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Abstract

Introduction: Logical-mathematical intelligence is one of the common needs of modern life to
deal with various types of computational and problem-solving situations.

Aim: The aim of this study was to investigate the brain regions associated with the core skills of
LMI (calculations, logical reasoning and game strategies) using functional magnetic resonance
imaging (fMRI).

Method: This study used a cross- case design. From 28 male and female volunteers aged 18
years and over who visited the Brain Mapping Laboratory in 2020, one with very a high Logical-
mathematical intelligence was selected through purposive sampling and using the Multiple
Intelligence Developmental Assessment Scale (MIDAS). The tools used in this study were
Computational Assignments, Chess and Logical Reasoning. FMRI was also utilized to examine
the brain regions. Data were preprocessed and statistically analyzed in SPM-12.

Results: The results demonstrated similar neural activation involved in computational skills,
logical reasoning, and chess game in the frontal and parietal lobes. They also showed significant
activity in the cerebellum, insula, cingulate gyrus, precuneus, pre-and post-central gyri, fusiform
gyrus, and supramarginal gyrus in all three skills.

Conclusion: The results revealed that the neural activation patterns in each skill have unique
neural bases, but have common patterns with other skills of Logical-mathematical intelligence.
These common and unique patterns present a unique neural architecture in support of the Theory
of Multiple Intelligences as a scientific model of human intelligence.

Keywords: Logical reasoning, Game strategies, Magnetic resonance imaging, Calculations,
Logical-mathematical intelligence

How to cite this article: Yarahmadi Z, Yaghoobi A, Rashid Kh, Kord Noghabi R. A study of brain regions associated with Core Skills of
Gardner's Logical-Mathematical Intelligence using Functional Magnetic Resonance Imaging (Case Study). Shenakht Journal of Psychology and
Psychiatry. 2022; 8 (6): 83-97 .URL.: http://shenakht.muk.ac.ir/article-1-1332-en.pdf

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access article distributed under the
terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to download, share, remix,
transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.


mailto:Yaghobi41@yahoo.com
http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

g}uggiig‘})}fwb)@
VP 7oyl “..';':..h Jw
AV-QY 1Ol

P05 ol — Ao yigd ol SO sleo b dad o (5 30 Gblw (wy
(59390 Axllac) (5935 )5 (Gumbrlito Wiid (s 3l ) gai 31 0Lkl b

" B9 85 Jgmy iy 9 i 9hr muldlgyl ¢ (Gezosl o 3

Ol Ol i o oty ¢ wliily 03,8 (51 575 (5 smmtils.)
Yaghobi41@yah00.Com : Ll .(J st Cad56) O 1 cOldes i o 5 o815 ¢ pliilyy 03 8 coleul Y

Q‘Jg_\ ‘Q‘Jw.h gl.'\:..u J&y Ali.id‘: ‘gs“'w‘ﬁ) ojjf L)L:.."LS‘: Y

ALARVARVAL 211 - PN O TRt} Ve AT e S8l 3SR b

o>

.o

S 5 Slalon Glaconisn 51 G SUE Il L ablie sl 550 Ole (S5 513 sl 51 (ol — ikate b s e
2383 S ) ublite LS (5l s geai Sl oslizal L (5L slags 51 !

o le3T 4 ¥4 Jlu 53 457 YL & JW YA 3,0 905 cbgls YA Ol s g (63,90 -0l Cjbgiiuu,;i ol Sras tove)
L;MJGQ)'J\JL:&»}M:L&L#IQJMMJJJ@Ylggl:é&éli)—&.b;ﬂj}nligsyj'ldégic.u;;w\fﬁd)bﬂmﬁ}
j\w.sﬁ&bdym\jéﬂ (Sl g_,d.:.“g: g opl 5o eslamul 550 la sl 5l Ll Sl 43\?.&;:_.- sla s
AY s SPM 1550 5 51 eslizal L Laosls 35 eslimal (grhe bl ) Sy (65,5, bl LA (g5le s
Ll T IBT 5 5l i

SllbaT 5 Sl Gble 53 ks 5 5 ikt JYdzal (Olbs SOl o 1y bt (rae (S5ludlad claasily Al
TS (S 5S pom 3 e SO 0 i o oS S Vet ctominn (1555 5 5 s BB b imen 3l DL
.mﬁ,:i.;;;;,JLPM,MJsMsggws\@ugﬁég,ﬁgp
l;.Q}?}d‘\{ccbﬁébﬁquéhq\iLs‘)bc('.))\.g.ajh):Mé}bd\&ééh}g‘géb chﬁbgs;c\z&'b

s o S Ll 358 3l ade Jo ¢ Ol g 4 i sla o8 w0 5l Coles y3 1y oles o

2l — stk i sa (Oliwlus (b liie L uis (65l s sual (5L (Slacs 51 il ¢ gakaie Yl (o §19unls”

ol B gine s S S 5 sle oSEIS (5 1 i (3 s el


mailto:Yaghobi41@yahoo.com
http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b 3,8 ol e s Aol G lge b Jad e (Sihe Ghlie (s AD

