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Background: Mathematics disorder is a learning disability that makes understanding and performing
mathematical calculations challenging for children. Furthermore, numerous gaps exist in domestic
studies regarding the identification and classification of the cognitive subtypes of this disorder. This
study aims to evaluate general and specific cognitive processing types in children with mathematics
disorder.

Aims: The study aimed to identify the cognitive subtypes of mathematics disorder in elementary
school students.

Methods: This descriptive-correlational study was conducted with two target populations, the first
consisted of all students referred to learning disability centers in Alborz Province diagnosed with
poor mathematical performance, and the second comprised all third- to sixth-grade elementary
students in Alborz Province during the 2023-2024 academic year. The participants included 96
students diagnosed with mathematics disorder selected through random sampling and 180 typically
developing students selected through stratified random sampling. Participants completed twelve
cognitive tasks designed using Psychopy software, the Wechsler Intelligence Scale for Children-IV,
the Frostig visual perception test, the Wepman auditory perception test, the Iran-Key math test, and
the Rutter Behavioral Rating Scale. The data were analyzed using t-test, exploratory factor analysis
and cluster analysis spss 24 software was used for data analysis.

Results: The exploratory factor analysis identified six factors: arithmetic cognitive performance,
cognitive comparison performance, numerical cognitive processing, cognitive processing speed,
arithmetic processing speed, and response accuracy, which together explained 74% of the variance.
The cluster analysis revealed six distinct cognitive clusters among children with math disorders:
cognitive processing divergence, computation and accuracy with delayed processing, impaired
numerical cognition, numerical and accuracy deficits, processing and accuracy deficits, and
arithmetic and comparison deficits.

Conclusion: The findings suggest that mathematics disorder is a heterogeneous condition. Therapists
and educational systems can use these results to design targeted interventions tailored to the specific
subtype of mathematics disorder in children with mathematical difficulties.
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Introduction

Specific learning disorders are give rise to significant
academic problems and delays that are not due to lack
of effort or low intellectual ability but are caused by
individual differences. These disorders are classified
as neurodevelopmental and are identified through
assessments of skills in mathematics, reading, and
writing, having genetic, cognitive, and environmental
origins that cause problems in daily life (Benifacio et
al., 2020). Math learning disorder is characterized by
difficulties in understanding numbers, remembering
rules, accuracy, and fluency in calculations (Rullison
et al., 2020). Different theories exist regarding the
underlying causes of math disorder, with some
suggesting that weaknesses in memory and cognitive
organization contribute to the condition (Wang,
2020). As a complex skill, mathematics relies on
various abilities that appear to depend on different
cognitive processes. Math disorder frequently
coexists with cognitive problems because children
with math learning disabilities struggle to understand
the numerical system and identify mathematical
relationships, often due to issues with retrieving
information from memory. Math disorder represents
a heterogeneous spectrum in which all children with
the disorder experience mild to severe problems
across different cognitive areas (Von Herwegen,
2019). Consequently, it has been suggested that math
disorder is likely a heterogeneous condition (Gray,
2010).

children with weak math skills experience significant
challenges with executive functions, including
memory retention and problem-solving. These
students typically show major weaknesses in
cognitive and executive functioning, which serve as a
bridge between performance and brain structure,
encompassing a broad range of individual abilities
(Wilkie et al., 2020). Currently, many researchers
agree that children with math learning disorders
encounter  significant ~ challenges  encoding
mathematics into long-term memory, supporting the
idea that math disorder is heterogeneous (Bartlett et
al., 2014). This heterogeneity indicates that there may
be various subtypes of math disorders, each
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characterized by a specific cognitive feature (Lan
chan et al.,, 2020). Several studies confirm that
children with math disorders may have different
cognitive profiles. Von Aster (2000) examined
fundamental number processing skills in children
with  math disorders, identifying one low-
performance cluster and three distinct clusters using
a clustering approach. Bartlett et al. (2014) also
distinguished six clusters in children with math
disorders based on specific and general cognitive
criteria, providing evidence for various cognitive
subtypes. The current study aims to evaluate general
and specific cognitive processing in children with
math disorders because understanding the subtypes of
this condition is essential for performing effective
interventions and better comprehending the needs of
these children.

