iMEE mAD Kk EF M MEREL: NIRS
BRI

I Fhk BEAN #H/E MFE KT AF

(RImE R O 2ERE, Fig 200234)

B IRFIMER PRS2 53 5 UME IS AZ N TR, A8 7025 42 T MBI AL Ak A
ARG A7 P20 (8 TR S B+ 18 SCHEN )R BIME SR ISR R SR, A
LLANE RSB R AN Al . S5 R, AT MR, 1 L SRR RE R
A BRI PRSI AL, TV SO ) 22 S AL U Bk 1 008, IR B PR i $2
DLF o FERNE R T, Mila] R 2D 25 R 7 22 3 dm A AL 15 £ A7 A5 i (B R A 00 A (o] DX Ak B
2 TR 1 e R 2L I 8 R0 KT, S T ORI A W A 22 S ARG R SRS BT AT L A RN S
T30 BB B AR R MRz, EHUR [Bl—ff RlE g, AR s RIS E T 0.
G i B B Y E A5 B BT Al RADONSRBUR IS BB R O 10T A, oy BE
PME SRR 2 ML SR A 1 B B

S PRI, SRR, ERGED, BEE, RS
AKE Bs42

1515

WMEFR B (collaborative retrieval) & PMEICIZIIREBCGATY, Fa A A LA _EAMAE R B A%}
CL4fi {5 B 3L [F HE B (Mannering et al., 2025). FHSEHF UL TIN 4 A CH R B0R MR 4L
AR BAMSRED) , HAEBRP M ESREUAE SR 3RO A PMER RIESE 1 2Ll B P
YEFREL I T LA (Marion & Thorley, 2016; Rajaram et al., 2024). B HF7EEM, —J5iH, B
VEHREUR & H S BOHME HH] (collaborative inhibition), BN HMEZH IR B B BB T 4 & R
SR B IE #0500 2 M (Luo et al., 2024). BF 57 % 22 FI 4R B & T 3045 i (retrieval strategy
disruption hypothesis) AT Al B ——TEUMESRBUL R, FPEAER IS FHAMA A MR &R 3R
W%, AT B [EZ R LT % (Basden et al., 1997). X — U152 1 2 SR 7T S F .
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B4, FE AR HME 7 A A A R R U B 52 2[R R4 I, 3800 T X AR SRR I (148,
FE T L E B R E T 2 2 ) P A (Harris et al., 2012; Maswood et al., 2022).
B —J7 T, PMESREUE S5 A G S e AZ P R . BRI, 22 D5 DM E R LY
AME, FEJG SRR T R IAR TR 2 5UMER 4 L (Gao et al., 2024), X B2 BME 51
HE 34 ¥ (post-collaborative advantage effect). %I T P EE 2 H 1058 SR 7R 5 75 5% B2 LI
(Rajaram & Pereira-Pasarin, 2010), RIHMEZ 2 (WA [F 5L EUZR R AN BIZ N 25, AefAH R 4t
WITREL AT, BOOE A A JE AR R ST R USRS, AT AE J5 2R Sl i vh 2 7t =112
I (Blumen & Stern, 2011; Gao etal., 2024). AW, PMEXHCIZIRIU A A E R, £
EESES =

WHARFGIN T 2R R R, SRR RIS TH0 B E SR (4 5k A Hrp e

FEG AT B 1) B J) BUOK T 22 532 B T 8 2 W 9038 1 0T o 3 2 RO WIME 25 2 A5 e 0 7K1

5o ReRf e S B Z IR NFREUKRE M AN F], AT B SR S 22 AL P W AR
PREUSR NG o AR SR TR, X ARl D PR R, SR T P B B 2R B (van
Knippenberg, 2024). FTLL, A58 A R BB X 8078, IR T DM ES I I AL £
HHIEYE . B, Danielsson Z5(201 )R T % 7 B & 4 5 B BB MEILIZ . 2R E
N, AR 20T S R T T P S48 2% 5 T A TRIRE 78 BT TR (R 2% AR A B, PIME SR B8 22, F
ST IMERE AV RE ) 2 e S BOIMER S BEAIC. 540, ZFEBAAAAA R N EIN KPR
LS, {2 Whillock 5(2020)(T LR ], HHE+HE FE+ZFEMLFELFERIMEL S
BRI 22 M EN ], HOX = Ah RS 2 & AR 1A [MZ A VME S O K B B
5. Hood %(2023) K3, TAEICAZ A RHACETEVME TR B SE R WM EM IR, 1M LA
A R UM E A LM ERIH, BYMERE B W IME 3R AR, R BME 5 1
[

A, IR ET B I R DM R K SR AR R R 2 R, ]
KT IMEF RIS 2810, BT BB T b, B i /KT 25 5 1R PR A 1 5 45
St BT LT I B G I ORI T A R, HEREX BRI A AL B AR R H AT, B
BRI UME = IS AT I 7 R T2 P . W0 Weldon A1 Bellinger(1997) K3, it iRZ
G (VT T (A BRI A v 2 A (V78 T H (R BI85 T FE ), M) 250 52 B 5
FAWFCE T A FRB R ZE RIS, RIN A RELAE 55 A AF N L, PE ) 2808
Sy X T AR HAMIR B IR AE S (K 5Pl . Wt BEVE ) HI RS IR A7
fEo WRFCE NN, AEA7 0 T B AR/ AL 7 03 P 2 V3 B PR R 2, ANV B T R4
fill(Reysen et al., 2018). B4k, Stewart 25(2007) K ¥, HIEH S W0 T([F SCHRF WA EE,
BOA AR TERZ M B RS HN T DME P RERE S (EEEARS U TR 3HH &, RUREE
A (R 2 G 5 1 RESZ B DME TS B rh Ak 2 I FE T4 DA b B B A M & G5 2 /K P
WHFE, W T IRE %A A TR THIMECIZ R 45 B o (HIX Cemif 7t 1 48 41 18] 2 T 454 4 b
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K, B R HR J2 G R 2 A 1 1 P E 245 9 J2 G i 2 ) P 2L B BOGIEAT L, T i
it , TER—PMEH N, MRYE GRS AKFAS[F AP S SR EU LR e, DL S SR
TARMEE R, A Re AR UMESE B ] 1 T IR N R AR

