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ABSTRACT

This study investigated the Korean children’s developmental pattern of the social brain
related to mentalization ability. For this study, a mentalization task and the prefrontal brain
activity measurement using functional near-infrared spectroscopy (fNIRS) were administered
to a total of 163 subjects in kindergarten, elementary school, and middle school. As
the result, there was a significant difference in the mentalization ability score among

‘ preschoolers, lower elementary students, upper elementary students, and middle school

'.) students. However, there was no significant difference between the upper elementary and
%f;)%ca'ggf middle school students in the mentalization ability score. As a result of correlation analysis
between the mentalization performance and brain activity, it was shown a significant

a OPEN ACCESS correlation in the right hemisphere orbitofrontal cortex (OFC) and the left hemisphere dorsal

lateral prefrontal cortex (DLPFC). Specifically, the correlation was analyzed as a positive
correlation with the OFC and a negative correlation with the DLPFC. These results provide
quantitative analysis information by taking a cross-sectional approach to the children’s
developmental pattern on the social brain and mentalization ability in kindergarten, lower
elementary, upper elementary, and middle school students. This study might be provide
an alternative educational implication to children’s development on social brain and
mentalization.
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ntroduction
QIZHE Effoutal 2FfH A Z}Alo] &3 AFE] 9] 2| A S 8580 =M AFS| Y E 2 JH3tE| o] 7H= ALE] S}
£ AZITE AL 712 248, 714, Bt Ak B2 ST o] S RPAIQ) QA0 2 jmE} A7) T

g2 AtE]eket SHok(Kim, 2004). *Msﬂ%— 3l AejAl= QI7ke] 58 F A2 AlSlol|A o] e ARt
SHA fAIsHH B, Zlol, dE 59 AFE] A 5 A-8-2 Fefoto] tiliAl Y ti T EAIE & dska
A7 7152 53HtH(Kim, 1983).
A}QW 2 1 }Q7F dlof, Wt o 5ol whet ohdst skl o] Abe] A T JRdEo] gt 1
% T 217 | (mentalization)= “gA18F et & ot AFel/AdS tiESH= 52 F Shutolth. Bateman & Fonagy
(2006)01] w2, uh291 7= QUZEe] E-S o) =Rl Al eI R s Aletal QIAISHA she Al & o=
ZJolokar QU T3 Allen et al. (2008) A4l EFQIC] 3352 ofslish= 52 0 & 7 olstar QlTt.
Fonagy (2015)2} Swan & Riley (2015)°1] T2 ™, AF5-917]+= olf2} A, 53] 4= 244 gt55 o I/
= QA 24 Al2]o] vlE} Q]of| A % ’1\_];5. 55 . E(psychic equivalance mode), 7 == (pretend mode), 5-2]-=

2] 5 T (teleological mode)2h= 2] A AT U7 A A of] Tfgh g4 o] a0 ofsf| MY Hct JAlY 55 e
+ A1) WA A2 2] 4] A l% LS A0z of7]= S KK5HH, 2ol & A A9 s4/4d= B
o} 7 BEE $Ab gAY sle, U Ao R @ALS ehls] Belshs 212 ste] @A 4-80] of

