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Introduction: A key finding in Embodied Construction Grammar (ECG), including perceptual and
motor systems, influences higher cognitive abilities like memory, language comprehension, and
mental simulation. Specifically, concerning this idea, several studies have shown that action exe-
cution and observation influence subsequent language processing, in that action verbs processing
elicit activation of effector-specific regions in the primary motor and premotor cortex. However,
the relationship between motor skills impairment and action-related language processing is still a
controversial issue.

Methods: This study was a descriptive-analytical one. Thirty-four children from grades 2 through 6
(aged between 8 to 13 years old) participated in this study. A group of 17 children with developmental
dyslexia and a group of 17 typically developing children was selected. In both groups, the children
were matched pairwise on chronological age and gender. People with dyslexia were selected accord-
ing to three subtests: 1) clinical interview, 2) Persian version of the Wechsler Intelligence Scale for
Children (WISC-1V), and 3) Bender Visual-Motor Gestalt Test.

Results: The statistical analyses were performed by SPSS-23 software. The results showed that
there was a significant difference between two groups in all verb types; matching verbs (P<0.001),
same-effector mismatches (P<0.001), and different-effector mismatches (P<0.001).

Conclusion: The findings revealed that embodied experiences play an essential role in language
comprehension, and motor skill impairment can affect motor imagery ability during action verbs
processing. Therefore, the results lend support to the connection between language comprehension

and other cognitive abilities.

Citation: Tabiee M, Khormaee AR, Nami M, Moloodi A. Comparing the ability of motor simulation in dyslexic and typical
children during action verbs processing. Advances in Cognitive Sciences. 2021;23(2):157-168.

Extended Abstract

Introduction

The study of the embodiment has recently been an area of
interest in cognitive linguistics since it plays an essential
role in language comprehension. Specifically, this idea

has been supported by Embodied Construction Grammar
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(ECG), an approach in cognitive linguistics introduced
by Bergen and Chang (4). What has been emphasized in
ECG is that perceptual and motor systems influence high-

er cognitive abilities like memory, language, and men-

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


http://orcid.org/0000-0001-8037-7964
http://dx.doi.org/10.30514/icss.23.2.12
https://creativecommons.org/licenses/by-nc/4.0/

tal simulation. Specifically, concerning this idea, several
studies have shown that action execution and observation
influence subsequent language processing, in that action
verbs processing elicit activation of effector-specific re-
gions in the primary motor and premotor cortex. In other
words, bodily experiences will affect how comprehenders
process language. Therefore, language comprehension
results from an action or perceptual simulation. It means
that comprehenders activate perceptual and motor de-
tails of the related contents during sentence processing
to understand the messages. However, the relationship
between motor skills impairment and action-related lan-
guage processing is still a controversial issue. In order
to clarify this issue, the present study was conducted to
design an image-verb matching task to examine the mo-
tor imagery ability of dyslexic and typically developing
children during action verbs comprehension. We used
Persian verbs expressing hand and foot actions that were
either congruent or incongruent with the images that the

subjects were exposed to.

Methods

This study was a descriptive-analytical one. Thirty-four
children from grades 2 through 6 (aged between 8 to 13
years old) participated in this study: a group of 17 children
with developmental dyslexia (DD) with mild to moder-
ate degrees of reading disorder (12 boys and five girls;
mean age= 10.6, SD= 1.51) and a group of 17 typically
developing children (TD) (12 boys and five girls; mean
age= 10.3, SD= 1.41). In both groups, the children were
matched pairwise on chronological age and gender. Chil-
dren with DD were recruited for participation through re-
habilitation centers and special centers for language and
learning disabilities. The TD group consisted of a subset
of children recruited from state primary schools in the
city of Shiraz. Children with DD were selected according

to three subtests: 1) clinical interview, 2) Persian version

158

of the Wechsler Intelligence Scale for Children (WISC-
IV), subjects with 1Q level below 80 were excluded, and
3) Bender Visual-Motor Gestalt Test. Potential subjects
in both groups were screened to ensure that they did not
have any history of neurological and psychiatric disor-
ders that could contribute to motor impairment. In addi-
tion, subjects underwent reading examination to evaluate
their reading skills, and children who had a severe read-
ing disability were excluded.

Based on the matching paradigm of Bergen et al. (2003),
14 stick-figure images depicting an action verb of hand
and leg were selected from web libraries. The images were
black on a white background. Three Persian verbs were
generated for each image, 1) matching, 2) non-matching
the same effector, and 3) non-matching different effector.
The verbs expressed foot-related action (e.g., walking)
or hand-related action (e.g., catching), and they were all
presented in the infinitive form. In order to use images
that depict particular motor actions and prevent partic-
ipants from paying attention to the face and eye states,
all the details in the faces were deleted. Totally, the im-

age-verb matching task contained 42 image—verbs.

Results

Reaction time (RT) and accuracy rates were recorded in
accord with the following hypothesis in mind. If action
execution, motor imagery, and action-related language
comprehension recruit common neural substrates; there-
fore, a longer reaction time and more errors should be ob-
tained for an image-verb matching task in the DD group,
and because of motor skills impairment, they would
perform weaker than typically developing children. The
statistical analyses were performed by SPSS software
(version 23.0), and the significance level for all analyses
was set at P<0.05. The analysis was considered according
to two fixed-effects factors; group factor (DD children

