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Background: Deficits in visuospatial processing are a common cognitive challenge among students with
specific learning disabilities, severely impacting their academic performance. However, few studies have
designed an integrated intervention that simultaneously empowers the three core pillars of the educational
triangle: the student, the family, and the teacher. A lack of coordination among these three elements limits the
effectiveness of interventions.

Aims: The objective of the present study was to develop a three-level (student, family, teacher) educational
program and to evaluate its effectiveness on visuospatial processing in students with specific learning
disabilities.

Methods: This study was applied in purpose and utilized an exploratory mixed-methods design, with priority
given to the qualitative phase from which categories were extracted to develop the intervention program. In the
qualitative phase, which aimed to identify the components of the program, thematic analysis was employed. The
participants included university psychology professors, specialists, and therapists in the field of exceptional
children, from whom 10 were selected via purposive sampling until theoretical saturation was reached. The data
collection tool was a semi-structured interview. The quantitative phase employed a quasi-experimental pre-test,
post-test, and follow-up design. The statistical population consisted of all students with specific learning
disabilities (with an emphasis on mathematics disorder) aged 8 to 10 in Tehran during the 2023-2024 academic
year. From this population, 30 participants were selected through purposive sampling. The data collection
instrument for all three stages was the Tehran-Stanford-Binet Intelligence Scale. Data were analyzed using
repeated measures ANOVA in SPSS-26.

Results: The results of the qualitative phase, obtained through the thematic analysis of interviews, led to the
identification of four main themes for the structure of the three-level educational program. These themes were:
enhancing attention and concentration, strengthening working memory, improving quantitative reasoning, and
enhancing visuospatial processing. In the quantitative section, the results of the repeated measures ANOVA
indicated that the educational program based on these themes had a significant and positive effect on improving
the visuospatial processing scores of students in the experimental group (p< 0.05). This improvement was
evident at the post-test and follow-up stages compared to the pre-test.

Conclusion: The findings indicate that a three-level educational program, designed based on key cognitive
components (attention, working memory, quantitative reasoning, and visuospatial processing), is an effective
and practical approach for improving visuospatial processing in students with specific learning disabilities. This
finding underscores the need to move beyond one-dimensional, student-focused interventions. Therefore, it is
recommended that therapists, school counselors, and curriculum designers enhance the sustainability and
generalizability of intervention effectiveness by simultaneously involving families and teachers in the
therapeutic process.
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Introduction

Learning  disabilities  (LDs) are  chronic,
neurodevelopmental disorders that significantly
impact the acquisition of academic skills, with
mathematics disorder (dyscalculia) being a prominent
example (Jaya et al., 2020; Rao et al., 2024). The
prevalence of these disorders is estimated to be
between 3% and 15% globally, with significant rates
also reported in Iran (Schulz & Koehl, 2024; Karimi
Lichahi et al., 2021). The etiology of dyscalculia is
linked to dysfunction in information processing,
particularly involving the frontal and parietal lobes of
the brain (Lopez-Risa & Moralida-Asuncion, 2023).
Consequently, children with mathematics disorder
often exhibit considerable deficits in executive
functions, specifically in visuospatial processing
(Mcgonigal, 2022; Mehler & Schuchardt, 2016).
Research indicates that poor performance in
visuospatial working memory is a core characteristic
of children with mathematics learning disabilities
(Zhang et al., 2020). This component of working
memory, responsible for the short-term storage of
both visual information (e.g., shapes, colors) and
spatial information (e.g., directions), plays a critical
role in learning mathematics and even reading
(Baddeley, 2012; Cisneros et al., 2021). Deficits in
this system can lead to difficulties in tasks such as
copying materials, understanding maps, and
performing mathematical operations (Victorin &
Lossova, 2020).

While empirical evidence supports the effectiveness
of interventions targeting working memory (Berger et
al., 2025), teacher training (Walc et al., 2018), and
parental involvement (Guo & Kiles, 2024)
individually, a significant structural gap persists in
the literature. Most existing rehabilitation programs
adopt a one-dimensional, student-centered approach,
thereby neglecting the critical role of the child’s
learning ecosystem—namely, the family and
teachers. This oversight limits the generalization and
sustainability of learned skills. Therefore, the present
study aims to address this gap by developing and
evaluating an integrated, three-level educational
program (student, family, and teacher) to determine if
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such a comprehensive intervention can effectively
improve visuospatial processing in students with
mathematics learning disabilities.

Method

This study employed a mixed-methods approach
based on a sequential exploratory design. In the
qualitative phase, thematic analysis was utilized to
extract the components of an integrated educational
program. The sample for this phase comprised 15
academic and clinical experts (with a minimum of 10
years of experience), selected via purposive sampling
until theoretical saturation was achieved. Data were
collected  through  in-depth,  semi-structured
interviews and analyzed using the six-step approach
proposed by Braun and Clarke. The trustworthiness
of the qualitative findings was ensured through
member checking and by calculating Cohen’s kappa
coefficient (k= 0.81) to confirm inter-coder
reliability.

In the quantitative phase, the effectiveness of the
developed educational program was evaluated using
a quasi-experimental pre-test, post-test, and three-
month follow-up design with a control group. The
population consisted of students aged 8-10 with
mathematics disorder referred to counseling centers,
from which 27 participants were purposefully
selected and randomly assigned to experimental and
control groups. Inclusion criteria included a normal
intelligence quotient (as measured by the Raven’s
test) and a formal diagnosis of dyscalculia. The data
were analyzed using repeated measures analysis of
variance (ANOVA) to assess the intervention’s
impact on the dependent variable, visuospatial
processing.

