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Objective: This study was to determine the levels of social intelligence based on
physiological responses in emotional contagion.

Background: The social intelligence is an important factor in the understanding of
others such as the emotional state, intention, and ideas in the interpersonal relationship.
The methods for evaluating social intelligence in previous researches have been shown
the limitations of the objectivity and quantification because of the subjective assessment.

Method: The participants watched avatars that expressing target emotion through
facial expression and gesture. At the same time autonomic nervous system response
and central nervous system response were measured.

Results: The EEG level was significantly discriminated in positive, negative, empathy,
non-empathy, intimacy and non-intimacy emotional contagion situations, and the
ECG signals showed significant difference in negative emotion and non-empathy
emotional contagion situations. In the case of GSR, there was a difference according
to the level of social intelligence only in the non-intimacy emotional contagion state.

Conclusion: It was confirmed that the physiological responses of the three groups
with different levels of social intelligence are significantly different according to the
emotional expression of the avatar. As a result, an objective and immediate social
intelligence reasoning model was developed.

Application: This study suggests the possibility of quantitative discrimination in
social intelligence evaluation and suggests the importance of development of social
intelligence evaluation tool.

Keywords: Social intelligence, Emotion contagion, EEG, ECG, GSR
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L AH0|E SollAM MELE 2482 T2 AR 48 (Social Emotion)O|CH Ate| 242 Ate|A ZHAO|A 2MsHE 242 ZotCh 740!
o S2|F HEjO| Tish Attoz HHEl= S ZAduts CIEA M2 482 Y 2 d4=28 =0 EHEn, EfIo] UE
O MZISt=Lfo| TSt QIX|OjRet T2 12|10 A4S DR Qs ALE| AL SYEICKOatley and Johnson-Laird, 1987; Parkinson,
1996). 40| E3H & 0|49 7HQ 7t Mg oM HUsH, /7)o uFste H2AE&E F7|2kAZICHChristakis and
Fowler, 2009). CHOIZAOIA LHEl= AtY| ZE2 ROAXCRE HIIE RWdt= YN ML, MEE Z-da Mool ot
HEIL et ME|H-3 S S7I9 AlZICE

YO o, oeidez F7(3t &l A2 FoAMHQ Do ofs wHSIX| R siF YE=Z Etelo| Zdut 422 mofst= A
2 2=HOI QIX|H Z2=MA0 ofd =JEICE CTHE AIZS| Z4EE YOolU= XY Z2MHA HHE 522 AZX|SO0[2t2 Bt
FEH X5, 7IAE X5t @A Sttel S Xl X 50|, 'AlRlX TEME Ofsstn AR QI7HErA £o|M Y St &
oz FolotCkThorndike, 1920). &, S 2R TO|E 'Etelo] Zd'at 42 A& IFHoM RYE Aol Z4d'S & OfsHst
1 O|AS HIESE TIYHAE 2o HES A2 Fote Y MK T+ HE2 ZET0I ARl del JhEat 2EsHA
A0 AT

1.1 Social intelligence

AKX 42 7+ BAOM RHal@Bt ofL|2} 'EfQIo| W, W2t J2|0 ZdE olsiste 1o = HEe AFS dte sHOICT
(Marlowe, 1986). Xl (Intelligence)2 FOIT! 2HA0| & X3, AU ERH S5 + U Q7| EfaH QXY s3ez 4Y
ZICHNeisser et al., 1996).