AT Rt BLRE S W E SR B 24 25 SR, AR R R VM AS ELI R K S BhASREAE, T 75 2
WEIHHERFE AN S 5. B, SRS TS B MERS], 28TV EE LR AL
Pk — SRl fE AN R 3R, S AN B R 38 3 2000 0 ) 2 PRI R A 22 55 (R A B R 3t K
B2 BN EI s RS FBORIF I EE , BBTE[RIZF LA ) 3 1 B ali Bk — B e PR e 1280
. WEMIITHLH . Vanlangendonck £5(2018)iH 1L Th AEMEREILIR UE (IMRDF A, KB
VeSS T B IZ IR AE SR B, 5E 3500 1 A O B APt iz 22 A0 A M ST B X A5 B A
RN LS, L gmRLR B UME AN REREIAICAZ RAE, IFAEPMESRIXB BOF R ARy
(IR 22 A 2o ELZERPT 70 R TE SR 2 TR D) 1 DM SR B A 2 il T B 1 A2 I R
LM ZNASAE H, HARZ AL E A MR [7] 25 (inter-brain synchronization, IBS) ¥4 47
W W CHTI, EIMERSERE S, AMERIIFTEIT K 2 (prefrontal cortex, PFC) 545 il
HTTEK 7 [X (temporoparietal junction, TPY)2 3 . 2 1 I ] [m] 2 4 5 L 5 (Li et al., 2021); H.
59y TA1EMEL, PMEATERILH SRR SRS RE R, S T AT A — B
¥ 2 g 1% 42 (Zhang, Yin, et al., 2024) . — UG/ AT FHIESE T IX—45 58, BIYMEAE S 1k
V) [R) AL 32 298 B wi At i J2 A Tk X P S 2% 00 i [X (Czeszumski et al., 2022). H Ak
b, TEVMEAESS R, RO R AR b . E AR RER S (5 SRS %0 D) BE(Song
etal,,2024), MTHAX (RHLAMD SHNEBTMHE, PATMEXTT & EHEMRE. O
FRASHEM S5 4L 2 M5 B0 T(Yin et al., 2025).

BT BIR AT, AW SR A DUE TR E I AZ AR, 43 3] AR SCRI N 58 S i A iR
JE RN gt 1) 77 2(Craik & Lockhart, 1972), AR — W E /NP 5 4 B AE & g B 7K T 1)
it WIALAREY A TE SCRAD 1 R KT G A L (8 S SCAL) 24 05 g AR 7K
A (vt +0 e 2H) CA B B — A7 18 S A0 — 57 K00 G B 45 A Bl ) 22 S G R 2L (1 SN 2 ) o
WA gD U ELL R DM ESR BRI LA, LA R A BB I 2 (30 21 M i i (R R 0
N LT R 7K T 22 S 2% AR IR DM BRI AL 42 LA T S BRI N4 22 PR E 4

G i B 2 5 7K T 22 53t 22 5 BOMOTE DM SREB B 1 SRS W 22, AR R L SR T
P, 7€ Fkm . K-PRmISA, MEHR A RmETT AR, B eI, A PME
B BRI WS LA e AR AR, 27 A T 2 (SR T4, PRI B & OB EGR I 1T 22
SR, PAEF RIS 2 REOK, AEGE BRI R A BT, S5 G DR TS, H
— WML R A 2 (R AZ 68 ) 22 53 5 SO VR S 1) AR 55 (¥ 45 SR (Danielsson etal., 2011),  ASHf
TR VB 1a: TEVMEL AR R G K-F— SR PMEL R ARKF4mis2e )23 H IUAH T 44 S
FIPMESN I 45 3R, B2 Bt 4 GE X+t ) eIl . 4k, 255 gnii 4Lk 51 2 T
PREUREE I ZE 5, UMEREUS R P Sl D E A H 2 AT IR, Fit,
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75 SOt BT 51 R R EUR okt A 2 B UME JE A idiz b, kiR R 1b: . fiRK
PYRRS AR L, 22 R Ym s 2 2 AT AE R 44 SCALY BE 58 H B M TS SR B 35

WHTFTE, O INIRS BFFCR B, fiia) [F 4R bR e 78 20 A MRS B i s 2 AL . DL
UEHE, AN [E) G 7K T B 1R 2H Gt 0f i 8] () 25 B RS E R, 4B EXO7 22 n 1
B AR EAEEARIBRIERS, 27 R4 W 8] [F P Biln, S VEES T, #m—
SR 2H A A e IR, [X 35 1 i 8] ) 25 S8 3 v T2 AR — % AR 205 (Sun et al., 2021). X 2R,
WNEIZKT 22 S Bty B (R ME 75 L PME 38 0N B 22 DA 60 3 V0 A A2 R 0000 7 358 P R AR AT
N, AT 5 250 KT R 18] 3] 25 (Cheng et al., 2015; Sun et al., 2021). [KlH, #EAS [FZwAd /K
SELLA R PMEAL R, Fo 5 R RS g SR, B RS A e PR LRI SR AR .
T 5, 4 2 SR 2L 0 DMV E SR B 32 AL 8 T S A A 2% PRI S T 5 B A, 2 HH
G TR0 22 [ 20 s 4 25 SR A B 22 7 A R SR T, D02 Eh SO ) 4o 28 [R5 1) T B
HitE, ASHF TS R ZLAMM SR B, 1M ESRBOS FE b7k T 22 S5 i Wb & fii ) [
BRI, FERHE AT NI FT, 4 080 DX I S A A A BT & X (Czeszumski et al., 2022),
MG O M SR TR R 2 AHEL T A FImAS KT, 2Rt AT A v ES & s
22 VR R YR E SR A RN NN 7] £ 2 P, KT ) [ 25 7K P B

BeJa, TEVMER R, fiR) [R5 A e 2 05 3h 1) — 2ok, S IR sl 7 s 48
N T 54 - IR Ok R 515 BAL I (L et al., 2025; Markus & Shamay-Tsoory, 2024).
fit AR (Granger Causality Analysis, GCA) & —F BE U3 {5 B A& B T5 170 M BB 7 50
Mgk, TR UME B 02 B 5L (Jiao et al., 2024; Song et al., 2024; Zhang, Yin, et
al., 2024). CERFFIRM, FiE R OEHAE R SRS M G m YIS, Fln, £ IRE%
Hh, DA A 8 B D R SR e S o T R R I o T 51 AT T B i ] [ 25 v
)3 S 1E Fl (Jiang et al., 2015). [F4E, Pan Z:(2018) & IUAEITAE BLBhrh, KK B 045 B 5 2
MHOBRL A AL, P EXUT 7AE M 6 28 e, e BE sl M o7 2 7 4R 5 22 A 3
TE5EBBAEAES, PEESME (Kirschneretal., 2018), FEAEMZ FIL FARIL g MRS
FEMREE 3 A B T i — D e 2 R 8 TEUMEIL R b (6 BB 5, ARHTF
TGN NAS 222N R BT ok 28 S 285 LRI 1), AR BIVR 2 S 25 2 705 7E WM rh #0017 2840
MEFMAE. Bk, RPFRIRBRE 3: 2 RG-S OF +F50) P ERR B, IS X
Y i B G R L A R SRR B T RO

