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Abstract

Two types of beliefs in self-referential processing have been proposed: self-centred beliefs and
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perspective-taking-based beliefs. However, the neural mechanisms underlying these two types of
beliefs remain unclear. In order to distinguish the cerebral processes associated with these beliefs,
an ALE meta-analysis was conducted by analysing the fMRI findings from self-judgment of trait tasks
and false-belief tasks. The results demonstrated that the anterior cingulate gyrus (ACC) exhibited
heightened activity during self-judgment of trait tasks in comparison to false-belief tasks. Con-
versely, the left temporal-parietal junction (ITP]) and dorsomedial prefrontal cortex (dmPFC) were
identified as common regions shared by both self-judgment of trait tasks and false-belief tasks. Based
on these results, we thought that the ACC might be involved in the self-judgment of traits by using
self-centered beliefs when there are relationships between traits and stable behavioral patterns in
the self-knowledge; the left TP] and the dmPFC might be involved in the self-judgment of traits by
using perspective-taking-based beliefs, where individuals should make self-judgment by taking oth-
ers’ perspectives when the self-centered beliefs do not sufficiently support the self-judgment.
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1. 5|8

B RS R AE T 250 Lot 5 B JE VIS RIS AT AL BE[ 1] (Northoff er al., 2006). %5 EE| H LS
QPR R 2 M AT RS, (B AL BRI B M AR B BRI 2 i AT AR, DU E SR
WS F) 2% AR L BEERAE [ 2]-[4] 0 ASHIE TR BOE T BEVE Ml TH(ALE) 7735, @2 i B BRs BT (SIT) A
REABAE & (FB)AE 553X P g I AR S i G, DA DR LU P AN 190/ (a) BAIME &A1 9 B RS AL B g S At
HF B WG AR H RS IR B h B REAE T (b) i€ A IS IRALHL P 5 oM 5 i AL FIHIE 5 S DI RE R 45

SIT Tt B RS AL PSR IR 2 N, AT 55 BEOR A ACH] iy RE L85 57 A2 75 7T LA
FRA IR B[] [5]-[7]. CHT AR, LRHLEHS S T SIT IR, G351 N AT K2 )= (vmPFC)
5 WIET#I B2 J2(dmPFC). B 114 B2 (ACC) LA A 11 B Z(PCC) [1][8]-[ 1170 R T EiR XK A1,
AT I T R AR AW T 0 T AR SE AT & B2 R (ADAEDY SIT SCB X fE I, X385 SIT
(B FRERASE, IR O B R AAFE B S H5] [12]

i EE R, SIT AES5 W] e EORAM AR S 5T 5 B BRTR P T R AL 1A E A7 R Qb AT 1B 44 13-
[15]o SIT HAL It S BT SEUERT T8 Bt o€ (1 5 J S IRAC B SR [1] [51-[7]. SIT AR55 7 e 7 E MM
LH RO RIER, HRPOE ST T MENAE LI TE BRIR T - T N RERAE, HA O IER
i AN A N BIAT SE i AW 16], XAMESRAL 7R S R 1T MR Z AR &, (e fi B &
T e 08 TR T i R AT . IBAh, Leary (2012) [17]581d, AMALEH AR AR & BIREH, MEHEE
HEMANTAIRE SRR IE, ZHEE R N R S R R IE B . B PRI SUE R, M
FERFRAE SIT ARl E FR[18]. (I, W LA SIT AR 5530/ 2k T AL A 15 &, ZE T A
A (5 Sl OB R R DB A AN E R, AR AU A GBS R 5 B A[19], Bl =
B b E AL VLSRR B BTN, S ART I  SReg fth AL A KA T

