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Keywords: Background and Purpose: Cognitive rehabilitation consists of a set of targeted programs to
Learning disorder, remediate or improve cognitive functions. Cognitive skills are considered the main predictors of
visual perception, mathematical ability and related deficits are associated with mathematical disorders. The present
working memory, study sought to investigate the effectiveness of cognitive rehabilitation in improving working
spatial perception, memory performance, visual processing, and spatial perception in children with mathematical
math problems learning disorders.

Method: This research utilized a semi-experimental approach with a pre-test-post-test design. The
population of the study consisted of students with math problems in Tehran province. 30 participants
were selected by purposive sampling and randomly assigned into two experimental (n=15) and
control groups (n=15). KeyMath diagnostic test (Connelly, 1988) was used to evaluate their
mathematical learning disorder. A researcher-made device called Morva was used for the
intervention program. The experimental group participated in eight intervention sessions of 50 to 60
minutes for four weeks. However, the control group did not receive any intervention. The children’s’
performance before and after the intervention was evaluated by the Children’s fourth Wechsler test
(Wechsler, 2003). Analysis of covariance for the data was conducted in SPSS 22 software.

Results: The findings revealed a significant difference between the two groups (P<0.001). Therefore,
our results suggest that the cognitive intervention had a significant effect on working memory
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Extended Abstract

Introduction

A mathematical learning disorder is a specific learning
disability associated with difficulties in understanding
numerical and computational representations. Children with
such disorders experience severe and continuous problems (2-
4). Researchers and clinicians have sought to investigate the
underlying cognitive factors and their interaction with a
mathematical learning disorder. The general cognitive domain
including working memory, language comprehension,
attention, and visuospatial learning is among the influencing
factors in mathematical problems (6, 7). Working memory is a
cognitive process with a limited capacity that supports
manipulating information in short periods of time (11). On the
other hand, visual perception is a complex neural process that
according to the Gestalt theory goes beyond object
identification and includes the process of organizing and
interpreting visual information (19, 22). Furthermore, learning
mathematics requires spatial processing. It is suggested that
special processing shall be considered a multifaced domain
consisting of spatial perception, mental rotation, and spatial
visualization (17, 18, 28).

Previous evidence shows that cognitive and educational
rehabilitation interventions might be effective in restoring and
improving the mentioned cognitive functions (14-16, 21, 25-
26, 30-35). In this regard, different types of tools have been
presented in the form of computer software, pencil and paper,
or toys, each of which has advantages and disadvantages.
Investigating cognitive rehabilitation and designing devices
with diverse and simple enjoyable games that are accessible to
the public gained interest in this field of research. The aim of
the present work was to evaluate the effectiveness of a
cognitive rehabilitation package, also known as Marva, on
working memory, visual perception, and special processing of
children with a math learning disorder.

Method

The current work is a quasi -experimental research with a pre-
test/post-test design with the control group. Thirty participants
were selected by purposeful sampling from the population of
students with a math learning disorder in Tehran. The
participants were randomly assigned into two experimental
(n=15) and control (n=15) groups. The inclusion criteria of the
participants were: obtaining a higher-than-average score in the

KeyMath diagnostic test, age between 6 to 12 years, primary
school education, cooperation with the researchers, and
informed consent to participate in the research. Comorbid
disorders (including attention deficit and hyperactivity
disorder, sensory-motor problems), drug use based on
information from the counseling file at school, family problems
such as addiction and parents' divorce, and unwillingness to
participate in the research were considered as exclusion criteria.

The standardized version of the KeyMath diagnostic test (37,
38) was used for math learning disorder diagnosis. A
standardized version of the Wechsler-4 was used for the
evaluation of children's performance in the pre-and post-test
phases. Cognitive rehabilitation was conducted with a
researcher-made package also known as Marva for the
improvement of cognitive functions involved in mathematical
competency. Content validity of the package was obtained by
asking the opinions of experts in the field of cognitive sciences
and learning disorders as well as child education instructors and
receiving guidance from them. Then, the criteria of innovation,
application, coherence, comprehensibility, and
comprehensiveness were evaluated using content validity
measures (acceptable value of .81 and content validity of .83).
Each game of the Marva package was designed based on
several theoretical frameworks (such as Fletcher's Educational
Program, Sweller’s Cognitive Load Theory, Luria's Cognitive
Processing (PASS), Vygotsky's Concepts of Scaffolding and
Zone of Proximal Development, as well as valid tests such as
Shepard and Metzler's Mental Rotation Test, Color Trails Test
of Di Elia et al., Delis- Kaplan Executive Function System,
Wisconsin Card Sorting Test of Grant and Berg, Conners
Continuous Performance Test, Corsi block Tests, and Andre
Ray's Complex Figure Test.)

This research was conducted for each individual separately
after receiving the necessary permits from the General and
Exceptional Department of Education in Tehran, in 2 sessions
of 50 to 60 minutes for 4 weeks. Covariance analysis was
conducted for the data in SPSS ver. 22.

Results

Descriptive statistics including mean values, standard deviation
(SD), Shapiro-Wilk’s test, and levels of significance, in the pre-
test and post-test phases, are reported in Table 1. According to
the Shapiro-Wilk test and the significance level (P>0.05) the
assumption of normality in the pre-test and post-test has been
met.

