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Abstract— This paper presents the investigation results of 
driver behavioral patterns during a yellow phase, based on field 
observations of 1123 drivers at six signalized intersections of 
high accident frequency in Maryland. By classifying drivers at 
each intersection into aggressive pass, conservative stop, and 
normal groups based on their responses (i.e., stop or pass) and 
their distances to the stop line when the signal turns yellow, the 
statistical tests with the ordered-probit model clearly indicate 
the impacts of some critical factors on a driver’s decision. Such 
factors include: average traffic flow speeds, traffic volume rate, 
the green split, the number of through and crossing lanes in the 
target approach, signal coordination, the difference between 
individual vehicle’s approaching speed and average traffic flow 
speeds, individual driver’s gender, age, and talking over cell 
phone or not, individual vehicle’s type and model, and etc. The 
analysis results offer the basis for assessing the safety conditions 
at hazardous intersections, and for design of contra measures.  

I. INTRODUCTION 
 VER the past decades, intersection related crashes 
constituted about 30 percent of the total accidents on 

Maryland state routes (e.g., 34% in 2002 and 35% in 2003). 
Among those, about 20 percent involved red-light-runnings, 
which caused either fatal rear-end or side-crash collisions [1]. 
A tremendous amount of resources have been invested in 
projects and programs to improve the safety and efficiency at 
signalized intersections. Despite the progress of those 
programs, significantly reduced traffic signal related crashes 
remain a challenging task. One of the main contributors to 
this dilemma is the lack of sufficient understanding on how 
individual factors as well as external traffic environments can 
ultimately have an impact on a driver’s decision making 
process during the yellow phase [2][3]. 

In review of literature, Horst and Wilmink [4] indicated 
that such a process is governed by a multitude of factors, 
including driver attitude and emotional states, the crossing 
ability before the red phase, consequence of stopping and 
passing, interactions with other drivers, and the vehicle 
approaching speed. Their employed parameters were also 
adopted in later studies by Milazzo, et al. [5], Koppa [6], 
Shultz, et al. [7], BMI [8], and the Green Book [9]. In 
classifying driver responses during the yellow phase and 

identifying potential affecting factors, Shinar and Compton 
[10] observed more than 2000 drivers over a total of 72 hours 
at six intersections. Patten [11] investigated the impacts of 
mobile-phone usage on drivers from the perspective of 
cognitive workload and attention resource allocation. Caird et 
al. [12] used a driving simulator to measure the performance 
of 77 participants (older and younger drivers) when traffic 
signals changed from green to yellow. Liu, et al. [13] 
performed an extensive investigation of driver responses 
under different populations and vehicle characteristics. A 
study by El-Shawarby et al. [14] characterizes driver 
behavior at the onset of a yellow-phase transition on high-
speed signalized intersection approaches using field data 
gathered from 60 test subjects. Most previous studies 
concluded that male drivers are more likely than female 
drivers in taking aggressive actions; senior drivers, in 
comparison with young drivers, are less likely to manifest 
aggressive driving patterns during a yellow-light phase; the 
presence of passengers was associated with lower rates of 
aggressive driving; and the likelihood of taking aggressive 
actions increases with the driver’s value of time. It has also 
been recognized that a driver’s response to a yellow-light 
phase may vary with some other factors such as talking on 
the phone or not talking on the phone. Despite the 
informative results provided by the previous studies, the 
following issues remain to be further addressed:  
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• Only the impact of individual driver related factors were 
investigated, however the impacts of other affecting 
factors such as signal control features, vehicle 
mechanical dynamics, intersection geometric features, 
and average traffic flow characteristics on driver 
behavior were not analyzed in a systematic way. 
Furthermore, the complex interactions between those 
factors and their collective impacts on drivers were not 
fully investigated; 

• The data collection process of previous studies have 
either been conducted in a driving simulator or 
implemented through strictly controller field 
experiments. Driver behavior extracted from such 
environments could be biased and unrealistic without 
considering its interaction with surrounding traffic 
environment; and 

