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ABSTRACT

The purpose of this study was to investigate and analyze fNIRS data according to mathematical
representations of 6th grade elementary school students, and to obtain meaningful results
in relation to mathematical representations by classifying them by academic achievement

'.) and cognitive style. The test is consisted of solving addition, subtraction of fractions using
e e visual, verbal and numeric representation. Based on an achievement test and a cognitive style
updates

test, 36 students were classified into a high group and a low group by academic achievement,
and into a visualizer group and a verbalizer group by cognitive style. Brain activity data were

a OPEN ACCESS collected for each group. Regardless of academic achievement and cognitive style, students

Brain, Digital, & Learning were most familiar with mathematical problems expressed in numerical representations.
2022, Vol. 12, No. 3, 523-540. The students with low academic achievement showed more active prefrontal activity
https’//doi.org/10.31216/BDL.20220032 when solving mathematical problems of visual representation and verbal representation.
Received: September 05, 2022 The visual representation group showed significant activity in the prefrontal cortex when
Revised: September 16, 2022 solving problems with visual representations. This study shows that various representations
Accepted: September 16, 2022 into numeric representations are needed to convert. It is effective to use more than one
© 2022. Institute of Brain based Education, representation for students with low academic achievement.
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ShEAFE.L AJA| SO A SHA/Ad 3 T irvt of e} Q1| FAlof| mhetbA = ThEA| Al
an (2002)°1 T2 ™, ZiInfet ARES QIA[s}aL 2| Zkohe= WAl o] D2t 7]l o] ﬁib']‘t‘
AR A8 %W St A28l h= Zlo] ghgoll 932 PRIt S Riding &
A= Lot 739 °P¢7<} 7hAA e of = Bk Ate] shEAERY 5] 7RI &
ot SFEANE AP ] A EA 2| Aol AEet 2AlRE o mijgd o2
2 H3ick é AL BGAEE A2 ALRE, Ao|FdAE2 /o] A=
=) Eﬂ ﬁioh— o IEP. 5-}%5—1}%0] S 0 2 ARgstal Aoshs QIR Aol Bat=A HHE Alagtct
H, 574 Q1 e 2g Q61| 7| E o] QIR Rokg S0, QIR AHd & ghgoll B4 0 = ARES 4= 9]
T E 3}|= Zo|th(Cho & Han, 2002).
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Ao) k2 Zloleti 7Pgst, EA) thE ¥ SRS slots) BAlsaA steirt. 7120 45t B4

24 s 2ol T E A= A AAR] FEIE wal QAT BFH(Hwang & Pang, 2009; Kim & Kwean,
2010; Kim & Paik, 2005; Lee & Jun, 2005; Lee & Kang, 2012), & oM = 25 4 7|23+= 24
NIRS(functional Near Infrared Spectroscopy) S 2830 244 S &o]|A] doji= O]X]JJ' J2 ATl A
tl|o] B} 2 HEketo] £AIGEAIA} ST INIRSE oi|A] &)= AL 2, 22, 719, 2478 5o] o= A
Y| =25 = A HolEE Bl Hole QAL 7ol

& As 258 631 A S T o= 425 A o4 Al 478 BAfol| b T S EE SAEFH =S
QAP EAjslol SRl S T ESAel 40 ool Ego| Sl 40t TS AUSIA
T}, o] & I3t A+ FA| = ohaath 2ot

S A= H S == ojrdl
L. 428 330l w2 QIA| AN & /i = ofwehr}
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The Comparison of Brain Activities by Academic Achievement and Cognitive Style According to Mathematical Representations - fNIRS Study

Background
Representation
T2 AL I8 A= mAto|t), B2 sMiEo] A1 AT wl, 48] 24 A1 /o S5l

sfl5eo] &A= —% Tl 3 A|A & 4 Qluh wal S So] AR ThE ARSH 4 ZEA 45 Q
A5E AHshE AE =obr, FLe 7igel tisl 7€ Az thg B4 Atol] o]siE HolAl7|A| §
ZTHChoi, 2004). EAFS l&52k0] o]af &AJo| A A H 7F QJAtAET} 22 9l=0] 523} T2 2G5t}
(Greeno & Hall, 1997).
T/Jo] 8- of 5l Friedlender & Tabach (2001)= th2-2] W] 74| -1} Zhzhe] Ahd &
A, 0] AN (verbal representation)= FA| 2F A2 HS|FAL o2 S AEsh= B S ThEolEth A
oA BA] NS 913t molnl, 25t} YRS AZSIE Teiut Apele] Aekelo] chat o]
T7h 48H oAk Fol AollEo] H 4= Utk EA, AR (numerical representation) T80l A THE &