M2X52l 7HEE 2|EE FET Thomndike (19200 217t2| X2 AMRIH X5, FH Kl 7IAH X522 T34 AlRX|sE
StLol SEE X522 HUACH ALR|X|SS 'THRIEHAO| A EFRIO] CHEE Ofsf X &2|E 8O0I5tA & &= U= sH'0|2tn FolstH, Ef
oIate| AAHE =0 5% RAZ ZZASICEL Gardner (1983)= X5 ¢ 22t B2 o 2AANM 7HK| UA Q- E= 2
£ o4t MES BXots sHQE FOIBCt de Q2o XY 535 Chdet 2EAM Hi2t2 1D 0| Sdlf 217ke| &S ot
OfS5t 0k} CHSX|S0|22 QUL CHEX|S0|E2 Q7| XX 58S SHX|s2 HFOMT CHF= ZAO0| ot 9B /Ol 42 SH
H X522 725t ZHHQ X522 FHAZICL BE AF0| 283511 e XsRFAS A0X|S(Linguistic Intelligence), =2|5
8tX| 5 (Logical-mathematical Intelligence), &2 X5 (Musical Intelligence), 2 ¥|-2-FX|5(Bodily-kinesthetic), &7HX|5(Spatial Intelligence),
QI7EXIZEX| S (Interpersonal Intelligence), Xt7|4E K|S (Intrapersonal Intelligence), AtAXI2EX|-S(Naturalistic Intelligence), & & X|&(Spiritual
Intelligence) 22 &0t AZHXBIX| st X7 =R 52 HRlA S 2HE 3iZsle sHRE AMRXs2 /fEez & + Urk

MRS Ao 78 JHE2 7R 28 LR|E ASHE 20| QUK BTh Ford and Tisak (1983)2 ASSHOM ARX|SS SHMR
Cf. A=Y JE0M S8 FHE 2o A2y &30 asdi Heds MIX|S02 Botan], o= it 7Hele] sHOl oY
Asits FE5E 7HE0[2t FHRULE Marlowe (1986)2] CHAHE 7HE2 AtelH 50|, M2|H Ap7|2sd, 4E0IY 7I&, AtelY =8

=

( &

712 PYE 4719 KA Z ALS|X|SS A5, Bames and Sternberg (1989)y= AFS|E X|A|, AtS|H X2, ALY S&Z ALS|K|s
S TR ULt Riggio et al. (1991) AtSIX|52| QIXE Xt THES QAIAE A| ZHQIXIE 7|F

H SHEMAY D AOY ZSHAR YA o2 TESLD, 2 JES CHA| B3N, EX|, UZMHo2 HESIMCE Kosmitzki and John
(1993)2 AtS|X| 50| CHHA L7 (Multifaceted construct)Z O| 2O QUCtD FHESIH, 77HK| 619 24 HO8IRICL 0| Wong et
al. (1995)0] A@E Soff CHHAE 7kdE XX|YCH Eot M2|X|52| & JHEE QXA X} (Cognitive aspect)tt BESE A2
(Behavior aspect) Q2 T StRUCE AX|H A2 EfRIo| 2 HEE Sdff AlR|Y HEE &£50ts S U5, #SH A2 &
Sot FEE V|He 2 MAED MY A3 S sWs 5

SA), AtE|® HE X2|(Social information Process; SP), Al2|& 7|%(Social Skills; SS)E T+ 7HES FESICE AlS|X X2 AlS|E HE
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2. Method

2.1 Participants

ul

0| 24H(50%), 00| 24H(50%) 22 SYULE 2

7t 2L HFH7H SR = QUL

2.2 Experimental procedure
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Ol Al (Social Awareness; SA)O]|

AFS|E QIAl

=
S

M & (The Tromso-Social Intelligence Scale; TSIS)
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Mo
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= 38 Zd(Positive emotion)dt £ ZH4d(Negative emotion)

. 38 =
(Non-empathy emotion), "XIZ&E'= Fl(Intimacy emotion), & (Non-intimacy emotion)
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0l ECG (Electrocardiogram), LIF Mk HH-S0] GSR (Galvanic

NEEA v

HE|ACH SFMHA HHES0l| EEG (Electroencephalogram),

skin response)0| FEE|RACt

2.3 Emotion expression avatar
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Z+-d(Social emotion)=

2 AE

- Zatof w2t OfHRE OfL|HO]dE A=22 AFE S CHAtkinson

O, SHAE 1280 x 7204, x|
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Positive emotion Negative emotion