2 AN 7Ho) B4 TESH Aol Uk SHEA mEL A3t ERelo] Z7te] 2H79le

M Ps 54 e ot EHoE 2o
ERRIC] A&t FAA|et 1, F2 9] ofaliet EA 1} 3Y5-] A/ o] wto]
Q3% 5Eo|th F—M RS9 7]= AMd A 0 = sk Ao ofyth. S5 o
A MS7kglom, 7‘“19}?4 A| EJFEtA U ghE] = A 0 2 dE A Sl
T3k, ZF R e o] 2|, 12} 2 A wel, A9 414 g7l gt 734 RIgHY, Haatele] Ay 501] -JOH £
o] A7 E ThFonagy, 2015). atA] 245k nk3-9] 7] o] HHgh AM“ @/gol ol F L5t
ojF% nkaei7] ¥ 1 o] Fo42 wi¢ Aot % AL} °47<H ohS917] 9] ko] cish XA
O & RS A= FhotE 7] ofHot vk el 7= L 7 a B4, Aol gk Aq-Soll X|Fskar ok
(Fonagy, 2015; Swan & Riley, 2015). 0|23t @z} 9] Sh=24] A5k ]"% 1719 Al et ey} T1of gh= A
gF ulgo] E7Fsgh Ao, ghek A A4 Q1 e (o] ZhssithH o] & Fofl fot, obE, FAde] ok
A7) 2 fIek ATk %% 7} o] 0] A 4= Q1A o] & F5l| Ak2)Ad e 7| 4= )l A oltt
ShH, nkE-ol7| EEe] AAIA A oliAle dol= E3slr] 3l A e o] sttt olg
QoA 22 MG eE vk 7ol o]- &5k A7t o] Fol A AL Qi rkE 87 ]= 7|24 Q2 off 2wt
T =unl AAle) Bo g oz Tl 1#04 2.0 (Fonagy etal,, 2011), F5-81719] F2 5 A
o] Tu] FA A= B 1Al 0 2 okebH =u] & (Orbitofrontal Cortex, OFC), W& 72 1] A (medial
Prefrontal Cortex, mPFC), 21441 & (Anterior Cingulate Cortex, ACC), A& 53], 252, == XSHE So]
H %3 ) chBrunett & Blakemore, 2009; Samson et al., 2004; Stuss et al., 2001). ©]2]3F AF-E-S 3l u}-2-9]
71014 “dHreinforcement)] A, 2Y52] *1oje} 3524 ofn|e] mlof, o] = ujof, 7174 A-ga} o] ¢iof
et AIA| B E o Eaubr] k2 kg8l 7]e] =0 B A aL et wheba] Al ateke] Wi S 2H8e
T2 vl 534 0 2 Ho| x|k o]2|gt Aol A & o] tgt A= o] Fo] A 3L 91A] Qi
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mebd £ Aol Sekeh fA A, 255, Fotale] W Wslel ol o nhe el ] 3t
7oA o] st Fif B2 A5t nheel 7]
?fsl k2] F 7HA] AFZAIE A ST

A, ob5-2] St nhZel 7] T2 ofwgtrte

=4, oF&2] nhel7] 3ol HEEt Hdo] w2 Fi g2 otk

ol & I3l A5 Bl T B HAP st fobRE] ARS) /g gt EEo] S48 A= FaHY7HA 9] 1)
A2 Tz s =3t thefet A tio] wdAlEo] T 4S5 S5t flste] &
o}RLE| HetoHA| -8o] 7153t AR B4 F740] 7Hedt 7154 24 2] H (functional Near-infrared
Spectroscopy)= 28519 ‘q-ﬂ(ang, 2021; Kwon et al., 2020; Park et al., 2019).
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Methods

2 A= R e Ae JH*OHAH T 2 S4 9 24 flof et S miziolS AR
< AE7tete] AﬂUlUr“‘ A AHE AAH 74, Hebslit. o] S At/ A= R E] A& 43T ol
o] R /4 tlolEHE £ ¥ %j 2] 2742 7] NIRS-SPM Z2 135 2H85}0] Fthd 2 Auls 57
75]9—35‘1—\4 OI'N\E]'.
Participants

AT A== SHR R o] 59l 2
E2 TH4-6M Fo o2 F2]1 YA 327(5.23£1.05), o5 7,;} 02 258kl 1~381d S 717847+
1.29), 255t 4-681d SHY 247 (11.5711.34), AT IO = F3HAY 369 (14.241+1.15) F 163P2=E 7
gAre] omtol] RARE & Fuf BAS

3D A2 ¢ 2] At

rﬁ fifo

Y53tk INIRS 71712 AT chy WAlo] g0l 7)o $HaaL
%ﬂw WP Ee) 9819 5918 A AYSOP] WAE M55 2 Ful B Ao A1
£ 0|12} A7 thb ERAOIN F2 Q852 AHSSHIL ABol L 417 Bl Ao g 71

J Sy S T o] Fofshe S slolck

Task Design

o) ek Wi 54 241 7he)7] 3 o] S A7) ok el] BhAle] Wl et 2k s7ie) 4
£ B2 ok 4x49) A HZ0IA A7 Qs oA AN oA ANHES B %)

A|AFe] Aok 7|02 tpAl 7H2] F3to] 7k A Ut ofuf At t/d Ak 8712 24l 5 shutE 54 e
Z o|5AIZ 4+ UEE HES Soldhes 24S W AN A7 gkl Aokl B2tE = X8 26t

I IZE ARk 9j o] At 37ko 2 Zoft} 7| HthDumontheil et al., 2010).

