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Abstract

Traffic accidents at intersections are a very serious problem. They constitute about 50% of all
urban accidents. Human factors are one of the major causes of these accidents. Hence a clear
understanding of the relationships between socio-economic and attitudinal characteristics of drivers and
their violation involvement is esential.

The objective of this study was to determine the types and frequencies of violations at signalized
intersections in Eastern Province and to investigate the relationship between the driver noncompliance at
signalized intersections and driver characteristics. The study was carried out through field surveys at five
different locations in Eastern Province and road side interviews for signal violators and non violators.

It was found that violation frequencies in Eastern Province are very high as compared to violation
frequencies in USA. Provision of left turn lane, provision of pedestrain crossing and improvement in
sight distance reduce the violation frequencies significantly. The driving attitudes of drivers in Eastern
Province were groped in to four main attitudes by means of factor analysis of attitudes. The mean factor
scores of these four groups suggested that there is no significant difference between the attitudes of red
light violators and the attitudes of non violators in the Eastern Province of Saudi Arabia.

Finally some recommendations were made for the reduction of noncompliance at signalized
intersections.
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Chapter 1

Introduction

1.1 General

Motorization has increased very rapidly in Saudi Arabia. At the beginning of
1970 (1390 A.H.), there were approximately 100,000 vehicles in the country. Today
the total number of vehicles is more than 6 million (Statistical Year Book, 1995), and
the number of vehicles per capita approximates that of many European countries.
However, the increase in vehicle usage that took place over nearly a century in
Europe, occurred in 2.5 decades in the kingdom as shown in Figure 1.1.

With each passing day, in every country in the world, traffic accidents inflict a
staggering amount of destruction. The toll, country loss of life and limb plus the
$0Cio-economic costs to society, is high and getting higher. Traffic accident is not
simply a loss of a life but it is an unrecoverable setback to all those concemed. Each
year millions of persons are killed or seriously injured in motor vehicle accidents. In
Saudi Arabia, during1994-95 (1415 A.H.) more than 3,700 people died m traffic
accidents and another 31,000 person suffered seriously disabling injuries in more than

122,000 traffic accidents (Statistical year Book, 1995). Traffic accidents are one of
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the major causes of death in Saudi Arabia. Approximately 10% of the total deaths are
because of traffic accidents (Statistical year Book, 1995).

Mc Carthy (1987) estimated that more than 200 persons are killed or seriously
injured every hour on United States roadways and that traffic accidents are the leading
cause of death for persons aged 1 to 37.

Traffic accidents at urban intersection are a very serious problem. They
constitute about 50 percent of all urban accidents in USA (American City and County,
1992). This is not surprising because intersections are where traffic crosses, turms
made and drivers have to judge speeds of approaching vehicles and decide when to
go. Ergun (1988) estimated that in Saudi Arabia, accident rates are four to five times
greater than those of the industrialized countries.

The transportation system consists of three elements; the environment (roads
and signals), vehicles and people (driver and pedestrian). In our road-car-driver-
pedestrian system the driver/pedestrian is the only decision making component and
therefore it is his action or inaction that make this system go.

As the information processor in the system, the driver’s role is to .process
mostly visual inputs from the road, traffic and his or her own car’s behavior, make
decisions about appropriate control actions, execute these actions and observe and
respond to the new situation that results. It is believed that drivers are the main
contributors to accidents (Pignataro, 1973).

Inappropriate driving behavior can result in unsafe driving conditions and
increased accident potential. Such a behavior could result from ignorance, ap;nhy,

impatience, thrill seeking, or the desire to save time. Driving is a skill which is
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learned, and judgment comes only with experience, so that it would seem self evident
that the inexperienced will be at greater risk. Also those who drive higher mileage or
have driven longer are more exposed to risk and might be expected to commit more

motoring offenses and this violation may lead to accident.

1.2 Problem Statement

Motorist disregard of traffic control devices (TCDs) is of growing concem to
those involved in traffic engineering and roadway safety. Driver noncompliance with
traffic control devices, especially regulatory control devices has been increasing
significantly over the years. The driver noncompliance with traffic rules and
regulations contributes significantly to the problem of road accidents. Koushki and
Ghadeer (1993) found that high approach speed and noncompliance with traffic
signals at intersections are the major cause of these accidents at intersections in Saudi
Arabia.

Drivers tend to over estimate their own ability and the capability of their
vehicles. Certain inappropriate driving behaviors can result in unsafe - driving
conditions and increased accident potential. Drivers may or may not be aware that
these behaviors can be hazardous or they may not perceive the seriousness of the
potential consequences should an accident result. This is a situation that make

research in the area of traffic safety an urgent priority.



1.3 Goals And Objectives

The main goal of this study is to determine the type and frequency of violation
at signalized intersections in Eastern Province and to investigate the relationship
between the magnitude of driver noncompliance at signalized intersections and driver
characteristics. To achieve the general goal, the following specific objectives are
targeted:

1. study the type of violations at signalized intersections,

2. study the relationships between traffic violations and geometric

characteristics,
3. study the characteristics of violators at traffic signals,

4. establish relationships between the violations and the characteristics of the

violators through statistical analysis,

5. make recommendations for the improvement of driving safety based upon the

above findings.



Chapter 2

Literature Review

2.1 Traffic Signals and Their Effect on Safety

Traffic signal control alternates the right of way at an intersections to promote
the orderly movement of vehicular and pedestrian traffic prevent excessive delay to
waiting traffic and decrease the likelihood of accidents. Traffic signals must always
be easily and readily recognized by the road user and their meaning must be clearly
understood. To achieve this objective, traffic signals should be quO@, and
compliance with requirement for obedience to the signal indication should be legally
enforceable. When justified and properly designed a traffic signal installation may:
(Manual of Transportation Engineering Studies, 1994).
¢ reduce the frequency of certain type of accidents,

o effect orderly traffic movement,
e provide for the continuous flow of a platoon of traffic through proper

coordination at a definite speed along a given route,



o allow other vehicles and pedestrians to cross a heavy traffic stream,
e control traffic more economically than by manual methods.

Traffic signals do not always have a positive effect on roadway operations. An
unjustified, poorly designed, improperly operated, or poorly maintained traffic signal
may result in increased violation frequencies, increased accident frequencies,
excessive delay, motorist disregard, decreased capacity, and circuitous travel by
alternative routes. Parson (1995) argued that experience has indicated that although
the installation of signals may result in a decrease in the number of right angle
collision, there may be an increase in the number of rear-end collision.

The safety effects of signals have been examined more than those of other
TCDs. For example, Parson study of 67 intersections at Michigan area, that had no
geometric changes either during or after signal installations, showed that the total
accident rate was reduced by 15%, enough to statistically significant. The injury
accident rate, however, was reduced by only 7%, not a significant drop. Datta and
Dutta (1990) reviewed the literature on installation of signals at intersections and
reported that most studies find a decrease in right angle accidents. In their own work
Datta and Dutta studied 102 intersections before and after signals were installed, they
found patterns similar to those found by others. Rear-end collisions were 53% higher
and head-on, left turn accidents, 50% higher, while right angle accidents 57% lower
after installation. These findings raise the question of driver behavior while

approaching a signalized intersections when the light changes.



2.2 Driver Noncompliance At Signalized Intersections

A signalized intersection is one of the complex locations in a traffic system.
Hall and Hartado (1993) concluded that more than half of all traffic accidents happen
at intersections or junctions where two roads come together. This is not surprising
because intersections are the locations where traffic crosses each other turns are made
and drivers have to judge speeds of approaching vehicles and decide when to go.

Traffic signals offer potential for accident reduction by segregating the
movements of vehicles making conflicting maneuvers, but this potential is
undermined by drivers who violate the signal. The noncompliance at signals may
result from the combined effects of human behavior and traffic operational
characteristics. Such human factors might include the driver age, vision, and
perceived travel time (Mason et al. 1992, and Stoplin and Fisk 1991). Gordon and
Robertson (1990) concluded that highway geometrics and traffic operation
characteristics such as volume, type of regulatory control and speed may also affect
driver noncompliance.

The documentation of driver violations of traffic control devices in Saudi
Arabia only dates back to 1984 (Traffic violation statistics). Analysis of these
statistics, however, showed that the number of traffic violations nationwide increased
by more than 260 percent over the 6 year (1984-1989) period. During the same time
period, the number of reported road accidents increased by 23 percent. However,

official statistics in Saudi Arabia do not necessarily provide an accurate picture.
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Koushki and Ghadeer (1993) studied 16 intersections in Riyadh and Buraidah,
and they concluded that nighttime was the period with the highest rate of violation.
Off peak hour as were second, and moming peak hours had the lowest rates. Lower
traffic volumes, more relaxed enforcement during the night, and driver exhaustion
after a long day’s work may be the main causes for the higher violation rates during
off peak and nighttime hours. In another study, Gordon and Robertson (1990) studied
driver noncompliance with traffic signal at 12 intersections in Virginia, Maryland, and
the District of Columbia. They observed drivers under various operational conditions
at signalized intersections during the peak and off-peak, day and nighttime hours.
They found that most violations occurred on low AADT (Annual Average Daily
Traffic) volume intersection approaches. Similar results presented by Hall and
Margarita (1993), they conclude that accident rates are highest at night, when traffic
flows are relatively low. This may be due to sleepy or impaired drivers and the
difficulties of driving in the darkness.

Speed limits are intended to inform drivers of the maximum reasonable and
safe travel speed. However, there is little agreement on what constitutes a safe speed.
Samuel and Warren (1990) stated that properly established speed limits foster
voluntary compliance and separate the occasional high risk driver from vast majority

of drivers.

2.3 Characteristics Of Violators

Early research on psychology of the driver showed consistent accident

repeaters to be a small part of the problem (though special treatment for such groups
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is important). By and large the largest share of traffic accidents is experienced by
drivers who have one accident only. These mishaps involve misjudgments or lapses of
the normal driver and a combination of causal factors which overload a drivers
ability. The accident and motoring offense are both complex phenomena embracing
characteristics associated with the driver.

Traffic accident can be attributed to human, vehicular and environmental
factors. Ergun et al. (1988) investigated the safety problems in Saudi Arabia. They -
found that when considered alone, human factors account for about 57 percent and
when together with the other factors (vehicle and environment) about 92%, of
automobile accidents. Therefore, it is important that a clear understanding of the
relationship between the socio-economic and attitudinal characteristics of drivers and
accident involvement is obtained.

A knowledge of standards of driver behavior would help to determine which
aspects of such behavior especially need to be improved. If these standards were
assessed periodically, it would be possible to assess whether driver behavior was or
was not improving and assess the effect of policies directed to the improvement of
driver behavior.

Hedlund (1984) studied the United States fatalities rate from 1980 to 1983 and
found that traffic fatalities in U.S. dropped 17 percent during this period. A drop of
this size is most unusual, especially since there was little change in the people,
vehicles, and roads, which form traffic system and since overall traffic rose 8%. He

suggested that the drop resulted from behavioral change.
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In Japan during the period 1970 to 1979 the reduction of road accident
reduction was drastic. The fatalities were halved, while total travel increased 1.7
times during the same period. Koshi (1984) mentioned that the accident reduction in
the 1970’s was largely attributed to improvements of the environment of road users
rather than improvement of the road users themselves. But the trend in 1980’s
however, indicates a gradual but obvious increase despite the continuous efforts at
accident prevention. The only remedy left for future accident decrease is to improve
behaviors of road users, especially drivers.

A number of studies have measured general attitudes towards a variety of
transportation aspects. Several of these studies have applied attitudes to a wider scope
than violation. A commonly accepted concept in the accident field is that “ A man
works (or drives, or plays) as he lives”. A hostile, aggressive, impulsive, individual
plays in situation that requires a constant atiention, self control, consideration of
others, and respect of laws and regulation such as in the driving of an automobile is
more susceptible to having an accident.

As the human organism is fundamentally social in nature, it is probably
difficult to find instances of road user behavior that are completely free from any form
of social influence. Accident rates are known to be associated to a variety of social
factors. We know very little about the causal factors related to accidents to some
extent this dearth of knowledge may be attributed to a fatalistic view of accidents as

chance events beyond scientific understanding and control.
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2.3.1 Effect of Age

Age was found to be a major contributor to accident involvement, Forbes
(1972) mentioned that “ Accidents and convictions for traffic offenses generally
decrease with increasing age. However, when miles driven are taken into account,
both young and old drivers have poorer driving records than do middle aged group.

There is considerable amount of evidence from both American and British
studies that those aged under 20 are involved in and are blamed for a ciisproportionate
number of accidents of all types, and that those aged between 20 and 30 are also over
represented in accidents.

Calvin (1993) concluded that young novice drivers are severely over
represented in traffic crashes. Driver ages 16 & 17 have more than twice the average
number of crashes in their first year of driving and four times as many crashes per
mile driven as experienced adult drivers. Teenage drivers are two and one-half times
as likely to be in a fatal crash in which they have been drinking as the average driver.
They are twice as likely to be in a fatal crash than the average driver. Authorities
attribute the driving problems of young drivers to the following:

1. Driving inexperience and lack of adequate driving skills.
2. Excessive driving during high risk hours, especially nighttime.
3. Risk taking behavior.
4. Poor driving judgment and decision making.
Spolander (1983) argued that the young male drivers has the best vision, the

quickest reactions and often the best driving skill of all drivers and he knows it. But
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he also has a reputation for having the worst accident figures of all drivers groups.
Why? It is not an effect of not knowing where the difficulties in traffic are. This
seems to be fairly independent of the amount of driver experience. Spolander
concluded that it is probably because he underestimates the difficulties or
overestimates his own capacity or both, this results in very aggressive driving.
Spolander further argued that the driving skill of women of the same age (biological
and license), mainly due to more limited driving experience, probably is worse then
that of men. But they drive more defensively and therefore, the accident risk of these
two groups is roughly the same.

Brower et al.(1991) summarized the different studies related to older drivers.
They found that older drivers are over represented in crashes when turning, in
particular when turning left. They are also more frequently at fault in these crashes
than are other age groups, often failing to yield the right of way violating instructions

posted of traffic signs.

2.3.2 Occupation

So far, there exists little conclusive data regarding the relationship between
occupation and accident involvement. This may be due to the interaction between
occupation and other variables such as age, education and socioeconomic level.
Mcmillian’s study (1975) reported no significant relationship between the behaviors
of drivers of different occupations. In another study, Suchman (1970) found

statistically no significant differences in accident rates for variables such as the
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family’s financial status, the father’s occupation and education or the students
religion, residence and grade in school.

Coppin and Oldenbeek (1966) studied the California driver record of negligent
drivers, they found that annual mileage is a factor that would be dangerous to ignore.
The annual mileage of the negligent drivers was found to vary significantly with age,
sex and occupation, and they drove nearly twice the annual mileage of a random

sample of California drivers.

2.3.3 Education

Highway safety can be increased by improving any one of the three major
components of the highway traffic system: the vehicles, the roadway environment,
and the road user, typically the driver. Driver improvements begins even before
licensing a person to drive, at the driver education stage.

Responsible agencies have recently been making efforts to reduce the traffic
accident rate in the Kingdom. However, most of the improvement measures have
been directed toward the road network component of the traffic system. Although it is
expected that these measures will be very effective in reducing traffic accident there is
still room for improving the driver behavior. The drivers themselves are at fault in the
vast majority of accidents in the Kingdom, possibly because of their lack of sufficient
driver education.

Driver education works, but there must be a commitment if it is to be fully
effective. U.S. department of Transportation (1975) studied the effect of education on

traffic accidents. They indicated that accident involvement decreases with higher
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educational levels. The effectiveness of driver education in terms of accident
reduction has been subjected to various tests. They also indicated that students
completing a high school driver education program had as much as 50 percent fewer
accidents than non graduates, that courses containing on-the-road training were more
effective than classroom-only courses, and high school courses were more effective
than commercial or parent training.

Loft (1960) studied the effects of a driver education course on a driving
knowledge and attitudes of high school seniors, he concluded that driver education
and non driver education boys having scored high on the attitude scale had only a few
involvement’s in traffic accident. Further, boys and girls having completed a two part
course in driver education possess desirable attitudes toward driving and adequate
traffic and driving knowledge. Driver education is influential in reducing accidents
and traffic violations for teenage drivers. In this study Loft also recommended that a
study be made to show how driver education courses may be organized and presented
to provide adequate attention to developing desirable attitudes.

Cushman (1986) pointed out that task of learning has been compounded by the
growing size disparity of vehicles in the traffic mix, expansion in the number of front
wheel drive vehicles, and the non user friendly positioning and spacing of information
signs and warnings. Cushman further stated that

“The reason we have driver education is that we still have too
many traffic mishaps. Despite all the advancements in mechanical and
civil engineering, enforcement, and vehicle inspection, we still have
collisions that produce 1.7 million disabling injuries and about 45,000
death each year along with billions of dollars in property damage. We
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know that about 80 to 92 percent of the accidents are caused by human

error. We know, too, that driver education graduates have fewer and

less costly accidents as well as better violation records than those who

have not taken a course. We also know that driver education graduates

are more likely to wear safety belts and have fewer arrests for driving

while intoxicated”. (Cushman, 1986, p.7)

Cushman suggested that the best driver education courses are a full semester

long. Their integrated curriculums offer traditional classroom learning experiences

and on street practice driving, as well as simulated dnvmg experience.

