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Abstract

Driving can be seen as a purposeful action aimed at reaching a destination. The
primary goals of driving include arriving on time and ensuring safety. When these
goals are hindered, emotions may arise, potentially influencing behavioral
adjustments. Any obstruction to achieving these goals tends to elicit negative
effects, whereas facilitating goal-directed behavior typically fosters positive
outcomes.

Bhopal was chosen due to its diverse urban layout, encompassing a mix of
planned and unplanned city forms, which significantly influence traffic dynamics
and driver conduct. By analyzing variables such as age, gender, marital status,
education, and driving experience, researchers uncovered distinct patterns in
driver behavior across different urban zones. Notably, areas transitioning
between planned and unplanned development exhibit higher rates of risky,
aggressive, and negligent driving behaviors. Conversely, drivers in fully planned
areas tend to demonstrate increased adherence to traffic rules, albeit with
occasional tendencies towards violations.

The research employed a multifaceted approach combining surveys and
statistical analysis to comprehensively assess driver behavior in Bhopal city.
Surveys provided insights into demographic factors influencing driving habits,
such as age, gender, marital status, education, and driving experience. Statistical
analysis was utilized to identify significant correlations, such as between gender
and marital status with critical driving behaviors and driving experience with
aggressive driving tendencies. These findings underscore the complexity of driver
behavior as influenced by both personal characteristics and environmental
factors, necessitating nuanced strategies for enhancing road safety.

The research underscores the critical need for targeted interventions aimed at
mitigating hazardous driving practices and promoting safer behaviors among
Bhopal's motorists. By understanding the intricate relationship between urban
form, demographic attributes, and driving conduct, policymakers can tailor
interventions that address specific risk factors prevalent in different city sectors.
Implementing effective traffic management strategies, educational campaigns,
and enforcement measures emerges as imperative to curbing traffic incidents
and fostering a safer driving culture citywide. Ultimately, the research advocates
for a holistic approach to road safety that integrates urban planning
considerations with behavioral insights to achieve lasting improvements in traffic
management and public safety outcomes.
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CHAPTER 1: INTRODUCTION AND CONTEXTUAL
BACKGROUND

1.1 Introduction

Road Traffic Accidents (RTAs) are a big problem all over the world. They hurt a
lot of people, mess up cities, and make it hard for people to get around. In the
future, more and more people will live in cities, which will make the problem even
worse. Even though people have been studying and trying to fix road accidents
for a long time, they're still happening a lot.

There are a bunch of things that cause road accidents, and they're not always
simple. Sometimes it's because of how people drive. They might be distracted,
tired, or just not paying attention. Other times, it's because of the roads
themselves. Maybe they don't have enough signs or they're too narrow. And
sometimes, it's because of the rules and laws that are supposed to keep people
safe. Maybe they're not strict enough, or people don't follow them like they
should.

One of the big things needed to think about is how many people are going to be
living in cities in the future. Right now, about half of the world's population lives in
cities, but by 2050, it's going to be more like 70% (WHO). That's a lot of people,
and it's going to put a lot of pressure on our roads and transportation systems. If
we don't do something to make our roads safer now, it's only going to get worse

as more people move to cities.

1.2 Historical Context and Recognition of RTAs

The issue of RTAs has been a concern for decades, stretching back to the middle
of the 20th century. Efforts to understand why they happen and how to prevent
them began during this time. In 1962, the World Health Organization (WHO)
released a report that delved into the various reasons behind RTAs.

Following the WHO report, in 1974, the World Health Assembly (WHA) took an
official stance on RTAs. They recognized these accidents as a significant threat
to public health on a global scale. This recognition was an important step in
bringing attention to the seriousness of the issue and the urgent need for action.

Despite these early efforts to address the problem, road accidents continue to

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030
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have devastating consequences, claiming millions of lives and causing injuries
worldwide every year. The persistence of this issue highlights the complexity of
the challenges involved in reducing RTAs and their impact.

Over the years, numerous factors have been identified as contributing to the
occurrence of road accidents. These include human behaviors such as distracted
driving, speeding, and driving under the influence of alcohol or drugs.
Additionally, factors like inadequate road infrastructure, poor vehicle
maintenance, and ineffective enforcement of traffic laws also play significant roles
in the prevalence of RTAs.

One of the key challenges in addressing road accidents is the multifaceted nature
of their causes. There is no single solution that can effectively eliminate all
accidents. Instead, a comprehensive approach is needed, addressing various
aspects such as driver behavior, road design, vehicle safety standards, and
enforcement of traffic regulations.