vs. TD children) and verb types (matching, same-effec-
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tor mismatches, and different-effector mismatches). The
mean comparisons between groups were carried out to
calculate reaction time using Kruskal Wallis Test. Com-
parisons between groups were carried out to examine the
accuracy rates using the chi-Square test. The nonpara-
metric Kruskal Wallis Test showed a significant differ-
ence between two groups, and indicating a better perfor-
mance of the typical children over the dyslexic children:
matching verbs, (DD mean= 3.55, SD= 3.43; TD mean=
2.41, SD= 0.88, P<0.001), same-effector mismatches
(DD mean= 3.47, SD=1.98; TD mean= 3.32, SD=0.97,
P<0.001), and different-effector mismatches (DD mean=
4.03, SD=2.92; TD mean=2.43, SD=0.78, P<0.001). It is
clear that in the TD group mean RT to the same-effec-
tor condition is about 890 msec longer than the differ-
ent-effector condition. While in the DD group, the mean
RT to the different-effector condition is about 560 msec
longer than the same-effector condition. Accuracy rates
were calculated for correct responses, "yes" responses
to trials in matching conditions, and "no" responses in
the same-effector and different-effector conditions. The
chi-Square test showed a better performance of the typ-
ically developing children over the dyslexic children. In
all verb types, dyslexics scored significantly less than
typically developing children: Matching verbs, (DD
mean= 71.8%; TD mean= 88.2%, P<0.001), same-effec-
tor mismatches (DD mean= 59.7%; TD mean= 75.6%,
P<0.001), and different-effector mismatches (DD mean=
66.4%; TD mean= 97.9%, P<0.001). Accuracy rates for
all verb types were significantly different in both groups
(DD, P<0.019, TD, P<0.001).

Conclusion

The present study aimed to examine whether motor skills
impairment influences motor imagery ability during ac-
tion-related language processing. Children in both groups

were presented with stick images and three verb types
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that were either in a match or mismatch condition. The
obtained results were in line with embodied theories of
language and supported poor motor imagery ability in
children with developmental dyslexia. As predicted in
this research, typically developing children were faster
and more accurate when the verbs were in the matching
condition. In contrast, dyslexic children were less able
to activate motor representations of action verbs and had
difficulty simulating motor information. Therefore, mo-
tor skills impairment can affect motor imagery ability
during action verbs processing. In conclusion, these find-
ings indicate that action execution and action verbs pro-
cessing share common representations and lend support
to embodied cognition theory in that there is a significant
connection between embodied experiences and language
comprehension. In addition, the lower ability to simulate
the motor representation of action verbs in children with
DD highlights the critical role of embodied experiences

in language understanding.

Ethical Considerations

Compliance with ethical guidelines

The present study was conducted by obtaining the ethi-
cal code IR.SUMS.REHAB.REC.1398.021 from Shiraz
University of Medical Sciences. To observe ethical con-
siderations, before evaluating and recording the informa-
tion, the parents were informed in writing about the goals
and importance of the research and signed the informed
consent form to enter the research. In addition, the stu-
dents’ parents could opt out of the study at any time. Par-
ents were informed that all information about the subjects
would remain confidential and the names of the individu-

als would be avoided in the results.

Authors’ contributions
Preparing the original draft and data collection: Maryam

Tabiee; Methodology, data analysis and conclusion:

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Maryam Tabiee, Alireza Khormaee, Mohammad Nami,
and Amirsaeid Moloodi. All authors have read and agreed

to the published version of the manuscript.

Funding
This work is part of fulfilling a PhD dissertation that is
supported by the Cognitive Sciences and Technologies

Council.

160

Acknowledgments
The authors thank statisticians in the Clinical Research
Development Center of Namazi Hospital for helpful

feedback and guidance.

Conflict of interest
The authors declare that this work was conducted in the

absence of any financial support.

(=) This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

1AV-17/ ulxao

S Ll e lwa)l A=

- 9,.: allae

S 2 Jd L0318 1 PR (b (55 b gl )b (I3 (5 9> (5 jludemis (3199 Ao

f‘séj.‘g.o M}.ﬁo‘ ‘r‘sol.; Q00 ¢

T ol Lo pde ! 2l o1 0

Ol Gl s oBails o Sludl pole 5 lusl oaSlasls ¢ culii ) 5 ()15 slagly ide elid b 6550 goaeiils
Ol ol Gl oBails o Sl pole 5 lsl oaSlasls « culii by 5 2,15 slagly Lide el by Jlasls Y

Sl Sl Sl b, pole oSS (K55, 255 slacs 5l 5 psle 02K coliael ol 05,8 el pole sl ¥
Ol Gl Gl sRasls ¢ Sludl psle 5 wlasl oaSasls ( wlid by 9 >, slagly Gidu (owlid )b Jbotiwl ¥

BRIV O . v L JESIPL O PG URUOVIP L SECO B0 [PV JEPUNE S CVTCIES I COWPU NP SV OS 2 VY- 7Y
Slalllas 3 ool oo 4y ] 3l .ayls i0d (gilwards 5 by Syo wabisls> b slis e sloo,Sles
Jsine (13 (5l panilSe (il Jlnd ) y2eie (25> oyl (gl 4 ol oy (s 23 libac 5 )3,
her 85 (ot JI5 o9 (rl S g tise Jlad sae o aline (25> sla it (rlil 5 05d o0 alie ESy> 2
sl NS by il e (S5 ilednnd Wl (S5 Silee 0 a0 4z b oS sl s
syl sl 2310 W gy (ol 50 w082 (gl g3 3 (el hpogs dalllas Syl rags 35 Mgy
L g Al anllln & 35,5 csloslons (200 b s 48 cpaToly P STe 5l W B A Gy WY 5 525 0)
0395 9 Sy Gigp ol (il armlas Sl dpaiged DLl Cgr i8S 18 dlio 9y90 995 (ainl (lawon
b oolil SIS sy L3Sy STyl

