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ABSTRACT

Objectives: This study investigates the relationship between visual perception, working
memory, and academic performance among middle school students with learning difficulties
in the Middle Atlas region of Morocco. Specifically, it examines how these cognitive factors
impact academic performance and highlights the importance of neurocognitive evaluation.

Methods: This study employed the Anoto DP-201 pen, a computerized tool used in
neuropsychology, to assess visual perception and working memory. The research involved a
sample of middle school students with learning difficulties and a control group. The ROCF-A
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test-copying phase was utilized to measure accuracy scores in visual perception tasks.

Results: The learning-disabled group had a lower mean accuracy score (59.98+11.34) than the
control group (66.68+3.72). Statistical analysis using an independent sample t-test indicated
a statistically significant difference between the two groups (t=4.44, P<0.000), highlighting
the disparity in accuracy scores in the Rey-Osterrieth complex figure (ROCF-A) test-copying
phase copying phase.
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Discussion: The findings suggest the critical role of neurocognitive evaluation in identifying
students with deficits in visual perception and working memory. This study emphasizes the
need for a multidisciplinary diagnostic approach to effectively manage and remediate cognitive
challenges in learners with learning difficulties. Using the Anoto DP-201 pen provides valuable
insights into the neurocognitive profiles of students and supports targeted interventions to
enhance academic performance.

Highlights

o This study examines the relationship between visual perception, working memory and academic performance in mid-
dle school students with learning difficulties in the Middle Atlas region of Morocco using the Anoto DP-201 digital pen.

o Students with learning difficulties scored lower in accuracy and made more errors in visual perception and memory
tasks.

e Rural students and those who repeated grades performed worse in these tasks.

e The control group demonstrated more organized task strategies, whereas students with learning difficulties showed
less structured approaches.

e Poor performance on visual perception and memory tasks was strongly associated with lower academic achieve-
ment.

Plain Language Summary

This study explores how visual perception (the ability to interpret and make sense of what we see) and working
memory (the capacity to retain and use information) influence school performance. The focus of the study was on
middle-school students with learning disabilities in the Middle Atlas region of Morocco. We used the Anoto DP-201
digital pen, a specialized tool for detailed data collection to assess their visual perception and memory. Accordingly,
students with learning difficulties performed significantly worse on a drawing test compared to their peers without
learning challenges. These differences were statistically significant, suggesting that they stem from specific cognitive
difficulties rather than random variation. The results highlight the importance of comprehensive assessments and a
multidisciplinary approach to diagnosing and supporting students with challenges in visual perception and working
memory. Early identification of these issues can enable targeted interventions, improving learning outcomes and aca-
demic performance.

Introduction Research suggests that visual perception is not merely
a passive reception of stimuli but actively shapes how
isual perception and work memory are individuals understand and interact with their surround-
foundational cognitive functions that ings. Perceptual skills, such as visual attention, discrimi-
play a central role in daily activities. nation and memory, are vital for effective learning and
Visual perception is a neuropsychologi- comprehension [1, 4].
cal process involving the interpretation and integration
of sensory information at the cortical level [1]. This Neurophysiological studies indicate heightened activ-

complex process enables individuals to recognize and ity in brain regions, like the occipital cortex during visual
identify attributes of objects, such as shapes, colors, and tasks, underscoring the neural basis of visual informa-
spatial relationships [2, 3]. tion processing and retention [4-6].
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Working memory, introduced by A. Baddeley and
Hitch [7], is a complex cognitive system comprising
multiple components that can be selectively influenced
[8, 9]. Functional neuroimaging studies have revealed
that fronto-parietal networks are activated during verbal
and visuo-spatial working memory tasks [10]. Baddeley
defines working memory as a system of limited capacity,
which allows for the temporary storage and manipula-
tion of information that is necessary for the performance
of complex cognitive tasks, such as comprehension,
learning, and reasoning [2].

The interplay between visual perception and memory
is particularly noteworthy. Effective visual processing
enhances memory retention while working memory
influences how visual information is interpreted and
utilized [5, 11]. Research shows that difficulties in vi-
sual perception often manifest as challenges in reading,
copying, writing and math [12, 13]. Similarly, working
memory abilities have been linked to various learning
situations, such as vocabulary acquisition and mental
arithmetic [10].

Despite the critical role of these cognitive functions in
learning, relatively few studies have explored the corre-
lations between visual perception, working memory and
academic performance, particularly during adolescence.
This gap is especially evident in the context of middle
school students with learning difficulties. To address
this, the current study examines the relationship between
visual perception, working memory, and academic per-
formance among middle school students in Morocco’s
Middle Atlas region who experience learning difficul-
ties. Understanding these connections can provide valu-
able insights into cognitive processes underlying aca-
demic success and inform strategies to support students
facing learning challenges.

