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negative emotions and cognitive load in drivers
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Abstract; In order to reduce traffic safety incidents, the mechanism by which negative emotions affect
drivers” CL was investigated, and the influence of driving scenarios on emotional intensity and multi-
channel CL levels was analyzed. A simulated driving experiment was designed, integrating emotion-
inducing materials with a driving simulator, and young drivers were recruited to complete driving tasks.
The interaction characteristics between negative emotions and CL were systematically examined through the

Self-Assessment Manikin (SAM) scale, the VACP multidimensional assessment model, and retrospective
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interviews. The results indicate that negative emotions significantly increase CL. Specifically, anger and
fear tend to trigger transient fluctuations in load, whereas anxiety is associated with the highest average
load level. Furthermore, stressors embedded in driving scenarios induce negative emotions of varying
intensities ; aggressive cut-ins and sudden lane changes commonly elicited high levels of anger. Traffic
accidents and pedestrians running red lights predominantly evoke intense fear, and unfamiliar routes
primarily trigger heightened anxiety. Finally, emotional intensity is significantly positively correlated with

CL level, highly arousing emotions lead to a substantial increase in the demand for visual, cognitive, and
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motor resources.
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Table 3 VACP scoring criteria for simulated driving
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and CL level

E7 ZRER-TIEBEEEE-CL KENEXME

Fig.7 Correlation between driving scene, fear intensity and CL level

e B 2 B ey AU, RNV 45 20 1 £ far 7K P
—'ﬁfﬂzzﬁw FEAUR TR 4, 6 DA% 45 AN U8
FHINHIGE IR, ﬂu&ﬁ&ﬁ%%lkﬂﬁﬁmﬁﬁ
LR kB Z B4 —5"" {05 JEON
#“1aé?“‘ri%%n%@%%%‘ﬁ?‘&?maﬁuﬂ’ﬁ)\ﬁ%
BEES SR, HED X AT REIR T 2 7
R E . OiLE83i, JEON #F 58 % Rl kit
R SR e B e R IR &2 s Z Fh i 4675 K IF
SERUG SV T 45, T BEAEAE 16 46175 T 0] A a8t B3 4
7, SCHIUISR A 1) 31, 45415 45 5728 BT 45 [A)

sl
| BeiERe
B 5 2
BT
KRR

AU, A RUEAR TS T, QW )5k 22 5
2 F H Z TR AT 55 71145 %50 ( National Aeronautics
and Space Administration-Task Load Index, NASA-
TLX) t 2 7E JEON W 5 v A PE Ak 4 44 171 far AL, T
VACP BERIBEAE Ak 22438 3 14 97 £ , SEORS I
WA 6] B¢ 9 7 FARPALE
ﬁmﬁfﬁéﬂﬁ%iﬁiﬁﬁﬁﬁﬁ {E P-4 47 e
i o T RO RRMALL, X 5 RUTTE 451 (Y #F
FEARNE l.ﬁ‘%#_f e 5 LT R ZEA K. O
iF. XBIF RUTTE S55R 0 A8 S — Al =X, 5



24

TR B R S e i 5 SRR 4 - DA R S 8 G A A =35

HE G S AT 55 5 2 B AL e B L S b S
e A S o 2 B rp 4 8 SRR o RO B U
QWA FFE2E 5 ) F A0 A A 2R T
AE 1 AC59 AR 2 B eI LT 25 ) th 9 4 JE 4
AN B EIEFE RS
3.2 BRESE5BEEEN EENXESH

1) 5 ST 28 1 2 Bl v 5 DA 4 U i 7
B IRl 5 0 SRR AT RO A e Y o
i 53 B SRR M 22 , T2 U1 26 98 B e S LA
WA S, 280 B g &, < 52+ i
B HA R DR A SR Bl R L R, IX
— LG R W2 B 5L AT R A G RA T S H BT
B, DTS T 1% 46 O o 31 4 T 2 28 SR AR
T 5% By il & v AR Bt i TR D IR h AR 3
“REAT AR RN, EER YR 2 A AT xR
WY IR BT AR B0 2 U i 1 4 R
ESLTE T