Jldl uils s s ls ol oles 5| S>3, (glwacds el 5l el cass 4 slaesls b aisly
Colite e <S> gl b oyseanli g P<e/++)) alie g <S> gha! b yseadls (P<e/++)) fyson
Sy JyS g L;.;_Laj 09,5 90 4o (P<+/-2Y)

il 0l G5l p et Jlemmt GRS oadsamz ylos a5 Cul (Sl oy slaaiily 56 9e Ak
Eaige ol 45 adl 4zl L350 el (gl Jlad 2 siio syt wilgt e o35y Eglas 0 L g S oo

ol gBls G alee oo b ol ol Bl g by o0 comnr Cole caiiSuLL

L ELVARANHE i
VFeo/oV/Ye 3@ TH!
VPoolo¥ /o s 9

Sl slaoly
e
S sileans

&S Jud

J oo Ok g9
slagl; gite Glail (ol Lople
5 Olool oSty owlidol; 9 o>l

el Gl 5l olfls ¢ Sl pgle

Akhormaee@rose.shirazu.ac.ir : juos !

doi.org/10.30514/icss.23.2.12

5 S Sl o Jlub il o o alex Sl e L
sl )b e ool Lzl (1) ol L1 45 (s 5 (s STyl
Gend 5 Sk & 5 45 855 n ogmime Sole i S| 5y
L baye i bl g0, Slosny rizpen § (SLiEly el
iz sloisn 0 Slessy 4l b oos bgipe 0bj Bilop
> «Inferior frontal gyrus) Jlow Jlin o8

171

AoNA0
Specific) pls 5,550 sl g6 S (Dyslexia) lgsLo,b
(Neurobiological) i)  wac Lo L (Learning Disorder
2Ulg 0 ek e calisie WS 5l T 4 Mis ol 31 a8 ol
@liS5e, 50 Pl Grizmen 5 SLlS 330 5 Cowys pasiS
2 oAl 4 ol | O Gl ol ol o0 8, LS
Gl 15 i L lse il 45 a5 sl card Ltz ly o

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


http://dx.doi.org/10.30514/icss.23.2.12
http://orcid.org/0000-0001-8037-7964
https://creativecommons.org/licenses/by-nc/4.0/

&S cwl ol gilwand as,d o Lol sl (F) 0,5 0 s
oS ol sglive sl lisle sled 6,5 @ plis b S0
Shgo ol 4 wiie oY S K el g STl (S > gl
s la)lS5le loJlab 4 e (IS o)l g p5lak oS
S sl (alply 5 99 e wline ES > Gl Jes

(V) g go Jlsb 3ie o aliv
Jasl a5 wlazsls bl Lakoff 4 Gallese (Lwl, cpon o
S5 Silodnd Gayb 3l oaigid 5 ounsS (e el ol Ciibye
(P S it ple Baisd S (M) weo ooy (STl g
ol B ol 40 aiS o 33 093 83 48 0,bgs | aBly slis wolBy
5 Wgdoo JuB (I 2 e St b i e (pras lagSl
s ssb )00 sT G sk 5l (28l )0 Sline b i3l oo 0BT, g
Sl pe ol SG lge @ (55> silwand (alpls oS 425
LSLDLSJb)"f'Sﬂ )‘ OJAT Cowd M‘w \39.....1‘59 L ) Ub) gS).b
e a5 wws o lid g s Cllae ol Wge S 35 (i
JWB e )0 (S5 2 (o (Pl GELEL Gl e bilo
olas o) Kan ¢ Tettamanti dalllas gls (Jlo gl (V) Wigd oo
Oy, Bt 0 Jlad 4 yoie S5 > Odlez 4y (yoly (58 aS ol
Sgd ooz 0,50 ,o (Posterior middle temporal gyrus)
ol e a5 Wl asie o,See 5 Desal ddlas yo .(9)
central cortex) (¢3S yo,id al> g Sliw jidu S > Sex
9 Aziz-Zadeh . yiomes (V1) 05d oo Jled (Left inferior post
S sl yed cldld 50 (V) o Kee g Huak 5 (V)) ) )Sen
Sl b oad 2 (5, Odex Ay e ) S G s

ailod,S” 5155 (e g b cawd
P blgslo )b 5l s ps AY oKen ¢ Punt 5155 5.k
azdee a5 AL oo Lo Fawcett g Nicolson (Lul) e 1o .(VY)
2295 L.O0F) wS oo el (35,2 S)lee 5 6550k )5 (oote B
a8 (leFlal 0,5 jo Az 9,55 o PlSt sgzg 4
oyl b b 7 ,he (Cerebellar deficit theory) azswe s Slae
Skl s 5 (S (B0l sleo)lee (oled 50,
@ Ygors lezlo b olidl o ol ol Lol 0l co Coles axdre
el 1 s 390 ol Ao 855 0 Dygo @S L awa] &0
ol 10 M ol 3l a5 il SReal Pl Slelo )b as
A S Jlo (S5 5 g (6 o (g slags STl juda alise

17F

s (Left temporo-parietal circuit) o> slalal_ aExs
» 3 (Occipito-temporal circuit) (g pw s 285  >lg
) 85yls 285 ol 59

o g0y ALBIS )0 oS el ) iy (BLS Wby 5 S5 0,
ilossts wi s Lol Ll i 10 i Al ,S3055 4y S
09z SIS Lol saasin s> S5, ai a5 cwl Cayo
Syzrg oS (hol S Lol s sad Cgmme g3l g 4y ot
E9 opl o aS a3ll diis 5 OIS b ol jor a5 el (ol o)ls
el g 30 (S5 > als dald Gl e @)l 3925 WS
LD 5 (55 > (Gla i 4155 aile (g (o0l 45 a0 (LA
oS 2B (bl e o (V) C8 5 L 0 K0S 5l e |
Sl il n ks & a5 Sl (pl 485 )18 axgi 3550 )l 0594l
b i oSl o K0S b (SIS oy bl (35 5 ST,
il 5 elid s 540 el el ke bL3 | 8 0 calis
R e 85 ol (oS gr, S > 5 SLAIL O Glee alal 4
" S o som laie Gt il S > g SThol o celis el
@ oS el oo, Shg, sle 3l 08d oo ke (Embodiment)
Sl jeiws Jaw ay lg oo il ool plosiiS oy oo
o,Lsl (Embodied Construction Grammar (ECG)) oas com
(F) o5