Materials and Methods
Study design and setting

This study employed a cross-sectional design to investi-
gate the relationship between visual perception, working
memory, and academic performance among adolescents.
The study involved 122 college students from three col-
leges located in the Province of Khenifra, situated in the
Middle Atlas Mountains of Morocco. The participants
had a MEAN=SD age of 14.1+1.4 years, ranging from
a minimum age of 12 years to a maximum of 18 years.
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Study procedure
Neuropsychological assessment tool

In this study, the Rey—Osterrieth complex figure test
(ROCF), also known as ROCF-A (Figure 1), was em-
ployed. This neuropsychological test evaluates multiple
cognitive functions, including visuospatial and visuo-
constructive abilities, non-verbal and working memory,
attention, and planning [14]. To assess visual perception
and working memory, a numerical version of ROCF-A
was used, comprising the following elements: Raster pa-
per which is a surface with a pattern of small dots that
appears as a simple grey background, minimizing dis-
tractions for the user; digital pen (Anoto DP-201 Pen)
which is a precision tool equipped with an infrared la-
ser camera, capable of accurately tracking movements
on the raster paper (Figure 2); Elian software (Expert
Line Information ANalyser) facilitates visualization and
analysis of input data and provides near-instantaneous
feedback, along with an easy-to-use Excel-compatible
data table for statistical evaluation.

The combination of Elian software (Expert version),
and the digital pen allows for the collection of highly
precise, objective data, with an accuracy of 1/10 of a mm
and 1/100 of 1 s. This setup ensures reliable measure-
ment of visual perception and working memory perfor-
mance.

Selection of study groups

To examine the relationship between visual perception,
working memory, and academic performance among
the adolescents in our sample, we recruited two distinct
groups as shown in Figure 3.

Group 1 (learners with learning difficulties; n=59) was
identified based on an in-depth review of the learners’
academic records, their academic performance, and in-
put from their teachers. Meanwhile, group 2 (control
group; n=63) consisted of learners without learning dif-
ficulties, serving as a comparison group.

Procedure and scoring of the ROCEF test
Passing the test

The test was administered in two stages. The copying
stage: The model is placed horizontally in front of the
participant, ensuring clear visibility. The participant is
instructed to copy the figure as accurately as possible.
Reproduction stage: After the model is removed, the par-
ticipant is asked to reproduce the figure from memory.
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Figure 1. The ROCF-A test

Wallon and Mesmin recommend a waiting period of less
than 3 min between these stages. The time allowed for
each stage is unrestricted [14].

Scoring methods

André Rey developed two scoring approaches to evalu-
ate participants’ performance on the test.

Numerical scoring: The ROCF-A is divided into 18 el-
ements (Figure 1) and each element is scored as follows:

1) Unrecognizable or absent (0 points); 2) Deformed or
incomplete but recognizable and poorly placed (1 point);
3) Deformed or incomplete but recognizable and well
placed, or correctly drawn but poorly placed (2 points);
4) Correctly drawn, well placed but imperfect (3 points);
5) Correctly drawn and well placed (4 points). The total

Figure 3. Distribution of learners by academic performance
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Figure 2. Digital pen anoto DP-201

score ranges from 0 to 72, with higher scores indicating
better performance [14].

Type rating: The type rating method evaluates the strat-
egy used by the participant to copy and reproduce the
figure. The ELIAN software, with its " expert" version,
analyzes the sequence of strokes to identify the organi-
zational strategy employed. Wallon and Mesmin catego-
rized seven organizational strategies.

Type I (construction of the framework): The partici-
pant begins by drawing the large central rectangle, which
serves as a framework to group all other elements. This
strategy is the most structured and advanced. Type II (de-
tails included in the framework): The participant starts
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Table 1. Socio-demographic and educational profile of the sample (n=122)

Variables No. (%) Chi-squared P
Female 67(54.9)
Sex 1.181 >0.05
Male 55(45.1)
Urban 58(47)
Geographic provenance 0.295 >0.05
Rural 64(53)
No 38(31)
Redoubling 17.344 <0.001
Yes 84(69)
Age (y) (MeanzSD) 14.1+1.4

Note: All estimates are described as the frequencies and proportions unless stated otherwise.

with a detail (e.g. the upper left cross or a diagonal) and
then completes the central rectangle, as in Type 1. Type I11
(general outline): The participant reproduces the full out-
line of the figure, without differentiating the central rect-
angle. Interior details are added to this container. Type
IV (juxtaposition of details): The participant reproduces
the figure by adding details one by one, like assembling
a puzzle, without a guiding framework. This approach
often results in distortion. Type V (details on a confusing
background): The participant produces a poorly orga-
nized graphic where the overall pattern unrecognizable,
though some individual details are may be identifiable.
Type VI (reduction to a familiar pattern): The participant
simplifies the figure into a familiar shape (e.g. a house,
boat, or fish) that vaguely resembles the original model.
Type VII (scribble): The participant produces a scribble
with no recognizable elements or structure. This dual-
scoring method provides a comprehensive analysis of
both the accuracy of the figure reproduction and the cog-
nitive strategies used. It enables an in-depth understand-
ing of participants’ visuospatial organization, planning
abilities, and memory processes.

Mranian Fehabilitation Mournal

Statistical analysis

The collected data were initially organized and filtered
in Excel before being transferred to SPSS software, ver-
sion 25 for statistical analysis. Both descriptive and in-
ferential statistical methods were utilized in this study.
Descriptive statistics, including measures such as me-
dian and Mean+SD, were used to summarize the central
tendencies and variability within the data. For analytical
purposes, the Pearson correlation, independent sample
t-test and multiple linear regression were applied to ex-
plore relationships between variables. A P=0.05 was set
as the threshold for statistical significance.