Method

The Design of this study is descriptive. The first
population consisted of all students referred to
learning disorder centers in Alborz Province with a
diagnosis of poor math performance (N=648). The
second population included all elementary students in
grades three to six in Alborz Province during the
2023-2024 academic year (N=151,610). Participants
included 276 students (180 without MLD, 96 with
MLD). Random sampling was used to choose
students from learning disorder centers, with 16
students from each of the six active centers in Karaj
(12 boys and 4 qgirls per center). Stratified random
sampling was employed to select students from
regular schools. The Instruments used on the study
included cognitive tasks based on previous research
(Bartlett et al., 2014; Lan Chan & Wong, 2020) and
implemented using Psychopy software. Four to six
trial attempts were conducted for each task. The tasks
included Dot comparison, number comparison,
verbal matching, Dot enumeration, matching objects,
estimation, number line, baseline response time,
verbal short-term memory, spatial short-term
working memory, and arithmetic mastery tasks.
Students were screened for intelligence, visual
perception, auditory perception, and behavioral
difficulties. All participants fell within the normal
range for intelligence, with no significant visual,
auditory, or behavioral difficulties observed. Raw
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scores for all cognitive tasks were converted to
standardized scores. Any responses faster than 200
milliseconds were reviewed, but no outliers were
detected. Independent t-tests with Bonferroni
correction (p < 0.002) were used to compare students
with and without math learning disorders. All
cognitive tasks variables were transformed into z-
scores, and exploratory factor analysis with principal
component analysis and Varimax rotation was
performed. Factor scores were used in subsequent
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cluster analyses, employing hierarchical clustering
(Ward’s method) to determine the optimal number of
clusters.

Results

The average age, mathematical progress, and
performance in general and specific cognitive
processing tasks for children with and without math
learning disorders are presented in Table 1.

Table 1. Mean Standard deviation for age, math progress, and cognitive processing task in children with and without math

. MLD(n = 96) Non- MLD(n =180) .
Variable v ) v D t-test Sig.
Age & General Cognitive Processing Tasks
Age (years) 10.31 0.85 10.55 1.15 1.82 0.000
Overall 1Q 96.92 6.57 104.32 8.76 7.21 0.004
Verbal Comprehension 1Q 85.21 6.29 93.34 9.54 7.48 0.000
Perceptual Reasoning 1Q 93.36 6.72 93.74 9.61 0.34 0.000
Processing Speed 1Q 89.37 4.74 93.74 8.23 4.77 0.000
Baseline (Correct Responses) 39.82 24.42 82.44 11.49 19.62 0.000
Baseline (Time Performance) 15 0.31 1.59 0.34 10.16 0.359
Verbal Short-Term Memory 54.16 9.17 84.48 10.56 23.62 0.155
Spatial Short-Term Memory 79.89 6.44 87.52 9.78 6.85 0.000
Math Operations Performance
Addition (Correct Responses) 77.56 8.94 90.98 7.79 12.87 0.026
Addition (Time Performance) 0.33 0.12 0.72 0.31 11.47 0.000
Subtraction (Correct Responses) 75.62 11.88 86.98 8.89 8.92 0.000
Subtraction (Time Performance) 0.30 0.96 0.63 0.23 13.32 0.000
Multiplication (Correct Responses) 79.21 10.58 86.56 9.95 5.68 0.376
Multiplication (Time Performance) 0.33 0.08 0.69 0.26 12.67 0.000
Basic Concepts (Iran- Keymath) 85.17 6.98 105.24 12.18 14.80 0.000
Operations (Iran- Keymath) 87.08 7.17 105.55 8.33 18.28 0.431
Applications (Iran- Keymath) 86.46 6.72 104.86 10.73 15.20 0.000
Overall Standard Score (Iran-Keymath) 85.11 5.44 105.09 10.48 17.35  0.000
Specific Cognitive Processing Tasks
Point Density (Correct, Time Performance) 73.19(0.93)  18.63(0.21)  95.11(1.44)  3.16(0.40) 15.34 0.000
Estimation 0.69 0.45 0.36 0.27 -6.6 0.000
Point Counting (Correct, Time Performance) 81.40(0.34) 7.11(0.05) 90.20(0.51)  5.94(0.12) 10.87 0.001
Object Matching (Correct, Time Performance) 50.94(0.35)  12.18(0.08)  90.18(0.60)  9.62(0.15) 29.22 0.102
Verbal Number Matching (Correct, Time Performance) = 87.31(0.57) 6.98(0.14) 92.94(0.81)  9.03(0.20) 5.29 0.791
Number Comparison (Correct, Time Performance) 77.94(0.79) 7.24(0.09) 92.91(1.48)  5.10(0.41) 19.87 0.000
Number Line (Correct, Time Performance) 12.34 3.84 6.06 2.09 -17.51  0.000

Note: Bonferroni correction was applied, and all p-values<0.002 were considered significant at the5% level.

