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Configurational analysis of the causes of abnormal driving behaviors on

mountainous expressways based on SEM-fsQCA

Xiong Jiankun, Deng Yuanchang, Jiang Yunxuan

Guangdong Provincial Key Laboratory of Intelligent Transportation Systems/ School of Intelligent
Systems Engineering, Sun Yat-Sen University, Shenzhen 518107, China

Abstract: Naturalistic driving data from the Tengchong-Longling Expressway in Yunnan Province are
used, and an analytical framework involving driver characteristics, vehicle operation, road
environment, and abnormal driving behaviors is constructed. A causation analysis dataset is developed
based on vehicle motion data, road environment data, driver information, and risk levels obtained
through fuzzy comprehensive evaluation. Structural equation modeling is applied to examine the linear
influence paths, and fuzzy-set qualitative comparative analysis is used to identify configurations leading
to high-risk and non-high-risk abnormal driving behaviors. The results show that driver characteristics
have a negative effect on abnormal driving behaviors, while vehicle operation and road environment
have positive effects. High-risk abnormal driving behaviors are mainly induced by three configurations:
low-skill and high-risk-taking type, environmental-pressure type, and operation-environment coupling
type, whereas non-high-risk behaviors are characterized by a robust defensive configuration.
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Table 1 Information table of observed variables
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Table 3 Results of reliability and validity tests
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ER (S 0. 787 0.775 <0. 001
SEN3781 0.731 0. 724 <0. 001
K3 251 SEBWATR 0.798 0. 826 <0. 001

Fig. 3 Structural Diagram
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Table 4 Results of normality test
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XY 2.499  1.119  0.002  -1.363
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Table 5 Goodness-of-fit results
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Table 6 Standardized path coefficients of the model

B4 JEZEE bR I 7 H I
P NFFIE— S W B BT -0. 149 0.072 -2. 064" TE
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1)*P<0. 05, **P<0. 01, ***P<0. 001
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. Table 9 Configuration results
i M5 (RE) 3.750 2.750 1.500
EL Ak = @j%ﬁ
ST (AD) 3,000 2. 400 1. 400
S AD ~AD
H8  WEMER IR S1 S2 S3 NS1
Table 8 Results of necessity test DC & X [
AD ~AD VO ) ) ®
A
— 5k B — By RE ® o ®
DC 0. 584 0. 648 0.733 0. 644 FIRE R 0.525 0.511 0. 500 0. 437
~DC 0. 680 0.763 0. 600 0. 533 ME—FIER 0,123 0.108 0.097 0.437
VO 0. 695 0. 764 0. 607 0.529 — ik 0. 840 0. 828 0. 841 0. 842
~VO 0.572 0. 648 0.730 0. 654 AR R 0. 731 0.437
RE 0. 695 0. 724 0. 660 0. 545 SRR —Erk 0.795 0. 842
~RE 0. 563 0.677  0.666  0.633 1) @FRPAERTFIE ; @ FR B R ATETE %5 FI R WA A7

D~FoRBBAR R, ML SR AR T IR o

BRGNS 1S PER(E N 0.8 23k i R £
fift o IR A 2R A Sl R L P DA O R
(e A 1 W7 BT 249 i 5 ] g o 08 2R PR A0 25 AF
ASC S BEAE v ] igp v B 25 PE D T G 2R 1E . AR ST RE
AEEIEIY , R AR BRI, = PR A 4R — 2
TE—EPEBIE 0 0.8 BYZ&ME TR, I35 3 Z& i

K S 28 B AT M B 42 . S1(~DCxVO) . S2 (~DCx

TESAAFAEHRAN 2 25 A 7 L5

3.3 REMRE

Shy R e 20 ARG A A R fE v | 3 A R R — S 1
HARE BB TR . RS E R — 8k
A 0.8 . S BUSTECH 1, I 53 K — ok B 2
2 0.84 ISR = B SHATEE 5. 4
(F210) B7n , & HB AR SR 358 — 5
TREFAAE  RIBFE 45 R B R4 AR fil bk



8 R E R (ARRRERMUh S S0) 5 XX %
10 FRAEPERIGES
Table 10  Results of robustness tests
PONRASERS UERIE i ik 20 ik 1 30)
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