Figure 1. Example of emotion expression avatar in valence condition

2.4 Social intelligence

2.4.1 The tromso-social intelligence
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>

2| Xls Mo Al2|& FE X2|(Social Information Processing; SP), Ak2|& 7|=(Social Skills; SS), Ak2|& 214 (Social Awareness:
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2.4.3 Statistical analysis

ABIRIS 20 W2t AR M2 H4 7to] SAN K0S HOIsty| 98| LYK A A One-way ANOVAIS AASH 2, AF
SHHOR Scheffe testS AIMULE Sheffe testo] AP, TEto| ME 47} Chariale ZH0| 7H53iths S4S JHX|T UL Waty,
SN Ho[E{o] MAS T30 AISAT WHOZ MeSoILt

2.5 Electroencephalogram

| TH=e Mitsar-EEG 202 system (Mitsar Co. Ltd, Russia)2 AFE30] 2| 10-20 systemOfl 2t ZA 3 CHTeplan, 2002). & 1970 £2I(Fp1,
Fp2, F7, F3, Fz, F4, F8, T3, C3, C4, T4, T5, P3, Pz, P4, T6, 01, 02, C2)UI M SHE|ACH, CZoA] Ll

ABE FFT (Fast Fourier TransformE A3t0] it FAOM ZML|QULE Fit4 Dol A Lt9|(Relative powent Tt HIE
(Power ratio)= AESHO] 871l X|#2 FEE|UCE SE HEHQL B HEQ ARE 2424 ZFMCH, EH HEf0M EEG2| 87 X|&#
BolE2 S8 MENQ Hwsto] AARUCE 2 o7to]| Z2&8E EEG It AMER X|H& Table 10 H2[E/ UL
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Table 1. EEG power spectrum indicators

J Ergon Soc Korea

Abbreviation Full terminology Wavelength range (Hz)
RT Relative theta (4~8) / (4~50)
RA Relative alpha (8~13) / (4~50)
RSA Relative fast alpha (8~11) / (4~50)
RFA Relative fast beta (12~13) / (4~50)
RB Relative beta (13~30) / (4~50)
RMB Relative mid beta (15~20) / (4~50)
RHB Relative high beta (20~30) / (4~50)
RG Relative gamma (30~50) / (4~50)

2.6 Electrocardiogram

ECG Signal2 Biopac MP100 system (Biopac System, Inc, USA)2 ALY ZHEMOM, LabVIEW 2014 (National Instruments Corporation,
UsA) Z2IHS Soff CIXIE3 Z|QULCt ECG Signal2F2Ef BPM (Beat per minute), SDNN (Standard Deviation of NN interval), =
AmplitudeE FEUCE S8 I 52H YoM -3 Hj0|E{E H[St0| BPM, SDNN, E# Amplitude?| HalES A ARUCE

2.7 Galvanic skin response

GSR Signal2 Biopac MP100 system (Biopac System, Inc, USA)2 2 ZFE|A M, LabVIEW 2014 (National Instruments Corporation,
usA) Z21WE E8f| C|X| 23} ZQACt GSR SignalZFEH i AmplitudeS FEH 0], OtHIEL OfL|H 0| MO ZE MEfOIA S-S
2 23 HEfoM ZHFot gh2 HlwSty HalES A AU

2.8 Statistical analysis

EEG, ECG, GSRZHE| F&E3H H=0| O|AX|(Qutiens EZHAIO| +3 FAES 7|Z2Z HAHLIRACE ALSX|

Ho|lM LWB= EEG, ECG, GSR BH3 XO|E ISt Xt UHIX| 24HE A (One-way ANOVA)S HAIRCE 24HEA 0| |
7|2 7P8 AtEQl Ho|Eel Hrdnt S24E2 HISH7| {8l Shapiro-Wilk test@ Levene testE ZtZb +HZMCE F4nt S24¢
S 05 DIESHs ZQ, YUk BASMS 288t S ASHMOZ Scheffe testS A A|SHCE Scheffe test =

t

—
-
o] MY HgS BESRR SRAES BEHK

1
+

=€ o
gt
m
N

£40| 7hssiChe BEO0| 2 MY HojEel E4ut BEts S2id2 OHg st 420 o
QK| 2AEA THA Welch's ANOVAS 85t &, AL AYO 2 Games-Howell testS MAIRCH A 7P8S Q&SR 2ot F