5 Sype SU Ollas W dYY CoLILS
D3 ey e ol Slwlue 4 i (andllae)d)
ol G e ) 4 ladllls 2S5 lesls
5l w07 Jol Glaslge ululy 5gn
Olsie o & 5 oS D) g0 4 0 plowil Diladllas
dbe sl ol 88 Sy p0 (S — it e
Jos L) Slalous 3550 55 okd gy s Olalllae
O (ool 5 22 (38 por Joli Ol ol
Slwlos 53 oge i l6LaT 25 45 Las o
2854 5 e Sl laend Sl 4 Sl
& by syl Ll 65 o sdalin Olwlous o )
e T 3 ar g (e dible a5 JS 505
Xorp Coolal) ol abee ate) s gl
15 Toge ey T OEE 5 Wdlsle eSS
WIF O elE 5§ A el 5 5
Xovd sl oS Gl 0SS SV Gl

el T 5 s (VY ks 5 sl
b cujlsé}g Gl 3l ISl 5 8 s
b S Fl el Mol 4 5 3,8 o pls (SSSL
3 |y Olulilyy a3 Cawlbade s 0 odl
Ll 03,8 J gria

oS Sldllas 5 ol g5l ol abear M@M 3"
s 5L e DL, sy g B8 s
o s bl glaod @ by Sl gl

8. Karanian

°_ Parietal cortex

0_ Frontal

M Ansari

2_ Clark, Hudnall, Hudnall & Perez-Gonzalez
3. Menon

1%_ Peters & De Smedt

5. Cragg & Gilmore

16_ Evans, Kochalka, Ngoon, Wu, Qin, Battista & Menon
Y Arsalidou & Taylor

8_ Chess

)

=]

.

dockio
N3 &S sl 0y S5 815 sl 5 S
Sty I SSUE el b dlis 6l ol
ar 50 5 LT o Hled 4 dis Jo 5 Glale
ah on 455 L 55 Coadl b Ojde ol (glaani
an (0840 1 S ol | 5L, - alte e
Bar gl g plae JSEI G oLy — bt
S s x5, Law g VAAF Jlu s ST
ololp &8l Gigr a)50 50 e Gl
(YA TS 5 ) Col gl s lid Coae al s
Sy r a3 Sl ol S5 bl ol
AT Sl 4 (LS as el

oz bl (U5 S @ (Bl —(Silate rsa
Oselpm s 3 Aol 5 b S aseis 5 gVl
LS Caae dalsd 5 (WWAY () 555 0 o yaS
(Jols odis Slasigsa VAAY JLe 51 &S s ol
g bse s AES 5 cr GIalaT o
o Sad (@I Ol sl G Sl
Sy Sl (s (ebad 30kl gl il
(YN 08) ol Do a5 5 (53l
Sbd=ls Sy 5 eon ) Jels mb e ol L
S ol b b e ol Gl lge b (Sl il
Doy 4 i o g T Slabee  ogdle oS ls Ol
SBElge 3l 55 6k sl i JY el

9 o) AT e slad 4 by - bl e Lo

- Logical-mathematical intelligence
- Ashcraft

- Sternberg

- Shearer

- Calculations

- Logical reasoning

- Game strategies

~N o o~ W N e

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

A LS 5 s el

—sikie Saa (glyls 5131 LT &S das ol Jse ol
das oo Ol 53,8 Law g odd lesl g jhe sla,ls e

0

&

)

Y . R . R .
S R S P & AP LT3
GYL & Jl WA 1311 ol adlbe oSS 5
WAA Jle s she gl et o isle;T 4 6diS ans 1
s Sy a 93501 ) LOT w5l a8 esls LSS
ol G w2555 lajlas dhex 1A O]
orlbis b g Vb s SL, -kl faa jaseis
u\.«d;.,\:— aju) WAJ\?J.:: le.éu;u).é LS"L‘:‘) (.;\i))‘
k) ‘;;:...b LS'-L'S" 6‘)\3 QOJ}: e d C_,.w‘) c(/\'—\"
S 6o RN I3 5 e (S5lay Al Ok
7 &S Sl za s Ol remen 5 3 318 O s
plomil o 03w 3b) GLOS 5 ol el
Olay plasl 4 53 GUls pde Sl s CdSS
Wl isleiT cpl 53 oS8 5 Sl s IS
A S Us el Oliab! o) ‘53.5}4)'-\' a5 e sllbsls
zo ohlsT weT Bl Wilg e aib bl & Ol
ol 0 ES S S ol S (S bl sl
o) STl Glal gt s S lasT
2 shelesT CalSS an Ga5e5T & 5s s
IVl (S e Slloes CadSS by OLL 4 Sl
s IS GacS s b (g5L (ST 5 e
(PSYChoPY) ,i53le 5 51 eslizal b 5 (Ssb &) s @
(o) ol Jos Jlgr dnnlons ClSS (gl s &l

3. Cross-Case
. Multiple intelligences developmental assessment scales

S s 5l b Lt bl Olye 4 1w
5 5 Sy Sl YN 6 s 5 JpiadT) Wiles S
5 D WLSSHS (s S sl K
530Kl (Kl S Kol ( J XY Ol Ly S
JJsSl 5 058 B o¥1d FKE 5 L)
03 e Gl p s SUL Sldllas ogMa (Y010
LS iate JYiul gy 4 altes o ol L b
§ e @l Slles S bl oS
Ghle S5l 5 38 0 iy sk SRS
331) Llesls AST GloLaT 5 Sliy iy odd 55
Szl gl (Sl Y00V S50
35 Lo g 013 gl (5L YNV gy il 5 ey
5 Ol Ol WSl Y0 Cally s

RCERY SRR GER ST PR O W
Sosp L cas Sl el Gyl Jl 0l
S o3g 5y 4 5y S L oyl sen BL, - Rl
FB T dalss d6 & ol ol OT s
o S T Sl el sl Cme dia) s led
IS ol Sl el bagiiley o 03 4k
a il L e e 5 Br i 3
ol rags 1Y 08 g sls) S e oSS
L) ke Fgr dtee aalllae 3 b 51 s)ls Al

- Occipital

- Altschul & Deary

- Song, Peng, Liu & Wang

- Powell, Grossi, Corcoran & Garcia Finana
- Li, Jiang, Qiu, Yang, Huang, Lui & Gong
- Gong, Ericsson & Moxley

- Prado & Noveck

- Schilling, Gao, Janve, Stepniewska, Landman & Anderson
- Sato, Masuda, Someya, Tsujii & Watanabe
0. Fangmeier, Knauff, Ruff & Sloutsky

L Stocco A & Anderson

12. Waterhouse

© ® N > G s W N e

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b i, ol et s ol D )le b dad e (she Gblie (s AV

