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ABSTRACT

In this study, we have investigated the brain activation characteristics of students according
to the familiarity with physics term and the physics unit using a functional near infrared
spectroscopy device capable of measuring the changes in brain activation in real-time. As a
result of analyzing the brain activation data, it was found that the brain activation change of
the students in the left hemisphere midfrontal gyrus increased in the familiar physics words
and decreased in the unfamiliar physics term. This is because the image and conceptual

‘ associations are made when students see the familiar physics term. In addition, as a result

'.) of comparing the brain activation characteristics for each physics unit, the significant brain
%f;)edca';;gr activation was found in a part of the dorsolateral prefrontal cortex included in BA46 in the
S thermodynamics unit, which was related to the association of algebraic concepts with the
a OPEN ACCESS thermodynamic term. Additionally, in the case of the wave unit, it was found that significant

brain activation occurred in a part of the orbitofrontal cortex corresponding to BA47. This
is thought to be due to the musical syntactic association with the wave term. The results
of this study are expected to not only increase the possibility of neuroscientific research
techniques for educational research, but also be used as educational neuroscientific bases
for effective physics teaching and learning strategies.
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Introduction

ths2 o) S 4ARS-S 35t ofol il B ofele- 73 9lom, ofeidt ol f. Bt 227} )
2% 217] SOl = B Folg T 3irkPark, 2010). 7L FOIME B2 ol The 2t Golo] vl3) 1
ofelgo] Hsht] 1 o) g B2 Gof AL Belgto] QR0 ANt et Gojoh ThE B4 e 7}
A3 917) wjzolc). =, 2 Gol BejaiaSo] A SRS Alo|o] WIS HRst 1 et A
S ST ALg =] ol gyl 2 AHEEIX) S Zo] thgolc Jejut Eup el Bl

5} 81452 FRIA L SEAHE Atole] At akaEo] 715 uigdo] slojof s7]o] ShaAtES 2] §of
£ oJ3]w)] ZH3F AJ7HS £t slelob 3tk Wellington & Osbome, 2001),

k2 0 = QI7to] Thol 5 A2 o] wf] ZFH ol sht Tk A AEH ] 5 W, a2 e AREolu 4
ZZ M ECHAL Z2 T2 Tol 53t A4 |0 sl TolE Q1 4AI5HA] E th(Sternberg & Ben-Zeev, 2001). L
B2 B2 AREo] ©of algol| A Tholo] A oju| S A =5t L Q17 o9l Sk Al7l=T, 2 ol

QIZbo] ofd o2 IAIS w thE 2152 Al A3k Wil HhJames, 1890; Lee, 1996). L2 o £
=2 -Gofol tigh g the &1 -Gl S53e] ¥ SRl & wi slig =2 8019 Xs s A4
o] e =H skEA| A A2 /st U 7 E 2 ofsiished| floiM Hot o 2 =20] E 4= At (Mumba et
al., 2015; Tanner & Allen, 2005; Warren et al., 2001).

ek ZAloll A EA R = ool tigt s =rt wa45 ek 7igel thek ols =9t g7t ==
H AL Avkso] BV E| Y QJthBryce & Macmillan 2005; Jeong et al., 2016; Saunders & Jesunathadas, 1988;
Song, 2014). SIS tIF 2= 3F 2} Shgof QlofA] ShEAEol| X1t A[1 4] 3tat o9 P4t 2}
StubA g2 v shaE o o, XI5 2HA A RS ol 839 S AREe] ofs ot A7 H w52
215} Ch(Saunders & Jesunathadas, 1988). =3t 812 -5 Ad&ol| A X539t 25 Af%o] XsohA] k2 &
&SRR SRRl £ O AlESHE 7E2 BAskE, ol= 28 ZAIE siEske 2HollA g 9] o]
15wt $23 422 2Htk(Song, 2014). 18] 3L o]2{5k &/ 382 Sh5ohe ShEARET ofy 2t
&2 7tE )= ARSoA & o] dojdt), 25 WARES o= gt &2 aha7ligol tigth ofsl =, &
A, M= E 2AR 23 58] ool tigh Ms=r 5245 & 7idel olsi=et 4371 ol =ittt
(Jeong et al, 2016). THH, %dof| ALEH = HI-F-5 FA| s m=of ¥edz|o] Az 4= 1=t Skl Al X
SRHH|FE Y E, 33t 7ol thet ol =7} ol 57 15H{ThBryce & Macmillan 2005). 1222 &2 5
5ol loiA FA A= ate] /g Hado] e &2 8019 s ol thh of3l7} vl S5k A
& Ut

