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Abstract : This study aimed to induce anger in a vehicle simulator environment and understand the properties of

physiological signals when anger is induced. To classify drivers’ emotions, Russell’s model, which categorizes emotions
based on valence and arousal, was used. The experiment comprised data collected via a self-assessment manikin(SAM)
survey and physiological data(i.e., ECG and EDA) from 39 participants aged 20 to 50. Emotion induction methods included
film-watching, writing passages, interviews, and driving simulators selected from relevant literature and studies. Results
validated the effectiveness of these methods through arousal indicators, with film-watching as the most effective for inducing

anger. Also, significant differences in physiological indicators were observed when participants felt anger compared to
neutral emotions. Hence, based on these findings, future research could contribute to improving traffic safety by developing a

driver monitoring system that detects anger.

Key words : Emotion(7+7%]), Driver emotions(-==AA} Z474), Driver anger(-=>%A} Hr), Emotion induction(77% ),
Driver monitoring system(-2-A X} T E|FJ A|AH]), Physiological signals(ZJ 4] 215)
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Fig. 1 Russell’s circumplex model

Transactions of the Korean Society of Automotive Engineers, Vol. 32, No. 11, 2024

LB o] Rl A 7FEZEL f1g o2 1
TR S e, AR5 714 e) 243t 4
9l 25 vERATh Russell®] 744 ol =
B e e §o43 8 RS /M, FY
AL TAA oA BAAo| AT e AR 2%}

1) BYAIY

BEINAE 574 3ol 7k e NS Bl
A& ol Y shz otk YIS 53] W 4t
e Frioohs vl A ]l Zlew A, e delA
A AL QL I Aol A= 53E7ke] A& Ea
4E 8 Nass 5199] 17 W& 2712 27 5
e TH, Wi A FI G2 E sk T
AR FEE FleiAE Al thTdE S Agsial o,
i 1A GReme A H R o7 HRE An|
AT TAR FAE o 72 S skl

o} Abadel thg 141
sk 7ol ek 2 o
2 A7a A

o
il

e
o
2

ol Ho

REERERERER
o1 g3fe] Gge] g
vhel e Zpale] A8 Foll thel A sk,

7 =EL

o

3) 7121

A7) 82 47%«1 34014 ARl Thste] 24 -
= Agshs A frie ZIRelth? 2 ATl A= A
}X}Oﬂ Al A = 213«1 7”3 e AE 3
%23k Burns 577 A7 WS 288 Ao 5
X}ﬂﬁ“ IS Aok 2 s 9
A A A RE G B A7 7=l 2

Po @ Afgol ARale] ARt 7

ks

@ o

*6‘33]'%‘\14'.

901



Bogyu Choi - Donghwan Kim - Ji Hyun Yang

4) Al=2f|ole] FH

AEeolE FHe B4 AL G5 o uE ¢
AR E s T & °ﬂ A e sk 7]
Wele & ATl 2ol wel i, 8, B

= 2ol

= 0= ]" 3] %‘ﬂ(ﬁg 2, Fig. 3)."® z"fﬂ
125 7% Ay e
2 AAE QLY o] uf] % ].ak
7HAE 2peE 24Fe] o7}
T3 el digk s 714l

= Hastelr ] flsted A5G T3 dAlNA F
A A9t ARG Ao AU e E FaAet S

Fig. 2 Neutral scenario(Traffic: low(LOS C), Average speed:
80 km/h, Weather: sunny, Background sound: none)

Fig. 3 Angry scenario(Traffic: heavy(LOS F), Average speed:
8-12 km/h, Weather: cloudy, Background sound: repeated
horns)

Table 1 Dependent Variables(DV)
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Fig. 4 Self-assessment manikin(SAM) questionnaires

3.3.2 Electrocardiogram(ECG)
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AUk F7} 59 BCG MBHE fstel, ks e
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i
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Data type Dependent variables Unit Description
ECG R-Peak mV Maximum value of ECG R wave
L ECGR-R ms Time interval between ECG R-Peak
Physiological -
Heart rate BPM Heart rate per minute
EDA uS The electrical conductivity changed due to sweat on the skin surface
Valence Point The degree of positive or negative emotion
Survey(SAM) . . "
Arousal Point The degree of emotional activation
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3.3.3 Electrodermal Activity(EDA)
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Fig. 5 Test apparatus(left: BIOPAC sensor, right: laptop)
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Fig. 6 Mean of physiological data in each emotion induction method (*: p<0.050, **: p<0.010, ***: p<0.001) (n=39)

Table 2 Result of inference statistics of physiological data between neutral and angry emotion in each induction method

(statistically significant®)

. Induction method
Data type Dependent variables - - — - - —
Film watching Writing passages Interview Simulator driving
t(38)=2.673 1(38)=1.268 t(38)=1.269 t(38)=1.359
ECG Repeak (mV) (38) (38) (38) (38)
p=0.011* p=0.212 p=0.212 p=0.182
t(38)=-5.068 t(38)=-1.365 t(38)=-1.313 t(38)=-5.725
ECG RR (ms) (38) (38) (38) (3857
p<0.001* p=0.180 p=0.197 p<0.001*
Physiological t(38)=5.172 t(38)=1.964 t(38)=1.584 t(38)=5.391
Heart rate (BP e - o e
cart rate (BPM) p<0.001* p=0.057 p=0.121 p<0.001*
t(38)=-3.684 t(38)=1.597 1(38)=2.708 t(38)=2.799
EDAGS) (38) (38) (38) (38)
p=0.001* p=0.119 p=0.010* p=0.008*
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Fig. 7 Boxplot of valence and arousal in each emotion induction method and baseline (*: p<0.050, **: p<0.010, ***: p<0.001) (n=39)

Table 3 Result of inference statistics of survey data between neutral and angry emotion in each induction method (statistically

significant*®)
Induction method
Data type Dependent variables - - . - - .
Film watching Writing passages Interview Simulator driving
val (point) t(38)=18.383 t(38)=10.763 t(38)=8.276 t(38)=8.658
alence (poin
Survey P p<0.001* p<0.001+ p<0.001+ p<0.001+
(SAM) ) t(38)=-1.621 1(38)=0.342 1(38)=2.371 (38)=-3.231
Arousal (point)
p=0.113 p=0.735 p=0.023* p=0.003*
4) EDA A3t o1& Hal 2 A = 71 AlE o] -9

EDA(E )2 AlEEolE TS Fa =gt TH
e el e fof gk &fol 7k YERSTH1(38)=2.799,
p=0.008). 7]=&A A A3 TH 8L wjo] H
8.28 uS, wi= HAY wo] Ht& 7.57 pSE = 1A
= Alol] ThA St

43 2 |5 7lEel RE EHI HARQ 2)
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