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Abstract

Background & Objectives: Mathematics Learning Disorder (MLD) is a neurodevelopmental condition. MLD refers to conditions where
children with basically healthy Intelligence Quotient (IQ) lag behind children of the same age or grade in mathematics, due to some deficits in
mathematics learning ability. MLD is associated with deficits in cognitive functions. Brain imaging studies confirmed that similar areas are
activated when individuals process spatial and number tasks. It has been revealed that parietal lobe plays an essential role in the processing of
spatial information. The Visual-Spatial Ability (VSA) is an umbrella term that refers to the skill in representing, transforming, generating, and
recalling symbolic and nonlinguistic data. Evidence for the role of visual—spatial processing in MLD remains contradictory. Therefore, the
present study aimed to explore differences in SA factors in children with and without MLD.

Methods: In total, 128 children aged 9—12 years have participated as two Typically Developing (TD) and MLD groups in this cross—sectional
study, in 2018. Moreover, 64 children in the MLD group were selected by purposive sampling method from learning disorder centers in Tehran
City, Iran. The TD group comprised 64 children who were selected by a multi—stage sampling approach from two elementary schools. The
inclusion criteria for the MLD group were obtaining IQ scores of >85 in the Wechsler Intelligence Scale for Children—Fourth Edition (WISC—
1V, 2003), and achieving a score of <80 in the Key—Mat (Cannolly et al., 1988). In the TD group, the Colorado Learning Disability Questionnaire
(Wilcott et al., 2011) was used to ensure the absence of learning disabilities. The inclusion criterion for the TD group was receiving a score of
<40 in the aforementioned questionnaire. The study participants were excluded from both groups in case of experiencing bioneurological
disabilities. VSA was measured with a computerized tasks battery of spatial ability (solouki et al., 2020). This battery included 8 factors of VSA,
including the Flexibility of Closure (FC), Closure Speed (CS), Perceptual Speed (PS), Visualization (VIS), Spatial Relations (SR), Spatial
Orientation (SO), Spatial-Temporal (ST) ability, and Way Finding (WF). Subjects in both research groups were individually assessed concerning
the 8 components of SA by the aforementioned battery. All 8 spatial ability tasks were presented to each subject on 15—inch computers, using
E—Prime 2 and Unity software. The study subject was placed 60 cm away from the screen. The battery of spatial ability tasks was performed in
two 45—-minute sessions. The obtained data were analyzed by descriptive statistics, such as mean and standard deviation as well as inferential
statistics using the Mann—Whitney U test in SPSS at a significance level of 0.05.

Results: The collected data suggested that the MLD group, compared to the TD group obtained a lower accuracy score in the tasks of FC
(p<0.001), CS (p<0.001), PS (p<0.001), VIS (p<0.001), SR (p<0.001), SO (p<0.001), ST (p<0.001), and in the memory of landmark phase of
WEF task (p=0.002). Furthermore, the number of trials in the learning path (p<0.001) and walked path in the short distance phase of the WF task
were higher in the MLD group, compared to the controls (p=0.003). The current research results also revealed that the two groups were
significantly different in the mean score of reaction time in VIS (p<0.001), SR (p<0.001), and SO tasks (p<0.001).

Conclusion: The present study results demonstrated that children with MLD have defects in all 8 components of VSA.

Keywords: Mathematics learning disorder, Visual-Spatial ability, Cognition, Cognitive deficits.

Copyright © 2016, MEJDS. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.


mailto:arjmandnia@ut.ac.ir
http://creativecommons.org/licenses/by-nc/4.0/\)
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

N84V 0) 1F48 1 5b ladlas does

J:\-&‘L;&Aj};"\.‘w \\“(‘\obg:.k;-j)\.:\:a\

s F

g5 3 SRSk IS L 055 55 bbby (015 BBtn Julge maler gy
gs*bl:’)

Toablpsd Jola o3l eyt Tl Aoy Mol ST e * O Sl |

O 3

£00) (05 Ol oKl ¢ ool 18587 25 gal 5 uli2Olsy (65575 (§ g2tils

0Ll 015 <0l KNS oy 5 ke 5 il 8IS (bl OS5 S 25 sl 5 iy 03,8 Ll Y
DLl O e g oKl 5 gl g bl SIS (kB0 09,8 LY
arjmannia@ut.ac.ir :J gows 84w 65 2LL1,*

VYAA T YO 15 &b SVYFAA OLT Wl )b

eJ._.S?

a1 S o ol by (U150 e S 0 Sl 31 (S el ol pen (2 513 SIS o s L 2 5,50k IS i 5 e
S ol £ 3 683l IV s 5 L OIS S 5s bbby B8ta Julse 53 5 gz pe (SLacslis ) anlllas cpl Sa sl s Jule

A58 S5 VWAVLAA e Jle s Jle VYBA s &als 53 (8L (6,800 UM O3 5 b e 5 550 VYA (oS s 5 Enss ool 55t gy b
S5 5 gn O ge3l ol b ) Say (sl pl A ploil (glalm pair B3l §ndas il IV 5k 03,8 53 5 e bda o poty W2y IS Lo 83 (5,8 s
OLer 5 (Sobe) (ol (015 bl IS e samee b (ldb - by (U5 5 VAAA  ODIen 5 (J58) Can 5 (o2l 05315 (Y1) el (el
A el 00 (g ylalne Ch”'); Y¥ises SPSS i3l 5 U s o 05030 3l eslaal b Laesls ot g4y 3o . dd odaecw (Y0 Y

(ot g (6 gl IS 3 (5 5208 285 8 pad BT 09y 08258 0 5T aepliin s (85 (5,80 UM L OS5 05 5148 0l LS s sy
Lyl (p=1/0 0 Y) 2l ST glaalis dlasl 5B ys amen 5 (D<) 2l obey oUls s ol ohewe (olas kg, (Sl (Sl s ,w
(p</0 V) Ble3 S b o s ST 3 s 2 (650L 4 b o S D (512 1y (5 s 3L 3 (5 labins by 5y (6800 UV L 65 S0 58
5ol Bloday 05,5 55 5l ol S e H(p=1/t 0 Y) Llessey sole 055805 S U anlio s CadSs ol 0350k 30 3 1) (gl Cdlins (G)lslins ysbas
AP/ V) Bl KdSo b slsbinn sl plidb b 5 olab Jaily; ( olad e ST 5 ST Ol

ol ek olabo ol U5 BEA el e aled 53 5Ly £ 51 683k IV L 0TS eols LA sy ol s pSams

TR0 G- CIEN U WS S CW U S S0 U P T Y ER [ VY PR (3

(https://creativecommons.org/licenses/by-nc/4.0/deed.fa) JMallo ¥/+ 651 1 —lisl gz oo 45 ol 31T o sins b allis S0 ol 91506 oladlae aloes (A Y¥A0 © el b giioms 5LiS] G
4-&5@)_9} 13 padend () b ) sbay (ol 8ol 4 ol gl Do bl allie ol 5o edd piie 3l g0 45T das oo o)l Lol 4 &S ol ol iz

\


file:///C:/maryam/Downloads/arjmannia@ut.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/deed.fa
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