AF7HA] tiFEe] -gof Hs o izt A5 hEAte] o] ISEE A
Sigt=dl, ol2fet Al A7 SHANS] ] me A ARH o] 234 2
o} Ao Al=|m=ofl Qloja] B2 ool A7] E]AL Qth(Au, 2005; Yun & Park, 2015). ]
H]9] 7Nz QI5 Sh5ARE2] W UiFollA dojus A8 s E= AR B 2 4
Z3uke} 7| 7F Al dtol] ol 28511 it o] thek AR+ Shgolat ] UjRollA ot
52 50l R 2EH ZVEE & 4 7] "iEo|thKim, 2006). 3

i d

o rr

o]

0

C

-
ol
-
N
)
ol
=

o
N Hd
of X
o, M
S >~

>
39 ofo

ro
=2
3
ool
o
N oaE

i
L o

o &
oz

(o
oo
re ol of
P i oF
40 ox >

i
2l
o,
i)

ol

o
o
i)
i
o
oo
rok
re

Brain, Digital, & Learning. 2022 Vol. 12 No. 3 500



Study on Brain Activation Characteristics of Students According to The Familiarity With Physics Term and The Physics Unit

011

ol 2Ja} HHEY 1 prefrontal corex)] L3 BEF0] 243+ olol oJa) BHE] Aol ¥ 5oy,
ol2{gt HAIFE %94 ArHEo] &ol9] xlsgt ulFolghs Aikeo] B2 Aol oo Harkr it
(Chastelaine et al., 2017; Johnson et al., 2013; Scalici et al., 2017; Yonelinas et al., 2005). SFA| 2 o2 72| E2] 0]
of 214 o] g AR A7 ATFES Bae|w 9)x) o 9l

wpetA] o] Aol A= AAIRE H e g3t B9 S BT 4 Q= 7154 29 28 “H](functional near
infrared spectroscopy, INIRS) S /\}%5]'04 E] o Mk ofHo| 2 HYE9] HEJst 442 S okl
A} giet, T3k, eHYE0| Xssittal a3t gofjse tish 22 T HEAS B4 24t
Bl A7 S5} S o] AR ATIR S B2l Gole] Aol o AT ¢l
2, apAQl &2 oha2 1Rt W AN ANEHA 7] & nhdte] =Zo] E Zlol2t Azt

I
e
N £l
5t
Ke)
Lo

Materials and Methods

Fig. 12 212}Ql A7y 0l W€ 72k 0 2 Ltehdl Zlo|ck 3, 2] Solo] 24 =S HAkich
ol 9I3 of2] Bl Telof sk e fol5E Aeksla Helsl 22 Sofsol i) SHY5S o
23 Eﬂm&gaé&gﬂqgwummﬂmaﬂﬂﬂqa@%AQMﬁﬂ@@;E%ﬁéq

@%ﬂaﬁﬁﬂﬂﬂe%&ﬂjﬁ —ANZMHHEﬂﬂwiﬂﬂ%%%ﬂ%ﬂé%ﬂﬂ%
2.2 240 oj 2oz} o AlxAel g2 ofehol 7| &5lirt

Physics term fNIRS Data analysis &
familiarity inspection » measurement » in-depth interviews

1. Physics term selection 1. Block design 1. Brain activation data analysis

2. Term familiarity survey 2. Brain activation measurement 2. Check thefas;,oc_iative
contents of physics term

Fig. 1. Overall research process and method

Research Objects and Physics Terms

AT 2 FIA 2 DHEL ek F91 153 6= T o= skl aL, el 1782 of3HY s o]
Qich o] PSS B 2015 714 wSaty ol Eelst] &
ofl Al ol B Agh o] o] ATt o] AFLE I3l ARSH &2 -&ol= Estol| theh A1 T ofsl] 4
2 F5E2 3Le{sto] Table 13 2H0] 30714 9] &2 G0l & 9
718} o, AdiEd] 5o DlollA AEi= o, AALske] o2 2Astal = A &

2|0 Fo S AA 2F A=Ak
Table 1. Physics terms by physics unit

Unit Physics terms

Mechanics velocity, acceleration, gravity, potential energy, momentum, energy, torque

