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Background: Cognitive assessment of mathematical disorders requires the evaluation of multidimensional
processes (such as working memory and numerical processing). However, existing Persian tools lack the ability
to accurately diagnose these dimensions. This study aims to fill this research gap by designing localized
multidimensional tasks to facilitate the identification of subgroups of mathematical disorders.

Aims: This research was conducted with the goal of developing and designing a set of cognitive tasks
specifically for children with mathematical disorders.

Methods: The current study is a developmental-applied design. The statistical population includes third to sixth
grade elementary school students from Alborz province in the academic year 2023-2024. The participants
comprised 96 students (72 boys, 24 girls) with learning disabilities in mathematics, selected through stratified
random sampling. A set of cognitive tasks was identified based on the literature. Participants completed the
designed cognitive tasks in the Psycopy software environment. Eleven tasks were included, measured through
both the number of correct responses and reaction time. The data analysis utilized item-total correlation,
Cronbach's alpha coefficient, and exploratory factor analysis. The data were analyzed using SPSS version 26.
Results: The results of the exploratory factor analysis revealed six distinct factors that collectively explained
74% of the variance. The factors identified included cognitive arithmetic performance, cognitive comparison
performance, cognitive numerical processing, cognitive processing speed, arithmetic processing speed, and
cognitive response accuracy. The reliability coefficients for the tasks ranged from 0.62 to 0.89.

Conclusion: The results support the satisfactory construct validity of the designed tasks in assessing children
with mathematical disorders, which can aid in the precise identification of cognitive strengths and weaknesses
related to mathematical learning.
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Introduction
Specific learning disorders are developmental,

neurobiological conditions marked by persistent
academic difficulties that cannot be attributed to low
effort or intellectual disability. These disorders,
which affect reading, writing, and math skills, are
influenced by genetic, cognitive, and environmental
factors and often disrupt daily functioning (Benifassi
et al.,, 2020). In particular, children with math
learning disorders struggle not only with
mathematical concepts but also with broader
cognitive processes such as memory, processing
speed, spatial awareness, planning, and information
retention (Bishara, 2023). Research has highlighted
the role of both domain-specific (e.g., number sense,
calculation, counting) and general cognitive abilities
(e.g., attention, language, working memory) in these
difficulties (Agostinho et al., 2022), underlining the
critical role cognition plays in academic and everyday
functioning. Computerized cognitive assessments
offer a practical, modern means of identifying
cognitive strengths and weaknesses and diagnosing
learning disorders. These tools evaluate a range of
functions including memory, attention, reasoning,
and problem-solving (Ritchie et al., 2018). Given the
lack of culturally adapted digital tools for assessing
cognitive deficits in math disorders, this study aimed
to develop and validate a multidimensional,
computerized assessment tool using exploratory
factor analysis.Among the various models of
cognitive abilities, the Cattell-Horn—Carroll (CHC)
theory is the most comprehensive. It describes a
hierarchical model of intelligence, comprising narrow
abilities at the base, broad abilities in the middle, and
general intelligence at the top (Reynolds et al., 2013;
Schneider & McGrew, 2012). Broad abilities such as
fluid reasoning, processing speed, short-term

Vol. 25, No. 162, 2026

memory, and visual/auditory processing are
particularly relevant to learning disorders.

Given the shortage of validated cognitive tools
tailored to children with math difficulties, designing
such instruments is crucial. These tools can help
identify specific cognitive deficits, support targeted
interventions, and challenge the idea of math disorder
as a uniform condition by revealing distinct cognitive
subtypes. While local research has focused more on
interventions  than  assessment tools (e.g.,
Mohammadi et al., 2023; Sadeghi et al., 2018),
international efforts have begun to fill this gap. For
example, Bartlett et al. (2014) and Chan & Wong
(2020) developed specific cognitive tasks to assess
various aspects of mathematical cognition,
identifying multiple subgroups of children with math
difficulties. These findings emphasize the importance
of robust cognitive assessments in educational
settings (Richerson et al., 2014).

Method

This developmental-applied study involved students
in grades 3 through 6 who had been referred to six
learning disability centers in Alborz Province due to
difficulties in mathematics (N = 648). Based on
estimated prevalence and error margins, 96 students
(72 boys, 24 girls) were selected through random
sampling, with each center contributing 16
participants. Students with acute medical conditions
or who withdrew were excluded. Participants
completed eleven cognitive tasks designed to assess
different aspects of cognitive functioning, including
dot density, number comparison, estimation, number
line, basic response time, and both verbal and spatial
working memory.