oA 5
WS} AAeF, BAS WA olsistn 5 ARIE ZAH: O] 38 8L itk o, Auert ol
2 7 Uths 9ol At A2 AME sk A2 LibAQl O3 ZAIE 2 ul aablo]A] ¢dom,
2 B4 sjde] £03t Zuol} o2 WS 7kakslA Sk AR, 1) Ak graphical representation)
2 Mgl A2 HEe 130 2 A3k o Zubdolth. Jeim BARS AUoln] A2 Y2
HpAolA] o2z olct, Tefut AR cha B2 4 9lon], Bale] AR EAE 4 Qrk Bo] 9

A, th4~24 3/ (algebraic representation)= HHE_E’—} b4 Bl S 33s o 7HA5 0 YEkA ol gt
Zo|ck, o4 FApo] 22 Akt 4 9k RUR olc). Teiuk ofl shre) TirfollA] 34 <o)
= B 2 s el 4 1o, w2 A} sfA] o] of 22 4= Ut

Lesh et al. (1987) EISO|&2] A|3Hd S Heksto] AAA 43, #4114 22k&, 183} ofn|#], dlof 7|2,

23512 7]59] thAl 7Hx] o] BARS A|AISHT. EA} 7H UjE H3kEkE o] o] 2ojx{o} stct 1 A™EtIch Kim
& Jang (1996) Bruner2} Lesh®] 2 2lS #rarsto] AAA 34, 2244 34, A4 374, 1ojd 374, 7=
A BFo g2 FRoleith

2 o] X ARE T SRR B4o] Gl wix o] T3] ﬁl*POIE} °]:=2015 7178 a-F37of mH

=8} WAl eb 5tol sl o] 45hd 2817 1T ‘B T} WA Thelof|A] S50k W-E 02 o] Tyl
of|A] Ehﬁim T FRU AATA, Aoj#A, %X}E%% —E’%PO% A E /s o] Dol A ARE
St 2214, g do] e}, sMYE9] vhg-2 47 st A3 g el F oy

b

AEE AH A F ofl TAglo] =0 9~°lo}7ﬂ 1H-3-oF A G Hle] IS Akt lol &
AFo] 8ol = 24 (speech) = EAK(writing)©] =T|(Villegas et al., 2009), 210] FAFTHO] 71| 1L Ql= Q4
ol LA H/FT 5 = A & TAIE A AT
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Cognitive Style
Cho (1991)°fl TH2H, ITE2 A5, S0, 443, 71 & o2 LaellA 7H1A Ztol& Belnt 2Hl& &2
AL S%lh 2?74014 A 20l FAUE A2 AL u, AAA] - 7 oJA] E/dof w2t S0 A E
*ﬁ A|ZF8tal, Afalshe 59 QIA] Ea-2 43Rty QIR Al 1A 2ol

Kagan et al. (1963)2
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, Witkin (1967)2 71<12] QIA| 85, = A2} 5l Q17 E5 4
o

= 7jQlo] EMs}, oawgr&]q_ 7)%5- %Al o]2kal BT} Ausubel et al. (1968)2 Q1A 2] 2 A} Q1%] 7]50]|A]
L= 2142 Q32191 7HR1AE, Coop & Sigel (197172 Thgst 35 A8tol| A & 0 2 7] 5351= 7H9]
9] 7|54, Tennant (2019)y= A H-E F/doHaL A gfob= 7)01Q] S0 ke H WAl oleta Astl
t} o]x]3 olx| Al skajatct 2 2H thE A Aolsta QAU A A 0 2 AFE-S- x| 7F A 91x|5}= 7j9]

o] HEsta o Y HA 2| FAZ 2lnlshH, 7191 9] 53 9] 2}o]= ofTh.