• Due to the constraints of the sample size and the 
measurement method, the results of previous studies 
were not sufficient for definitely identifying key factors 
affecting driver behavior patterns in different driving 
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populations. 
The research presented in this paper attempts to address 

the above issues from the following aspects:  
• Collecting detailed information on the characteristics of 

drivers, roadway geometric features, congestion levels, 
average traffic flow speeds, vehicle dynamics, and 
vehicle types and performances through a specially 
designed video-based system; 

• Classifying drivers into three groups: “aggressive”, 
“conservative”, and “normal”, based on the critical 
distance to the stop line and their stop/go decision at the 
onset of yellow-phase transition; 

• Employing a multi-stage, discrete statistical test for 
exploring the complex interrelations between a driver’s 
response (i.e., discrete in nature) to an intersection 
yellow phase, his/her individual and vehicle’s 
performance characteristics, traffic environments, and 
key intersection geometric features; and 

• Proposing potential safety improvement strategies and 
measures for traffic safety practitioners, researchers, and 
authorities, grounded on a better understanding of those 
identified vital factors and their individual as well as 
collective influences on the behavior of driving 
populations. 

II. DATA COLLECTION 
With assistance from the Office of Traffic and Safety of 

Maryland State Highway Administration, this study selected 
six intersections (MD193 at MD201, MD650 at Metzerott 
Rd., Randolph Rd. at Glenallan Rd., MD410 at Belcrest Rd., 
MD410 at Adelphi Rd., and MD193 at Mission Dr.) for field 
data collection using a specially designed video-based system 
[15]. The key information associated with each intersection is 
shown in Table I.  

 
TABLE I  

SURVEY INTERSECTION CHARACTERISTICS 

 
*Intersection indices (1-6) refer to: MD193 at MD201, MD650 at Metzerott 
Rd., Randolph Rd. at Glenallan Rd., MD410 at Belcrest Rd., MD410 at 
Adelphi Rd., and MD193 at Mission Dr respectively. 
 

A total of 56 near-side and far-side videos were collected, 
from which about more than 3000 samples were extracted. 
To ensure the data reliability, we compared each sample from 
the stop-line observers, near-side videos, and far-side videos. 
Only after the three sources are well matched, we then 

included this sample in the analysis dataset. Also, for some 
ambiguous characteristics such as driver age, we first 
classified the driving population into several age groups in 
our laboratory experiments and trained our field observers to 
have consistent classifications of various sample individuals. 
Such pre-training enables all field observers to produce the 
consistent results. Through the aforementioned procedure, 
only 1123 individual driver responses were finally accepted 
for use in the analysis. All collected variables are organized 
into the different groups for analysis as shown in Table II: 

 
TABLE II  

FIELD COLLECTED VARIABLES  

 

III. METHODOLOGY 
This study has collected a total of 1,123 observations of 

individual driver responses during the yellow phase at six 
intersections. For convenience of analysis, this study has first 
classified the driving population into three distinct patterns: 
“aggressive”, “conservative”, and “normal”, based on their 
response during a yellow phase, and then evaluate the 
complex interrelations between different driver behavior 
patterns and associated factors. 

A.  Classification of Response Behaviors 
Prior to the analysis of behavior related factors, this study 

needs to classify all observed driver decisions into three 
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distinct groups: aggressive, normal, and conservative. The 
classification is based on the assumption that there exists a 
critical distance ( ) perceived by a normal driver at each 
intersection when he/she notices the beginning of a yellow 
phase. A driver, if neither aggressive nor conservative, is 
most likely to take the stop action if his/her current location 
to the stop line ( ) is longer than the perceived critical 
distance ( ). By the same token, the driver may choose to 
pass the intersection during the yellow phase if his/her 
perceived is longer than . Note that such a critical 
distance , is not directly observable from the field data (i.e., 
either , or ) and it may vary with individual 
driver characteristics and surrounding conditions, such as 
intersection geometric features and traffic volume. Hence, 
this study has employed a discrete choice model for 
estimating the average  for driving populations at each 
intersection (see Table III).  

cd

dx

cd

cd dx

cd

cd dx < cd dx >

cd

 
TABLE III 

THE ESTIMATED AVERAGE CRITICAL DISTANCE FOR THE 
DRIVING POPULATIONS AT EACH INTERSECTION 

 
 