Results

Socio-demographic and educational profile of the
sample

During the study period, 122 learners agreed to par-
ticipate in this study with an average age of 14.1+1.4
years. Regarding gender, we noted a sex ratio of 1/2 with
a non-significant differentiation between the two sexes
(chi-squared=1.181 and P>0.05). For the environment,
53% of the participants were from rural areas while

Table 2. Comparison of accuracy scores and error-missions in the copying phase between the two groups (n=122)

Mean+SD
Variables Group t P
With Learning Difficulties Without Learning Difficulties
(n=59) (n=63)
Accuracy score 59.98+11.34 66.68+3.72 4.44 <0.001
Errors and omissions 12.01+11.34 5.3143.72 -4.44 <0.001

Note: P<0.05 are considered statistically significant.

Mranian [Eehabilitation Mournal
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Figure 4. Comparison of the type of achievement during the copying phase of FCR-A in the two groups of learners

47% of the participants were from urban areas with a
non-significant difference between the two sexes (chi-
squared=0.295 and P>0.05). For school repetition, 31%
of the adolescents in our population have repeated at
least one school year with an average of 1.2 years, while
69% of the participants have never repeated a year with
a statistically significant difference between the two mo-
dalities (chi-squared=17.344 and P<0.001; Table 1).

Studying the relationship between visual percep-
tion, work memory, and academic performance

Visual perception and academic performance:
the copying phase of the ROCF-A

The numerical quotation during the copy phase in-
cluded comparison of the means of accuracy scores and
errors-omissions in the copying phase of the Rey com-
plex figure between learners in the learning-disabled
group and the control group through independent sam-
ple t-tests of the results are shown in Table 2. According
to the results of the copying phase of the ROCF-A, the
group with learning difficulties had a low mean accu-
racy score of 59.98+11.34 compared to the control group
without learning difficulties with the following mean:
66.68+3.72 and the independent sample t-test shows a
statistically significant mean difference between the two
groups regarding accuracy scores in the copying phase
of the ROCF-A (t=4.44, P<0.001, Table 2). Similarly,
the group with learning difficulties had a higher mean
error/omission score of 12.01£11.34 compared to the
control group without learning difficulties with the fol-
lowing mean: 5.3143.72 and, the independent sample t-
test showed a statistically significant difference between
the two groups regarding accuracy scores in the copying
phase of the Rey-Osterrieth complex figure test (ROCF-
A) (t=-4.44, P<0.001, Table 2).

The quotation in types during the copying phase

The analysis of the type of achievement used by the
learners in the two groups leads to the results presented
in Figure 4.

Comparison of the type of achievement during the
copying phase shows significant differences between
learners in the two groups: 31.74% of learners in the
control group achieved Type I (framework construction)
compared to only 11.68% of learners with learning dif-
ficulties. Type II (details included in the framework) was
completed by 38.98% of learners in the control group
versus 27.11% of learners in the difficulty group. Type
I (general outline) was completed by almost the same
number of learners in both groups. For Type IV (the jux-
taposition of details), 52.54% of the learners with dif-
ficulties performed this type of exercise compared to
25.42% of the learners in the control group. Type VI (re-
duction to a familiar pattern) was completed by only one
learner with learning difficulties. In the same way, the
chi-squared test allows us to verify the existence of a sig-
nificant link between the different types during the copy-
ing phase of the ROCF-A and academic performance
with a chi-squared value of 14.076 (P<0.05; Figure 4).

Investigating the relationship between visual per-
ception and academic performance: The reproduc-
tion phase of the ROCF-A

The numerical quotation during the reproduction
phase

Comparison of the means of the accuracy scores and
the errors-omissions in the memory phase of the com-
plex figure of Rey between the learners of the group in
the difficulty of learning and the control group through
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Table 4. Cronbach a index of the two dimensions
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Dimension Cronbach a
1 0.792
2 0.600
Mean 0.717

Mranian Fehabilitation Mournal

Table 3. Comparison of accuracy scores and error-missions in the memory phase between the two groups (n=122)

Variables Group No. MeanSD Student t-test P
Control group 63 46.11+12.8917

Accuracy score The group with 5.01 <0.001

Memory learning difficulties 59 33.79+14.20
h
phase Control group 63 25.88+12.89
Errors and

omissions Th ith =01 <0.001

€ group wi 59 38.20+14.20

learning difficulties

"P<0.001 indicates difference statistically significant.

independent sample t-test shows the results presented in
Table 3.

Based on the results of the reproduction or memory
phase of the ROCF-A, the learning-disabled group had
a low mean accuracy score of 33.79+14.20 compared to
the control group with a mean of 46.11+12.89 and the in-
dependent sample t-test shows a statistically significant
difference between the two groups regarding accuracy
scores in the copying phase of the ROCF-A (t=5.01,
P<0.001). Similarly, the learning-disabled group had a
higher mean error and omission score of 38.20+12.89
compared to the control group, which had fewer errors
with a mean of 25.88+14.20 and the independent sample
t-test shows a statistically significant difference between

[ranian Rehabilitation Mournal

the two groups regarding accuracy scores in the memory
phase of the ROCF-A (t=-5.01, P<0.001, Table 3).

