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ABSTRACT

The purpose of this study is to investigate which areas and networks of students' brains
are activated in life science related learning activities and cognitive self-regulation thinking
processes (evidence, conflict, regulation). One hundred and eight adolescents consisting
of Tth, 9th, and 11th grades participated as subjects. Learning tasks involve the process
of self-regulation of the biological classification and the selection of relationships tasks
involving animals, plants, and fungi. The NIRSIT device was used to measure brain activity
in the subjects. Interregional brain activation regions and networks were analyzed by the
NIRSIT analysis program and the NIRS-SPM program. As a result, adolescent’s brain regions
composed of FP, OFC, and DLPFC were activated in assimilation, conflict, and regulation
stages in the process of self-regulation, and interacted with each other by establishing a
network. As the age increases, the thinking process becomes more complex and various
functions are performed. Based on the analyzed results, this study was proposed a brain
development model for age-specific self-regulation processes.

Key words: Self-regulation, assimilation, conflict, accommodation, brain development
model
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Introduction

It & 7)Aol Bl M2 FZEol Ilo] B2 FEE ARIAYHA 223 =S et vl g2
Z71H FH ARgolu Aol TS 7HA AL 22 71X ek 2| Al Ho} 254 0 2 WHSIAIZITHGrouzet,
2013). o] gt 1ol A F gt o] &k 45, 2Ae IS FF ioPoﬁ U= A7z 0|, 2P| %
A (Self-Regulation)> w5+ e, A7 okl 7|20 g 5 ot
& gttt 53] oS oz 53 4, 2] g2 Q1AH ‘:‘E”é“ o5, ARl A E27kA] &
2 2 0 71K (Niemiec et al, 2009). =3t 2F7| 242 HQ1Z A7} Q1A A, AFE]Ad & BE Hhge] 24 o]
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Fig. 1. Examples of tasks that induce self-regulation using biological classification
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Task Design
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Results and Discussions

Adolescent’s Brain Network Model of Assimilation

Zp7124 9] F35t oA B EH H A O] Fi] AAL-L Table 12 21, F| AAY 22 Fig, 29F 2
o} 319] “B8F ALl A 7P =2 A 7H Ty AZA™2 FPL)-FPR)X.2.H, 1 2jol| &= OFC(L)-
FP(R), DLPFC(L)-FP(L), FP(R)-OFC(R), DLPFC(L)-FP(R) S0l A] B] 1% =& Akto] Lrepdct ahA|uk &
1 Hke] -2oll= FP(L)-FPR) &= A4 ) Bkl 0.6 olot= LER ulf-¢- =2 /Ado] YEFHA| = &
+ 3% 7HA AL Sl 339 “E3F ARalabgell A 7 =2 e 7H | A4 OFC(L)-FPR)O|H,
FP(L)-FP(R), FP(L)-OFC(L), FP(L)-OFC(L), DLPFC(L)-OFC(L), DLPFC(R)-FP(R) 50l A] H| 14 =2 Af3to] L}
Eptt 531, 7P 2 A4S 71 OFC(L)-FPR) Lol Al 2 A2 7H 2102 Lhe = Y At
o] AAYo] W2 o U AT AIG(r) E3H0.7 01/e] =2 A U= Zo] B2 Holoh 129] “55F
Aol 714 &8 e 71 i AAY-E FP(L)-FPR) 92, DLPFC(L)-FP(L), DLPFC(L)-FPR),
OFC(L)-FP(R), DLPFC(L)-OFC(L) 54 H| a4 =2 40| Yepdt.

Table 1. Brain connectivity between regions in the process of assimilation

7th Grade 9th Grade 11th Grade

Region Pair r Region Pair r Region Pair T
FP(L)-FP(R) 0.801 OFC(L)-FP(R) 0.817 FP(L)-FP(R) 0.754
OFC(L)-FP(R) 0.603 FP(L)-FP(R) 0.806 DLPFC(L)-FP(L) 0.750
DLPFC(L)-FP(L) 0.515 FP(L)-OFC(L) 0.743 DLPFC(L)-FP(R) 0.747
FP(R)-OFC(R) 0.494 DLPFC(L)-OFC(L) 0.704 OFC(L)-FP(R) 0.635
DLPFC(L)-FP(R) 0471 DLPFC(L)-FP(R) 0.640 DLPFC(L)-OFC(L) 0.635
FP(L)-OFC(L) 0470 OFC(L)-OFC(R) 0.624 FP(R)-OFC(R) 0.585
DLPFC(R)-OFC(R) 0.438 DLPFC(L)-FP(L) 0.575 FP(L)-OFC(L) 0.570
DLPFC(R)-FP(R) 0.432 DLPFC(L)-OFC(R) 0.547 DLPFC(L)-OFC(R) 0.528
DLPFC(L)-OFC(L) 0.429 FP(R)}-OFC(R) 0.530 OFC(L)-OFC(R) 0.522
FP(L)-DLPFC(R) 0414 FP(L)-OFC(R) 0.487 FP(L)-OFC(R) 0.522
FP(L)-OFC(R) 0372 - - DLPFC(L)-DLPFC(R) 0.439
OFC(L)-OFC(R) 0.289 - - - -
DLPFC(L)-OFC(R) 0274 - - - -
DLPFC(L)-DLPFC(R) 0.267 - - - -