TABLE IV 
DISTRIBUTION OF DRIVING POPULATIONS AT INTERSECTIONS 

 
A detailed description of this estimation approach is not 

the focus of this paper, and is available elsewhere [16][17]. A 
summary of the definition for classification is shown below, 
and the resulting distribution of driving population at each 
intersection is shown in Table IV: 

• Group 1: “Conservative stop” – Drivers who took the 
stop action even though they could have proceeded 
through the intersection during the yellow phase (i.e., the 
driver makes a stop even his/her distance to the stop line 
is less than the critical distance, 

cd ); 

• Group 2: “Normal” – Drivers who took the stop action 
when cd dx >  or the pass action when cd dx < ; and 

• Group 3: “Aggressive pass” – Drivers who aggressively 
passed the intersection during the yellow phase even 
though they were quite far away ( cd dx > ). 

B. Statistical Analysis 
Since the dependent variables are discrete and ordered in 

nature, this study has employed the ordered-probit model 
[18] to investigate the impacts of associated variables on the 
resulting driving responses. The core concept of an ordered-
probit model for a dependent variable of three classes can be 
presented with the following latent regression expression: 

εβ += xy '*                1) 
Where, is unobservable, its observable outcomes are: *y

1=y  if 0* ≤y  
2=y  if 1*0 μ≤< y  
3=y if *1 y<μ  

The unknown parameter 1μ , representing the boundaries 
between ordered responses will be estimated along with 
β (parameters for explanatory variables). 

0)'0()1(Pr −−== xcnormyob β   
)'0()'()2(Pr 1 xcnormxcnormyob ββμ −−−==  

)'(1)3(Pr 1 xcnormyob βμ −−==  
The unobservable latent variable , in the above model is 

the difference between the estimated distance to the stop line 
and the threshold value , for a driver, the discrete 
dependent variable is a reflection of his/her response, which 
is: conservative stop, normal, or aggressive pass. The 
independent variables are all observable and potentially 
associated factors listed in Table II. 

*y

cd

C. Multi-stage Statistical Tests 
The statistical test with the ordered-probit model for all 

associated factors has been divided into three stages. The 
focus of Stage-I analysis is to identify critical traffic factors, 
which serve as the set of background variables for Stage-II 
and Stage-III analyses. Table V summarizes the test 
procedure for Stage I and Stage II analysis: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



TABLE V 
STATISTICAL TESTS PERFORMED IN STAGE-I AND STAGE-II 

 

IV. ANALYSIS RESULTS AND FINDINGS 
The results of Test-1 in Table VI show the impacts of 

Stage-I factors on a driver’s decision during the yellow 
phase. A positive and significant coefficient for the average 
traffic flow speed implies that the drivers are more likely to 
take aggressive passing actions in response to the observed 
yellow phase during the high-speed traffic conditions. This 
seems to justify the need to place speed enforcement at high-
speed intersections so as to improve traffic safety. A negative 
coefficient for the traffic volume and green splits indicates 
that drivers tend to be self-restricted or constrained during the 
conditions of high volume or long green times, and are less 
likely to take the aggressive-pass action during the yellow 
phase.  

Tests 2-8 shown in Table VI present the estimated impacts 
of intersection related factors on the response of drivers 
during the yellow phase. As expected, factors exhibited 
statistical significant signs include: the number of through 
and crossing lanes in the target approach, and signal 
coordination. A negative sign for the number of through 
lanes, THRUL (-.187), and a positive sign for the required 
crossing lanes, CROSSL (.112) imply that drivers in a major 
intersection approach of multiple lanes are more likely to 
take non-aggressive responses during a yellow phase. This 
may be due to the collective impacts of various factors, such 
as experiencing more volume (as reflected in the same 
estimation), having a longer green duration, and thus 
showing less desire to take the risk during the yellow phase. 

In contrast, drivers in the minor approach of a major-minor 
roadway intersection tend to be more aggressive to go 
through the intersection during the yellow phase. 