JRAE SIT AR T RER B GPIM ARG &, EAUKEE SIT X 7 AP ES 5T
WA RIE S, BNk Z 208 K SCUEIEYE RAE W T K s 5 A A AT AR Q2 a7 AR 3 KBk . FB AT
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FAE R T KBS S EEANEA[20] [21], ATREA BT X4 SIT AL ATis K5 &id 2. 78 FB AT
F i, WUCFIR 2 B A OO T R AR AR e, T S S [22]. A T A B A OE & IR
FEEMOMEEE S, MBI EA AR & A EE BT A S BRI R KR[19]. EIRHFR
R, BEESEETMANANGESZMAAES R, RUE R AL CURIh 78 ST 5%, Pk
EEMX D brdE R “(a) BRIEMANINEME: (b) #EPLHII 2 1 (VACC vs TPI/AmPEC); (c) AFI
A 22 (B Y vs BHIBL R S)” o Bk, AW TR T ARSI 0SB RB %

B, 3 SIT AESAKET BIRHOERN, AT R Z(ACC) 2 R X, POy AT MATG 7R i 214
FHCIZBI AT 58 AT 45 (6] [16] [23]. 45& LMEMFF, ACC fEANE F FAH SR b k4% 35 EEE R [24]-[26],
HAFBEINRELE T W8 A BAR SIS A4 R A R G IIX 40 [27]. Bk, BT DMRBEFER A F 3R A OSSR,
ACC /& SIT H K e Bt X 4k . Fovk, SIS X (TPI)YFIEY ARG A 5 2 (dmPFC)/E N SIT A i
b NAR AR DX, 76 MBS = N TR A HE T At N R Bt B0 A v 1 [ 17] [28]-[30]. AR, 7E SIT 4E45
o, TPJ Ml dmPFC (R X I 2 5 T & T AMAMAE SR AR, JFHAE SIT 5 FB AR h W& 3 H0E
o

RECHRKRERTHRSEAE S OEES M MR T, AEXFIX B R o K i K X 35 1)
SR AL . Ik, A SR A & AR S e i 58, 3RS B 32 R A RO B S
FHIRHI NN X 38 K ALE Je7 8 77 i 0 J5 RE T Hae g 4 5 ok B 2 T 70 i R R 88 [31]-[33]. el
&, RIS /T 71T LRSI SIT 5 FB AT457E TP A1 dmPFC i34 0% X 38 1% o207 ) F T
W /E SIT MiXF T FB L4 ACC/vmPFC [ 8 5 [X 35

2. TARFE
2.1. FRSTICERIESE
NS SIT ARSHRHSCE, KM T — RIS .. fRIAEHE “self-referential processing” F

“trait” , JF454 “MRI” 3¢ “functional magnetic resonance imaging” . F ] PubMed (www.pubmed.com)
XPALE 2022 4F 8 1 HZATHISCHRIEEAT TR ZR . WAk, VA 1 3RS0 e gl ISk, BLEIE 23
N3 WS IRAE B2 AR R A

BeAh, MRS ERE & AR SCE, JF/E PubMed (www.pubmed.com) - LA “false-be-
lief” AND “fMRI” B{ “functional magnetic resonance imaging” AR HEAT TH R, MR HEN
2022 8 H 1 Ho MBI IEBERIRAE SC R Z R C /i F S5 SClR[5] [12], #E—P 0 7 A5G SOk,

PSS SCHR I AR AE LN T

a) MEIEF NI,

b) SZAE NARGEZYIGIT HJG B S M R RE S AU ZR A FE R ;

¢) KA MRI I & i 5 /K

d) 2tk RO 204, HANUSEHE ROT Hds i o 4= s S i wk it HEBR 5

e) 35 AnifEAL bR (Talairach % Montreal Neurological Institute A2 4% 2R );

) B K ARS R KRGS OERE, 10k 2 REE Bk B AR E R

g) KHAHNAT S5 5 0 B AT 55 B 2 2 [ ) RGO L, T HEAN [RME 55 )2 2 TR X B

h) IANBOETTAE R BOGEAE, o2 ol B> H IR A B8] [34] [35]-

R FaRbRE, #2 2022 8 H 1 H, LG 7Rk BRSEAAF(SIT A£55, 3L 48 W3 &)L
HIB(FB L5, 3t 62 ja L&) [FAT W H & B =0 SR Touar it BT i 7 i 513 Wb 78 A0kl 1 A
2. MR RIS FEENE (RGP AT/ Ak i IUH HiEHR S B H ) (PRISMA-P)2015 457 [36] (Moher
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etal.,2015). CEERIFESFEERN AR RIE 1 K 2, T3¢,