2.3.4 Income

Due to contradictory data, no strong conclusions were derived regarding the
effect of different income status on accident involvement. However, Ergun et al.
(1982) investigated the highway safety problem in Saudi Arabia and found that the
low income drivers had higher accident rates then high income drivers. He also gave

the reason that it happened because of poor maintenance of the vehicle by this type.

2.3.5 Martial Status

Generally speaking, married drivers have better driving records than single
drivers. Burg (1986) concluded that this relationship tends to hold true for both males
and females, at all age levels and whether or not exposure (miles driven) is taken into
account.

Single drivers were found to be involved in more accidents than those who are
married. This is attributed to the fact that married drivers usually drive more carefully

as a result of their responsibilities towards their family members. Harrington and
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Robin (1960) showed that single male drivers average almost twice as many speed
violations as married males. Also, they always have a higher violations rates for all

types of violations, compared to married people.

2.3.6 Driving Experience

Driving is a skill which is learned, and judgment comes only with experience,
so that it would seem self evident that the inexperignced will be at greater risk. Also,
those who are most exposed to risk because they drive higher mileage or have driven
longer might be expected t0o commit more motoring offenses and have more
accidents.

The driving task appears immeasurably complex, controlling acceleration an
deceleration while maintaining proper position in the lane and at the same time
watching out for other car, pedestrians, signs and signals. The complexity is reflected
in the results of a study by McKnight and Adams (1970) who identified
approximately 1500 different perceptual motor tasks that the driver must master in
order to negotiate safely on our highways. By observing where on the road drivers
look, it was found that novice drivers looked close in front of the vehicle and more to
the right of the vehicles direction of travel than the experienced drivers. Summala and
Naatanen (1974) found that even when specifically instructed to pay attention to the
road signs, inexperienced driver missed significantly more signs than experienced
drivers.

In car driving, after controlling the confounding effect of driver age,

inexperience is still associated with higher accident involvement. The effect of
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inexperience appears to be in terms of causing inadequate directional control. Shinar
et al.(1978) found that inexperience drivers were almost seven times as likely to cause
an accidents because of inadequate drivers control.

What can we say about the other extreme, the highly skilled and experience
driver?(Williams & O’Neill,1974) found that registered race drivers are involved in
more accidents and violations than normal drivers. This is probably because as we
gain experience we tend to become overconfident and change our driving habits. The
risks that are perceived by the novice drivers prevent them from making many of the
truly risky maneuvers that the experienced driver often make. Thus, many of the
benefits that we gain from our increased skills are offset by the higher risks that we

take.

2.3.7 Speed

The deadliest of errors made by individual drivers is speed. This is true in
every society but even more so in Saudi Arabia because it is compounded by the
phenomenon known as “joy riding”, reckless driving at high speed as a form of
recreation. High speed driving is used by some people to release pressure from other
matters and to have a sense of power, a sensation often based on misperception of the
actual amount of control a driver has on a speeding car.

The choice of speed can be considered as possibly dependent on road design
factors, vehicle design and driver characteristics. Speed limits are supposed to have a
general effect on safety on the basis of two assumptions. The first is that speed limits

reduce the mean speed, which implies that if an accident occurs, the impact forces



19
will be lower and consequently the severity of injury will be lower as well. Secondly,
it is assumed that speed limit reduce the variability in speed choice, and that lower
speed variability will reduce the probability of accident occurring.

Research in the UK has indicated that drivers who habitually drive close to the
median cruising speed on a highway are less often involved in accidents that those
drivers who tend to drive faster or those who drive slower (Wilde, 1966). Thus there
is an evidence of a ‘U’ shaped relationship between accident probabilities and driving
speeds.

Rothengatter and Bruin (1988) studied the influence of driver’s attitudes and
vehicle characteristics. They identified four motivational factors that can predict
speed choice to a significant degree, these were labeled ‘pleasure driving’; ‘risk’;
‘travel time’ and ‘travel cost’. Individuals driving cars with higher top speeds tend to
drive faster than individuals with cars with lower top speeds because they regard this

as more pleasurable, and are less concerned with the costs of driving.

2.3.8 Effect of Time

Carlson (1973) in his study of age, exposure and alcohol involvement in night
crashes concluded that young drivers continue to have larger numbers of crashes than
would be expected from their representation in the population. He noted that the high
crash involvement of drivers aged 16 to 25 corresponds, to a high degree of night
driving. Carison suggested that in order to reduce the crash “costs” resulting from

these accident pattemns, it will probably be necessary to reduce nighttime driving.
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Koushki and Ghadeer (1993) studied the different type of violations at Riyadh
and Buraidah. They studied the violations at 16 different intersections and found that
the violation rate for every violation category were higher during the nighttime
periods, second highest during the off peak periods, and third highest during the peak
periods. The details of all types of violation at Riyadh and'Buraidah are given in
Table 2.1.

It is clear from the table that the mean violation rates for the most dangerous
type of signal violation of going through red (GTRVR) were 30 and 130 percent
higher during the off peak daytime and nighttime periods, respectively, then during
the combined morning and afternoon peak periods.

Gordon and Robertson (1990), studied the noncompliance with traffic signals
at 12 intersections. They found that the not stopping on red (NOSTOP) mean
violation rate was highest during the night time hours, second highest during off peak
hours, and third and fourth highest during the moming and evening peak hours
respectively.

The NRTOR (no right turn on red i.e., number of vehicles making a right turn
on red when there is a “No Turn on Red” sign) mean violation rate was also highest
during the night time hours, with the off peak hour second, evening peak hours, third,

as shown in Table 2.2.

2.3.9 Aggressiveness

Poterfield '(1960) characterizes motor vehicle which constitutes the most

important single agent of accidental injuries and death as “Death Weapons” and sees
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them as reflection of an underlying social pathology. To some extent accidents, like
suicides and homicides, may represent the socialization of aggression.

A number of studies designed to measure a wide range of personality traits
have compared individuals whose accident frequency rate is high with those whose
rate is low. While these studies shows wide variation in personality factor related to
the frequency of accidents, there seems to be some agreement on the generally anti-
social nature of the accident repeater. Schulzinger (1956) found that accidents were
more likely to occur among aggressive individuals, especially among those who are

“irresponsible-maladjusted™.

2.3.10 Risk Taking Behavior

“Bad accident risks” are frequently unstable, immature, impulsive, aggressive,
antisocial, self-centered, and overconfident, as well as being sometimes inadequate
and in secure. “The good risks” are stable, conformist, and passive and even
submissive. Attitudes towards the taking of risks and danger seem to vary according
to age and sex, with young man the most willing to take risks.

Suchman (1966) studied the attitudes of high school students found that those
students who are most favorably disposed towards “taking chances” are about four
times as likely to have had more than one accident in the past year as those who are
most opposed (26.9% vs. 6.2%). Similarly student who find “thrilling” to ride in a fast
car are also more likely to have suffered accidental injury than those who do not have

these attitudes.
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He further found that, among high-school students, the more the individual
describes himself as being ‘wild, daring, or liking to show of’, the more likely he is to
report having had two or more accidents during the past year, in addition, the more
careless he is and the more easily he losses his temper, the more likely he is to have

being injured in an accident.

2.3.11 Aberrant Behavior

There is an indication in the post research that, on a behavioral level, accidents
are closely associated with various indices of behavioral deviation. Suchman (1966),
in summarizing the work of various authors, stated that individuals from broken
homes are more likely to be involved in accidents, children in families with higher
cohesion and belief in tradition were less likely to have accidents than children in
families not so well integrated. He further stated that individuals who have frequent
accidents are far more likely to have court records of law violation than ir;dividuals
with fewer accidents.

Deviance may also be usefully applied to accident research. To the extent that
the community has institutionalized certain safe modes of behavior, departures from
these may be viewed as aberrant behavior. Suchman (1966) also viewed accidents as a
form of deviant behavior and hypothesized that there is a threshold of conforming
behavior beyond which an individual entered into accident inducing situation. These
threshold are established by the social groups in terms of accepted patterns of safe and

unsafe behavior repeated accidents may thus be a symptom of individual deviance
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from a group of norm of safe behavior. Suchman also concluded that the more deviant

the individual is, the more likely he is to have an accident.

2.3.12 Previous Violations

The violation of rules means a negative attitude towards traffic safety, and
unwillingness to be concermned with other road users, or a willingness to accept a
smaller safety margin. McMillan (1975) concluded that drivers with a previous
history of traffic conviction and accidents, are on the average, more likely to be

involved in subsequent accidents than are drivers with clean records.

2.3.13 Fatigue

Falling asleep while driving is the most extreme end result of fatigue. Driving
may not require excessive muscular work, does require mental work. There is only
one successful way to overcome the effect of fatigue, taice a nap. When this is
unrealistic, the driver can energize himself of herself, by continuously shifting his or
her eyes from one side of the road to other, chewinggum, by singing, by opening
window to let fresh air come in, and the like. Toaka (1993) summarized the results of
three studies and stated that approximately 20% of all drivers have either been
involved in or have narrowly missed being involved in a traffic accident caused by

drowsiness or falling at the wheel.
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2.3.14 Social Maladjustment

People who are socially maladjusted in other areas of life (based on their
interactions with various public agencies) tend to be over involved in violating traffic
laws and in causing accidents. Havilend and Wicemen (1974) who compared the
driving records of 114 jailed criminals with those of the normal populations. The
criminal driver was found to have, on the average, 3.25 times as many citation for
traffic violations, and be involved in 19.5 times as many fatal accidents as the average
non criminal driver. Furthermore, criminals who were involved in major traffic
offenses, were likely to have been involved in major crimes, and those involved in
minor traffic offenses in minor crimes, suggesting that the degree of individual’s
deviations from societal norms is similar in divergent areas. Those having repeated
accidents or committing serious motoring offenses have a poor social adjustment. As
a group they appear to be “out of step” with society, to be inr conflict with authority in

other ways and to need the support of social agencies.

2.3.15 Automobile Maintenance

Many auto crashes are the result of the driver psychopathology which
translates it self into dangerous driving behavior but there may be further role caused
by psychopathology in terms of poor auto maintenance. The National Safety Council
of United States has estimated that 11% of all crashes are due to defective vehicle and
other estimates are even higher. It has been noted that person with certain life styles,

such as impulsive, irresponsible, and anti social personalities, exhibit risky driver
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practices, Pokorny (1966) hypothesize that these characteristics might also lead to risk
taking in terms of poor vehicle maintenance.

In each crash it is necessary to evaluate the extent to which any vehicle defect
or malfunction has contributed to a particular crash. Pokorny (1966) found that 26 of
the 34 study vehicles (76%) had one or more defect which were considered to be
causative contributory to the crash. The most common causative defect was poor
brakes and this was likewise the most contributory cause. Of the 21 automobiles with
defective brakes, rated either causative or contributory, 19 had more than 45,000
miles on the odometer. This immediately raises the point that cars with this much
mileage should have specific emphasis on brake inspection. Pokorny also found that
vehicular system reflects personality disorders and the abnormal personality leads to
poor vehicle maintenance and to poor driving. He further stated that, of those with
abnormal personality disorders, significantly more received tickets for traffic violation
in connection with the crash. In short, abnormal personality functioning contributes to

auto crashes both through faulty driving and faulty vehicle maintenance.

2.3.16 Effect of Enforcement

Most well planned studies of enforcement have been concerned with its
effects on driver behavior. The overwhelming majority of studies reviewed were
concerned with speeding because it is the most common traffic offense, it can be
detected more readily and positively than any other traffic offenses.

Armour (1984) summarized the different studies on traffic law enforcement

and stated that the majority of studies concerned with driver behavior have been
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interested in the immediate effect of traffic enforcement and only a few studies have
attempted to consider the long term effects of enforcement. The most common
measure used has been speed, but other aspects of driving behavior such as traffic
signal and stop sign obedience have occasionally been used.

It is generally accepted that police law enforcement influences driving
behavior. Police law enforcement influences offending drivers by booking them and
then punishing or removing them from the traffic stream. On the other hand, police
enforcement also influences general drivers because they think that traffic laws are
being enforced and that a real risk of detection and punishment exists when traffic
laws are broken.

Armour (1984) suggested that in order to influence community driving habits
and provide general deterrence, it would seen logical that the police should maintain
highly visible presence. It is possible that in addition to the halo effect of
enforcement, there may also be a memory effect. That is , drivers may alter their
behavior because they are in an area where they have previously, seen an enforcement
vehicle or where enforcement vehicles are known to operate although they might not
be apparent at the time.

To have an effect upon a driver’s behavior, an individual enforcement unit
must be seen as a threat for an enforcement unit to appear threatening, Shinar (1978)
suggested that it must be visible, identifiable and prepared. Shinar studied the effect
of enforcement and public information on compliance and suggested that law

enforcement unit must be highly visible. The greatest visibility of law enforcement
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were most effective in securing compliance with traffic laws. He suggested some
specific techniques for maximizing visibility i.e.
¢ Remaining stationary in order to maximize exposure to drivers, rather than
operating within the traffic stream.
o Parking vehicles in highly visible locations.
He further suggested that visible enforcement must appear threatening.
Motorist must perceive an enforcement unit as being ready, willing and able to

apprehend them before they will perceive themselves as being at risk.



Chapter 3

Methodology

This study was designed mainly to analyze the relationship between the non
compliance behavior at signalized intersections and driver characteristics. To achieve
this, certain apriori hypotheses were set and these were later on tested. To achieve the
stated objective, this study was divided into two sub-studies, the first study was a
‘Violation Study’ in which violations at different intersections in the Eastern province
were studied. The second study, was the “Violator Study’ in which characteristics of
violator at different locations in the Eastern province were investigated by

interviewing violators and non violators.

3.1 Violation Study

In this study, violation at different intersections were studied by field survey.
The intersections were selected so as to cover the whole Eastern province. Twelve
intersections were randomly selected from Eastern province covering Khobar,

Dammam and Qatif area. The primary consideration, however, was that the selected

30
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intersections should have some basic design elements which would be similar to
intersections in other part of the Kingdom.

To achieve the stated objectives, the following steps were followed:
1. formulation of hypotheses,
2. definition of violation type,
3. determination of study duration,
4. experimental design,
5. selection of sample intersection,
6. pilot study,

7. data collection,

3.1.1 Research Hypotheses

It is hypothesized that there is a relationship between driver noncompliance
with traffic signals at intersections with time of the day, volume of traffic,
location(CBD and Fringe area), intersection geometry covering existence of exclusive
left turning lane and number of lanes (1 or 2 lanes and 3 or more lanes) and the driver

characteristics.

3.1.2 Definition of Violation Type

On the basis of review of literature and field observations, and keeping in
view of research hypotheses six types of violation at signalized intersections have

been defined.
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1. Not Stopping On Yellow (NSOY) violation frequency; the number of vehicles
speeding to go through the intersection during the yellow phase rather than

stopping and waiting for the next, green phase.

2. Not Stopping on Red (NSOR) violation frequency; the number of through and
left tuming vehicles entering the intersection past the near curb line after the

onset of the red signal indication.

3. Starting On Red (SOR) violation frequency; the number of vehicles starting to

move before the completion of the red phase.

4. Right Turn on Red With Stop(RTRWS) violation frequency; the number of
vehicles making a right turn on red with stop where such a turmn is not

permitted.

5. Right Turn on Red Without Stopping (RTRWOS) violation frequency, the
number of vehicles making a right turn on red without stopping where such a

turn is not permitted.

6. Total Number of Violations (TOTVIOL) frequency; the sum of above 5

violation types.

Violation rates will be calculated by dividing the number of violations per 100

vehicles of its corresponding traffic volume.
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3.1.3 Study Duration

The following equation is used to determine the required duration (NT) of the

study (Glauz and Migletz, 1980).

2
NT =[100-212—C -
PC" mean

Where, NT = number of units of time that the traffic must be observed
Z = a constant corresponding to desired level of confidence (i.e. 90%)
PC = Permitted error in the estimate of mean conflict rate

o= expected variance of the noncompliance rate

mean = hourly mean value of red light violations.

For this study hourly mean and hourly variance values of nor_lcomplignce are
needed. Koushki and Ghadeer (1993) conducted a study on driver noncompliance
with traffic signals in Riyadh and Buraidah. The average mean was 13.5 violations
per hour and the variance was 3.9 violations per hour for speeding on yellow
violation. Speeding on yellow violation had a lower frequencies than going through

red.

Mean = 13.5 violation/hour
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Variance = 3.9 violation/hour

Z=1.65 (for =0.10)

P=50%.

NT = (100 * 1.65/50) 2 * 3.9%/ 13.5%

NT =0.91 hours ~1 hour.

To increase the confidence it was decided to do the study for one and a half

hour at each selected location (approach).

3.1.4 Number of Intersection Approaches

The sample size needed can be determined using the formula. (Manual of

Transportation Engineering studies,1994, p.229).

