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Comparing the Effectiveness of Mental Rotation and Working Memory Exercises
on Selective Attention in Children with Attention Deficit Hyperactivity Disorder
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Abstract

The present study aimed to compare the effectiveness of mental rotation and working
memory exercises on selective attention in children with attention deficit
hyperactivity disorder (ADHD). This study adopted a quasi-experimental designwith
pre-test, post-test, and a control group. The statistical population consisted of all
second-level primary school boys and girls in Kashan diagnosed with ADHD. A total
of 60 students were randomly selectedand assigned to three groups of 15 participants:
mental rotation exercises, working memory exercises, and control. Data were
collected using the Swanson ADHD Scale and the Stroop Selective Attention Test.
The interventions included eight sessions of 60—80 minutes each for both mental
rotation and working memory training. Data were analyzed using multivariate
covariance analysis (MANCOVA) and Bonferroni post-hoc tests. Results revealed
that both mental rotation and working memory exercises significantly improved
selective attention and its components—colorless words, congruent color-word, and
incongruent color-word tasks (p<0.01). Moreover, working memory exercises
demonstrated higher effectiveness compared to mental rotation exercises in
enhancing selective attention. Bonferroni results indicated amean difference of 7.48
in favor of the working memory group, highlighting its superior role in improving
focus and reducing distractibility among children with ADHD. Cognitive
interventions, especially working memory training, can be effective strategies to
enhance selective attention and cognitive functioning in children with ADHD.
Implementing these exercises ineducational and clinical settings can promote better

academic and behavioral outcomes.
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Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental condition characterized by
persistent patterns of inattention, impulsivity, and hyperactivity that interfere with academic, social, and
emotional functioning (King & DaSilva, 2024; Yi Baamer, 2025). Research has consistently shown that
deficits in executive functions—particularly working memory, inhibitory control, and selective attention—are
core cognitive features of ADHD (Kofler et al., 2024; Marsh et al., 2023). Selective attention, which involves
focusing on relevant stimuli while suppressing distractions, plays a critical role in learning and adaptive
behavior, yet it is notably impaired in children with ADHD (Hokken et al., 2023; Levy et al., 2025).
Cognitive rehabilitation approaches have gained increasing attention in recent years as promising non-
pharmacological interventions for ADHD management (Barati et al., 2024; Behboudi et al., 2024). Among
these, working memory training and mental rotation exercises are two major cognitive methods targeting
different neural and cognitive mechanisms. Working memory training aims to strengthen the short-term
storage and manipulation of information, thereby improving attention control and cognitive flexibility
(Martinez et al., 2022; Poon et al., 2024; Zhao & Zhang, 2024). Empirical findings suggest that such training
enhances the connectivity between prefrontal regions and the anterior cingulate cortex, contributing to better
self-regulation and sustained attention (Lal & Kothari, 2024; Richmond et al., 2022).

In contrast, mental rotation exercises emphasize spatial visualization and visual-motor integration, which
activate parietal and occipital brain regions responsible for spatial cognition and perceptual organization
(D'Ambrosio, 2024; Geisen et al., 2024). Theoretical and neurocognitive models propose that mental rotation
may indirectly influence attention and cognitive control by engaging neural circuits associated with spatial
reasoning (Barhoun et al., 2021; Zhang et al., 2021). Moreover, technological advances have made it possible
to incorporate these cognitive exercises into interactive digital platforms, increasing children’s motivation and
engagement in therapeutic settings (Barati et al., 2024; Gkora & Driga, 2023).

However, despite growing evidence supporting both approaches, few studies have directly compared their
relative effectiveness in enhancing selective attention in children with ADHD (Nourkajoory et al., 2024;
Ostadpour et al., 2024). Comparative analyses are essential for identifying which type of training yields
greater cognitive transfer and more sustainable improvements in executive functioning. Some researchers
suggest that working memory interventions may exert broader effects due to their direct influence on attention
regulation networks (Sullivan et al., 2024; Zhao & Zhang, 2024), while others argue that mental rotation
tasks may provide complementary benefits through visuo-spatial engagement (Geisen et al., 2024; Supli &
Yan, 2024).

Furthermore, neuropsychological evidence has emphasized the importance of multi-dimensional interventions
that integrate cognitive, physical, and emotional processes (Shams et al., 2024; Song et al., 2025). For
instance, cognitive training combined with motor exercises has been shown to significantly enhance attention,
memory, and inhibition among children with ADHD (Izadkhah et al., 2024; Zhu et al., 2023). This supports
a broader theoretical framework that views ADHD as a multi-layered disorder, requiring interventions that
target both higher-order executive functions and sensorimotor coordination (Kofler et al., 2024; Martin-
Rodriguez et al., 2025).

Given the growing body of evidence, the present study aimed to compare the effectiveness of working memory
and mental rotation exercises on selective attention among children with ADHD. While both interventions
were expected to produce improvements in attention performance, it was hypothesized that working memory
training would yield significantly higher gains in selective attention due to its stronger association with
executive control networks (Taha et al., 2025; Yi Baamer, 2025; Zhang & Li, 2025).