ERR1S) nhg-2 9= IHollx e R S-S S5 flal vkl 7] AIE A7 o] S oflu] A E Tt Al
o4& AX 71 E A= ohaat 2k A, 7]Ee] A2 U S Adidke] RERE vhe EA7F
AA=H B EAIE 7H7]3L o] 5 A7 = FElE A A7 F A XA rhg-2 ¢l At Bl Eo] 4]
o] YA & metstal QE Xt FARRE EA S-S HlalohH E4|9] o] 3t Tl H AL} AL Q5T
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A 2] 218 Zol Efele] nhe-g 9l At eigl B olelo] Fil Fiol Uepd 7Hs Aol itk wety
279] o] 50] byl Hefo 2 XA} 8 73 4 YEE Fig. 13} 0] TAfsto] SA4T A 5 EAlo] A

O]'ME]'-
28 FHR ' N9 =49 ‘
WA ol 7HE Fe Mg ./ WA sl 7Hs Sl0f 2l ote
o ™ )

¥
-,

Fig. 1. Concept of director’s task

A, A A Sk 0 ) ool cheh b 4, £ A, 8 02 gBisle )
1 FA) e 1R A S A A S T B Hloleie S 4gehe 7o) i

&tk A A =E =0)7] flsl 4712] 2AHE MR 22 AL S-S #5629 AldH
7te FE| EXS ek vEE oS ZA| 2 JolZ 4= Q=2 5llth A A 22 E SHo] o] Fo]%]
A 2ol A viAZF AR 7122 Atollx] A AIA] & F71E upA = EAle-S5 7] 77he U

of Sx] S BAY 4 RS TS skl A Aol EE 3 A Teictel £ Fig 29 e

L’_ﬁlﬂ

o]

oL

l Marker l l

Intro

Fig. 2. Paradigm of task

Measurement

7154 24 2|4l 28R (functional Near-Infrared Spectroscopy, fNIRS) #4102 Fi| & Z7g5}7] 2|l
OBELAB Inc.of|A] 722t NIRSIT(NS1-H20Ay& -850t 3| =0k & FEj 2 QFEolli= 780 nm&} 850 nm
upgo] ZA QA St o] ujd 2 WEshe go] A AlA 247112k okl = Ble Alsh= Al 3271 = A4
A Q)M i d x| olth. A At A F =2 4 Qe 2R A 2 o 2 RE Tk I
2 4 QA SPHA tiEhE shAY B2 F2A]01A] %= 5 FlARFE QFUiEHIAL o] & At thi/dAte] o} F
0] S st A At o J o] x|ek |0 A X7 E 4 A=E 2T ASH
oA 2| Befo]l S Fofl L&A Al 27t 7 AlAE 2 sh=A]of| sl wlo] e 43| = Elsk.
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to]E £ 4|0 NIRSIT x| ZEE] AlA|7H0 2 M= Si 3H4] go]gj® ofu|e} Mz o] 7z
A A& ZF2] o] E-Prime 3.0 (Psychology Software Tools, Inc.) =2 133 AR2-5}0] A|2He THA| 25 E A of
ALl 6k A H 2 Mgkg 4 9l v 2 51911 o] 5 AW 2 23}ste] 17k BAo] 7k 23to] 7hsh
gjo]E] 2 2 AetTh st G iAkRte] ThA| 48 TPHLS oJAro 2 3teto] o] w o} thE A TS Melst
A Aol FaF2 v 4= Qe As of Fof| disl 71 =5kt