Where

n = Number of approaches

Z..» =normal random variable at 95% confidence level
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o* = expected variance of the noncompliance rate

E = permitted error in the estimation of noncompliance rate

Based on the study done in Riyadh and Buraidah by Koushki and Ghadeer
(1993), The mean and standard deviation for speeding on yellow violation were 3.35
and 1.95 violations per hour per approach respectively. Thus, the size of the sample so

that it gives the margin of error not greater than + 1.68 (which is 50% of mean).

Therefore,

n = 1.96°*(1.95)*/ (1.65)

n = 5.4 approaches = 6 approaches.

3.1.5 Experimental Design

The violation counts and interviews were made in Khobar, Dammam and Al-
Qatif area. An experimental design was aimed to study the effect of time (Peak, off
peak and evening), location (CBD and fringe area) and intersection geometry covering
existence of left turn lanes and number of lanes (1 or 2 and 3 or more lanes). With the
calculated number of approaches as given above, and the factors mentioned above, a
full factorial design was aimed as given in Table 3.1. For each cell a minimum of 6

approaches was aimed to be selected.
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Table 3.1: Experimental design of violator study.

Number of Approaches
Approach Geometry Location
CBD Fringe
With Left Lane 3 or more lanes 6 6
1 or 2 lanes 6 6
Without Left Lane 3 or more lanes 6 6

1 or 2 lanes 6 6
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However, it was not possible to find enough approaches with 3 or more lane
without left-turn lanes. Therefore, the experimental design was modified and the line
corresponding to these approaches were dropped as shown in Table 3.2. The study
intersections were selected randomly from a list of candidate intersections in five
areas within the Eastern province namely, Al-Augrabia, Khobar, Dammam Thougba
and Qatif. With these selected intersections, the number of approaches given in Table
3.2 were obtained. Each cell contained at least 6 approaches as per the sample size
requirement calculated above.

Furthermore, each of these intersections were studied for 2 hr periods during

off-peak (1:30 to 3:30 PM), peak (3:30 to 5:30 PM) and evening (5:30 to 7:30 PM).

3.1.6 Selection of Sample Intersections

Twelve intersections were selected from Eastem province covering Khobar,
Dammam and Qatif area. The Primary consideration, however, was that the selected
intersections should have some basic design elements which would be similar to

intersections in other part of the Kingdom.

Based on the experimental design the selection of intersections were depend
on a number of criteria, these include area type (CBD or fringe), number of
approaches (four only), number of approach lanes, geometry of approaches (left turn
lane exists or not exists) and volume of traffic. For this purpose a survey was
conducted around Khobar, Dammam and Qatif area and a inventory of 60

intersections were made. Twelve intersections were selected from the list of possible



Table 3.2: Modified Experimental design of violator study.

Number of Approaches
Approach Geometry Location
CBD Fringe
With Left Lane 3 or more lanes 10 7
1 or 2 lanes 6 8
Without Left Lane 1 or 2 ianes 8 6

38
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locations (given in Table 3.3) on the basis of above criteria and time/budget resources
of the project. In selecting the location, it was intend to cover the whole area. Six of
the intersections were located in Khobar area, four were located in Dammam area and

the rest of the two intersections were in Qatif area.

3.1.7 Pilot Study

A two hour pilot survey was conducted before the actual survey was started.

The purposes of pilot study were to check:

] whether the number of surveyors are adequate
° the instruments used during the study
L whether each observer understand his job clearly or not.

For that purpose, each observer were assigned same things to measure during
15 minutes interval for two hours. The results of pilot study were used for testing the

reliabilities of observers. The results were presented in Table 3.4.

As generally the reliabilities was very good. However, as seen from the table
that the right and left volume count of observer number 3 for the 2nd interval did not
match with the other observers but the total volume count is same. This was because
the observer changed the tally board button during the counting period. To remedy

this situation we used written tags on tally boards for every task afterwards.



Table 3.3: Detail of selected intersections.

S.No Code Intersection Location Area Appr Noof Left Turn
Type oach thru Lane

lanes
1 FK2 Riyadh Street Thougba Fringe 1 2 Exist
1 By 2 2 Exist
15th Street. 3 2 Exist
4 2 Exist
2 FK6 Al-Khobar Street Thogba Fringe 1 2 Not Exist
By 2 2 Not Exist
20th Street 3 2 Not Exist
4 2 Not Exist
3 FK8  Al-Amirhmoud St.  Augrabia Fringe 1 3 Exist
By 2 1 Exist
4rth Street 3 3 Exist
4 1 Exist
4 FD1 Ibn-Sina Street Dammam Fringe 1 3 Exist
By 2 3 Exist
1st Street 3 3 Not Exist
4 3 Not Exist
5 FD3 Ibn-Khaldoon Dammam Fringe 1 3 Exist
By 2 3 Not Exist
1st Street 3 3 Exist
4 3 Exist
6 FQ2 Jazira Street Qatif  Fringe l 2 Exist
By 2 1 Not Exist
Bader Street 3 2 Exist
4 2 Not Exist
7 CK1 King Abdul AzizSt. Khobar CBD 1 3 Exist
By 2 2 Exist
28th Street 3 5 Exist




S.No Code Intersection Location Area Appr Noof Left Turn
Type oach thru Lane
lanes

4 2 Exist
8 CK2 King Abdul AzizSt. Khobar CBD 1 3 Exist
By 2 2 Exist

22nd Street 3 3 Not Exist

4 2 Not Exist
9 CK3 King Abdul AzizSt. Khobar CBD 1 3 Exist
By 2 1 Exist
16th Street 3 3 Exist
4 1 Exist
10 CDl1 KingKhalid Street Dammam CBD 1 2 Exist
By 2 2 Exist
1st Street 3 2 Exist
4 2 Exist
11  CD3 King Abdul Aziz Dammam CBD 1 3 Exist
By 2 3 Exist
Ist Street 3 2 Exist
4 2 Exist
12 CQ3 Qudssi Street Qatif CBD 1 3 Exist
By 2 2 ‘Exist
Fateh Street 3 3 Exist
4 1 Exist
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3.1.8 Data Collection

The data on physical and operational characteristics, traffic volume, traffic
violations and approach speed were collected at each intersection by a 5 member
team. All the intersections were operating with fixed time signal controllers, and had
4 phases. The intersections were studied during 7th-29th December 1996. The data
were collected during the working days of week ie. Saturday through Wednesday.
Only weekdays were selected because the traffic pattern on weekends is very much
different from that on weekdays and our experimental design does not include
weekends. The time of observation was 1:30 PM to 7:30 PM. The data collected for

each leg of intersection were:

a) traffic volume count (left, right and through).

b) traffic violation count (six types).

¢) speed measurement.

d) signal timings i.e. (green time, yellow time, red time and signal cycle length)

e) operational and physical checklist of intersection.

f) rough sketch of intersection.

g) measurement of approach width and median width.
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The time under which compliance studies were conducted can affect the
results therefore, these studies were performed in good weather and normal conditions
(i.e. there were no circumstances present that may affect the result). Dry pavement

condition and fair temperatures prevailed during the monitoring period.

Traffic volume and traffic violations were collected for 2 hour periods during
off peaks (1:30 to 3:30 PM), peaks (3:30 to 5:30 PM) and evenings (5:30 to 7:30 PM)
for a total of 6 hour per intersection. At each intersection, traffic volume and
violations were counted on a rotation of 15 minute intervals per approach for 6 hours.
This provided 15 minutes sample volume and violations count per hour per approach.
so for each of above 3 periods we have half hour readings. Hourly volumes were

obtained by expanding the half hour of sample counts for each approach.

For monitoring large intersections with heavy traffic volumes, as many as six
people were involved in the collection of data. The survey team mostly included the
same trained individuals throughout the study period to ensure the consistency in the
quality of the collected data. However, if some new survey member was included in
the team, he was assigned either speed measurement or volume count. Survey team
was comprised of graduate and undergraduate students mostly from civil engineering

department.

Lectures were given about the objectives of this study to the survey team.

Training included explaininé the use of equipment and recording the data on the
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prescribed forms. For violation observers, literature about the operational definitions

of different types of traffic violation was given and explained.

There were generally 5 surveyors working on the intersection. one surveyor
measured the approach speed, one surveyor measured the total volume count i.e. left,
right and through volume. If volumes were high than he only measured either right
and through or left and through volumes, the other observer take care of the left over
side. Two surveLyors measured six types of violations and vehicles whose drivers had
a free choice of stopping or not stopping. One surveyor took the intersection
inventory, measured the signal timings during off peaks, peaks, and evening periods,
he was the group leader and also responsible for on site training for new surveyors,
coordination among surveyors, made random checks on other surveyors, keep the
time, recorded the data on data sheets, and finally transferred all the data on one sheet.

The positions of surveyors are highlighted on Figure 3.1.

The surveys usually started at 1:30 PM and continued till 7:30 PM without any
break. Six rounds of observations were taken each day. The first round usually was at
1:30 PM to 2:30 PM, the second round from 2:30 PM to 3:30 PM and so on till sixth
round from 6:30 PM to 7:30 PM. Usually the survey begins with northbound
approach. The period of observations was of 15 minutes per approach. Thus, at 1:45
PM, observation at northbound approach was completed. the observers recorded the
volume and viqlations counts from tally board to prescribed forms and than moved
counterclockwise to new position i.e. westbound approach. Thus, from 1:45 PM to

2:00 PM, they completed the observations on westbound approach. thus from 2:00
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PM to 2:15 PM they took observations at southbound approach and from 2:15 PM to
2:30 PM they covered eastbound approach. This completes one round of observation.
Similarly second round was started from 2:30 PM from northbound approach and
completed at eastbound approach at 3:30 PM. The timings are shown in Figure 3.2

The approach speed measurer usually stand about 100 to 150 m away from the
signal. Sometimes his radar’s direction was toward signal or sometime away from the
signal depending upon his distance from the signal. If he stand more than 150 m away
from the signal the direction of radar was toward signal and if he stand between 100
to 150 m the direction of speed measuring radar was opposite to the signal. When
measurer measured the required number of vehicles i.e. 70 at northbound approach
then he moved to westbound approach The observer measured the approach speed at
four approaches during off peak, peak and evening time.

The equipment used was very simple. The violation observers and volume
counters, used tally boards and stopwatches. The speed measurer used a speed
measuring radar. For measuring approach width and median width, a wheel meter was
used. The green, yellow, red times and cycle length of signal were recorded using
electronic stop watch. The physical details of the intersections were alsq taken on
specially designed form for this study. Necessary changes were made in the form after

pilot study. The form is given in Appendix A.

3.2 Violator Study

One of the objectives of this study was to understand the social and

physchological characteristics of the traffic violator. For this purpose an interview
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form (questionnaire) was developed. The questionnaire is of great importance for it
has to yield the raw material for the research.

Writing good survey questions is very difficult. Consequently, many surveys
have questions with no feasible responses, questions with too many feasible
responses, t00 many questions, vague instructions, and other flaws. The best sampling
plan and the most exhaustive statistical analysis are meaningless unless valid and

reliable responses are obtained from the persons sampled.

3.2.1 Research Hypotheses

It is hypothesized that there is significant relationship between driver
noncompliance at signalized intersections with his socio economic characteristics

such as:

Age: Number of violations increase with age of drivers.

Nationality: Saudi’s make more violations than non Saudi’s.

Occupation: Blue collar workers make more violations than white collar ones.
Education: The number of violations decreases with higher education.

Driving Experience: Number of violations decreases with experience of driving.
Income: Number of violations decreases with the increase of income.

Driving School: The drivers who had training in a driving school will have less
violations.
Kilometers Driven: Number of violations increases with number of kilometers

driven.
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Marital Status: Married people will have less violations than the unmarried ones.

3.2.2 Question Order

Research has shown that responses to a question can differ depending on
placement of the question in relation to other questions. There are no rules on
question order, but several general suggestions for obtaining higher quality responses
include:

L. place easier questions early in the survey to avoid discouraging respondents,
2. place questions that may be threatening to respondents in the middle of the
survey, (Sudman and Bradburn, 1982).
3. place demographic survey at the end of the survey. (Stopher and Meyberg),
4. avoid response set bias (a series of questions in a row with the same response),
Survey begin with an introduction explaining who is conducting the survey,
the purpose of the survey, the subject matter covered by the survey, and information

on the respondent’s rights and privileges.

3.2.3 Types of Questions

There are two basic types of questions. Closed questions present a fixed set of
alternate answers to the respondent. Open questions allow the respondent to create his
OWI answer.

A closed type of questionnaire was designed for this study which present a
fixed set of alternate ans“./ers to respondent. Closed type of Questionnaire was

preferred for several reasons. First, answers to a closed questions are ready for
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analysis. Second, closed questions allow respondents a common frame of reference.
Third, close questions aid respondent recall. Fourth, closed questions reduce the
amount of writing required and save time of respondents and interviewer, which is
very important in our case because this study was conducted at signalized
intersections where there is continuous movement of traffic. Finally, closed questions
are less taxing mentally, so respondent will provide higher quality answers with a
higher response rate (Alerck & Settle, 1985).

Closed questions takes many forms “Yes or No” questions are common and
simple to score. Checklist questions provide respondents with a list of possible
responses, from which they may choose one or more items. The key to constructing
unbiased checklist questions include:

1. List must include all possible answers.

2. The items must be mutually exclusive.

3. There should be more variation between items then within individual items.

“No opinion” or “Don’t Know” options were offered on checklist to include
all possible answers and to avoid bias (Converse and Presser, 1986).

Closed survey questions may provide scales to the respondents so that they
can choose positions on a continuos spectrum of possibilities. In comparison to other
forms of closed questions, scales may save space on a written survey or save time in
an interview.

In this Questionnaire a Likert Scale is used. Likert Scale measure the degree to
which respondents agree-: with a statement, and usually run from | = Strongly agree

through 3 = Neutral or No opinion to 5 = Strongly disagree.
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The following points were under consideration during the preparation of
Questionnaire.
make questions as short as possible,

use standard demographic questions and terms,

use simple word to make the questionnaire understandable to least

sophisticated respondent,
avoidance of technical jargon and slang,

respondents sometimes misinterpret very simple terms therefore we define

terms very carefully,
avoidance of controversial, racial, ethnic, or otherwise biased language,

avoidance of double negative questions because these types of questions

confuse the respondent,

3.2.4 Scale Development

Psychological scaling methods are procedures for constructing scales.. For the
measurements of psychological attributes many methods have been developed, with
contributions coming from a variety of different fields.

Measurement of attitudes is not an easy task axid if done improperly can lead
to misleading results. Many researchers could not establish relationship between
attitudes and other behavioral variables because of the improperly developed scales.
Attitudinal scale construction efforts will follow the methods suggested by Ergun

(1979).
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The steps involved in scale construction are outlined below.

- Setting the purpose of measurement for developing the attitudinal scales.

. Definition of the environment to which the hypothetical concepts have to be
related.

- Specifying the hypothetical concepts through literature surveys focus group
meetings, expert opinion and common sense.

. Writing attributes or items related in measuring respondent’s attitudes.

- Removal of any ambiguities in the item list through expert’s consent.

. Conducting a pilot study with a convenient sample through a pretest questionnaire
that contains the items that measure respondent’s attitudes towards the
hypothesized concepts.

. Subjecting the responses obtained from the pilot survey to factor analysis to
confirm that the listed items represent the hypothetical concepts.

- Refinement and selection of the best attributes describing each perceptual concept

that were include in the development of the main survey.

One of the task in scale development is to develop hypothetical concepts.

Once these concepts are hypothesized, individual statements (items) are written

related to each of these. These hypothesized concepts and individual items are given

in Table 3.5. Note that all of these statements relate to the local conditions and this is

clearly explained to the respondent.



Table 3.5: List of attitudinal statements selected for pilot survey.

Hypothetical concept

Statements related to hypothetical concept.

1. Regional Safety:

2. Degree of road safety

practice

3. Aggressiveness in

driving

4. Law Enforcement

10.

1L

12.

13.

14.

15.

16.

17.

18.

19.

20.

22.

23.

There are too many unnecessary rules on the road.

[ feel a bit anxious when I approach an intersection.

Roads needs better maintenance.

Traffic signs and signals are well placed.

Drivers in Saudi Arabia obeys traffic rules in general.

Traffic signs and signals are well organized and maintained in this
region.

One should always obey traffic laws.

One should avoid taking risks on the roads.

It is useless to check breaks, tires and break lights on regular basis.
Overtaking makes me nervous.

One should always be alert of other drivers mistakes.

It is sometimes a challenge to overtake the car in front of you.

[ wouldn ‘t mind breaking a traffic law if it means getting out of a
difficult situation.

[ would rather accelerate than brake to get out of a difficult situation.
[ like driving fast.

There is never any point in taking a chance.

I like competing with other vehicles on the road

Traffic policemen are helpful.

Current driving licensing method is good.

There should be more traffic control.

- There are too many unnecessary traffic signs and signals.

Persons below 18 years of age should not be allowed to drive.

Speeders should be penalized.

54
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Hypothetical concept

Statements related to hypothetical concept.

S. Vehicle Environment

24. Vehicle should be checked by government agency.
25. Lots of accidents are caused mainly because of poorly maintained
vehicles.