Thermal Physics heat, engine, thermal efficiency, internal energy

Electromagnetics charge, current, magnetic field, magnetism, electromagnetic induction, electric field, electromagnetic wave
Wave wave, interference, frequency, wavelength, refraction, total reflection, diffraction

Modern Physics Quantization, energy band, photon, photoelectric effect, matter wave
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E2] gojof thgt A Fofr}E2] ISEE AN | fJsliA AEA]E o83t A& XaYsiit). X<
Lol dAl= &4 %01 Z&5o]| o MY A3 v EA| &2 X< (familiar) 2} AY A (unfamiliar) 2] 2]
=2 75 thJeong et al., 2016; Mbewe, 2012; Mumba et al., 2015). 7 FoJz}E thAd o2 AASH AR

A
M AZ = 8353 01, Aih= Table 29F 2} SR EAIE gkt Azt7)s ohs J ol sidete B2 &
o 5ol theh M =7F thA| 2 =9kom, dosta} A E2] 9] & GolE2 A=t ol & 4
AT X527t &2 52 o5 AAgol|A Bo] Fotal AbEShe &ofo]7| = 5k, =] B 2petu )
Moz g E2] 9fodo] B2 x}|517] mf 2ol 7 o 2 Azbect

Table 2. Survey results for physics term familiarity (N=6)
Chapter Terminology Familiar Unfamiliar
0

Mechanics velocity
acceleration
gravity
potential energy
momentum
energy
torque

Thermal physics heat
engine
thermal efficiency
internal energy

Electromagnetics charge
current
magnetic field
magnetism
electromagnetic induction
electric field
electromagnetic wave

Wave wave
interference
frequency
wavelength
refraction
total reflection
diffraction

Modern physics Quantization
energy band
photon
photoelectric effect

— W W L W L= R RN N R =YY DYDY DY DY
N W W = W = = = =N =N O = O O OO b = W © O O O O

matter wave
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Measurement of Brain Activation Using fNIRS

Y9 e B4 Aot flshiAl AR WA e HekdS ST
T} INIRS = = A 2 4] of] Fxhe 4 @)go] BALE]|of U2 wjo] YAl 7| & S45to] =/ stol wh&
Y E3F 5T o] HglE 2 A5k Zlojt) 7124 0 2 INIRS HH|= 3-S WE5H= U5 (Laser module)t 34
A71E S k= %5 (Detector module) 20 2 /JE] o] Qlth &, 3 UYj9] sl =2 119] AbA {70
uhet 24 el ge] Fgaao] BetA7] wZel o] & 2A e = F UollAe] At 3l gkl s 2=k
9] 5 Wl ST 4= A Hrk. o] Aol A ARE-E NIRS 74H]= OBELAB 3] Atel|A] 7]3H NIRSIT
(2T :NSI-H20A) 20 2, AF2H o] uba-2- 780, 850 nmO| ™ 2] £3} Zlo|= ] QF&: oF 3 ¢m Zlo] 9] A
A5Hol| s gatint. A FAel sigsh= G ol HA = 4871 AldollA] b2t Akl 9l gkl & 5l =23
2H19] B o] HaKmM)S S350, 2 2F 8 frameS SA & 4= Qlt}. £3], &/t dof G uf
Arel ol 2 2H19] ofo] F7te7| wizol HE /st =5 FANGl7| flal AFel sl w22 Hlo] e HakEF
= 3N A5

=7 dlolg= 2t A Altol WhE gA| 710 sigehe ro 2 M o] BlojEl= A4 =2 O3S §5
o] 10| Z | A TS A=A Hr}. E3], low-pass filter (DCT 0.1 Hz)Z 151} &= 0] 21} high-pass filter (DCT
0.005 Hz)2 |53} 10| 25 | 751 k=0] 2 A 2] & %] o] Bl= Modified Beer-Lambert (MBLL)"H 2]
of| oJgt HighAl S o]-g-oto] ZH A @ A|7tol| w2 sl 2219 & HEkg gho 2 AL Bk g
sto] BAH -olu)dS Lot 7] 3l Yxhid e = (General linear model, GLM)& |- 85 5714 42 A
&stol A2 GLM I Al B 2h& AFE3k Rk (Ye etal, 2009). 1211, B ghofl thet 56 B2 t A= 4
Alste] p=0.05 22 F-o]nfeh HE/gst Ad e mhelsiqll, s g A 52 ol Fal4 2|0 AlZa}st
A ChXia et al., 2013).