Analysis
He 5 2208 T 49 AT 7 A g 4 o Bisle] 2ok ol YEE
H| w5k o 3-2]n]d A5 e ANOVA 2 post-hocS 4~3Y 53T 2HA| T Fi| g d|o]E+= Nirsit
Analysis Tool (v2.2)2} NIRS_SPM v4.1 (Ye et al., 2009)S 0|-&3}0] Hx]2] 24 Azt 7 sk Alge}
QL o]0} e Bl AT ULE 71 S| a2 AASH T 29 70k i Tke) ol uj At
A8 EFZ R0 HlgRE Al o & oJ5H4 kg 3h4~(Hemodymic response function, HRF)E 4]-8-5}0]
AR R EEat ’\117‘ Aol o] A A|lZks HAstoith 2] 22 71 7RI ol Bl = 5 4t
=5 GLM 2|74 Bgha Z-85to] mhael7] EEat Helido] 22 J9= ==st7] flsl, A 43 A9
BETF THA) 43 AT B0 2 JTHEAS AAISHICE AT B4 Ak =005 S Z0IM R elnlsh =
=29 A dof| ths}tod, BrainNet Viewer v1.7(Xia, Wang, & He, 2013) 5-afl A|ZFefsto] Afd 2] sl #-5h4] 912 4
YRS et

Jm'

Results and Discussion

Behavioral Comparison of Mentalization by School Level

n}-8-9]7] #}A| 2] £8Y-S BAIGH Avh= TR2-9] Fig. 3, Table 1, Table 224 2T 2+ F o] -8 Golo] 7
122 (SE=0.268), 258w A|8hd o}-=-2 239 (SE=0.192), 255t 11514 o}=-2- 375(S.E=0.124), %5}
2 3.64 (SE=0.144)Z UEF}ThHFig, 3).
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Kin. Ele.Low Ele.High Mid.

g. 3. Average scores on sociality task by school level (Kin.: kindergarten, Ele.Low : elementary
school 1st~3rd grade, Ele. High : elementary school 4th~6th grade, Mid. ‘middle school, Error bars
represent standard error.
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7} Zcke] ol thsh ANOVA 24 Aoh= F=24.630|91. 01, HTZF Z}o]7} f-oju|sk 7o 2 Lyttt
(Table 1).
AP A Aatol| Al fob el H4rt BAK o & fefushA| 7 WL, 1 thgo] 25 Ashd obE
O] FofulSHA W& A 02 LHERITE (Table 2). 25 3131 obg3} F3PYE SA1H 0 2 frolm|gh 2|7t ¢l
Ao, F T B 25 Aehd ob s Hihe A4 0 = foju|oHA| & 2 o & et

Table 1. ANOVA result of social skill score by school level

School level Mean Standard Error F-value
Kindergarten 1.22 0.268 24.63
Elementary 1~3 2.39 0.192

Elementary 4~6 3.75 0.124

Middle School 3.64 0.144

*p<0.05

Table 2. Post hoc result of social skill score between school level

School level Mean Difference Standard Error Sig.
Kindergarten  Elementary 1~3 -1.176 0.330 0.004
Elementary 4~6 -2.531° 0.296 0.000
Middle School 2420 0.305 0.000
Elementary 1~3 Elementary 4~6 -1.356 0.228 0.000
Middle School -1.245 0.240 0.000
Elementary 4~6 Middle School 0.111° 0.190 0.992
*p<0.05

_|\'Ll
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Y
)

o|2jgt Aih= folRE ob57]|2] 25 18hd ofE7kA] o] Atol|A AAet kel 7] 5
FenjotA Wshs A2 9JnlshH, 25 118hd obs- R e Wi = =2 28 §4
O = A 4= ok E=5F Fote] He, BEA7F0.268= U HH FollA 7HE =%eH, o] = F
8171 589 ZiI7E A bt 2102 s 4= QI o]= fokAl 7ol mk28)7] 58
7iRlol] whet ohfsiA] Lrehe: fet of et SsHA| id = Ao 2 s E 4= ]l
O UoP7t, 25 118hd ofs-RE] S5 Al7]oll= o] AAtollA] et nhgel 7] 559 ojn|Qle o]
BAE T oA 4= Qlek 25 18hd obF-e] Wt gk 3.75% =T, 1A|Q] BHHo] 41 A0 2 n|Fo] &
uff, 25 118hd W FEHY w ZpA|of| A A7 et nhg 91 7] 53] A Al 7)ol et A o = kel 4= Qi
SHA|TFALS] A ] Hidol] cst 2B o3 Blakemore, 2008; Burnett et al. 2010; Romeo, 2003)0]] 2™, 0}-2-2]
719} 7 455 19k (prefrontal lobe)2] 'HE-2 A7 Al7]0|A 71 2] A £F 0 2 HojRth= A2t
oo 258 oA FEHY A7 2 doj7 ke AR ol A= k28l 7] 53 o] ATl S
St 4> Ut} Dumontheil et al. (2010)2] AL A A] oF 124]~144] Al 7]oll= u}S-9]7] 53 9] Higho] A= 1
< A1712k /1710 efm| Sl HEo] yepdthal B gk AvE v o) S Al719] nkael7] Y
o) didho] A 7)ol =23ty | Bk o] A Al7| = mheket £k QI
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Brain Regions Correlated with Sociality