L IS I (sl Sl dny iy ol olad (sla bl el
U5 o3 Jele 0 cdls aegazes VSl o Jule oS
RRCANRCIV WA V-3 S P f‘ngLwrMeé 23,5 jaseia olab
P SIS J})KL;JQV.:...J:J A(8) "l e 42 Gl
o b fle 5 clas dex)l s uB baw Jlas
5 by wlad LUlp LM olas s oUls oYV alas
bad DUl Aa 55 ege sladale 7 o sla oIS
O 2 35750 GGl Ol )3 sy oo e (V) disr
SAPE ssba ole cota ol ( olas Gla SUIs Jolge 3,005
oMeas s ol 3 Al cod |y oLl SUIs le coale
5 JBs YHY e sl 3l S s el it ol Sl eSS
Sl A by OLer 5 JBs (M) 3,50 b OlSen
L as e IS (gl mes o 53 gl L dilesls &1, olas Sbl s
L=l A 5 S — 9005 g 1l ) peate Ldb (UL
OB ki sl S953 5 15 (2bad Lalsy «ssm — 500
slad 5 eldl o olad Ly, b o oK calies glacand
p> dn s o 53 B 53 ol e d3le Lapl BB 585
g o 0ala Ul 5 oS Jols LT LT alul a5 |y CJSS
€S S JSaab Sler Jas cp) el XS0 plae o )
i ol Ol bl a5 ol Gy
Jole o sl Ss dad 5 1) Shsl e w5 s Sl
o Jole bpo s dad ol plad il 5 lupas
5 by olas Uls el 5 s bl m g AiD s |y Lab
SRl (A B b G Bl 0 1) s b Ul
SebF s ol bls Sle sl olse b Juls cota
5 dbg auaid 55 Lol (Sl Jous b olan 333 il

el 0l S5 Jgd 50 0K

4ndde \

Gk oS ol Jpsicnas SN S S 6,80k IS
O daseie (ols) Ml bl aseis slaaly fnezey
gl s Fr b el Ol slaoles plil 55 Sl5L
ol paed perays (V) Sl S8 1wl el 35 sl
$lp oddoslul el GLSDL 5 blps o wus (IS
s I e Gl B Bl adeis slaylpl ( olubs
o) (1)l ks 318 S5l g 5 coddanlas Al
Lo 3 PEY oy cilides (5l 5287 53 eddelosl Slallas & Ly SWl
(YY) 25 0 03 e

Nl 5 olad SUls ey 5o 39 g0 Aagh Olosl )y
Sl obls ol blas 55 o8 el o SIS (Bl 6550
le e opl 4 oS Ls Oliiows ax gy aabl> oo oL
V&t Sin o 3 ledes Sisu (IS Ol @3 tlesls
53 Ol g b S, s Glacs i 35sb &l e
ol ed ey Sloil ax b il o Tads olad Ulg Cou
3 Slstnail 5 i x5 g oS el OF s (3L 4> bl
Olasls Il g il adly Jsd ol icals dan 5,0
Sl oo ) plad SUle &e) 5o 39250 SAGEI S 340 5 odes
Yiebad oUls ca,s Y Dl el wjle S Lls o S da
tlaadiga ) MSPL Y ¢ pldd — ol U1 (slaede ) sluss
Lgd o by o banaddga s onl 51 Sopp ol 4 oS olaosail ¥
el 358 0 S Gl U1 & Plab_ b LIS (F)
3 LS 53 340 6LACJ19 31 lsns b Sledbl (ol
S8 Al Yoo Slas Jool> &6 ,85 (5l - lab slaalids
(2lad DUls Jele jbale (0) 258 0 C\f'cm RGOV &0
S i gs b syl 53 0 pSE VA das Lyl 1 sladUas

s Ul Jelge Caypms ) Jode

B o ghoanb
i 55 e 3 b Sas
O,
S@Ldjc.))‘\lJﬂj@@d“(s)b)é&55‘4{&%&}@‘&)}&@&?&}&5))Aoﬁtfﬁ»&}wd:vtd}:r o
. . P uiw‘_gﬁ.lgs_ﬁUax\
,(9)@\5&2(..@@@%5@):4{)&”
4 SN TS o) S e 3 I3 AT 050 oy (28 Gl 5 o s U5 :
. . ; (et S £33 =Ll
(7);;“\5@(.“\30%&}
ge ol el asles 5 JISEN 03 Sy g g g 5 Lasled b JISCE) Ao e Sl 5 e
S e
(5) el 3L b S8 LS dhasml el pees 5 Jals T
(8) ol [Kos ol LS5 a4 olad gla S puas JUsl 5 g, U1 Sz L
# P J—....
(5) ol a3 JUI G i G bl sl B sy 5o 551 (6,80 b Ll e
(V) s b 8 53 osline slajlladar 51e 5SS all 05 8 pad 5333 UlS whad Jbegr 590 =]
(\\).\)‘:c‘)LfQ\gSf&ALSLAgSfu3)L):JJ5CJ)LAEQL£}:Q;‘JL&6L&L;3U}S JLA)b;jLsA.BL;’)U}S
&ALQ.A:)AJmalabAf‘-%z-.a)zJﬁu)ué.bﬁdﬁ)ubfjudﬁwu}luwdf&f@[fw g;j):-;_l:v};v

VY el

J.Lf;:“‘

6, Perceptual speed

7. Spatial orientation

8, Dynamic spatial abilities
9, Spatial temporal

10 Environmental abilities

1, Neurodevelopmental disorders
2, Visualization

3, Spatial relation

4. Closure speed

5, Flexibility of closure


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

I 03 5 bos S 53 55 Jle VYL o disls 55 S5 58 VYA
ol I Lo 8 55 (6,80 pe Lisls LS5 5L, S50
DMl 4 S S8 8F oS L5 ol @ o Kb §sda
0L s 650L IDes 58T e 55 a8 s il Bb) (5,550
5 U155 0le sl Slae wlul p VFAVAA laass Jle s
s SoS 3lad cped LS 03l adedl esd G Ay
e a0 515 AE Ol gl el B5luad b seda 15 M
o3 s e (3l (5L IS 05 S heaos Bl 5 r
els =058 JuS s isn 0 el el U &S ) S5
pdrein (1)) a0 gl ool 2 o 3000 5 (F) )l
ol Ly (6,800 UMl 05 8 5555 SaSSe ulal (pl s s
Sl Sy Gien 0se 53 AD I ki hen bre
(F)) oo S g3l 53 Av 51 eS8 503 03 slcmnsa 5 (F) o5l
OSie 345 3 Olabl (gl (L) IS G 035 53 o
A oslimal (FY) 5318 (6, S50 Ioesl Lol 51 (6,850
eS8 yas Sl Rk 4 (ool I sk 65 8 35 S
3 Sl G Sl 5U Ghls 08558 .55 5 STk daliiiw 55 Fo 3l
93 A La@:ij.,\;m&_ébcbfyﬁj\?uw
bug olas SUls 88esa Jelse b 3l ool il oy ponos 8
e a Ll byl olad Ule (65 5welS CAIS de gares
s as Bl o3gel a 2oV O GlBLl) 4o olad Uls CalsS
SIPTYSSIEIWIE IR PUE-IRNEJUPIS I SR BEIPS TS
2 2lad Uls S Fromn 35 oSl £ Joles boeio
@ ol dadllae 5wy, S0 slaylpl .o |l (Glaids ¥O k> 5o
el 25,1

o3 e cpl Hpoler Bed OIS STy Asn alia—
a wiluole V) 5 Il VPBF o dals (gl LaSTs lags Yoo ¥
e Vil el LS0ES wldiees 2 V0 5 ulids ool L(FY)
Gl 5 Vo Sl hls b o . oS ulis 0 5 oo
ol IS8l S s am 00 SG e gail ol sl T3l
sl (oo e IVl (oIS S5 Lo Lo ls (gl 0,00 ler
Glal 5 Vol 8800 Kle a)ls 5515 s 5 Jlnb
A S AT Galde JS lasl Cupes ol 10 O 5kl
Olpl 5 Ly oelde cpl o)l ded 0LSen 5 Bslo .(TY)
YA 2Bl dsda O S leel o 5 L3S Sbyla
AT el s