0| =3 st 2 AP LX|E 90| glof, H[2 HFQ! Kruskal-Wallis test2 243 & AFSZAE2E Mann-Whitney testE
AL
3. Results

3.1 Social intelligence levels

HEEN 20 220 & Hes Bo 20678, BEEA 5278H0(0, H 2Z= AN 1080 A1 27
olXls & = 108%EH 178K = otel LT, 1880HM 23K B
HE- =

13%, 199Y, 16HO 2 LIELGCH LRIBX| 24H2A A0t AL

0 Hu
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mjo

29| & Y0l et MelXs =2 M Tl feloist B3 XO|(F = 129465, p < 001)E HUYH, A=FYS Sl Al T
z

SN RelOjst Xt0f(p < .001)E =R CHFigure 2).

Low group [0 Middle group W High group

** p < 001
30 * p<.01
p<.05

25

20

The number of participants

0

Figure 2. Frequency of participants by social intelligence level

3.2 Electroencephalogram

N

e XH20)| chet EEG 24 Zate ch3ar 2 e 3). 38 YIS BT OHIEIS AIEe 32, WRH(F7), SFYT3, T4, 15, T6),
(00N Fopz= Hal2rol Fo|Ojgt Xt0|E &Qlgh = URALL F7-Channeld A Relative Mid Beta (RMB) #2220 £2|-4¢ 1
to| Fo|0|st X10|(7 = -2.269, p < 05)E EIUL, 5t9|-49 O& 7te| F2|0|3 X10|(Z = -1.983, p < .05/ ERICh T3-Channeld]
£ Relative Beta RB) H3l2F0| S}9-F5¢ & ZHZ = -2.174, p < 01), 5t9-&9 2& 7+e| |ol0]3t Xt0](7= -2846, p < 001)E &
RACL T4-Channel®lA| Relative Beta (RB) B3 otR-59 A&E(Z = -2927, p < 01), 3t9-&% D& = -2776, p < 01)2 7205t
A T2 5= UYL, Relative Mid Beta (RMB) HEHE2 819-59 OF 7HZ = -3.040, p < 01), St9-491 38 7+ {ol0jgt Koz =

(=]
[
=
7
- —i

> Hu 4ok O

-3.266, p < .001)E E ALt T5-ChannelOi|A] Relative Fast Alpha (RFA) #3232 t9-&¢ OE 2t 2|03 X}0|Z =-2741, p < ONE
H ALt Te-ChannelOllA] Relative Gamma (RG) Hzt20| &t9|-5¢ O& 7t |2l0|st X0[(Z = -2.883, p < .01)E E ULt O2-Channeld
M Relative Gamma (RG) H2tE0| 6t9-5¢ J& 7t F2/0[$ Xt0|(7= -2426, p < 05)E E ULt

2™ 4do 2% HFYUF3) EFYUT4), S5O0 M Fot Hat2o| FolOlgt X0|E &olg = UARUCE 5t-5¢ 152 T4
9| Relative High Beta (RHB) 32K 7 = -2.727, p < 01)d} 022| Relative Mid Beta (RMB) H3}2H(Z = -2699, p < 01)2 Sl F2[0[5t
ol 1

A T2 = JAACL S¢/-4 22 F4-Channel®| Relative Mid Beta (RMB) 3|2 xt0|7} EHZ 2 SOIHCHMD = -33.55739,

iz

42 ELEAUTAHUAMTE Qo|O|st Fat4 2 XH0|7F BE QAT T4-Channel®| A Relative Mid Beta (RMB) Hi3}HEO|
9l 28 7Hz=-2.295 p < 05), &t9-A9 18 7_ Fol03t Xt0|(z= -2.051, p < 055 ERCH