Table 1. Descriptive statistics of research variables in pre- and post-test phases

Variable Group Mean SD Shapiro-Wilk p
Working memory (pre-test) Expc):ecl)':]rtr:’ce)?tal gggg g?i 972 .893
Visual Perception (pre-test) Ex;é:ec:ri]rtr;ce)llwtal 9:;;3 L ggg .984 .989
Spatial Processing (pre-test) Ex;():e(;r:]rtr;g?tal ig?g ggg 0.976 931
Working memory (post-test) Ex%ec::]r:;g?tal g;gg géi .933 .305
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Experimental
Control
Experimental
Control

Visual Perception (post-test)

Spatial Processing (post-test)

8.30
883 .954 .582
16.33
11.03 .935 319

According to Table 1, the mean values in the experimental and
control groups are close to each other in the pre-test phase, no
significant difference is obtained. However, the mean
difference in working memory, visual perception, and spatial
processing is significant between the groups in the post-test
phase. The results of covariance analysis of the effect of
cognitive rehabilitation on the variables of working memory (F
= 36.49, p= 0.001), visual perception (F = 66.87, p = 0.001),
and spatial processing (F = 4.25, p=0.043) were significant.
Comparing the post-test means after removing the pre-test
effect showed that the adjusted means of the experimental
group for the variables of working memory, visual perception,
and spatial processing (47.050, 550.026, 652.123, respectively)
were increased as compared to controls (38.550, 51.441,
111.615), showing the effectiveness of cognitive rehabilitation
package on dependent variables.

Conclusion

In line with previous reports (14-16), our results showed that
cognitive rehabilitation was effective in improving the working
memory of children with math learning disorders. Evidence
shows cognitive rehabilitation programs are effective due to the
fact that participants form their strategies by repeatedly
performing working memory tasks (15). The working memory
program might have improved the efficiency of neural
responses and cognitive processes related to working memory
capacity (21).

On the other hand, cognitive rehabilitation had a significant
effect on improving visual perception. This finding is
consistent with previous reports (25, 26, 31) that showed the
influences of such rehabilitation programs on visual processing.
One might conclude that visual perception is significantly
affected by the cognitive development and successful learning
of children through experience (7).

Our findings also showed that cognitive rehabilitation might
be effective in improving spatial processing which is consistent

with previous findings (30-35). Therefore, training that focuses
on spatial processing in the early years might lead to the
improvement of mathematical competency (28). The
improvement of the cognitive processes in this study may be
due to the physicality of the package, manual accessibility, ease
of use, and the possibility of creating different types of games
by children or their parents based on children's interests.

One of the limitations of this research was the lack of follow-
up due to the unavailability of the sample. Furthermore, it is
suggested that the effectiveness of the developed package be
investigated in other groups with learning disabilities to
eliminate the shortcomings of the package and develop a more
comprehensive rehabilitation program.
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6. Convergent validity

7. Wide Range Achievement Test (WRAT)

8. Predictability validity

9. Wechsler Intelligence Scale for Children (WISC-1V)
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1. Keymath

2. Connolly

3. Reliability

4. Validity

5. Internal consistency
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11. Mental Rotation Test

12. Shepard, Metzler

13. Color trails test

14. D’Elia, Satz, Uchiyama, White

15. Delis- Kaplan executive function system
16. Wisconsin Card Sorting Test

17. Grant, Berg

18. Conners Continuous Performance Test
19. Corsi blocks

20. André Rey
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. MORVA

. MORVA

. Morvarid

. Content Validity Index (CVI)

. Scale Content Validity Index (S-CVI)
. Fletcher

. Sweller Cognitive Load Theory

. PASS

. Luria

0. Vygotsky

— O 00 1NN AW~

mwwﬁ"’?"l@f‘ﬁ"“‘\a"é"’\("l’;\;"\'M]




L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

4l
sl oLl Glae Ol il S0k pslie ol i oy glaasily
05,5 S 4 ha s wesls Sla ite )3 ()l e o 5 &S 5
¥ Jader 53 09037 i 5 0ga3T i alo e 55008 5 malasT

) ol

ST e 55 5 sl Ol ol oSl ) s 5 LT o >
4y g gy s it O g 85 bt b (Ken 03057 I s
Jelos 1 opoman b il sl SLSS (g 2 S 0}5 Osa5T g sSST
b b gl s ealial [Ba 3 45 9 oy 8t bl S

s s SPSS (g ,LT V3l 5 YY 4 3l oslinal

09037 9 L 25 B9 R S ke (o gl So kT Jouer

SIS g0 Taw &b g 9wl okl Jlxe B =il Sk 095 gy
/AAY +/AVY A/BD Y&/f ot _
g Jlad aldl O 9o 3T 5
O/VY Yo/7% o
AN AN A/5¥ ar/A ot _
= Solo 25102 0 se3T ey
NA? ay ol &
V/are V/av$ WYY FO/F+ oAt -
- @8 553 0505T
VY/AQ F7IVY oS
AR /AYY YA FV/£e lesT _
> Jlb el 05051 gy
Z00) YA/Y o S
+/OAY +/A¥0 AIY \§/79 lesT _
- oM 2513 O g5 ey
AIAY ar/s ol S
/¥4 +/AY0 \FIYY OO/A? ele;T 5
= b oS53 55T
V¥ O /7 o S