SLdle )3 5 a4 VAAY Jle 3 Ogail ol 1Pecs S O ge)l
IS 5 VAM Il 55 el 5 3 3,15kl VAAS 5 14RO
33 Bl s latee g3l ool (V) LS s oy Kes
Ol 3sois S8 sl clises (lao) g 55 Ol gel 5515 i
J.»Lij>)|>Lﬁu|]>.-\%Grs&mw%li;f;;w@js)sojﬁj
Ol aw) Igoms 1wl JS Ao 4w j5 Ogedles > V¥

4. Wechsler Intelligence Scale for Children (WISC)- Fourth Edition
5, Key Math

30558 5o wlbly 5 lad SUIS Obe iy laiash
CJSS 3 aS (gal 3l 5 5 ol @ tles S sl bLs,l 9VLE 5
2 S Jos g 2lad Gl lls @ by sbosel s
U155 Ll 0o 5dal 0 (V) Al (6 g 5 Shose 55 205
35 opl o St bl glakalp lul ol S olias
33 &S s S e aol jre (6l p e lllas LaiL
e s elie Ghle (S o G5l 1) gade 5 olad IS
O el (S5

b bbbl ol oSl 40 S o Doy i)
sesdhe lolal O L(10) Lles S pns s \slalal
soldel SHn 5 0Ll s (VF) b i s olad SUlg
Ll i OA) @osbl 5 dadls oo (V) bl Sllow
Salon al&es Q)J}TV.A\J.% slolal asaab, oz LS e
L ol 55 Cilsen oLl (6,801 3 s el 30 5 (5105 (sL2d )|
33 Ol g SHS s el 5 glolal o 85 .(V8) el
Sk IS jogaa 5 5L slst e SV
bleal ol 5sb cpl ool plo $(Y0) Sl 0 0313 L3S 5L
U155 s glair 55 Sl 2B glilal G 758
Syl olas

SSob IMesl s bz b la 55l 0 25 L e e dal g
2 @S ol g 4 b tass Sl (A ol (B L)
cJolioys LYY YF) do)ls o)Ll sl (5,850 Dl L ol8s 8
Ul e gl B dalpd a5 ls 3 025 55 (5 503 sla e
52 (YYY0) Bladls b (5,550 IS L 83,8 s oliad
e lals 5 S Sladllas 53 o8 i ol 5 e lasls ol e Ly
e (81 ol 0503 5 02 iy 5 5B ) sby ol L5
U5 BB Jalge o sai 5 ) sb e fal 0l eslind O
ol bl Jule il ol 51 (B 8500 SWI ollas L2
o sl fole o el S5 p3Y pizan (Y2 YA) el
s b b SUls (olad s (ilupas (Sl
oS s 2Ly S SOk INS L OS5 S 55 0586 (ol e
O 3,5 5 ksl s s 5 ies (558 Al s ST el
GR35 03 315 sgms AL IS @ S 0SS s gl
0558 3l es S ol o2 b QUl5 & Al (53 b ol jol
olad ollg Llesls olis Lajiass ol SOSLhe e
5 ol 1(YQ) sy JolS Il VYBR oo &y 3 gy i
2015 BB ol g pole )by ol O hed Sl a5
o Lals 5o oy IO Gk 5 L O S s ol b
D3 gy Jle 1 YEAQ

worsrs Y
b sk o2l Bses 05,5 0 o i 5 75 51 Glass (b

L Pparietal lobe
2 E-Prime 2.0
3, Unity


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

V8 Jals CadSS L (FY) el ol Shal slacles g0l ol
Sl 5 YU s Ll S SO il ol 0l Y 5 Lol dabe
35l 05 0305 ks Bl ioleiasis ol 5o JAK&}{“
35285 oS e 3 XS 5 g |y aminn VU 6 S IS S
B el S b Gollas i ol JSE ez 51 oSS
30 s oo &S 8)led LS sl s VL (58
B3 8 s Sl il os 0sle o a4 c..«\,; Ol . das HLed WlSasiw
A 5o b Jelod 5o pite Glgea oo Slagaly ST 0L
GUIT 5 3L sl ST ) 0 5a3TL —0 gl sl Lo g o w3
(FF) ol ods (3,158 1N Ol HL s S

52l O g3l 3 50L5 o e LSSl 1 STl s ST
V8 Jals CadSS L (FY) el ol Shal slaclgs 050l ol
SHIYL 5 S G osle a5 ol el 83b Y 5 ol 830
o 8 g 5 SopliS S S Gaseie b posel 2
5yla 4aS7s 5 sl s VL (681 b wlis wbl) ioleiamins
03 03la 2 4 ey Ole e Lid AdSimin (5, |y eoms £
% Ol gty oo gaguly oSy 0le) 5 35 8,0 Ll 450
eSS ol 05035k — 0 saT sl e 4 8 L0 55 Ua Lokt 5
(FF) ol 0ds (251584100 Of #Lis S Wl 5 505 b
0330 oSS @bl s dens LSS (S5 ALY
9> el e 83le ¥ 5 ool 83l 18 el CilSS L(FA) el
b4 Sr LI5S & & a8 jpa bl Sopell IS
osle ja 53 598 0313 OLES (G5 4 03,550 Jor a5l O gk 43,55
P2 Al K5 a8 55 e 033 LS 03 30l B2 ST G gt
el sline Ky 5 lls B g, 5o ol sl esle VF
o yaste JES 1 suad (555 (53,550 g Oy G okl
3 e paseidia |y (B35 550 83 500en 15 prabai s SS tel
)55 0 By g Cmet 0 AT ST g 558 o sl 3= 3 903
RS 3303 355 ool gdd p 534S Slau Sl ) e
L e ilgj‘fé)l.o...ﬁ 4SS 5 LS il 1) 03,550 .l.'clfcow
Gl O & 25031 &8 5Ly b psaas s LES WlSumis 535
sl ow Pk Ol 5 Bloss BL Julaiamin 5y das
Olgess peoms Slageuly 2815 Ole) 5 <35 4,00 250 o
o 0303l 05T slast b a8 5 S0 55 s el 5 e
ol ot 15 0 /508 O Flis,S Ul 5 55 sl IS
(T9)

i S il ke e Sl s e Ll S
535 ol Ble YA ald S opl (1) ol bl b
22| Symen 53 485,80 nenas by 93 50] el o el B3l
S sl pslas b odmes 0LeSs Kl dmie
(,:Jfa 53 el Calides Olg 4w 31 6 pslas Jols S e
03 bl Bl 2 523G 13 g5 o BI L 3 Ol A 2 e
SS air Conly Coow 53 5 355 0 0318 QLA amir o oo

3, Test of Visual Perception Skills-Revised (TVPS-R)

f

ot G ) Sllas t(awtia (LS shel il
oo (Jar Oy (80N 38 (o dulows (o
By 1l o) @y son el (e Jo claesls S
ol 350 ki slaasly 55 AN L /A s sl S slesl
5 Jeslemsldares L(¥)) Adbiso o3lu 5 Lgioms ols) Syl 5 ol
L3S oy Ol 03 Ly 053 el aemilsy S Shs (s
ot 2l 5 S 2y dsee sy Gkl 0sa3T 2l
2L el sty /PVE /00 (o O Olejen ol 5 L dloes
YAFG AT o el e 53 O Olis s Flas S ST (2, b gl
(YY) 54