The quotation in types during the reproduction
phase

Analysis of the type of achievement used by learners in
both groups yields the results shown in Figure 5.

Comparison of the type of achievement during the rep-
lication phase in memory shows significant differences
between learners in the two groups: 19.04% of learners
in the control group achieved type I (frame construction)
compared to only 11.86% of learners with learning dif-

Control group
70
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=
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Figure 5. Comparison of the type of achievement during the ROCF-A memory phase in the two groups of learners.
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Figure 6. Projection of modalities of different variables by MCA

ficulties. Type II (details included in the framework) was
completed by 52.38% of learners in the control group
versus 42.37% of learners in the difficulty group. Type
IIT (general outline) was done only by learners with
difficulties. For type IV (the juxtaposition of details),
33.89% of the learners with difficulties performed this
type compared to 28.57% of the learners in the control
group. Type VI (reduction to a familiar pattern), like type
M1, was completed by only two learners with learning
difficulties. In the same way, the chi-squared test allows
us to verify the existence of a significant link between
the different types during the phase of reproduction in
memory of the ROCF-A and school performance with a
value of chi-squared=9.403 and P<0.05 (Figure 5).

The multiple correspondence analysis of the studied
variables (age, environment, copy score, copy types, re-
production score, reproduction types, academic perfor-
mance, repetition) showed a homogeneity between the
modalities at the level of the two dimensions 1 and 2 with
a Cronbach o of 0.79 and 0.60, respectively (Table 4).

The projection of these modalities in the space bound-
ed by axes I and II, which alone absorb 72% of the total
variation, defines two major groups (Figure 6).

The first group is characterized by the learners in the
control group, aged between 12 and 15 years old living
in an urban environment, not repeating a year, the best
performers in copy (visual perception) and reproduction
(working memory) accuracy scores, who carry out the
most methodical execution schemes (type I and II).

The second group is categorically opposed to this first
group. It is characterized by learners with learning dif-
ficulties with a high repetition rate, aged between 16 and
18 years old, living in rural areas, the least performing in

terms of accuracy score in the copying phase (visual per-
ception) and in the reproduction phase (working memo-
ry) who perform the least methodical execution patterns
(type 1T and VI).

Discussion

The use of the numerical version of the complex figure
of Rey -A (ROCF-A), during this study, aimed to high-
light the relationship between two cognitive functions
that are solicited by the two phases of the ROCF-A test:
Visual perception and working memory on the one hand
and academic performance on the other hand in a sample
of college students. The results of this study showed that
learners with learning difficulties recorded lower accura-
cy scores, committed more errors, had more omissions,
and performed the least methodical patterns of execution
compared to the control group and those in the copy-
ing and reproduction in memory phases of the ROCF-
A test. These results make it possible to establish a link
between learning difficulties and learners’ performance
in cognitive tasks involving visual perception and work-
ing memory. The conclusions of this study are in line
with previous work on visual perception, a significant
association between reading and visual discrimination
has been described, a significant association with poor
visual and motor integration (low visual-motor) has been
observed in 22% of dysgraphia and dyscalculia learn-
ers and a correlation between written skills and visual-
motor abilities has been reported [12]. The finding that
children with learning difficulties in mathematics had
significantly more visual perception problems compared
to control children was consistent with some studies, but
this contrasts with the findings of other authors in a more
heterogeneous sample of participants between 6 and 19
years of age [13]. Other researchers [15] have linked
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math problems with visual perception problems and or
motor skills as well as the integration of the two. Accord-
ing to other researchers visual processing of time was an
important factor in several language skills such as spell-
ing and word reading [16]. Other investigations have
shown a strong association between reading and spell-
ing performance and different categories of perception
including visual perception [17]. Regarding working
memory, learners with learning difficulties show poor
performance in visuospatial MDT compared to learn-
ers in the control group. These findings are consistent
with other research that has established the relationship
between learners’ performance on tasks that require vi-
sual working memory and their achievement in English,
math, and science [18]. Other studies have shown spe-
cific associations between performance in visuospatial
working memory tasks and low math achievement [19],
and similarly investigations have found a positive corre-
lation between learners’ math and reading performance
and working memory ability [20]. Researchers have sug-
gested that the three components proposed by Baddeley
may play a role in mental arithmetic [21]. Similarly, the
involvement of working memory in a wide variety of
complex cognitive activities, such as reasoning, com-
prehension and problem solving has been demonstrated
by several studies making it a major determinant of aca-
demic success [5, 22-37].

Conclusion

This study emphasizes that learners with learning dif-
ficulties consistently exhibit poor performance on tasks
requiring visual perception and working memory. These
two cognitive functions play a critical role in a wide
range of learning activities, including reading, writing,
mathematics, and problem-solving. Impairments in
these areas not only hinder academic achievement but
can also impact self-esteem, motivation, and overall cog-
nitive development.