INISR “FH]= A FHol| M 9] =&/ 2HE S7oh= AdH &2 &o9] s rof tigh HE st E4
= o] o] 27 ] Wl Ut A3 At Aifol] olshd I7to] W&t 34 7152 43 Al &

Al
]

4 Q1= INIRSS AR5
=

t

]

o
=78 |

Aol A 217 55 3] A (anterior prefrontal cotex, aPFC)2} HI| 2] 717 53 1] A (dorsolateral prefrontal cortex,
DLPFC) g% 0] /et ls3lol| theh S =7t 2248 F 92 Zodshe 9% F1toluto|gol &
37t F7RhE Zlo] 4 A Qth(Yonelinas et al., 2005; Scalici et al., 2017). T2HA] o] Atolji= &2 &
o}9] X& o uhE HE/JSH HakE S4517] flsliA d& AR T wf At ul o] Su A S x3ksh= o
NIRS 2] 47]) AE-2 4] G (Region of interest, RONC-Z A4 5}0] 0] 47112] A Fof|A|Q] AkA &l
2] 5= H3lFS $474 0 2 FA5Igich RoIo) -85k INIRS A 'd #1354 33,34, 36,37 ©] -

Block Design for Measuring Brain Activation

=2 8ol9] Mo mE HEYs EAS AAIR .z S45H] flsiM FAARNEE &8 Eols
NE= 4t 25 AAIE eIt 25 AAle IAPE 512 ofs Y752 23ohe 242 oA
(active task)2k EFH5HA] oh= T2 2HA| (control task) S 2ot A AJoh= 202, E &
o] Zikso] tigh A= =5 HHe i = &5t =Y 4 7] wlzol] W2k} )15tof
al., 2004; Shin & Kwon, 2007). 2ol A A= 30 7]2] E2] 0] 72| £ 2 vl 2|3t &2to] =52 Fig,
29} o] 5}LES] Session @ & LA SHTE. Session2] A E2to] Eof|A] ¥ 172 ZF A E] 1L, o] = A =58 5

C
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g wiskeFe] Alhtol| A 7150] Eli= 21 O & Baseline©l| st o] THAOIA Zrodzb= A4S 4ol
ShAl= A2 2 A2]d o2 QPRI AJElE RAsHAl Hct. 1 & 52 807} Qe Setolg 7t 3z
AA ==t o] wf Fojzhs g0l Bl Azt ofn|x|et 7id & Aidshe Zlo] /g3 1A (Task)ell
Sho} 183 ohA] 474z T A = 7 RRbE Al S ol A5k A4S HEE Rest ©AI7E 0|
1T}, O|ZA| Task®} Rest7} RHEE T 545k Yil o] A= 5HQ] Sessiono] Hd T 18|l HE =
o] gt =, FH AF °'E1 et AES Foto] Z4H2te] S &olE & W S Task ©AIA Zrojzzt A
g5t o] aket 7H‘~ == RIS o] dE At 2ol £1] &oi9] s ko whE HEAS HlolHE
3 s AlSh=t| %35_ Ag = AREE G EP.
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Fig. 2. Block design for measuring brain activation

Results and Discussions

Brain Activation Characteristics According to Familiarity with Physics Term

Fig. 32 fNIRS ZH| & o|-&5}0] Z7H gt sHAY 2] 487} 2 dol|A] Yehd B8] go]9] M4k ofHof u}-2
w2 et ek FE S YR Zlo|th of 7| =& e Hstare B2 BolE Be ;*Task Aol A 9] At
3} g2 2ulo) =t Walero] WF7tol syttt 121 =k Waleke] Mol 1 ~+0.1 mMo|H &
S7Fgol IR +0.1 mMol| 717k A4S MIP 0 &= FAIE| I, Zg191 0.1 mM of] 717k A 45 1}
A0 7 FAET 3k ML =5 B35} §lE 4Bl o] H Baseline 4 EH2} 2T Figure 30|41 H= v} 2+
| X35t 28] 8ol & & ) =23t Haleo] MA4 0 & 7ol E5] Y FrollA] vislgo| 37+g

[¢]