5oL S e dliins 1 15315408 6 S0 ISts alitin
G2l OFY) L3 4 Yoy Jle s 08es 5 ol s Jaw s 3l 1S
s oSS pllly Jaw 5 oS Conl (gduaz s owlbie casliin
sl (8L WSt ) (g i (6,80 asliin y da
3 a0 Sleer Gl is) b oT slaaddze 5wl ol las!
el 031y sy |y 53 BB polie g sl ol o) 2le31L
DS Csllas d s ST el B3l sy 5 (SIS sy
L oaslinry ool slaadlie @l SKan (olsy orimmer ol ol
ol S 5 ol a3l e b b baasliia
Y elanl L CFY sl v /8Y Ol el
5kl Jhagi s (YY) e olas 5 F8 elaal Ol sl
Of addse slad 5 sl o cpl 53553 sl i Lo,
(olerl Ol (elaal cals QUi s Khe Juls
oo plos V) i Bl 0 K 5 (plad oY
Slesl sl Olpl s ealil gl sl aianlsy oS S
VAY 2LBU ey Sl eslial b s 0 /8e s S il il o
(F0) as 1S

b g 4 gazes ool 1T lad DUl glall, eSS de gazeo
IS ot Jald o s el Yo ¥ v Jla s 0, Sen 5 5 Syha
L olas obls ble cita Lol & el ol e slabl,
anlsl 53 LSSl (YF) das o 518 roww o Iiaes ) gbay
el odd 03ls 0 feaiiey

O 303003 3= 8IS 3l Bwands LSS -l 2 s (5 ppdylam] S
(V) ol T b STal slacles Osedl & 51 S bl
Soosle o 55 598 0 Lo B3l ¥ g Jolisle V8 Juls CaISS
Ol 53 ls eday 5 B LS e oS SN Sler 5 VL L S
S8 5 s e sl 50 503T 5l 358 e 1 SLL iolaasio
38 ks 483 5 by b S5 S s 1y asie YL
a5l e o}LaJAA\.:v'cng Ola)y s s ulSamiws (g3, ‘)@M
23 e Olgea moes Slaguly e PRI PRI RGO SO
IS5 ol 0503l m gl el 3 38 I 53 b o
(FP) sl ok (3,158 4 /OFA O Lo S Wl 5 o sllas

LS & go3le5 5 Zu‘}f.w WBend LSS bt S 2SS

1 Colorado Learning Difficulties Questionnaire (CLDQ)
2, Computerized Task Battery of Spatial Ability


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

FF) sl 0l 518 (/8 FY) 5L sl

— S o e LSS 3l B LBl LSS 2 ol s IS
@ole 555 0 30 aw ol LSS L(FY) sl OLCen 5 g 5
o) 035p0ks ol s (6,550 tlawlis Wbl ) Conl
g VPl b a8 5l s sl (G5l Bl Jases 5 2SS
LObLs 51 F9F (dais Bl ler sheed Jold 5 ol o el
V8 5 Olaslu aw 358 e oS (6 2T laslps o s &S
A e 95 Jols ST ol sl e éa|j@x>mduolia)> LS
s (S50 wlzs gl abl) Lol B aw 5 (gilubid
oo Jame (J31 50 55 5 S3LaldT b 55 .ol (0be 03 STy
0 o e S 1508 a3 50T 4813 55 0 00l bl 650
DB G 3 &S ol es O3l gl Al S
b s dsl e 51 o gail o s e ool et o fiws
L L oLl b gasail S S Jaoes 50 ol sy
O3la,Lid &gy sbay (S o J S g 5 IISasi 1 eslind
s OIS > 5350 g0 S Lol Siamin e 4 ) 405D
g oz S o ISy oy ol cly 5 Gy
0 (gl s 33 8 93 ety G25a)] Ja i o plasils
5B glp s e ab 8k 5s baaslas alasl> 50 6,00 Ol et el
st 33 2 53 SNo 4 sy 1 48 lpeale SIS s (5,53
Aol (93 pole Ciluns Gl 348 0 o b ol ol b
Olosdlur 93 G s (2 50058 03 Spaetn [ slainey s s
e ST ol oS 53 it by 355 0 el ()
s B o g oy LSSl 5050 05030 slel 5,8 e 513
M= e 550 A Y=lasliss dasl-)  sb)
(FF) ol 0l 318 (/8N =035 p0ks

SPSS (s)l53lp 5 s b sSThe (sl 1l o 5 0ts 513 S (s laosls
Sl Gl S JdoSsaias 000 goblae plaw 5 Y Bl
035065 gy -2y S 53 5 0303l co5,S 33 55 i
BSOS b g el s S50l S0 pa3T S eolil b Lo i )5
Sle s oo 0503 3 elpls 2 Laesls 5 00 pdle b
BTV PLIPRTV Sor Lo T o);j} Syl iy

bail ¥
el 0l S3Y Jgd 5o Qlf.\;;fdj.i i wledbl
e e (=2 /VYA) (Bl 5les 8 53 il ol
o e s (p=r/Yr) () 28 B pse lasly)
L Uﬁolf;; USIEY Ji:.l.i:s L obsbas @l (p=2/FV )
00 Syl (5l3bme ) sbas 531,08 ulie )3 L (5,530 M
L35 5L (653l IS 9 03 S O3 8L alin)s (5 iy
S 31 gulabae ol oS sls olas 5 Sl o geil (p<rye oY)
G35 2l (D= ) S s 058 55 55 i o
by el 05 8 e Sse o Lo 5 L sl
A(FO= o YAz 255) IS G5 05,5 5 (T )=y (P 253)
O3 33 2Ly (55500 I Loy S 0S5 Sl S50 p3Y
Slpsl i Plis b3yslcmse m o3V Dlae cnl S

0315 LA o o a8 b gl boa Ol 503 5o
G PR AR v EE ] Cl:..« 03 Cwly Cnw sead 340 0
OLse G Covw ppas b gl ) L"‘pfjj‘ o 22 S8 sba
S el shes el ) 53 e 33 5 (0SS o) Al e
A 5405 55y Slasly OV i (eoslae L5[.:&(.:.:,T) Sl 0l
Db G5 0laS ole 13 5L S5 25 e SL1 LG 5o S i a
o oSG Slab a0 BLIL el a L (esline sls
QL&ﬂ}ﬁj)Jﬁ‘gQ)ﬁw‘@EMJ@QLAQTQJ::\?J);
)LﬁJJ:’L’ \) YS)LQ.::J:.Ls‘JQJﬁ QjLé;anU \@Lo...i.\:.kf‘.mﬁ
Olbe) 5 &35 8,05 .ol a3l Vv o3l 2w JMC“’[:' Ole)y s
w35l s s felos 53 it Olyee o Sbagely S5
ELaS ST 5 5L sl CaSS 1 05035k 0303 sl 358 o

(FF) Cal ok 5158 /8 ¥0 Ol
s bsle 93 5 Jolasle V5 Juls LIS (F0) ol WlSe
50 0315 LS g3 ga)l 4 uSe a3le o 45 CadSS -l s Ll
Sleske a gl cal e a3l S s 5333 SO 0l s S
ool (oS (S0 e 31 SIS LS s 3 58 o il g3 53 505
S sl Awge mogealy Ol 5 Lls o BL Sioledamis )
Oley 583 80 sl a5l V0 o3ls a Aff’é“"'l;' Ole) .55d o0
w8 s b flos 53 ke Ol oo Slagul (ST
FLa,S T 555 sl S ol 05a5TL 0 503 slael o 55 e