L5 Olde 5 YOPXYOF sl a4 i o

Wl 0 o3lizl e n e V4YXVAY
Y s SPM ik 5 1 eslizal L Laesls
« MATLAB i35 » = TOOL BOX
s o oty gyl T GIUT 5 550s 5 i 5l
5 Tedles il el Bl e
Say p Wesls ol il oS ol T 65le e
Sk sl S e Sse llsn (s s
TOOL & XJVIeW I 55 o5 S sl

A2 oslizwl MATLAB ,, 2. BOX

)‘}g‘

Sy @I ublito Wl (Sl p i AT
o b (Bl mikle e S e (o)
S 0T bl 5 Ol 1y o cpl Lol Ol
30 o3lizal) Slabous Jals &jlge aw opl s 1 b
ol Jes Bl opeisy S5 5 ol
IVl 1 eslamal Ulg) et JYamal (S,
S slag sl el 5 (w55, OO Jo )3 it
25 (5k s o B s Doler)

Sl s 190 Jols (oSS ol Hlasolimo Ll
ol s Pl 53 el Slkes Dl a5l Gllo
P S RITS) | . - PP (T SN
o3l (3,8 eslizal (Y1) 2l 5 3455 (KiilonnS”
e el (Olals & by o flaw 53 s 03l

4 Ollows 4 byje fluo b oslisal 4 LY o

- Realignment

- Normalization

- Smoothing

- Functional magnetic resonance imaging

- Calculations task

- Ansari, Grabner, Koschutnig, Reishofer & Ebner

G oSl Cda 5o 1) (L) (B8 5 el (o
(ol Jos slez p! Sleslizal b ays S w1yl S5 40T
e 55 93 Ol 95 e 5 o led (g3de flaws Tl
Clar b dd ool s 2037 515 A osls 2l
e sibie dVdmal CadSS s ST Ol 1 Sy
5 @bl 0T S et w5 SVezul Sl Tl
5la (5,8 s Ssle s 350 53 (G3503T
23k 5l Gols Jols et S 0L ) S
G el Jlm s S5l &0 & il i o,
R 2503 35 e gy 93 B G AAS o g5
r.:o*ajv.::..»bﬁ-)\j\)&o:l:QL&J@;y}Tqﬁ)w
0L 0 sS4l 4y IS o 93 51 S IS S5,

el g kel (5L 55 g ST
o3lital b 555031 (S > Okile, i 4 (6l
33 F 5 400l el gl Ah e (gl S
osls 41 3 &':}A)'T Cwly 5 o Cawd CWL” )
23k esls ly b G et SN laenly s
Sl Glp b G G WS osaiT il s
Coawr Sl Sl 1) Canly S IS 5 o o
M5 ¥ Sl st b MR, slas sl Hlas col
23k el Sy JUST A e &K L e
S S o b gla L T bl
Ar ety J5 sle e da V By b L L
wsly st de YFV TE b e VAV TR av#
L3 Ols 5 YOPXYDF wjle camys Vi o
S Gl el 0ds S e e s YODXYOD
T2 055 b Gobsppsa 51 3 Shes (slaosls
IS sl e doe ¥ oCubes L JLST gla S,
wsly sl do Y TE (b La Yo o TR 00 a 5

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

M UL 5 s el

e KT H 81056 Lt ol dt ol e @)
faUécJa e H &y 4 Coaa ﬁT‘:)b S
2 Jol & BB (Gl pde -V Ll s (058
Sy die Olge 4) Cils 55 Coda V':J) Opls
("QT 2,13 sy mpe KT sls J 351 o6 b
‘b"\f‘ﬂ).s.(.s}.&@ﬁ&cfQ”JHQ)‘,ﬁas\g;}u\.a
ok 53 S 5 B b g 1T (il putsY
056 b sl Jle Olgie @) 3,10 Calke 046 5
4 Oda @n T o)l sy e oKT casls I S
ol 52 056 gz sk b w090 H 050
M)akféj_s}q—)r.\.olisﬁj)ﬁo:u;»\r{b\)l.;
el Coand )3 (A g pde b sy 5 0delb ol
(odsls
alﬁTcM\{ij\dbo\j&A{)aﬁg;;an);AA
(5,15 5950 pls

Olge @) 355 0 Syl & ool ams Cuad 5> AN
(505 55 oo o ST ctab H S e

J 5D 550 4] 55 ool andie Cad 3 NA
(aj\aaf)oﬁboliﬁc.uu:ﬁ)

- o0 Gl B odeld a5 dedie Cead 53 55 NN
(3,5 3 5 0 n o KT 3l J ST U 0l e ) 355
boodd &l O il S O oz
23S 5 QR P L H) o5 o
5 (Cdoe 5 kot (659 cojlin o pls LCJA) I
A S 55 Oles 65 55

S5 oM St Cadle &G LI beiT
JJIMW}C}J&@E&OHQH\.»@W
sl Jee 00r s (b H S Jle Olge w)

e V0 e 53 (30 s & o) £33 o

\E Jﬁwdfjl{,ajéfjl{/\):\@:w«ﬁ&)y
QTJL;:QJAZJEYQ.\JA.,M,A.M&)\J\}»
Y osle Gl Sl &K s (Jooly) e Sl
Ol ST as wuls gagelT Ias gl ast
5 Cwly Caw 4S5 3yl 13 Coly S (o
O R 1
):cwglﬁc‘}iw;\w):..\a:)wb%
wﬁ@wglﬁﬁ;w,;}%w
sh (6,8 o ool 48 8 3L s LI Sl
e Y LY (il gl (b ¢l romen
30 S5k Al B OT 4 L (S momo Ol
W YO Gl Cub o &K Gyl 5 sl ¥ gl amio
ok pa 0Ll 3 ol ko 6)ss oSG s S 51T