oS Wlodw; e (nl 4 Qliine (S2LS el gl 0,50, 5
$a) 2 ol s ol alS i oSl e 5l 25 b @
) Joe b oS oo g Ll el by ool 3536 oL sl
S e g (S5 e b Ol O] 50 45 e
Jl iz Jb 5o a8l b1 55 gy sl 51 ol (sostie
pole (LD Slasl pole (paasio b J2Ld plulid gl 3]
ez bl wlosgs Ll o ils slulis s, 5 4l
Lakoff § Feldman «latils (g 08 pi codlad aie) oyl jo a5
Exoge ol ool liad g5 Slalllas yo Ll Lol Gua a5 wiua
slagl G 0L 5 pedlie 6565 UKD 3 sl e 43555 oS ol
GElbnas 4l dnng 4 e s al oled o S
Sgwd Liasw (7 ) &b (Neural theory of language) \b;
b g JelSle Hotws oo ol FElbcmas 550,
Eou Sl oals &3l)l Chang 4 Bergen lawgs a5 0gd oo 00l
winnly by Syo a5 Sl (nl 098 o0 ik Joe (nl 0 &5 (oot
Goyb 5l g cunl saigess (Mental simulation) sad gjlwand

(Motor and perceptual imagery) Slol 3 =5, gjlwans

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

5 (Bender Gestalt Test) cJiuis o S, 5 0o g0l
(WISC-IV) ,LuSs (cii52 b 3ok 51l (s390 0 ot
o leds 4y IS AS glils ol adlllas cenl S3 4y p3Y .85 O g0

<l IRRSUMS.REHAB.REC.1398.021

Ui 50 et (55031 Gl AWISCHIV) jluSg (g (wlido
o0 JuKi5 oliie 03,5 10 51 45 il (og) oS i 5 S
i iels (5l Ko a5 oo ol 0 5 (Lol Lol )+ s
Oebe hlo el p2 035 o )18 oolaal 590 JLu VP L F
SIS e 0y S s 3T Gl el Yl Bl 51 -
Sy el )0 yes a3l Yo 5 hde JS sl (FSIQ)
(WMI) b abiél> (PRI) 51,8l Yool (VCI) o35 e
Sl g Vev ol IS 0,00 Sl 2wl (PSI) oslo s ey g
Sz Sy Shgp elido pSl Gigly 50 (10) Sl VO )] Jlexs
Sl 51 (o o5 Globa )b o095 (h9a 39 (sl (ansiis
Jbd Al (e (b))l mizmen g wllboo ST pl (patiis

el @28,5 )18 oolarwl 0 )50 Ly

25 Vgons 45 (a3l ool 1AL iy (553553 (903
Loy VAYA Jlo 0 0gd oo adlin s jom oyge5] lge
et 5 So ogesl ol i s,z b Lauretta Bender
Gl oy Sz 45 00y 4LBIS ()8 (o 50 S92z 90 slal3
D8 eolatul vy50 (S ol o)l 5 gFlibceas
lisee pwaid pglas b o)l 5 JSie fyael ol (VF) 005 oo
Gl A palal e G A e sl (Sen a5 col
3 LTy 555 50 2, 45 355 o 4y Ll 5 Ll isgas]
Sl YV G- a3l 5l ol slel IS oS S A4 &S o,
Y sllas S 5 Goge3] hpnd o0 Shas 5l S it glbs e
sl 5 o Syol las g Lamsgie 5,Slas oo lid 2aS g

655 Sy e V¥l oseil nl 58 1S G3lwand (9o
Ao o oolaiwl Wog S > el F Ll a5 (Stick-figure)
So J2d s pgai 2 (lp g (S pglal 093 g dbe pslal )]
aS’ =3 (Matching verb) jlgsron Jod () 139 o0y azs 5 1,8 (i
L b sanl b (¥ casl a3 3,50 35 00iiS Cipogs Lo
L a5’ =5 (Non-matching same effector) alie gac o5 ,>

g S Olotian igai b Lol ol o Il (L L cawd) gie o

17

G S S o)l A 05 aie sl Geeld onl b
;Mwm)hobﬁm‘bﬁw‘u—‘@)é)@l}w@sf b
A58 ailen (sl b 55T LT a8 WS s |, £5550 o]

