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ABSTRACT: Red-light running is one of the prevalent sights at signalized intersections that vehicles
pass without caring for the light. A red-light runner ventures not only his life but also the safety of
other road users. This study aims to identify the driver and vehicle characteristics affecting red-light
running crash occurrence risk at signalized intersections of Iran. The study’s methodology was based
on the quasi-induced exposure concept and logistic regression model for ten independent variables
and one binary target variable of “driver status.” The statistical population included 12445 red-light
running crashes from 2012 to 2016. The results demonstrated that vehicle type, residence, license type,
and education level affect drivers’ fault status in these crashes. Based on the logistic regression model,
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truck and emergency vehicles, foreign drivers, and type 2 driving licenses increase the risk of drivers

being at fault. However, the academic education level of drivers decreases at-fault risk. Finally, some
countermeasures were suggested for reducing the risk of red-light running crashes.

Logistic regression
risk
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1. INTRODUCTION

Traffic crash fatalities are among the challenges of the
current human society that venture human health and
impose many economic costs. According to World Health
Organization (WHO), traffic incidents have been increasing
and reach 1.35 million in 2016 [1]. Traffic injuries are the
8th leading cause of fatalities among different age groups.
Moreover, socio-economic costs of crashes in European
countries are estimated at ca. 500 billion euros, which
constitute 3% of Europe’s gross domestic production (GDP)
[2]. According to UNICEE, traffic crashes in Iran kill 28000
people and disable more than 300000 annually [3]. Red-
light running is one of the most critical traffic safety issues
at signalized intersections [4]. Studies show that factors
affecting traffic crashes are mainly divided into four groups:
human, vehicle, road, and environment [5]. Studying these
factors can lead to improving traffic safety and controlling
accidents. Driver and vehicle factors have been studied in
many countries due to their vital and essential role in red-
light running crash occurrence. The current study has been
organized in Iran to investigate these two factors (driver and
vehicle). Identifying the factors affecting the risk of crashes
could help determine appropriate countermeasures for
reducing the number of crashes. This study used crash data
to examine the effect of driver and vehicle features on the risk
of being at-fault or not-at-fault in red-light running crashes.

The literature review’s contribution shows that many
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studies have been conducted in countries to analyze the
factors affecting red-light running violations, and they have
different results. The present study aims to fill the gap in
studying driver and vehicle factors on the risk of red-light
violations in Iran. Previous studies conducted in this field in
Iran were on land use, intersection geometry, and traffic light
scheduling. To this aim, the logistic regression model and
quasi-induced exposure concept are used.

2. METHODOLOGY
This study used quasi induced exposure concept and a
logistic regression model.

2.1. Quasi-induced exposure

To achieve the study’s purpose, the number of accidents
and the exposure index in different conditions and separately
for drivers’ characteristics should be available. Exposure is the
number of places and times that are prone to a particular crash
occurrence. The quasi-induced exposure concept is based on
two assumptions: (1) in two-vehicle crashes, one driver is
at fault, and the other is not-at-fault. (2) not-at-fault driver
in two-vehicle crashes is a sample of total vehicles in crash
time. The main advantage of the quasi-induced exposure
is its ability to estimate the exposure for a specific group of
drivers and vehicles, which is impossible in other methods
such as vehicle kilometers. Involvement Ratio risk is therefore
obtained by dividing the percentage of at-fault drivers in a
group of drivers to not-at-fault drivers in the same group:
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In which F] and NF]. are at-fault and not-at-fault driver
frequency in group j.

2.2. Logistic regression model

Logistic regression models are used for examining
influential variables in quasi-induced exposure. This model is
used when the dependent variable discrete.

3. RESULTS AND DISCUSSION

Based on quasi-induced exposure concept results, drivers
with 76-85 years have the highest risk and decreases in
middle-age drivers. Male drivers have more risk of running
the red this could be since they are driving more than women.
Drivers with “special” license types have more risk than other
types. The relative risk of emergency vehicles (ambulance, fire
truck, and police car) is a lot more than others that could be
due to their emergency usage, which cannot stop at signalized
intersections. The relative risk of drivers with self-employed is
more than others while drivers who are student have the lowest
risk. The reason could be related to their lower kilometer
traveled compared with self-employed drivers. Resident
drivers have a higher risk than foreign drivers, which could be
because of their route familiarity. Moreover, the relative risk
of drivers decreases with increasing their driving experience.
Expectedly, drivers who use seat belts have a lower risk than
others. Drivers’ risk rises with decreasing their educational
level. Finally, vehicles’ risk increases with increasing their age
that could be due to their brake system failure while deciding
to stop at the red signal.

According to the logistic regression results, the residence
variable is statistically significant, and the odds ratio of foreign
drivers is 47% more than resident drivers. In other words,
foreign drivers’ being at fault is 47% more than resident
drivers.

In the education variable, the “academic” level of
education is statistically significant. With determining
“Diploma” education level as a reference category, drivers
with “academic” levels are 20% less likely to be at fault. In
the license type variable, the “type 2” license is significant,

and with determining “temporary license” as the reference
category, the odds ratio of type 2 is 0.78, which means the
probability of being at-fault in “type2” license is 30% less than
“temporary” type. In-vehicle type variable, the likelihood of
being at-fault in “truck” is two times, and for “ambulance,
“fire truck,” and “police car” is 15 times more than “trailer”
as the reference category. The p-value for other variables was
more than 0.05, and they were not statistically significant.