The primary instrument for measuring the dependent
variable was the Visuospatial Processing subtest from
the Tehran-Stanford-Binet Intelligence Scale, Fifth
Edition (TSB-V), whose favorable validity and
reliability have been confirmed in numerous Iranian
studies. To assess general intelligence and ensure
participants had a normal IQ, Raven’s Colored
Progressive Matrices (RCPM) was used, which
possesses robust  psychometric  properties.
Additionally, a  researcher-developed, semi-
structured interview protocol, whose content validity
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was affirmed by faculty advisors, was utilized in the
qualitative phase.

The student-, family-, and teacher-centered
educational program, which constituted the core
intervention of this study, was developed through a
two-stage process of literature review and qualitative
analysis of expert opinions. The program consisted of
three complementary components: 1) The student
component, focused on direct cognitive exercises to
enhance memory, visual discrimination, and visuo-
cognitive flexibility; 2) The family component,
centered on providing psychoeducation to parents and
offering practical strategies for supporting the child at
home; and 3) The teacher component, aimed at
empowering teachers to identify the issue and adapt
the classroom environment and instructional
strategies. The researcher-developed, student-,
family-, and teacher-centered educational program
was implemented for the experimental group in five
40-minute  bi-weekly sessions. Following the
completion of the training sessions, and again three
months later, the research assessments were
administered to both the experimental and control
groups.

Results

An analysis of the demographic characteristics of the
research sample (N=27), comprising 13 students in
the experimental group and 14 in the control group,
indicated a similar distribution in terms of age and
grade level. The highest frequency in both groups was
observed among 8-year-old students (over 50%)
enrolled in the second grade. This homogeneity
suggests that the groups were comparable prior to the
intervention, establishing a suitable baseline for
comparison.
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The validation of the developed educational program
was conducted through a multi-phase qualitative and
quantitative process involving 15 specialists. In the
initial qualitative phase, experts provided corrective
feedback regarding the simplification of language for
parents, enhancing the engagement of student tasks,
and operationalizing teacher strategies; the
implementation of these suggestions improved the
protocol’s face and ecological validity. Subsequently,
following these revisions, a quantitative validation
was performed using the Content Validity Ratio
(CVR) and the Content Validity Index (CVI). The
results indicated that the mean CVR (0.91) and CVI
(0.94) for the entire program exceeded the acceptable
threshold of 0.79 (Lawshe, 1975), thereby attesting to
the intervention’s excellent content validity.

The results presented in Table 2 show that for the
variable of visuospatial processing, both the main
effect of time and the time x group interaction effect
are statistically significant. The significant main
effect of time indicates that a significant difference
exists in the visuospatial processing scores of students
with mathematics disorder across the three
measurement points (pre-test, post-test, and follow-
up). Furthermore, the significant time X group
interaction effect signifies a meaningful difference
between the experimental and control groups across
these three stages. The effect size for the time x group
interaction (partial n> =.33) means that 33% of the
variance in visuospatial processing scores can be
attributed to the changes over time and the differences
between the two groups. This indicates that these
changes were stable and significant. Therefore, it can
be concluded that the student-, family-, and teacher-
centered educational program had a significant and
sustained impact on improving visuospatial
processing.

Table 1. Results of Repeated Measures ANOVA on the Effectiveness of the Multi-Component Student-, Family-, and Teacher-Centered
Educational Program on Visuospatial Processing in Students with Mathematics Disorder

Variable Effect Sum of Squares  Error Sum of Squares F p Partial n2
Vi aEiehl B Time 19/04 1/25 15/14 4/08 0/04 0/14
P 9 Time x Group Interaction 59/83 1/25 47/58  12/81  0/001  0/33

Conclusion

This study was initially developed to address a gap in
one-dimensional interventions by designing and
validating a three-level (student, family, and teacher)

educational program. The qualitative findings from
thematic analysis emphasized the centrality of
“enhancing visuospatial working memory” and led to
an integrated package based on Bronfenbrenner’s
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ecological systems theory. This approach aimed to
create a supportive “mesosystem” for the child by
simultaneously targeting the home and school
environments. Aligned with perspectives that cast
parents as “co-therapists” (Douglas & Bigby, 2020),
this model was presented as a practical and scientific
protocol following rigorous validation via CVR and
CVI indices.

Subsequently, the quantitative findings from the
quasi-experimental design confirmed the significant
and sustained effectiveness of this three-level
program in improving visuospatial processing, a
result consistent with previous research (Bani
Hashemi Emam Gheisi et al., 2022; Rao et al., 2024).
This effectiveness can be explained on two layers:
first, the direct cognitive impact of the exercises on
strengthening the “mental blackboard” (Connor &
Cavendish, 2020), which underpins mathematical
skills (Bellar, 2020); and second, an ecological
synergistic effect, wherein parental and teacher
involvement reduced cognitive load from anxiety and
facilitated the generalization of skills from the clinical
setting to the classroom (Sanchez-Perez et al., 2018).
Thus, the quantitative findings empirically
substantiated the efficacy of the ecological model
developed in the qualitative phase.

Despite the positive outcomes, the study’s findings
are subject to limitations, including purposive
sampling, the use of a passive (waitlist) control group,
and a short-term follow-up period, which constrain
generalizability. Accordingly, specific practical and
research recommendations are proposed. For
practitioners, it is recommended that this validated
protocol be utilized as an early intervention tool. For
future research, it is essential to replicate these
findings with larger, more diverse samples, employ
active control groups to account for placebo effects,
and design longer follow-up periods to assess the
long-term sustainability of the outcomes, thereby
strengthening the robustness and generalizability of
the present findings.
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