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Abstract

Objective: A hyperscanning technique based on near infrared spectroscopy (NIRS) is used to study
inter-brain activity in two persons while they play social interactive tasks. Methods: The activities
of human interactivity are simulated by a group of cooperation and competition tasks. 15 pairs of
heath students were recruited. The left and right prefrontal cerebral hemoglobin signals of a pair
of subjects were simultaneously recorded during the experiment using two portable dual-channel
near infrared recorders. A phase synchronized index method based on synchrosqueezed wavelet
transform was presented and applied to calculate the synchronized indices of the low-frequency
component of the cerebral hemoglobin signal pairs. Results: The phase synchronized index of the
left hemoglobin signal pair in cooperation task was higher than in competition one. Both indices
showed a significant difference (P < 0.05). In contrast, there was no significant difference in the
right side. Conclusion: NIRS measurement is noninvasive and portable, and could be carried out in
a naturalistic environment. The NIRS based hyperscanning technique can provide a new approach
for the study of social cognitive behavior.
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Figure 1. Experimental setup. (a) NIRS recorder, (b) NIRS measurement principle. Two probes are
placed on left and right frontal lobes respectively. Measurement depth is proportional to separation of
light source and detector. (c) A pair of participants demonstrate the experimental setup

1. KRB . (a) NIRS HIERER. (b) NIRS WEFRE, FIKEWMFEFHLEMEH D NIRS
Rk, MWERESHFEMFNBFHESMKIEL. () —FIXERITERES

(7 2 W4 26 7 T AR 98 A — 28T FT 45 2R [12]-[14], AEZ A LRI 2D 70 SR Ak 2 DR 3 m i 1 2% [7]
A REAWFIENZE LT L.
3.1 MRS

HFEERER — A gt EIR— WS E, RN ARG FEE R R, AHF S e B B fiadk in
T
YRS RS X0~ Y, HENMKBERAAA B0, (1) 6,(t), WARBHL:
0, (1) = |n9x (t)—mo, (t)| < const (@)
XA, ne mEG AL, const & MIEM/NE. NWMES XOF YORFR A nim AHALFEIE[15]. AHED
WO TR R 101 WOARAL[RZD, fEAR AR RS 5 BB AR N o) iz [16] . FEBZEA B e SUF Fiit 2%
B FED R

2

= \/(%:Z:sin(exy(j&))]z +(%:Z:COS(9W(]&))J o)

A, LAEHKE, 1/6t AfE SRR,

HMFEFEARE R VA — S, EMBUALE 0~1 ZIA), FRAL T WAME 5 Z AR AR . RS
FRAAFEN, R=0; WRWGESKMMZEZ - DEE, WR =10 BENACLTHE R HJ7E4 Hilbert 22
ey NPARHEE, (HIEBIER[FERE G /N AR RS R IR U S TP I B R, ASCR A T T

A 5 AR AR

lfeiow(jﬁt)
L

j=0

R:




41
&
Rl

3.2. ETRPHENREROBREEAL

SHFIF ARG S, N AR A D R (ARG R . AR TT DU ()RS B, SRIREUIR KSR, (H
AL [R)AF AR EER o B /NBAR 3 /N A8 4 g BEAl, - RS 7E ORISR IR R TRDRS 82 f ] o 3R
SEUF IR BE[17] 0 B5 /N AR He mT LI 404 /N R s AN 2, A 2B U — A E 43 B2 PO £ IR 7
Gk IS A LA R AR [18]

B ANBARHAE R — PR IR ALk, B3 BN BOR UG /NEREW (a,t) , SRS AREE HLAE
(a,t) FRIZ LS W (a,t) 2 FC B SN F 0 (a0, t) , REifba St 2k, DURmRRSE. $FE
AN R 7 8 X, e R AR

190
f(at)= o o o1 (W, (a,t)) (3)

T

e arg(s) Rontlif, 12rn HH—HLH 1.
fit iy 142%™ ¢

4 f (at) LT, FESE f IR [ 7, 6] [ff= Lt ] B NI e

2 2
T
T(f.)=C' X W(at)a¥(Aa), (4
i <f(ay )< f*
X Aa AR a, WEHE, C, E%J:md?, Forpry (&) Ju/NpB et B L Ag e
FIFH@) R, SREFEAPBAIH RN R 2, SRR T 2 2R A He /N 22 4
T, (f_band,t)= > wT(f.t) 5)
fief _band
A, f _band AFFE,  w ASREBAREAMIE | K IREAE .
THEAE f _band L FIIIAUH 4
6 =arg(T,, (f _band,t)) (6)

3.3. Gt AE

i) SPSS BAFHEATSE T o XA FUAR BREAT HAR L 4T, R LA (X +5) Fom, ASCh R —
2 AR HSZ R AN R AL B (B AR AT 55 5 T6 4 AR 55 ) I P 30 IR s /N [F) A5 48 801 722 5% J& T IRIVR G
XFSRES, SRAECA tR5, p<0.05 AZERASIE L.

4, GER

2T H RS 5 — MR A 2 A A BE 5, Herb 0.01~0.1 Hz AR 2 ML 4 A B2
B, ERME T ORI s 2w SRR DL . ik, BATRAE S & AR DK 1565, HE
10s, SRFEZ 10 Hz) 70 B0 WAL 32 R B ZE iz« s, AT s JEim 3t 4 A Aii 20 5 F R AR 5 B AR
J I BEAT LS s /N AR [R5 04

o, A I S S 0 BEAT AL S NB AR R 20 0 Ao AR A (AR HF DR AL, 2SR
ARG MO)FEATIBOF R IR 5] 2 X2l se il R A 2 E S ona . WA LA
EAFAE S5 IR A M 2 (AR BB, TS84 55 IR A 2 AR BT 22 THEAM R D Ha BUR B &
55 W1 1) AR AR [R5 45 K T 58 AT 55 J911a] (0 4 R 20 1R 2

®



i

45

60 -
IR AR HEES PR A S PSS IR AR
< 40F
S
z AT
= 20} M MWVU
0 m I I I 1 I I J
0 200 400 600 800 1000 1200 1400 1600
i 1) /s

Figure 2. A trend chart of the phase difference of the left side of the test during a pair of participants
playing tasks
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Figure 3. Statistical histogram of phase synchronized indices of left-near hemoglobin
signals for 13 pairs of participants
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Figure 4. Prefrontal lobes and social cognitive activities [21]
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Table 1. Statistical results of phase synchronized indices for four hemoglobin signals
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