\f'\}._.;_lgzc\"a)\a.&ﬁ a)jétés:;bb)ﬁ.a%‘uw

Gl als s «(SIg =0/8y s F = 0/019) Jlass abasl>
s F = vy oL as oSy 5 (SIQ = c/AFF 5 F = v/eey)
od Ken 4 g e aosls oyl das o OLES |, (SIQ =2 /50A
035 33 eilols Sy (g g AS o Cslom 5 S 5 Lo
bl e gl F ol s ostial o 0sesT S1el S 5 iulesT
sF = o) lws B5ls (SIQ = e /A¥A s F = 0/ e8) Jle
do o )3 (SIg = /¥YF s F = 1/009) Slab oS 55 5 (SIQ = /AYY
3015 oo e 3 e 08 oyl T &S s Sl 05037
S AT s g 25 el Nt b (512 19,T
09057 5 ool JKte b 6 85k Bt (1,1 015 5eT p2ils s

F o) A eslanal byl S oo

03,8 5318 Kibo polia 2t ¥ Jpder Glaosls 4 4 5 L
Ol 5 el o 4 0355 0g05T ey o 53 ol 8 5 2o ST
O Stz D5 (0505 T gl o 93 Lol 6358 (b ey Sl
dasle ola e 53 ilesT 5018 05 8 s 5 Kba olie ot
sl wam g Ls s b ek o Lad ¢S s g g s B 5ls s (Jled
Sl FEE 550/ Sl ann o (5 lsline mlaw 5 S5 5l o5LT
sl 0k ooy O 305T s 53 2l a5 50
N Aess Sl pitn p (HUd (LSS (At pl o) e
BB A ol 35 68 A slil byl ST S
B el iy LSS g 8 b e (San O

e oo 1385 4 5 jhn 511 O g S5l i (S 45 5 5

AY



L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

S 1975k ST w2 Sl 995 S OgesT i Jgur

o SUT Hgdexe Sig F eSlbe dF Slrgoeme Egocxe &b i
</OVS /o0 ¥#/£4 0%+ /¥ ) 0%+ /8 s 5
VO/YO v FIF/PF s Jlas alail
¥ BFAY+/+ xis
VY e 5INV avv/50 ) avv/#0 e
VF/5Y v AR s S 515
v FoFYF/ £
AN /P A ¥HV/ 0 ) ¥EV/ 0 s S
AZIYE v YYYA/SY s las ¢S s
v 455V i

IS b (g, 5L Ml gyl O3 58 Jlab alablo oy 55 55 gl
) BT 5 Il sl s bl ol b on gy S50 (5L
43 geen (V9) (Il 5 15 = o 5 (10) O, 5 &5 sty
oS disls Ol andllas V¥ s L (V9) V_\u,g\j;—&nséub
Wl abadlo sl janT (glasin sty U Slgr 0p50 &G (b
slowl Jlab abail gl lga 53 golazel LB Dooaols 57 (clas iy
Jlb il (S s 345 5 Shas 53 Y sans OE S ES 5 50s
4l a8 Cl pnanr 0| ol b Bl claal s ST iy
el S cpslibe Sy oy Jlab alil b bl (5 peT
Sg—aly oD 25 o Dl SV b (6 L Olanil el e,
s aem Sl e ol () o pd ol s gl T 5 e
il 51 B 0T8T O 2l (sl p 0 ks i 5 3551555
bl s 655 ol B b i 05 36515 (10) (s U
1) 0758 a2 sl 5 oM eyl s Sa il o b Sl Jled
55 plawil b izl 5 0T 8 5y b ol 51 sls 13 2550 ST o
Sl says s osls S i1y 55 Slag ) il (Jlad abisl (IS
S das o Ol 3 ol Sladllas .5, 8 5L 1y Jleb abibl (glas sl
S G b S Jleb bl o b 5 e @l 3 it 0 st
VA Jlw 53 006 5 s 00 9SSl das el | polde 5 Ghndss
GG LSS b ki b il or 55 60 (b 0jL ST sl s

Seslzw b dl- e 53 .(V0) Ll 35 g5 BB ) sba Jlad abibl>

A

o Ol g oo Solskms mla o 9 F olais 5 F s 4 a2 5 L
o3dme Olen g o 5YL 250 o o sy lans 8T 28 5
S Gosba (il gl Al L s e /VYY o <t
Jeria il sls Ao 53V 3l A e Ol il 3T Ll 3151l
el ol s b3l Lol 5 Lo g5 4l

Og05T sy Do 51 g 0 J o (S Sl 20 J9urer

ok 05,5 Aol y e
Y/ sl

_ Jlad alabl
YA/DO ol S
o0 /+Y# o=t

_ Sols S5l
OV/FFY ol S
\YY/70Y bl

_ slad oS s
V)18V ol S

FERTSNPREE R WE JEIK SRYCHFL JIPRECHESN

03037 o S Kl dns i dns o OLa5 1y J 287 5 JilesT 0g 8
o e Sl &8 515 DLt 09037 i 31 ol 31 g claoy 8
1 nlply sl o3 ol 8 05 8 51 it 3T on 8wl

e il 5Tty gls ke p otlid il &S 5 S wons

S 5 dom § oy
DT TNl - . E ] P | R T N T PR e
L OB 558 olodd ¢S 55 5 esils 5505, cJlas abasl- >J§L..c

il 4 31 0Lt s w28 8 bl by (6 S sl ks

1. Ericcson, Chase & Faloon

mwwﬁ"’?"l@f‘ﬁ"“‘\a"é"’\("l’;\;"\'M]