B2 SIEEE YR

2.2. ALE & fv

“SRIG” IR BRI T R EE M HT[37]

8 409 studies identified through

= PubMed database search

()

: l

=

=4

w

(=]
Studies screened on basis of title and abstract

) "

= 336 studies excluded:

Z 73 studies - Different population(237)

= secected - No original data(47)

S - No false-belief task(52)

> Studies reviewed on basis of full text

=

g 11 studies excluded:

= 62 studies - Had too few subjects(4)
selected - No report of whole-brain

analysis results(7)

Figure 1. Search flow diagram adapted from PRISMA guidelines.
B 1. wERIEEKE PRISMA 157
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Figure 2. Search flow diagram adapted from PRISMA guidelines.
B 2. ®FRIZE KB PRISMA 157
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HT[30][31][33]s ALE MR J5 22 ) 25 i Fe 4R i e Ve (AR o = 4 s i i 3 e A i b, AT
FEAN AR FIT A4 56 4 2% A) AT 72 PE[38] (Caspers et al., 2010). BfJ5, 44 ALE 0¥ SAEFRAES AR A
0 S8 ) B AL 2 (B A DG PE A B AR AT 22 20 A 1 IR0 T BE MR AT LR [39] [40]. @i iXFhr X, ALE &
T Re A E A FIE AL SE 0 45 R R G R T R T A SO ERAE, AR AL SR RBLS[30] [33].

2.3. TOREE

AT FE I H b 25 5 PR 55 BT S (RN X3, DR P AT 55 06 45 (14 X R e AT T R R 22 57
B, XPIRMESS 0 AT — K ALE 70t DLER I8 OB X4 L0k, SR ALE Xt L2 BrokiR ) SIT
5 FBAES & BRFA R X . 1% TR, 7£ FBARS T, (A4 TPY B WIE. &5, ik
BN T RAMES I E 25 N X

2.4. Gt

2.4.1. B—5%

B, # Talairach AL R R B 78 203 % 5 & Montreal Neurological Institute (MNI)ZS[H], #5455
1%t GingerALE 3.0.2 SEHL[37]. ¥ FB 5 SIT W/ 550 b 4T ALE 20 #r, X — i BRI 25 i 1)
SCHERECHE J2 MINT = 4EALFREHE o 6 TR I00R 78, 05 V(B 35 A B Bl vk S 00 P B P T DR 38 D RO B R
oA . SR T 2T Bickhoff (201 1) S 45 IR 1) SRS K - HEWT BB IE 5 [41], PURHARHRKLIE p
{HEH S FDR KIEBMESIA AR . BT RUBIEBE N p<0.001, FEACFHEWBIE BOE N 0.05, F&
Eickhoff et al. (201 1) . SRIKTHEWT (1 BRIE 1 8 N AEANA 5% SN B0HE TR 2 AR AR I L 1) de /N SR
FARFR[37].

24.2. EEEXH TR

WA AT T LA 00T . GingerALE 3.0.2 Xf SIT 5 FB £d 47 T teim#r. &5, BN
WG I — 0, RGN G R BT IR i TR B A W MR R KF p < 0.001 (1000 K
B, mMMER 200 mm?). SRR IR BFEWEEIE, HiE 45 1AL p<0.05 KPRGB340, @il
THEEABIENE T ALE BUR R R s/ MEAE A g, TR EGAE T ALE BHRH3EE 1IX
W41 BEJS, THEMFMT NSURE ALE B2 [ SRR Z2 0, HIAT B 3 46 DA S5 R 3K B] ALE 4
WESMGTREN. &5, WIELUN BEHERXT L4 5= p<0.01, M 10,000 FEH, FHHINE
FARFIAE 200 mm® [41]. BHATIEATF BN p 18 BB S #3008 2z B ME RN