PR
59300 oy 5SS ol L st Yl LidG
ST e il sl gyls I (YerV) (S 54
S 0TI 4 & 55 (b2 Sole o Jals s i
5O daly (bbb edslh il e g1 (6 g 2T
st H ST ks Sl ) 45 e oo 1y JS2
S bl Oda (2T 5 ()ls s e oKT
Olse 4 T el Sope 4 S0 5 O
el b leT e o 2l 53 H o e
s x5 (bhedslb oy bl Sole slux
=k bodaw 4 bR loT cponl s ag
o) Gl pds =) (JoS Gl om) Gl ps
(Jo8 Glls pte) Gllas pue = ¥ 5 (Lo e Gl
S pyS VQT‘&LB pde - Ll s s S
AJ\JQZ{LEAQ_,Jﬁjsa.\.Z;SJQjJﬁQ%L{

1. Pseudo-randomized
2 Logical reasoning task

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b a8 ol et s ol D )lge b s e s 5he Ghle (s A

Ll 5 5 el €l 5,5 LG s esls 0L 5,5 &K, L
5 gt Gloo g AL bl bllas (g ok (ST
LS G L e ek ambo 535 3LaT 55k 4y
5 e 33 358 5, sl kS S 5 il sla
A eslead Ll i sy Calides gsle 009
Sl I 53 & sp e gl aw Juls oSl
o sS Jlgw &S L eSoh a s sl ¢S 4L
SET G557 (6l cadl 7 oke 4 &Sl (B me 0513
w s sl ol JSi5 Calises (650 53 1S 4h s
YL aas 5o plawil b )3 0 b (G54 OiES g
Tl S psal 93 e 5 4l Y S 4 amio
omb aes 53 s Al Y gl ol gl ol S

A esls &i\.m.: dlp

B4l
OB S o8 8 oSS s sa Shs 4 by s
(3,0 VY 50398 Jl e o o ke &8 515 Ol
At o gad S 5 e e ¥ L 6l G503 kg s
el sl S8 o Bgn iy o)) elide 5
o GG e e b bl s Sl LT
Jols Jgd cpl ol ol 141 Y Jod 55 (3,8
A S Ol pmen 5 odd Jlb (18 Sla

.&;@gma@jw\é,n,m

2l Lo ¥orr 6l gl IS dm 58 el 43U
5SS 3505T S Gl b ble o BL amio (o)

.(f/&@@»;,&é\,d;p
s sk Sy 3l b 8 5 ClSS oyl ik (b idT
L) b L8 s sl (YY) ol
ol (S a0 3,8 e Ll G505 (i s
G G &S syl Ko S35a5T 4 syl ol € das
Wy S 53 o 34 5,88 e 5 A4S s 485 1,
ssb 4 ks Sl S Sl ) oS el
I Jad Dokl L3 sl esls oL I bslas
(http://www.chess.com/games/) <5 ,;, olskel
Ll Fa5e)T s Sl (5L 5 Bl g8 b b
SN R3S 53 e g Golmy IS 031 0L (sl
Sl /5l & Sl S s ged G LS Ol |
Sl 03l plonil ot (5l sk 3 ks
ore Sl Dl (S cpsd psdl 5 (momo uly)
525057 IS Ll o 5s el (S yob frnly) oo
08 8 dal ot 3 ST (e o400 3,8 sl L
23056 & Lais a5 358 modls Bl 53505 4K
Laib o g0 45T Sl I OT 5 3,05 5925 0,0 (5ol
CS o el b 4 as b oSS Sl blS e
Lol ¢l ol 4 YL 3IL Cnly 4 o SIL am (uS
s b o o 4 455 VL 515850 e Ol e

o rgo- bj)wwaQYLMMQ‘)WJH{.

G A 9 o T Sl y ol S Gble Olasuin Y J9ua

By Sly s S bl Olaskic
K X Y Zz e gl © o

YVAE -YF 0% & b -
. YF —op e Gy oS S ol
o ¥ -Y¥f -0% I8 4.>’=>u= w')

& Gl oud S 3ble Wlaskie
K X Y z S >y & yXoud
AT “FA VA dodee e

v

4. \Y =7 o Gy oS S il

PYSYARRNENR § NN T dondea Sl

AF-AY (\Fe & aju‘r;uJu4¢>uv_<.:}?s|,,}wwl,,@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

q. ot)@}&,;,ir,.wlﬁt

OFA  —§+  \F Y S o B r S
Vo Y. e e Y gy Sl
(T2 R | Y Y| P
or4  —YF  —oF § =S5 il
oF Ve YF YF ol i oS Sl
WA Y S\ ¥ CS ot S rs

AL S A N D L O™ )

Z ST § SN 2 Slhe Slig =55 oz
Y¥FO -Y¥ -0 I 6;}‘&.‘. C‘g“’ S w‘)
Yoo -of A Y e Gl S =

VAT S S O P QU EVP - Cow

U A A SRV =L Y N PP R COW
110 _YF 0% I S ASL_-B:TJ_}-I}‘ Sl
LT S VA oS e, Sl
Y6 _YF  _a% s xS <<
R e 2 Sladl-G s )
AV YFP 88 5 Sledl- 55 S
WA A A Y Nl )
W oYF oy 5 St Sl -z
NS L S S5 GlaT el
L7 T N B Sl )
YAY  YF % % ELT P <«
W A BB e il
B YF 0r p o slaT g s
BF YF 08 $e B alal o

wa oy -f 0 Sle gl =S Culy
YV VY -F o Y g Sl
A w0 Y gy -z
VeeA Y -f o =S5 e
v A i L2 IRty Sl
) -5 VY YA PARERT g -z
YA XY ¥ AP W LN S
VA VY -f 0 Sl gl 28 il
RN S 0 S et S )
FAOFA Y -f 0 S eSS Sl
a1 VY -f 0 Sl gl xS il
£ VY -f O bl mS aly
Fre \Y —f o b alalded  caly
Yay oy F o SbwalaTded  cly
BAR Y -f o o Sl
Yo Y -f o o e -
YoV Y ¢ o Glasl> 3 v
Yor Y -F o Gladl G g Sy
VALY F o s VU Sl
ad VY -F o S -z
AL L T T O GNP
YVA Y -F o S Sl Sl
Yov oY -F o S Sl -z