; OE]-“/T\" 9 —] 7151‘8 /\]'7]-0:] O]»oﬂ :5]:.01’% Z]:/E‘E_(P—]' JI:_]'E:‘% -“:]_'/\] 039_101] HDP—‘]»_ 47H_4 ;(H (33 34, 36,
791 A el @Ak Hste] 27b R Eeld e o 4 glgick 3 ol Eel gole] W40z ol
% 1] A (anterior prefrontal cotex, aPFC)2} B 2]=

olm|z|e} 7ig Aol EsiA| Yoy HE2] A Fd o2
7174 54 1] 2 (dorsolateral prefrontal cortex, DLPFC) Y &2 E 3loh= & F7to|uto]Zo] L/ =7} Z7|5H
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Th= Z1& Wotal o]+ A A A eF U =] gtk Scalici et al., 2017; Yonelinas et al., 2005). T=oF, 214551 Thof

£ ARS8/ agoll thigh A8 At Ttel ko] fF FXholntol o] & ekt EdelA| Yo

U= 20 & Hof X153t 808 AR A8/ o] o|m| |2k 7l A Batet vl oA A-83ha & 4= 3l
2k

CHJohnson et al, 2013). Rl 2 21<5612] ¢he 28] 80l& & ) AAFY SYF-2ollA =E/de} ralkgo
7 “\;P‘Ril TA] ol Gshe D SollM = o7 A 2 ZH4sk3ich

&35 22 &ol8 B w) HEAst Halgo] S7fohe A2 BE sHYEolA &RlE 4= ISIT Table 3
2HE i S a7 AdeollA et 22 &of Xls kol nE Hg g3t Halkgo] xlo|g vehd Zojot
o} 7| M= |23} MRS Ba] 8ol 2 B 7 TaskTHA|ol| A Q] A} 6| 2241 0] s & ¥3lako] HA-7t
of sttt 742 62| aYollA] o] Fo] For SAIEL S10lA SeL.2 sttt SH|EAE e
50| 4719] Aol thiA| 2 sHEEo] X%t &2 &ol8 & ) HE/d3} Haldo] S7sla, vl
2 X551 o= 21 8ol & 259 7%\-% = & 4 AT o]= F WSt Aol & & ) HH Ah2
2 A eJskar of 2 Eejdt). Te|E 2 sttt B 8o] Y o FXto|uto|g o HE/dErt get
A dojual 1512 = S 8ol E HH‘—HE AashE g 4 UL

aPFCS} DLPFCE E3}oh= &5 toluto] o of| sl sk 47l 2ol Q] 4t} |22 2H] 5= H
stEFe] golnld2 Agstr] Eelstr] A e °““’-4 x| 2/d 8} ¥steFo] blolEl & A AISk Tt
(Table 4). 91714} B SHEE2] to]E| & H] 1w 5l7] aiA] 2l&at 8o A|A| 77k} X &61A] B2 8of A
Al F7bol g A GLM 3] Al B 22 AFES & E’r% B2 A4S ot A 99 533,34
36 All 7He] Aol A f-2ju]gt 2ol & E A, &3t F2] -gofof theli = HE/dEt S7tstal 14514
%= gofoll tishd =2/t dagts o 4 Ak T3k -3 At X5k gojek A4k gofof tis
o 33, 34,36 -2 =& 5] v~l”l°PX}OI7P9 OUF37H AHE2 p=04902 F-ou]d-S &l
=0 o]= 3781 2'd YX)7F PFF3olnto| G ol ThE Adol vl o4 o= He Qlar sHYE nt
o} sfjaha Q) x| 7} Aol 7k A 0 —"F%%EP.

—_

O

B

Familiar Unfamiliar
HbO, JemiAverage : 217 sec ~220 sac) I HBO, 3cm{Average : 232 sec ~235 sec) !

| L .
f y LY % 1
. 5 .

Fig. 3. Distribution of the changes in brain activation according to the familiarity with the physics term
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Table 3. Changes in brain activation observed in 4 channels corresponding to the ROI