Richardson (1977)< VVQ(Verbahzer Visualizer 272 E 7HE5}3 T} o] AR E Eal| A4, Aoj & 21
of| A 7H7HR12] QIR YA]S =7t 4= QITh Kirby et al. (1988)2 O] AFLE HIRFO 2 AJZFEAIA= A|Z}4] 8}
& WA, Ao 3Rt AdolF] 3—.*% AT 71 A e o] Jlga Bl g 7RIS A
oF Ao F AR 2ok A FA] SH =5 7HEsIgich 2 Aol A= Kirby etal. (1988)2] AEAIE $-
2|22 S Cho & Han (2002)2] Q12| 44] AR & AR5}

520l B &.o] FAl o & A BIL A FE T, A= ARlol| A SHA| A BE A 2 A ghe AlZ)
%’XPE% —Er | ARE :LE”—E ‘E"‘i 2t o)1, Ao|B/IAES 1H O = Alg-H HEE Tojuf ofu| 54}

2 H7HRQ1 e & Qo ol A H Ot 2 5 8h50 F— l

2

(o]

= 54 l %E]'(Sweller 1989) whaba] 7§919] Q1| fAlo) ZEst FE 2 sHsalas LRelehs
T2 =R BohE Fo& Zo|al, skl 1A| A& E 742 0 2 AR-E 4= QUA| S| FTh(Cho, 2000)
fNIRS

7152 2] 2] 4% (Functional Near Infrared Spectroscopy, INIRS) Q1|of] Fal5H A2 Th2 mbrfo] 2l
QA ol ZAFR = Atetel F &Rl SAee| R I 2 Rlo] w2t 2| ZHafE]o] Fok2 Y f:Al5ko], &
o o] oF LS E5) T St = S TSt 4~ Q)= " o] th(Hong et al., 2015).

RIZte] = 3 A=l jk-g-e w2 A =]k HekE A=tk AP W Yeke Eao] Mok
SF /g0l ¥F= Eh A7 B2 = bl ofsl SR M, A1 2A4o] 7S =4 mAld

FollM ZEFga} 4hao) Anl7ES7sto] W AR i Aba TiAlRe] Hal) dojdt ojuj i A4 o
AFZe] Hel7t B E= Aol Hlsl 2o uz doll Y Atsks| 3210 w7} S7bstal, Btels]|
22V10) = 245l BrhFox etal, 1989). o2 WS 3 17k it 22 A1A L ALE
o A FAH 0 of il Fimo] of A /et =A] HEE 4 ATHHong et al, 2015). 52 2] A2, Tt
B AR ke 7 P A FHol A "2 4 em, 52 o) vl tisiM = S0l 7hsstet
(Ryu & Lee, 2018).
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NIRSE &85t ST = Y= FH2 HAFHY RS HaL = M 5F1] 2 (Prefrontal Cortex)2] Y
H ogdo|c}. o] AT A2 Alghe] BE2-5ut A0

251 024 eF A4S 71A] 21 1.2 M (DeYoung et al. 2010),
AE, AEA, B7] 719, AFel A 35 24, datkel - Qlo] o] 2&-2 HHSHTH(Yang & Raine, 2009).

A= A2 A vi Q&7 74 5+ 1] A (Dorsolateral Prefrontal Cortex, DLPFC), 52| & =] A
(Ventrolateral Prefrontal Cortex, VLPFC), 7 5%=-1]Z (Frontopolar Prefrontal Cortex, FPC), QteHd F =] &
(Orbitofrotal Cortex, OFC)2] 47 ] 0 2 Ut Q)& AT 2 e 21979 228 58 53 dds
(Quintana & Fuster, 1999) £-2]5 AAFIE2 271, Adol5d], £ F 52 Gt AFaojd
HIERRIA], oJ AP F o] QT Qbebd Ful A2 Y 24 Bl B/ 2] of] Hodgitt.

o] ARAL IpFgell A TS 712 A7 miAUSS S5 fIsl et F/d FAl7F AREE AL itk
(Soltanlou et al, 2018). FHEA Q1 217 F/ A2 7524 A7 37 QFEA(IMRI), 7152 Z4 9] 234
(INIRS), Y2 2 T ZJHX|(PET), A = 57 FX|(EEG), =AE 574 F*I(MEG) 5°] Ut

MRIE £ 37t SV =2 FdstaL HI-52|R1 A7 /3 ol 7heshaz AAfol|A 7 B/t
4o EF 7]7]0lth. 22U MRI= 9] & H]o| B2 o] 5]lo] ofd WAL ARGsl o] fHA7F 9l o, =
S tdez ol Folstodof shal g2 H|go] ArEth= S o] ATHAN, 2017). o219t AISHY
= oI 8stA o] 842 ok a&2olil gA ST + = HE% A7 7 E el 2o
2}(Hillman, 2007) INIRSE 75| =| It} INIRS 717]= 294 5= AHESHA] &