¥ VY -f o e Sss Sl

FDR>+/+8 (g ledas 4T P> /00 (Talairach clas ;s tedins S (XY, Z) Slamies cods Jlab (gla oS 5 sl Cadies K

ol Jls |y Sla i Gble 5 Sliy cglalaT
5 e by Vgl 53 (ALl poesdle
(o Camd ) K2 ) Jader) di ol e 5 eV
Updor 33 ool 506 ST om0 JUsb Gl
e Ol Juld 55 Jgd pl (sl ol 141 Y
S o) adlate o Cles Ol iean 5 o Jlnd

.Mbso olis cjg‘;:; 93

}C«?qg&: Sy Wesls 5505 51 Jeols glaasl
pc.?qg&rw«s;\;ow\g),.\?,;&,s
rmer 5 Sl s Sl el ble CJl
6 ,bgs amie 5 4 bs (Y gl db bgs | useV
(G s ) S8 ) Jgter) 0 0l en 08 i

P st s S8k 4 58 Bl J> e

L. Thalamus
2 Insula

3. Cerebellum
4. Precuneus

AF-AY (\Fe & aju‘r;uJu4;>uv_<;}gt,,}wwl,,uqu


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b 528 ol - e s Sl Glen b ke e s 5he Gl ) )

ol 90y IS (81 od b Fbolie Slasie ¥ Jgis

ol (81 oD Sl 3ol ilasie

SF ot S -z

I R Sl Sl 2S5 -

L A

S A ESE ol

A ¥ YF sy B alaT g g Sl

RTINS L Sl -z

S0 Sl ous Jkd dble Olasio
KXY 2 skl o
YA DA Y v woes -z
R A
FRE A oY o e el
SRR g ey
LS V SR P Y gy )
B ]
LAATHEEES D SR 0 Gl ad

SR ESE e

WA e e Gl S il

YAV -5 -\F Y L;;,u..ic&.z e

K

VA e Y B Sl a0 e

£y A Y Y s slaT Jp -«

2NV S - oS i oz
W Y N -Y: sladl= 3 Sl y

=
{>4
I

L
=

s ¥F

b
%
B
%

E

3

oy A F b AT S

-
1
—
>
|
—
1
—

Sb Sl cwly

-
-
—
1
—
>
|
—
1
—

SB AT ity

FDR>+/+8 (g 3ludas 4T P>/ 0 Talairach glss ;s tedes <o (X,Y,Z) Slaazies ok Jlad gl JuS 5 sls Caiies K

Sg a|ﬂ}§o}?ui$) 45;’9}.3 domen D 6‘:.;.“:3\.’
b 35 o Jilaws 5 (7 Comd ) JSC5 oY )
u})b%)@%‘MEAT&L‘)b‘J&jJG

¢ RS bl js S b s 4 by e il

ool posdhe 5y ol en glalal 4 Sl i s Slay

- Temporal

AY-AY (\Fe s &,)u‘r;:.»dmg;,:ué.zg,),wum,,@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

W OLes 5 o sin eldl gl

o 3 o S V] et (Gl 5 B
Sladl G 5 o S (sl w8 (S e
Vel (IS e ods Jlb Gble 5,8 cdalin
b ol ok WY St 3 g lad 5k 5 et
ol Jled 15 Sluazdes ¥ 5\ sl dSbe 55 Jgidr
s o iyl 0 Sas 53 51 S a1y adbie a Cleb

woarg LG Cand O JSKE Y Jade) sl Ol
5t G e CISS ) ekl ety b
Ghls Sl plowil C‘i"’ (il e O 5 n e
Sl 258 Wl Gl epeta (Gl
S s 5 Lipd Jlb Sl 5 S oSl

ilie Yol § g8 tad 81y Gile b Gbbe Slaseia ¥ Jgus

b 81y Gile b Gbbe Slaseic

K X Y Zz S >y 0 sKow
WYY W A YA =S 5 e
Q@Y YF AR o) S a8 S ol y
ay  YF AP oS i Sl
PYEYF SAF Y B palaT Sl
7Y YE AR oY Sl G S Sl
O YF AP -\ S G Sl y
LA L RN S K Sss e
YAZ  VF A g oS i -z
VYV YR AF oy B (S Sl y
YPEYF AP e S (g oz
YV YP O AF Y 65 alal Jg Sl
e YF AF e S8 (Seo S rs
A\ R C S o S & B o T e e
VA YE AR N B (g e S 2
\EA YE AP -\ Slos alaT J o«
Vs YEO-AF oY GlaslG g Sl y
WY YF AF -y N Sl
WA YE AP Y doben v
Y YF oA oY) L;lm_}l)‘c;i.i Sl
OFYE AF v SF o ESE r
YA YP AP o) St Gl =S5 Sl y
WY YF AF e S Sl =S e
A A AL S ot S e
L | A Slbe Sl =58 Sl y
AALSRR SO o SR ¢4 B Sl S Sl

W 2R

ilie Yol 81y GileJbd §bbe Slaseic

K X Y Z St (P o
Y944 YF AY A e o
YioY  -YF 4y A aobes -z
188 PP _AY A e Sl
YA PP AY A S S -
VWA YF Ay oA S S oS r
OOVY  —YF  AY A =S5 =
Y54 ¥F aY A Sl Gl S Ll