A(YFF) Cal ok 55158 4 VAT Ol
S AL s Aed ISl t ole) plas Ul AT
OLasST Ul 6 Se3ll gl cadSS ol L(FY) conl (5K,
LS““L:")&)bWU’:mW“’Mf‘;l"ijﬂdu)r‘
B s Jgb 53 amio WG 52 S S s S 55
Oua ol 4 dlSasis Aol LISL WL s geil S e oS
gt ol ol Shse o KA eSS 05 pl b i 40
Solblel ngJ Jﬁy\:: J)}c)T J“f@ ‘Yb Coowds (.._\.5.’«.‘.» CA§J>-
43‘)‘ alises C& oy A )‘ «.sii B da LS )))5-):1 [EERV LY
‘3}’:‘5‘“°3)‘_§3)'°)TL-“}3 4.1...90 .,\.:Jséf)b)\ mjwégj )}.;L;o
oot osle ja oy a5l ool Y § oz, ;U.aj LS 5y
a0l 5 Ll peps ol 4 asiw VL 5 Gl o sSns
0 ol isle &)1 51 |3 55 0l da Oda o ol Sl
ST gl sl Uil glagbey 5 baw ,w b o e ‘,.«J
@ sl a3l da Q}aj IS 0 s e Sl AT L u_’ufaj
Js s db}»j = ‘5u.c~»ll;i Dgd g 03l 3,550 d.“)"’j
R Ol geas B3 8 el el LSSl 53 (698 00 Ol e aesle
LSS o 3035k — 0 gl sl o e 4 S 1 5 e Ll 5


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

A3 yls 1y S0k 5l S s Ikl

yuw‘guﬁm\'@»

oLy I osd 0g S by I
p z NEJORY _ NEJORY _ [PgUEER
3yl ool 3yl oo

JAYA —\/0Y +/44 4/4v AR Vovy O
VALK —JAY +/44 /40 Ay \7A¥4 e phate
</ —4/VA \KVAR YY/\V ¥/55 \A7AY4 330,48 bl
AR —+/A4 EVAR A0/A N NYE 4¥/4A sosR b

_ - - \a'%4 VY $ G S ol

b s ISE 53 s 2 (50 by e SV G
L ey Sl (g)lalns 5 5ba ssbman t(p<iy/e e ) Lilos S
Llos poy s3le Q\S;jfajﬁlg sl ) LSS -l 05 ol 36 5
(Y dsdx) (p=1/00Y)

Bloday 658 53 4558 jasie s o 0sa5] JoS g
Lolsy ((p<r/e 0 V) (plhdd s IS 3 ST 0ley SKobee
sl (P ) (2bas pboer o (i) (2Las
(¥ Jsda) doyls Souss b (g lstine

I b o558 05 8 a8 5ls las s ag 00l Sl Juloss
C> §yad IO o O 05 8L anlieys 5Ly oS00
et S e (P00 ) e § g bllanil ST 5 (6 S
6)'Lw¢m>.é (p<ryen)) Sl cepw d(p<iyY)
w2 oboer (p<ryir ) glad kils, d(p<iyit )
bsl> 56 s 5 (p<r/er ) 2lad ol (2Uls (p<i/erY)
03 S IS5 e (15 (D= 4/ + ¥) (2 s LSS (5Ll
Sl Ly e 83Le 3105 (g lslinn 5 sbay Sy (6 S5k M L

JJL:')LSJKJQJ‘)}\}‘Q}JJ}baj;j))>$w$uj36uwfhﬁu.n “(JJJ’

sleos S P P Loy S
z Ol o] _ oY _ s Loaids IS
p ~ el o LS P (Svak ’
J)‘J.Jl:..w‘ ))‘Jut»w‘
<o/ N AV VY0 VY/£Y V040 £V/0A Y035 0 0l Lot
s 6 ppdyillanil CaISS
OYEY V5% WWEY SYeE V0. 5O/AT STs 0l o B2
<o)y YR VYATY AVAY NO/F) 0%/A4 Yo o o
/ / / / / / ’ o o995 =Ll s o 2SS
4 —\/AY \V/FY Vo0V YY/)NF £4,40 oSy 0l
<r/ee) —V/tY \RVAA% XVA R 74 0¥/ ¥ Y085 0 ol S L
S e A_L.&)
SV IRy VWEE  SOA YYD 1,00 SRS 0l T
<v/ee) —%/AY VoY% AV VY20 VA%< %033 0 03 " o
<ure) 00 YASO AT YYFS DYV S15 0l L SO s
902 =L
<o) OO YOS VYOS \YAY O¥/0Y %oz oyl GO T
<oy Y YENY SN0 YWY AvYE STs ol - P
<o)y _O/F4 V48Y 080) VOV TV Yords o 0 . .
<v/ee) . AR Yo/No VV/fA \YAY oY/0Y oSy 0l
<o/ —¥/0) VY0 \AvZas VY/0A OV/Ar 9033 0 0 oboialas HUls il
ey VAR AAVAR! V4,04 VY8 Vesye 9033 0 05 agsLis ddasl> %
o=l _ o)
<o/ —V/AD V/VO ¥2/AV V044 FANVO YoosLe slos et (6 550 1
ey ¥/ V/A N Y/ VE/FY FOFA e 0350k ciles T

J..za_su:.,ﬂlu_”;l.m A_A.AKZ &MJ‘ Lé_jL.a_B J""}; JOL«S ;S"Lf)ﬂ
4855 Ol el (FF) 1038 s B Andllas s 0By 5 o
Sls oo 1 s (gale O3 STL awlin )3 (s 5 Shas

:'=. f

Gl I L O S oS ts Ly p s b sl aallas

Ssben Sl el plad oUls B8eta Jelye s 5L

b 15 el LS 5 2L (5L IV L OIS 8


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

Lulg) Jole 285 (00) conl BL) flow Jo 5 Shs sl slias
IS S8 s S50 OB 0 b Dbl o ol
SSme Sl g (2Ul5 & dr IS 55 5 RS S
Sl b bhys 5 mn 1(01) L L3l o3l ol
33 2 53 (25b) 655k IS 4 M OIS ol s
Sy e =bn B 5o S Slad bl 5 lepeas Jole
o Ciad s L)l 13 (A) Oes 5 JB s

O ¢ S0 oL, b 2Bl 5 sde G s o, G 3,0 S s
3 5 odeagd 3,5 w5 385 5 gbas L QT@WQLGWU@L&
o Jole b HsShe ol laadlze duy o JRia (OY)
e (A) 0L 5 JB s il (5000 bl B 55 & Lad
Syls cllas o yls

@ ke b slaad) b 5 2L 5o ok wlessse J
O 5 by Jsb 5o 5 AiS o S oS (6 ole L Laoduly ST
1 ) oS ol a2 5 OLLE L(0F) ol als B ol L3 ol
i ol obls GISS s sl Il 4 e 1835705 8
Jole camils osle Q58 05,5 b anslias (g S 3 §e
e 23 ks 5 p2hy flus 02 Gl plab U8
dlae o &l .5 g o (6t Comarl Gols JLS 55 5 Slem s
osba (Dl S Is g (ol AT 3 ek LSl
ol et e 2Ly sl L (olad LIS (ol e
Rl ol a3l Sl 00355 (S5 lalge s Jole
U158 Jeolse 4 S (M) 0L 5 JB g ol (S5 L 8-
e 4 Ses Q58 3 el Flate ol s 5 Sl L2
el ol Sl L) €S0k