e b siten (25 > Jbl (5lodnd 4y 0B xnd

FLEY
Oh9y Gk 3l diges Sl o Blaal 5 ggo9e Conls 4y 4z g L
O 85 Sge sl win glades Bolal 5 S aises
P 0 Sl P SThe oo b Sialos 5l g & o 5
a0 &5 |y Gligel s b aslz labes 51l 5o 45 Loz
ol 313l (slacygasl 4 azgi b (S, 5 (Sl sla o
Olozbo b (Sloddo diges QLGl | g WS (Byae idg Fiend
oAl oy & dged SYWST 3929 pas by 3529 (o) 2 S (B F7)
3 ol 92b sl 5 olelas o3 Rutter aslidn 1 55505 5 a2y
©510033,5 (298 (AR g%y L a5 (LS L (s b 50
VY 5 50 0) ombans lss Lol 550l 2l VY s ol 51 ool
s 45 gideo (V= [FEVDY s oo Bl 5 pailio by
Bgad Glgre 4 IVAV-AA Liass Jlo o plail @il B pgs 4l jo
o2l 31 60lsm Lol Siaa ol 3l s 59,5 sl lome iy sl g
b g AD Ll yee B9 0503) Vb & Lawgie (B9 040 (bl 109y Jud
AR (S ) (S5 e lacadslas sg2g pas (2B YL
@y (AR g (@S 5 S ca]) (SFLbceas (s 2B
Aol B omb seber Jold 55 agh ol gey lajbas 2l
Cald; pas 5 590l G () Kan pas (S5 g S (23l
Syge oS Wl a5 o050 (nl 4 azgi b g IS aslol 4y ol
095 Ll lp Wiad oo ilubion 558 (S S 5 G
ol ol el gl o eolitial wedan (g S iged by, 5l Ui
4 39,5 slolaee 4y azgi b aS wial Sl gole o 5l a8 Ve
J55 09,5 (6 e dmaler sl (l jr iaile (3L L83 VY Lo gy
Sila by VY 5 250 B) o VY B A g0l jiils VY el 5
s 3 otz ol 1 &Sl (Ve IFEVEY i Jlane Bl
ol Sl gl 0955 sl lme inds Lan iglesl 09,5 b saysis
oz 5l 5355 slasaiailys whae s ol 321392 &j50 (i 09,5
ablo g Wil (b odgaze o (JBLL 5 (W LS g S0k
ORoh 5o il Al (g Dleds g olon (oleid OISCis
Syge g pSliges Cuwyd aril Cux At slaylnl 598
solitd b sl )l SlS055 235, (o) sl 425,55 ool

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

).sya_»)m Ls‘)" WL».A k}:ﬁ L.i.! (IR M‘? LQfT)‘s A ealy UL")
O35S S0 sl p Jod Clsasl a8 cenl S LLs oS ol
8,55 )18 il Jlasl o lan S e 5 conl 48 S 050 sl
uL?L».:‘ Real 6‘)4 Jom ) W) 45‘)‘ LgLQ:cle uL».A )‘ ]
lagesly (ool glive 2 "olsman Jil' a5 & j00 ay s
o elasS Olee 1Al gae 08 > 12T L Glsenl S
"oglite gac &S > gl b lgteenl il sl Gl lagwl
Egoma 10 oyl il QL Canyed ol 5l SBolal & g0 4y 35

different effector) cglate gac &5 > 521 b lgseanl Jod (V
Db oo Lzl (L L cuss) Sglase guac b aS” 28 (Non-matching
g uadoo 2L b cess b oS wivgy S, S0l S50 Jladl
s BauS oS b az g5 aS )] (gl .aius &l jauae O jgo 4 Ken
Sz 50 39750 Slajr alS wed Cd> pslal (S5 > Hgede @
5 oy ol Cye ol Bl (Gles g i alez ) polas
0O ot JB Sl plaebl coST g paal po lp Jab on fcilie
rsbas 03l cnl yo o Ll seil i S 5055 sl ]
Woged GipeSy shol GEALTES 15 55 4 jeal LIS Y 4y L s 550

"o " Olgen Jod
'oge” alio gae <8 o 6121 b olgieal Jod
"o s olise guae &8y 512l b (ylgseenls Jud

azlye Jlo 93 b (Fogal 2 (ol g3l 5T 51 8 o o aslons
5 o bl (03] aigy b (55 4 o5 058 ol liabl b 0 o0
S o303l 3V Sloredg S @l 5l g sl Jladl ils 4y 508
5 robal Ghaled ol ad oo el Cud g ool jLad | 5l daSs
033l L2l U5 o 5 005 (olal 50 @y (Soge3T o sl JU

eiS oo Jsbo aiBs Ve sgu o Fogesl e ol
4 onl Glae oo Glagul Oliee 5 295Gk Oloy e
(S 9 S5 Sl (39 Siales 4 axg L a5 Wad oS
Silwdard 3 Ghand 0 )Shee ploFlu)l (5355 oS 59, o U]
Gl odel s 4 sloosls onlply anil ansls Jldl 5,
ol & a4z bays 8 SPSS-23 15dle 5 o)l (s )lel Julow g (o) 2
&S Szl L lpeal lguen) Jad goi aw iaghy (nl jo &S
dlie S (Sglite g &5 > Iz I L ploeal 5 alie gae
Ll 5l g conl sas eolawl Kruskal-Wallis :yge;l 51 eo,ls 5929

17F

RESIRGI TS
Sde s a8 ol adaii 4yl j0 a5 0l e 00ls ijgel la Sogesl &
3 aiS am gl o el oles dsas (g9, sl Lo O -
Bk M‘S" osls u..uLoa dao ;).a 9O peal S5 ‘uLo) Gde Q"‘
WE)S oo )8 amio S e 0 ) ldg Ojge 4 oS 2 S g
s Aol g i T g o 4 olaj ke (r5Sele
Sloy akold (b iogr a4l oo Av e Jad y00b g pgai po &Ll
395 03 ;0 |y g (Jab y5els 5l L8 a8 ols oo e b oyl 4
L «aly slodaSs (59, p ) 095 Cawd g0 b ‘5305.@)‘1 S sl
DA 4 g ubld co a5 wsiils 1,8 0lS axmas (g5, A €SP
e 5, b oD ) 55 o S | bt il b 34
Sy L as'q oS g «aly Ful daSs laie 4 gy oals cailig
(330,80 Joe "B Y sl 4650 gt 4 gs 00 onilivgy e ,8
Ao 4 g Wil oo (Bb amio (59, » 2580 by U W
Sl ol S g (o5 Gl (o) o g9 p Sl e