The overall intelligence scores, including verbal
comprehension, perceptual reasoning, and processing
speed, indicated that the intelligence of the group with
math disorders was within the normal range but
significantly lower than that of the group without
learning disorders (see Table 1). Students with MLD
generally performed worse in cognitive tasks and
mathematical skills. In the group with math disorder,
the zero-order correlation between working memory
tasks and specific cognitive processing tasks is

reported in Table 2. Several significant correlations
were observed between number-specific cognitive
processing tasks, suggesting that they may reflect the
same underlying construct.
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Table 2. Zero-order correlation matrix between working memory tasks and specific cognitive processing tasks

variables 1 2 3 4 5 6 7 8 9
Dot comparison - 006 0327 067" 0.09 0.58™  -0.32"  0.53" 0.34™
Estimation - -0.18™  -0.32™ -0.41"  -0.46™ 0.61 -0.31™  0.20™-
Counting - 0.57™ 0.26™ 0.52™  -0.41"  0.48™ 0.39**
Matching objects - 017"  0.67" -0.61" 0.757  0.32**
Verbal matching - 052"  -0.15*  0.20™ -0.05
Dot enumiration - -0.57"  0.67™ 0.34™
Number line - -0.61™  -0.28"
Verbal short working memory sox
. . - 0.36
Spatial short working memory
P<0.05 **P<0.01
Factor scores for the six identified factors were was significantly weaker. This discrepancy

calculated, and these scores were used in cluster
analyses. Factor scores were standardized to ensure
that differences in measurement scale did not affect
the results. A hierarchical clustering approach
(Ward’s method) was used to determine the optimal
number of clusters, resulting in six distinct clusters:
(1) Cluster1, Cognitive Processing Divergence (CPD)
— Characterized by high numerical processing
abilities but poor performance in comparative
cognitive tasks and response accuracy, (2) Cluster 2,
Arithmetic and Accuracy Cluster with Processing
Delays (AACPD)- Notable for strengths in arithmetic
and accuracy despite weaknesses in processing speed,
(3) Cluster 3, Impaired Numerical Cognition Cluster
(INCC) — Focused on specific difficulties in
numerical cognition, (4) Cluster 4, Numerical and
Accuracy Deficit Cluster (NADC) — Highlights
weaknesses in both numerical processing and
response accuracy, (5) Cluster5, Processing and
Accuracy Impairment Cluster (PAIC) — Signifies
specific weaknesses in processing speed and response
accuracy, and (6) Cluster 6, Arithmetic and Compare
Deficit Cluster (ACDC) — Reflects specific deficits in
arithmetic and comparative cognitive tasks.

Conclusion

Overall, children with math disorders exhibited
significantly lower cognitive performance than their
typically developing peers. The findings provide
valuable insights into the cognitive profiles of
children with math learning disabilities, showing that
while their average intelligence—covering general,
verbal, perceptual reasoning, and processing speed—
fell within the normal range, their math performance
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underscores the complexity of math learning
disabilities, where cognitive abilities may not directly
correlate with academic achievement. Another
significant finding was the role of working memory
deficits, particularly visual-spatial working memory,
as one of the primary predictors of math performance.
Deficiencies in executive functioning and working
memory, which are essential for organizing and
manipulating information during problem-solving,
might contribute to the inability to use basic
arithmetic skills in more complex tasks. The study has
certain limitations. Since it is cross-sectional,
findings cannot be generalized over time. The
relationships identified are correlational, making it
impossible to draw causal inferences. Moreover, the
results are generalizable only to students from the
educational districts in Karaj, and caution should be
exercised regarding overgeneralization.
Based on the identification of different clusters of
math learning disorders, it is recommended that
practitioners design interventions tailored to the
specific type of disorder in each cluster. Future
research should be planned to examine the stability of
these clusters over time. It is also suggested that
future studies explore whether the identified clusters
of math learning disorders remain consistent or if they
respond differently to similar interventions.
Understanding the stability and variability in these
clusters can help in designing more effective, targeted
interventions for children with different cognitive
profiles.
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3. dot enumeration
6, matching objects
7. estimation
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2. dot comparison

3. numeral comparison
4, Verbal matching
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7. addition fluency task

8, subtraction fluency task

°. multiplication fluency task

10 The Wechsler Adult
Edition (WAIS-1V)
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. number line

. baseline response time

. verbal short-term working memory
. spatial short-term working memory
. arithmetic fluency tasks

. MLD selection task
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3, The Rutter Children Behaviour Questionnaire for teachers
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