Jolse Cins s 5l sty Gl o Kos (6 ke )
Oldles cwils glolal 23 L Lds Ol |, olas
DL ol 48 diled Sl (63 2,185 oo LT s (6515 2 2 god
2Ly 5L I @ Y 98738 55 (IPS) \laolal ss,o
IPS o sasa lolal 123 .(VF) col (gale 08558 51 e slis
2S5 2lab ol 6 5 By sl 5 ok 5
038 p) St o8> S Blizial 5 5b ol 050 ol 2y £V 0) 358 0
Li,e IPS 5o olal b plab— ol IS 5o 058 5
sl

S5 0l oSSl 53 sl 4 sl et slaadl ) (S
2L 53k IS L 0183 05 8 93 3 ol bl s IS
IWs L Ol S daadl @ ax 5L .wdls o)Ll ale O35S 5
253l O3 8L ali)s 1) (6 iy (ST 0l) L) 6530
ool L plab bz 5 olab bl (silupuas IS
=bab Ul Jalse &5 S0 )3l () & Ol 5o )5S0 3L (3 3
Sl L350 51 (OF) Lol pealden 8 5 (5) il ealder Jus 55 b
IS s (Sledzey (S (s 55 58 3l JESL Sl
et IS5 53 Sy pa adibe ) 93 0580 ks (5L
SAYL O 5 3l papee (Ron Jale L g5 sP BLosl o

\

5 2lad Ll N R S s O S ol ST Ol
it el e ole OB STL agliey ola boge
G 555 o et 3 2l 3 ol Sl b oolionsey
I shyls 085 87 55 olas oUls 5o yed ol gl UK:M)
€Sl 4 g LSL adly 35 oLl e oS Sbey e Bl
(YY) OLan 5 i sla jimssy cizean (YY) 2505 2525 el
Gl Il Lol pl (s S asede (YY) OLer 5 dyss s
2 osbopes Liwr Gl Gl 2La— 2l QU1 50 Sl
ool e b ol s &L olid SUIS Jelse dos)
I 4 Mo G875 487315 HLES AT .o gomed (Y5) O, Kan 5
oot olab SIS s g pliailas] fele 55 5L 6,850
Jole ot 4 K 5 SssSs ol ash b seen )l
O 03 kb ol sed S IS G bl oS plad bl
(YA) dzsls oLl o 8

iy Wi Olpe ol ek bl s 5
RCIPING o o OWE NS JURP TSP P A P VR WY P UNCI PN
G3de SEl b (Son5 law Lol (ode b 5l e ll5L
S el &S als ol 03 S5 (6l (Il sbay ta)ls G858
O35S (i Tl 3 34z g i ) 585 gsus L
3de L Lad e coaS 5 alel 5l 5 ol pldd i 51 ) s
S COVS Y T  DU K PR T P S I U LR PUN A S DU P
el ol 5800 Gl 2l Olsea JHb ool ) Ll
e el 51 S psbiopen (FF) LS eslinal sl
sk by slalee S slois gl ol bl s e 1) (olab Ul
Cuia bLo,EL(F0) deS bos o iy dwdis (03 St i lad
05 Olo Jmaiia aslsl 3 5l sbacles b olas JUIs fele
RGw|

3L 5 yls 50 0l g el by s les 5l S Sl
SG gl il waomis G 3 Sl ki Ol O 35 S
Ll 55 oo s (8 pollan] Jale (sl b 8dzen (81 51 55>
) w23l day o e sl BLoyl s baclge ol b
el K3l s o Jole 4 s o g Lagls el (pwdin
JoS 5 s (6 S Oy e 4 55 Bl e slee ST (6ol
Jole L(F5) L)l (i8S plubd) olab Cilises (152 5
P2l placals IS Hls SIS Olsea (STl s
Sl pl byt odd i i LSS SIS Ll 51
YY b (1) bt b)) 5 bt dia S G 03 56
b i agsl by el BLoyl s ol Jole pl b (7Y ol
Sy S —bal B s &S Slas Lele 4w bl s Led
IWs Loy 8 058 53 L, S gl (M) OLes 5 by
AL adls s a5 L5 L) 6500

2L M J S5ler 53 658 2Lk ol B Ol e (3l
Sl Jos (FVoFR) ol 0l €5-Ls Comnl 5l 5l
OF w8 05,0,8% s slad 0o Ko 5 pale el

1. Intra Parietal Sulcus (IPS)


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

('._v\a VY] ;;’T S iags 5o s e b Lol ng:fsg
S adlan ISl 1y O (dw S 5 oS (b 3,8

lLasls  #
OBUSES L 5l asbicals, 5 SN Ll

b0l &y 53 O oKl (6 587 Wl 5l wb S Wi oyl
Wb opled b alluy ool Jlsos ool (ol 0558 55580
&b s il LSS ey ghsd o3 YFYNYAQ
o5 2l ) S pamen il ol (o gad VYRR YY
L O e ol (55585 0l Ololos 3 eddasdllas 65 8
S L s ool ccasl 0dd slo VFARAONVA &l o)led
gj:ﬁolf:)fjmr\ed\ akiSeS L o8 oS il 5l asbiculs,
OBUSES s Sledbl ples mils blas tagh > oS,
Lle 3L Sle s

SLasl gl abesls,

RO JOS B W SOV I

e o135

I able 3L @ Sn & Ll e Ll 080

S mla
;L@@Mug\uﬁw@a@y@ﬂ};@du@ﬁdu
355 o Ol Glamza

080y 5 =S L

5 Lesls CIJ,;;M\ ‘Lmd';j.ajj\ Laesls Lg)}ch,- e Jyl dkenn 5
3O T 523 53 p s B 5 Cudls odge |y e (il
8oy 5 s QS)L:A)KCL?:;‘ﬂQ)LEj E 350 S 500
ool 5 bl 58 (6, Seill laslpl 5 eslicud s e
3 o Gla iy ol p)ler B el cSHlie S el
Coond 53 ey By Sl odgen | Wlis G S hes

el oSl bl a8 el 5 wlis 5,

References

85 S & S S5 U8 b (5 eabedas Jia) 3l ek s
S Gl ol 3 das e pelansl 3 4 ((WS81) ) Jde
o 5 2lad Bl (53l ol i Sy Ll
Aoyls baesls @ Cwlﬁ Sy G 0y w0 5L (Sl ce
Sl s gLl WBLy (680 JMel L oS S ST
pdsa g (V) L (6ole O ST anglie)y (6 S wle Dbl
wdly 5L ks S & QJ\;’C.A;. Sl i Oy 4 oS

LU
b o gen 5 0Kenl el b i 51 ol (5500 IDes
03,8 A o ool anllaa 53 ax S 5, plil il s VDS
Soman Jolge IS Joe 5 L L) Il gl)ls Ladb 45l
ol dallas Codgdoe Olgew 1) Jole ol g Hlgds
25 pRB a4 p2l st s S 4 4 gk o S e ks Ol e
5 kS o)Ll by (6,0 Il s Slas Lllg felss
gl el s SHS s ed a4 Ll gla et b b
25313 0 altns ol a0 A5 5o 0ol Sla i g% (15 Oledl SV
035 o 52 1 Rl Sl SIS Wil B i ol Julse S

Sz 0
wbad SUls el i sl Gl ponds gl andlas ol s
23 5 3 Gy B a8 4D ey (Bl IO 0SS s
osboman B s Ol S K85 5 Jelse 51 il
S Al 5350 Led Jule ax aS5 50 et Li30ls Gl
RS L 58 sy ol (bl 350 el b i 4
—le U1 BEA Jalse L3 50 2L g5 3 xSk
—le UL Coenl @ gl (b B 5Ll el LAl
Sl Gospe 5 oY S B sl s Ll
Al 5 b s 1y las Bl Jale ctia alad planases
Il ) o ki3S 085S gl sl sl slaasl 5

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders: DSM-5. 5" ed.
Washington, D.C: American Psychiatric Association; 2013.