Holl F-alistm, the A7 G/ =loll vlsl 27171 Aok Fei7t -go 16 Al AT Fojrke] A ol E F?
2 '] ot 25S ez Ashrol Aedsitt. o]ef 22 o]f-& & 170l A= OBELAB Inc. ]l
A 7HSH INIRS 57 717191 NIRSIT(NS1-H20A)E AHESHIT. 7]7] QF%: tHoll F2He] 247)2] 2|0 #] AllA|
= 780 nm, 850 nm 2HF-2] T2 9|45 v m] Aol WE5HH 32712 F HE7](detector)’F E0L= Bl 4
Aotk AlAs 24 Qo] Sate 4 e 7ol 9FF 3em =2 thy 1] J = 48712 AHd 2] SAlS|R
eI HSAls| RS 2RI e stol 4 Al dE & & 245 ST 4 ITh NIRSITS B85
o] 274 7ot 4872 A 9l x|eF HH = FH2 Fig 130 L.
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Fig. 1. 48 channels and Broadman area measurable with NIRSIT (OBELAB, 2019)
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Methods

Participants

& ALe] Froaks Aol A2 o &2 Fofshr] 2 Skl Fo| M E AR i 24l9) D 253 6t
3367922 AAsIT. H Rl et S7ggtol 2B R A% e A 2eo] gle oA
== Ak e, d&gtol= B o Fgdol REE fholek xto]7t Qlof L& ol &t o= AY
= X35tk

rz

ol

Procedure

2 A= 8 Fdol et dY 0] AHFA 2 tlo]g|7t oA wigke=X]E St FH =2} ¢l
o S UAro] Yot s Z1S 5 0 & gt} 2 Aol oA Hehde USAlol A4S N 25
L %#LL ok i e L R %“Il)—% fﬂ%ﬂi of|H] AARE AT Hol = 24 Foto] 2 AF
Z3telo] Q= ZEE AAsIITh AFS 21885170l UA]
=t Q1Z| AL mlotstr] Q5 Abd AAS: AlX519it) A H =
A7) 9fet HARIE oFE, 5, o] S A, EAto = o] 2ol 107]1 o] Balo 2 714

.\2
r& Mo Jo X

=lom, 2015 717 w52y whg 48 wabA Y 2| =A 4804 1517] 2919 ZoFE2 AASt] At
2k -/F 01'04 Xﬂﬂ'—}oﬂq‘ 5‘{% Bg=E 7] /st @ 63hd T wat 1270lA] & @A Al 22~
S L2 FASHES 6192 ™ Cronbach’s agk 0.60]5He] &2 AMA]

(9]
ﬁ o
<

*H 0}01 ZH7WO} o}, 1 A3 CVI=0.922] EFF/d 2} Cronbach’s agt- 0.652] A1)/ & FE I3
IZHAppendlxl AR FALS W5}7] I3 ZAFA]E Cho & Han (2002)2] VA Y2} AR S ARESHILE A
Zt/g 2 Rlol sl 2= 10719] £&T lojm/dalol sl 2= 10719] £o2 /3= o] Qlek 253
29 525 Aefsto] e 1T o] 4445 E o] oty o] 133712 44 H 2 FL/dsiTt o] A
A 2 E VERH+= Cronbach’'s aZb2 AlZFEAFR Ql0] 0.75, Ao EAFQQlo] 0640]1’4- o] x| kAl