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

)|OL;J.A Lg)Lo] bl )‘ P<’/’ -\ CJG.»J )Q 9 S| 009_} Y/f\” 9 Y‘/TIY
wLo)T 09).? ral> ul).o.s k)"L”" » )L:.A d‘).’z.)‘ 9 Vw.i)L».o ).:OL‘LA |
P=-/-YY zhw j0 g cosloog F/0¥ o YIFY Y00 iy a4 5
oo gl Ol Sk aslie .conl jlolixe s kel Ll
32 (yeal Jlabl sl e ol 5 olyas Jladl sl el Gl
U5 g talesleg 3 59 55 a8 ol lad 523 J 7S5 Galesl 09,5 90
aols 0929 ylezenl g (lesran Jldl asrid lee (g lobire Oglas
Elgl s (o urs 8,8lee iulosl 0,5 45 g0 s Cal
o, MY S oy YVA Gislejl) lgseen 5l sl lo Jad
bay Ja.].l.a)’—‘) wlie gac oS> gzl b ladenl (P<+/ -0
S o sl b lasranl o P<e/e o) s yo YOIF S oo

R PV KY

sobite 4 s o Hlas 1) Wog 5 o 90 4 90 gles yge;l cpl a8
03o3l U5 g Gtalojl 05,5 90 50 e slaguly slas anylis
ol 428,518 oolazul 5,40 Chi-Square

badl
ol &5 > gilwans g5l 5l eel Caws 4 slaools vgge
Slaianl o lsan Jladl Lasis sl (g loline gl 45 ans o
¥ sz 50 a5 jsblen ol sgzg U8 g alesl g8 g0 40
29 9B 53 S F g 0 Slae S8 09,8 wrl o ool ol
5 Ceile polie .l azils lgzenl palal o) a4 Cad lgen
OSlee a3l Glis J S 09,5 a3 Slpes el Jlone Sl
S sl b plgeal (lgen Jdl 4 (0558wl oloj s
VIEY o5 Dgliie gae &S5 > sl L (lgrenl g alie guae

la o glsil b abuly o 5585 talesl 09,8 50 0 ,Slos avslio ¥ Jour

SFab 5 3e8 oledlw,b yBogs
5yl slas  ylmo Byl pafilhe Syl sl e Blymil el
<OV «IAA Y/£\ <IYY Y/fY AV o],m
JJPY <AV YTy Y VAA YIEY (asline i) ylaenl
b “IVA Y/fY VA YAy FeY (ogliie guac) olgsen

Gl 00 yattiie o Sob come o 5l o] Cawd 4 Sledlbl 5ub
ol L3 )1 o 5l (ools loidu b oS (25 > by Al p oS
Oled b bdpe (S5 2 A 9 (&5 > lepid il ]l 4 e
loasil idu ;o a5 Jsbnlon (Y (F) 59d o jie ,o ols s
28 o sl yanls JUiil o, plSsn S 05,8 s 5 oaeline
Ll izl (558 Joall e Sglite yae  Canmd e gae
L olsiasl bl o, Gpo |y ik oloj S ialesl 0g
2l b osel Cawd @ gl g, opl 5l a5s,S Ggliie gac gl
Sloar Sl ggoge wlal 1 (V) e ¢ Bergen axlas
a5 S yiee cmas G pluw S (Cwl guen (Match effect)
WS B 4SSy (S sileand glaanls e
S loy Dde Bro 4y e g WS (o0 Sol) 0SS L digd o0
5 b e sie 28 > sl b lyeal JUdl 55,5 5, 0

176

X

OBy S5 ilwand g awlie Bua L ol iagh
Joddl uSe s (5055 a5 0o (lis v asdly ol plosil ol couns
Olgzeal polai o, b duslin 4o lesren Jledl ol e (g 5 a
Gilwards glzl @ ol aS olazlu,b (5055 ( wuSe  aiils
s 0 Slee 380 Sgile ax 3 a5 Dglaie gae S >
i (5 Sileand ogeil il e 0 lsEle b JSsS
sladl L aal) o alizee Jdoo iz lg oo 9929 (ol b cconnd
L s g,

S Gilwand o Glelu )b (S0sS s o Sles o 0
Szl U Jstue (&5, ou ot B0 4 Glsi o0
Wigd g0 a8 S IS 4y S5 > Jledl S0 s a5 5 5 o Lil S >

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

O35S s oad Sle slaalas p s 5 (o 35don Loy
s,Slas bl ol 1 el Jlad alibls Cod b sgeaS (lg3lo b
692l Ol oo ) (S5 Silwaned gzl ol 05,5 (nl s
@ S Gileand (Sl p oS Sy (Sabpons Sou p
el g lis o Sloe S S5 > (g lodnnd 000 ST Jlad alasl>
ol CS e S ves b abibls SS L ol 58 e el oS
Gl oyl aiey ol jo azgi BB con (YF) oS S50 Lo s
g Al sloion ol (S e (orae gla)lisle i 0 a8
(Dorsolateral prefrontal cortex (DLPFC)) Jlis i ,i8
solinl &S > Jn8 5 Jbs alibls el plSin a5 55 ss2s
Siloted Jsb 5 DLPFC &ld o (ol jtoge o1 jl 5 ig o0
,Skas palds 5ol L A(YD YY) ol Jlab alidls oy aly 25>
L sl oo S5, ittt szl ol Jiolejl 05,8 chns
sl BL3 | o LT Jlab aladls cod b sgeaS

g & &8 cwl g)ls g plpl yo ey gl Sl ol Ghagl
el aSla, olizul (S0sS o (Sab sems Cou 4 >
Orrete 3l &S el 009 9y )k slausgase b cnlple
2 0 Silodrd dio) ) gunan Slalllas 35005 4 (i oo ]
Al (e Sz bl Can 4y 0,5 ol glittal SseS
ogdle el 00l oolaiwl oud comnn Cnlids diw) jo alive Slallae
Cod gl prosd )3 gl e (95 Sgaome & axsi b ecnl
0,5 blisl ol Glsslo b anel> JS a5 ou]