2 Jiik
2.1 #ik

KH G*Power3.1 AFHHTREAREITH . 2% Saraiva 55(2023)% T MESREX AT 71 45
B, FAE A AR, SR 2 AN R 5 N2 = 0.374. BT, ARSEIG K
EMMNE (=03, BEMKFE a=005 FirkER 1-p=080, &it5H, IFOEAR
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N No ASEIGHR S8 SRR O B 2 ARV E R LA 5T 160 N, fFIE N 18~26
% (M=22.59,SD=1.55), ¥k, RELIPAENEDIET LN & H—, R,
AR 305501 00 1) R T 2 2 40 (Andersson, 2001);  EESIECK 5 2 (FIME vs. )2 1%
ROBL ST AR B . JOorHTIESE, VRO S BOOME R H BN 2%, 1 1R PR RC X AR 17
RAZL, H5-B 5 - A RN BT 2 2 5 (Luo etal, 2024), H 7, SZaEifeiliisy
B S 1 1 00 UG ARSI R, [ R 25 S0 p B L 5 D R O (R et 2R, 2 DU
TR % B 7 2 (Birthel et al., 2017; Takahashi,2007; Wessel et al., 2015), # 20 5& % B &
PERARTT R 5T

ME NN —4, =FmiGAA MPMEA S 40 NED 20 2H); 534418 SCRIK0 58 4 A 1)
%20 NBEHLFPIECH 4% S o [RIZE T 4 BUA Y B N o BT AR 7 TR (ST 1E), T8
B0, YNARITF, BRERDOE . St 2l m i g vl B se iR AR TR KU K 3R
fi, AR EES 5B MG R, ER85FEERM . A7 RIRE L
I KA B 2 o 2k, LS 2023096,
22 SEEHRL

M CHARDE & A A R 3] ) (AER0E 5 B8, 1986) 1k HL 32 A PRSI 1] o
Hh AR RIS & 16 A, BRI S A A A5 S5 A (B =35 R A A a5, D« &k )Rk
SRS TR D —F R AR, Pl “BR” © “FE7 OHMEE 8 A, HLHA
Ji% 32 AMVUSER 7R . PUNCIRAGZ 7%, F(3,28) = 0.42, p=0.741, n3=0.04, ZEmH %
B2 R, F(3,28)=0.79,p=0.512, N =0.08. 53 FAHFEARHEEI 16 i F T 4521

AHIF S T 1 P A 55 (44 1) /311 ) B R A a0 XU AT 1 gAY, 8 I T 2
W AT 5% (A A G5 KA /AR 70 A S5 460) 5| R A5 43t X O6) 00 1] 1) 601 0 4 b (Grainger, 2024) . AR 10 27K
P38 (Craik & Lockhart, 1972), A7 H (115 S Gmhth 75 B A1) (1) 3 SCERME 5T, A2 TR Z IR T
ahn 7 FISE gAY R R PRI FIE RS E R, IR E RIS 7 2
2.3 LIt

S0 R B R AR i, B AR A PME AR R g i K 1 = FP 2 A 2 T g
(B SHRIE) S KPR GE 8 SOFMR AT g Gnad+R15e), BT IMERIL. Hik=
P gm At 7K P20 & R AT SR EX 1) 4 SCAAE it B2 o DRI B2 D i P DI A Bl s B B f 2
P, HAT NAERR N UME SRR A NSREURST IERR 3, 3T 20 AME bR R 8] 7 25 7K 2 i
[ 22 AN DR R
2.4 LWIERF

PR IR T [T AL, T — & T S IS0 R r i B o SEERTTARE0, ANk
PR SRRE AR, AERf O EE AR5 IR IE 0SRGS0 dtiry 4 DB

(D) #RB B Bl it N ERES, ZORHMIIRIRE, Skt kR &
TRFEARS. ZIREEAE INIRS #3135 7T(Lim et al., 2024; Lu & Hao, 2019; Wang et al., 2024),
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B S KBOE A 2 08, EREE LD G N R R AR EFOR MBI A(E 5, DIESRIFIEL
IR H 45

(2) Gl B : BEATA I — 0 AT B A Sl , 53— PR AT SRR (1 S b b
GRS B MR UREF W R BREE R S B 500 ms (TR “+7 , BJE SE0CTIA, Rk
B N L F] 3000ms B RIS IS5, 3EN T —ik. B UL, B R Wi
IVEHEAT SN, 4% “F” S (A1) EL “17 B SR RNE ;R0 g 2E U of XL 4] f 465 A A T
FIWr, Iz “F7 AL “17 ARR A G RN . 32 M RILEHE, A 2
SN AR SS, FREN SR B

(3) —XEEWT B P VESRENES, R/ANHPI AN B AL FEEAT IR B2, &A%
WEATRURR, BAER - AASTEFARIEE R . 55 A 78 Ui e i ol % 20 A5
SRS T H AT 18142 o AR FEGE it 4 M A LA 22 I ER S 785 3 AL C X Fr 7 s (Rl 2%, 2017,
Nie & Guo, 2023), 73 7l 20 s[RIV 1 S+ A% SCA S Rt +558 44 SCAL A S SR8 4
S 20 A, Horrils S AL SCHANEN e+ 44 AR I RS . DL B PME
[l AZ R0 B B2 I BR I 4 3, G e e EMZAS B 2 T E i a4 AT 45 . 2585, R
20 AT SS, SRJEHEN IR BRI B

(4) ZUARET B A Bl SR AT A NS EZ, 5% BB M2 i 15
FHABA . R4 28 OLE 1),

o 00 0 0 o 0O 0 0 0 0 0

e o .. ;&6 & £ ENESONDS £

o0 (0 o o0 |i®e 0! | 0Q |iQ O

e | AN | A A F allly YaYliNaaYi/aVay

= S ——" gy tieE gua | fiEE A |
ENHENE BN s

o 0 0 0 e O ® O QO Q 0 0
e VY Y F Yay VYa\ il i . Yl
FEN+ENA NI TS A4
A EXNGEE A MR
B 1 SRR
VE: HERMEROR 4 SUALR SOOI, R AT 4L A N N