3

A2 EAY
2013} olo] EAFR 9lo] Tiet 2H7ke] Bl et M) e Tato] W4t o o Zo| EALS uj2 = 7
02 ST AR 1AL A, SRIAAE A BEL 46802 o] 4 o] o] S SRIAAE A4
ho 2 o] 24 ujgke] SIS SRl E of Eo 2 HRAlSIch BRI E A, 5 T 77k 15
TIEI R oH, QA GA] H T2 A ZFBAgAF 239, /10| B/gAF 13 o & A= AT
B A%lo]| AL T PsychopyS AME5E0] 0171 BA|S AIZHEA, Qo)A £AEAO R E 4 9]
.2 Fig 29} 20 PAISIRC0, 737 B £ ovlle] B AlBsioict Zi7te) Bals slaE 4 s
AIZhe: 302010, BT B3 Afo] F4) AR SUsH 3022 AYsto] 25 o] Fel2 Aol 21
E|EE TASHITh B BAIS B7)o] 9 A4RA|Z 7iksl] Awsleol S5 o] A|ZHEA, QlojIA,
AR/l tishA] AEsHA Aokl 2 A1 E A 4= U= SFATHAppendix 2]. Ao F/de] B¢ 2

o) ab tjal] Q0] 4k tial] @2o] ole elnlelurlye} o] 24 0 2 AAIESICh

S5 NIRSIT 7)715 285171 R Elo] 0} B4 =02 I3 %, WAL} 2= 2 2lpco]

AOERIS Bglo] 2AE BH slirt ehaipce] shul g BE kstsio] 23 B A e Besgion,
=] 7:]_‘_

2 PYS0] Hlofl) AT 2 Sakstel a5 ol AHE A 3otk
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Fig. 2. Tasks for each representation provided by Psychopy

)

2y

£ ALof| A= AL Frofztof|A| 7171 & 2851 SFAL, Psychopy = 1582 AL-5to] A2let 23S
A Zo|et

B2 HoFAth Psychopy= NIRSITZ} 5417 A ¢S Z1885HH NIRSIT Analysis Tool v3.6.1]]
FAlof tgt AJ7to] 2HE 0 2 BA =, Al mil 2 Hlo|E| & &8 4= Tt
=2/ 27 A= Raw Ho]E| 2 ZFFE]0) AHs A=, S 3E I 14 2 —1‘%*4011 1st7) 9lst
SHYE0] AIE s dot= 4 %7E‘.4EE1E%9}0}21EP oFZ %
F= A4S Hofoto] 3

=
JLE
D
jLE

Fig. 3. A scene of solving a task with a tablet PC

H o710 A= NIRSIT 7712 Eaf) 42 Fu] A E ATHE Analysis Tool v3.6.1-2 AF85o] Zxja] 214
%1 5, SPSS(ver. 28.0)= 57| 4] 2|5}o] A5}t

Azl L or2at 2 ’“HE 2188 =] 1T}, Analysis Tool v3.6.10014] Raw El|o|Ejol| A kA 9] A2}
B4l v S FEAJSUT L = Signal Processing T'd= &0l AFutel 15uke] 232 | Aokl FakA
HE A Y02 QIS H|A /L A2 signal spike S H ST o] 27} g2 A E & A| A5k HA 57| 95l
baseline7-{F} HAIG=S A SEAL, Set Block Average” |52 AFE-5Ho] R 712] A ARG ZQ1A] MElst
At & 04—?01]*1t k] JofH GtolA F-ofn|3k &ol & Foetalrt sigl o HE H 2 Ert jofo] ¢of i
k= AFESIelTh

N

o
=

—|—4
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A 2| dlo|elE A i = EE3t 2 o] tlo|HE HHFY 471 Y H(DLPFC, VLPFC, FPC, OFC)t
3712 3 FARARA, Ao B, AR/ = Uiro] ZF5HIT 2 Ao] 2542 sk g H =2t
QA FAME = U e 7HINIRS T[] B Bl asto] 4281 Fol| g | B/ =5 BAdslo] 428 w435}
Foll =go] & 112} sh= Zlo|t}. whehA] -tk ZHNIRS Hlo|El & Hlwsto] f-oJu|sh xjo| & &2ls}7] $15
AN EHER S AAEI

Results

Brain Activity by Academic Achievement

ot Tl mhE ShAdH =1 & B/ =5 Hwsty| fisto] st F ol w4, sk 27l Fg e
o] A, /lo| B, AR/ RAIE siAS ull AR 47l 999 B =S S,
SHEE 12 At HlolBE BAISISITh Z-2e] 48t /ol b 24 23S 747+ 9 DLPEC,
VLPFC, FPC, OFC 9 $=Ath 2 A|AJ5HCh At oz} 36 = skl A= & AF Xkt 8} 2l ko] Zbz} 18
Ao, Z HAE ok 3EH olt). thgol AA H = Aihs 95 o 25 IS ot SHE
7= AN