Given the fundamental importance of visual perception
and working memory in educational success, we under-
score the necessity of comprehensive neurocognitive
evaluations and multidisciplinary diagnostic approaches.
Such assessments can help identify learners who exhibit
deficits in these areas at an early stage, enabling timely
and targeted interventions. A neurocognitive evaluation
should include tests that assess not only visual percep-
tion and working memory but also related skills such as
visual-motor integration, attention, and executive func-
tioning.

March 2025, Volume 23, Number 1

Moreover, the integration of a multidisciplinary team
comprising educators, psychologists, neuropsycholo-
gists, and speech or occupational therapists is vital to de-
veloping individualized support plans. These plans can
include cognitive training, remediation programs and
classroom accommodations tailored to the specific needs
of learners. For instance, interventions such as visual-
perceptual skill training, working memory enhancement
exercises, and assistive technology tools can provide
practical support for students struggling in these areas.

In addition to individualized interventions, broader
systemic efforts are needed to address these challenges.
Schools and educational institutions should prioritize
teacher training to recognize signs of cognitive difficul-
ties, implement evidence-based strategies for remedia-
tion, and foster an inclusive learning environment. Poli-
cymakers and educators must also ensure that resources
and tools for neurocognitive assessment and support are
accessible, particularly in underserved regions or popu-
lations where such difficulties may go unnoticed.

Future research should explore the effectiveness of
various neurocognitive interventions and their long-term
impact on learners’ academic performance and overall
development. Longitudinal studies with larger and more
diverse samples could provide deeper insights into the
complex relationships between cognitive functions and
learning outcomes. Expanding this research would not
only enhance our understanding of these deficits but also
contribute to the development of innovative solutions to
support learners with learning difficulties.

Identifying and addressing deficits in visual perception
and working memory is crucial for enabling learners to
reach their full academic potential. By adopting a proac-
tive, multidisciplinary approach to assessment and inter-
vention, educators and clinicians can help mitigate the
challenges faced by these learners, fostering improved
educational outcomes and long-term success.

Study limitations

This study faced several limitations that warrant con-
sideration. First, the sample size of 122 participants,
while adequate for initial analysis, may restrict the gen-
eralizability of the findings to a broader population. A
larger sample size would enhance the statistical power
and allow for more robust conclusions about the rela-
tionships between visual perception, working memory,
and academic performance. Second, the division of par-
ticipants into groups based on academic performance
introduces potential biases. These biases may stem from
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unmeasured factors such as self-esteem, motivation,
socio-economic background, and other psychosocial
variables that were not controlled for in this study. Third,
without matching participants on certain, it is difficult to
determine the extent to which these factors influenced
the observed outcomes. Finally, while the methods used,
including the ROCF-A test and its digital adaptations,
provide valuable insights, they do not account for po-
tential cultural or contextual differences that may influ-
ence task performance. For example, students’ familiar-
ity with digital tools or specific test formats may vary,
potentially affecting their results.

Future research should aim to address these limitations
by employing a longitudinal design to track changes
over time. Expanding the sample to include a more di-
verse population in terms of socioeconomic background,
geographic location, and academic achievement would
improve the generalizability of the findings. Moreover,
controlling for psychosocial and contextual factors
through matching or advanced statistical modeling could
provide a clearer understanding of the direct and indi-
rect relationships between visual perception, working
memory and academic performance. Finally, exploring
additional cognitive and environmental variables would
offer a more comprehensive perspective on the complex
interplay of factors influencing learning outcomes.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of
the Sidi Mohamed Ben Abdallah University, Fez, Mo-
rocco (FLSHO04/2024). This research was conducted
with utmost commitment to ethical considerations, en-
suring the voluntary collaboration of participants, up-
holding patients’ right to self-determination and rigor-
ously adhering to ethical guidelines regarding privacy,
anonymity, and data confidentiality.

Funding

This research has been supported by “Le Centre Na-
tional de Recherche Scientifique et Technique, Morocco:
Cov/2020/28)” and by the “Lifelong Learning Observa-
tory (UNESCO), Sidi Mohamed Ben Abdalah Univer-
sity, Fez, Morocco.

Authors' contributions

Conceptualization: Mounir Bouzaboul; Methodology:
Francesco Chirico, Zakaria Abidli, Driss Ait Ali, Murat

Iranian [Zehabilitation Bournal

Yildirim and Amelia Rizzo; Software: Zakaria Abidli,
Younes Rami, Am¢le El Achhab, Ziri Rabea and L.ukasz
Szarpak; Validation: Francesco Chirico, Amelia Rizzo,
Livio Tarchi and Kavita Batra; Formal Analysis: Zakaria
Abidli; Investigation: Zakaria Abidli, Mounir Bouzaboul
and Abdeslam Amri; Resources: Amele EL Achhab, Ziri
Rabea; Data collection: Zakaria Abidli, Abdeslam Amri
and Adil Hadri; Writing the original draft: Mounir Bouz-
aboul; Supervision: Francesco Chiricoand Amelia Riz-
zo; Project administration: Hicham Khabbache; Funding
acquisition: Hicham Khabbache; Review and editing:
All authors.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgments

The authors extend their sincere gratitude to all the in-
dividuals who participated in the study.