Student Channel Familiar Unfamiliar Difference
S1 33 0.02388 -0.20600 0.22988
34 0.08377 -0.40214 0.48591
36 0.02457 -0.12117 0.14574
37 0.01285 -0.09808 0.11093
S2 33 0.02665 -0.02033 0.04698
34 0.02620 -0.02054 0.04674
36 0.01390 -0.01132 0.02522
37 0.02715 -0.02272 0.04987
S3 33 -0.00668 -0.00495 -0.00173
34 0.03285 -0.01647 0.04932
36 0.01184 -0.00285 0.01469
37 0.31894 -0.60559 0.92453
Nz 33 0.01357 -0.10179 0.11536
34 0.10469 -0.04304 0.14773
36 0.07280 -0.07401 0.14681
37 0.02967 -0.02227 0.05194
S5 33 0.04079 -0.20608 0.24687
34 0.02172 0.00227 0.01945
36 0.02792 -0.00738 0.0353
37 -0.02515 0.00786 -0.03301
S6 33 0.14218 -0.20117 0.34335
34 0.02005 -0.04251 0.06256
36 0.03782 -0.05137 0.08919
37 0.01779 -0.02849 0.04628

Table 4. Mean values of 3 values corresponding to ROl and the T-test result

Channel Mean SD . o
Familiar Unfamiliar Familiar Unfamiliar

33 0.000259 -0.000176 0.000479 0.000605 2.817 007

34 0.000144 -0.000223 0.000430 0.000541 2.657 011

36 0.000139 -0.000112 0.000345 0.000517 2.017 .049

37 -0.000213 -0.000359 0.000877 0.000584 693 492

Brain Activation Characteristics According to Physics Unit

=2 Ol BB 5/ ZpolE A5 flsiA st Esl AR o, A 8 5 RE T
Hof tisfiA T 2= SHAE0] X3t &of AA| ?Lﬂ# Rls5hA] 2 -&of A|A] Ft7tol] gk AjdE
GLM 3 Al p gh& AtEet & T B2 -2 531t Table 5= 21 T 22| golollA =2
S} glo]Ef7} 574]731_% %ﬁlulﬁi fo] & Hol=(p<0.05) XH%—E—A 3l = g H 2 B2 =8t % (Brodmann
arca, BA), A'd ¥15, 122 27 ehdl 20| 1, Figure 4 39 Ad 5] SRt 91215 AVW_O_; Ltek
& ot Fojm|gt X}Ola Ho| 2] of= A (p>0.05)2 A|2J5HAT. Figure 4014 225 aﬂi AEE S
UEHl= 2102 A2 1= 40|31 ok A2 1= 00] sttt SnlaAle 2442 T AUIOP Zpo]
£ Hol= M9 et 31HAdl 2t tatE Ae & 4 Ut A& &0 "ﬁi =72 8019 4%
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2pakte] Qtebd 1] H (Orbitofrontal, OFC)2F BAT1C] S5k 32, 464 Aol A frofu|eh Hedsirt o
ofts & 4 e, 23t B Gol 2R OFCY] 16,29, 329 A dat 2F8H DLPFC 2 BA10°]| 3
5 57l Aol frofuieh HB/gst Aol & BYe & 4 Slrk nR7H| = 1A e,

o

, ol A = Thoet 84S 37 RE £42 1Qle o 4 9irk o] = gl M2 B Bo]
£ QS U Al ofnx] Aol o] 242 thn o|zkso] AZAEEC) ATBEM Kol Lt

Thermal physics Electromagnetics

Fig. 4. Distribution of the changes in brain activation according to the familiarity with physics term

¥A, FEHOE BE thelo|A] fu|3 HEAE Holt HoJol2 OFC ol ek Z, L OFC 3
ol RE SHelollA] fejuleh 2 et Qolet, 1 FeliE 32 Aol sigshs FelelAl S
gk | A7} Lofideh, LU OFC YL oot B3 H|2]8H47) Hhloll A §olm|at xE a7t 2ol
Tk, Qb 0 2 OFC 22 814, 719, Ak B33t 22 91X B50 F2% AL She 2O LA

AthWikenheiser & Schoenbaum, 2016). -4 2.2 OFC G2 2|7 z}=of| tial] 5.3+ ou| & 717l 442+
o]t 71e}2 E4Fs}i o] thgshe Al ¥hgo] Aol LHES sloi, o A5 Afolo] RS Al Fa}
3 A= 4SS 43 SHoh(Bechara, 2004; Rolls, 2004). ©] Aol A SHYER SlolF B2 §oi5 Hil i