Brain Activity According to Visual Representation

NZtE/d0 2 A|AIE 451 24 3 2o 9lo] DLPFCH Y-S A2l VLPFC, FPC, OFCH ol|A] -4
33 ol wat f-on)sh 2ol & E T VLPFCH Y2 t: -3.062, p: 0.002(p<0.05)= FPCY - t: -3.225, p:
0.001(p<0.05), OFCY -2 t: -2.073, p: 0.039(p<0.05)Z LFEFATE 2= J oA StAFH = BF e « &
g0l Y& Zi kol Blsto] & A UrERs T

Table 1. Activity of brain area according to visual representation

Brain Area (Iﬁlih;g\:ﬁej ) M SD t p

DLPFC H 0.6791 11.6875 -0.825 0410
L 1.7570 6.9099

VLPFC H -0.9602 7.2274 -3.062 0.002%*
L 2.4296 8.9493

FPC H -0.6807 64327 -3.225 0.001*
L 2.5035 7.9958

OFC H 0.2959 8.8884 -2.073 0.039%*
L 2.6990 8.1298

*p<0.05

Brain Activity According to Verbal Representation
Ao HF o2 AAIFE =8} FA]| iAol QlojAl= vl Y BFollA A dF ol whet §-2m|gk xjo] 7}
UERATH DLPFCY <2 t: 0.1478, p: 0.046 (p<0.05), VLPFCY G2 t: -3.388, p: 0.001(p<0.05)=, FPCY -2 t:
-2.980, p: 0.003(p<0.03), OFCH AL t: -3.038, p: 0.003(p<0.05)Z ZHZ} X}o] S Ho|n, B JHof| A A
T oF ko] & Z/go] Y Tol| BSko] =] YebtTh
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Table 2. Activity of brain area according to verbal representation

. Achievement

Brain Area ([-I:rf:é\:iznefl 8) M SD ¢ p

DLPFC H -0.8964 6.8261 0.1478 0.046%*
L 0.8792 6.1364

VLPFC H -3.0301 10.1375 -3.388 0.001*
L 1.3137 8.6441

FPC H -3.0301 10.1375 -2.980 0.003*
L 1.3137 8.6441

OFC H -1.1386 6.0208 -3.058 0.003*
L 1.1878 54361

*p<0.05

Brain Activity According to Numeric Representation

Table 32} Zo] AR o= #AIE s 2%l W, HAFHL B FHollA At fofu|gh xjol7t B
o|A] ettt S dH = Y At} oF e B AR SS 7HE st e s Al
M ARG FA1S sidshe 22 A4, ol#de = 24 siEske 2ol Hlsf et
o] J&Fe @ e A0 2 UERT.

Table 3. Activity of brain area according to numeric representation

Achievement

el (H=18, Ln=18) M 1D ¢ p

DLPFC H 202189 6.8897 20231 0318
L 20,0055 6.6923

VLPFC H 0.1306 79701 0,684 0494
L 1.0705 11.8372

FPC H 0.0974 65528 0579 0565
L 0.6060 64227

OFC H 0.0706 82490 0862 0390
L 09816 72525

<005

Brain Activity by Cognitive Style

%3} Fgol T2 QXA S W] Y TS ulmsh) $isto] Qx| Alel whek AZHEARA, Slol A 27
WU o] A, ol 4, AN O R BAIZ 812 o) ARG ) o BHES 27

stlom, SHEE S AAlIste tlo|el & 453l

=T

Brain Activity According to Visual Representation

ANABFL 2 A AR 425F 24 320l QloiA IR Aol et VLPFCY | Al2fet Al G ollA 2
m|gk 2fo] 7} LreRgTh DLPFCY 92 t: 2228, p: 0.027(p<0.03), FPCY -2 t: 2313, p: 0.022(p<0.05), OFCH
= 1:2262, p: 0.025(p<0.05)% LEFgt ™, AIZF /A A ] i B o] do| m/gah et et of EidshA Lie
Stk
AT,
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Table 4. Activity of brain area according to numeric representation