46 FF —AY A Y g N
LA CUIL U S B Sliy =S e
FIFY  YF A A S i =S o

LI O N Sl Gl =S «
VYA TP 4Y A @by JBg Sliy ol
N oFF Ay A 6bys e Sl <l

W FF LAY A SladleG b S o

WE O PF Ay oA S $laT -
WA oFF LAY oA S laTdy s -2
AL L | B GlaTd s ol

\E O FF Ay A B GlaT -

YSV O YF o -aY A S5 e S Sl
AFYE LAY A S oS S -z
WM SY F A Sl ARS8 r
YAV -YF 4y A e iy -
VYA PF Ay A Skow wlaT -«
VY SYF Ay A SB5 slaT -z
VRV FF LAY A S (S S -«
OYY  YF  4Y A S o S <«

AF-AY (\Fe & a,u‘rmdm;éuvs.:}_,si,,}wwl,,@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b 3,8 ol et iga ol e b ad e (she Gblie (s AT

WX AR v 6 b B iy il
W YR R G by B iy -

MY —¥E AY A S5 e S -z
I s ) S SR N £ CRPS
YAY TP Ay A oV )
Yo -¥f 4y A A oS il
Y YF Ay A B palaT el
L L S S Gl S5l
YFO  FF YF  OF ¥ ! ity
VPP PP Ay A Sl Sl @S5 Sl
F40 ¥F AY A @by GBS Sliy <l
WEY ¥ Y A oS e, el
DYV YF Ay A oS e, s

FDR>:/+0 g3ludbd £k P>+/:0 (Talairach glas ;s gsluds ¢ (XY, Z) Soliasbes ol Jbab (gla JuS 5 sl Caises K

CadSS 4y b g e slaesls 5515 3550 5 (o e o)
(Sl i gble 5 slbcdles 55 gkt JYaol
b CadSS pl pll s odtalin (g ey 5 (slailaT
Y sl (@b g5 ameies bl js g JB Sl
OSSO Jsr) 55 ol pan i S5 S 5 &by

e Sl ks (b by e glaesls (251,
Slal Jpd 5 Glasly m58 o o lalal
3 S S B S Sl Sl
(S Sl @) Slinohe s Sl s (Gl
b emen 303 0L 1) (Gl 5 B Sliy =S
S ¥ Jgdr) 590 ol jan 5o 2 b g3 domdes y5  2leb

(8) (e SVl 9 (o) g8 b (S3b ((3) pawdl ((g) 230 () @28 (W) gox b tad o Gl Jbd 195 ) I

AF-AY (\Fe & UL&.’LLWJQ&&M&E‘})}@M‘})@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

W OLes 5 osin eldl gl

Ol Sligo s bl 5o 1y b b claasl piomes
s (Y10) 0L, Kan 5 K6 rags 4l L oS sls
3k pBs & LS Ol n Bl ol e 53 5 S
Gk 3 SOk G Sl S e gkl
sty 5 355 o0 535 5 Siluad (it sla S
Lle Vo e ls glas Shee 055 85
(b bl ¢ olas ¢S s o T Sl (65,40l
Bl 555 5o 65;»»«@ 5 Dslad s J

T e 35 4 codaT Sty WS (sla S
338 )5 amb 53 iate PVl (S b 0L s
AB GBS iy 15 (MBS (g ey sla 25
ool s Jb gliy i 28 5 SBg Sl alal
XY DL 5 Sedomal) sla 2ass b b asl
oS YV (ST g 6 5 g5l Y00 (O, 5 gl
omad (Y00 A (O gyl 5 oS ul Y008 O,
e S8 Ol g5 o oteT Sy GlAaBl ol 3 Con
Jsb 55 G w5 SINLAT (sla 25 51 ola idw O
o il olas — gl sl 3 i« ¢ ke JYuzal
o3> b (5 oM G Sy s Lyl
3 b er odalin (6 ey GhL 53 (5 i Sl 0050
33 Sl Olg o mmmen (Y10 OLSKny Sl
VU o bt s Shas Ol 5o 4 1) Gl Sty Gbs
Srholbal (b bl o Sae , Oyl Wk
5 15500 3,5 0y Srsmebn sty b 5 52
LA o0 5 Jr (0 O gmosloms 2 5YS
Jlo 53 a8 Lwg odd lesl 1y b baasl -yl
LB slacdls tags cpl bl 6l Calas VAAY

ES Va5 53 B e

’. Rosenberg-Lee, luculano, Bae, Richardson, Qin, Jolles & Menon

S il Gl Slulis Coda b bl iass
GLllgs ol (S -l S L L
213 Ol ool Gyl b planil Sn ) Lol
SlaT 25 53 Sales CJlab Sloalows plonil pa 487
5 Slr Sl @S Wil Gl by Gble imen
Slaiagy mls bl pl 2sd 00 odalin JBS
Wae Y 0L 5 SO Y8 (g lail)
e 5 EF XN (el o3 5 G YNVE
(VY ahs g sdlayl 6010 (O Kan 5 5l gl 6Y 4\ F
CiE Ol oo oaT ooy (GAKBL e 53 ool guunn
1> Jgn 8 8 bys BB Sl laT Gbls
(YY) Gk g sl s (gade polae glae
O guen danloee S8 gl ST bl ahes
Ol 4 Sl slal Jpd 5o mis Sl 5 Lsd s
Cl (gode Hlaae 5505 0 Oyles o ‘_g:JgL.:« dal el
9 NS dbdle 4 slael gy, ok Jlesl Olles
el (S ol b L e sl glag,Kans
s Sles b Glin ty of 55 CJlb mes
OT 28 p 4y b6 ASTT 5 Jbb bl diile o lis
desloes Sla)lS 55 a5 Sled )\ Loyl s
(YA O 55 %) il o Lo e (sl 5L 55 50
5 SlaTgloo s 048,855 L 55 o b (o5L pl
slfagn b5 sl ol Sl ol (G
YN 0L 5 Kl Y0V (g s 5 i)
5 S0 O 5 J Y O 5 st
Ol g oo 4Bl opl e 55 sl gad (Y010 01,0
5 Sl pppas (oldd &S L gble ol oS