References

[1] Eloirdi A, Mammad K, Arfaoui A, Chtibi H, Diallo MC, Wal-
lon P, et al. Study of visual perception and working memory
in Moroccan adolescents attending school. Open Journal of
Medical Psychology. 2018; 7(4):82-90. [Link]

[2] Schneck CM. Visual perception. In: Case-Smith J, Allen AS,
Pratt PN, editors. Occupational therapy for children. 3th ed.
Michigan: Mosby; 1996. [Link]

[3] Khabbache H, Ouazizi K, Bragazzi NL, Watfa AA, Mrabet R.
Cognitive development: Towards a pluralistic and coalitional
model. Cosmos and History. 2020; 16(2):245-65. [Link]

[4] Maksimenko VA, Runnova AE, Zhuravlev MO, Makarov V
V, Nedayvozov V, Grubov VV, et al. Visual perception affect-
ed by motivation and alertness controlled by a noninvasive
brain-computer interface. PLoS One 2017; 12(12):e0188700.
[DOI:10.1371/journal.pone.0188700] [PMID]

[5] Corbin L, Moissenet A, Camos V. [Working memory func-
tioning in children with learning difficulties (French)]. Dével-
oppements 2012; 11(2):5-12. [DOI:10.3917/ devel.011.0005]

[6] Agam Y, Sekuler R. Interactions between working memory
and visual perception: An ERP/EEG study. Neuroimage.
2007; 36(3):933-42. [DOI:10.1016/j.neuroimage.2007.04.014]
[PMID]

[7] Cowan N. Evolving conceptions of memory storage, selec-
tive attention, and their mutual constraints within the human
information-processing system. Psychological Bulletin. 1988;
104(2):163-91. [Link]



http://irj.uswr.ac.ir/
https://www.cnrst.ma/
https://www.cnrst.ma/
https://www.uil.unesco.org/en
https://www.uil.unesco.org/en
http://www.usmba.ac.ma/
http://www.usmba.ac.ma/
https://www.scirp.org/journal/paperinformation?paperid=87519
https://books.google.com/books/about/Occupational_Therapy_for_Children.html?id=F_9sAAAAMAAJ
https://www.researchgate.net/profile/Hicham-Khabbache/publication/344778511_COGNITIVE_DEVELOPMENT_TOWARDS_A_PLURALISTIC_AND_COALITIONAL_MODEL/links/5f8f638c299bf1b53e3788cc/COGNITIVE-DEVELOPMENT-TOWARDS-A-PLURALISTIC-AND-COALITIONAL-MODEL.pdf
https://doi.org/10.1371/journal.pone.0188700
https://www.ncbi.nlm.nih.gov/pubmed/29267295
https://doi.org/10.3917/devel.011.0005
https://doi.org/10.1016/j.neuroimage.2007.04.014
https://www.ncbi.nlm.nih.gov/pubmed/17512216
https://nschwartz.yourweb.csuchico.edu/2.a.Cowan%20Psych%20Bull%201988%20Evolving%20conceptions.pdf

Iranian [Ziehabilitation Bournal

[8] Majerus S. [The role of working memory in learning and its
disorders (French)]. ANAE: Approche Neuropsychologique
des Apprentissages chez I'Enfant. 2017; 149:415-21. [Link]

[9] Fassima A, Ait Ali D, Khabbache H. Improving working
memory performance in healthy older adults: Investigating
the training effects on central executive through a quasi-
experimental approach. Advances in Medicine, Psychology,
and Public Health. 2025; 2(1):27-34. [Link]

[10] Kosma A. [The specific functioning of working mem-
ory in translation (French)]. Meta. 2007, 52(1):22-8.
[DOI:10.7202/014716ar]

[11] Khabbache H, Ali DA. Neuroplasticity and cognitive de-
velopment: Interdisciplinary perspectives on psychothera-
peutic and educational approaches. Advances in Medicine,
Psychology, and Public Health. 2024; 2(1):1-4. [Link]

[12] Mona G, Dhadwad V, Yeradkar R, Adhikari A, Setia M,
Therapy Dept O, et al. Study of visual perceptual problems in
children with learning disability. Indian Journal of Basic and
Applied Medical Research. 2015; 4(3):492-7. [Link]

[13] Vaz-Cerniglia C, Anaut M, Portalier S. Specificity of the
rey complex figure in children with attention disorders. Bul-
letin de Psychologie. 2005; 4(478):435-45. [DOI:10.3917 /bup-
sy.478.0435]

[14] Wallon, P, Mesmin C. [Rey complex figure A and B: Guide
to use and interpretation (French)]. London: Pearson; 2009.