Furthermore, the impact of road accidents extends beyond the immediate loss of
life and injuries. These accidents also impose significant economic costs,
including medical expenses, property damage, and lost productivity. Moreover,
they can have long-term social and psychological effects on individuals and

communities affected by them.

1.3 Global Impact and Epidemiology of RTAs:
RTAs have wide-ranging consequences, affecting public health, urban
development, and economic productivity. Globally, approximately 1.2 million lives
are lost annually due to RTAs, with an additional 50 million people sustaining
injuries (global toll of road traffic accidents). These incidents result in substantial
social and economic costs, including medical expenses, lost productivity, and
psychological trauma. Moreover, vulnerable road users such as pedestrians,
cyclists, and motorcyclists are disproportionately affected by RTAs, underscoring
the need for targeted interventions to protect these groups.
The aftermath of RTAs extends beyond immediate casualties to impact various
facets of society. Medical costs associated with treating injuries can burden
individuals and families, while the loss of income due to injuries can exacerbate
financial strain. Furthermore, disruptions to transportation networks caused by
accidents can hinder economic productivity by impeding the flow of goods and
2
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services. Vulnerable road users face heightened risks on the road due to their
exposure to traffic and lack of protective barriers.

1.4 Understanding Driver Behavior:

Driving behavior encompasses a complex blend of cognitive, emotional, and
behavioral elements that profoundly influence road safety. Research indicates
that a significant majority, 94%, of road crashes result from driver behavior,
underscoring the critical need to explore the motivations behind these actions.
From minor oversights like failing to check blind spots to more severe issues
such as speeding and aggressive driving, each behavior contributes to the
frequency and severity of accidents (WHO). Distractions, whether from
smartphones or external stimuli, divert attention from the road, increasing the
likelihood of errors. Fatigue also impairs reaction times, heightening the risk of
accidents. Moreover, aggressive driving not only endangers the driver but also
jeopardizes the safety of others on the road. Personal factors such as age,
experience, and gender further shape driving behaviors, with younger drivers
often taking more risks due to their inexperience, and men exhibiting higher

levels of aggression compared to women.

Understanding and studying driver behavior are paramount due to its profound
impact on road safety, efficiency, and environmental sustainability. Globally, road
traffic accidents claim approximately 1.35 million lives annually, according to the
World Health Organization (WHO). In the United States alone, 38,824 traffic
fatalities were reported in 2019 by the National Highway Traffic Safety
Administration (NHTSA). Distracted driving plays a significant role in these
statistics, contributing to about 8 deaths and over 1,000 injuries daily in the U.S.,
as reported by the CDC. Speeding, another prevalent behavior, was a factor in
26% of all traffic fatalities in 2019, according to NHTSA data. These behaviors
not only pose risks to human lives but also impact environmental sustainability,
with transportation accounting for approximately 28% of greenhouse gas
emissions in the U.S. (EPA).

Addressing these behaviors through informed insights is crucial for developing

effective policies, improving infrastructure, and advancing technologies aimed at
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creating safer and more sustainable transportation systems globally. By delving
into the complexities of driver behavior, we can strive towards reducing
accidents, saving lives, and minimizing the environmental footprint of

transportation networks.

1.5 Chapterization:

Chapter 1: INTRODUCTION AND CONTEXTUAL BACKGROUND

This chapter organizes the content into logical sections based on the themes and
information provided, ensuring a structured approach to comprehensively
understand the issue of road traffic accidents. It covers the evolution of
awareness and policy responses, as well as the epidemiology, consequences,

and understanding of driver behavior.

Chapter 2: LITERATURE REVIEW

In this chapter, case studies and research papers were reviewed on the selected
theme. This review will further contribute to shaping the research aims,

objectives, methodology, and methods of analysis.

Chapter 3: RESEARCH DESIGN

This chapter serves as a roadmap for investigating how drivers' behavior affects
traffic. It begins by delineating the study's overarching aim, specific objectives,
and methodology. Subsequently, the chapter explores the research's scope,

potential limitations, and expected outcomes.

Chapter 4. STUDY AREA

This section details the characteristics and challenges of Bhopal, highlighting
specific areas like Arera Colony, Jahangirabad, and Subhash Nagar, focusing on
their distinct spatial dynamics and their influence on driver behavior and traffic
patterns, emphasizing the comprehensive data collection necessary to analyze

these factors effectively.
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Chapter 5: Data Collection and Analysis

This chapter encapsulates the essential components of the study, including data
collection methodologies, demographic analysis, and findings of driver behavior

as assessed by the Driver Behavior Questionnaire (DBQ).