3. &R
3.1. B—9%
LGN 57 DET BABAE SATSSHISLL, Bt 547 MEIEEE S, LK 76 DT SIT HIss, Kt 550

A ZFIBAERR R, -8 AR 55 2 18] AT BEA7 A R

3.1.1. BRIESSH

RS AT S I Te AT 8 R 1o R B T B0E X & HAE MNT S [ xy ys z BFR. H—
ALE JEHMEEEGES > FEMNFENLFRILREL 7 ANEFEIERZE. ZoirEn, A0 EHE BA
39, Zefll B5El BA 39/21, ZfUBLETH BA 7. AR BA 6/9/21. A E BA 21, Al 540
F2JZ BA 31 LUK A2 L4 IR BA 9 F¥E B E iR WL 1 5 3).
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Table 1. Results of false-belief (FB) of single analysis
= 1. HIRIEQFB)MRE— IR

MNI coordinates

Cluster Brain regions \811111111:;6 Brodmann area  Z sores
X y z
false-belief task > ture-belief task

1 R Superior Temporal Gyrus 6784 39 9.27 52 =52 22
2 L Precuneus 6656 7 7.98 0 =58 38
3 L Superior Temporal Gyrus 5432 39 9.12 =52 -58 24

4 L Medial Frontal Gyrus 5032 9 5.12 0 58 8
L Medial Frontal Gyrus 6 4.94 0 54 32

R Superior Frontal Gyrus 9 4.84 4 62 18

L Superior Frontal Gyrus 8 4.40 -10 54 30
5 R Middle Temporal Gyrus 4288 21 6.49 50 6 -32
R Middle Temporal Gyrus 21 4.70 58 —18 —14

R Insula 22 431 48 =30 -6
L Superior Temporal Gyrus 21 4.11 54 -8 -18
R Middle Temporal Gyrus 21 3.61 54 2 =22

6 R Middle Frontal Gyrus 1872 6 6.26 46 8 48
7 L Middle Temporal Gyrus 1144 21 4.82 —62 -22 -10
8 L Inferior Semi-Lunar Lobule 1112 5.55 —24 =76 -38

Note: L. left hemisphere; R. Right hemisphere; MNI: Montreal Neurological Institute.

3.1.2. BRIFRFIE

FB

SJT

Figure 3. The ALE single analysis results of FB and SJT (p <0.001 in voxel level with FWE-corrected p <
0.05 in cluster level)

[ 3. FB #1 SJT B9 ALE 88— #£ER(IAZRKF p<0.001, £ FWE RIEMEFEKTF p <0.05)
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BRI 2 514 3).

Table 2. Results of self-judge trait (SJT) of single analysis
=2 BRBRFIEHNE—SER

B A A (SITVESS e AT R WA 2. R gt T ORI X R HAE MNT S x, y. z 2
bro B— ALE J/riifE HIR > AR B XL LRI T 9 AN RFBERE. & thEr, N2
DX Sk B, LS A AT 007 (5] BA32/24 A2 45151 BAS/6/8 A2l Py AN Fi 45 a] BA9/8. A5 py il iy
e BA9/10 A7fFNat [l BA32. N304 ] BA24. I R4 BA47. A0 5ilE BA39 LL A 2005

Cluster

1

Brain regions

L Anterior Cingulate
L Anterior Cingulate
L Superior Frontal Gyrus
L Medial Frontal Gyrus
L Anterior Cingulate
L Medial Frontal Gyrus
R Middle Frontal Gyrus
R Middle Frontal Gyrus
R Cingulate Gyrus
L Extra-Nuclear
L Inferior Frontal Gyrus
L Claustrum
L Middle Temporal Gyrus
L Posterior Cingulate
L Cingulate Gyrus
R Pyramis
L Superior Frontal Gyrus
L Superior Frontal Gyrus
L Superior Frontal Gyrus
L Superior Frontal Gyrus

L Anterior Cingulate

Volume (mm?)

16,328

6280

3904
3320
1544
1448
1032

1000

16,328

Self > other

Brodmann area

32
24

32
13
47

39
23
24

8
6
32

Z sores

7.18
6.57
5.96
5.66
5.62
3.94
3.92
3.59
3.47
7.85
7.70
371
8.38
10.25
6.01
5.05
4.97
3.91
434
3.97
7.18

MNI coordinates

y

50
36
60
48
40
52
44
58
32
20
24

16
16
18
32
24

28
—-16

-10

26
24
38

62
52
42
52

Note: L. left hemisphere; R. Right hemisphere; MNI: Montreal Neurological Institute.