[15] Sortor JM, Kulp MT. Are the results of the Beery-Bukten-
ica Developmental Test of Visual-Motor Integration and its
subtests related to achievement test scores? Optometry and
Vision Science. 2003; 80(11):758-63. [DOI:10.1097/00006324-
200311000-00013] [PMID]

[16] Zhang S, Xia X, Li F, Chen C, Zhao L. Study on visual and
auditory perception characteristics of children with different
type of mathematics learning disability. International Journal
of Disability, Development and Education. 2021; 68(1):78-94.
[DOI:10.1080/1034912X.2019.1634248]

[17] Dhingra R, Manhas S, Kohli N. Relationship of perceptual
abilities with academic performance of children. Journal of
Social Sciences. 2010; 23(2):143-7. [Link]

[18] St Clair-Thompson HL, Gathercole SE. Executive functions
and achievements in school: Shifting, updating, inhibition,
and working memory. Quarterly Journal of Experimental
Psychology. 59(4):745-59. [PMID]

[19] Mammarella IC, Pazzaglia F. Visual perception and mem-
ory impairments in children at risk of nonverbal learning dis-
abilities. Child Neuropsychology. 2010; 16(6):564-76. [DOI:10.
1080/09297049.2010.485125] [PMID]

[20] Best JR, Miller PH, Naglieri JA. Relations between execu-
tive function and academic achievement from ages 5 to 17
in a large, representative national sample. Learning and In-
dividual Differences. 2011; 21(4):327-36. [DOI:10.1016/j.lin-
dif.2011.01.007] [PMID]

[21] Chan BM, Ho CS. The cognitive profile of Chinese chil-
dren with mathematics difficulties. Journal of Experimen-
tal Child Psychology. 2010; 107(3):260-79. [DOI:10.1016/j.
jecp.2010.04.016] [PMID]

[22] Ait Ben Ali S, Korchyou Y, Ait Baja Z, Khiri F. Metacogni-
tive learning strategies and academic performance: A corre-

March 2025, Volume 23, Number 1

lational study among Moroccan nursing students. Advances
in Medicine, Psychology and Public Health. 2024; 1(3):125-32.
[Link]

[23] Chirico F, Rizzo A. Tackling mental health disorders,
burnout, workplace violence, post-traumatic stress disorders
amidst climate change, and new global challenges: The crucial
role of emotional management education. Advances in Medi-
cine, Psychology, and Public Health. 2024; 2(1):5-7. [Link]

[24] Hilal M, Khabbache H, Ali DA. Dropping out of school: A
psychosocial approach. Advances in Medicine, Psychology,
and Public Health. 2024; 1(1):26-36. [Link]

[25] Tarchi L, Castellini G, Ricca V. Zipf's law: Divergence from
general content in online communities of peers affected by
attention-deficit/hyperactivity disorder (ADHD) and ano-
rexia nervosa. Advances in Medicine, Psychology, and Public
Health. 2024; 1(2):82-91. [DOI:10.5281/ zenodo.106374]

[26] Rizzo A, Sorrenti L, Commendatore M, Mautone A, Ca-
parello C, Maggio MG, et al. Caregivers of children with
Autism spectrum disorders: The role of guilt sensitivity
and support. Journal of Clinical Medicine. 2024; 13(14):4249.
[DOI:10.3390/ jem13144249] [PMID]

[27] Tusha A, Bulut S, Al-Hendawi M. Promoting a healthy
school environment via social-emotional learning in the high
school setting: An overview. Advances in Medicine, Psychol-
ogy, and Public Health. 2024; 1(3):156-63. [Link]

[28] Poudel P. Prevalence and determinants of income among
people with disabilities in Nepal: A cross-sectional study.
Advances in Medicine, Psychology, and Public Health. 2025;
2(1):46-55. [Link]

[29] Rizzo A, Calandi L, Faranda M, Rosano MG, Carlotta V,
Vinci E. Stigma against mental illness and mental health: The
role of Social Media. Advances in Medicine, Psychology, and
Public Health. 2025; 2(2):125-30. [DOI:10.1590/SciELOPre-
prints.8985]

[30] Bruno E, Turay T, Titi T. [The future of occupational health
and safety system in Italy trough public actor’s coordination
and school-based peer education programs (Italian)]. Italian
Journal of Psychology and Occupational Health. 2023; 3(1):34-
7. [Link]

[31] Maggio MG, Rizzo A, Stagnitti MC, Manuli A, Calabro’
RS. System usability, stress and mood among teachers us-
ing distance learning. Italian Journal of Psychology and
Occupational Health. 2022; 2(2):117-24. [d0i:10.23668/psy-
charchives.12650]

[32] Khabbache H, Ouazizi K, Ait Ali D, Cherqui A, Rizzo A,
Tarchi L, et al. Cultural placebos from the wild in patients
with mental disorders: The case of the Nour Association in
Fez-Morocco. Iranian Rehabilitation Journal. 2024; 22(1):129-
38. [DOI:10.32598/irj.22.1.2288.2]

[33] Chirico F, Capitanelli I, Taino G, Rizzo A, Cramarossa AA,
Sacco A. [Risk factors and prevention measures for teach-
ers: A literature review with a proposal for an occupational
health surveillance protocol in schools (Italian)]. Italian Jour-
nal of Psychology and Occupational Health. 2024; 4(2):99-113.
[Link]