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

96) = n(MLD
Variable
M SD
Age & General Cognitive Processing Tasks
Age (years) 10.31 0.85
Overall 1Q 96.92 6.57
Verbal Comprehension 1Q 85.21 6.29
Perceptual Reasoning 1Q 93.36 6.72
Processing Speed 1Q 89.37 4.74
Baseline (Correct Responses) 39.82 24.42
Baseline (Time Performance) 1.15 0.31
Verbal Short-Term Memory 54.16 9.17
Spatial Short-Term Memory 79.89 6.44
Math Operations Performance
Addition (Correct Responses) 77.56 8.94
Addition (Time Performance) 0.33 0.12
Subtraction (Correct Responses) 75.62 11.88
Subtraction (Time Performance) 0.30 0.96
Multiplication (Correct Responses) 79.21 10.58
Multiplication (Time Performance) 0.33 0.08
Basic Concepts (Iran- Keymath ) 85.17 6.98
Operations (Iran- Keymath) 87.08 7.17
Applications (Iran- Keymath) 86.46 6.72
Overall Standard Score (Iran-Keymath) 85.11 5.44
Specific Cognitive Processing Tasks
Point Density (Correct, Time Performance) 73.19(0.93) 18.63(0.21)
Estimation 0.69 0.45
Point Counting (Correct, Time Performance) 81.40(0.34) 7.11(0.05)
Object Matching (Correct, Time Performance) 50.94(0.35) 12.18(0.08)
Verbal Number Matching (Correct, Time Performance) 87.31(0.57) 6.98(0.14)
Number Comparison (Correct, Time Performance) 77.94(0.79) 7.24(0.09)
Number Line (Correct, Time Performance) 12.34 3.84

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

The specific numerical cognitive processing tasks
were significantly correlated. The strongest
correlations were between verbal short-term memory
and dot counting/verbal number matching, while
spatial short-term memory correlated significantly
with numerical comparison and verbal number
matching and weakly with estimation. The zero-order
correlation between working memory tasks and
specific cognitive processing tasks is reported in

Table 2. For theoretical clarity, all variables
(measured both by correct responses and response
times) were included in the exploratory factor
analysis, totaling 22 variables. The EFA resulted in a
six-factor solution. The first factor explained 26% of
the variance, while the next five explained 17%, 12%,
9%, 5%, and 5%, respectively. Together, the six
factors accounted for 74% of the variance. The scree
plot clearly supported a six-factor solution.
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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 0/43 -0/09 0/23* -0/169 0/20* 0/04 -0/15 0/22*
Estimation 0/11 0/35** -0/01 -0/01 0/51** -0/01 0/20*
Counting 0/37** 0/39** 0/21* 0/16 0/43** 0/16
Matching objects - 0/16 0/06 0/43** -0/14 0/05
Verbal matching - 0/25* -0/15 0/39** 0/35**
Dot enumiration - 0/26** 0/09 0/40**
Number line - -0/15 0/11
Verbal short working memory 0/30%*
Spatial short working memory
0/01<P  ** 0/05>P
An examination of factor loadings in the rotated
factor matrix showed that the first dominant factor, Conclusion
numerical operations factor combined with spatial cognitive  processing tasks are significantly

memory. The second dominant factor, with an
eigenvalue of 16.8, represents approximate numerical
knowledge (dot comparison task and estimation task).
The third dominant factor, with an eigenvalue of 12.3,
clearly reflects a counting-memory factor (counting
and object matching tasks). In the fourth factor, with
an eigenvalue of 9.1, counting (response time) and
matching (response time) had the highest factor
loadings per unit of time. The fifth factor, with an
eigenvalue of 4.8, showed the highest loadings for
arithmetic performance(response time) and basic
response time. The sixth factor, with an eigenvalue of
4.7, included base response line (percentage of
correct responses) and numerical comparison
(percentage of correct responses) with the highest
factor loadings.

The findings indicate that the extracted factors have
acceptable validity. For example, the arithmetic-
cognitive performance factor had a standardized
Cronbach’s alpha 0f' 0.773, and the range ofitem-total
discrimination coefficients in this factor varied from
0.22 (performance on subtraction operations —
response time) to 0.68 (performance on subtraction
operations — percentage of correct responses).