(Y\Y cQ\)&uﬁj J}Li) MJ;JJ LSLAS u;’ﬁ

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

a8 Ll il aa Lol G les b ket e Sihe Gbla o)y 90

B ls) &;}A ﬂ c.gﬁ (Y'\\c GVJ.:‘»J.‘}A‘D) J)\J
o o IS ol ps s BB CIb b 55 oS e
TS S 3500 )Ll Ol p @Bl pl s 53 L
Sl A ke DI 3 S p s R
S ol syl s %jw LT e 8 cpl b
s Jos el ol S e @1yl el
}&\)&GQ)}:‘:CFLAC‘JAJGMCQUL‘!GO‘}M’).}J‘)

RIRZa s

G
T ST RS (0 ST | RPN VY BCUR O P
oslatul (pwys Glaasl p 5 w5 53 Olg s ) BL)
A8 LB 5 Gilugasd iy ST Bes S
Olsie 4 5 Lidw 5 1) (hras S0 0 Ul 55
O 5 Slasl psle ladina] 5wl S e
ol Wl 5 andlas ol ps a8 Cads 4 Ol
03 Jle sl sy dles glalusguse L Olalls
(250 ebliae bl il el Dlalllas
Sl Codgdes s 0l U b Ll L8 S
A 53 5 ol S b S e Iyl &S Lre s AL
a3 S GVsb Jols s 155 el 36 L
Ssbige lphs pd s 8 e dile byl 5 ol
o IS (b Sl g 5 ) STS 0L o
Bl abls pws Gl 4 5L &S Bl ) s 4 ol
3 e 5 IS Glagaly s Sl 1)
4 pobal CohS 5 AS 0 S o (6 S Jlel L e
oslnl (gl 5 ngiis Cusgdoms 35 pl g LBl sad o

Sl gy el )

’- Dumontheil
8. Anderson, Mannan, Husain, Rees, Sumner, Mort, McRobbie &
Kennard

TS (S o 5 Sy S 0 f Sy (sl a8
)>5M>@ow6\@u@,;é§;}p§,>
sy St Slge o 2

wrls S - gl Shes js Slls s 4 anes
Olsly o) @5 Sose Ollas 5 ol eds
Wty s (SN Whes S iIE 1y ambee SJlad
Ol o b opl e 53 e (Y 8505 K
b e o s glanl 5T o dins 87 08
c}f Syls s gyl LS.AL«A 33 caldSS Caa
(9 Sl b e g yldis Oledbl S5ls LS ke
Ly sl b g5 Codlad 55 Y sl (Y oA 68 5 s
2B L Sl ol sl Ol CISS plowl e o
gt (VoA g 5 "oz bl ) e,
S i Oy e odel Gy @l s 5 Sl
Gl 4 e S pl gl ale b Y sl
S (8 o 5 s sl bl
s s Ol Shagy slaal s g5 g eS
S i Ol g o 4l Cpl s 3 i 5 1S (Y410)
Sluesly 4 3 3 DENbI plosl b (5l oS S
Qs ylow c)lg.:;l.w G 353 5 o gL Oolual
(XN s 508 55, 3USaT

Jb bl 51 s (S ol 4 S8 Sos S
5 a0l Rass s (Bl - ihle Saa o ol
Olg oo 4Bl opl g 3 ki 5,18 55 (Y)Y) Luls
S S Ses mSs Yol 7 5508 Olge

b S5 a5 LSS e (gyldd Ladeds )3 65

L. Clark, Liu, Wright, Bedrick & Edgin

2. Vanni, Portin & Hari

®. Sridharan & Levitin

“. Uddin & Menon

5- Jeon, & Friederici

6. Jolles, Supekar, Richardson, Tenison & Ashkenazi

AF-AY (\Fe & UMLWJQL&MU’SJ}';}‘})}wwa@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

¥ OLKes 5 osin el gl

Clark CAC, Liu Y, Wright NLA, Bedrick A, Edgin JO.
(2017). Functional neural bases of
numerosity judgments in healthy adults bom
preterm. Brain and Cogpnition. 118, 90-99.

Cragg L, Gilmore C. (2014). Skills underlying
mathematics: The role of executive function in
the development of mathematics proficiency.
Trends in Neuroscience and Education. 3, 63—
68.

Dumontheil 1. (2014). Development of abstract thinking
during childhood and adolescence: The role of
rostrolateral prefrontal cortex. Developmental
Cognitive Neuroscience. 10, 57-76.

Eggen P, Kauchak D. (2019). Educational Psychology.
Translated by: Rashid KH. Tehran:
Hoshmand Tadbir. 1, 194-198. (In Persian)

Evans TM, Kochalka J, Ngoon TJ, Wu SS, Qin S,
Battista C, Menon V. (2015). Brain
Structural Integrity and Intrinsic Functional
Connectivity Forecast 6 Year Longitudinal
Growth in Children”s Numerical Abilities.
Jourmal of Neuroscience. 35, 11743-11750.

Fangmeier T, Knauff M, Ruff CC, Sloutsky V. (2006).
FMRI evidence for a three-stage model of
deductive reasoning. J Cogn Neurosci. 18,
320-34.

Gong Y, Ericsson KA, Moxley JH. (2015). Recall of
briefty presented chess positions and its
relation to chess skill. PLoS Orne. 10, 35-55.

Jeon HA, Friederici AD. (2015). Degree of automaticity
and the prefrontal cortex. Trends in
Cognitive Sciences. 19, 244-250.

Jolles DD, Supekar KS, Richardson J, Tenison C,
Ashkenazi S, Rosenberg-Lee M, Menon
V. (2016). Reconfiguration of parietal circuits
with cognitive tutoring in elementary school
children. Cortex. 83, 231-245.