[34] Mutongoza BH. Student-on-staff violence at South African
universities: A qualitative study. Italian Journal of Psychol-
ogy and Occupational Health. 2023; 3(2):50-6. [Link]



http://irj.uswr.ac.ir/
https://orbi.uliege.be/handle/2268/217870
https://ampphealthjournal-network.org/wp-content/uploads/2024/08/AMPPH_2025_27_34.pdf
https://doi.org/10.7202/014716ar
https://hal.science/hal-04646303v1/file/AMPPH_2025_1_4.pdf
https://www.ijbamr.com/assets/images/issues/pdf/June%202015%20492-497.pdf.pdf
https://doi.org/10.3917/bupsy.478.0435
https://doi.org/10.3917/bupsy.478.0435
https://doi.org/10.1097/00006324-200311000-00013
https://doi.org/10.1097/00006324-200311000-00013
https://www.ncbi.nlm.nih.gov/pubmed/14627943
https://doi.org/10.1080/1034912X.2019.1634248
http://krepublishers.com/02-Journals/JSS/JSS-23-0-000-10-Web/JSS-23-2-000-10-Abst-PDF/JSS-23-2-143-10-575-Dhingra-R/JSS-23-2-143-10-575-Dhingra-R-Tt.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16707360
https://doi.org/10.1080/09297049.2010.485125
https://doi.org/10.1080/09297049.2010.485125
https://www.ncbi.nlm.nih.gov/pubmed/20574867
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1016/j.lindif.2011.01.007
https://www.ncbi.nlm.nih.gov/pubmed/21845021
https://doi.org/10.1016/j.jecp.2010.04.016
https://doi.org/10.1016/j.jecp.2010.04.016
https://www.ncbi.nlm.nih.gov/pubmed/20580379
https://ampphealthjournal-network.org/wp-content/uploads/2024/03/AMPPH_2024_125_132.pdf
https://hal.science/hal-04600853/
https://zenodo.org/records/10598523
https://dx.doi.org/10.5281/zenodo.10637481
https://doi.org/10.3390/jcm13144249
https://www.ncbi.nlm.nih.gov/pubmed/39064288
https://ampphealthjournal-network.org/wp-content/uploads/2024/03/AMPPH_2024_156_163.pdf
https://www.researchgate.net/profile/Prasanna-Poudel-3/publication/381432362_Prevalence_and_determinants_of_income_among_people_with_disabilities_in_Nepal_A_cross-sectional_study/links/66dd9ec564f7bf7b199f1e56/Prevalence-and-determinants-of-income-among-people-with-disabilities-in-Nepal-A-cross-sectional-study.pdf
https://doi.org/10.1590/SciELOPreprints.8985
https://doi.org/10.1590/SciELOPreprints.8985
https://gipmel.it/wp-content/uploads/10.690882023LFTR6.pdf
https://doi.org/10.23668/psycharchives.12650
https://doi.org/10.23668/psycharchives.12650
https://doi.org/10.32598/irj.22.1.2288.2
https://gipmel.it/wp-content/uploads/10.690882024FTTR2.pdf
https://www.researchgate.net/profile/Bonginkosi-Mutongoza/publication/373041515_Student-on-staff_violence_at_South_African_universities_A_qualitative_study/links/64d4f44cc80b930269045f65/Student-on-staff-violence-at-South-African-universities-A-qualitative-study.pdf

March 2025, Volume 23, Number 1

[35] Chirico F. The importance of moral clarity and humanity
in advancing medical research. A-dvances in Medicine, Psy-
chology, and Public Health. 2025; 2(2):76-7. [Do0i:10.5281/ ze-
nodo.12737550]

[36] Gharib M, Nematpoor M, Abbasabadi MM, Kazemi K,
Morgan GA. Validation and reliability of the Persian version
of the dimensions of Mastery Questionnaire (DMQ 18) infant
version for assessing mastery motivation in early childhood.
Advances in Medicine, Psychology, and Public Health. 2025;
2(2):117-24. [Link]

[37] Zhussipbek G. The human right to health: Empathy and
universal human dignity versus apathetic capitalism. Ad-
vances in Medicine, Psychology, and Public Health. 2025;
2(1):60-71. [Link]

Iranian [Zehabilitation Bournal



http://irj.uswr.ac.ir/
https://dx.doi.org/10.5281/zenodo.12737550
https://dx.doi.org/10.5281/zenodo.12737550
https://ampphealthjournal-network.org/wp-content/uploads/2024/08/AMPPH_2025_117_124.pdf
https://d1wqtxts1xzle7.cloudfront.net/116297929/Human_right_to_health_empathy_universal_human_dignity_VS_apathetic_capitalism-libre.pdf?1719169182=&response-content-disposition=inline%3B+filename%3DThe_human_right_to_health_Empathy_and_un.pdf&Expires=1740554144&Signature=NB-TFueu7o-9h4RFwxs7lb4478Tj6Ie-6mmS6Q891WUdf92JWAIHQhBC5rTlheRAhxiBsg12gsT9eCpg8GhXupsh43ruft8neIcikdVio5aoJtPYpSgeska7DVRbCLp52axPr29wJOXAw9ka7XeMBJPnayyAlsHErvVzHcWTKcozWiNOYeP5DdGq5JhmSJNVXCKyZjMhgjxJQX9TaZeyGLfmfj~IT99qIytdpOustfeU4vquD4qfnNo-YoDPYJSvPa7NX0Fsin~xoKqr-Q2o1uH-eIrzQ2OFcMLmdOrVyZE7krLtoRagYempU8GWIwkoSsqUxC~43KPzPRgE3SqpWw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