\f'\ﬁlgzc\"a)uﬁ a;;:tds:;bb)@w‘uw

L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

@ S jete o b andllas ol L (YD) diad oo S 5 31 1) 355 Bl |
S o ysb e 5 IS 5 sl Sl 1S 034 gyl Sl
el o B Culg 5o Bl 0 4 6 s lS Il S L
el 0kl (65ldsd 5315 S g5 syl ge ]

s sl s (gl s ot g oS sl 0L hag b
5 oSS S e asn badl ol wlesy 53 O S oLS
Las oo DLl &S 055 snr (Y0) U:J!)&AA) JG sl () Ghlf
b ot 3.l o Wl 35 50T 5 il s b oy oL oS )s
4 oldd sl Ssles Sisel &S Las o Sl 8 dals i 5
Syho e olds Gsles ple a4 Jll e 5 LB slals iy
b dedoil b andlan 53 (F0) 2, 5 J6 5l &S (gy5bas (YA)
W38 S Al YO (gloys 55 i geT andllas Y08 Lhow 50 5o
(bl ol it 05) BV 51 o310 (Kol a0 L st o
Ologon sbay b s J 87 05 8 a0 o (25 50T ooy S sl
wled ¢S5 5 ol ke 5 Jsb LUl coladlas 1 gl 5 slies
23 =2l 5 (2 eds laas sz Sl (oled o SR Ole 53
—ia a5 53 (YA 5YV) Wis S 518 OV weS 5 5 0S5 sS
A oS (Slate Sla e gl b shites (oSS I (gles pazen
oz jlekils ol - olas Sbls,l gsls oLlis ¢l 5 1) Jl|
5 JS STynl (Bl ey Lals s 5 (oldh i LU
sls olas @Lﬁ Al gade e g glas  wlide psled JY !
ol o Gobsline daly Lol cdius plaze 5Ly 5 olld o) 4o S
i OIS 5o 5 (e i STy Sge 53 3l s sz e
b bty gba IS ST 5 i -l Jlab il
25 i sl pledd ST 5 Il (Sl S o ks
il Lo e g gl 5L (slacT 5 Tukes 5 (03 2 2) 5 5
35 (S (S =653 (Sl 5 ol s Jleb dlil>)
(YA)

AN 5 plad Sl slem plol 1o b adlllas il L
5 b ool Sl 25T S Lol olgea S5 Llsl s
el i sy el (YA) =501 sbaslpl 5 eslizul
ol Shae b glas Ojlge (Saman Sl (slos 28 Aalps 5

b Jled dladl 550 Sy ke (6l (ediie b (o) 45 93 05
OT 534S poke @51 | 3ok 55 ol WIS 53 G Ko 2 28
35.000) Sl 4l 5,5l Jlab bl codis @51 glosls gla fanll s g2
Jlod bl 25501 (o J1 (6l i dal s gy ol o
sl 0315 &1
313 S 53 olsgme ST s ld asily Ko s
Loawdl cploagls bl 5 6,8k Jdastl ghyls 085,87 (gl
535 (Y9) OLen ol o 4y 55 «(YD) OLKan 5 &S5l 5 slaiass,
STl 25507 (laasl 45 (g sbas .l ganan () O, K0n
Sla SI5L lols O3 55 5 Shas 3 500 4 ¢(S3L » (e S0
s s agh 53 (M) 5K 5 5 (Y0) Ld ute 6,85

e S35 gl -l Ul HU (NS e

b iy el ) sbay (g Lodd — (gl Dlge 47 A 5o
—@ols oU1) 5,18 e ST by SUls Gk i e
SSTal opl b (V) (s Cbyis — oL bl — olas
A5k 5 s U 5E Comd s LB sba ol
Saosln 5 cV) 5,5 o154 o Gib IO 58 jeTeuib e
QLF}—@}AL;;JL:).}W}‘JALs-\ATJK(LSJh’%J—t;bJ\Cj:}A
s (YF) W15 6,85k 5 S8 008 g 55 Vsl 5 am s el
STysl glailse x5 b 5 IeaS @ 5 Gb Sl ey
(al?=3|4{ ol s Sle Ml s g A0k Sl O ran (SH4 s
Ql:jﬁjhj}ljcb@ucﬁwu@mﬁwajﬁhébwﬂ
4.§ 6))]44.1 5&;5-‘.),; a‘j‘u\.;‘)&) LC_;..@.’Q- LJg-Q Lkl &Lhcjla
sl gosls Lad i (6, Oy smea |y g3de LIS OS5 S
WO Uy o a5 A S LSS 4 sl
L:M)J.uqo@)ﬁuadbjb&SGL:_wwbleg‘Ab—f
Sslize Sy 93 6,8 S8 4L B b 5IV) Wb e alS e e
‘Ls)“’\f.:g;‘):“:)y’."#)"éjﬂgﬁ(u&—“)r}_“j‘;s—‘:‘)}‘-‘-
Sols Syl Ls_&)'j.aTLgl.auUj 43-;45.4\.&:@ Ol Slalas
\JLg)L.xi;L;U;\JJQA.:«JM:;\;_M\&&.EK}:MA(}_MJA
@).\:wu\;L;ﬂ,i:\,@kklglfxfgsr;uu.mw)\