(Sa¥ Ak
5 ooy, Lais b Sle3lu,l aS ols ylid sael Cuws 4 slaaily
@bl 51 9,8 5 cenl LU o (35 2 o SlDILI oS 5
JWl G55l e 5o S5 o lee iloand Cqz (oS
ORo% )y 0dd gihae la s g @l (IS jeb 4 el Jloyes
sl Boyb 51 45 (S o g Glapincs o5 sl Gl (e yol>
peplie oleish (SoSa 50 (cots A Wigd (oo 485 3Ly pealis
).aa45‘5;.“Q.;g;ex)‘owuaoibh;fqu)ojwbja
5 Shoe Jlaiol s plon 4 il 5YL (5> O)lee Gl 4
Ol s ge it (S il (> edlie ledil )0 e
o § (S (g e Olee (558 LUl S e
A3 5l (o (o e G092 Iyme )l g Sl (Sl
SOl pre 4B (nl S (00 0, 1 0l i (GFLS Glaptans

erlbdcias ol il )by S0 s IS jeb 4y a5 el ]

179

bl 5, e J S 03,8 55 Jaall oS S g s sl
OlyFeaal JLadl o) b aslie )0 aline gae &5 1> |2l L Glosoals
b ills Ll el Ulsian il amets Soglice guiae o5 > (gl |
Siolosl 09,5 10 cams S > slaslge 3929 Ramus ddlle
8l Eolo b g0 ol -OA) 355 00d 1 onl il led ails
! 2 (V) el leen 5 o), Ken g Tian dalllas ;o ouds
S oo =l Gl B3l )0 Gl (B (S e 45 S5l
S lan 5 5> o5 o oo 858 B R Sl
@ ol s 25 > Pl glls oS gol Bl g o)l 0929 25 >
Exoge nl &5 atuas 0L (Bilon plBr (5 > Ol (3ludnd
(Simulation semantics) (¢ lwas » e cwliilize lsie @
09,5 5 Dylks )3 (A SIS Ol o iinlply gt oo LS
sle i )b g o ps (IS o gla s (12 5o i aile il
e 028 g e s 55 o JUdl S o e

15 m 55 §rand > 05,5 398 Shac gl S0 3,1
DB (I Gileand b (S5 e 0)8 (Shgen p (2l5S
5 Lzl @Uly ) ulSl (25 > siloands 2Ulgs oS e cnl @
Jol> ol L) (e (0 (V) (V) sl ol 3l lavgs OIS > Sy
4,0 aslen b (0318 a5 aes o lid gL ceas Ol
Gk 5ol (3l el (25 2 53l pgal g Conl Jos SG (8l
Slp 85 00 & i LIS > S aia &S (a5l LSl
S omas 4l a5 wlansls bl o, See g Hardwick ¢ L
2l plin w5 o slailal 5 (25 > iy o (>3 Jols oS
(b (VY) Wgd g0 42,5 )15 a4 &5 > S (g5lwands g ovnlin
Sl 1y JUl s miets plSin el 05,5 Cipns 3, Shas
e Sy gzl g o0 aleiil o LT o5 ally el
033! Szl e 5o Wl ms 5 Sles 530 gl 4z 5 08
a5 Ll 5l Lol cenl a3 bitscaae anlllas aiojls oS > (s 5lwands
sras slbaSl gile b a4 e D> Gl 5 il s
Oh oS ol (6990 U )lgi oo |y Jol> il cigd o SLSS
CiS g oo 3 (V1) Sadls (552 by b3lo 2 (55 > &)l
Olee iy g W3 000 (S5 2 (o> Sl | (b (35S
LU bl 35 Sledbl il 5 055 (G5 o g ol
Dbl Q55 )3 (5 2 o a2 00 Ll S 15
3008 S (s3lrtnd S oLl i ol ) il
Gipo%y il Gl el 1o Ol e &5 SN0 iz AT 50
Ja alidle oo b g ond o c3ld ol bLS, & 5,8 o

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

Q) 99 oS y Lo
tarmb moye dmools (5y5le S g dlie gl Guginhn ags
L.o).».LC ‘gsh"'l" ISP 6).54.99..4 9 Lboé‘b k}.o.l.?u ‘LS“’L"“"U“’j)

Silos S cdlge o] HLacsl b g ailoaslys

I asbio

ol 3l s o820l i 5 (65250 Wl 3l 2 y5ciams pblo e
LS Glas,sld 5 pele anwgs 5 pal) sl Jbo colex L oS
JOMPER PO

‘sé‘é)u’és }S.&S
3 3les i ylom (Gl slo gl dnwgs S s el 09,5 ]
30,5 oo Slo,a8 5 i a3Y sl slesaly &)l Cpx

&8 oylai
el 0030, <l o (Jbo a5l alo o Al o) i JLE o
wlansly dalllas cpl jo 28l o)l A5 e B 0ius s

References

1. Moura O, Pereira M, Alfaiate C, Fernandes E, Fernandes B,
Nogueira S, et al. Neurocognitive functioning in children with
developmental dyslexia and attention-deficit/hyperactivity dis-
order: Multiple deficits and diagnostic accuracy. Journal of Clin-
ical and Experimental Neuropsychology. 2016;39(3):296-312.
2. Marchand-Krynski ME, Morin-Moncet O, Belanger AM,
Beauchamp MH, Leonard G. Shared and differentiated motor
skill impairments in children with dyslexia and/or attention
deficit disorder: From simple to complex sequential coordina-
tion. PloS One. 2017;12(5):e0177490.