2.5 LTSN AR I BR R &

K8 E NIRx 2 7 477 1] NIRScout 16-24 LT 21463 i % R Gk AT 504 R4 . 1%
WA E I &5 760nm 5 850nm XU AT LA, LA 7.8125Hz SKAE S A Aar ) K i B )22 1fiL 21
B E RO SR LR AU AT 2 1 (Oxy-Hb)-5 it UM 21 8% H (Deoxy-Hb) FUIKR L 224K .
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FLT- 1 A 7T (Vanlangendonck et al., 2018), 7S SRS HT A0 - 52 2 K A ISR 5 XA D%
X, SR 8 AGIER ST A5 12 AR ERA4 p 24 /NI B E (K] 2), Hor AT ai: X 5
3 17 AN ETE(1~17), AT A X 040 7 N iEiE(18~24). BiJE, 5T MATLAB H)
NIRS_SPM - B X Ak = 4 Sk 38 b e ARRE 38 (1 s 0 B AT T VP4l 1308 T ek
SRR RN 22 T (MND AR LU TR 24 AMEIE T B2 52 R
2.6 ITHEERS T

ARSI I =R w4 A 1 UMEA S 40 NP 20 41), 15 SCRIANSE G A5 1) 44 SCHL % 20
Ho AT AL TEIEDE. S HT AW 7 (Saraiva et al., 2023), K&F/INH A7 IE A FR B
TUH 5 S50 H 1 b2 B IE# 2 A 9% N RIS R IR AR , S BIME BRI (— KR IR 26
5B G RSB R IE 3

B, ARG KT LA GBS S BRI 18 AN — IR R (B
FREOMFZ M, X = A PMEAN — AR IUE R AT R R T 20 0. K, NI Gt
S DM ES AN, 5 B 2L I PR E R G 5 0 B 44 SCZL I R STOE I AT AR A ¢ A B AT
ELAR

IR NSRBI IE B 262 S8 BT UME S50 ANA S ZEe A5 i 1 FE bR . 5, X R PMELAE
=Pt LA SR I AR B AR AT SR R 5 22 W, 1T SR T UM I g bS 2 &
KR T EEANNEMZ . HK, & iSRG RN, SRASIREA ¢ K56,
TE& Il LA 56 1F R 20 i FU SR W E 45 SR 48 SCZRL R B — RSB 57 - B s B — IR
S b AN R G A5 K21 55 52 BT 2O R 2R A N BRI I 52 0, 2 — P g0k 0 LR
N (D)JETE B A, (2)J50E X+t e i 38 AL, (3)J50E L +Ense h EZ
MIFN A, ()R 4 SCA AR UL, (5)JE 4 AP R a2, (6) 55 u+5n 5 e . g
BALPR] R 5 22 4 BT S AR 1) RSB GR IEAT LA, DU 28 A [R] 2 i A 22 I3 5 WM S5
AMRICAZ R T8 o
2.7 BT INER S HT

B FAREA L P il nisLAB S HE 2 7 RE(CVIHTES
R A, BIER CV EBIT 15%[%) 5 % il iE (Zhang, Ye, et al., 2024). [ )5 iz F Matlab %14
Homer2 T R ALPATFRALFE: 3did )0 %5 52 4% 46 R £ (hmrIntensity 20D )R R 4615 5 54 A Dt 2
5 B, B hmrMotionArtifactByChannel T FL iR 5] iz #)) £y 75 I #k 47 % 1F (Brigadoi &
Cooper, 2015), SHVBEE N tMotion=1.0 tMask=1.0~ STDEVthresh=15.0. AMPthras=5.0.
¢ 3 T 5 1E /) Beer-Lambert 52 3 (Cope & Delpy 1988), ¥4 AL FH J5 i 2 55 B $d e ok
IMAT 2 FREEEE . BT HbO < BB S Rl % sl i A4k, A S m s e L,
UbH 2 T T INIRS @ HE A2 TR, R AHE TR 4R .

B ED B, R /N AR A0 1% (Wavelet Transform Coherence, WTC) /7 £ 1+
VEXUTT AP 235 B M T 1 (Grinsted et al., 2004), 4G EARA . BB LR HME G — XA
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NIREC=AN B JEOGER AT  1 1E J0 2 O AP SR N B L) I AH DRI 9T, Jesle B KB
(0.01~0.25Hz), TESLEERN BXEA B P9 4 —J0E —TH 5, MR ELS 1200 T AH G R ARB Y [l
AT 5 ROV A B T AE WM ST (8] [R] 20 45 5, BRI, D SEAE i R4 5 B SR
5 AR SGIIAREL, o S B S UIMESREUY BUsEAT L. B 5E, BB BUE 55 A S5
B 0.01~0.5 Hz g — MBI I (8] R AP 264771, JFHEAT Fisher Z ¥e#f: £3E, XF &40
BRR 24 /M DO PR i 18] )28 23 I BEAT OO REAS ¢ K38 dJs, XF p fEH#E4T FDR AZIE,
ol ¢ BS p EHREE 3). SRER, EEFRRIET, 0.080~0.092 Hz [ 8] [F] 25
BORER IR T E EARA . BeAh, FEZIE b, PMEE AN N BRI BRI ER SR B
i a] [0 ) B B2 B2 . R, HiSE 0.080~0.092 Hz Sy B AT B, FHLi% v [l v 45 224 b 29
OBk (~1Hz) 5 P (~0.2-0.3Hz) S5 A BRI 5 o [ f5, THEEROGERIEL N &AM EE X 7E ik = A
B[] [F) 25, #dE4 Fisher-z FafeEATFRAEAL AL R . DA S WY BRI (6] [R5 Sy R 2k,
53 IR B A S BRI J5 — A NSRBI B (1 o 18] [R] A0 ek 26 B 2%, 45 31 a5 24 14 fi [ [ 26 4
B o

PG BN RIE A R B G . SR b, Bk AR R, 4
B SRS S — A N BRI AR h R 5 A R T R R I (R (R R . BT &
FDR % 1F J5 5 30 HE S5l 22 i (1) ()25 (S8, KA NE— 2B et 0, RIS [F) 4w 7K S A
SHLA 0 0 18] [5) 25 HEAT PR R 2R =/KPJ7 2200 T

ATR-PRARIRAAT He T B JRAEAR DG 0T, T SR BUE 55 B BU 8] [5 25 433 5 — K
BMERT A NSRBI E B Z R A 2K R

FBi— i R 35 75 I R 2 SR FH % 22 5 R SR 73 M7 (Granger Causality analyses, GCA)f & W
X7 Z 8] K& B A B IAL, AR i — i [ 25 10 7 el PEARRAIE - GCA 2 — A [ & H [R11
TR (Vector Autoregressive Model, VAR)R AT & 9 5145 = I [8] 7 21 R 5 OC 52 11 75 5 (Barnett &
Seth, 2014). K Matlab T. H.fJ(Multivariate Granger Causality Toolbox, MVGC)it 5 i 41
WX EIE R GCA (T A E IR EE, BT L), R A
ZH PSR X (] ROk 22 AN BRI DG 2R o TE TS SCHRN B0 AL PR 0SS ) A9 v S ) 2 — 01
2 VR B G B — A RS o Goit ARG b, B SC SR SRR ¢ AG 6 43 301 B0 IE 45 2 ) Ry
BRI GCA HRFRERTE, 4, X GCA HIAT 3G FHA: 15 +HE X, M
AR, SR} 207 ) A B~ BB, BB — T B W R 3 7 22 43
Hro
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20 40 60 80 100 20 40 60 80 100
S e )