associated with components of verbal and spatial
short-term working memory. However, the pattern of
these correlations supports a functional distinction
between these two types of memory. The strongest
relationship was found between verbal memory and
language-based tasks (such as counting dots and
verbal matching of numbers), likely due to the
linguistic nature of number encoding in short-term
memory. In contrast, the prominent role of spatial
memory in non-verbal tasks like numerical
comparison and estimation aligns with cognitive
theories emphasizing the spatial representation of
numbers in quantity processing. Exploratory factor
analysis identified six independent factors,
confirming the multidimensional structure of
numerical cognitive processing. The high variance
explained by the first factor (26%) —identified as
numerical operations—spatial memory—indicates the
central role of integration between numerical and
spatial systems in basic arithmetic computations. The
second factor (approximate numerical knowledge),
explaining 17% of the variance, supports the
theoretical distinction between exact and approximate
number  processing.  Acceptable reliability
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coefficients (e.g., Cronbach’s alpha of 0.773 for
arithmetic performance) and the diverse range of item
discrimination coefficients (0.22 to 0.68) demonstrate
strong internal validity of the designed instrument.
These findings have important implications for
designing educational interventions for children with
mathematical learning disorders: it appears essential
to simultaneously strengthen verbal working memory
(for mastery of language-based number concepts) and
spatial memory (for understanding quantitative and
approximate relationships). However, to improve
generalizability, future studies with larger samples
and investigation of moderating variables (such as
age and educational level) are recommended.
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4. Verbal matching
5. dot enumeration
6, matching objects
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I, PsychoPy
2, dot comparison
3, numeral comparison
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6, arithmetic fluency tasks

7. MLD selection task

8, addition fluency task

9. subtraction fluency task

19 multiplication fluency task
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I estimation

2, number line

3, baseline response time

4, verbal short-term working memory
3, spatial short-term working memory

‘ VD (BT o lad o0 095 ity phe dloes J




VED (VPY 0lad 003 ¢ il psle alons J

O‘)Li-"“” sl g;“:‘.*’ L"‘:l"’

w8l Sk ol e (S g5llsy 5 b (s

sl
S VY E A s Y 5 VY) 0B S ES 8 e Lo e
Gl S ¢ (STl IV nl ¢ (ST ¢ ST sy 55 g isn Lo g
o Slas .l AD 31 SYL L (sl LT 530 g 45 a0 Ol
Gl 5 Slles (ulal palie 53 5 Shes (L) Sl
L gto ol 5Kk s 53 )1kl o il S5 35k 3 e S 09031
Fl s 53 4 S sde ol (s B5ls (ST s s Slas
odd iyl S ) Jsda 3 Sl ok (6,8 oIl el Oy 5 e

() dads) Lol

Lo SSThsl OV (b e pan shils OB s es 4
I 4 Dee @l 05 816 Ly s § Cold andllan 1 (g lb, YDl
D3ty 05031 (g -2 55 S8 (Lo aals 53 (5 g8 0,0 1) (5L
Lodd |2 sds > b bt (S 5 (G S) (bl Ao
Jols lesls 5 12l olg 058 5, » (PsychoPy il
03 G s s SSKe s 8 es s sTae
Pl a5 T 51 S Sl i sdalie S S s
R q.;kijmr\s- Sl e Tl il (g5l MSa I (gl ailis
Sl CallSs Oy nlie Slels gl s b 3 lukul o e 4
A3 Dy palie Olsisa o 4l e Yoo Sl S e 6T el o
s (ST (sla pize plod s odalin 5 03ls en idd b 8

Ll GBS Jole s g 5 Lkd o5 2 35kl sl 4,

by GOl STL OT0g5 58 nges § ol SSUD D310 IS g S0y OB phw (g &Ikl BT il § Sle I J9os

IS (6908 = A1)

3515 bl Bl 2 il gr
P90E FEUD 518 51 AT 9 g

NS Vo (JW) e
IOV ag/4Y SIS
/Y4 AB/Y (S g2 i sn
#IVY A\rAnd (Sl JNal) g 5 sn
FIvE A/YY (315 o ) o 52
C/FVYE/FY ALYV (el 0b3) e Glageuly 4y Lo
/v OF/\# IS Sdeols ST (6,18 bl
¢/FF Y4/A4Q wldd Dol 7 (S dlasl>
(SHlwlomo 8 yShos

CAYMAF (/¥[8 (el Obo3) e ey o Sl 533 Slas
(VLYARVN (/¥ OVO/8Y (ks 0b3) g ol 2 8 Sldas 535 Shes
/oMY 1OA (- /¥¥VA/Y (Gl Ole3) oo Gl 0 6 Slbas 35 Shas
7/9A ASY oo S 05T (bl alie 535 Shas
VY AV/ A Co S 05T Sllas j35 Sles
FIVY INZhit2 S S 05057 glas )8 535 Shas
o/fF AB/NY S S 05031 JS 30kl oyl
P LD (3105 IS

(/YY) WY (-/a%) V¥/1 4 (Gl OL3) o ys ey L& (oS 5
“/FO /94 (o 5las) 035 e
(/e 0) VY /PN (’C""% ouj)@p’@gbwu@m
(/* A AYNA (/D) b+ /8F (mly Olo3) oy ey Lt Gollas
G/VF) #/9A (/BV)AV/¥Y (Foly OLe3) oy Gy slts] S Goas
(/+Q) VIYE (/Y8 W/AF (ol Ol 3) o y3 ey (g3u4e g lie
Y/AF VY/XF (Gl Oe3) a3 frnly Sluts ] g