2= ofn|R|et g S AYeheE gt HE 22 goleh alE 7]9f £Lofl = oln|A|e E 59 Ads
= 7140l 4 OFC ole] 7)50] B3t | Aoz 2}

ot A}, Az, uhs TloME 352 0.2 2HikSE DLPFC 3 BA10°] S5k 199 Adol A &
ol 3 LEAEHE 298 & 4+ Tk DLPFC o2 1)) 7)o} 9 e Fo) 8 ke Al 7]5-8 478
Sh= |, o] &= R&ghat WY S T o] ITh(Curtis & D'Esposito, 2003). 21455+ Tro] 2! AJZFA] 21=Ho]] thgh
28} A7 Ztol] w2l 143} 844l DLPEC JlollAle] @ Aahh T =2l Lredthiomson
etal.,, 2013; Turriziani et al., 2008; Yonelinas et al., 2005). THE =¢] -gofo]] tigh :H&/d3} EA BA2 &3t

N

¢
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=2 -golof] thsll AT 351317 wl2oll X153t 22 o] ¥H3-C. & DLPFC %] E/det= vi¢- Ak
A3k DLPFC ol 4] §ojulet w2hgale Kol ekokdl olsk} dry 2o Belo M= Be 2ol §of
clolei7} 37} ekl gojulst zjol 1) Zlojeti #5Ec Ea DLPFC 9ol 23 % 1y 4Rl
EHT} 5o Tod £ Sh=tl|(Miller & Cohen, 2001; Wagner et al., 2001), A A 2 57| 75 Q Aof| §-3-5}o] &
Agahgo] B 3El 3 QIrkBallard etal, 2011). LEEFH 0 2 BgjolA] WLat v 4] Sol Baiye s
57 o] £8 2492 Ne}a wiKelle; 2010), DLPFCS] 4.2 2143 2] ool et stso] 57
B e Aoz 2
Table 5. Channel information showing significant brain activation by physics unit
Unit Region BA Hemisphere Channel T
Mechanics OFC 10, 11 L 32 2.212
OFC 10, 11 L 46 2.305
Thermal physics OFC 10, 11 R 16 3.011
OFC 10, 11 R 29 2.338
OFC 10, 11 L 32 2.421
DLPFC 9,10 L 19 2.281
DLPFC 10, 45, 46 L 43 2.491
Electromagnetics DLPFC 9,10 L 19 2.255
FP 10 L 27 2.440
OFC 10, 11 R 29 1.991
OFC 10, 11 L 32 2.064
Wave OFC 10, 11 R 15 2.031
OFC 10, 11 R 16 3.359
OFC 10, 11 L 30 2.636
OFC 10, 11 L 32 3.719
OFC 47 L 48 2.875
DLPFC 9,10 R 18 2.081
DLPFC 9,10 L 19 2.607
FP 10 R 21 2.215
FP 10 R 25 2.419
FP 10 L 24 2.474
FP 10 L 28 2.243
Modern physics OFC 10, 11 R 16 2.280
OFC 10, 11 R 29 2.324
OFC 10, 11 L 32 2.410

|

2e} thelo) =2 gofof tigh B gt 5/d<) SolH2 BAdeel sk 438 Ade] Edstolnt.
BA46 992 £1A|+= sliFeta o2 F7tolntol&te] 1/300] s s G ofefiolnto|Fe} e &
skl 3tk 53], o] FollM e ofefiolmfolg2 g A B threlEolet 22 A Zid =
o =HE/geh7t dojdth= 22 A ATRs0] BAlE| A ITKLiu et al., 2019; Zhang et al., 2012). ©]+=
o] st o] 22 BolE & W w5} §olE = wieh 2ol sy 7S IAlshs A0 &
om, sPSIe] S AEFE S8 AT 4 it S, P50l DYt Thele) =2 §oid &
&, Uiz 59 V7 o= Ast A, dase] e84 Ao, ol d7IH|e] vireluf#]et 2
A TAEE BT Gttt o=t AdE2 tieeh B st wRio] /7] whzel sy

o)