B3 MBUAHKE FDR ¢ HS p EHIHE

3 4

3.1 —RIZENRYIERAR

X UARBUERI R AT 3 /K- BRI TT Z2 70 T (b K-F 21 & e i S S RIE+HAIE
B, GRER, Mg KFAA Z RN EREE, FQ2,57)=3.51, p=0.036, n?
=0.11. LSD ZH R ER, WMEH A G L8 LA (M = 0.36, SD = 0.10) 532 15 T A1+ 51
BeH(M=0.27,SD=0.12), p=0.012, 95% CI=[0.02,0.16], {Hif X+H%EHM=0.33,SD =
0.12) 518 S +iE X H(p = 0.433, 95% CI=[-0.10, 0.04])F1 &3 +51% 4H(p = 0.078, 95% CI=[-
0.01,0.14])2 8] 22 3R 25 o IX R WIE UG DA FI B g AL 34, (B2 S gmhs f AR = I

N — M AR GRS KT A R PMESR BN, AL 4 AN Gert, i ¢ A
B € WSRO . 25 ORI, WA AL A A [F) 46 77 X VR 2L, BIDTE S+ L (ts)
=-2.36,p=0.024, 95% CI = [-0.14, -0.01], Cohen's d = 0.75)F1 1 5&+ 515 4 (t3s) = -2.41, p =
0.021, 95% CI = [-0.14, -0.01], Cohen's d = 0.76) ¥ T-5F N [ %4 LA (M 55 = 0.43, SD =
0.09; M ysp+05=0.35,SD=0.07), HIL T PRVEH; 1752 P9 A FH AN IR 2 A 7 QAR 1 SC+0 5 B
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YR 5 R4 SCH(M = 0.31, SD = 0.10) IR EUSS: 2 m A B3, 138=0.61, p=0.547, 95%
CI=[-0.05,0.09], Cohen'sd=0.19, RFIHIMEIIH] . BPZ 5 g 2H 1) FRBOCR B PME A A
ZEE, UL EGR LA 4a.

3.2 TRIEEVMIIEFAR

XF TSR IUE R Z BT 3 K B R R T5 22 0 T (RS AL e 1 SCHE S, RITBEHR B
WA, SGRER, SMmIEAKCFAE Z MM EREE, F2,117)=7.08, p=0.001,
n’p=0.11. LSD ZHE SRR, JEIEH RIS A8 LA M =031, SD=0.11)F1JE 15 X+51
(M = 0.29, SD = 0.12)F) ZIR$EE R R 2 AL B 3E 2 %, p=0.475, 95% CI=[-0.03,
0.07], HIEZEE TR+ HM=0.21,SD=0.12), ps<0.01. XFHLE KL H,
VB SUAR S IR AR FR 25 A B G D034, EL2% e LR SR 4 7 598 UG is 41 & A 24 1
w7k

N5 T AR G i 7K ST 20 (R B 5 SR BN, KA R 42 UG 5 0 AN TR i
1575 N Z R SEBUE B 2R AT ML AS ¢ RS, RIS AR 1R 2 7 XA B AL (G
SCHE SCH AN E R A0 ) S AR R B 4 (M 5505 =027, SD=0.11; M 05— 0.18, SD=
0.0NZRIANEE, ps>0.05, KHIEE IR 1A A AT HA R gid 77 L PEA S
N5 ) B Em TN XHM=0.23,SD=0.11), #78)=2.44, p=0.017, Cohen's d =
0.54,95% CI1=[0.01,0.11], FRIHPMEFIE#RN . B RG24 P 2 R gwmbd e AMA, 12
JEESLSEE PRI T RS T, TAH R AT 1 B I AR R X PR . DA RS
LK 4b,

AR 5 22 S W 2L R B 5 SR BB B3 PR SRV RV T i 22 S WMV 2 o R 1 S o
FN UGS T E ), AR — AR BT 1 g i 7K P (85 S o) AN ) 7 =X (i
PELAVMESRI. A SCAH BRI, 73 N/ AR 7SR S — IR SR IUE R 253
B (0)JEE S SCHME A AR E LMEA)(M=0.31,SD=0.11), (2)JR & X+Hnoi e
HH R SCEHL(TRTFR 22 S D L4L)(M = 0.30 , SD=0.12), (3)JEiE SC+HHTE P E 2 b i b 41
(TRIFR 2 S UME SN B 4L)(M = 0.28, SD = 0.12), (4)JR 4 S AR 18 LA (FRIARIE S 44 L )(M =
0.27,8D = 0.11), (5)JF 4 AL 158 2L (FRIRR F05E 44 L) (M = 0.18 , SD = 0.09), (6)J57 515
R MR L (FRIRR e IMELL)(M = 0.21, SD=0.12). BRI R T 2 B IR, SNYLIE
RIEFRE, F(5,154)=526,p<0.001,10%=0.15. LEFEERIMELAMSERRN, ZF0
VEiE LH S 2 S M 2E R AR, p=0.486, 95%CI=[-0.05,0.10], 54 Xi& X H %=
FWAEE, p=0.384, 95%CI=[-0.04,0.10], FMHEFIMEL AP FIE A, £ IR
AT AR 22 S R S e AL AN A SCAL R M S R IR 3, 522 S B 4L ) — SR UL 4 0
SRVRE T H A (8 S T 22 e M St 2L 6 3 v T 44 AL, p=0.009, 95% CI=[0.02,
0.16], FRHIJEZ T UMELL I 3R IR AR H AL R st . 54t 2R UMERSE4 M Ik
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JRECR I B2 5 TR IMELL, p=0.047, 95% CI=[0.001,0.12], &I BIE G

P S AR ERIG DL RS R 4c.

a EEX TR b EE RS
ol G e CEEEPREP ot o e B s
0.7 1 * - 0.7 1 *

%0.6 %0.6

Eas - . E&s L .

B 0.4 B 0.4 o .