3. Diamond A. Close interrelation of motor development and
cognitive development and of the cerebellum and prefrontal
cortex. Child Development. 2000;71(1):44-56.

4. Bergen BK, Chang N. Embodied construction grammar
in simulation-based language understanding. In: Olastman J,

Fried M, editors. Construction grammars: Cognitive grounding

17V

525 §3lotnrd B 8gd o 1o, it Shol (sl st a5
Ol o8 labuly olul » (85 siloancd g 02K ©)9e
D) s9zs he o Ll Lpgare (Sl 5 5> (s s sy
Ok 0 bt ol (nd 4 ols Sl (ol pliy 0,15 c0 O 90
Sonr S Bgo 4 Sbeladl plnl 5 (V7) )00 Sl 4 (5590

B85 o0 Aoy 35 (S5 > Sl ks

N> koMo

o3 90 G Jauo! 3 Sgam
IR.SUMS.REHAB.REC.1398.021 o5 ¢l s L ol> iagh,
w833y Syp0 VWAAEINY &b o 5had (Sijy esle olSils
g byl Eard I 8 (B llaxde culey jglate 4 .ol
o Soeal g Slaal 0l )3 0 Sjge 4 rally (Ol
slaal ) SlalST o8 0 ol py8 (gl 4 99)9 lp 5 w5518
Wogs e a5 le; o ol cpally by jesl il ool egdle oS
ol 4 aime Glal agl cnl b s, Kan aslol I aitudlss oo
935 Syge w4 o Soge;l 4 bgrye Sledbl ol 45wl el
Al dalgs oloal ol 3l el 53 5l amls jo g wile oo (SU ailo oee

and theoretical extensions. Amsterdam:John Benjamins;2005.
pp. 147-190.

5. Feldman J. From molecule to metaphor: A neural theory of
language. Cambridge, MA:MIT Press;2006.

6. Lakoff G. Explaining embodied cognition results. Topics in
Cognitive Science. 2012;4(4):773-785.

7. Chang NC, Feldman J, Narayanan S. Structured connectionist
models of language cognition and action. Modeling Language,
Cognition and Action. 2005;57-67.

8. Gallese V, Lakoff G. The brain's concepts: The role of the
sensory-motor system in conceptual knowledge. Cognitive
Neuropsychology. 2005;22(3-4):455-479.

9. Tettamanti M, Buccino G, Saccuman MC, Gallese V, Danna
M, Scifo P, et al. Listening to action-related sentences activates
fronto-parietal motor circuits. Journal of Cognitive Neurosci-

ence, 2005;17(2):273-281.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

10. Desai RH, Binder JR, Conant L, Seidenberg MS. Activation
of sensory-motor areas in sentence comprehension. Cerebral
Cortex, 2010;20(2):468-478.

11. Aziz-Zadeh L, Wilson SM, Rizzolatti G, Iacoboni M. Con-
gruent embodied representations for visually presented actions
and linguistic phrases describing actions. Current Biology.
2006;16(18):1818-1823.

12. Hauk O, Johnsrude I, Pulvermuller F. Somatotopic repre-
sentation of action words in human motor and premotor cortex.
Neuron, 2004;41(2):301-307.

13. Punt M, Jong DEM, Groot DE, Hadders-Algra E. Minor
neurological dysfunction in children with dyslexia. Develop-
mental Medicine and Child Neurology,2010;52(12):1127-1132.
14. Nicolson RI, Fawcett AJ. Developmental dyslexia, learn-
ing and the cerebellum. Journal of Neural Transmission,
2004;69,19-36.

15. Sadeghi A, Rabiee M, Abedi MA. Validation and reliabil-
ity of the Wechsler Intelligence Scale for Children-I1V. Jour-
nal of Developmental Psychology (Iranian Psychologists).
2011;7(28):377-386. (Persian)

16. Brannigan GG, Decker SL. The Bender-Gestalt I1. American
Journal of Orthopsychiatry. 2006;76(1):10-12.

17. Bergen B, Lau TT, Narayan S, Stojanovic D, Wheeler K.
Body part representations in verbal semantics. Memory & Cog-
nition. 2010;38(7):969-981.

18. Ramus F. Developmental dyslexia: specific phonological

deficit or general sensorimotor dysfunction? Current Opinion

17N

in Neurobiology. 2003;13(2):212-218.

19. Tian L, Chen H, Zhao W, Wu J, Zhang Q, De A, et al. The
role of motor system in action-related comprehension in L1 and
L2: An fMRI study. Brain and Language. 2020;201:104714.
20. Grafton ST. Embodied cognition and the simulation of ac-
tion to understand others. Annals of the New York Academy of
Sciences. 2009;1156(1):97-117.

21. Gabbard C, Cacola P, Bobbio T. The ability to mentally rep-
resent action is associated with low motor ability in children:
A preliminary investigation. Child: Care, Health and Develop-
ment. 2012;38(3):390-393.

22. Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP. Neu-
ral correlates of action: Comparing meta-analyses of imagery,
observation, and execution. Neuroscience & Biobehavioral Re-
views. 2018;94:31-44.

23. Caeyenberghs K, Tsoupas J, Wilson PH. Smits-Engelsman
BCM. Motor imagery in primary school children. Develop-
mental Neuropsychology, 2009;34(1):103-121.

24. Decety J, Grezes J. Neural mechanisms subserving the
perception of human actions. Trends in Cognitive Sciences.
1999;3(5):172-178.

25. Kosslyn SM, Ganis G, Thompson WL. Neural foundations
of imagery. Nature Reviews Neuroscience. 2001;2(9):635-642.
26. Fischer MH, Zwaan RA. Embodied language: A review of
the role of the motor system in language comprehension. Quar-
terly Journal of Experimental Psychology. 2008;61(6):825-
850.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

	Bookmark 1