26. In general, vehicles are well maintained in this area.
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3.2.5 Development of Initial Form

By considering all of the above mention points, the initial interview form was

developed, which is given in Appendix B1 and consisted of the following parts.
Cover Letter

A cover letter, signed by the Chairman of Civil Engineering Department, was
prepared. In this letter, the purpose of the interview was explained, confidentiality
was stressed, time that will take to fill the questionnaire was stated and in the last

thanks statement was printed.
Part A

This part included some light questions and works as a ‘warm-up’ for the
remainder of the form. Also some essential questions related to the driving
experience, such as number of accidents, motoring offenses, knowledge about some
driving rules were included in this part. These questions were revised accordingly to
the responses and comments that were obtained from the respondents in the final
questionnaire.

Part B

To study the attitudes of driver various statements were prepared. The
attitudinal statements related to some hypothetical concepts were gathered through
literature review, ‘focus group’ meetings with advisors, with some drivers and by
discussions among the research team. The final list which was included in the pilot
survey questionnaire is presented in Table 3.5. This list contained 26 attitudinal

statements. The drivers were asked to respond to these statements using a five point
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Likert scale. These statements were randomly ordered and included in the pilot
questionnaire which is given in the Appendix B1.
PartE

Part E of the questionnaire contain the questions related to socio-economical
background of the respondent. In this part questions related to age, income,
nationality, occupation, marital status, number of children and state of health were

asked.

3.2.6 Pilot Survey for Violator Study

To test the draft form, a pilot study was performed. The objectives of the pilot
study were as follows:

1. To see if the respondents have any difficulty in understanding and
responding to any question.

2. To test and revise the attitudinal questions related to driving attitudes. This
was, probably, the most important reason for running the pilot test.

" Originally this part contained 26 questions and it was necessary to shorten this
list in 2 meaningful way to reduce the response time and yet be able to have reliable
attitudinal scale.

Pilot testing was achieved by a convenient sample among the university
students, faculty, staff, friends and relatives outside the campus. Fifty six interviews
were obtained by a close follow up. These questions were delivered and picked up
from the respondents. This sample size was deemed sufficient for the pilot study

purposes.
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Various comments were made about some of the question (the respondents
were asked if they had any comments and difficulty about the form when it was

picked up). All these comments were taken care in the final form.

3.2.7 Factor Analysis of the Attitudes

The 26 statements related to driving attitudes were subjected to factor analysis
in order to validate the hypothesized concepts and to reduce the number of items as
describe below. Based on the correlation among the 26 items, factor analysis groups
these items into ‘factors’.

In this study factor analysis was mostly used in a ‘confirmatory’ manner
because factors were already hypothesized as given in Table 3.5. However it will also
be used in reducing the number of items as indicated below.

Factor analysis was performed using principal component technique and
varimax rotation with SAS package. Rotated orthogonal factor loadings were
obtained for solutions in 4 through 9 factors. The rotated factor patterns for these
solutions are given in Appendix C. The results of these solutions are summarized in
Figure 3.3. In this figure, the attributes that have high loadings on each factor solution
are indicated and the factors have been named after the items that have high loading
on them.

One criterion for deciding about the number of factors is the eigenvalue
criterion which suggests that factor extraction should be stopped when the
eigenvalues drop below 1. The eigenvalue plot for different number of factors is given

in Figure 3.4. According to this figure, eigenvalues fall below 1.0 at nine factors,
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Figure 3.4: Eigenvalue plot of factor analysis for pilot study

60



61

therefore we can extract up to nine factors. However, many of the factors become
meaningless as explained below after five factors.

Another criterion is the ‘interpretability’ of the factors. From the loaded items
in the factor (see the factor loading in rotated factors in appendix), they should
represent a clear meaning. As can be seen from Figure 3.3, some of the factors
become meaningless after the five factor solution or had factors with very few
statements.

Also in the five factor solution, the road anxiety factor had only two items
which were seemingly unrelated. Later on, one of these statements disappeared from
this factor. Therefore, this factor does not seem to be a stable one. On the other hand,
in the six-factor solution ‘Non-Risk Factor’ emerged and remained as a stable
solution for the remainder of analysis.

The ‘Sign and Rule Consciousness’ factor had the following stable statements.

Item 10: Traffic signs and signals are well organized and maintained in this region.
Item 16: There are t0oo many unnecessary rules on the roads.
Item 20: Traffic signs and signals are well placed.

Although item 3 had some low loadings at the beginning, it disappeared from
this factor in higher factor solutions. Item 10 and item 20 are almost similar in
meaning therefore it was decided to drop this factor from the main survey. Finally,
fifteen items 3 or 4 items each factor that had the highest loading in each factor were
selected to be included in the main survey and these are given in Table 3.6. As can be
seen from this table there is considerable agreement with the original concepts stated

in Table 3.5
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Hypothetical Concept

Attitudinal Statement

Safe Drivj jtude

Non-Risk Taking Attitudes

Anti-Regulatory Attitude

Aggressive Driving Attitude

One should always obey traffic laws.

I would rather accelerate than brake to get out of a difficult situation.
I feel a bit anxious when I approach an intersection.

I don’t feel safe when I drive on roads.

One should avoid taking risks on the roads.

[ like competing with other vehicles on roads.

I like driving fast.

Drivers in Saudi Arabia obey traffic rules in general.

There are too many unnecessary traffic signs and signals.

It is useless to check brakes, tires and brake lights on a regular basis.
There should be more traffic enforcement.

I wouldn ‘t mind breaking a traffic law if it means getting out of a
difficult situation.

In general, vehicles are well maintained in this area.

It is sometimes a challenge to overtake the car in front of you.

There is never any point in taking a chance.
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3.2.8 The Final Form

The final form was obtained from the initial form which was revised through
the pilot test and it is given in Appendix B2. The main difference between the final
form and the initial form is in the attitudinal questions. This part included only the
fifteen items selected in the section above. There were also few modifications in other
parts of the questionnaire which resulted from the suggestions of the respondents and

further analysis of the initial questionnaire.

3.2.9 Number of Interviews

The main purpose of interviews was to determine the characteristics of the
violators. Therefore the following formula was used for this purpose.
N =p_q%_23

where

N = minimum sample size

p = proportion of drivers or pedestrian having a certain characteristics
(for instance low income)

q = proportion of drivers or pedestrians that do not have the desired
characteristics (1 - p)

K = constant corresponding to desired confidence level

E = permitted error in the proportion estimate of observance
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Assuming p = 0.25, q = 0.75 and selecting a level K = 1.96 for 95%

confidence and using E =+0.10

N=(0.25)(0.75)(1.96)*
0.10)*

N=72

Hence a sample size of 75 were used for interviews of each category. This
study was part of another more comprehensive study (Al-Senan et al.,1997) which
studied two main categories of violators i.e. red light violator, speed violator and a

control group. Therefore, a total of (72*3) 216 interviews required.

3.2.10 Interviewing

The questionnaire was translatéd into Arabic. The interviews were conducted
in the afternoons for two successive weeks. The interviewing was carried out by 5 of
part time interviewers recruited from research assistants and undergraduate students
studying at KFUPM. Each interviewer attended a one hour verbal briefing and
received written instructions on the administration of the questionnaire. They were
given lectures describing the purpose of this study and explaining the questionnaire in
order to make them familiar with the subject. The components of the questionnaire
were described in great detail and any question about the subject was clarified.

To avoid biased result the interviewers were asked to behave very politely and

try to persuade the respondents that their contribution was essential for this study.
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Furthermore, the local police helped a lot in this regard by not charging fine for the
violation. When the violator were told that, no fine for violation will be charged he
respond in a good manner. Out of 240 interviews, 79 interviews were collected from
signal violators, 63 interviews were collected from speed violators and remaining 80
interviews were collected from control group to compare the characteristics of
violator and non violator. Later on, during data feeding few interview forms were
found incomplete or missing some of information. These interview forms were
rejected. Finally, the data of 222 interview forms were put into computer after coding.

The coding manual of interview forms is given in Appendix E2.

3.3 Data Analysis

To quantify driver noncompliance with traffic signals, the number of
violations and violations rates for. each violation will be examined to assess the
overall noncompliance problem. Intersection characteristics such as the number of
approach lanes, land use, cycle lengths, and traffic volume levels will be examined in
conjunction with violation occurrence. The drivers' characteristics will also be
examined in conjunction with violation occurrence. Summary statistics for
noncompliance study will be expressed as proportion or percentage values. T test will
be performed to check the difference in means in continuous variable. Analysis of
correlation will be performed to establish the relationship between noncompliance
and driver behavior. Following is the short explanation of the statistical techniques

used in the study.
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3.3.1 Multiple Regression

Multiple regression is a general statistical technique through which one can
analyze the relationship between a dependent or criterion variable and a set of
independent or predictor variables Montgomery, (1990). In general, multiple
regression requires that variables are linear and additive. These restrictions are not
absolute, however, nominal variables can be incorporated into regression through the

use of “Dummy” . variables.

A
Y=A+ B[Xl + BzXz + B3X3 + kak __(1)

A
Where Y represents the estimated value for Y, A is the Y-intercept and B;’s

are regression coefficients. The A and B; coefficients are selected in such a way that

A
sum of squared residuals ¥ (Y - Y)? is minimized.

The selection of optimum A and B; coefficients using the least-squares

A
criterion implies that the correlation between the actual Y values and the Y estimated
values is maximized, while the correlation between the independent and the résiduals

A
values (Y - Y) is reduced to zero. The actual calculation of A and B;, requires a set of

simultaneous equations derived by differentiating 3, (Y - Q)z and equating the partial
derivatives to zero. Regression coefficients Bi are tested statistically using F test and
T test.

It is also of interest to examine the contribution of added variables to the

explanation of dependent variable Y. And this could be easily stet. using stepwise
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regression. For example, if it is desired to test the hypothesis that X3 and X4 do not
add significantly to the explanation of Y (dependent variable) over and above X1 and
X2, the following F-test can be used:

_ (Incremental SS due to X3 and X4) /M
SSresidual | (N -K -1)

F

Where,

SS =The explained sum of squares,

SSeesidtual = the unexplained error sum of squares,

M = the number of variables in the subset (X3, X4),

N = the number of observations and,

K = the total number of variables.

To test the null hypothesis H, : B3=B4=0 (i.e. X3 and X4 add no explanation
to Y). F statistic ( at the desired level of significance) can be used. If the calculated F
is greater than the table F, the null hypothesis will be rejected, which means that X3

and X4 add no significant explanation to Y.

33.2 Analysis of Variance (ANOVA) and Covariance (AN COVA)

Simple analysis of variance and covariance must have a criterion or dependent
variable, measured on interval scale. In the analysis of variance, non-metric
independent variables are called ‘Factors’. The possible effects of a single factor, is
termed as a one-way analysis of variance. The simultaneous effects of n factors, is
termed as an n-way analysis of variance. If one is interested in analyzing the effects of

both non-metric and metric independent variables, the analysis is referred to as an
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analysis of covariance. In this latter analysis, the metric independent variable is
referred to as a covariance. The statistical test of the null hypothesis is done using an
F test.

The basis of analysis of variance is the decomposition of variation or sums of
square corrected for the mean (SS). Consider a one-way analysis of variance with a
dependent or criterion variable Y and a categorical independent variable or factor, A.
The total sum of squares in Y, 88y, , can be decomposed into two independent
components:

S8y = SStetween + SSwithia

SShetween i the portion of the sum of squares in Y due to Factor A, that is due
to the variation in the Y; which is the means of the categories of the Factor A. Thus
SSbetween is denoted as SSa . The SSwimia is the portion of the sum of squares in Y due
to the variation within each of the categories of A. The SSwinia iS Variation which is
not accounted for by factor A, and is denoted as SS.q,. Thus,

SSy =88a + SSerror

The relative magnitude of SSa will become greater as the differences among
the means of Y in various categories of A (Y;) increase and as the variation in Y
within the categories of A decrease.

If there are two factors, ANOVA can test:
1. whether the two factors as a whole have a statistically significant effect,
2. whether the interaction effect is significant,

3. the significance of each factor (main effects),
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3.3.3 Factor Analysis

Factor analysis technique is used to develop attitudinal scales, which are
weighted sums of the responses to single attitudes (Nie, et. Al, 1975). In effect, factor
analysis is used to reduce the dimensionality of the attitudes combining them in
common cognitive dimensions. This is also needed because it is known in
psychometrics that single attitudes have low reliability.

Factor analysis technique assume;s that the individual’s ratings of attributes
include a common component which represents the cognitive dimensions, an attribute
specific component, and some measurement error (Koppelman and Hauser, 1977)The
basic model may be expressed as follows:

Zi=os Fy+op Fat -~~~ + Ojm Fn + d; U j=1,2,~—-,n

where

Z;= variable j in standardized form,

Fi = hypothetical factors,

o; = standardized multiple regression coefficient of variable j on factor i

(factor loading),

U;j = unique factor for variable j,

dj = standardized regression coefficient of variable j on unique factor j,

For this study common factor analysis without iterations and varimax rotation

was used.



Chapter No 4

Analysis of Traffic Violations

4.1 General

The traffic violation study was analyzed statistically by using correlation,
Anova, Ancova, and regression. Also comparison of the traffic violations with other

studies have been made.

4.2 Coding and Checking the Data

All the data were coded and checked for coding errors by getting various
statistics as shown in Table 4.1. This analysis involved determining the total count,
mean, standard deviation and the minimum and maximum values. The absence of the
out of range values indicated absence of coding errors. The codes and the explanation

of the variables used in the analysis are given in Appendix E1.
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Table 4.1: Means, minimum, maximum values and standard deviation for all variables.

Variable N Minimum Maximum Mezn

Std Dev
APPROACH 144 1.00 4.00 2.50 1.12
TIME 144 1.00 3.00 2.00 0.82
AREA 144 ©1.00 2.00 1.50 0.50
LOCATION 144 1.00 5.00 3.25 1.24
LAND_USE 144 1.00 2.00 1.67 0.47
AP_WIDTH 144 5.90 25.15 12.76 4.00
MD_WIDTH 144 0.00 18.50 3.19 4.66
MD_EXIST 144 0.00 1.00 0.88 0.33
EXLFT_LN 144 "~ 0.00 2.00 0.67 0.52
EXRDT LN 144 0.00 1.00 0.65 0.48
LN_MARK 144 0.00 1.00 0.60 0.49
NOOF_LN 144 1.00 7.00 3.67 1.13
THRU_LN 144 1.00 5.00 2.33 0.72
PED_CRSS 144 0.00 1.00 0.67 0.47
STR_TYPE 144 1.00 3.00 2.0¢ 0.79
SIGHT lae 1.00 2.00 1.17 0.37
PED_ACT 144 1.00 2.00 1.25 0.43
YTIMR lae 3.00 3.00 3.00 0.00
RTIME lad 65.00 113.00 88.17 13.80
GTIME lee 11.00 50.00 25.34 9.9¢
CYCTIME 144 88.00 130.00 116.53 15,70
YOL_LFT 144 7.00 586.00 54.52 101-.84
VOL_ST lae 0.00 705.00 214.37 179.93
VOL_RGT 144 0.00 1115.00 59.33 $6.72
VOL_TOT  1&4 54.0¢ 1375.00 365.02 268.62
HVOL_LFT 144 14.00 1172.00 189.0¢ - 2083.67
HVOL_ST  1a4 0.00 1410.00 £25.53 355.87
HVOL_RGT 144 .00 2230.00 119.07 153.47
HVOL_TOT 144 1068.00 2750.00 738.0¢ 337.24
FRETCH iae 6.00 104.00 €7.5¢ 18.03
NSY 144 0.00 74.00 11.83 13.97
NSR lae 0.00 24.00 5.23 6.16
NSRSSEC 144 0.00 11.00 0.65 i.30
SOR lae 0.00 33.00 11.81 . 7.€3
RORWS 144 0.00 62.00 12.16 12.z2¢
RORWOS 144 0.00 95.00 17.30 1¢.99
HFREECH 144 12.00 208.00 95.85 36.25
HNSY 144 0.00 148.00 23.65 23.93
HNSR la4 0.00 48.00 10.58 12.31
HNSRSSEC 144 0.00 22.00 1.31 2.61
HSOR 144 0.00 66.00 23.63 15.26
HRORWS 144 0.00 124.00 24.32 24.49
HRORWOS 144 0.00 190.00 34.60 25.97
MEAN la4 0.00 88.70 49.29 18.08
STDD_DEV 144 0.00 52.93 10.56 5.84
VISTHPER 144 0.00 74.70 39.60 15.03
V85THPER 144 0.00 106.00 58.97 21.¢9
TOTVIOL 144 10.00 386.00  118.0g 66.11
HVOLTHRU 144 26.00 2318.00 618.97 477.17

_-_--~-—-----_—_-_-_—-—--—_--———-_.-..--_-----—_--~---——-..‘~--_..----_--
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The various violation categories were converted into rates to allow
comparison. The conversion into rates was done by dividing each category by its
respective volumes. This was done as follows:

hnsyl =hnsy*100/hvolthru

hnsrl = hnsr*100/hvolthru

hnsr51 = hnsr5*100/hvolthru

hsorl =hsor*100/hvolthru

hrorws1= hrorws*100/hvol_rgt

hrorwos1= hrorwos*100/hvol_rgt

rorl  =ror*100/hvol_rgt

totviol1= totviol* 100/hvol_tot

To clarify the results, these comparisons were plotted as bar charts as shown
in Figure 4.1 and Figure 4.2. As can be seen from Figure 4.1, a total of 118 vehicles
violated the red and yellow signals during an average hour per approach. This
frequency is very high. The breakdown of total violation in terms of specific violation
is as follows:

On the average, 23.65 drivers cross the intersection at yellow, 10.58 cross on
red, 23.63 start on red, 24.32 turn light on red with stopping a 34.6 wm right on red
without stopping per hour per approach. The most dangerous violation of all is not
stopping on red after the red light is on for 5 seconds (HNSRSSEC) and the frequency
for this violation was 1.31.