(FP: Frontal pole, OFC: Orbitofiontal cortex, DLPFC: Dorsolateral prefrontal cortex, L: left, R: Right, p<0.05)
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7th Grade 9th Grade

11th Grade

Fig. 2. Brain network development model in the process of ‘Assimilation’ in adolescents

319 B8 AFnatol|l A 71 =2 A 71 i A4S FP(L)-FPR)H2H, 1 2lol %= OFC(L)-
FP(R), DLPFC(L)-FP(L), FP(R)-OFC(R), DLPFC(L)-FP(R) SollA] H] 1A =2 Afto] yehdtt shA|gt 5
1 Hee] 7-2ofl= FP(L)-FPR) &loll= A4 (r) gkl 0.6 olot= LEh ulf-¢- =2 Adao] YEREA|= &
£ A%E 7L ). F39] “B3F ARty oll A 7H =2 ke 7H i A2 OFC(L)-FPR)OIH,
FP(L)-FP(R), FP(L)-OFC(L), FP(L)-OFC(L), DLPFC(L)-OFC(L), DLPFC(R)-FP(R) 5l A] H] ] =& AF3to| L}
Ebsttt. 531, 7P At A4S 7H OFC(L)-FPR) £l A =2 82 7 2102 e = Y Ato]
o] Aol 2 Ho|Q AL A AIG(r) T3 0.7 0)/d2] =2 A4S U= 7o) B2 wolt} 1129] “53F
AFRTRol ] 71 & e 717 T AL FPL)-FP(R) 327, DLPFC(L}FP(L), DLPFC(L)}FP(R),
OFC(L)-FP(R), DLPFC(L)-OFC(L) G°llA] H] 4] &2 /o] UEhd .

F3F ARLagolA = A shd B FPL)-FPR)S] Fif Ao £ A o2 el o, Fpe o Al
FALEo| A BREAFFA AL, TFEAAS Gt 721 0 2 A A Qlth(Koechline, 2011; Kwon et al., 2020).
+19] 7ol thefet A4 o] Uehh= 212 A4 Q1 Aol eksiA] A= 523 Eol A|7|A] Zotal
njofsh Fx28k2 Qlsto] of2] FEo| Aol theFstA| e b= 2102 BRIt DLPFC(L) 1o 753t
s o] Jloh ddojy AR E F 2 vropzo] Afalo] 283 4= QA RS E3HA7]1L 9l o™ OFCe] 73-¢-
o= E2lo] Iz v Y-S s Z517| sl 2 BtaL A=A S A& A Eletar ke o Uehubs 2ol
T}, 1120f| A YEh+= DLPFC(R)2 ©| 1| A& A/d5to] || A& f|F2 A HE Hholzo]w, F30] dloj 4] 7

& F= &0t T 1A HES Fofl o|n| |3t H Y H & 8ot E HaF Wt Q2 & 4 3
o}, & F3-2 F10|4 an20] H]sf| 2hA|of) thgh R ol 71| 3L OFCE 2'86] E-8&5to] Af4lof thigh AA
=9] 7}, EfR1 Q] 37t thaf] Al&sto] A7 S A0 itk A& & 4= Sl
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Adolescent’s Brain Network Model of Conflict

A71240] Z-5 I ol A B E A A 0] T A2 Table 29 201, | A2 2 el Fig, 37+ .

19 ZE AFIPYol M 7P =& A4S 7H Ty AZ-2 FP(L)-FP(R)°I o, 1 Qo=
DLPFC(L)-FP(L), DLPFC(L)-FPR) A =7} &S AH-g 714 Holth, FP(L)-FPR)= M2 Q1 B2 2|34
AFE SR Qlg= YERH AL DLPFCE Q1A% Y TAlo|A w7 4= Sl 84 do]| Tofot= mjd
(McLaughlin et al., 2009)°]™, 2t47| & 285t Y H 2 &}of| = Tofstal QITHBarbey et al,, 2013). ‘532
AtaL I7gol] vlsl] £ AT o] & EZsHA Ueht= A2 B8F71 7| AHLl e 719S AQlsh A2k
sholstal ytkotn Hop S5t A7t o] £o]x| 1l Q= WHA, Z-5-0] 9ol = Q1] v AdElolA]
A 27} RS oS o] FA] Eofal Al&sto] AlgE-S ofal Q17| wEQl AL & Helrk Fpet
DLPFC(L)2] o] FEg|2|= A2 Q1A v|H Y ezt i AE 2fn|sh F=0)7] 1pA|e} 24l o] 2