Methods and Materials

This study adopted a quasi-experimental pre-test—post-test design with a control group. The statistical
population consisted of male and female elementary students in Kashan diagnosed with ADHD according to
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DSM-5 criteria. Sixty participants were selected through purposive sampling and randomly assigned to three
groups of 15 students each: a working memory training group, a mental rotation training group, and a control
group.

Data were collected using the Swanson, Nolan, and Pelham (SNAP-IV) ADHD Rating Scale to confirm the
diagnosis and the Stroop Selective Attention Test to measure selective attention and response inhibition. Both
experimental groups participated in eight training sessions, each lasting between 60 and 80 minutes. The
working memory training consisted of computerized and structured tasks designed to improve information
retention, mental updating, and manipulation. The mental rotation training involved spatial visualization tasks
requiring participants to mentally rotate geometric shapes and identify correct orientations.

All participants completed pre-test and post-test assessments. Data were analyzed using Multivariate Analysis
of Covariance (MANCOVA) to evaluate the differences between groups, followed by Bonferroni post hoc
tests to compare mean differences in selective attention components.

Findings

The results of MANCOVA indicated significant differences between the groups in selective attention and its
components, including non-colored words, congruent color-word, and incongruent color-word conditions (p <
0.01). Both cognitive training interventions effectively enhanced selective attention compared to the control
group, but the working memory group achieved higher mean scores in all attention-related indices.

The Bonferroni post hoc analysis revealed that the mean difference between the working memory group and
the mental rotation group in selective attention scores was 7.48, favoring the working memory intervention.
Participants who received working memory training demonstrated faster reaction times, greater accuracy in
identifying relevant stimuli, and reduced interference errors in the Stroop task.

In contrast, while the mental rotation group also showed improvements in selective attention, the magnitude
of change was smaller. The findings confirmed that spatial-cognitive training contributes to attentional
enhancement, but not as effectively as interventions that directly target executive processing. The control group
exhibited no statistically significant change between pre-test and post-test scores, indicating that the observed
improvements were specifically attributable to the cognitive interventions.

Discussion and Conclusion

The results of this study demonstrated that both working memory and mental rotation exercises significantly
improved selective attention in children with ADHD, yet working memory training produced a greater
magnitude of improvement. This aligns with contemporary neuropsychological models emphasizing that
working memory acts as the central mechanism underlying sustained attention and executive regulation (Kofler
et al., 2024; Yi Baamer, 2025). Strengthening working memory capacity appears to facilitate more effective
filtering of irrelevant stimuli and improved allocation of cognitive resources, leading to better performance in
tasks requiring selective attention (Sullivan et al., 2024; Zhao & Zhang, 2024).

The superior outcomes associated with working memory training in this study are consistent with the findings
of (Lal & Kothari, 2024) and (Poon et al., 2024), who reported that computerized working memory
interventions enhance auditory attention span and cognitive performance in children with ADHD. Similarly,
(Marsh et al., 2023) found that improvements in working memory are closely related to increased activation
in prefrontal regions responsible for inhibitory control. The results further corroborate evidence from
(Richmond et al., 2022) and (Martinez et al., 2022), suggesting that consistent, structured cognitive training
yields sustainable gains in attention and learning performance.

In contrast, while mental rotation training was effective, its relatively smaller impact may be attributed to the
primarily visuo-spatial nature of the tasks. Although such exercises engage the parietal and occipital lobes,
they have a more indirect effect on executive control processes (Feldman & Huang-Pollock, 2021; Geisen et
al., 2024). Previous studies, such as (Supli & Yan, 2024) and (D'Ambrosio, 2024), have shown that spatial
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reasoning exercises enhance mental visualization and perceptual accuracy but have limited generalization to
attentional regulation. Hence, the current findings highlight the differential cognitive pathways through which
these two types of training operate.

The study also supports an integrated understanding of ADHD intervention, echoing research emphasizing that
combining cognitive and motor training produces more robust cognitive outcomes (Shams et al., 2024; Song
et al., 2025). The improvement in selective attention following both interventions suggests that cognitive
flexibility and attentional control can be modified through targeted training. Moreover, the findings align with
broader meta-analyses demonstrating that both physical activity and cognitive engagement contribute to
enhanced executive functioning in children with ADHD (Zhang & Li, 2025; Zhu et al., 2023).

Overall, the present findings confirm that working memory and mental rotation training are effective cognitive
approaches for improving selective attention, yet their mechanisms and degrees of impact differ. Working
memory training directly strengthens the executive system responsible for attention control, while mental
rotation enhances visuo-spatial processing and perceptual discrimination. Thus, a combined or hybrid
intervention that incorporates both cognitive and spatial components may yield the most comprehensive
benefits.

In conclusion, the study underscores the effectiveness of cognitive training interventions as viable, non-
pharmacological approaches for managing ADHD symptoms. Working memory training, in particular, can
serve as a cornerstone for educational and clinical programs aimed at improving attention regulation and
academic performance. Meanwhile, mental rotation exercises can be used as supplementary tools to foster
visual-spatial reasoning and cognitive engagement. Future programs integrating adaptive digital platforms and
Al-driven customization could further enhance the efficacy and accessibility of such interventions, paving the
way for personalized cognitive rehabilitation strategies in children with ADHD.
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