Chapter 6: Data Collection and Analysis

This chapter discuss the findings and highlights distinct driving behavior across
urban locales: Subhash Nagar shows dangerous driving tendencies,
Jahangirabad exhibits moderate inclinations, and Arera Colony displays frequent
violations. Demographic factors like gender and marital status influence driving
behavior more than age. Tailored traffic management and educational campaigns

are crucial for promoting road safety in varied urban environments.
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CHAPTER 2: LITERATURE REVIEW

Literature reviews were chosen to understand the behavior of drivers under
various conditions and traffic characteristics, examining their relationship to
different local environments such as intersections, low-volume freeways, post-
congestion behavior, and gap acceptance. These reviews provide a
comprehensive examination of existing studies and findings related to driver
behavior in specific traffic scenarios. They analyze how drivers react and adapt to
different road conditions, traffic densities, and infrastructure layouts. For instance,
at intersections, studies may explore factors influencing driver decision-making,
such as signal timing, visibility, and presence of pedestrians or cyclists. On low-
volume freeways, researchers might investigate driver speed variations, lane-
changing behaviors, and adherence to speed limits. Post-congestion behavior
studies could focus on how drivers adjust their driving habits after encountering
traffic jams or delays, including changes in speed, lane usage, and risk-taking
behaviors. Gap acceptance studies delve into the psychology behind drivers'
decisions to merge into traffic flow, considering factors like vehicle speed
differentials, gap size perception, and driver confidence levels. By synthesizing
findings from these diverse areas, literature reviews contribute to a deeper
understanding of driver behavior across different local environments, informing
strategies for improving traffic management, safety measures, and urban

planning initiatives.

2.1  Studies of Driver Behaviors and Traffic Flow Characteristics at Roadway
Intersections. Qiang Yang (2012).

Intersections and driveway access points are crucial components of road
networks, impacting both efficiency and safety. Understanding driver behavior
and traffic flow at these locations is intricate but essential for effective design and
management. To address these challenges and provide guidance to engineers, a
series of studies were undertaken.

In a study conducted by Amer, A., Rakha, H., EI-Shawarby, I., 2010 in China,
researchers examined the effects of countdown timers on driver behavior. They
discovered that the presence of these timers could lead to behaviors such as

6
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running yellow lights and late entries into intersections, highlighting the need for
careful consideration of timer implementation.

Another study by Awadallah, F., 2009, proposed a phase gradient method for
studying driver behavior and traffic characteristics at signalized intersections.
This method was applied in a case study on red-light cameras in Knoxville, TN.
By analysing the data collected, researchers gained insights into the
effectiveness of red-light cameras in improving intersection safety and reducing
violations.

Legal issues and arguments surrounding the use of red-light cameras for profit
generation were explored in a separate study. This investigation delved into
various engineering measures, particularly those related to traffic signal settings
that could be employed to catch red-light runners and increase revenue from
camera systems. The study emphasized the importance of ethical considerations
in the implementation of such measures.

Additionally, an experiment was conducted by Dixon, K.K., Hibbard, J.L., Nyman,
H., 2000 to simulate right-turn issues impacting safety and operational efficiency
at intersections and driveway access points. By studying geometric parameters
such as angle-of-turn and tangent, researchers assessed their influence on driver
behavior and traffic flow characteristics. This research provided valuable insights
into optimizing intersection design to mitigate potential risks associated with right-
turn movements.

Collectively, these studies contribute to a better understanding of driver behavior
and traffic dynamics at intersections and driveway access points. By uncovering
the impacts of various factors such as countdown timers, red-light cameras, and
geometric parameters, engineers can make informed decisions to enhance the
safety and efficiency of road networks. Moreover, insights from these studies can
inform the development of policies and practices aimed at improving traffic

management and reducing accidents at critical points along roadways.

2.2  Analysis of the Driver's Behavior Characteristics in Low-Volume Freeway

Interchange. Ronghua Wang, Jiangbi Hu (2016).

This paper investigates the significance of understanding driver behavior

characteristics in designing freeway interchange facilities to enhance traffic

safety. The study, conducted on Qingyin Expressway, selected four interchanges
7
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with relatively low traffic volume, spanning from location 1 to location 2. Twelve
qualified drivers, comprising six-car test drivers and six truck test drivers,
participated in the experiment, adhering to a designated driving program.

Data collection involved the use of GPS and eye-tracking instruments to record
parameters such as running speed, real-time tracking, and fixation points, among
others. The analysis included employing box-plot graphs and Student’s t-test to
scrutinize the drivers' fixation on exit guide signs across the 12 datasets.
Additionally, speed-distance curves were plotted for 11 effective datasets to
evaluate driver behavior in diverging and merging areas.