rOﬂ-l
>

o
%
[ 4> pok gok

~

mln rlo
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o] A5t ] 2] 805 £ uff th2 h it E2] BA46 P ol A HEAJST Lot Aoz F=Het,
opz|eto 2 b Thele] B2 gofof| tigh HEAst EA4J2 A F 7HA17 ISt A JA) 42 OFC
B 2ol BA47l| s =)= 4881 A 'E 2] F-2]n] gt |2 /dsto| o} BA472 24 O & ofgfjo|nfolFe] Y& B
2ol ZHohH, 524 2 ddof St WAgeh Heio] ekl defA ot 214l hgof|A ofgjjo]
nto] G o] B3t Hw, H|F A Ztahs g 39 27 2 2371 224 22tol| A BA479] &
st 2 dojdth= Aakso] BalE 3 IthKoelsch et al., 2005; Levitin & Menon, 2003). TFH7FA| 2 8¢
] AE B R-E &5t ERlsh At b Thel £ Sofol thah A= T ] Rl-5-<4=of| tligh 22| <]
oot Alo] 55 A3tte gHHo| Hatth &, 294 %LTJJr o] e e, g 22 &2 &
ofol] thialiAl= 522 Aol Aofjuba] o|Zlo] HEHdstol| Y= mIxl A o= FSH T &g 25 ofgo]
npo]gh2 A4 gofh= Q1A Y 7Y 22 ARl ROMW 2437t dofido] AFH o2 &
31 ATHWang et al, 2013). &, =] 8017} th& &ofof] Hlsl] 422 7id& FaL k= HollA] 488 &
o] g-ou|gt /g et ofzfjolntolge] /dut o] Qli= A0 = 5 H T

S L‘ﬂ %01—4 - K‘H E42 % L%S’J = %0101] HIEH AFETHAH T rontopolar prefrontal

e R 2

2 SPoleks £2) Sos obE Aol shgo] S48 ol 2% 2 Foldl, 2 Ak
S22 B NGO Ao, el TSl o] F1= 20, e ol wigk w2 Aol

1
99}, CHE 515 Telo) 2e) §ol S ths HlZshlct A Aol ot SUR thEAIE 24 )
A3 44 YA 0.2 ANBAE T 2 4] 297 HE o) & EAakElo] el B9l Sohn
ctal, 2004), T3 22 57 Aolebz 45} 2 33t A do] 3 BAo) B9 Ayl F7to|jol )
817} 5 Eef o] S|l ThWangetal, 2021), ol2fe AlaY A7 AR F3e) 2 ) w5 Belo] B
) gololl Ao} Fp olo] wa sk 2 A ool 7]Qlgt Ao s 228t

Conclusions

o ATl AHE AAIZ B et WEte 2 4 Sl INIRS IS o] §3lo] B2 G0l 2 o Lheht
£ 350 HEE 54 W4T oo} Bels} Belol nfek Luslgick. WA, W4t 2] ol U )
S7roluto|g o] B et gdotA| dojual 2&stA| s B2 8018 & uf ¥t & sS4
4= Qeh T3t Ee] Tl ' 22 gofo tigh HE st B4 S EAISH dat i E T o] E2 gololA &
520 & 2k OFC 992 fojulsh w24 éiﬂ LPE}kb:} Ol%o FC g<jo] 583t ojn|u} 7S 84

Star ofof] thah AlA| HP&FJr wH S g =

3t ojm|E M2 A 7NE S 34k Q1A HW A0”011 a2 23t Y2t 5], 4 Tl
of|A] DLPFC % BA46 °§°U Fojn|gt HEehe Qe Adatet Fotet o & i”ﬂ‘—éﬂﬂr A o5}

2 ®3o] AdAfo 2 Qlgt Antg Hojith uhs thel 80]9] 72 BA470l dE5H= Y E OFCe} BA10°]| 3
Gt FPol|A] f-2jn|ah =237t UEbstth OFC 999 &/ ehe ok & 0101] tiste] 294 22

o] A= Ko, Fp F 9] b/ sh= S0 £ P A9 Aol e A= e
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o2t A2 & i o 2 tha iy}t e w8F gho| S AAIE 4 Qlth AH), fof Lol w2 R0
Fosh] whgat MRS 5o X4 wo| QA Feh At Ato]of| AFHtA|7L EAft) o] 7|& n
FollM AFEElE AR B 9] Gof X4 AL W T Aol AZAd S oEh 4 9lom 140}7} W5 o]
thet ATk o] M 7heAd S =Y 4 1S Aotk B4, bRl B2 S-S 9jal Tl = A}
Rohe w4l Wk o] "o gk S Al it ol st s e %—.%1}011711 M2 T Ao
thet Ante] S AlEste] 214 A4S E1 w2 AAFE o] F 4 Jlth F, o] A7 ZE 1S uff S5t
22| go] IS TS Fo| AL A4 YeiZ E-8517] i SR S Jeo] <5 A2 AAIS
ojof & Aot
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