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Abstract

This study aimed to investigate the effect of lexical knowledge training on visuospatial
processing in mathematical problem-solving among students with comorbid reading and
mathematical disabilities, considering the role of reading comprehension and
multiplication/division operations. A quasi-experimental pretest-posttest control group
design was used. The statistical population included all sixth-grade students with learning
disabilities in districts 5 and 18 of Tehran. Using simple random sampling, 20 students
were selected and randomly assigned to experimental and control groups. Data were
collected using the Stanford Diagnostic Reading and Mathematics Tests, including
vocabulary, reading comprehension, computational, and conceptual subtests. The
experimental group received a ten-session (90 minutes each) lexical knowledge training
program designed to reduce reading and math difficulties, while the control group
received no intervention. Data were analyzed using Analysis of Covariance (ANCOVA).
Lexical knowledge training had a statistically significant effect on visuospatial processing
among children with comorbid reading and mathematical disabilities (p < 0.05). An
increase in lexical knowledge led to a 93% improvement in visuospatial processing skills
associated with mathematical  problem-solving.  Covariate variables (reading
comprehension and multiplication/division operations) did not have a significant effect,
indicating a direct impact of lexical training. The findings suggest that enhancing lexical
knowledge as part of educational interventions significantly improves visuospatial
abilities and mathematical performance in children with learning disabilities. Lexical-
based programs can effectively strengthen cognitive and linguistic foundations necessary
for mathematical problem-solving.

Keywords: Lexical Knowledge, Reading Disorder, Mathematical Disorder, Visuospatial
Processing.
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Extended Abstract

Introduction

Mathematical learning disability (MLD), or dyscalculia, represents one of the most common and challenging
forms of specific learning disorders that significantly affect children’s cognitive and academic development
(Bozatli et al., 2024). Children with MLD experience persistent difficulties in learning and understanding
numerical concepts, performing basic arithmetic operations, and solving mathematical problems despite
possessing average or above-average intelligence (Menon et al.,, 2020). Contemporary research has
demonstrated that these difficulties are not limited to the numerical domain but extend to deficits in cognitive
processes such as working memory, visuospatial processing, and linguistic comprehension (Cardillo et al.,
2020). Learning mathematics requires an intricate integration of cognitive, linguistic, and perceptual
processes, in which language and visuospatial reasoning are both essential for conceptual understanding
(Spencer, 2020).

Visuospatial processing is one of the most fundamental components underlying mathematical cognition. It
encompasses an individual’s ability to perceive, interpret, and mentally manipulate visual and spatial
information (Poltz et al., 2025). Weaknesses in this area lead to difficulties in recognizing numerical patterns,
understanding spatial relationships among quantities, and organizing mental representations of numbers
(Macchitella et al., 2023). Cognitive neuroscience research confirms that visuospatial processing is closely
tied to activity in the parietal lobes, particularly within neural circuits responsible for spatial reasoning and
numerical magnitude processing (Menon et al., 2020). Deficits in visuospatial working memory thus
constitute one of the key mechanisms underlying poor mathematical achievement (Safari Vesal et al., 2022).
Working memory, defined as the capacity to store and process information simultaneously, plays a central role
in arithmetic reasoning and problem-solving (Baddeley, 2020). According to Baddeley’s multi-component
model, working memory comprises two primary subsystems: the phonological loop (verbal processing) and
the visuospatial sketchpad (spatial processing) (Spencer, 2020). Empirical studies have shown that
impairment in either component negatively impacts the acquisition of mathematical skills (Chen et al., 2023).
Children with MLD frequently exhibit weaknesses in visuospatial working memory, which restricts their
ability to manipulate numerical relations and retain multi-step problem-solving sequences. However, recent
studies have revealed that language and working memory are functionally interconnected and that improving
linguistic knowledge can indirectly enhance spatial and mathematical reasoning (Du et al., 2022).