Figure 4.2 shows the violation rate by violation type. This Figure shows that

the highest violation rate is for right turn on red (ROR) which is a combination of
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right turn on red with stop (HRORWS), right turn on red without stop (HRORWOQS).
Starting on red (HSOR) has highest violation rate among through volume violations
followed by not stopping on yellow (HNSY), not stopping on red (HNSR). The not
stop on red after red light is on for 5 seconds (HNSRSSEC) has the lowest violation
rate as compared to other violation rates, but this violation is the most dangerous of

all violations.

4.3 Analysis of Data

4.3.1 Correlation Analysis of Data

To find out the potential relationship between the volume signal and speed
variables and the violation variables, Person's Correlation Analyses were performed
using SAS (1990). The detailed results of these correlation analyses are given in
Appendix D. The results of correlation analysis are summarized in Table 4.2: In Table
4.2, only those variables which were found significantly correlated with violation
variable at 5% significance level are given.

Not stopping on yellow (HNSY) and not stopping on red (HNSR) are affected
by exactly the same variables. Among volume variables, HNSY and HNSR are
affected by hourly volume left (HVOL-LFT), hourly volume straight (HVOL-ST),
hourly volume total (HVOL-TOT) and hourly free choice (HFREECH). These two
violation variables do not have any correlation with hourly volume right (HVOL-

RGT). Among signal timing variables, these two variables, i.e. HNSY and HNSR



Table 4.2: List of variables with significant (at least 5%) correlation with violations.

~I
w

Pearson correlation coefficient for violations

Variables HNSY HNSR HNSRS HSOR HRORWS HRORWO ROR TOT
SEC S VIOL
AP_WIDTH - - 0.28 0.18 - - - -
Volume Variables
HVOL_LFT 0.35 0.39 0.20 0.39 - - - 0.38
HVOL_ST 0.53 0.63 0.32 042 - - - 0.46
HVOL_RGT - - - 0.24 0.37 042 0.50 0.46
HVOL_TOT 0.53 0.59 0.30 0.52 - 0.29 0.27 0.61
HFREECH 0.40 042 0.20 0.66 - 0.24 - 0.46
Signal timing variables
RTIME - - - 0.18 - - - 0.21
GTIME 0.37 0.48 0.26 0.42 - - 0.34
CYCTIME 0.37 043 0.25 0.43 - - 0.40
Approach Speed Variable |
MEAN 0.22 0.20 - 0.20 - - - 0.18
STDD_DEV 0.20 0.21 - - - - - -
V15THPER 0.18 0.16 - 0.18 - - - -
V85THPER 0.24 0.22 - 0.18 - - - 0.20
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violations are affected by all variables, i.e. (green time (GTIME), cycle time
(CYCTIME), except red time (RTIME).

When we consider speed variables, HNSY and HNSR have significant
positive correlations with all speed variables i.e. (MEAN, STDD-DEV, VISTHPER.
V85THPER). HNSRSSEC violation is also affected by the same volume and signal
variables as those of HNSR and HNSY. However, HNSRSSEC is not affected by any
of the speed variables, but it is affected by MD-WIDTH variable.

Starting on red (HSOR) violation is affected by all volume, signal and speed
variables except standard deviation (STDD-DEV). HSOR has also weak correlation
with median width (MD-WIDTH). HRORWS is only affected by hourly volume
(HVOL-RGT). This is logical because only right turning vehicles can make this
violation. Similarly, HRORWS and ROR have significant positive correlation with
HVOL-RGT and HVOL-TOT. As HVOL-TOT is the sum of HVOL-LFT. HVOL.-
RGT, HVOL-ST, so it should be noted that HRORWOS and ROR have strong
positive correlation with HVOL-RGT but they have weak correlation with HVOL-
TOT. HRORWOS is also atfected by free choice (HFREECH) variable. Total
violation has positive significant correlation with all three classes. It is affected by all
volume variables, all signal timing variables and all speed variables except STDD-

DEV and V85THPER.
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4.3.2 Analysis of Covariance (ANCOVA) Of Categorical
Variables

ANCOVA was performed to find out the effects of categorical variables on
violation frequencies. [n ANCOVA, one way analysis of variance (ANOVA) is
performed with significant covariates. Significant covariates were obtained by using
stepwise regression analysis. These significant covariates are given at the footnote of
Table 4.3. The variables that had a significant effect on violations are summarized in
Table 4.3.

As can be seen from Table 4.3, time, area, land-use and street type (STR-TYP)
had no significant affects on any of the violation. Whereas location, lane marking
(LN-MARK) and pedestrian crossing (PED-CRSS) affect only one violation each.
Location and pedestrian crossing affect starting on red (HSOR) while lane marking
affects HRORWS.

Among geometric variables, i.e. existence of median (MD-EXIST)), existence
of left urn lane (EXLFT-LN), existence of right turn lane (EXRDT-LN), and sight
distance (SIGHT), the EXLFT-LN and EXRDT-LN seems important. EXLFT-LN
affects HNSR, HSOR and HRORWOS while EXRDT-LN affects mainly right turn
on red violations i.e. HRORWS and HRORWOS but it also has an affect on starting
on red (HSOR) violation, the reasons of which are not very obvious. Existence of
median (MD-EXIST) affect HSOR, HRORWOS and ROR violations, where ROR is
a sum of HRORWS and HRORWOS violations, while the sight distance (SIGHT)

affects right turn on red with stop (HRORWS) and right turn on red (ROR) violations.
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4.3.3 Least Square Means (LS-MEANS) of Significant
Categorical Variables

To get the clear picture of relationship between categorical variables and
violation frequencies, least square means (LS-MEANS) of these categorical variables
were obtained using SAS package. Least square means are the means which were
obtained after adjusting the effects of covariates. These Least Square Means are
summarized in Table 4.4.

As can be seen from Table 4.4, that existence of median reduces the right turn
on red without stop (HRORWOS) and total right turn on red (ROR) violations. This
is probably because median exists on large intersections and on large intersections
people are more cautious. Existence of left turn lane (EXLFT-LN) reduces almost all
violation frequencies except it does not have any effect on HRORWS and it increases
HSOR. Since HSOR is not a dangerous violation as compared to other -violation
types, it can be concluded that the existence of left tum lane increases the compliance
at signalized intersections.

Existence of right turn lane reduces the starting on red (HSOR) and right turn
on red with stop violation (HRORWS). However, it increases the right turn on red
without stop violation. This is, probably because the existence of right turn lane
makes right turning easy. Therefore, the overall safety benefit of existence of right
turn lane is questionable.

Number of lanes do not give consistent results. However, when there is only

one lane on an approach, the violation frequency is higher for HNSY, HNSR and
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Table 4.4: Adjusted means for the categories of variables that has a significant effect on

violations.

Variable Adjusted means for violation

Categories HNSY HNSR HSOR HRORWS HRORWOS ROR
MEAN

NOT EXIST - - - - 67.77 834
EXIST - - - - 28.86 5541
LEFT TURN LANE

NOT EXIST 24.53 1291 17.83 - 53.26 8344
EXIST 23.17 9.30 26.80 - 24.36 5541
RIGHT TURN LANE

NOT EXIST - - 28.68 29.41 29.06 -
EXIST - - 20.86 21.53 37.63 _
LANE MARKING

NOT EXIST — _ - 29.30 _ _
EXIST - - - 21.06 _ _
NO OF LLANES

1 23.06 1771 21.69 - 46.35 _

2 17.41 11.51 12.34 - 53.81 -

3 22.10 11.54 2227 - 40.48 -
4 30.86 1299  26.95 - 18.72 _

5 22.82 6.63 23.77 - 35.58 -

7 -2.74 -5.9 34.64 - 22.17 _
THRU LANES

1 _ - 13.47 39.05 - _

2 _ _ 22.53 23.84 - -

3 _ _ 27.50 19.20 - -

5 - - 35.07 43.67 - _
PED. CROSSING

NOT EXIST - _ 27.93 _ - -
EXIST - _ 21.47 _ _ _
SIGHT DISTANCE

NOT EXIST - - - 21.27 - 56.14
EXIST 39.57 72.79
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HSOR as compared to two lanes or three lanes on approach. This might be because
one lane approaches are usually at fringe areas, and on fringe areas traffic volume is
very low and enforcement is also very little. As number of thru lane increases, starting
on red (HSOR) violation also increases. This is because at major intersections, the
number of thru lanes are greater; also volume is more which result in longer signal
cycle length and ultimately increases the delay. These delays makes the impatient
driver to start on red. At major intersections, we can increase the compliance of red
signal by reducing these delays through adjustment of signal cycle length.

Both existence of lane marking (LN_MARK) and good sight distance
(SIGHT) reduce the right turn on red without stop violation. Good sight distance also
decreases the total right turn (ROR) on red violation. It is concluded that the presence
of lane marking and sight distance improvement increase the compliance at signalized
intersection. Hence, lane marking and improvement of sigh; distance are beneficial.

Existence of Pedestrian crossing (PED-CROSS) reduces the starting on red
violation. This is very logical result because when pedestrian crossing exists, drivers
stop their vehicles far behind the stop line due to the width of the pedestrian crossing.
Drivers also do not want have conflicts with the pedestrians. As existence of
pedestrian crossing decreases the starting on red violation at intersections, it is
concluded that the presence of pedestrian crossing is beneficial at intersections from

compliance point of view.
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4.4 Comparison with Riyadh and USA Studies

The comparison this study (Eastern Province) with Riyadh study (Goushki and
Ghadeer, 1993) and USA study (Gordon and Robertson, 1990) is made in this section.
The Riyadh study was conducted in May 1990, while the USA study was conducted
in July 1986.

In Table 4.5, comparison statistics are summarized for not stopping on red and
right turn on red violation frequencies for these studies. The mean violation
frequencies for these two violation types are also shown in Figure 4.3 and Figure 4.4.
From Figure 4.3, it is clear that Eastern Province has the highest mean frequency of
not stopping on red violation followed by Riyadh and Buraidah. The USA has the
lowest mean frequency for not stopping on red. The mean frequencies value of
Eastern Province and Riyadh is 8 times and 6 times of the USA mean frequency value
respectively. These values are very high and indicator of the poor situation prevailing
in Saudi Arabia in terms of non- compliance behavior at signalized intersections.

Figure 4.4 compares the mean violation frequencies of right tum on red for
Riyadh, USA and Eastern Province. As can be seen from the Figure that Riyadh had
the highest right tumn on red violation frequency but it was very close to Eastern
Province violation frequency. However, there is a very big difference between the
USA frequency values and Saudi Arabian frequency values.

Comparison of violation rates of Eastern Province are also made with Riyadh,
Buraidah and the USA and are summarized in Table 4.6. As can be seen from Table

4.6, that Eastern Province has the highest rate of not stopping on red (HNSR)
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Table 4.5: Comparisons of violation frequencies

Vriable Violation type
name Not Stopping on Red Right Turn on Red
Riyadh* Buraidah* US** Eastern Riyadh* Buraidah* US** Eastern
Province Province
Range of viol.

perhour 24-69 5.0-14 0-11 0-48 97-615 27-79 0-8 0-190

Mean no of
viol. per hour 31.40 920 4.90 42.33 264.30 56.50 3.40 235.64
%age of
at least one

viol perhour 100.00 100.00 54.30 100.00 100.00 100.00 48.70 100.00

No of viol per

app perhour  7.90 2.30 120 10.58 66.10 14.10 0.84 5891

* Koushki & Ghadeer (1993)
** Gordon & Robertson (1990)
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violation followed by Riyadh and Buraidah and the USA. In the Eastern Province, on
the average, 1.55 drivers do not stop on red out of 100 through vehicles. This value
for Riyadh is 1.24 and for the USA 0.41 which is approximately 4 times less as
compared to the Eastern Province average.

Table 4.6 also indicates that Right turn on red violation rate is highest in
Riyadh followed by Eastern Province and Buraidah. The USA violation rate for right
tum on red is very low. Another rate for this violation is obtained for Eastern
Province by dividing the right tum on red violation with relevant volume of right turn
only. Sixty percent of the vehicles violate red signal when they make right turn in
Eastern province. If we compare the total violation rate at signalized intersection, the
Eastern Province and Riyadh have approximately the same values followed by
Buraidah and the USA. Therefore, it is concluded that the violation rate at signalized
intersection in Saudi Arabia is 15-16 times higher than the violation rate at signalized
intersections in the USA. These comparisons indicate the very high rate of non

compliance at signalized intersections in Saudi Arabia.



Table 4.6: Comparison of Violation Rate
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Overall Mean Violation Rate for Violation Types

LOCATION Not Stopping on Red Right Tumon Red  Total violation
Riyadh™ 1.24 17.40 20.70
Buraidah! 0.93 9.50 12.50
Usa# 0.41 2.00 1.25
Eastern Province 1.55 11.54 (60.26)2 20.29
“LKoushki and Ghadeer (1993)

“Gordon and Robertson (1990)
The rate in parenthesis is obtained by dividing the the right turn on red violations by the
right turn volume only. The other figure was obtained with total volume.



Chapter 5

Analysis of Violator Study

5.1 Introduction

This chapter summarizes the preliminary findings obtained about the sample
population for violator study using frequency distribution and cross tabulation. T-test
and Chi-square test are also performed to find out the significantly different
categorical variables between red light violators and control group. For the analysis of
attitudinal part of questionnaire factor analysis is performed and attitudes of different
groups of drivers are discussed briefly.

First, data was coded and checked thoroughly by frequency tables. After
correcting few errors which resulted from miscoding, some initial analysis were
conducted. The codes and explanation of the variables used in the analysis are given
in Appendix E-2.

Driver characteristics, in terms of nationality, education, occupation, age,
monthly income, marital status, driving school, driving experience, familiarity to the

region, annual driven kilometers, vehicle type, license type, number of accidents and
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offenses involved in, and the legal speed limit of highways and expressways are
briefly discussed. Afterwards characteristics of the average drivers in the Eastern
Province were derived.

To increase the rcliability of data, 222 questionnaire are used for the
derivation of driver’s characteristics in Eastern Province and attitudinal analysis
which included speed violators. The comparisons of the red light violators and control
group and red light violators with control group without violation are discussed as this

was the objective of this thesis.

5.2 Socio Economic Characteristics of drivers in

Eastern Province

Tables in Appendix F show the frequency distribution of the Socio economic
characteristics of the drivers in Eastern Province. The main points of these frequency
distribution are listed below:

1. In order to investigate the social factors in relation to motoring offenses and
accidents, it was necessary for the driver sample to include the drivers
convicted of motoring offenses accident involved drivers, drivers with a clean
record. Therefore, out of 222 respondent, seventy nine (35.6%) of the all
drivers violated red light, sixty three ( 28.4%) are speed violators, and the rest
(36%) are non-violators i.e. control group. Analysis of speed violators were

not included, as this was one of the objective of the study.
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2. Out of 222 interviewers, 140 were Saudis. It means Saudi drivers accounted
for 63.1% of all drivers. the remaining 36.9% were drivers from 12 different
countries. This is one of the factors which contributes to the safety problems
in this region. All of these drivers came from very different behavioral
patterns, customs, laws, educational backgrounds, beliefs, etc. and they speak
different languages.

3. Over all, educational level of drivers in this region is quite good. 65.3% of all
drives have education up to high school. Only 2.3% of drivers have no formal
education.

4. 18.5% drivers reported their occupation as professional and managerial. The
next highest occupation group was the student (16.2%). This is a very
significant portion of the total driver population. They are young and the cause
of some major accidents. This can be seen from the evidence that, the student
comprise 16.2 % of the total sample but they are on the top of speed violator
group with 254%. Interestingly, the third major occupation group was
professional drivers.

5. 37.4% of all the drives were not married, this is mainly because of large
percentage of young drivers and bachelor expatriates.

6. 43.2% of all drivers did not have any driver’s training at all. Regarding years
of driving experience, 6.8% of drivers have 1 to 2 years of driving experience.
74.3% of all drivers reported that they were earning less than SR. 5000 per

month.



7.

10.

11.