2) 5 R RN 4 1075 Bl 7 e B e KU P AT
55 52 5 PR AUAS O 2 MR 55 10 38 R AE 3 o 494 5 28 0 B
B4 N SRR A IS R T TR 2 0 R UK -
A3 UG s il e R R A R R
VIR FRIR , “ 207 1 2838 45 8, AR F 22U 8
3N F , at B2 Tn/hG ", RIS R 4 B
REEHLE] G O I B IR R R R A R4
H MR IIA R« FEl R R AR A AR D2
B FWLIE P A R SR AR, AT
B ZLKT I St I RE R B P oA, = R T X
5 R f b 1y RS JR R T AP 2R PR 1 00 o 1
BECRRAE

3) WG AR, BA RS R IR AR AR ) 2
U B il a7y 4 i e e Wb &3 N - S
TR T I R B 3B ENG Se B o R e N R
JEEE R R R R B R TR R, RN
T A BB IR H, 0 A AR 55" B[]
JE TR TG TR ANE e PE IR T FE i, rh AR
AR I VT RE S b gh o), FRAE SR, X FPIA
I R W] RE S AR SRR R
3.3 BHEEES%IEE CL KFEHXES T

1) Bi&RHE S CL K5 W #FIFH X
(p<0.001) , 3EHMER T CL ¥ &=l e T i
PTG T NGRS A g vt A 2 I e
b BE o5 N RUSEUR 5 32 20 0 £y 4 5 P R IR T i 3 Pk
BRAEAT AR 51 2 i 25 A 5 SR A A S

PBE v B A 1T PR T3 8 ol B R A AR AR 43
JEME B S D 7 R T RS ol 2 o B s
X R BALT AT R, FEONH R GAE NG 25 98 15 Fik
R R R Z WE KT

2) RUAHE SR B 5 A0 B0 A KT S i OE A G
(p<0.001) , LR ELETH IR T 525 34T 55 [H] 1)
INAVGEUESE S, 380w FH 98 U8 0 75 SR T 6, 22l
T 5 T O A R U ] RE S RVMES | K 0 AR B Y
Bt BE B WAL A G . 5 2238 1 S5 5 | RS A0 i 171
faf 0] B -5 1 R B 4R AT 56, 32 gl i B far vT B R
200 5 SV E MR PEREAR G . AT B Z0AT 1 55
LB = B0 A T BEVR T B R AR WU

3) FEIEIE S R 5N B K 2 B 2 R
XK (p<0.001), AN[EF VYTAL 25 5 0 55 2%
S BB far 25 10 £ B AN 1G58 . 28 HEDU ] R
HTilmE 2 5 SO R AR 3l 5o i+
g YR M VYTAL 253 i 52 5 2= R e 05
KAt AT BT L0 B R Y S 4R A AR
MR, R IK S 0 4 B4 2 ek
TAEIEAC B2, B LR A A B A B A= I 26 R
02 Z% 36 A 5 ) il R R B0 s AT RE R T H AR Y
EL RSyl AW S DSy ey RS = N 55 S
FEVTR B2 3]« an S 1 B 8 A I, 2 302 T NN
O RIS i B R R g S S
N

4 & it

1) G SRR B ) CL. B
RS BB S ), T 5 20 F34 CL
IR

2) GHERGLHEE BB S| s S R
ARG F B SR, W% 2 B I L 7RI
STk

3) MHLHHRIE 5 Wi CL AT 5 5 EA,
IEA8 513 R L DA IR S U 5 57 LA
B ISR KL 15 71 T 8 R 25 5 1 3
1 BIERTE YRR BT, 1AL L B
R UL U 2 B S R4 RS
JFIOHE P I S B T S

4) BFSAFAELA T A A2 - DR PRI 25 0 61 7
VAR Iy i A A PR L B , 5
A AB L E T s i) 91 2 52 T fE 2
WAL, O A T2 B 0%
5t AN L B G AT



hoE e B o e $36 %

- 36 - China  Safety Science Journal 20264F
& £ x o

(1] XRA, R KERSRRBRBENTARRIENZIN)]. PELZERNFFIR, 2018, 28(11):8-13.

LIU Lingli, WANG Yue. Impact of young novice driver’s road anger emotion on his/her behavioral decision-making
process [J]. China Safety Science Journal, 2018, 28(11) . 8-13.

(2] WAN Ping, JING Xiaowei, MA Youcai, et al. A pilot study on impact of mood state on emergency response capacity for
young novice drivers[ J]. Journal of Advanced Transportation, 2022.DOI . 10. 1155/2022/1411519.

(3] LAZARUS R S. Progress on a cognitive-motivational-relational theory of emotion[ J]. American Psychologist, 1991,
46(8) :819-834.

