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<ABSTRACT>

Self-regulation is one of important cognitive processes in learning to change the learner's schema by itself.
However, its definition and process have yet been clearly clarified and no strategies that can be systematically
measured have been proposed. In this study, we tried to find out the neural characteristics of self-regulation
process consisting of assimilation, conflict and accommodation by analyzing subject’s brain activity using fNIRS. In
addition to the brain activity, a deep learning model was also developed for the process prediction of
self-regulation. Forty-six high-school students were administered to take a mirror task inducing self-regulation, and
their brain activities were measured and analyzed using fNIRS. As a result, the activities of both OFC and left
DLPFC were found in the entire process of self-regulation. It can be seen that the process of self-regulation is
mainly based on monitoring and evaluation of one's performance. In addition, the activities of FP and VLPFC
were additionally shown in the accommodation phase. These results are presumably proposed that the goal-oriented
multitasking and clarification using language might be two of major players in this process. In addition, a
predictive model was developed through a deep learning process with an accuracy of 72.8% and a loss value of
0.309. These results are possibly suggested to know the characteristics of the brain level in self-regulation process
and provided a basic information for the development and improvement of self-regulation. In addition, it can be

used as a basis for developing a system capable of fast and accurate diagnosis and treatment for self-regulation.
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(*Modified from Lawson, 1995)

(Lawson, 2003)
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[Figure 1] The process model of self-regulation
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[Figure 2] Modified process of self-regulation.
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IV. Results
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<Table 1> Activation channels of the assimilation

Region BA  Hemisphere  Channel t
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L 31 2.64002
32 2.68437

(BA: Brodmann Area, DLPFC: Dorsal Lateral

Prefrontal Cortex, OFC: Orbitofrontal Cortex, p<.05)

[Figure 6] Brain activation of the assimilation. (A: Significant
area of activation, B: Significant channel of activation, p<.05)
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<Table 2> Activation channels of the assimilation

Region BA  Hemisphere  Channel t
DLPFC 10 L 20 2.70256
15 2.58488
R 29 2.70725
OFC 11 30 2.83485
L 31 2.74559
32 2.27754

(BA: Brodmann Area, DLPFC: Dorsal Lateral
Prefrontal Cortex, OFC: Orbitofrontal Cortex, p<.05)

Ag) @ S8 HrkE diaseE OFCe 7%
(Ballesta et al., 2020; Lee, Byeon & Kwon, 2012;
Stalnaker, Cooch & Schoenbaum, 2015)°] L3
AeE st = Aoem FAHL 5 vk

eyt DLPFCS A5 &b+ A4 o] dEbst
t}. Murphy et al. (1998)2] A-to] wl=w, Al Z}3
2] 71999l =& Aol 5, Ao AY 7199
4 Alele #AS5 J35Ado] verdo oeA A%
A ARG dojd AR wEE A or AYshe

3
Aoz oAAE §5 HAI @, 45 FAAA
B odold Ane xAe FAor =9 AF
(retrieval) ¥} &5 A3o] H7p7h o] FolA= Ao

= 5% 5 vk

3| WA Jee 4% A4 53 A T
o Aol w9 fASHA =EE A uEE
b 2AE olne 4ol Jdom, AAAFoR <l
3 Ao W3 5& frdttE HolA, vEE A
glol tidt AR H2E 5 w3} 25 7R
o] Wt &e F AeS Hdrh wEpa vy
el 547 oot BHE x4 39 F7F A
7b a3 B

3. Brain Activation of the Accommodation

during Self-regulation

AE A 73 F 2d dAAA HElYE 79
3 Fx FA L <Table 3> ¥ [Figure 713 &t}
(p<0.05). k<] DLPFC % BA 9] sdst= 3,
33 A, BA 100 slidske= 18, 20, 4391 Ad, =
$-HbRo] 5924 7 %3] F (Ventral Lateral Prefrontal
Cortex, VLPFC) % BA 109l al33l= 449 Ad,

BA 45¢] &l@dsli= 450 Adol A fefnjg &4 o]
el E=ek 9 dkte] 5= (Frontal Pole,
FP) 2 BA 109 sl@3li= 7, 8, 21, 23, 24, 27, 28,
36 Ady FH W] OFC 2 BA 119 si33}
+ 15, 29, 30, 31, 32¥ Ad, %= OFC % BA 47
of st 48 A fren g &Ado] e
ot

g4 dolg o] 7ted F9 vkt F 87
o F T A FronE o] AFEHAoH,
DLPFC, FP, OFCe 79 4% nbf E5F g0
eyt VLPFCE  #3%F @4o]  YEhy:
t-valued =3 = VLPFCY 459 Adol A
HFEom, ARG 45 VLPECO 44 2o
Al #AZEHA ol w3, A% T ws EAR
HWo 9o g4s Aama 2@ HAoA AAF

dol FdstA 2437t He Aoz & 5 stk
24 AL, 71E mHow s A9 2
| B7beste Adn, AR Zs Gl Hx
2 3te 71EE adu] 9% dEe actste] A
€ 2 Wrtete] Ve gE AR =4S 946
= Ao w3t % de sl s dsH
staE7l, Ad s 7RA g, oA Jr vwke] 2
d 71s =8 #95 OFC % 3= DLPFC
Al fefvetA & es & 5 S 53
&3t 2 &Sl el gl siget= A
t-value7b =/ AHEE He, AT =4S A
i A8, Brksks A sld Gl Vs 4
FHeZ AL F deE vEhdh

23 HAeA SeolHom &4o] et 459
Ad 48 AE L =

7}7} #Z VLPFC ¥ OFC%
doj# AHAYE P oz dy 4
Broca % ¥joltl o] gL A=A Hz|e} sl
29 719 e ARE YA sk el 7)o
T} Badre & Wagner, 2007). 48 Ao | I3t=
BA 472 7]efd el dd HS 24, 45
oAl slgEls BA 45 #AstE AHne A
g FoA ARE AYse 7|vS 99eth. BA
45, 475 o R & fAabgh &Aool kA s
Ao e ATE(Kwon & Lee, 2009; Lee &
Kwon, 2012)olA RH =it 73 shgolA 7HA
S AAEE A4S AL HAdA AMEZL =4S
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<Table 3> Activation channels of the assimilation

Region BA  Hemisphere  Channel t
9 R 3 3.07005
L 33 2.36473
DLPFC R 18 3.64408
10 20 2.52812
L 43 2.37130
44 2.02480
VLPFC 45 45 10.79292
7 3.09529
R 8 2.23531
21 2.26231
23 2.14581
kP 10 24 2.59014
L 27 2.20862
28 2.10340
36 2.53217
15 4.65095
R 29 3.92435
11 30 2.85460
OFC 31 3.61901
L 32 3.05097
47 48 2.46296

(BA: Brodmann Area, DLPFC: Dorsal Lateral Prefrontal
Cortex, VLPFC: Ventral Lateral Prefrontal Cortex, FP:
Frontal Pole, OFC: Orbitofrontal Cortex, p<.05)

rrrrr

[Figure 7] Brain activation of the accommodation. (A:
Significant area of activation, B: Significant channel of

activation, p<.05)
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Brain, Digital, & Learning, 10(4)
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Hyafil, 2007; Kwon, Eom & Kwon, 2014). =4 3}
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4. Deep Leaming based Predictive Modeling

in Self-regulation
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