‘ V0 APY oLk (Y0 055 ¢ litily psle alome J

O‘)&Aﬁﬁ"\"‘}gg‘i:}t‘“:l‘

w8l Sk ol e (S g5llsy 5 b (s

5 geee Foly eo)d D) po 93 4 (@IS Gl (raly Ol 5 e
(Gl Ol 5 o Fraly Ao )3 D) g 93 4 LG 0 jled (il 0L
03) s raly Olj 5 e ol Loy D)5 50 4 LI Gl
95w al b 5,57 5 dbs o )s Oy o sldsl ) o (s 5lia)
NS Dol S alibl (aly Oboj 5 oo ol doys D)5
A3 D) sty o ldd Deoli S alablo (s Fraly Lo s D) oty
El s D 53 paz Sl 535 Sles (rimman (e Fuly
Fl Aoy D)o 33 4 38 Slkes 535 Shee cnly Ol 3 e
Frl o3 Sy 53 0 o Sllas 33 Sas 5 (Gl 0L 5 s
syly SLST Jule fulow &S5 ) uize YY JS 53 el 0L 5 o

(Sleuls 2o b ol adl 30) s

SIS 5 IS Al ST s 43 0 o Stan 1 Olo e (219
G Star sl 0ds ) S Y Syl 3 ol osls s,
A edalie e ol gl Bl S gadaze > me
Sioled b ST Seoli S (6,187 aliblo o  Siwes Sl oy e
Sdaoli S (6,8 abibl- 4’ Jlmys g el WS Gl 5 bl
ssb s alel (OIS Gulal 5 (gaue e b ls sae b 4 olab

g 05 e bl
b gk Llad Gl lslae s fule L shiea o3l (219
@M@g%ypgsdpu&uu:;uﬁqg&:&uﬁg
Lo 53 )30 53 4 bl anlie ol 53 5 0 g 8 o511 el Ol

Gl doyd Doge 53 4 Sode duslie (b Obj 5 oo ol

L (LD 318 T 9 (il bl LALT e 4 0 o (S (s Sl Y Joue

q A Y 1 [ ¢ v Y \ gre-2y
- AJa.EVS\,: R
- Wianad 035 Cpaies Y
= /Y —+/Q L ol ¥
= Y a% /YD oYY Ll gollas B
- NS PaEE —/N — /154 slael WIS Gk O
= AN A4 VAR -/ AR &34 dwslin P
- Vatas -\ o/FYE ats OV /¥ Sldel y gea Y
- —/\0 /44 /Y —/\F Van =/ —/\0 NS Do o5 587 (18 abibl> A
- VAhad AN VA Chad /YD /00 VALd VA D /YYE wldd e ol S (oIS ababl> A

b oSlesly osy ol Lol ool (sload 3o lows 55, L 3LacST)
slbasbole o Sl istle i) b eslinal 558705 8o 5l 5
G g0 oS 5 6 pdy o Sl Oliabsl (gl bl B /Y 5 ele

i gy 4 ges S liS oyl T s o gl 1 51 L3
oS 1 & gas a5 5l OLas (KMO =4 /VF) & g5 CuliS o LT i
=0.001)¢.1:)L,¢.,J,§oy;T.wl,lg,,;ﬂuou:wL;\Mﬂ
e LS| ale Judow 5 g5 jlaliae 55 (X? s o = 231) = 1186.25 p
Ol Iy uibyly doya Y9 Jyl Jole s ale 2 ool &K
Loy 0 50 A& AY Y %JJQWU(:}:L;LAJAL;W.U}T&

‘AJJ;G‘M“JJ“JEJUMJAV? V.AL;}J g}‘bgf:““"bfu“‘l:’.)‘ﬁ

Some e bl (5 (6,8 3k I 4 g (s hale ool o e
Jolu= glosny polae Gl Plu= Wb fele 2 dd oms
Pl ST 250 3,5 5 slls b s aze (3L (VAAF oCad )0 /Y
A Ll 51l Jolse 5 (1998 (01,00 5 0 1876S0) sl +/V
ez 1 godate Gdasbg he 5 e hle fded L Hlslae
o (2,0 51wl (6 dy A (glalo b ulin 03 9 Jbe i 05 g o

(Y VE STl) Sl ol oy 5 03 50 551 0 4
5 Okabl g1y 28,8 g 5 SLII syl ul IS 6l
s Sl v 3 SN PP 5 2S5y Sl sad axdle 5 5 0 53 o

Gole o e 5 LS LS Z s bkl olie 4 e i ples

1, kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO)
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