HSd d82 3% FEEP3 PoL SHHO)M Foia HotFo Fol0|3 Xt0|S olg = AUCL FFE P3-Channel 0| A

Relative Gamma (RG) SO T9-4| I& 7t X10|(Z = -2.269, p < .05)2} P4-Channel0|A] Relative Slow Alpha (RSA) B3}2E0| o}

P-4 O& 7+ XOl(p < .05)7F F2|0|RULt, A2l C3-Channeldi A= Relative Gamma (RG) #2t&F0| S|-42I(Z = -275, p < .01)
ot St2-A2l(Z = -2.976, p < 05) Zt0f| X}O|E E A SO, Relative Slow Alpha (RSA) H3I2F0| SFQ|-AQ((Z= -244, p < 014) Zt0] XtO
£ 2L
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2’4o 2L, MEY(Fp1, F7, F3, F2), ZFYT5) 12|1 FH AP |2l0let X0|7h 2RIl ALt 8t9-F2 D& 7t2| A0
—'f—cé' F3- Channel°| Relative fast alpha (RFA) H2}2H(Z = -2477, p < .05)20t ™Y Pz-Channel2| Relative beta (RB) 227 = -
p < .010| {ol0|MCt 5-42 IE 7to& Fpl-Channel®| Relative theta (RT) BIS}H(Z = -2.272, p < .05)1} Relative gamma
(RG)2 | BB} (MD = 61.02984, p < .05), F7-Channel2| Relative theta (RT) Bl2}&H (7 = -3.243, p < .001), F3-Channel2| Relative theta (RT)

D = -43.21142, p < 05), Fz-Channel2| Relative mid beta (RMB) #ZIZF(MD = 42.48319, p < .05), T5-Channel2| Relative mid

MB) H3SIZEMD = -26.71764, p < .05) 2|11 Pz-Channel®| Relative beta (RB) #3227 = -2.064, p < .05) X}0|7} BAMLZ
%9-|§HE|'. ot9l-49 A& Utols SAXRE {203 X0 HO|X| UL
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Figure 3. Electrode locations of the significant difference between social intelligence levels from EEG in each conditions

3.3 Electrocardiogram
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Figure 4. Mean SDNN from ECG in non-empathy emotion
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3.4 Galvanic skin response
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Figure 6. Mean amplitude from GSR in non-intimacy emotion

3.5 Social intelligence level estimation model

£3 44 7 OfHtE} A=00| et AtRlX|s +& 240l Fol0[3h Xt0|E EO|= indicator?| ZHCZ AR|X|s +ES F&dots 2
Ho| JHLEACE Y THO| 3, & LY X=2 MY Of ddst= EEG W22 A2|X|s otel MEtd O 9o FEtez 7
TOICh Stel HE 0|9l T2 3, MY, £, HSE, 2H 242 HEoIShs OHIE OfL|T O Al Ao 2d3t= EEG, ECG,
GSRO| Hot22 AZ|X|s o9 THa S e T30 |2I0/8t indicator= Figure 701A &olg 4= QIO At=52 3HPIAI7|1 2
X SHCHH, 2% ZHd(Positive emotion) Bt R AFS 12 BE 2T £ Qlon| 52 Qo/EE(p < 001)2 K& H THoz
JES FESIXL $HoHH, 38 24 A| LMSHE T3-RB, T3-RMB, Y ZHg Al 2dst= F7-RT B8 88 4 QICt

High group
[Positive ion]  [Negati ion]
F7-RMB F4-RMB
[Intimacy emotion] -~ [Non-empathy emotion]
The rest Fp1-RT,RG C3-RG E—
group F3-RT P3-RG
F7-RT SDNN (ECG)
Fz-RMB - .
[Positive emotion] Pz-RB [Non-intimacy emotion]
T3-RB T5-RMB Amplitude (GSR)
All T4-RMB,RB
group [Empathy emotion]
T4-RMB

Low group

1
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