A4



L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

JWﬁﬂb—NLﬁd@bwb‘jWA;aJL&‘m_}uJ‘JS‘AJ
Gos 8 v gay ol santlow asl p opl s 5148 55 5
)))OM&J}LJ{MUﬁ;ﬁJﬁwU.}}_ni'wﬂ)ﬁéj:?ﬁliQYw\

.:},i{\.xé\;clq-‘}ﬁ”j,;d).\:c,ﬁ-

S Ol

by Gl S Al 48, i ol Rg IS ool 3 (S
b L Ol Sligioss 5 p e ol I oLl 07,57 35 50T 5 (b0l
It ST 4 5555 5 a3 plowil g 03 (Lo gome | VN6 et
BISJ S I STIP S PR R S N PR R PR i
PLo QUV/A 5,6 53 VYPAMR waliojlosi L O1gs eb gl b5 55 50T
2 OUT Gpllly 5 05 5aT s sl (hag sy 5o GO Lule) g A
o3 55 g alslde al 43 &S 8 (gl SleMbl Ol wile e Cgar Ol
st el G (b s ST g el Sl e a3 e Sl s S
55 T &S as 03ls Sliabl ol 8 05 8 5131 5 L1 o8 T alstls Jorljo sles
S Ll Sl ) O cpl e sl b plesl I ey

ol plil oo b Ol 5 a0 Il olem 05 adlllas ol Jbo (0l
Ll

2ol g (R o b et TS ESTT RO ] e VRS | REL R S
sl Gimee 35 0] sl b 5 Sl 5 J gt ok 5 Lw g Cjbglﬁl
J s ooy 3 (pomad (Sl 03 gy ol ok 8 Lo 5 2y 6l 55 5150
Aleeals 2 aalllan pl 53 5slie skl Ol 5o p g odiny 55 5 Laal ) skl Ol ey
@u,;)t.usﬁﬁwwa\,aotf@,'éuéu;w4;@:@mow
< S [N N WD ' UL (TP JURM g G Y ¥ S—
e g ol gl 55 a8 (ool 3l oles Sl aluy piby 1 18508 9 Cid
w T Jos 4 (o585 S8 IS ks 57 ol jas

L (KO Fy YA YY) 550 o b 5l olad S i 55 5 (YA 5A)
Sla 5b) Calisen 35 50T (sla sy SIS s sk g5 35
@ Odew 5 5 (YA) (63,5 Olalllas s ((glad oo o ed ¢ g 85 9
st lde Sdaols oS 3L o b o oldd Ojlgs 5 Sl T Sl
Sl NS Ll (s il § a3 25 (V) (L5
3 sl LSS Sl o wlad balsy oluli) olas ¢S )5 0
Oglite 4y L OT G 457 28 Lol a5l oS s e Lol
s b b OG0, oS (sl 1) a3 i (e
(gdramw b (gdm s slad 55 i > C@AQQTMJ;@&
bl Wl olas Ol glal> ok G515 ) oL S
T S sl 51 BOT (83 S 5 555 SIS (25 5 (o0
US55 3 g om0 3l I b Oltees g3l (b s (W
RSO PR G JW->
Jods 4l S anlllan ol s ol s Gladl B 5o 5 s
S 5 OLwT oslinal g5y simws SobB (g3b dhmy 055 (SO 58
50358 G plul p OLs Iy L 055" Lo 55 5L 15 3l
563L B b OS2l s alslie ael ¢ 5 e 4 ) sbpan
T Bl el 5 il ok 053 8 53 L lasil g o8
o ol cbaadl g 51K a ys sl a0l SN Ide 5 a gy
a3 Slas 55 Salg 53 5 Cind ol slas S 8
syl e L5 e 5 edb i 6,850 M) glls O 5,8 s
el o gdses s sd mete OYNT 5 OV 6 52l (slal

Odedily (25 105 o w3 Lo 4l (6,8 ke 4 Ol oo adlllae

mwr—w—n"m;ﬁpwmvm‘u’?\:‘f\-M]




\f'\}._.;_lgzc\"a)\a.&ﬁ a)jétés:;bb)ﬁ.a%‘uw

L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

References

1. Baccaglini-Frank A, Di Martino P. Mathematical Learning
Difficulties and Dyscalculia. Encyclopedia of Mathematics
Education. 2019; 1-5. [Link]

2. Pham AV, Riviere A. Specific Learning Disorders and
ADHD: Current Issues in Diagnosis across Clinical and
Educational Settings. Curr Psychiatry Rep. 2015; 17(6): 38.
[Link]

3. Huijsmans MDE, Kleemans T, van der Ven SHG,
Kroeshergen EH. The relevance of subtyping children with
mathematical learning disabilities. Res Dev Disabil.
2020; 104: 103704. [Link]