30
50% of the drivers drive more than 25,000 km in a year, out of which 28.4%
drive more than 50,000 km in a year, means more than 4000 km in a month,
more than 125 km in a single day. The average annual number of kilometers
driven is 30,000 km which is quite high. This is probably because of lack of
regional shopping centers and lack of good public transportation system.
71.7% of all drivers either have their own car or their family car which is an
indication of increasing vehicle ownership in this region. 9.5% of all drivers
lived less than 2 years in this area and they have less familiarity with this area.
94.6% of all drivers have permanent driving license which is good indication
and probably this is because of new strict rules and regulations. 2.7% drivers
did not have driving license.
28.9% of all drivers have been involved in at least one accident during last 2
years. 51.4% of all drivers have been involved in at least one accident during
their life. This means that there is more than 50% chance that you will get
involved in accidents in this area, and this is very high risk.
46.4% of all drivers have been involved in at least one motoring offense other
than parking offense in last 2 years. One respondent involved in 15 such
offenses, another was involved in 11 offenses and one driver involved in 10
offenses in the last two years and still drive on the road. On such cases the
license should be canceled or driver should be penalized not to drive for at

least one or two years.

. 24.8% of all drivers drive very close to vehicle in front of them. They leave

less than 2 car length distance. 46.8% of all drives, do not know about the
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exact speed on highways 28.4 % overestimate the speed on highways while
18.4% under estimate this speed on highways. Over speeding and under
speeding on highways are major causes of accidents on highways. Research in
the UK ( Munden, 1966) indicated that drivers who habitually drive close to
the median cruising speed on a highways are less often involved in the
accidents than those drivers who tend to drive faster or those who drive
_slower.

13. Only 36.5% of all drivers know exactly about the legal speed on highways
correctly. This is because of poorly placed poorly maintained and lack of
speed limit signs on highways and probably lack of education. This also
accounts for speed violation. 80% of all drivers know the legal speed limit of
expressways.

Based on the preceding data, the characteristics of the average drivers in the
Eastern Province of Saudi Arabia, are summarized as follows. The average age is
approximately 31.4 years old. There is one non-Saudi driver out of three drivers. The
majority of drivers have blue collar job, this is because of increasing business and
trading activities in Eastem Province and existence of basic infrastructure. The
average driver completed 11.75 years of schooling. The majority of the drivers own a
car. The average distance traveled is about 30,000 km in a year. The majority of
drivers that is 93.2% have 2 or more years experience. 57% of all drivers have no
formal driving training. About 1 out of every two drivers have been involved in one
or ﬁore accidents. Approximately 1 out of every 2 drivers involved in motoring

offense other than parking offense in last 2 years. Two out of five drivers are single.
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The average income of driver is about SR 4600 per month. The majority of drivers

had permanent driving license.

3.3 Comparison of red light violator and control group

To have a further insight into the data, two type of comparisons were made,
first the comparison of red light violators with all control group was made. Second, to
have a true comparison between violators and non violators, the red light violators
are compared with control group without violation. The significant categorical

variables for both comparisons are given in Table 5.1.

5.3.1 Red light violators Vs All control group

Only two categorical variable i.e., ‘familiarity with the area’ and ‘drive vehicle
regularly’ are found significant. The bar charts showing comparison of these
significant categorical variables are plotted in FigureS.1 and Figure 5.2. The Figure
5.1 shows that 82.3% of red light violators are familiar with the area i.e. lived greater
than 2 years in the area, as compared to 93.75% of control group. 17.7 % of red light
violators are less familiar with area i.e. lived less than and equal to 2 years in the area
which is 2.5 times the value of control group so it can be concluded that less
familiarity is one of the reasons for red light violation.

Figure 5.2 compares the frequency of red light violators and control group for
‘drive vehicle regularly’ category. It is clearly seen from Figure 5.2 that all the red

light violators i.e. 100% drive vehicle regularly while 95% of control group drives
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Table 5.1: Significant categorical variables for comparison between Red light violators
and Control group.

Categorical Variables  Chi-Square (Significance) for relation between red light

violator and control group
All control group Control group without violation
Familiarity of area 4.97 (0.026) -
Drive regularly 4.1 (0.044) . 412 (0.042)
Offenses in last 2 years - 18.12 (0.001)

Distance between cars - 8.87 (0.031)
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regularly. It means that the red light violators have more exposure and more

likelihood to commit motoring offense.

5.3.2 Red light violator vs control group without violation

In this section, red light violators were compared with control group without
violation. The significant categorical variables for this comparison are given in Table
5.1. As can be seen, from the Table that, 3 variables i.e., ‘drive vehicle regularly’,
‘motoring offense in last 2 years’, and ‘distance from other car’, were found
significant. The comparison of red light violator and control group without violation
for these three categorical vehicle are given in Figure 5.3 through Figure 5.5.

From Figure 5.3, it can be seen that all of the red light violators drive vehicle
regularly whereas 95% of control group without violation drive vehicle regularly.
When comparing motoring offense it can be seen from Figure 5.4 that 64.56% of red
light violators committed no motoring offense during the last 2 years. 13.92% of red
light violators committed one motoring offense. Surprisingly, 7.59% committed 4 or
more violations during last 2 years, which is very high percentage. To control this
high percentage, special education programs are required, and better enforcement is
needed.

Figure 5.5 compare the frequencies of “distance from car in front”. 29.11% of
red light violator leave less than 2 car length distance and another 49.37% of red light
violator leave 2 to 3 car length distance between their vehicles and vehicle traveling
in front of them. The percentage of control group for less than 2 car length and 2-3 car

length distance is quite low as compared to red light violator group. The values of
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control group for these distance are 20.5% and 33.3 % respectively. When we
compare 4 to 5 car length distance and six or more car length distance for red light
violator and control group without violation the result is opposite i.e. the percentage
of control group without violation is higher than the red light violators. The higher
percentages of red light violator for less car length distances suggest the

aggressiveness in the behavior of red light violators.

5.4 Attitudinal Scale Development

First, the means of 15 fundamental attitudinal attributes for control group and
red light violators were obtained as presented in Table 5.2. By the help of these means
a perceptual map of the fundamental attributes is drawn as shown in Figure 5.6. It can
be seen from figure that there is no significant difference between the attitudes of red
light violators and the attitudes of control group. However, applying factor analysis to
these ratings will lead to a greater insights into the attitudes of red light violator and
control group and will also show the various attributes link togather.

Factor analysis is used to reduce these attitudes to a smaller set of underlying
cognitive dimensions, since single attitudes have low reliabilities. Applying factor
analysis to these attitudes will lead to greater insights into the attitudes and also show
how the various attributes link together.

For building attitudinal scales, common factor analysis without iterations and
varimax rotation were used for two through six dimensions. The rotated factor

loading matrices for two to six dimensions are presented in Appendix G.



Table 5.2: Average attribute rating for red and control group.
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Average attribute
Attitudes
Red Control

violators _ group
1. One should always obey traffic laws. 1.36 1.25

2. There are too many unnecessary traffic signs and signals. 3.35 3.362
3. One should avoid taking risks on the roads. 1.65 1.49
4. I would rather accelerate than brake to get out of a 3.52 3.56

difficult situation.
5. It is useless to check brakes, tires and brake lights on a 3.89 428
regular basis.
6. There should be more traffic enforcement. 225 209
7. I'like competing with other vehicles on roads. 4.05 4.15
8. I feel a bit anxious when I approach an intersection. 2.76 2.81
9. I'like driving fast. 3.66 3.84
10. I don’t feel safe when I drive on roads. 3.25 3.39
11. There is never any point in taking a chance. 233 2.06
12. In general, vehicles are well maintained in this area. 232 2.29
13. I wouldn‘t mind breaking a traffic law if it means 34 3.15
getting out of a difficult situation.
14. It is sometimes a challenge to overtake the car in front 3.35 3.34
of you.

15. Drivers in Saudi Arabia obey traffic rules in general. 2.52 3.00
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The factors were named after the attitudinal items with high loading. Figure
5.7 show the splitting of factors in two through five dimensional solutions. Varimax
rotation was applied in an attempt to improve interpretability.

In two factor solution, dimensions called ‘Aggressive driving’ and ‘Defensive
driving’ were formed. On aggressive driving, dimension attitudes no 2,4,5.7 and 9 are
loaded, and on defensive driving dimension attitude no 1,3, and 8 are loaded, the
remaining attitudes have negligible loadings on these two factors, because their
factors do not emerge at this stage, they emerge later on. As all attitudes do not have
high loading on these two factors, the two factor solution does not seem to be a good
one.

In three factor solution, a new dimension “System safety” is formed. Two
attitudes i.e. attitude no 6 and attitude no 15 were loaded on this dimension. As all
attitudes do not have loading of these 3 factors, the 3 factor solution was rejected for
further analysis of attitudes.

In four factor solution, a new dimensions “road anxiety” was formed, Road
anxiety is a combination of item 8,10 and 14. The loading on previous dimensions i.e.
aggressive driving and defensive driving were also increased. Although, 4 factor
solution seems reasonable, but five factor solution was also tried.

In five factor solution, Aggressive driving factor was split into 2 similar
factors, defensive driving was also split into another factor with similar loading.
System safety factor disappears completely. Number of items or attitudes per factor
was reduce which reduces the reliability of the factors. Therefore four, factor solution

is the best.
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As another check, to identify the best solution the Eigenvalue criteria was
used. The Eigenvalues are presented in Table 5.3. The critical value for Eigenvalue is
1.0. This criteria suggest upto six factor solution. However, in term of interpretability
four factor seems good, therefore, four factor solution was selected for further

analysis of drivers.

5.5 Factor Scores

After selecting the four factor solution, means and standard deviation of the
summarative scores of these factors for red light violators and control group were
calculated and summarized in Table 5.4. As can be seen from the table, there is no
significant difference between the means of all four factors for red light violator and
control group. The factor means are also plotted on chart as shown in Figure 5.8. This
Figure also suggest that there is no significant differences between the mean factor
scores of red light violators and mean factor score of control group. Therefore, it can
be concluded that there is no significant difference between the attitudes of red light

violator and the attitudes of control group at signalized intersection.
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Table 5.3: Eigenvalue for different numbers of factors.

Number of factors Eigenvalue
| 2.30
2 2.03
3 1.37
4 1.23
5 1.10
6 1.07

7 0.89




Table 5.4: Mean factor scores of red light violator and control group.
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Variable Red light violators Control group
AGGDRIVE 18.42 18.63
DEFDRIVE 10.14 9.16
RANXIETY 9.37 9.54
SYSAFETY 3.68 3.54
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Chapter No 6

Conclusion and Recommendations

6.1 Conclusions

A number of conclusions can be summarized for these studies ie. (violation
study and violator study) The summary of the following conclusions are arranged in
the order of the foregoing chapters.

1. On the average, 23.65 drivers cross the intersection at yellow, 10.58 cross on red,
23.63 start on red, 24.32 turn right on red with stopping and 34.6 turn right on red
without stopping per hour. These frequencies are very high and shows the ﬁeed for
improvement.

2. Frightfully, 1.31 driver an hour crosses the street after the red light is on for §
seconds. This is, probably the most dangerous violation and there are drivers who
dare to do this.

3. Right tum on red violation rates were highest. Among the through vehicle
violations, the highest rate was SRO (starting on red), followed by HNSY and

HNSR.
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I1.
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Time of day, area, location, land use and street type had no effect on the
violations.

Existence of median (MD_EXIST) seem to reduce right turn on red violation for
reasons that are not very obvious. This might be because when there is a median,
itis a major intersection and people may become more careful.

Existence of left turn lane affects all the violations, except HSOR, positively. It
can be said that addition of left turn lane reduces the traffic violations.

Since existence of right turn lane decreases right tum on red with stopping
(HRORWS). But it increase the right turn on red without stopping (HRORWOS).
Therefore the overall benefit is questionable.

Existence of lane marking (LN_MARK) is beneficial because it decreases right
turn on red without stop (HRORWS).

HNSR and HRORWOS seem to decrease as the no of lanes increases.

With the increase of thru lanes, starting on red (HSOR) violation increase and if
pedestrian crossing exists HSOR violation decreases. This is a very logical result
because driver will not want to have a conflict with pedestrians.

Improvement of sight distance is beneficial sincé it decreases HRORWS and ROR
violations.

In our study area, i.e. Eastern Province, the red light violation is 7 to 10 times
greater than that of USA value.

Eastern Province had the highest rate of not stopping on red violation when

compared with Riyadh and USA.
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14. Those who are unfamiliar to the area make more red light violations as compared

to those who are familiar with the area.

15. 7.59% of red light violators committed 4 or more violations, 6.33% committed 3
violations , 7.59 % committed 2 violations and 13.92% committed one violation
during last 2 years. These are very high percentages.

16. The driving attitudes of driver of Easten province is grouped in to 4 main
attitudes by means of factor analysis of attitudes. The 4 main groups are
aggressive driving, defensive driving, road anxiety and system safety. The mean
factor scores of these 4 groups suggested that there is no significant difference
between the attitudes of red light violators and the attitudes of control group in the

Eastern province of Saudi Arabia.

6.2 Recommendations

In the light of above conclusions the following recommendations can be made for
decreasing violations and probably accidents, in intersections.

The seriousness of driver noncompliance with traffic rules and tegulationS is also
seen from the large numbers of road accidents in the Kingdom of Saudi Arabia. To
improve the compliance of traffic signals at intersection immediate implementation of
a comprehensive program incorporating 3E’s ie. (Education, Enforcement and
Engineering) is necessary.

Improvement such as higher enforcement levels at low traffic volume
intersections, stiffer violation penalties, and educating the public of what constitutes a

traffic signal violation should be considered.



112

As existence of left turn lane reduces all violations except starting on red (HSOR).
Therefore, provision of left turn lane on every approach should be considered.

As existence of pedestrian crossing reduces starting on red violation (HSOR),
therefore provision of pedestrian crossing on every approach should be considered.

As most of the people start driving at the age of 16 or 17, special courses or
chapters should be include in the syllabus of high school students about highway
safety or safe diving attitudes. The addition of course might help in improving the

attitudes of drivers in Saudi Arabia.
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INTERSECTION INFORMATION FORM 119

TRAFFIC VIOLATION STUDY
CROSSING STREETS BY
INT. CODE: AREA TYPE 1. CBD 2. FRINGE
LOCATION: 1. Al-Augrabia 2. Al-Khobar 3. Thuqba 4. Dammam 5. Qatif
LAND USE: 1. Residential 2. Commercial
SKETCH
N Needed Detail
1. Names of streets
W E 2. Auxiliary lanes (left right)
3. Number of lanes
4. Medians (traffic islands, etc.)
S 5. Delineation (lane marking,
—_——— pedestrian crossing, stop lines, efc.)
APPROACH INFORMATION
Data Items 1. NORTH 2.WEST 3. SOUTH 4. EAST
BOUND BOUND BOUND BOUND
Approach width (m)

Median width (m)

Median (0) Not Exist (1) Exist

Left-turn Lane
(0)Not Exist (1)Exist. one lane (2)Exist.2 lanes

Exclusive Right-turn Lane (0) Not Eist (1) Exist

Lane Marking: (0) Not Exist (1) Exist

Number of Lanes

Pedestrian Crossing: (0) Not Exist (1) Exist

Type of Street
(1) Arterial (2) Collector (3) Local

Phasing of Signals:
During off-peak time: Yellow time (S)- - - --

Redtime (S) ------
Green time (S)------
Cycle length (§) -~ -- - -

During peak time:  Yellow time (S) -----
Redtime (S)------
Green time (S) -----
Cycle length (S) - --- - -

During evening time: Yellow time (S) - ----
Red time (S)------
Greentime (S)------
Cycle length (S§) ------

Sight distance: (1) Good (2) Bad--------

Pedestrian crossing activity:
(1) Almost none (2) Light (3) Heavy -----

Designed by: Dr. Ergiin
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FIELD STUDY FOR RED SIGNAL AND YELLOW SIGNAL VIOLATION

Intersection, Code.
Performed by, Date of study.
Approach #of #of #of #of Starting Righe Right Total
and Time Vehicles drivers drivers drivers on red turn on turn on Volume
whose choosing | choosing | choosing (SOR) | red with red Count
drivers not to not to not to stop without
had free stop at stop at stop after RTORS stop
choice of yellow red red signal RTORW
stopping has been S
on for
more than
S secs.
NORTH S |IR
WEST
SOUTH
EAST
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SPOT SPEED SHEET
Intersection Code
Performed by, Date of study.
I‘i.n'. [
NORTH WEST SOUTH EAST
osted Speed |Posted Speed 'osted Speed osted Speed
S.No Speed S.No Speed [S.No [Speed [S.No [Speed [S.No Speed S.No [Speed S.No[Speed [S.No [Speed
1 7 1 37 1 37 L 37
7 58 7] 38 7 38 7 38
i] 39 3 39 g 39 g 39
4 0 (4 0 Ko 4o
5 J 3 5 | J |3 5 g1
6 2 6 A2 6 2 5 g2
7 B3 7 43 7 #3 d g3
g 2 3 i 8 = i
J g5 3 5 0 @5 3 45
10 A6 10 |23 10 k6 10 46
11 47 11 17 11 #7 11 47
12 43 12 48 12 K8 12 43
13 49 13 49 13 K9 13 9
14 50 14 50 14 50 14 50
15 51 15 51 15 51 15 51
16 52 16 52 16 52 16 52
17 53 17 53 17 53 17 53
18 54 18 54 18 54 18 54
19 55 19 55 19 55 19 55
R0 56 D0 56 DO 56 DO 56
R 1 57 g 57 p1 57 D1 57
22 58 P2 58 D2 58 02 58
R3 59 P3 59 23 59 23 59
D4 50 D4 60 D4 60 D4 60
R5 61 DS 61 25 61 05 61
R6 62 D6 62 D6 62 13 62
R7 63 D7 63 D7 63 D7 63
7 64 P8 64 D8 64 P8 64
29 65 D9 65 29 65 29 65
30 66 B0 66 B0 66 B0 66
R1 67 31 67 31 67 31 67
32 68 32 68 32 68 32 68
33 69 33 69 33 69 33 69
34 70 34 70 34 70 34 70
RS 71 35 71 i5 71 35 71
36 72 36 72 i 72 (6 72
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Ministry of Higher Education

Ring Fabd Universily of Pelralewm & Minerals é:'a."qdq,igllaﬁsj.lﬂul;
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QL ol 5505

Thank you for participating in this research project. This questionnaire is part of a
study conducted by Civil Engineering Department of King Fahd University Of
Petroleum and Minerals, Dhahran, Saudi Arabia for a research funded by King Abdul

Aziz City of Science and Technology.