2. Soares N, Evans T, Patel DR. Specific learning disability in mathematics: a comprehensive review. Transl
Pediatr. 2018;7(1):48-62. doi: 10.21037/tp.2017.08.03

3. Price G, Ansari D. Dyscalculia: characteristics, causes, and treatments. Numeracy. 2013;6(1):Article 2.

doi:10.5038/1936-4660.6.1.2

4, D’Oliveira TC. Dynamic spatial ability: an exploratory analysis and a confirmatory study. The International
Journal of Aviation Psychology. 2004;14(1):19-38. doi: 10.1207/s15327108ijap1401_2

5. Kong L, Michalka SW, Rosen ML, Sheremata SL, Swisher JD, Shinn-Cunningham BG, et al. Auditory spatial
attention representations in the human cerebral cortex. Cereb Cortex. 2014;24(3):773-84. doi:

10.1093/cercor/bhs359

Carroll JB. Human cognitive abilities: a survey of factor-analytic studies. Cambridge ; New York: Cambridge
University Press; 1993.

Hegarty M, Waller DA. Individual Differences in Spatial Abilities. In: The cambridge handbook of visuospatial
thinking. New York, US: Cambridge University Press; 2005. pp: 121-69. doi: 10.1017/CB09780511610448.005
Uttal DH, Meadow NG, Tipton E, Hand LL, Alden AR, Warren C, et al. The malleability of spatial skills: a
meta-analysis of training studies. Psychol Bull. 2013;139(2):352—402. doi: 10.1037/a0028446

A


https://doi.org/10.21037/tp.2017.08.03
http://dx.doi.org/10.5038/1936-4660.6.1.2
https://doi.org/10.1207/s15327108ijap1401_2
https://doi.org/10.1093/cercor/bhs359
https://psycnet.apa.org/doi/10.1017/CBO9780511610448.005
https://doi.org/10.1037/a0028446
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hegarty M. The cognitive science of visual-spatial displays: implications for design. Top Cogn Sci.
2011;3(3):446-74. doi: 10.1111/j.1756-8765.2011.01150.x

Ekstrom RB, French JW, Harman HH, Dermen D. Manual for kit of factor-referenced cognitive tests: 1976.
Princeton N.J.: Education Testing Service; 1976.

Yilmaz HB. On the development and measurement of spatial ability. International Electronic Journal of
Elementary Education. 2009;1(2):83-96.

Halpern DF. Sex differences in cognitive abilities. 4" ed. New York: Psychology Press; 2000.

Cheng Y-L, Mix KS. Spatial training improves children’s mathematics ability. Journal of Cognition and
Development. 2014;15(1):2-11. doi: 10.1080/15248372.2012.725186

Peters L, De Smedt B. Arithmetic in the developing brain: A review of brain imaging studies. Dev Cogn
Neurosci. 2018;30:265-79. doi: 10.1016/j.dcn.2017.05.002

Zimmermann M, Kubik V, Persson J, Méntyld T. Monitoring multiple deadlines relies on spatial processing in
posterior parietal cortex. Journal of Cognitive Neuroscience. 2019;31(10):1468—-83. doi: 10.1162/jocn_a 01435
Koscik T, O’Leary D, Moser DJ, Andreasen NC, Nopoulos P. Sex differences in parietal lobe morphology:
relationship to mental rotation performance. Brain Cogn. 2009;69(3):451-9. doi: 10.1016/j.bandc.2008.09.004
Berteletti I, Prado J, Booth JR. Children with mathematical learning disability fail in recruiting verbal and
numerical brain regions when solving simple multiplication problems. Cortex. 2014;57:143-55. doi:
10.1016/j.cortex.2014.04.001

Ben-Zvi S, Soroker N, Levy DA. Parietal lesion effects on cued recall following pair associate learning.
Neuropsychologia. 2015;73:176-94. doi: 10.1016/j.neuropsychologia.2015.05.009

Kolb B, Whishaw IQ. Fundamentals of human neuropsychology. Seventh edition. New York: Macmillian
Education Imprint; 2009.

Matejko AA, Price GR, Mazzocco MMM, Ansari D. Individual differences in left parietal white matter predict
math scores on the Preliminary Scholastic Aptitude Test. Neuroimage. 2013;66:604-10. doi:
10.1016/j.neuroimage.2012.10.045

Shafrir U, Siegel LS. Preference for visual scanning strategies versus phonological rehearsal in university
students with reading disabilities. J Learn Disabil. 1994;27(9):583-8. doi: 10.1177/002221949402700907
Share DL, Moffitt TE, Silva PA. Factors associated with arithmetic-and-reading disability and specific arithmetic
disability. J Learn Disabil. 1988;21(5):313-20. doi: 10.1177/002221948802100515

Murphy MM, Mazzocco MMM, Hanich LB, Early MC. Cognitive characteristics of children with Mathematics
Learning Disability (MLD) vary as a function of the cutoff criterion used to define MLD. J Learn Disabil.
2007;40(5):458-78. doi: 10.1177/00222194070400050901

Geary DC, Hamson CO, Hoard MK. Numerical and arithmetical cognition: a longitudinal study of process and
concept deficits in children with learning disability. J Exp Child Psychol. 2000;77(3):236-63. doi:
10.1006/jecp.2000.2561

Jordan NC, Levine SC, Huttenlocher J. Calculation abilities in young children with different patterns of cognitive
functioning. J Learn Disabil. 1995;28(1):53-64. doi: 10.1177/002221949502800109

Spellacy F, Peter B. Dyscalculia and elements of the developmental Gerstmann syndrome in school children.
Cortex. 1978;14(2):197-206. doi: 10.1016/s0010-9452(78)80045-8

Gunderson EA, Ramirez G, Beilock SL, Levine SC. The relation between spatial skill and early number
knowledge: the role of the linear number line. Dev Psychol. 2012;48(5):1229-41. doi: 10.1037/a0027433
Vukovic RK, Siegel LS. Academic and cognitive characteristics of persistent mathematics difficulty from first
through fourth grade. Learning Disabilities Research & Practice. 2010;25(1):25-38. doi: 10.1111/.1540-
5826.2009.00298.x

Huttenlocher J, Newcombe N, Vasilyeva M. Spatial scaling in young children. Psychological Science.
1999;10(5):393-8. doi: 10.1111/1467-9280.00175

Wechsler D. Wechsler Intelligence Scale For Children—Fourth Edition (WISC-IV). San Antonio, TX: The
Psychological Corporation; 2003.