Li K, JiangJ, Qiu L, Yang X, Huang X, Lui S, Gong O.
(2015). A multimodal MRI dataset of
professional chess players. Scientific Data. 1,
4453,

Menon V. (2016). Chapter 7 — Memory and cognitive
control circuits in mathematical cognition an
leaming. Prog Brain Res. 227, 159-86.

Peters L, De Smedt B. (2018). Arithmetic in the
developing brain: A review of brain imaging

Sl Rl
G553 dom 55 3Ly (gl wbOLL Sl s 5 i -yl
s oty Jra s wlele )3 10O Y USTL &S
Ol (S o ke o8l 51 3l aaS” Al (1l
5h.cwl IRIIUMS.REC.1398.1150 M| us™ L
¢SS o35, oyl plosil 53 1) ppiizes &S LS ples
e Ol 5 d e S eamen (ilos 5o
ol 53 1y b oS Ghe (b pank o oalesT
ool 5 S JWS isges ol b tle)T

.VJ")‘J
References

Altschul DM, Deary . (2019). Playing analog games is
associated with reduced declines in cognitive
function: a 68 year longitudinal cohort study. J
Gerontol B Psychol Sci Soc Sci. 75, 474-482.

Anderson EJ, Mannan SK; Husain M, Rees G, Sumne
P, Mort DJ, McRobbie D, Kennard C. (2007).
Involvement of prefrontal cortex in visual
search. Exp. Brain Res. 180, 289-302.

Ansari D, Grabner RH, Koschutnig K, Reishofer G,
Ebner F. (2011). Individual differences in
mathematical competence modulate brain
responses to arithmetic errors: An fMRI study.
Leam Individ Differ. 21, 636-43.

Ansari D. (2016). Number Symbols in the Brain.
Development of Mathematical Cognition:
Neural Substrates and Genetic Influences. 2,
27-50. (In Persian)

Arsalidou M, Taylor MJ. (2011). Is 2+2=4? Meta-
analyses of brain areas needed for numbers
and 17 calculations. Neuroimage. 54, 2382
93.

Ashcraft MH. (1995). Cognitive psychology and
simple arithmetic: A review and summary of
new directions. J Numer Cogn. 1, 3-34.

Clark CAC, Hudnall RH, Perez-Gonzalez S. (2020).
Children’s neural responses to a novel
mathematics concept. Trends Neurosci Educ.
20,1-39.

AF-AY (\Fe & aju‘r;uJu4;>uv_<;}gt,,}wwl,,@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html

[ Downloaded from shenakht.muk.ac.ir on 2025-08-20 ]

[ DOR: 20.1001.1.25886657.1400.8.6.9.3 ]

[ DOI: 10.32598/shenakht.8.6.83 ]

b i, ol et s ol D)o b ad e (s he Gblie sy AV

studies. Developmental Cognitive
Neuroscience. 30, 265-279.

Powell JL, Grossi D, Corcoran R, Gobet F, Garcia
Finana M. (2017). The neural correlates of
theory of mind and their role during empathy
and the game of chess: A functional magnetic
resonance imaging study. Neurosci. 355, 149-
160.

Prado J, Noveck 1A. (2007). Overcoming Perceptual
Features in Logical Reasoning: A Parametric
Functional Magnetic Resonance Imaging
Study. J Cogn Neurosci. 19(4), 642-57.

Rosenberg-Lee M, luculano T, Bae SR, Richardson J,
Qin S, Jolles D, Menon V. (2018).
Shortterm  cognitive training  recapitulates
hippocampal functional changes associated
with one year of longitudinal skill
development. Trends in Neuroscience and
Education. 10, 19-29.

Sato Y, Masuda S, Someya Y, Tsujii T, Watanabe S.
(2015). An fMRI analysis of the efficacy of
Euler diagrams in logical reasoning. VVLIHCC.
8 19.

Schilling K, Gao Y, Janve Y, Stepniewska I, Landman
BA, Anderson AW. (2017). Can increased
spatial resolution solve the crossing fiber
problem for diffusion MRI?. NMR in
Biomedicine. 30, 87-101.

Shearer CB, Karanian JM. (2017). The Neuroscience of
Intelligence: Empirical Support for the Theory
of Multiple Intelligences? Trends Neurosci
Educ.6,211-23.

Shearer CB. (2019). A detailed neuroscientific
framework for the multiple intelligences:
Describing the neural3components for specific
skill units within each intelligence. Int J
Psychol Stud. 11, 1-26.

Song L, Peng Q, Liu S, Wang J. (2019). Changed hub
and functional connectivity pattems of the
posterior fusiform gyrus in chess experts.
Neurotherapeutics. 131, 74-86.

Sridharan D, Levitin DJ, Menon V. (2008). A critical
role for the right fronto-insular cortex in
switching between central-executive and
default-mode networks. PNAS, 105, 12569
12574,

Stemberg RJ. (2018). The Nature of human intelligence.
Cambridge University Press. 527-530.

Stocco A, Anderson GR. (2008). Endogenous Control
and Task Representation: An fMRI Study in
Algebraic Problem-solving. J Cogn Neurosci.
20,1300-14.

Uddin LQ, Menon V. (2009). The anterior insula in
autism: under-connected and under-examined.
Neurosci. Biobehav. Rev, 33, 11981203

Vanni S, Portin K, Hari R. (2008). Mu rhythm
modulation during changes of visual percepts.
Neurosci. 91, 21-31.

Waterhouse L. (2006). Multiple intelligences, the
Mozart effect, and emotional intelligence: A
critical review. Educational Psychologist. 41,
207-225.

AF-AY (\Fe & aju‘r;uJu4¢>uv_<.:}?s|,,}wwl,,@


http://dx.doi.org/10.32598/shenakht.8.6.83
https://dor.isc.ac/dor/20.1001.1.25886657.1400.8.6.9.3
https://shenakht.muk.ac.ir/article-1-1332-fa.html
http://www.tcpdf.org