TABLE VI 
ESTIMATION RESULTS OF TEST 1 - 8 

 
Also revealed is the good signal coordination (COOR) 

between adjacent intersections tends to make drivers take 
aggressive actions during the yellow phase. This may be due 
to the deficiency of traditional signal progression models to 
take driver behavior and safety related issues into account. 
Most studies on signal progression try to focus on 
maximizing the operational efficiency of intersections, but 
not to minimize the total number of vehicles trapped in the 
dilemma zones or to minimize the total number of potential 
aggressive driving maneuvers. Other factors such as the 
yellow phase duration, the cycle length, and posted speed 
limit do not exhibit any significant impact on a driver’s 
decision making during a yellow phase among those 
available sample observations.  

Table VII-VIII reports the estimated results of individual 
and vehicle related factors on a driver’s response during the 
yellow phase. Tests 9-10 are focused on investigating the 
impact due to an individual vehicle’s approaching speed, 
while tests 11-15 are mainly on evaluating the response 
differences due to the gender and age factors. Also included 
in the evaluation are the impacts due to having passengers 
and talking over the cell-phone (through Tests 16-17), 
vehicle types (Tests 18-24), and vehicle made (Tests 25-28). 
Although the estimated relations are not consistent across all 
six observed intersections, their statistical indications have 
revealed the following interesting behavioral patterns: 

• Drivers having their approaching speeds higher than the 
average flow speed are more likely to behave 
aggressively when encountering a yellow phase 
(PER_ABOVE: 4.160/p-value < 0.1, see Test 10 in 
Table VII); 

• Male drivers are more likely to take aggressive actions 
when approaching the yellow phase (MALE: .652, see 
Test 11 in Table VII); 

• Female drivers tend to take conservative actions when 
approaching the yellow phase (FEMALE: -.652/p-value 
< 0.1, see Test 12 in Table VII); 

• Young drivers tend to take aggressive actions when 



approaching the yellow phase (YOUNG: .925/p-value < 
0.1, see Test 13 in Table VII), but senior drivers are 
more likely to be conservative (SENIOR: -.977/p-value 
< 0.1, see Test 14 in Table VII); 

• Drivers talking on phone tend to take conservative 
actions when approaching the yellow phase (PHONE: -
1.087/p-value < 0.1, see Test 17 in Table VII); 

• Drivers in vans tend to take conservative actions when 
approaching the yellow phase (VAN: -.851/p-value < 
0.1, see Test 19 in Table VIII); 

• Drivers in sports cars tend to take aggressive actions 
when approaching the yellow phase (SPORTCAR: 
1.263/p-value < 0.1, see Test 22 in Table VIII); and 

• Drivers in Japan made cars exhibited the pattern of 
taking aggressive decisions  during the yellow phase 
(JAPAN: .666/p-value < 0.1,see Test 25 in Table VIII); 

TABLE VII 
ESTIMATION RESULTS OF STAGE-II ANALYSIS (TEST 9 - 17) 

 
TABLE VIII 

ESTIMATION RESULTS OF STAGE-II ANALYSIS (TEST 18 - 28) 

 
Stage-III analysis, shown in Table IX, is designed to 

explore the compound impacts of individual and vehicle 
related factors on a driver’s behavior. It is noticeable that 
some factors, shown insignificant during individual tests in 
Stage-II, reveal significant collective impacts on a driver’s 
response during the yellow phase. For examples, the numbers 
of passengers that exhibit a negative but insignificant sign 
when the test is based on all samples, shows different and 
significant relations when the samples were divided by 

gender. As indicated in Table IX, female drivers tend to be 
conservative when having passengers 
(FEMALE*PASSENGER: -1.057/p-value <0.1), but not for 
male drivers. Similar discrepancies also exist between young 
and senior drivers with passengers. Some of critical 
behavioral patterns revealed in Table IX are listed as follows: 

• Young female drivers tend to take aggressive actions 
when approaching the yellow phase, while senior and 
middle-age female drivers tend to take conservative 
actions under the same situation (see tests 45-47); 

• Female drivers talking over phone tend to take 
conservative actions when approaching the yellow 
phase, but not male drivers (see tests 33 and 49); 

• Female van-drivers tend to take conservative actions 
when approaching the yellow phase, but not male 
drivers(see tests 35 and 51); 