. Cognitive style

il (vs:ngnm,VBSt:LB) M == ¢ p

DLPFC Vs 22403 10.2375 2228 0.027%
VB -0.6751 7.1131

VLPFC Vs 0.9478 8.0325 0.344 0.731
VB 0.5404 8.9120

FPC Vs 1.6205 7.4238 2313 0.022%
VB -0.7495 6.8799

OFC Vs 1.6205 74238 2262 0.025*%
VB -0.7495 6.8799

*p<0.05

Brain Activity According to Verbal Representation

AdojB/F oz AAIGH 48} 24| sl Ao oAl il G EFollA AR FA ol whE Fofm|gt 2fo] 7}
EREA| 3ttt SA14 22 fofnfet Afol= YA B glE 7|E o= vl wsl BS e doj 2/t
o] v g mFollA B/ Fhol Wtth

Table 5. Activity of brain area according to verbal representation

. iti 1

Brain Area (VSC: EEIHB,‘{?];Z; 3) M SD t p

DLPFC VS 0.5229 6.2816 1.295 0.197
VB -0.7105 7.4462

VLPFC VS -0.3546 10.1629 1.021 0.309
VB -1.1793 8.6528

FPC VS -0.1867 5.9986 0.335 0.738
VB -0.4911 7.0960

OFC VS 0.2863 9.0097 3.549 0.000
VB -4.1948 8.7419

*p<0.05

Brain Activity According to Numeric Representation

KA R ZA| 312 Al Al B2 ATt doj w2/ g7t HThe] M TR BE ol frolnleh
2o 7 LFEUHA] Q3T Al A Rt} o A AT B oA/ 7H ol o= e
st3lom, o] = Qlsf & B =7 HtE-2 fdlE 4 ok

Table 6. Activity of brain area according to verbal representation

. Cognitive style

Brain Area (VS:nEmZS, VB?1=13) M 2D ¢ p

DLPFC VS -0.4604 5.7716 -0912 0364
VB 0.5039 8.2680

VLPEC VS 0.0219 8.0303 -1.123 0.263
VB 1.6244 12.3908

FPC VS 0.5138 6.2005 0.502 0.616
VB 0.0569 6.9729

OFC VS 0.7551 7.2798 1.631 0.104
VB -1.0358 8.5210

*<0.05
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Discussion

A AT v o = S0 425 BAtol whE A H =, IR YA ] B/ & 24 Aol oigh
AAFAS =o]5hH chea) Zc)

AR, PSS et dF =ot )Ix|FAof] TAglo] Ao ® BH 48t ZAIE 71 5ot A
ZFeIQiTt. AR/ FA) s Aol Al HAEH /3 = 4] 23 DLPFC, VLPFC, FPC, OFC Y| 7l g ol|Af
gldH ek, IR FAlof w2 F-ofu|gk xfo|7F YehA] ittt A H = BF e Tt 5 At ol
T2 AN E o2 3] AR = A TR Z/go] ﬂ‘ﬂ‘“}"“ ° l—h:-ZPE Jol| A= =to] 7k Lrebt
Z] o;_oh;} 2015 7H7§ _/r\_glL 517_4./\1_4 ‘H Ao :—WIL} uHH/dl’ e 401]}\1 E’b %i_ ]-.u/\l-o] 7}1P uPo]
QU 54 T E2 = A7) wiizol] tiF2e] ¢ =2 ﬂi’%% o] A== Zlo] AFAA

2 YO|th(Kim & Jang, 1996). SHEARE0] A O &2 ARESh= QIR A of] Bt = HHE Allgsh #

7HAR] S Q6HA] %A Elof QI HeHE Eo]al egaae] antd o g =Ee 4= QITHCho & Han,
2002). & Aol A = Y= 501171] FARY] EAI7F Fol RS W] 59t HAFO 2 FAI7F o RS wf /1A]
Hp7F A dojd ths A= = A =5 5ol Rkl

=4, A= S °1 Y2 AlZE B/ Aol Be] 4-5hEA| s Al AT Edo] o i
T}, Azt de] A sl Al 27/gol] xfo] & EH -2 VLPFC, FPC, OFC G 0|t AAoj &4
o] oA foJu|gk xto] & Belth APA-S0l 2 VLPFC 2 Ql&olA] 42 HJHE wds}
+ A1ZH 7194 9] B]aof i SHHWagner et al, 2001). FPC 992 SEA|FF2 Q] E4-8 7FA|H(Bae, 2020;
Boorman et al., 2009; Zajkowski et al., 2017) @ateh w] 2k17|9) o] S-S Y717 WU =™, 4712 5t
7181 S¥ FE = SIS RS 5H7] Yol A& 02 AjakS T uff ARS-E THDeStefano & LeFevre,
2004). OFC %2 =7] 5 0]o]] o] 5} (Ballesta et al., 2020; Stalnaker et al., 2015), AF=-2t HAFo] o] Q)
2 7%, SH5S A Y= 9 9o)7] = SHHO Doherty et al., 2003). ©|213F A EH ] EAJ 0 & njFojko}
Sl F = oF Ak A2t/ o BAke] £eEAlE sia T o] el vlsh of WAtk 7w,
FAF B30 &2 FolZ FAo] Hlsto] 74| s A Al T B2 AR5 dojuhal Slg& o 4= ATk