Language and lexical knowledge play a pivotal role in the development of mathematical competence (Turan
& De Smedt, 2023). Mathematical word problems require children to decode key terms, understand sentence
structures, and interpret relationships among quantities. As such, deficiencies in mathematical vocabulary
hinder the formation of accurate conceptual representations and impair numerical reasoning (Karim, 2017).
Indeed, research has shown that vocabulary knowledge contributes not only to reading comprehension but also
to mathematical understanding, as both rely onthe construction of coherent semantic representations (Chen et
al., 2025). According to (Guez et al., 2023), the acquisition of mathematical vocabulary during preschool
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years predicts later performance in multiplication and subtraction in middle school, suggesting that linguistic
and spatial reasoning share overlapping cognitive foundations.

From a neurocognitive perspective, language-based training can facilitate visuospatial processing by
strengthening associative networks across parietal and prefrontal regions involved in semantic and working
memory functions (Hart et al., 2025). Neuroimaging evidence has demonstrated that lexical enrichment
activates both linguistic and spatial circuits, thereby enhancing cognitive flexibility and problem-solving
(Hauptman et al., 2024). This finding aligns with studies highlighting the plasticity of the developing brain
in middle childhood, a period when targeted interventions can reshape the integration between linguistic and
spatial processing (Palamarchuk et al., 2025). Similarly, (Linnavalli et al., 2024) found that children with
stronger language backgrounds exhibit higher mathematical achievement due to enhanced cognitive
coordination between verbal and spatial domains.

Social learning theory also provides a useful framework for understanding this relationship. As proposed by
Bandura, learning occurs through observation, imitation, and linguistic mediation (Amsari et al., 2024). In the
educational context, the verbal articulation of mathematical concepts allows students to internalize abstract
relationships more effectively. Moreover, technology-enhanced environments offer new opportunities for
integrating linguistic and visuospatial exercises, promoting motivation and engagement (Paik et al., 2025).
Despite this growing body of evidence, research remains limited regarding how lexical knowledge training
influences visuospatial processing in students with mathematical learning disabilities. While previous studies
have investigated either language or spatial interventions separately, few have examined the interaction
between these domains, particularly in the context of comorbid reading and mathematical difficulties (Viesel-
Nordmeyer et al., 2023). Furthermore, findings across existing studies are inconsistent; some indicate that
verbal working memory plays a greater role in mathematical learning, while others highlight visuospatial
processes as the primary determinant (Chen et al., 2023). Therefore, an integrated and experimental approach
is necessary to clarify the causal relationship between lexical training and visuospatial enhancement.

Based on this theoretical background, the present study aimed to examine the effect of lexical knowledge
training on visuospatial processing among elementary school students with mathematical learning disabilities,
considering the potential moderating roles of reading comprehension and arithmetic operations.

Methods and Materials

This study adopted a quasi-experimental pretest—posttest control group design. The population included all
sixth-grade male students with diagnosed learning disabilities in districts 5 and 18 of Tehran during the 2022—
2023 academic year. Twenty students were randomly selected using simple random sampling and assigned to
either the experimental group (n=10) or the control group (n=10).

Four standardized instruments were employed for data collection. Lexical knowledge was assessed using the
Picture Vocabulary subtest of the Test of Language Development—Primary (TOLD-P:3). Reading
comprehension was measured using the Carroll Reading Comprehension Test, adapted for Persian-speaking
students. Arithmetic operations (multiplication and division) were evaluated through the mathematics subtest
of the Woodcock—Johnson Achievement Test. Visuospatial processing was assessed using two tools: the Block
Design subtest from the Wechsler Intelligence Scale for Children (WISC-V) and the Bender—Gestalt Visual—-
Motor Test. All instruments had acceptable reliability and validity indices.

The intervention consisted of ten 90-minute lexical knowledge training sessions conducted over five weeks.
The sessions focused on enhancing comprehension of mathematical vocabulary, strengthening conceptual
understanding, and linking linguistic representations with spatial visualization exercises. The control group
did not receive any specialized training and continued their regular school curriculum. After the intervention,
both groups completed posttests on all variables. Data were analyzed using block analysis of covariance
(ANCOVA) to determine the adjusted effect of the intervention.
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Findings

Descriptive analyses revealed that the mean visuospatial processing scores of the two groups were similar at
pretest but diverged significantly at posttest. The experimental group showed a notable improvement
(mean=35.50, SD=1.71), while the control group’s performance remained nearly unchanged (mean=7.41,
SD=1.74). The homogeneity of variance assumption was met (F=1.504, p=0.252).