4. Reigosa-Crespo V. Beyond the “Third Method” for the
Assessment of Developmental Dyscalculia: Implications
for Research and Practice. International Handbook of
Mathematical Learning Difficulties. Springer, Cham.
2019; 104:746-757. [Link]

5. Schwartz F, Epinat-Duclos J, Léone J, Poisson A, Prado J.
Impaired neural processing of transitive relations in
children with math learning difficulty. Neuroimage Clin.
2018; 20: 1255-1265. [Link]

6. Desoete A, Warreyn P. Introduction to the Special Issue:
Mathematical abilities in developmental disabilities. Res
Dev Disabil. 2020; 107: 103805. [Link]

7. Karagiannakis G, Baccaglini-Frank A, Roussos P.
Detecting strengths and weaknesses in learning
mathematics through a model classifying mathematical
skills. Aust J Learn Difficulties. 2017; 21(2): 115-141.
[Link]

8. Agostini F, Zoccolotti P, Casagrande M. Domain-General
Cognitive Skills in Children with Mathematical Difficulties
and Dyscalculia: A Systematic Review of the Literature.
Brain Sci. 2022; 12(2): 239. [Link]

9. Baccaglini-Frank A, Di Martino P. Mathematical Learning
Difficulties and Dyscalculia. Encyclopedia of Mathematics
Education. Springer, Cham. 2020: 543-548. [Link]

10. Karagiannakis G, Baccaglini-Frank A, Papadatos Y.
Mathematical learning difficulties subtypes
classification. Front Hum Neurosci. 2014; 8: 57. [Link]

11. Ward RT, Lotfi S, Stout DM, Mattson S, Lee H-J, Larson
CL. Working Memory Performance for Differentially
Conditioned Stimuli. Front Psychol. 2022; 12: 811233.
[Link]

12. Geary DC, Hoard M K, Byrd-Craven J, Nugent L, Numtee
C. Cognitive Mechanisms Underlying Achievement
Deficits in Children With Mathematical Learning
Disability. Child Dev. 2007; 78(4): 1343-1359. [LinKk]

13. Geary DC, Hoard MK, Nugent L, Bailey DH. Mathematical
Cognition Deficits in Children with Learning Disabilities
and Persistent Low Achievement: A Five Year Prospective
Study. Journal of Educ Psychol. 2012; 104(1): 206-223.
[Link]

14. Pauls LJ, Archibald LMD. Cognitive and Linguistic Effects
of Working Memory Training in Children with

Corresponding Deficits. Front. Educ. 2022; 6: 812760.
[Link]

15. Peijnenborgh JCAW, Hurks PM, Aldenkamp AP, Vles
JSH, Hendriksen JGM. Efficacy of working memory
training in children and adolescents with learning
disabilities: A review study and meta-analysis.
Neuropsycho Rehabil. 2016; 26(5-6): 645-672. [Link]

16. Melby-Lervdg M, Hulme C. Is working memory training
effective? A meta-analytic review. Dev Psychol. 2013;
49(2): 270-91. [Link]

17. Zhang X, Lin D. Does growth rate in spatial ability matter
in predicting early arithmetic competence? Learn Instr.
2017; 49: 232-241. [Link]

18. Casey BM, Pezaris E, Fineman B, Pollock A, Demers L,
Dearing E. A longitudinal analysis of early spatial skills
compared to arithmetic and verbal skills as predictors of
fifth-grade girls’ math reasoning. Learn Individ Differ.
2015; 40: 90-100. [Link]

19.Yang X, Meng X. Visual Processing Matters in Chinese
Reading Acquisition and Early Mathematics. Front
Psychol. 2020; 11: 462. [Link]

20. Critten V, Campbell E, Farran E, Messer D. Visual
perception, visual-spatial cognition and mathematics:
Associations and predictions in children with cerebral
palsy. Res Dev Disabil. 2018; 80: 180-191. [Link]

21.Karbach J, Strobach T, Schubert T. Adaptive working-
memory training benefits reading, but not mathematics in
middle childhood. Child Neuropsychol. 2015; 21(3):285-
301. [Link]

22. Freeguard LS. Relationship between visual perceptual skill
and mathematic ability (Doctoral dissertation, University of
South Africa). 2014. [Link]

23. Pieters S, Desoete A, Roeyers H, Vanderswalmen R, Van
Waelvelde H. Behind mathematical learning disabilities:
What about visual perception and motor skills? Learn
Individ Differ. 2012; 22(4): 498-504. [LinKk]

24. De Waal E, Pienaar AE, Coetzee D. Influence of Different
Visual Perceptual Constructs on Academic Achievement
Among Learners in the NW-CHILD Study. Percept Mot
Skills. 2018; 125(5): 966-988. [Link]

25. Wuang YP, Chiu YH, Chen YJ, Chen CP, Wang CC,
Huang CL, ... Ho WH. Game-Based Auxiliary Training
System for improving visual perceptual dysfunction in
children with developmental disabilities: A proposed
design and evaluation. Comput Educ. 2018; 124, 27-36.
[Link]

26.Wu WI, Huang YI, Liang JM, Chen C, Wang C, Ho W.
Interactive Digital Game for Improving Visual-Perceptual
Defects in Children with a Developmental Disability:
Randomized Controlled Trial. IMIR Serious Games. 2022;
10(2): e34756. [Link]