SIS Sashs Foke] A EAdnt 2| 4ad4ote]l ABRAS BAG ATHs Fig 49} 2 B

A Axr 308 A = (Right OFC, Brodmann Area ll)J—]' 339 2 = (Left Dorsal lateral Prefrontal Cortex, DLPFC,
Brodmann Area 9)0l|A] 24| 4847 -0 1| 4 Ato] o -2 m|5H o] (p<0.05)7F LrEH T 308 A E o] 7
S, I 4ok A AdHEA =0.1781, p<0.042)5 Eo|t, 338 A d o) 749 3kA] ey 7d g0k BA A
A r=0.1647, p<0.030y5 E . ©] 2] 2] A Fof| A= Fofn]h A S Ho|A] &9k

B ¢  ©cnmmmmes
35
A ESESS
25",
— Bme® .. r=-0.41647
Dorsal Lateral Prefrontal Cortex(BA 9) 5 ... p=0.0419
orsal Lateral Prefrontal Cortex il
0.5
o0 (D L ] °
-0.02 -0.01 0 0.01 0.02 0.03
Right
C ® @ VEEUEERIN@®Oe ¢ ©
0.1781 3.5
| e ocoamemm ~“.
r=0.1781 e
p=0.0298 .o :

-0.1647

-0.008 -0.003 0.002 0.007

Fig. 4. Channels with significant correlations between beta values and behavioral scores and
scatter plots for each channel (A: Location of significant channels on the brain, B: Scatter plots of
Channel 30, C: Channel 33)

rE

308 Hd-e Quko] opCo]| sigahat], o] ol nkeelz]e] o)A uke 9l7] Lafo] Ttk Zsto]
o] gl A B g vhgel7] Y F sffolct. A faol £7)- w4t BeiE S5
S 2B TH(Lee et al,, 2012). T3 2FAI 0] Aol Tja] 2B 9l 7142 Holsto] £7]3to]| 7]ofa}HH
(Ballsia et . 2020; Stlnker et al, 2015), <1419 917|728 18417 |4= 2ol 57134l o] Kwon etal.
2000)5H= 202 2 9tk webA OFCe] EHAdo] =242 nkeely] B Zof| B7].HA o] that 91|
2 2 2|7} wo| olOi'ﬁ}':}— 7‘10]11] o]z T 23 Zof| Alriufe] TS =257, B4 Ao]o] 9|t A

71E Hlalskal, ol & T4 & els IgellA Sl Sdol mE W 57]-2/39] oSy 24l
o] ok 4 -‘147]-7]—21-\%—] olofiro o w3}

334 792 ko] DLPRCO Siatcs, 4aieiTol = of el ok el aholN Fesh 1
15 dode oh]9ir} T8jL} DLPFCO] 93k 219 7]ojo] A 2AF A] o FAo] el = A0 & of
#]7] 9JCHMars & Grol, 2007; Schmidt et al., 2018). 1&{L} o]2]gt ALE-2 Fi]o] 2o} ey AW Central
Exccutive Network, CEN)| 23312} #3i0] 9lop), o)i= Aa)/g ¢l Tl of gzt 2 wlo] gl 2

g

O N

ok

o
.
o]