Inferential results of ANCOVA indicated a significant main effect of the intervention on visuospatial
processing, F(1,13)=173.775, p<0.05, n>=0.93. This suggests that lexical knowledge training accounted for
approximately 93% of the variance in visuospatial processing improvement. In contrast, none of the covariates
(reading comprehension and arithmetic operations) showed significant effects, indicating that pre-existing
differences in reading or math skills did not influence the outcome. Interaction effects between group and
covariates were also significant in preliminary models, leading to the use of block ANCOVA for more accurate
estimation.

Overall, lexical training was associated with substantial enhancement in the ability to perceive spatial relations,
reproduce geometric patterns, and mentally manipulate numerical information. These findings provide
empirical support for the hypothesis that language-based instruction can strengthen visuospatial processing
even in students with co-occurring reading and math difficulties.

Discussion and Conclusion

The findings of this study highlight the crucial role of lexical knowledge in improving visuospatial processing
and, consequently, mathematical performance in children with learning disabilities. The significant impact of
lexical training suggests that language and spatial cognition are interdependent processes that mutually
reinforce one another. As lexical comprehension improves, children acquire better semantic mapping for
mathematical terms, enabling them to construct more coherent mental representations of numerical and spatial
relationships. This supports the theoretical proposition that language serves not merely as a tool for
communication but as a cognitive system for organizing quantitative reasoning.

From a cognitive perspective, the improvement in visuospatial processing following lexical instruction may
be attributed to the enhancement of working memory capacity. By enriching linguistic representations, the
intervention likely facilitated dual coding of mathematical information—both verbally and spatially—which
improved the efficiency of storage and retrieval processes. This dual representation allows students to visualize
mathematical problems more effectively and reduces cognitive load during problem-solving. Additionally,
language training may have strengthened executive control and attention mechanisms that underlie flexible
cognitive switching, leading to better integration of linguistic and spatial processing during arithmetic
reasoning.

Another plausible explanation involves the activation of overlapping neural networks in the parietal and
prefrontal cortices. Neurocognitive models suggest that lexical and spatial learning share common substrates
responsible for semantic retrieval and spatial manipulation. Lexical enrichment, therefore, may enhance
neuroplasticity within these networks, supporting improved visuospatial functioning. The improvement
observed in this study aligns with the broader literature on cognitive flexibility and working memory, which
emphasizes the capacity of targeted interventions to reshape functional connectivity in the developing brain.
The absence of significant effects for reading comprehension and arithmetic operations further underscores the
specificity of the lexical-spatial connection. While reading comprehension depends primarily on sequential
linguistic decoding, visuospatial processing relies on parallel integration of perceptual information. The
independence of these processes in children with learning disabilities indicates that lexical knowledge acts as
a more direct facilitator of spatial understanding than general comprehension ability. Similarly, the lack of
significant interaction with arithmetic operations suggests that the observed effects stem from conceptual rather
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than procedural learning; that is, lexical training improves the representation of spatial and numerical relations
rather than rote calculation skKills.

In educational terms, the findings underscore the value of integrated intervention programs that combine
linguistic and visuospatial exercises. Traditional remediation approaches often emphasize numerical drills or
isolated language training, but this study demonstrates that a holistic approach targeting mathematical
vocabulary can produce meaningful cognitive gains. Such programs not only strengthen academic performance
but also foster motivation and self-efficacy by enabling children to experience success in previously difficult
tasks.

Finally, these findings have implications for both theory and practice. Theoretically, they reinforce the notion
that cognitive systems for language and space are dynamically linked and that interventions addressing one
domain can have cascading benefits for the other. Practically, they advocate for the inclusion of structured
lexical components in mathematics instruction, especially for students with learning disabilities. Teachers and
educational psychologists should consider incorporating explicit vocabulary instruction, visual modeling, and
verbal-spatial mapping activities into classroom practices.

In conclusion, this study provides compelling evidence that lexical knowledge training can significantly
enhance visuospatial processing among elementary school students with mathematical learning disabilities. By
bridging linguistic and spatial cognition, such interventions offer an effective pathway to improving
mathematical reasoning, reducing learning barriers, and fostering long-term academic development.
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