(4] MUDRAK G, SEMWAL S K. Autonomous vehicle decision making and urban infrastructure optimization[ J]. Intelligent
Computing, 2021, 284(7). 1190-1 202.

(5] X#R,RRI, DR, F FRBUENSBANTEROVEDRINEE]. PELERNFFR, 2022,
32032 1) .207-211.

ZHENG Xinyi, KANG Liangkai, SU Yinghong, et al. Eye movement evidence of attention lateralization on driving visual
search [ J]. China Safety Science Journal, 2022,32 (S1). 207-211.

(6] ZHAO Yanyan, WANG Danli, WANG Xinyuan, et al. Brain mechanisms underlying the influence of emotions on spatial
decision-making: an EEG study[ J]. Frontiers in Neuroscience, 2022, 16.DOI.10. 3389/ fnins. 2022. 989988.

(7] JEON M, WALKER B N, YIM J B. Effects of specific emotions on subjective judgment, driving performance, and
perceived workload[ J]. Transportation Research Part F: Traffic Psychology and Behaviour, 2014, 24.197-209.

(8] BRADLY M M, LANG P J. Measuring emotion ; the self-assessment manikin and the semantic differential[ J]. Journal of
Behavior Therapy and Experimental Psychiatry, 1994, 25(1) .49-59.

(9] ZHANG Yuxin, WEN Hanguan, DAI Xinyu, et al. Research on modeling in operator mental workload based on VACP
method[ J]. Quality and Reliability Engineering International, 2024, 40(1) :19-33.

[10] FISCHER C, HEIDER J, TAYLOR J, et al. Cognitive behavior therapy for driving fear: a pilot randomized controlled
trial[ J]. Transportation Research Rart F. Traffic Psychology and Behaviour, 2021, 83.118-129.

[11] GANYE D, SMITH K. Examining the effects of cognitive load on information systems security policy compliance[ ] ].
Internet Research, 2025, 35(1) .380-418.

(12] RUTTE L A, SCHEUER L, VAHIA 1 V, et al. Emotion sensitivity and self-reported symptoms of generalized anxiety
disorder across the lifespan: a population-based sample approach[ J]. Brain and Behavior, 2019, 9. DOI. 10. 1002/
brb3. 1282.

[13] WANG Zhihao, NAN Tian, GOERLICH K S, et al. Neurocomputational mechanisms underlying fear-biased adaptation
learning in changing environments[ J]. PLoS Biology, 2023, 21(5) :DOI:10. 1371/journal. pbio. 3001724.

[14] WU Zizhang, CHEN Xinyuan, WEI Hongyang, et al. ADD: an automatic desensitization fisheye dataset for autonomous
driving[ J]. Engineering Applications of Artificial Intelligence, 2023, 126. DOI.10. 1016/j. engappai. 2023. 106766.

(15] WRIGHT L J, VELDHUIJZEN V Z, WILLIAMS, S E. Examining the associations between physical activity, self-
esteem, perceived stress, and internalizing symptoms among older adolescents[ J]. Journal of Adolescence, 2023,
95(6):1274-1 287.

(16] HAMANN S B, ELY T D, HOFFMAN J M, et al. Ecstasy and agony: activation of the human amygdala in positive and
negative emotion[ J]. Psychological Science, 2002, 213(2) :135-141.

[17] LIU Yaqi, WANG Xiaoyuan, CHEN Longfei, et al. Driver “s visual attention characteristics and their emotional
influencing mechanism under different cognitive tasks[ JJ. International Journal of Environmental Research and Public
Health, 2022,19(9) . DOI . 10. 3390/1JERPH19095059.

(18] KRR\, 1287, KZ. BENSWTALIBHARL]. PEZENFEZFR, 2018, 28(10) :19-24.

ZHANG Dianye, CHENG Jing, ZHANG Yi. Study on the influence of emotion on driving behavior [ JJ. China Safety
Science Journal, 2018,28 (10) . 19-24.
[19] VYTAL K E, CORNWELL B R, LETKIEWICZ A M, et al. The complex interaction between anxiety and cognition :

insight from spatial and verbal working memory[ J]. Frontiers in Human Neuroscience, 2013, 7.DOI. 10. 3389/ fnhum.
2013. 00093.

EZ®N: EARMG (1983—) 5 INPUHRIA A, T 208, AR Ui, 2R g
N4 AP B TR T H ST . E-mail ;. wangweiwei@ sust. edu. cn,