3.2. XA SXE S

FEBR A S XLt K B B ORI S RS SR S5 AR & R 2 A3, Bl JE M Z S it

17 ALE Juitfr. SiRE7R, WAULES G IR AT BEEE p<0.05 K NIAFIRZE AL 131 7).
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Figure 4. The ALE conjunction analysis results between the FB and SIT
[ 4. FB 1 SIT Z [B]#Y ALE &E#Z 5 HLER

3.2.1. XA 9

NRAE RS S AES5(FBT) S SIT A5 38— BOBaE 0 R X 38k, xf F IR BI040 A AT & 43
Mo BRAHTEs R, FELAM FMEE BA 39, MM MIFTAE BA 9. A F&E BA 9 LA A 540
i JE BA 31 AAE LR B BUE (FE W4 3 51E 4).

3.2.2. MEES AT

FB>SJT SJT>FB

0 05 1 15 2 25 3 0 05 1 15 2 25 3

Figure 5. The ALE contrast results between the FB and SJT (p < 0.001 in voxel level with FWE-corrected
p <0.05 in cluster level)

5. FB #1 SIT Z [8)89 ALE SFELEER(RZKF p < 0.001, 2 FWE RIERIEFEKFE p < 0.05): FB
F1 SIT Z 889 ALE STEEEER(IAEKTF p<0.001, 2 FWE RIERIEFEKTF p<0.05)

NIRRT AL 550G 22 S IR ORI X 38, SR A ALE S BR # s R — 20 M v SR I Y 2 2 s O AR Rt AT
XFHE, AR E AR S5 [E AR 2257 . 5 SIT ARG AREL, REARAS AR 55 s A 00 B3t [m] (BA 39) 5745 M35 T3t
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BRA X (TPT). AN BEETH-(BA 7).« A5 P 0055 (5] (BA 21) LA K A5 A 00 A5 4551 (BA 6/10)380 4 5 (7 L 2 3
51 5). T SIT AT 45 A s 5 v 1) DX 30 R 22 N | 175 18] BA 24 A2 0005 4071 52 )2 BA 30 55 220 1 4ifA]
(FEWZ 3 5K 5).

Table 3. Results of the meta-analysis of contrast and conjunction analysis between false-belief tasks and self-judge trait tasks

F 3. HRERESSERFEHE RESILE IS STHNEESER

MNI coordinates

Cluster Brain regions Volume(mm?®)  Brodmann area  Z scores
X y z
False-belief > Self-judge trait
1 R Superior Temporal Gyrus 5352 22 3.29 52.9 —514 20.4
2 R Precuneus 2672 7 3.29 3.9 =575 37.7
3 L Superior Temporal Gyrus 1616 39 3.29 =551 —56.6 27.2
4 R Medial Temporal Gyrus 1400 21 3.29 56.7 -163 —13.8
5 R Medial Frontal Gyrus 984 6 3.29 43.5 7.9 47.7
6 R Medial Frontal Gyrus 328 10 3.29 2.1 49.3 —16.7
7 R Superior Temporal Gyrus 248 38 3.29 46.3 8.5 —36.6
Self-judge trait > False-belief
1 L Anterior Cingulate 2616 24 3.29 -39 38.6 6.4
L Medial Frontal Gyrus 9 3.09 -10 50 14
2 L Posterior Cingulate 496 30 3.09 —-4.4 —52.1 19.3
L Posterior Cingulate 30 3.09 —-7.4 —51.6 20.8
3 L Inferior Frontal Gyrus 328 47 3.29 —47 26.2 -54
L Inferior Frontal Gyrus 45 3.09 —473 253 0
Conjunction brain activations under false-belief task and self-judge trait
1 L Superior Temporal Gyrus 2304 39 —48 —60 26
2 L Medial Frontal Gyrus 2224 9 -2 58 10
L Superior Frontal Gyrus 9 2 60 20
L Medial Frontal Gyrus 9 -2 56 24
L Medial Frontal Gyrus 8 -8 52 32
3 L Posterior Cingulate 440 31 0 —56 28