This is a study about the traffic violations and the attitudes of drivers toward certain
issues related to traffic rules and regulations. As a participant you will be asked to
respond to a series of questions about driving behavior and driving skill. All of your
responses will be strictly confidential. In order to ensure your anonymity, you are not

requested to give your name. The questionnaire takes about 10 minutes.

We appreciate your help and thank you for your cooperation.

Dr. S. N. Abdllljauwad.
Chairman,

Civil Engineering Department.

King Fahd University of Petroleum and Minerals.
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Questionnaire

PART-A

Direction: Please read each of the following statements and put an “X” in the appropriate

box. -

1. Did you learn to drive ata dri\}ing school?

O yes Cvo

2. For how many years have you been driving? years.

3. About how many Kilometers do you drive in a year.

Ol Less than 15,000Km [J 1500010 25.000 km [ 25,000 to 50,000 Kin
O More than 50,0008m

4. What vehicle do you normally drive?

Ocar Olvan OBus O ek . Corker

(Please indicate)
S. Who owns the Vehicle you drive?

DMyself DFamin O Company Oozher

(Please indicate)

6. For how long did you live in this region? years.

7. Do you drive the vehicle regularly

For Pleasure [ ¥es Cavo To go to work [ Yes Clan
At weekends [ Yes Olivo In your work [ Yes Ono
For holidays O ves O vo For shopping Clyes Lo
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8. Did you have any road accidents while you were driving in the last two years?
O ¥es CIvo

If yes than how many accidents?

9. Have you had any accidents when you have been driving in your total driving experience?
Hes O

If yes than how many accidents?

10. Have you ever been summoned for a motoring offense other than parking offense in the

last 2 years. -
[ Yes CIve
If yes, how many times? — _fimes

11. What is the fastest speed you would drive at on a clear highway?
Cl6okpn Clookph Lli20kpr  Oisoxpr  O180Kpk or more

12. When traveling at 60 Kph how many car lengths do you leave between yourself and the

vehicle in front?

Clzess than two 0203 Osws Os or more

13. What is legal speed limit on urban streets? Kph.

14. What is legal speed limit on expressways? Kph.
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PART-B

Please read each of the following statements and then put an “X” in the box that best
describes how much you agree or disagree with each statement. PLEASE RESPOND TO

ALL STATEMENTS.

Strongly | Agree | Neither agree | Disagree

4. One sI{duld avoid taking risks on the roads. O -0 O
5. I'would rather accelerate than brake to get out | O O 0O
of a difficult situation.
6. Vehicle should be checked by government dd O O
agency.

O

 Traffic policemen are hielpfuli

IOTrafﬁc SIgIlS and mgnals are.'well orgamzed

and maintained in this region.

11. Persons below 18 years of age should not be
allowed to drive.

12. I like competing with other vehicles on the

road

o o oooo

s

13, One-should always bealert for other dri
: 14 Speeders sﬁoﬁld bg_gpenaﬁied;

oo O

15.Ifeela bltanxmus When I épprozicﬁ" an’

intersection. -

oo 0

O
O

16.There are too many unnecessary rules on the O O

road.

a




cere

22 In general, vehicles are well maintained in this
area.

23.Current driving licensing method is good.

24.1 wouldn‘t mind breaking a traffic law if it

means getting out of a difficult situation.
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Strongly | Agree | Neitheragree | Disagree | Strongly

Agree Nor Disagree Disagree
17 like driving fast. O O O O 04
18.1 don’t feel safe when I drive on roads. O O O d M|

0O 0 Eli
oo 0O

vertake:the:c:

~ infromtofyou. - i
26 There is never any point in taking 4 chance. -
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PART-C

Directions: On this sheet you will find words which describe different kinds of moods and
feelings. Circle the words which describe how you generally feel nowadays. Some of the
words may sound alike, but we want you to check all the words that describe feelings. Work

Rapidly.

1. active 23. disgusted 45. kindly 67. stormy

2. afraid 24. enraged 46. lonely 68. strong

3. agreeable - 25. enthusiastic 47. lost 69. suffering
4. alive 26. fearful 48. loving 70. sympathetic
5. alone 27. fit 49. lucky 71.tame

6. amiable 28. neglected 50. mad 72. tender

7. angry 29. free 51. mean 73. tense

8. awful 30. friendly 52. merry 74. terrible

9. bitter 31. frightened 53. miserable 75. terrified
10. blue 32. furious 54. nervous 76. thoughtful
1. calm 33. pleasure seeker  55. offended 77. tormented
12. cheerful 34. glad 56. outraged 78. understanding
13. clean 35. gloomy 57. panicky 79. unhappy
14. contended 36. good 58. peaceful 80. unsociable
15. contrary 37. good-natured 59. pleasant 81. upset

16. cooperative 38. happy 60. polite 82. vexed

17. cruel 39. healthy 61.rejected 83. whole

18. desperate 40. hopeless 62. sad i 84. willful

19. destroyed 4]. inspired 63. safe 85. worrying
20. disagreeable 42. interested 64. secure 86. young.

21. discontented 43. irritated 65. shaky

22. discouraged 44 joyful 66. steady
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PART D

Life Events Questionnaire

Directions: Read each life event and indicate if you have experienced the event in the last
year. Mark an (X) in the space provided for each event which you have experienced in the last
year.

Rank events

1. O Deathof spouse 22.0 Change in work responsibilities

2. O Divorce 23.00 Son or daughter leaving home

3. [0 Marital separation 24.[] Trouble with in laws

4. [ Jailterm 25.0 Outstanding personal achievement
5. [J Death of close family member 26.[] Spouse begins or stop work

6. [0 Personal injury or illness 27.0 Starting or finishing school

7. O Marriage 28.0[] Change in living condition

8. U fired from Work 29.[J Revision of personal habits

9. [J Marital reconciliation 30.00 Trouble with boss

10.[J Retirement 31.0 Change in work hour or work condition
11.[0 Change in family member’s health 32.0] Change in residence

12.[J Pregnancy of wife 33.00 Change in schools (for students)
13.[0 Sex difficulties 34.00 Change in recreational habits

14.[] Addition to family 35.0] Change in religious activities

15.[] Business readjustment 36.[1 Change in social activities

16.[] Change in financial status 37.00 Mortgage or loan under SR. 50,000
17.[0 Death of close friend 38.0J Change in sleeping habits

18.[1 Change to different line of work 39.0J Change in eating habits

19. 00 Change in number of marital arguments 40. (] Increase or decrease in frequency

20. i Mortgage or loan over SR.50,000 of family meetings.

21.[J Application for 2 mortgage oraloan  41.[J Minor violation of the law
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PART-E
Directions: Please read each of the following statements and then put an “X” in the box
that best descries you.

Education:

CINo Formal Education DEIementary level
Ol intermediate Level O University Degree

Estdent
Age:
ULess than 19 D20-29years O30-39 years 4049 years
Cls0-59 years Clover 60 years.
Monthly Income: - EIRr O | | o
Olress than 25005 O2s00w0s000s- - Osooowroooos. -

B110,000 w0 20,000 sr- ElGrearer than 20,000 5. - .

Would you say the present state of your health is good, fair or poor.

UGood O Fair OPoor

Do you get depressed easily?

O es Cvo

Do you find things worrying you and getting on top of you sometimes?
[ Yes Cve

D.S'mgle _DMaﬂiétzﬁ o - '::";‘:'DWidowed |
Clbivorced ClSeparated - .

If you are married, bow many children you have?

Thank you very much for your cooperation.
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Thank you for participating in this research project. This questionnaire is part of a
study conducted by Civil Engineering Department of King Fahd University Of
Petroleum and Minerals, Dhahran, Saudi Arabia for a research funded by King Abdul

Aziz City of Science and Technology.

This is a study about the traffic violations and the attitudes of drivers toward certain
issues related to traffic rules and regulations. As a participant you will be asked to
respond to a series of questions about driving behavior and driving skill. All of your
responses will be strictly confidential. In order to ensure your anonymity, you are not

requested to give your name. The questionnaire takes about 10 minutes.

We appreciate your help and thank you for your cooperation.

s

-
-
- -
-~

- Th—
Dr. S. N. Abifiljauwad.

Chairman,

Civil Engineering Department.
King Fahd University of Petroleum and Minerals.

Wikt U, @ agl aciger 1 KU @ (CT)ATe-TAVR oSG @ (-7) A%e-voze Toul @ Lowldt Ll KLU @ TAYIY Ol



132

Questionnaire

TO BE FILLED BY INTERVEWER.

'IntemewerM', S

Tnterview:location:_

Intervxewdate, - . Time_

Type of vxolatlon

Typeof vehxcle DCar L_.]Van DBus DTruck DOther

PART-A

Direction: Please read each of the following statements and put an “X” in the appropriate box.

1. Did you learn to drive at a driving school?

| yes CIvo

()

. For how many years have you been driving? years.

. About how many Kilcaeters de you drive in a year.

[8)

OlLess than 15,000 km [ 1500010 25,000 km [ 25,000 t0 50,000 Km
| LlMore than 50,000 km

4. What vehicle do you riormally drive?

Ocar Ovan OBus O rruck Oorher

(Please indicate)

5. Who owns the Vehicle you drive?

DM_yself L_.]Famtly DCompany Clodker

(Please indicate)

6. How long have you becn living in this region? years.

7. Do you drive the vehicle regularly )7 Cno

8. Do you have a temporary driving license? []Ves, How long? years. Oz
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9. Do you have a permanent driving license? [JYes, How long? years. Owo

10. Did you have any road accidents while you were driving in the last two years?

Oves, How many accidents? Ono

11. Have you had any accidents when you have been driving in your total driving experience?

Oves, How many accidents? Ono

12. Have you ever been cited for a motoring offense other than parking offense in the last 2 years.

(1 Yes, How many time(s)? Ono -

13. What is the fastest sp:ed you would drive on a clear highway?

Oleoxpn Oourphn Oz20xpr  Oisokpr  O180Kph or more

i4. When traveling at ¢(* r{ph how many car lengths do you leave between yourself and the vehicle in

front? .
[ Less than two O2603 Ovstos U6 or more
15. What is legal speed limit on urban streets? Kph.

16. What is legal speed !itiit on expressways? Kph.




PART-B

Please read each of the following statements and then put an “X” in the appropriate bos that best
describes your opinion. PLEASE RESPOND TO ALL STATEMENTS.

132

Strongly | Agree | Neither agree | Disagree Strongly
Agree Nor Disagree Disagree
1. One should always obey traffic laws. O M| | O 0
2. There are too many v~.1:cessary traffic O 0O4d | O O
signs and signals.
3. One should avoid takig risks on the roads. O O O | a
4. I would rather accelerate than brake to get O O O O O
out of a difficult situaiion.
S. It is useless to check brakes, tires and O 1 O O d
brake lights on a regular basis.
6. There should be more traffic enforcement. O O O
7. Ilike competing with cthier vehicles on ] O O O |
roads.
8. I feel a bit anxious wuen [ approach an O | O | O
intersection.
9. Ilike driving fast. O O g O O
10. I don’t feel safe when [ drive on roads. ] O d O O
I1. There is never any - int in taking a chance. O 0 O N O
12. In general, vehicles are well maintained in ] O O d O
this area.
13. I wouldn‘t mind breaking a traffic law if it O O O O 0
means getting out of a difficult situation.
14. Tt is sometimes a challenge to overtake the O O O O O
car in front of you.
15. Drivers in Saudi Arabia obey traffic rules O | O O |
in general.
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Directions: On this sheet you will find words which describe different kinds of moods and feelings.
Circle the words which describe how you generally feel nowadays. Some of the words mav sound
alike, but we want you to check all the words that describe feelings. Work Rapidly. )

stormy g bl xSta —'lvl !

strong (o3 ~1A

suffering ,‘,_ui Y g

sympathetic will. ~v.

ame Jiuli -vY\ l ]

tender 3.3, -VY

tense _,.’._,.1.-V\'|

terrible s e —YE

Loy

L

terrified o yz e -Vel i
3
S203¥L pipe -
thoughiful

tomnented i ~VY

understanding pyite -‘-’.\l B

e

unhappy suay ai -¥4

geladal sad -Al
unsociable I

upset Galds. —A

1SSy

L ——

vexed ola —AY .j

ey

whole L 10, =AY

-

willful Tuajadi o5 ~AL @

WOMTYIng  yape —AS

(oaslly pais) G2 4% @

young

AVEWVAY A

londy JJ}J.. A

lost gl ~£¥ @

loving caas ~£A

lucky & 5y ~£4 .;

mad Gyias =2,

mean il —:\@

meny p il. ~2Y¥

miscrable a3 -7 .
o

ACIVOUS | fieas -8t

F

|
(-

offended LLGi. —22

outraged i.ic -:\l E
===

pamicky ;yelie—o¥

peaceful adl. -

pleasant L, -=

polite Caie =5,

L

rejected 3y20. =70

sad o je =Y m

safe o i -7 -!
—

secure Ol =1t .;

shaky 3454 -3¢

steady =0 ~’\‘ul H

disgusted 5o 5. —\’\'G

enraged sl —ve[ |

enthusiastic o ia —Y¢ .
|

fearful (i s 1%

fit s i TV

neglected Jo s ~YA

frightensd _ v 0 =71 .
ferious Wi s » 1z -7% .,
QAL e Seals ~TV
pleasure secker

glad o mn -7t

I

gloomy ¢ yai. -7

goed sua TR

L

.
STy

good natursd

happy sy ¥

Il

healthy ila. -7

hopeless 20 4, —t .
inspired 3 1L -1y ;
interested gl —4Y .,
-

frritated 530 0 —t7 l

Joyfel ot -t

active by - \C!
]

afraid L35S ~ ¥

agreeable Juiz. - ¥ E!

alive gpun -t

e

amiable 540y~ 3

angry uals - YZI
1
-3

awfel o i - A

bitter L aalias = 4

blce._,.;__..L'...-\.l

calm o cals =\

cheerful pyae =VY I

clean oY

conxcnwdu;l,-\tr_'g

—e?

—:

ot ey

| Do g

.
contrary o ylaa =\2

d
g
a
C
‘E-
i
]

cruei G~
Clg_.u \Y

despesate b, ~VA d
!
destroved r'ALa ~\4
disagreable L4l ~Y. [
discontented ol i -Y\ l lE
1]
discouraged ,ii. -\’\'I

H=

LSS

)

vt Lo

Loz
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Life Events Questionnaire

Directions: Read each life event and indicate if you have experienced the event in the last year. Mark
an (X) in the space provided for each event which you have experienced in the last year.

Rank events

O

't\)

»
0O 0 00O

(72

~
[ I B R

10.0d
1.0
12.0]
13.00
14.01
15.01
16.0]
17.0
18.0J
19.0]
20 (1
21 U

Death of spouse

Divorce

Marital separation

Jail term

Death of close family member
Personal injury or illness
Marriage

fired from Work

Marital reconcilia..on

Retirement

Change in family member’s health
Pregnancy of wife

Sex difficulties

Addition to family

Business readjustrient

Change in financia: status

Death of close friend

Change to different line of work
Change in number of marital arguments
Mortgage or loan over SR.50,000

Application for a mortgage or a loan

2203
23.01
241
25.00
26.0
270

29.[]

(98] (95 ] (9]
N = o
D0 0 C

L
©
-]

Change in work responsibilities

Son or daughter leaving home
Trouble with in laws

Outstanding personal achievement
Spouse begins or stop work
Starting or finishing school

Change in living condition

Revision of personal habits

Trouble with boss

Change in work hour or work condition
Change in residence

Change in schools (for students)
Change in recreational habits
Change in religious activities
Change in social activities

Mortgage or loan under SR. 50,000
Change in sleeping habits

Change in eating habits

Increase or decrease in frequency of

family meetings.

Minor violation of the law
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PART-E

Directions: Please read each of the following statements and then put an “X” in the box
that best descries you.