AT U =1} S
A7 7Hegoll A A 2L T Alo|uf A 19tste] 2HAlo] St 1S 2| 2|5k A lofd A roj u}
= Z(Koechlin, 2011) 0 2 & 4= Qlr}.

ru

SEAFH hF AU S B3 5171 )

ol

Table 2. Brain connectivity between regions in the process of ‘Conflict’

7th Grade 9th Grade 11th Grade
Region Pair r Region Pair r Region Pair r
FP(L)-FP(R) 0.749 FP(L)-OFC(L) 0.733
DLPFC(L)-FP(L) 0.732 - -
DLPFC(L)-FPR) 0.726 - -

(FP: Frontal pole, OFC: Orbitofrontal cortex, DLPFC: Dorsolateral prefrontal cortex, L: left, R: Right, p<0.05)

7th Grade 9th Grade

11th Grade

Fig. 3. Brain network development model in the process of ‘Conflict’ in adolescents
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339 45 ALIol| A 7Y =2 kS 7171 T A2 FP(L)-OFC(L)ATE L 2]of| = DLPFC(L)-
FP(L), DLPFC(L)-DLPFC(R), DLPFC(L)-FP(R), DLPFC(R)-FP(R) S0l A] =& Alto| U7 = 5191 oLt &
olulsiA|= 2 A0 2 Yepdth Fu| A4 Aol Z7tehe A2 s Eo] At Aol Ql HE Lo
A ZHA, T A Q1 A B & S| g-gsto] s A atsl 42 AT 4 =7 S THEAt k2o B

rr o

w02 & 4 Qlt}. F39] Zfolli= 53] OFC P 2te] &4do| 5atel 45 2% =7 ettt o]+ 53
s So] the drgabyof| u]sf 37 tol et Tzt ol o] 2kt 22 & 4= Utk

1120] 2+ AFR IOl M 7 =2 A4S 7R ] A2 DLPFC(L)-FP(L)O] %12, 1 2]ofl FP(L)-
OFC(L), DLPFC(L)-FP(R), OFC(L)-OFC(R)°IA] t}-%- -2 /f3o] LERIA|TE f-ojn|dt 710 2 Lelh= &
] AZAG2 QAT 1 o]-f= A7 212 S 5 0] s Z s ol HAl “AR AU 22 12 S E2] 790
ofu] W-FIHY /ol A] FrRte] w2 3 A kol Tisl vl 7] mi2ol] 0] 8 7|Ysto] A5 EiH= 58
U 28] A7t i 2hde] dojit7| Y Ao & Helrt,

Adolescent’s Brain Network Model of Accommodation
27|24 0] 24 ol A BAE P AE O] T AAT-E Table 31t 2, T AZAY 22 Fig 494 At}

Table 3. Brain connectivity between regions in the process of ‘Accommodation’

7th Grade 9th Grade 11th Grade
Region Pair r Region Pair r Region Pair r
FP(L)-FP(R) 0.851 OFC(L)-OFC(R) 0.580 DLPFC(L)-FP(R) 0.804
DLPFC(L)-FP(L) 0.720 FP(L)-OFC(L) 0.561 DLPFC(L)-FP(L) 0.730
DLPFC(L)-FP(R) 0.703 FP(L)-OFC(R) 0.531 FP(L)-FP(R) 0.707
- - FP(L)-DLPFC(R) 0.609

(FP: Frontal pole, OFC: Orbitofrontal cortex, DLPFC: Dorsolateral prefrontal cortex, L: left, R: Right, p<0.05)

7th Grade 9th Grade

11th Grade

Fig. 4. Brain network development model in the process of * Accommaodation’ in adolescents
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19 ‘2 AL Yol A 7H 2 S Bl T A2 FP(L)-FP(R)C] 1.2, DLPFC(L)-FP(L)2}
DLPFC(L)-FPR)2] | A2 o] 37| =2 43S B3t olE SA 02 A B 225 HAIStH= 4o
A Z-52] At H|eh & WS 4= 9l

339 ‘A AL 3ol A 7t =2 e ol i AZ-2 OFC(L)-FP(R)©| .2, FP(L)-OFC(L),
FP(L)-OFC(R) 5°llA] f-ofm] gt /g3to] Qli= A 0= YeRGTh OFCE QIA1A B H AdEloll A 2H41 9] 335
o|Lt Medol| thalA] Bl WrlE Alast & Qg =7 % Hojsl EAPoﬂ ﬂoﬁPE}(Bauesta etal, 2015).
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