Note: L. left hemisphere; R. Right hemisphere; MNI: Montreal Neurological Institute.
4. iig

RWHICE AR T SIT AR5 il A ANFME S R A EB, XA SR oy R OE S S
ETABAMA G S NIIEZRE, KH ALE st ik, % SIT 5 FB AE55H) IMRI 45 REAT [
oo SiR—ERW, 5 FBALSSAALL, SIT AR+ AT KR (ACO) M BEEE i3 . k4h, SIT 5 FBAE
5 Z AT EIL A WG X 3, R TEA M TPY 5 dmPFC . FaRANIE, vACC M0 5 v] e S it
“CRFBT - AT RBRAO AR R W7 AR Al B O RAE . BN, AE0aA R B R AW S BE 1T A —
I, vACC I AR (B = 0.42, p = 0.01) 51 5 (8= 0.38, p = 0.03))iE ) L I R [42]. KL
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#i, TPJ/AmPFC MyILFEIEGE T Rea M “HSERKZHES” [22], MAMN A KR R— IR .

CAEW R, ACC AIfEIhfE bt —20 7 MMl ACC S5HEM ACC [43]-[46]. AWFFRLRER, 7E
SIT R4, 5 FB ARG AL, BEMIRGTFNHE B2 (VACC) (05 B oG o . e R W 7CIE R, T2 R A
BB ACC W R R EEAEH[47]. SR80, HM ACC T B T ppRGERII IR MI[44] [45]
[48], TIREM ACC J FH T i v R Jen 21 15 8% B 235 1) B IR A OG5 B 5 H BREEBAEA —B0m 51 R I rh 2
[42] [45]. Rk, FRA15EH, MM ACC £ B S IRE S RIEEH, AMARRIEE TR 5 B
fE R AT AR [ I &R, R T v R AT B BRAVTAR

SEHGAEW, fE SIT 5 FBATS ™, 0N TPJ 5 dmPFC Y& I FIMGE . 200 TPY 16O FEFE 8 rh
EEREIER, %25 B BEREFE29] [30]. KEHSNESCER 1S dmPFC My H 3R UE[1]
[49]-[51] Bt N SR [49] [52]f% 0 X 8. BT SRR, 7ol TPY 5 dmPFC 7] §e2 5 75 £ Tt AAR
FME&IAESS . SIT BERAMATE Tt AL A IS BoRIEAT B JIFAN[17] (28], #&7~7ZM TPJ 5 dmPFC #]
RETE B R A R AT A & R A R A o

g ERAEE, LU ERABSEIKIETHEARMNGE KR, F—EhERTMES, 5B
MIFTHIH B R (VACC) T BEAE DG 35 BN T AL IS &, 572 MBI & X (TPI) A& 15 P9 BT 45
R JZ(dmPFO) I DIREAH OG . XL RIS 58 SIT AE551 X R4S C RG/EH MBEWRHELAH —E[16].
X RGAHE vmPFC. JERMAT . LM ZE16] [52] [53], ZARG T SWE S SIBE &
B, FEAER &7 B IR A g0 I 18 2 AME AT B3R FAIKT[6] [16]. BEALRENARGIH IR MIFN: H
T OB SHOB vVACC J& T X £%:[53], Hiliid A3k z B REAESCRFPRE A 1 TPI/dmPFC fF
N C RGP R S[21], 76T EAL S ANEE G5, BE T b AR A1 SRR 7R BUARTE SIT AT
% vmPFC FIBE AR B E & FB AT4, {HEEM ACC 5 vmPFC 4Bilt, JE7E SIT /1% 5 vmPFC 4f
28 BALPERIRAS[5] [12]. L, SIT AHX T FB AE5H vACC HIBIE 8 B T X REGEHE T HRF O
B & T B TRAW R B S ER

C RGN EFEM AT J 2 J5 T J 2 Sl By fd,  DAR G BBl &5 4424 C RGu ovt
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