomly assigned to two groups: cognitive training and
cognitive-motor training (n=12). First, the demographic
information, the Socioeconomic Status questionnaire,
and the Raven's Progressive Matrices Test were used to
homogenize the children. On the second day, participants
in both groups performed a simultaneous visual-spatial
working memory task for the pretest. The experimental
sequence was as follows: the trials began with a + sign for
2000 ms, followed by the items to be recalled. To mea-
sure visual-spatial memory, all cells appeared simultane-
ously for 5000 ms. After viewing, a black screen appeared
for 1000 ms, and participants were asked to remember the
cell's location by touching an empty matrix. The number of
filled cells gradually increased from two to eight. The two
groups completed 3 blocks of 49 trials (147 trials in total)
in the pretest phase. Participants' performance was scored
based on the number of correct trials to complete the task.

After the pretest, the children were trained for 21 ses-
sions. During this period, the cognitive training group
completed the CogniPlus program. The CogniPlus pro-
gram and cognitive-motor games were based on the fol-
lowing objectives: a) attention-based games (vigilance),
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b) working memory-based games, ¢) long-term memory,
d) executive function games, and ) spatial processing. In
the present study, both training programs were conducted
individually for 21 sessions (twice a week, each lasting 30
minutes). After completing the training sessions, a post-
test was conducted for the visuospatial working memory
task following the pretest.

Results

Before conducting the mixed analysis of variance, its
assumptions were examined. Assumption of sphericity
(Mauchly's test) and homogeneity of variances were met.
The main effect of the assessment phase was significant
(F=111.26, P=0.001, n>=0.83). The comparison of means
showed that the posttest mean response accuracy was
higher than the pretest accuracy. Also, the main effect of
group was also significant (F=10.61, P=0.004, n’=0.32).
Comparison of means showed that the cognitive group
had higher response accuracy than the cognitive-motor
group. Also, the interaction effect of group in the assess-
ment phase (F=29.20, P=0.001, 1’=0.48) was also sig-
nificant. The comparison of means showed that both the
cognitive and cognitive-motor groups increased response
accuracy; however, the effectiveness of cognitive training
(98.75+5.39) in improving response accuracy was greater
than that of the cognitive-motor group (62.25+5.27).

Conclusion

The results showed that, in the posttest, a significant dif-
ference in mean response accuracy was observed between
groups. The means also showed that both the cognitive
and cognitive-motor groups increased response accuracy,
and the cognitive group was more effective in improving
response accuracy.

Computer games provide a sense of control, which ulti-
mately increases sustained attention and working memory.
Moreover, according to Lei (2018), computer games only
stimulate the visual and motor areas of the brain and do
not support the development of other areas. Since comput-
er games are important in terms of increasing the ability to
perceive and use information on the screen, they affect the
brain's visual cortex. Additionally, computer games with
their competitive, complex, testable, flexible, self-paced,
and ability to respond to learners' needs have a significant
impact on creativity, learning, personality, and talent.
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