Bos{zs = : ozl : 2.5

Tozl - 4 1o02d v - X.
0.1 1 0.1 = i

04 ' . 04 . .
EX+ENX BB B+ BN AHENX BB HBE+EE
C
0.8 1 *
*%k
0.7 1 *
5 06 i
s g
K e o .
B¢ 0.41% K ..
o S . -
el - B i -+
11024 - T
0.1 - < -
0o . . i : .
e §_‘& =D %L& %‘& WS
AR e X
AP A S

% %

B 4 —RAREUR ZUEREURAT R BIR A R
TE: *p<0.05; %% p<0.01; ¥+ p<0.001. Ff. (a) FUMEHMA LH—KILPUETHZE; (b) FWEA
A4 SCH ) — BRI () 73 M) — R BRHUER
Bla, brHRELUH: RAVEE ARG AKT A G N ZER R, KAOVEE R K A G4

2 A0 o

3.3 WMIEIE SR

XPPMEICAZ 51 A B 8] [0 AT SRS ¢ KR RIRCETE SCHE SRS A1, Aiaint
18 4,11,13, SR BERMERE, t5>2.86,ps<0.010 (FDR ps < 0.05), Cohen’s ds > 0.64( &
5a). 1B AR IS, FUAIMEE 3,5,8,10,11,14, Son B RME I, 5>2.93, ps
<0.009 (FDR ps < 0.05), Cohen’s ds > 0.65; £ifl] TPJ #I& 19 & H B E MK A [F 22, £ (19)
=4.70, p <0.001 (FDR p < 0.05), Cohen’s d = 1.05(/& 5b). K¥i+RIHHmiG2&4, AT IEIE
1,2,3,4,5,6,10,11,12,13,15, 275 H 2 3 (i (8] [6] 25, #s > 2.76, ps < 0.013 (FDR ps < 0.05),

Cohen’s ds > 0.62. £ifl] TPJ i IE 20 &7 H 53 W (][5 22, ¢ (19) =3.99, p = 0.001 (FDR p

<0.05), Cohen’s d = 0.89(K 5¢).

LU 18] [R5V R A B, X bl A 34T 3 7KP SR R T Z 0 (RS AT AL
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T SCHE SC, JE+anae, 8 ), 45 R EoR(E 5d), {EilIE 11(BA10, A& [E) |k,
ANE GG H A 2 M2 5583, F(2,57)=3.26, p=0.046, 1n2,=0.10, LSD £ &E &
N, PR RAE SRR (M = 0.21, SD = 0.22) 0 [7] [7] 25 5 3 v 118 +HE L4(M = 0.07,
SD=0.10), p=0.018, 95% CI=1[0.03,0.25], {HEIW+HIHLH(M=0.18, SD = 0.20)F1iF X +iF
XH(p=0.067, 95% CI=[-0.22,0.01]) Ji& L+H15 4 (p=0.564, 95% CI=[-0.15, 0.08])-Z[H]
i (] [F] 20 2 S ¥ AN S 2 o X SR BHTE A AT [, 22 S5 G i 94 B A B B 2 LU AR R0 1 S 1y
PMEE R T SRR F D . LA RS R ILE Se.

{EIEIE 19(BA39, A, AFEGwiSKFHEZ M ZrBEE, F2,57)=3.47, p
=0.038, n%=0.11. LSD ZHE WK ER, PMEAFIIE L+HR15HM = 0.15, SD = 0.13)/[A]
A5 5.2 = T8 X HE L (p = 0.027, 95% CI=[0.01, 0.19]) %045 +%E035E 4 (p = 0.026, 95%
CI=[0.01,0.19]), {HAH[EE (M =0.05,SD = 0.18)A14H & %15 (M = 0.04, SD = 0.10) 2% 2H 2.
B ZF AR, p=0.982, 95%CI=1[-0.09,0.09]. IXFHAALAM M, % FImiLd A Lpm
M S E 7 R 7 A E . DL R g5 SR LE 5t
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3.4 hERRENRNIBIE 22 51T AR IAY XEX

K FH B IR A 56 23 A 2% 6% bk SR LR G 1) [R] 20 (Gi a1 i 19) 5 P E SR B WME f5
TR NRBUT NEILSE R KBEEE 11 8119 F, LibRMMgmisa s, EREu
{10 Ao 1] [5] 2 5 B i AR DG4S 2.3 (ps > 0.05)

SR, AEE G [F) 0 5 5 80 NACIZ oG BRI, RIL T HRE @ OGRS+ L
St ZHAEETE 11 B E] [R5 KT 5 R ANBRBUE#f % 2 23 IR 55 (r = 0.23, p = 0.042),
R T FE RS2 A, DM IR o 0 o (8] (5] 25 i, B ) T J5 SRS e 1242
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Yo 18 SCHENE S AL AL AEEIE 19 BRI ] [F) 25 K 5 kAN NREUE R 28 38 IE A S (r =
0.26,p=0.021), RWHXTEZRmILHE, PMELFEF HME [E 2D kkE, MEEIE Rk i 52k
MSTHACIZ T I HoAh 2614 BIA A B 2 (ps > 0.05). LA ESE R ILIA 6.
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B 6 & UMEHPMESREUR E F 2 5 = kA A IER R S R E

3.5 W ESREAR B E 2 R0 75 IE) 1

N SR ALK G b /K ST A5 AN 7 el P i 2= 2R R R I 520, X MR L HEAT 3 (4wt
KPEE: 1B XHES, FEHEISE, 5S> 2007 1) F BRI, AEE L
A HAAR) PR R 5 22087, 18 SCHRTE LN S ) 43 50N L o — S0 g i 2 A
HE I I AL, G5 RRIL, (EEE 1-@iE 21 B RENHYN, F2,114)
=3.70, p=0.028, N5 =0.06. {£ 7 EHR>HE 75 17 _E, 8 R0 P (M= 0.022,
SD = 0.022)¥] GCA {8 &3 =1 118 A8 LWMEL (M = 0.010, SD = 0.008) A1 %15 + 50 5 Wi 21
(M =0.010, SD = 0.008), ps<0.05. {EMREHIR->FFEYAR ), =FhgmidKFHEZ
[0 22 AT E, ps>0.05. 15 +HGEHMELLLE A Bk — 5ok 17 B GCA H 3%
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TR R A EHOR 71 =0.011, SD =0.011), p=0.045, 95%CI =[0.0002, 0.02].
T ST SCALRI RN 58+ 5050 ALAE B B0 — 13 B A R B ik — 55 B (M 5 5. =0.013,
SD=0.011; M st = 0.020, SD=0.032) i1 J5 1a] LI ZE R IIAEZE, ps>0.05. XRPIEH
T Il — S 1B 16 U SRS o G 5 B AR A AR A < VS — N e A 2
SECT B0 G i 1 SRS, AN S i B B T D . D EAE R 7.