27.Gilligan-Lee KA, Hawes ZCK, Mix KS. Spatial thinking as
the missing piece in mathematics curricula. NPJ Sci. Learn.
2022; 7(10). [Link]

4


https://link.springer.com/referenceworkentry/10.1007/978-3-319-77487-9_100018-1
https://pubmed.ncbi.nlm.nih.gov/25894357/
https://pubmed.ncbi.nlm.nih.gov/32574935/
https://www.researchgate.net/publication/330934504_Beyond_the_third_method_for_the_assessment_of_developmental_dyscalculia_Implications_for_research_and_practice
https://www.sciencedirect.com/science/article/pii/S2213158218303309
https://pubmed.ncbi.nlm.nih.gov/33161294/
https://www.tandfonline.com/doi/abs/10.1080/19404158.2017.1289963
https://www.mdpi.com/2076-3425/12/2/239
https://link.springer.com/referenceworkentry/10.1007/978-3-030-15789-0_100018#notes
https://www.frontiersin.org/articles/10.3389/fnhum.2014.00057/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.811233/full
https://pubmed.ncbi.nlm.nih.gov/17650142/
https://psycnet.apa.org/record/2011-20597-001
https://www.frontiersin.org/people/u/81869
https://www.frontiersin.org/people/u/764285
https://www.frontiersin.org/articles/10.3389/feduc.2021.812760/full
https://pubmed.ncbi.nlm.nih.gov/25886202/
https://pubmed.ncbi.nlm.nih.gov/22612437/
https://sci-hub.se/10.1016/j.learninstruc.2017.02.003
https://pdf.sciencedirectassets.com/272107/1-s2.0-S1041608015X00045/1-s2.0-S1041608015000862/Beth_M_Casey_spatial_skills_2015.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEPb%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQDpzouRo4%2F0HOOWC4hsLvjVJKITlsxpXPAvuHUNL5F6nAIgI3XQEJT9M4iBE96FxbQNNBIw2HdaC1Ps7qLzLNxB6gIq2wQIrv%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDJnrqtZ4Yv7UkBbiVCqvBL%2FAqBbHrmt8d9jqlsuxhtVkE76rnvYufJSSU4zFrNISbzZVaJpi5lZq8IiM1mf85CQvqc2nJe1pgXQHRi0aCmuLdDsnGQYv5xHz7DmzbcVSdAkz9gMpRNGB6CPULzw0Z0ZI6tYkbC77DKcDS2n262rFTkBy6iKqWv8xi6z4lQjCU9G1EYQK6wtNvGfhzzLxlqKCtoaEm6TfYmswGdJ2%2F%2Br5CZ52cehk4TIazJuI5GJLCTWinDoeLJiIq3bnNIRFGqC5TebaS5L%2F3DOlo7RTJjtVCx4Sm2eUSen8nbJU9wNvlHP96ciUFMbwj85TIIlRNfHrAddbQdq2WwK9CPOmNPtaATr6FOkwaaOBBgQTyb%2BqA%2F%2Bc071a66KRJ%2B%2FN1otmqr%2BERslIAyjg8WL%2ByLYExHIen5Ks7TvHqNexGvnhA7cOZjvjC%2BhlHYwcDFW6bhwm89BxzxHWvXaeDhMMJdzYJVHroX4arecPFHTpHxGCghZfU6bB8fZedgmMfx8R28%2BItTChY%2BmXySBayH0QZBZ6K4GofVvmx3ZnhaeKELdQfXKpu%2Blp8wSR9tgS%2BKRFoZ4d%2FSeTWYZBow8nbVDjlVhfM%2FTSAVhs1RawjW8zvNo489B9Vey76PdJixprmgNRfrPmK6OU8KxQC3g6w%2BvDAWsfZfPnGTXmevECejUa4ImLDt3bejIRbkC8KMdcjwbGIfciocz4iAbgYAsL2PcDb8vj31Hyi9qFIvwwT4bkBLClpXUwvcOhkwY6qQHXKp7BOqEbmbUkk1EYcy4jSTKoPNXuGrizPaJuG%2B%2B24JSIzJW92th3867DUAJB1bnB4niXrnEMY5paRO6VfyNZv3ABvXrxsHKv1I6oOuKqrRtUKTQZ4Ki2d50mKfQXPvlHy9qyQ7yx1NS0Md9FRQtbqLmCSS%2BVRzTsjnug45axoGMbCotURHxVsH0hF98LkTzJcVVztYYkCvD8IXVnoYvlCosY%2FfnGMigW&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220426T213213Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYX4SA62SB%2F20220426%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f8b7ff50afeb934d790429798cbb1814ea00708f4bf81fe0dd13d57584c3dda8&hash=2b6c0ac499ec2c828acf025c473193f390230dcdba7baee2c632045e33b18332&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1041608015000862&tid=pdf-2a137408-f0cf-4c1b-ba43-91986edb6dbd&sid=e1eaada4121b1740f81b2760802b502d0ccdgxrqb&type=client
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.00462/full
https://pubmed.ncbi.nlm.nih.gov/30048837/
https://pubmed.ncbi.nlm.nih.gov/24697256/
https://scholar.google.com/scholar?q=Relationship+between+Visual+Perceptual+Skill+and+Mathematic+Ability+by+Lynn+Shirley+Freeguard&hl=en&as_sdt=0&as_vis=1&oi=scholart
https://www.researchgate.net/publication/257455143_Behind_mathematical_learning_disabilities_What_about_visual_perception_and_motor_skills
https://journals.sagepub.com/doi/10.1177/0031512518786806
https://www.sciencedirect.com/science/article/abs/pii/S0360131518301088?via%3Dihub
https://games.jmir.org/2022/2/e34756
https://www.nature.com/articles/s41539-022-00128-9