AR, AZATGAL A A E o 2 FAIE a2 w) AHFHe] fou|st /S B3I} VLPFCY
o2 ESASEAY A thidS Q14 5h= wlof] THod Stk Blackwood et al., 2004; Levy & Wagner, 2011; Volz et

7)== 24 32 Al A4 SHE thMcLaughlin et al., 2009). ©] 213 ZAxh= AJZ}
2)& uf of 22 AF7FA8 AHZXITH(Cho, 2000; Sweller, 1989)= A3 1 7Le}=
Chas 2ol 7} QT Al G S A EH VLPFCY o] Al A0 = Hof AJZkR/de] FA|7} o <517
L ookl w7 A= Q2L DLPFC, FPC, OFC G HollA] /o] dofsith AtiA, ddoj&4de] 24
Sl A] Hok AlZEEe] A4 s oA F2lRF E BT o], FEA P FFE HQl AC = A 4
Act.

A, Ao B/GA Yok Ao BF O E FAIE sh4T w A2/ 3AE At vl alsto] H /g o] 2ol 7t
A3UTh AlF & mtol| M A|ZFEAR} H ek} o] EAR} Ak = o4 0 2 A A= BAlzF B w1 714
SA| LAZICH Gt THAIZEAFAL 74%, 101 BAFRY 69%). BAY 2| 2] xto] Hr} 9lo] Sefjo] EXJo] 3

A ghde Ao = Kl
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Friedlender & Tabach (2001)+= 0| F/-2 TA|2H &S sl ol 2 HH S A gotes 42 tHE0]
= 4 AR 7RIS iE}?a‘Oﬂ ofgt o] 2 =7} =5H o ARAFol Aol Eo] E 4= Ik Byttt A=
"= ko] B4 EAIE AAE dojB/dnto = AAH 438 ZA|E sl ot Aol AA|FAlof TAQ]
o] o] FA AR 7o 2 A Hrt.

Conclusion

o] A7o] Avte} o] 2R E Hoj A= thgat it

A, Chofet TS A0 R MEShE #310] Beslt) 22 dol o] RAlolx A EAS o
o140 ) ek 531 AT s MY o Aol o e e 4o

=] o

BES ZﬂAIEPXI %= FAIE A|AISkaL &’M =i} QIR| Ao B3te|R] eb= HEH = QXSS X2
Skl ShsE 3o §84 o2 Tdsh= 212 Wl ?_H:l(Cho & Han, 2002). £3] i ty A= =7} Lo sha) o] o]

N AR S S0 Clofst BA2 983 B4 200 A0 w—]_% ol =22 ZWast
9)ck
S, S H w7} e Aol %—H& L BRI S o) B8 HESHE Aol B

| 9o ol folmlat 2ol Bk ol 243k e Tl UMl B4 ofs) 2 s 2ol
o7} B 4 912 i), S A =T} e SISO A L AZHEA T ol RS AIXIE T rhH 0
2 470 =21W S A2 ) AR o] i

A, AIZEEAROA A2 RIS A A B

71500l =22 & 4 Utk 2 AtollA Al

A A2 A Qo mAte] BA| oHﬁAloil%v4nloPs}**ol AN K, Al m A o] &

A= Xﬂﬂﬁi LPFC, FPC, OFC, Al 0401%1 e B3t} o] Yo FolF, B71%0,

Higxe] Eoﬂ Hofshe goolct. WHFH B2 QIR REHE oJu|str| & st R, 42515 of2{9lstA
BEGHAE EE} g}o] —nlgﬂxlzx A7o] Qs SHAYoll A et S-S Al s wf) S3bA

01D157IT04 | 23 0|4 Aol =S 274o]q

N
H
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1
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