| = FHwik- @K o @R TR
BiE: 1721

0.06 1 %

y 3

0.05 -

BNHEX BXAAIEE

B 7 ZHEHEE 1~21 2R ERE
VE: SERULH]: MR E 77 ) I A KT 2 R 22 SR U, SRS N (8] 58 G T A ST AL I T e PR 22 A
Ko BN SCHRE P AL R A SO — 1 g sl i i X s s i

4 hig
4.1 ERHRMBLEAN—XAZIRERILE

AW TER I, AE R G B KA [F] (R WM E L (0 S8 AL e+ 5 ), — IRE2EUE
TR B AR T4 S, BRI OME ] o 7 e — PR RS 5 i 7 A 22 57 ) DMV 2H (U S+ o
41y, SHMASCHRRDUIERELZESR, M T MENH . XE5R R 1a —3, &
BT B0 1) ) SR B IR AR G B BRI KT, T M 38 S i K ) 22 e . — D T, M4 A
KRG T, TR ZIREILZRERIY, WS BRI R 5 AL RS, 3
BRI CI BRI ], IX R0 I G2 H T A T AR LA R S BB A% (i B SIS ) A
HFH T 3(Angne et al., 2024; Mannering et al., 2025). 11 22 5 4 i WME 20 (G5 SC+50158 2H) i AR
SATESRIUN, SR T 22 5 W) 2 SR BRI, A Rk b 17 R TR AR B4, R4 1A Aoy
CIZA . X5 CA RS R—8, BIgRb 2307 2022 7 0 vl B WbV ] Cnl A~ 4%,
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2014). =, AWFFREERICRE 7 HRBURIE TR .

ZE SR HME LIS IZ R B A BE B T — SR —— H i L7 U B SR B IE B R B
FHren T4 U, RO OME S AERE RN, T A A I 2 0 2E U R N . SCRF TR
B 1be HE—2B oM AT H, YR S AR SN 3 BERIE T PR R S dm A R, 3L R
B R B T 44 SCAL rh OGRS R A S 4o BF 7 AN, B A R B 34 R T 7 A
SREU, P R A R R A I, R Ak S S HTMAT 145 2 (Greeley & Rajaram,
2023), {EEEEARICIZ I JE (Rajaram & Maswood, 2017). 11 7E 2 F g I EL, KR E
Gt 7 FTE SRS LN SR i BRI T 2 A5 R, AT RN S i S At T P2 =) S
DUE RIRL 2, AE NSRS 7E N NIRRT RE E £ .

4.2 ERURIEINER AL H]

0 ¥ [F) 25 48 SRR BT A SRR AL T A ML HE B - A T R I, 78 DM ESR B AR
Z SO A M E LR S5 2H) 78 A5 A AR (51 (B A 10) AT A N £ [B1 (BA39) X Ik R B H B2 & T
AR Gt 25 A f i 1) =) 22K F, - B8R 2 — 2

CA W FERY, A AT (] X 3k 5 2 A S AT EE I AA R, FEE ARG 5 S T B
PR T3 7 7 50 B AN S BE 1 (1) %% /1 (Czeszumski et al., 2022; Liu, Han, et al., 2024), A
WEFEAT, N RGR SR F 10 B 8 75 2 S S R AR AR BT AR R, IR R Tl RN E S
ST R AT, TR TR R RS LR ) O SRS DA G R, X — AR 1 Bl R I R v
FiZ M X A 255 B (Cui et al., 2012; Xue et al., 2018). 1M A+ £ [B1 /AT & X ) S HEAX
A, 152 B A AR B HEWT o R #EF A (Czeszumski et al., 2022) HARBIAHF 7L, 4
A0 £ Dm0 i 61 [0 215 (% 386 568 T R S e 7 38 S B 55 0 S 2 FE PR SS , Xe8 e h S7 A 2% R 1
(¥ S T 55 B2 g (Liu, Cui, et al., 2024; Zhou et al., 2022). X AL B 2 HE v R T AT
AL B R) A % o HAE Dy R 7 15 BT AR SR A MR &R, AT FE DRIF 1 B R A2 S 2R [
I o358 2k 2% SR S 1 []112. %5 19 (Vanlangendonck et al., 2018). T WIS 4% 1 _EiRHER . fn
Liu A1 Cui 57(2024)f) INIRS BF7EA I, EIZEEE. LIIRPEHES Jenga RIARIEE =F&
VEARS5 b, A AR v 1] 54 0 ] B4 IR 5 P B ) [ 2538 58 . — TG o M B 98 3R B
A0 [ R A O S TG 5 DX PR A ) [ 22 76 22 Bl pMEAT 55 b Rp sl th B, 2 DM V5 30 1) S B i 2 4
fifi(Czeszumski et al., 2022). Ak, AHEFIE LI, 2 5 ghS PMEALLE PRE SR I BE 10 G 18] ]
K, SUMERA NSEEUER 2 8.3 IEAHDC, RYIUMESRBUN R phae Z i i F A, Xt
JE EEMRICAZ R I A T R BRI FE i

B, TEGRRSAKTZ S UMELL, 51T S5 RPTE R SR BORRE A S ARIE R, 5 kP
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{16 )25 S B 1 B 7 S 8 i 8 % 1 PR 2R R BT £+F H £ A 0185 7 (Pan et all., 2023;
Tang et al., 2020; Zhang, Ye, et al., 2024). XKW, HEH R A R 5K 2 5 S EEHREUR
W A7 7 22 SN, K 5 B AN A LA oA BRI [ 253K S R UG IE (K28 %, AT 72 AR 14
S SE R I I, 8 %A LT3 (Angne et al., 2024; Hensen et al., 2024). IF & 3X fh 1 55 1)
MR, AR ME A R0 H] TR SR TP, RS BRYMESD S At R IR T B A E
EI

43 & FURRDIIES ES IR R0 Z L H

5 RS 22 AN R R 3 W 0 5 22 53 T 2L (378 S+ o 2Ly DMV E SR B T e i e [ 25 07 1), R R
FEA P (Bl — A [ E 1 SO A 0] 00 G i 2 1R S Bl 9k B2 Y2 3 0k T I U7 TRl Bl
52 0 R0 e ) B B S SRS R AR, SRR TR K 3.