Connolly A, Nachtmann W, Prichett E. KeyMath Diagnostic Arithmetic Test-Revised. Circle Pines, MN:
American Guidance Service; 1988

Willcutt EG, Boada R, Riddle MW, Chhabildas N, DeFries JC, Pennington BF. Colorado Learning Difficulties
Questionnaire: validation of a parent-report screening measure. Psychological assessment. 2011 Sep;23(3):778.
https://doi.org/10.1037/a0023290

Sadeghi A, Rabiee M, Abedi MR. Validation and reliability of the wechsler intelligence scale for children-IV.
Scientific Journal Management System. 2011;7(28):377-86. [Persian]
http://jip.azad.ac.ir/article 512280 bb892732dc89d3658e51a8e0f7999ef9.pdf

Mohamadesmail E, Hooman, HA. Adaptation and standardization of Key Math Test. Reasearch on Exceptional
Children. 2002;6(4):323-332.[Persian] http://ensani.ir/file/download/article/20120327152729-4003-28.pdf



https://doi.org/10.1111/j.1756-8765.2011.01150.x
https://doi.org/10.1080/15248372.2012.725186
https://doi.org/10.1016/j.dcn.2017.05.002
https://doi.org/10.1162/jocn_a_01435
https://doi.org/10.1016/j.bandc.2008.09.004
https://doi.org/10.1016/j.cortex.2014.04.001
https://doi.org/10.1016/j.neuropsychologia.2015.05.009
https://doi.org/10.1016/j.neuroimage.2012.10.045
https://doi.org/10.1177/002221949402700907
https://doi.org/10.1177/002221948802100515
https://doi.org/10.1177/00222194070400050901
https://doi.org/10.1006/jecp.2000.2561
https://doi.org/10.1177/002221949502800109
https://doi.org/10.1016/s0010-9452\(78\)80045-8
https://doi.org/10.1037/a0027433
https://doi.org/10.1111/j.1540-5826.2009.00298.x
https://doi.org/10.1111/j.1540-5826.2009.00298.x
https://psycnet.apa.org/doi/10.1111/1467-9280.00175
https://doi.org/10.1037/a0023290
http://jip.azad.ac.ir/article_512280_bb892732dc89d3658e51a8e0f7999ef9.pdf
http://ensani.ir/file/download/article/20120327152729-4003-28.pdf
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html

[ Downloaded from jdisabilstud.org on 2025-11-02 ]

[ DOR: 20.1001.1.23222840.1399.10.0.159.8 ]

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hajloo N, Rezaie Sharif A. Psychometric properties of Colorado Learning Difficulties Questionnaire (CLDQ).
Journal of Learning Disabilities. 2011;1(1):24-43. [Persian]
http://jld.uma.ac.ir/article 88 a931f928ec22ff058d23b5a9d80fb704.pdf

Soluki S, Yazdani S, Arjmandnia A, Fathabadi J, Hassanzadeh S, Nejati V, Jansen P. Comprehensive assessment
of spatial ability in children: a computerized tasks battery. Adv Cogn Psychol; 2020. [In Press].

Gardner MF. TVPS, test of visual-perceptual skills (non-motor): manual. Hydesville, CA: Psychological and
Educational Publications; 1996.

Harris J, Newcombe NS, Hirsh-Pasek K. A new twist on studying the development of dynamic spatial
transformations: mental paper folding in young children. Mind, Brain, and Education. 2013;7(1):49-55. doi:
10.1111/mbe.12007

Wiedenbauer G, Jansen-Osmann P. Manual training of mental rotation in children. Learning and Instruction.
2008;18(1):30—41. doi: 10.1016/j.learninstruc.2006.09.009

Hegarty M, Waller D. A dissociation between mental rotation and perspective-taking spatial abilities.
Intelligence. 2004;32(2):175-91. doi: 10.1016/j.intell.2003.12.001

Sanchez CA, Wiley J. The role of dynamic spatial ability in geoscience text comprehension. Learning and
Instruction. 2014;31:33-45. doi: 10.1016/j.learninstruc.2013.12.007

Mengue-Topio H, Courbois Y, Farran EK, Sockeel P. Route learning and shortcut performance in adults with
intellectual disability: A study with virtual environments. Research in Developmental Disabilities.
2011;32(1):345-52. doi: 10.1016/j.ridd.2010.10.014

Mix KS, Cheng Y-L. The relation between space and math: developmental and educational implications. Adv
Child Dev Behav. 2012;42:197-243. doi: 10.1016/b978-0-12-394388-0.00006-x

Geary DC. Mathematical disabilities: cognitive, neuropsychological, and genetic components. Psychol Bull.
1993;114(2):345-62. doi: 10.1037/0033-2909.114.2.345

Arcavi A. The role of visual representations in the learning of mathematics. Educational Studies in Mathematics.
2003;52(3):215-41. doi: 10.1023/A:1024312321077

Hegarty M, Kozhevnikov M. Types of visual-spatial representations and mathematical problem solving. Journal
of Educational Psychology. 1999;91(4):684-9. doi: 10.1037/0022-0663.91.4.684

Kosslyn SM, Reiser BJ, Farah MJ, Fliegel SL. Generating visual images: units and relations. J Exp Psychol Gen.
1983;112(2):278-303. doi: 10.1037//0096-3445.112.2.278

Rieber LP. A historical review of visualization in human cognition. ETR&D. 1995;43(1):45-56. doi:
10.1007/BF02300481

Zimmermann W, Cunningham S. Editors’ introduction: What is mathematical visualization? In: Visualization in
teaching and learning mathematics. USA: Mathematical Association of America; 1991. pp: 1-8.

Clements DH, Battista MT. Geometry and spatial reasoning. In: Handbook of research on mathematics teaching
and learning: A project of the National Council of Teachers of Mathematics. England: Macmillan Publishing
Co, Inc; 1992. pp: 420-64.

Ashcraft MH. cognitive psychology and simple arithmetic: a review and summary of new directions.
Mathematical Cognition. 1995;1(1):3-34.

Marshalek B, Lohman DF, Snow RE. The complexity continuum in the radex and hierarchical models of
intelligence. Intelligence. 1983;7(2):107-27. doi: 10.1016/0160-2896(83)90023-5

Bull R, Johnston RS. Children’s arithmetical difficulties: contributions from processing speed, item
identification, and short-term memory. J Exp Child Psychol. 1997;65(1):1-24. doi: 10.1006/jecp.1996.2358
Allen GL. Cognitive abilities in the service of wayfinding: a functional approach. The Professional Geographer.
1999;51(4):555-61. doi: 10.1111/0033-0124.00192



http://jld.uma.ac.ir/article_88_a931f928ec22ff058d23b5a9d80fb704.pdf
https://doi.org/10.1111/mbe.12007
https://doi.org/10.1016/j.learninstruc.2006.09.009
https://doi.org/10.1016/j.intell.2003.12.001
https://doi.org/10.1016/j.learninstruc.2013.12.007
https://doi.org/10.1016/j.ridd.2010.10.014
https://doi.org/10.1016/b978-0-12-394388-0.00006-x
https://doi.org/10.1037/0033-2909.114.2.345
https://doi.org/10.1023/A:1024312321077
https://psycnet.apa.org/doi/10.1037/0022-0663.91.4.684
https://doi.org/10.1037/0096-3445.112.2.278
https://doi.org/10.1007/BF02300481
https://doi.org/10.1016/0160-2896\(83\)90023-5
https://doi.org/10.1006/jecp.1996.2358
https://doi.org/10.1111/0033-0124.00192
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.159.8
https://jdisabilstud.org/article-1-1783-fa.html
http://www.tcpdf.org