4. CONCLUSIONS

The current study identified driver and wvehicle
characteristics in the risk of the red-light running crash
using quasi-induced exposure and logistic regression model.
The variables related to drivers and vehicles in this study are
selected based on available crash data. According to the results,
drivers’ residence, education level, license type, and vehicle
type have a significant role in the risk of running red-light.
The relative risk of men is higher than women. Also, 76-85 age
group, “special” license type, ambulance, fire truck, and police
car, “under diploma” education level, driving experience less
than five years, vehicle age more than ten years, and “self-
employed” drivers have the highest relative risk. Considering
the results, some practical countermeasures like increasing
the traffic knowledge of male drivers, separating educational
classes according to the education level of drivers with more
emphasis on driving violations in lower education levels,
special arrangements for ambulances that cannot stop at red
traffic signals could help prevent the occurrence of red-light
violations.
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Fig. 1. Relative risk of accidents based on drivers’ age group
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Fig. 2. Relative risk of accidents based on drivers’ gender
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Fig. 3. Relative risk of accidents based on drivers’ license type
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Fig. 4. Relative risk of accidents based on drivers’ vehicle type
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Fig. 5. Relative risk of accidents based on drivers’ occupation
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Fig. 6. Relative risk of accidents based on drivers’ residence

Slaolas ) 6‘)3 09>.6 axdllas ) vu‘)&wﬁul) T M‘P
@i g a8 S Sl 5 | GBal; (o (oeg 7008 Elz 5l hoe
S50 Jloiol edagse b 5]y oLl ol ol b oosls oles
Ival b oo I3l él 5l ome cilss 4y UT o
S G a4 g b Gl ol Sy (6 annlie
Sy (Sosily 6wz pals bass o olad Vv JSs o oLl
ol s @ wilgs oo azmti Gl b oo Rl (Bl il
Sl 6V S b Vsans 5 a8 65 oS, o5 sl
RVeLy ‘SAOQLQ*M:“;M‘)U&)J o‘}o.ﬁ GAAJ;)‘ u.l.c‘ju\.»..ssa
Ol CuaBge 5o anyaly (BaS]) (IS el ams (oo lis el
ale Slllhe oS o Joe 5 blise 25 o5 o], b
5 G 4,55 b oBusl; wilen,S ol "ol e 5 s (s aslllas
30,8 Elz 5l yeue Jod 5l (Sl Slals a4 ol ST e i
5o sbo (s anlllas asile Sl ¢ blie jo [NV] it Shaws b
s abaly slls (Sasly g ar,ms 4 s 5 ass T e g 1y,
L S olnl pae Jdo 4 a5 ol oo Bolal S, b LwgSas
vl sl o olas S,y 5l BT S0 pae g (Kbl puilgd
Sl (oo (s S yeS piie (p8)5 530 b e )8 €Ly

2 Yanetal
3 Liewetal
4  Martinez-Ruiza et al.

ay

ol Jab a5 SBaly ols las o Bhawis st guls

s 6y Lt bl Jelin plo 4 cans cul 5T L ol
Jelie 55 (6 asdllas o o)) Sen 5 55 [0] w5 )ls 50,3 £l )
Czles IS
oJ.Z.':l) J.l...u alo QLA.A.AJ Cul.u 9 ;.\5.)5.0.; G c\.a.._‘a "ﬁ.l.w" 9 ")..v.JAH

mon

ROy

noon

¢ ))9L.'LS" & dwd I\ 5o ‘) ulf\.\...b‘)

)l g yloline 23l ol S gise 1a)5 Elz 5l e 5
S oge Sy (5 G OS5 2 les OISLE &S (5 ok
Lf] awsls 1) ¢l

Ol 3a 8 Elz 3l e 1y oaiily 3y e Sl F S
o3 OB Sl G (oogr et (Bl (JS Gl Billae o (o
50 65Vl Sy g Wigd (o0 3008 £zl jgee AlSS o

3L oaiil, oog Ll aties Ll Lme b g oS,
ooy Lol (Lal glo Ko b o) 3,10 (55 o5 dxg 4
4 s g aiejls 45 el LL3,| o casl, o L b 3
b ez ol odsl sl (Sasl) oyl LIl gle S (28l
o Dol ) (e ol gl ygile pll b LsTh ols oo 4o
45 258 o odmal " SlST WLTET agyd g ey B,
o 6 akal, N Wes o bsl s b LTL o Bawl, o b
o iy Ollllas 5o S35 w0l W3 g 09 (s
D555 oo 58 aws 90 50 Slallae 5l edel ey guls el oo
009 g wublye [VE] o [YY] Yy] aslbe cllas 5,
Sy Gl g U1 sy gla)ld, Gl 4 e Bl
[yl dys] cIvol asl sldlas 3,k 5l .ogd o Sliolas g4

1 Habituation process



VeF B AR asan Yoo JL» A b)LoufS oY 0,9 ‘)..S,..ol ul)o.c (eWARo 4;).-5.:

VY
-
ii) I ]

Jl ol i

Jbo 8 5l e

Sy 6y el gy Bl s Sy Y S
Fig. 7. Relative risk of accidents based on drivers’ experience
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Fig. 9. Relative risk of accidents based on drivers’ education
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Fig. 10. Relative risk of accidents based on vehicle’s age
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Table 2. Logistic regression model for red light running crashes
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Continued Table 2. Logistic regression model for red light running crashes
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Table 3. Data classification results in logistic regression model
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Fig. 11. ROC curve of logistic regression model
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Table 4. Area under curve and standard error for logistic regression model
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Table 5. Omnibus test results

Chi-square df Sig.
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Table 6. Model summary
-2 Log likelihood Cox & Snell R Nagelkerke R
Square Square
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