• Male drivers in SUVs tend to take aggressive actions 
when approaching the yellow phase, but not female 
drivers (see tests 36 and 52); and 

• Female and young drivers in sports cars tend to take 
aggressive actions when approaching the yellow phase 
(see tests 54 and 66); 

TABLE IX 
RESULTS OF THE STAGE III ANALYSIS (COMPOUND VARIABLES) 

 

V. POTENTIAL APPLICATIONS 
The empirical information presented in this paper offers 

some valuable information for understanding the complex 
interrelations between the decision of drivers and all 
contribution factors. More importantly, with some additional 
modeling work, traffic safety engineers can design effective 
strategies to counter dilemma zone related accidents and 
estimate the distribution of dilemma zones. For instance, one 
can:  

• Enhance traditional signal timing models for possible 
reduction of aggressive driving related factors identified 



in this study without much loss of operational efficiency; 
• Propose driver education guidelines based on the 

behavioral findings in this study to depress aggressive 
maneuvers during the yellow phase; 

• Develop a driver response classification and prediction 
module to support the dilemma zone protection system; 
and 

• Construct an index of traffic safety for each intersection 
based on the distribution of driving populations and all 
critical factors identified in this study and local specific 
observations. Responsible traffic agencies can then apply 
this index to prioritize the resources for safety 
improvement and design effective policies. 

VI. CONCLUSIONS AND RECOMMENDATIONS 
This study has observed the behavior of 1123 drivers in 

response to an encountered yellow phase and their 
surrounding traffic conditions at six signalized 
intersections. The comprehensive field data obtained with a 
reliable system offers the basis for this study to rigorously 
profile driver behavioral patterns and analyze the impacts 
of various behavioral and environmental factors. Through 
extensive field observations and statistical analyses, this 
study has reached the following tentative conclusions: 
• Driving populations at most signalized intersections, 

based on their responses during the yellow phase, can be 
classified into three distinct groups: aggressive, normal, 
and conservative; 

• A variety of factors may affect a driver’s decision on 
taking an aggressive or a conservative action during the 
yellow phase. Examples of factors include: average 
traffic flow speed, green splits, traffic volume, signal 
coordination, number of approach lanes, talking on the 
phone or not, vehicle type, age, and gender; 

• The speed of a vehicle approaching the intersection in 
comparison with the average flow speed seems to be the 
best indicator for identifying the aggressive level of a 
driver; 

• The intersection geometric features may affect a driver’s 
response to the encountered yellow phase.  For example, 
drivers on the minor street are more likely to take an 
aggressive pass decision during a yellow phase due to 
the allocated short green phase; 

• A coordinated signal system may encourage drivers to 
take an aggressive passing decision during the yellow 
phase; 

• Multiple behavioral variables could have significant 
compound impact on a driver’s response during the 
yellow phase. For example, male drivers in SUVs tend to 
take aggressive actions when approaching the yellow 
phase, but not female drivers; and 

• Understanding the distribution of different driving 
behavioral patterns and the critical contributing factors is 
essential for researchers and responsible agencies to 

design of improvement strategies at signalized 
intersections. 
It should be mentioned that all above reported findings 

are exploratory in nature and much remains to be extended 
due to the complex interactions between drivers, their 
experienced traffic conditions, and the large number of 
potentially related factors. Further research along the 
followings lines will be essential:  
• Conducting comprehensive speed profile analyses with 

appropriate traffic sensors at all major intersections 
plagued by accidents so as to verify the distribution of 
driving populations; 

• Performing an in-depth driving population classification 
for intersections experiencing a high accident frequency 
with the video-based approach developed in this study; 

• Refining the set of contributing variables proposed in 
this study, and estimate the distribution of various driver 
responses to the yellow-light phase with more data from 
intersections of different geometric features and driving 
populations; 

• Performing extensive analyses on compound impacts of 
multiple behavioral variables for identifying various 
driver behavioral patterns; and 

• Applying all the research findings to develop a set of 
intersection safety evaluation models, and test their 
effectiveness in identifying underlying factors that 
degrade the quality of traffic safety at intersections of 
high crash frequency. 
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