L8 5 Jlos (6 i sl 0

2L 65 b I L O35 Jlab dlablo 3y 53 (L Jidmil g b

28.Young CJ, Levine SC, Mix KS. The Connection Between
Spatial and Mathematical Ability Across
Development. Front Psychol. 2018; 9: 755. [Link]

29. Cornoldi C, Vecchi T. Visuo- spatial Working Memory and
Individual Differences. Psychology Press. 2003. [Link]

30. Geer EA, Quinn JM, Ganley CM. Relations between spatial
skills and math performance in elementary school children:
A longitudinal investigation. Dev Psychol. 2019; 55(3):
637-652. [Link]

31.Liu S, Wei W, Chen Y, Hugo P, Zhao J. Visual-Spatial
Ability Predicts Academic Achievement Through
Arithmetic and Reading Abilities. Front Psychol. 2021; 11:
591308. [Link]

32.Gilligan KA, Flouri E, Farran EK. The contribution of
spatial ability to mathematics achievement  in  middle
childhood. J Exp Child Psychol. 2017; 163(11):107-125.
[Link]

33. Atit K, Power JR, Veurink N. et al. Examining the role of
spatial skills and mathematics motivation on middle school
mathematics achievement. Int J STEM Educ. 2020; 7: 38.
[Link]

34.Rutherford T, Karamarkovich SM, Lee DS. Is the
spatial/math connection unique? Associations between
mental rotation and elementary mathematics and English
achievement. Learn Individ Differ. 2018; 62: 180-199.
[Link]

ay

35.Uttal DH, Miller DI, Newcombe NS. Exploring and
enhancing spatial thinking: Links to achievement in
science, technology, engineering, and mathematics?. Curr
Dir Psychol Sci. 2013; 22(5), 367-373. [Link]

36. Vali Zadeh S, Sadi Pour E, Dortaj F, Delavar A, Sheivandi
Cholicheh K. Developing a psychosocial empowerment
educational package based on the choice theory and
investigating its effectiveness in reducing agression in
adolescents. J Child Ment Health. 2022; 9 (1):53-66.
[Persian] [Link]

37.Rosli R. Test Review: A. J. Connolly KeyMath-3
Diagnostic Assessment: Manual Forms A and B.
Minneapolis, MN: Pearson, 2007. J Psychoeduc Assess.
2011; 29(1), 94-97. [Link]

38. Mohammadesmaeil A, Hooman HA. Adaptation and
Standardization of the IRAN KEY-MATH Test of
Mathematics. Journal of Exceptional Children. 2003; 2(4):
323-332. [Persian]. [Link]

39. Wechsler D. Wechsler intelligence scale for children —
Fourth edition (WISC-1V). San Antonio, TX: The
Psychological Corporation. 2003a. [Link]

40. Sadeghi, A, Rabiei, M, and Abedi M. Validation and
Reliability of the Wechsler Intelligence Scale for Children-
IV. Developmental Psychology: Iranian Psychologist.
2011; 7(28): 377-375. [Persian]. [Link]

mwwﬁ"’?"l@f‘ﬁ"“‘\a"é"’\("l’;\;"\'M]



https://www.frontiersin.org/articles/10.3389/fpsyg.2018.00755/full
https://libgen.is/search.php?req=Cesare+Cornoldi&column=author
https://libgen.is/search.php?req=+Tomaso+Vecchi&column=author
https://www.routledge.com/Visuo-spatial-Working-Memory-and-Individual-Differences/Cornoldi-Vecchi/p/book/9781138877429
https://pubmed.ncbi.nlm.nih.gov/30550325/
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.591308/full
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilligan%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=28753435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flouri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28753435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farran%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=28753435
https://www.ncbi.nlm.nih.gov/pubmed/28753435
https://pubmed.ncbi.nlm.nih.gov/28753435/
https://stemeducationjournal.springeropen.com/articles/10.1186/s40594-020-00234-3
https://sci-hub.se/10.1016/j.lindif.2018.01.014
https://sci-hub.se/10.1177/0963721413484756
https://childmentalhealth.ir/article-1-1269-en.html
https://sci-hub.se/10.1177/0734282910370138
https://sci-hub.se/10.1177/0734282910370138
http://joec.ir/article-1-477-en.pdf
http://joec.ir/article-1-477-en.pdf
http://joec.ir/article-1-477-en.pdf
http://joec.ir/browse.php?a_id=477&sid=1&slc_lang=en
https://link.springer.com/referenceworkentry/10.1007/978-0-387-79061-9_3066
https://jip.stb.iau.ir/article_512280_en.html?lang=fa