Nationality: o .
| Osaudi O0ther Guif Countries  [YPakistani/Tndian-
- Udrabs OFitipino Eldmerican/European
. otrer (Please.indicate). |
Education:
ONo Formal Eduzation DEIememmy level Ointermediate Level
OHigh school Ol University Degree Clodter (Please Specify)
Occupation: -
DS’aIégﬁc_vx O 7eacher/Professor DProfessianaWanqgeﬁal :
DCrcy'i;s'man/I\/[echanic/Fac{ory worker DCIen‘cal/SecretariaI/Ojﬁce worker
O Student CIRetired Oodher (Please Specify)
Age:
ClLess thar s 118-24 years[___] 25-30 yearsD3 1-39 yearsD40-49 years
O150-59 ye s Clover 60 years.
Monthly Income:
OlLess than 2500 Sr. (12500 10 5000 Sr. Os000 10 10,000 Sr.
170,000 10 20,000 Sr. OGreater than 20,000 Sr.
Marital Status:
DSingIe Owsarried O widowed Obivorced

If you are marriesi, ho»» many children do you have?

Thank you very much for your cooperation.
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APPENDIX E1
Coding Manual for Violation Study
Field No Code Description Categories of the variables
obs Observation No
2 name Code of Intersection
3 approach Direction of Approach 1- North bound, 2- West bound
3- South bound, 3- East bound
time Time of the day 1- Off-peak, 2- Peak, 3- Evening
area Area of study 1- CBD, 2- Fringe
6 location Location of Eastern 1- Augrabia, 2- Khobar, 3- Thougba,
Province 4- Dammam, 5- Qatif
land_use Landuse type 1- Residential 2- Commercial
ap_width Approach width (m) Continuous Variable
md_width Median width (m) Continuous Variable
10 md_exist Median exist 0- Not Exist, 1- Exist
11 exlIft_In Exclusive left lane 0- Not Exist, 1- Exist one lane, 2-
Exist two lane
12 exrdt_ln Exclusive right lane 0- Not Exist, 1- Exist
13 In_mark Lane marking 0- Not Exist, 1- Exist
14 noof_In Total number of lanes  1- One lane, 2- Two lanes, 3- Three
lanes, 4- Four lanes, S- Five lanes, 7-
Seven lanes
15 thru_In Total number of thru 1- One lane, 2- Two lanes, 3- Three
lane lanes, 4- Four lanes, 6- Six lanes
16 ped_crss Pedestrian crossing 0- Not Exist, 1- Exist '
17 str_type street type 1- Arterial, 2- Collector, 3- Local
18 sight Sight distance 1- Good, 2- Bad
19 ped_act Pedestrian activity 1- Alomost none, 2- Light, 3- Heavy
20 ttime Yellow signal time Continuous Variable
21 rtime Red signal time Continuous Variable
22 glime Green signal time Continuous Variable
23 cyctime Cycle length of signal Continuous Variable
24 vol_lft Left turning volume Continuous Variable
25 vol_st Straight (thru) volume Continuous Variable
26 vol_rgt Right turning volume Continuous Variable



Field No Code Description Categories of the variables
27 vol_tot Total volume Continuous Variable
28 hvol_lIft Hourly left turning volume Continuous Variable
29 hvol_st Hourly straight (thru) volume Continuous Variable
30 hvol_rgt Hourly right turning volume Continuous Variable
31 hvol_tot Hourly total volume Continuous Variable
32 freech free choice Continuous Variable
33 nsy Not stop on yellow Continuous Variable
34 nsr Not stop on red Continuous Variable
35 nsrisec Not stop on red after red had Continuous Variable

been on more than 5 sec
36 sor Starting on red Continuous Variable
37 TOrws Right turn on red with stop Continuous Variable
38 rOrwos Right turn on red without stop Continuous Variable
39 hfreech Hourly free choice Continuous Variable
40 hnsy Hourly not stop on yellow Continuous Variable
41 hnsr Hourly not stop on red Continuous Variable
42 hnsr5sec Hourly not stop on red after Continuous Variable
red had been on more than 5
sec
43 hsor Hourly starting on red Continuous Variable
44 hrorws Hourly right turn on red with Continuous Variable
stop .
45 hrorwos Hourly right turn on red Continuous Variable
without stop
46 mean Mean of speed Continuous Variable
47 stdd_dev Standard deviation of speed Continuous Variable
48 viSthper 15th percentile of speed Continuous Variable
49 v8Sthper  35th percentile of speed Continuous Variable
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APPENDIX E2
Coding Manuali for Violator Sudy
Field Code Description Categories of variables
no
1 Key  Questionnaire number
2 vT Violation type 1- Red violation, 2- Speed violation,
3- Control group
3 Al Leamn to drive at a driving school  0- No, 1-Yes
4 A2 How many years have you been Continuous Variable
driving
5 A3 How many Kilometers do you 1- Less than 15,000 Km, 2- 15,000
drive in a year. 0 25,000 Km, 3- 25,000 to 50,000
Km, 4- More than 50,000 Km
6 Ad What vehicle do you normally 1- Car, 2- Van, 3- Bus, 4-Truck,
drive 5- Other
7 AS Who owns the Vehicle 1- Myself, 2- Family, 3- Company,
4- Other
8 A6 How long have you been living in  Continuous Variable
this region
9 A7 drive the vehicle regularly 0- No, 1-Yes
10 A8 Do you have a temporary driving  0- No, 1-Yes
license
I1 A9 Do you have a permanent driving  0- No, 1-Yes
license
12 Al0 Road accidents in last 2 Years Continuous Variable
13 All  Road accidents in total driving Continuous Variable
experience
14  Al2  Cited for mototring offense Continuous Variable
15 Al3  Fastest speed on cleaar highway 1- 60 Kph, 2- 90 Kph, 3-120 Kph, 4-
150 Kph, 5- 180 Kph
16 Al4  Carlength you leave 1- Less than 2, 2-2 to 3, 3- 4 105, 4-
6 or more
17 AlS  Legal speed limit on urban street  Continuous Variable
18 Al6  Legal speed limit on expressway  Continuous Variable
19 Bl One should always obey traffic 1- Strongly Agree, 2- Agree,
laws 3- Neither agree nor disagree,
) 4- Disagree, 5- Strongly disagree
20 B2 There are too many 1- Strongly Agree, 2- Agree,

. 3- Neither agree nor disagree,
unnecessary traffic signs and 4- Disagree,gS— Strongly cglisagree
signals. '

21 B3 One should avoid taking risks 1- Strongly Agree, 2- Agree,
3- Neither agree nor disagree,
on the roads.

4- disagree, 5- strongly disagree
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23

24

25

26

27

28

29

30

31

32

33

159

B4

B5

B6

B7

B3

B9

B10

Bll

B12

B13

B14

B1S

El

I would rather accelerate than
brake to get out of a difficuit
situation.

It is useless to check brakes,
tires and brake lights on a
regular basis.

There should be more traffic
enforcement.

I like competing with other-
vehicles on roads.

I feel a bit anxious when I
approach an intersection.

I like driving fast.

I don’t feel safe when I drive
on roads.

There is never any point in
taking a chance.

In general, vehicles are well
maintained in this area.

I wouldn‘t mind breaking a
traffic law if it means getting
out of a difficult situation.

It is sometimes a challenge to
overtake the car in front of
you.

Drivers in Saudi Arabia obey
traffic rules in general.
Nationality

154

1- Strongly Agree, 2- Agree,
3- Neither agree nor disagree,
4- disagree, 5- strongly disagree

1- Strongly Agree, 2- Agree,
3- Neither agree nor disagree,
4- disagree, 5- strongly disagree

1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, S- strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, 5- strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- Disagree, 5- Strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- Disagree, 5- Strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, 5- strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, 5- strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, 5- strongly disagree
1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,
4- disagree, 5- strongly disagree

1- Strongly Agree, 2- Agree,
3- Neither agree nor disagree,
4- disagree, 5- strongly disagree

1- Strongly Agree, 2- Agree,

3- Neither agree nor disagree,

4- Disagree, 5- Strongly disagree

1- Saudi, 2- Other Gulf Countries,
3- Pakistani/Indian, 4- Arabs, 5-
Filipino, 6- American/European, 91-
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Bangladesh, 92- Srilanka, 93-
Turkey

160 E2 Education 1- No Formal Education, 2-
Elementary level, 3-Intermediate
Level, 4- High school, 5- University
Degree, 9- Other

161 E3 Occupation 1- Salesman, 2- Teacher/Professor,
3- Professional/Managerial, 4-
Craftsman/Mechanic/Factory
worker, 5-
Clerical/Secretarial/Officeworker, 6-
Student, 7-Retired, 9- Other

162 E4 Age : 1- Less than 18, 2- 18-24 years, 3-
25-30 years, 4- 31-39 years, S- 40-
49 years, 6- 50-59 years, 7-Over 60
years.

163 ES Monthly income 1- Less than 2500Sr, 2- 2500 to
5000 Sr, 3- 5000 to 10,000 Sr, 4-
10,000 to 20,000 Sr, 5-Greater than
20,000 Sr.

164 E6 Marital status 1- Single, 2- Married, 3- Widowed,
4- Divorced

165 E7 Children Continous Variable
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vs3.1lst Mon Apr 14 14:08:15 1997 b

VIOLATION TYPE

Cumulative Cumulative
vT Frequency Percent, Prequency Percent

RED VIOLATION 79 35.6 79 35.6
SPEED VIOLATION 63 28.4 142 64.0
CONTROL TYPE 80 36.0 222 100.0

DRIVING LEARN AT DRIVING SCHOOL

Cumulative Cumulative
Al Frequency Percent Frequency Percent

NOT LEARN AT SCH 86 43.2 96 43.2
LEARN AT SCHOOL 126 56.8 222 100.0

DRIVING EXPERIENCE

. Cumulative Cumulative
AA2 Frequency Percent Prequency Percent

INEXPERIENCED 15 6.8 15 6.8
EXPERIENCED 207 83.2 222 100.0

KM DRIVEN IN A YEAR

Cumulative Cumulative

A3 Prequency Percent Frequency Percent
LESS TH 15000 58 26.1 58 26.1
15000 to 25000 53 23.9 111 50.0
25000 to 50000 48 21.6 159 71.6

MORE TH 50000 63 28.4 222 100.0



vs3.1lst Mon Apr 14 14:08:15 1997 2

TYPE OF VEHICLE

Cumulative Cumulative
Ad Frequency Percent Frequency Percent

CAR 186 83.8 186 83.8
VAN 24 10.8 210 94.6
BUS 2 0.9 212 95.5
Truck 9 4.1 221 99.5
OTHER 1 0.5 222 100.0

CWNER OF THE VEHICLE

Cumulative Cumulative

AS Frequency Percent Frequency Percent
MYSELF 136 61.3 136 61.3
PAMILY 23 10.4 159 71.6
COMPANY 57 25.7 216 97.3
OTHER 6 2.7 222 100.0

HOW LONG LIVING IN THE REGION

Cumulative Cumulative
AA6 Frequency Percent Frequency Percent

LESS FAMILIAR 21 9.5 21 9.5
FAMILIAR 201 90.5 222 100.0

DRIVE VEHICLE REGULARLY

Cumulative Cumulative

A7 Frequency Percent Frequency Percent
NOT DRIVE REG. 7 3.2 7 3.2
DRIVE REGULARLY 215 96.8 222 100.0
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TEMPORARY DRIVING LICENSE

AAS8 Frequency Percent

PERMANENT DRIVING LICENSE

AA9 Frequency Percent

NO 12 5.4
YES 210 94.6

Cumulative Cumulative

Frequency

Cumulative Cumulative

Frequency

ROAD ACCIDENT IN LAST 2 YEARS

Al0 Frequency Percent

0 158 71.2
1 47 21.2
2 15 6.8
3 2 0.9

Cumulative Cumulative

Frequency

ROAD ACCIDENT IN TOTAL DRIVING EXP.

All Frequency Percent

Cumulative Cumulative

Frequency

Percent

$7.3
100.0

Percent

Percent

Percent

91.0
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MOTORING OFFENSE IN LAST 2 YEARS

Cumulative Cumulative
Al2 Frequency Percent Prequency Percent

0 119 53.6 1198 53.6
1 39 17.6 158 71.2
2 24 10.8 182 82.0
3 20 s.0 202 91.0
4 9 4.1 211 95.0
5 4 1.8 215 96.8
6 1 0.5 216 97.3
10 4 1.8 220 99.1
11 1 0.5 221 99.5
15 1 0.5 222 100.0

Cumulative Cumulative
Al3 Frequency Percent Frequency Percent

60 Kph 6 2.7 6 2.7
50 Kph 35 15.8 41 18.5
120 Kph 118 53.2 159 71.6
150 Kph 57 25.7 216 87.3
180Kph OR MORE 6 2.7 222 100.0

DISTANCE FROM OTHER CAR

Cumulative Cumulative
Al4 Frequency Percent Frequency Percent

LESS THAN 2 55 24.8 55 24.8
2 to 3 95 42.8 150 67.6
4 to 5 47 21.2 197 88.7

6 OR MORE 25 11.3 222 100.0
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LEGAL SPEED ON URBAN STREET

Cumulative Cumulative
AlS Frequency Percent Frequency Percent

10 1 0.5 1 0.5
15 1 0.5 2 0.9
20 6 2.7 8 3.6
30 11 5.0 19 8.6
40 51 23.0 70 31.5
45 2 0.9 72 32.4
50 18 8.1 S0 40.5
60 81 36.5 171 77.0
65 1 0.5 172 77.5
70 10 4.5 182 82.0
80 36 16.2 218 98.2
S0 1 0.5 219 98.6
100 3 1.4 222 100.0

LEGAL SPEED ON EXPRESSWAY

Cumulative Cumulative
Ale Frequency Percent Frequency Percent

60 1 0.5 1 0.5
80 8 3.6 9 4.1
90 2 0.3 11 5.0
100 16 7.2 27 12.2
110 4 1.8 31 14.0
120 177 79.7 208 93.7
130 3 1.4 211 95.0
140 6 2.7 217 97.7
150 4 1.8 221 99.5
160 1 0.5 222 100.0
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6
NATIONALITY
Cumulative Cumulative
El Frequency Percent Frequency Percent
SAUDI 140 63.1 140 63.1
GULPF 1 0.5 141 63.5
PAKISTANI/INDIAN 45 20.3 186 83.8
ARABS 18 8.1 204 91.9
FILIPINO 10 4.5 214 96.4
AMERICAN/EUROPEA 2 0.9 216 97.3
BANGLADESH 3 1.4 219 98.6
SRILANKA 1 0.5 220 99.1
TURKEY 2 0.9 222 100.0
EDUCATION
Cumulative Cumulative
E2 Frequency Percent Frequency Percent
NO FORMAL EDUCAT ] 2.3 S 2.3
ELEMENTRY LEVEL 30 13.5 35 15.8
INTERMEDIATE LEV 42 18.9 77 34.7
HIGH SCHOOL 70 31.5 147 66.2
UNIVERSITY DEGRE 73 32.5 220 99.1
OTHER 2 0.8 222 100.0
OCCUPATION
Cumulative Cumulative
E3 Fregquency Percent Frequency Percent
SALESMAN 9 4.1 9 4.1
TEACH/PROFESS 3 1.4 12 5.4
PROFESION/MANAGE 41 18.5 53 23.9
CRAFTS/MECHANIC 22 9.9 75 33.8
CLERICAL/SECRETA 28 12.6 103 46.4
STUDENT 36 16.2 139 62.6
RETIRED 2 0.9 141 63.5
OTHER 51 23.0 192 86.5
DRIVER 30 13.5 222 100.0
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AGE (YEARS)

LESS THAN 18
18-24
25-30
31-39
40-49
50-58

Mon Apr 14 14:08:15 1997 7

Cumulative Cumulative

Frequency Percent Frequency Percent
2 0.9 2 0.9
55 24.8 57 25.7
65 29.3 122 55.0
61 27.5 183 82.4
29 13.1 212 95.5
10 4.5 222 100.0

MONTHLY INCOME (SR)

LESS TH. 2500
2500 to 5000
5000 to 10000
10000 to 20000
GREAT TH 20000

MARITAL STATUS

Cumulative Cumulative

Frequency Percent Frequency Percent
96 43.2 96 43.2
69 31.1 165 74.3
34 15.3 199 89.6
18 g.1 217 97.7
S 2.3 222 100.0

Cumulative Cumulative

E6 Frequency Percent Frequency Percent

SINGLE
MARRIED
DIVORCED

83 37.4 83 37.4
137 61.7 220 99.1
2 0.9 222 100.0
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NUMBER OF CHILDREN

Cumulative Cumulative
B7 Frequency Percent Frequency Percent

0 106 47.7 106 47.7
1 23 10.4 129 58.1
2 35 15.8 164 73.9
3 18 8.1 182 82.0
4 10 4.5 182 86.5
5 i1 5.0 203 91.4
6 10 4.5 213 95.9
7 4 1.8 217 97.7
8 1 0.5 218 98.2
9 1 0.5 218 98.6
11 1 0.5 220 99.1
12 1 0.5 221 99.5
14 1 0.5 222 100.0
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