33K — R [ ) SR T SIABE 55 T 0 DX PRI O Th B AR 4 o 15 JEL T AN A7 B A 4% il R s 4
25N KA [] (Shamay-Tsoory et al., 2025), i il £ 5t 2B A5 B4 A% SHCIZ B
1Al (Acconito etal., 2025), BT —FFE L FHENE 51 S BRI S, 2 R amis e,
5 A HA b (B XA R AT RE 5, RG] S AR AN S A A B (X 315
BRI, FR, ACIZRmERE, & X E B IR ZEmiS, e H R
MIiCIZ2HE, iR 2 A S i U AH S (Craik & Lockhart, 1972; Lawrence et al., 2024), X i
— SRR T U AR ME R S R S RS S E S B, KB
SIS EN B GRAD S R BRI S R, TR B SRR, BB RE 1R S
.

AHI TE R I S SRS 3 T A RS BT, 85 2 B 7E S R R AT 45 T B
fNIRS W45 R —50. B, Jiang %5(2015)7E HMATHEAR S5 R I, AT 3 S8 BE - 1
I R G 122 0 3 0 T M T 15 Pan 25(2018) 01 22 31 I HO 22228 (045 B sh ik ok, fr
PL, MU AR AE M et o BOA RN e 0 22 i, £S5 R TARBEZ T 5 B8 E
TS5, 0B E F A s S5 A £ 5%, EARTIT b IR I 22 54 i ¥ E 20
o, ST e i R K 5]

PRI, BT TE IR RS 22 AR 4y BT 5 BB R 1 22 5 i B 3 D VR BRI A e L], B
B X Gt 3 S ARG AE R . X — 15 S 0038 1 R 5 11 5 i X 36 S (491 [ — £ [
ST N6 2 AL SR (A RS s A R G M E AL R CR R R DU ST ) S T A
TAHETH, FEATRZ AL T PMESEL
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5 AHFFLHAIHT 5 A Z

AT B UM iR F 22 S LA, BEA AT 5 I G MR, T Sl kP
S S R MEIR R WL LM, FEAT MR, RIS A Rl
TR B MR T UM, S T BRI TR, X — 2 SR A B ER AR MR
RN T AL G T P1F % 22 RO A O D6 BT A s AR 2T, 3 UORHE LA R B A
R TF-HMERCAZ I 50, R IAE 22 53 G B 221, A e 5 A 00 5 4 25 (2. 35 4603,
SR T WM BRSSP AT EL T4 (e 2 L, DB PR B 22 2 R
T, BRI T 2 RALYME P AEE 0 L S G B E . BUETT L, ASEeeh i 2 2 T 1
I, AL AS O R0 V8 T B2 5 TROPLED, 1 ELABAS (15 B 2 I T Sl 2%
MR (M T 3

AT FABAEAE UL AL : 5, TR IE B TAT s SR8 025, (R T P 2
FPR AR TR, Wiz s i B MR AL B, (96 BRI 0T, R
AT LA E A U ERP) I IR B 40T, SRS SR AR P BRI B A A et P
W TGP 2R S R AR S, A F A TAERIE ST OB TR A, (BRI
15 P B RS — WM AR 1 S50 5 LA 86 E (AL s o, LTS MEE T WM P
3, BRI T L B B B S B MR R R o AR 70 TS BOH R R SR T
BUNSEI S A 55 (R3S TR LR (S 0 S B, 20 B LA 2 AP 1 S0 5 e AR 22
S PMIRAZ N TR R 2
6 45k

AT AT H RIS B A TR T WM i K T2 SR SRR L] 75
T7 2T 25 5 S0 0 2L Pl 20 BRIRE Y 7 AR 5 PR LS , AT 7 — P E 8 7 2R
TR, WER T UMEARIR, FEFILH I E RIS . M AHLBIRT, 2R
AL A DN ) A 0 e 0 B o O 6D 8, OB T Mo o Kol S 2 5
W T 2 B A 55 7 T 2 25 DR SR A W HE— S T 2 SR M (0 135 B it
B U 0 SV S, SISEERE” 1 I B .

S Mk
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(College of Psychology, Shanghai Normal University, Shanghai 200234, China)

Abstract

Collaborative retrieval refers to the joint recovery of encoded information by two or more
individuals through social interaction. Although this process typically yields collaborative inhibition
relative to nominal groups, it concurrently generates a post-collaborative facilitation effect that
enhances subsequent individual retention. While previous studies have highlighted encoding level
as a crucial moderating factor, they have predominantly focused on group-level manipulations rather
than on the effects of within-group encoding disparities. By incorporating functional near-infrared
spectroscopy (fNIRS), this study investigated how such disparities influence inter-brain synchrony
(IBS) and directional neural coupling, thereby revealing the leadership—followership dynamics and
information transfer patterns during collaboration.

A total of 160 university students participated in a single-factor between-participants
experiment. The study manipulated the encoding composition of dyads across three conditions:
differential encoding (semantic + perceptual), homogeneous high-level encoding (semantic +
semantic), and homogeneous low-level encoding (perceptual + perceptual), while matched nominal
groups served as controls. The experimental stimuli comprised 32 neutral, low-frequency, two-
character words balanced for grammatical category and structure. The procedure involved four
phases: an encoding phase, distraction task, collaborative (or individual) retrieval phase, and
secondary individual retrieval phase. During the collaborative retrieval phase, fNIRS hyperscanning
was employed to record neural activity. This study primarily focused on the prefrontal cortex and
right temporoparietal junction.

The behavioral results indicated that, compared with nominal groups, homogeneous dyads
exhibited collaborative inhibition, whereas differential dyads (semantic + perceptual) effectively
eliminated this inhibition and enhanced post-collaborative individual retrieval, particularly

benefiting perceptual encoders. In terms of neural activity, the results showed that differential
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encoding strengthened IBS in the right middle frontal gyrus (BA10) and right angular gyrus (BA39),
with this synchrony positively predicting post-collaborative retrieval accuracy. Granger causality
results further revealed the directional characteristics of the IBS, demonstrating a significant
information flow from semantic encoders to perceptual encoders in the differential condition. This
suggests a leader—follower dynamic in which semantic encoders guided the retrieval process.

In summary, the present study demonstrated that differential encoding composition promotes
deeper social interaction, effectively eliminating collaborative inhibition and fostering post-
collaborative facilitation. Inter-brain synchrony serves as a critical neural mechanism underlying
the establishment of a leader—follower dynamic, thereby facilitating the effective transfer of
information from semantic to perceptual encoders. These results provide empirical support for the
optimization of collaborative memory through within-group encoding disparities. This study offers
a novel perspective on the role of encoding levels and contributes to a deeper understanding of

complex social-cognitive processes from the perspective of interpersonal neuroscience.

Keywords collaborative memory, encoding level, differential encoding, collaborative inhibition,

inter-brain synchrony
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