|
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02 AdeFl t)EE 2T AZATY(Default Mode Network, DMN)ZF A1 541 2] T =4 A (Salience Network,
SN)°ll 2SS deﬂ HAAE o] 2L QAtkar 815 A A thBressler & Menon, 2010). ©]+= =, AbzE0] opbd Z}4l
I} EfQlof| thst A B.o] 22} Alolli= CEN2| /o] A= 1 DMNS] &0 F7}stTh= Seoltt. o]2|sh Al
3y A9 7%}01]/«1 Kok i, DLPFCY] W2 E/d-2 Ale]/d Tl IHA|E =385 A} SNQ| 7Hsof] 2stof
Y A 7]50] Wordl Aoz Mg 4 glom, & A7t ARl 1A 2 S ), A A tet He
Zolohe A At g 4= ok 2 Ao = A7) H] A, 914 Bl ark 2 G o] /o] 7]o3iE Aold,
of| U= AAYH e Aol A Az sloF sk BRRlL) ¥ Hobr |7t 2 el S AARS AR 5
4 Atk

SHH | Wallis (2007)2] 1o]] k2, OFC= 2] A} 27 (decision-making) 230l A Zlo] o5, o] T4 of|
4] DLPFCE} 55| o] 7|53ttt o] Igol| A OFC= A1 Q) Bt A whhs QI3 B S Fdlole o
< RSttt ’\'iﬂ uiele] 74 A B, H e 2 R E Q] 7MY A H, HAA| ZHE o] YA HHel 57| w4
A BE Kot st} mhetba] 2 Atol| A YeRd OFCe} nkS-el7] 58 7he] 44 A &2 n]| o Kot OFC
+ IF 7] S o] AdgollA, nkEel 7] TelE A4l ERRl L] A Aok AHil o) ol HelH 57 BEE
S0k, o] % Q1A I Yol FFS s A= B 4 Tk

uf2bA] o]/Fe] =olet v £ F SRl EH, ihe 97| 582 95 OFCY] &/d3ket 2= DLPFC
o] Aot A7 Lo, A4l £x30o)| thgt E7]-EA A 27t s, il o Fof|A Fofx|=
A=l Tt HEA 2Rl S ¥ 750l AAE S nhSel7] 530] =l & 4= Utk

mok HO

Conclusions and Implications

ol Aell= fEiURt fok 25l ok, Fety 4
=] 292 Ao, nhg gl 7] SRclA ] ARSI ARl i X
o] T2t 2 INIRSE E-g-ate] nhg8l7] A5
Ak o] S ol =& AL oh3at ik

AR, ot 25 AsHd obs, 25 18 obgat F5HAYel nk39)7] IHA| L4 i 2hol] foju]
gk zfo] 7} Ql3itt. £5] fol, 25 A obs, 25 Wshd oy 0 2 24 fojuls}
shd opgat S84 f-0fulgh 2fo| 7} L] gttt o] o] toflA] ek uheel 7] 58S
%25 18 obg7kA] Wdste] 2 a1of 79I A ARk, o] 25 W g A 27]91 55
= -Rofuet sl dojuhA] AU HA = eS & 4 Ak

=AY, 1h2-9] 7] ThA| S 4ot ] B 7he] Ak A] Ak 98k OFC B 2L DLPFCO)IA 3-9)m]
g AIS Leby o o, OFCoH= A, DLPFCRHE B4 A3l S 2 71 0 2 Yebdt o= nhg gl

| 582 217] Aol tigh 5715kt 392 HFS nlx|w, AFE B 222 BAHRI g2 |
Zltk= 70 2 np2el7] FAl9] AFS]Adof| OFCe} DLPFCL] A A% digho] 2 Q5= 212 Hol&

o[/ AHE Fl AL 4 U= w54 Fof= vha Tk
shd, 25 1shd %i““ ZollA 2 7H°J% o2 nhgel7] 58& A5kl AL

& oo 2 nheely) BgelHe BE T =
o
=

i
TS
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715 FA0R SH AEAe) e AEE Tols 4 912 Zlolck w3k Z7bAel Hloje] 44 B4 HE
37} ol 2olzicil 24 w0k 7.0 24 Al e} et okl 4 918 Aolth ol F54 o % 15

ko] B .o Slx}sH _/l\_

S =gt Hlo|elE IRt Y 4] wAle B 4 3le Zlolth
=4, 181715 5 ARl ol S flslii e nhael 7] 5ol 2t 34 A wediy) B 4015 5

3 57]- 24 RIZHES ol I, - 2] HRE 1344 0 2k sAfsH=A obd Efele] TS Hal shel 2t
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