Drivers typically recognize exit direction signs within an advanced distance of
170m-180m. The diverging influence area extends up to 1000m upstream of the
diverging point, while the merging influence area spans 350m downstream of the
merge point. It is recommended to place a NO OVERTAKING sign approximately
350m upstream of the diverging point.

These findings offer valuable guidance for the design and management of
freeway interchange facilities, aiming to enhance traffic safety. Understanding
when drivers typically recognize exit direction signs, the extent of influence areas
in diverging and merging sections, and the optimal placement of signage such as
the NO OVERTAKING sign are crucial considerations for designers and
managers.

In conclusion, this study underscores the importance of incorporating driver
behavior characteristics into freeway interchange design. By doing so, designers
and managers can make informed decisions to create more effective and safer
interchange facilities, ultimately contributing to improved traffic safety on

expressways.

2.3 Methods for Analysis of Naturalistic Driving Data in Driver Behavior
Research. JONAS BARGMAN (2016).

In recent years, there has been a notable shift in traffic safety research,
especially within the automotive industry. Instead of solely focusing on reducing
injuries after a crash occurs, the emphasis has moved toward preventing crashes
altogether or lessening their impact. This shift encompasses various pre-crash
safety measures, including the development of intelligent safety systems, the
improvement of road infrastructure, the promotion of safer driving behaviors, and

8
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the implementation of new policies. Central to the effectiveness of these
measures is a deep understanding of driver behavior.

Understanding how drivers behave on the road is crucial for developing and
evaluating pre-crash safety measures. Naturalistic driving data (NDD) has
emerged as a valuable tool in this regard, providing insights into the causes of
crashes and aiding in the assessment of safety interventions. However, the
complexity of NDD presents challenges that require innovative methods to fully
utilize its potential.

This thesis, along with its accompanying papers, aims to address several gaps in
current knowledge by introducing novel approaches to analyzing NDD across
various aspects of pre-crash safety measure development.

One such approach is the introduction of the "chunking" method, which helps
identify and correct common biases when analysing everyday driving data.
Additionally, a new method based on expert assessment of crash causation
offers a unique perspective on understanding why crashes happen by analysing
NDD alongside video footage.

Moreover, the thesis highlights the importance of using counterfactual simulations
to improve product and prototype development. It emphasizes the need to
choose appropriate models of driver behavior, as this can significantly impact the
effectiveness of safety interventions and vehicle design.

The study also explores how specific driver behaviors, such as distractions or
interactions with the vehicle, affect safety on the road. By combining analyses of
where drivers are looking and what the vehicle is doing before a crash,
researchers gain deeper insights into the factors contributing to crash risk.

In summary, these new methods contribute to advancing our understanding of
pre-crash safety measures by harnessing the potential of NDD. By leveraging this
data, researchers can better comprehend driver behavior and the causes of
crashes, ultimately leading to more effective safety interventions. This progress is
vital for achieving the goal of zero crashes, a cornerstone of Sweden's Vision

Zero initiative, and ensuring safer roads for all.
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2.4 A Survey on Modelling of Driver Behavior for Tier Il City of India. Parag M.
Dhoble, Bhalchandra khode (2016).

Driving behavior is closely linked to traffic and is a significant factor in ensuring
human safety on the roads. In today's fast-paced life, everyone is in a rush to
reach their destinations, be it the office, college, or elsewhere. However, driving
behaviors can vary depending on different conditions and situations.

Human factors that influence driving behavior include Excitement Sensation
Seeking, Impulsiveness, Extraversion, and Driving Anger. Additionally, vehicle
characteristics such as Braking and Deceleration capabilities, Low-speed and
High-speed turning characteristics, Acceleration, Size, and Weight also play a
role in driving behavior.

Unfortunately, in their haste to reach their destinations quickly, people often
resort to driving at high speeds and disregard traffic rules. This reckless behavior
frequently leads to road accidents and jeopardizes the safety of everyone on the
road.

Data for this study was collected from a selected site located 15 meters from
Hingna RBI Square in Nagpur. Video graphic methods were employed for data
collection during both peak and off-peak hours. Important parameters such as
rule violations and spot speed determination were considered in this project.
Driver behavior is a major contributing factor to road accidents. To address this
issue effectively, it is essential to develop evaluation and prediction models for
driving behavior. By understanding and predicting how drivers behave on the
road, we can take proactive measures to prevent accidents and ensure safer

roads for everyone.

2.5 Gap acceptance behavior of drivers at uncontrolled T-intersections under
mixed traffic conditions. Manish Dutta, Mokaddes Ali Ahmed (2017).

This study focused on intersections where there are no traffic signals, known as
uncontrolled intersections, which are more prone to accidents because drivers
have to navigate without explicit instructions. In countries like India, drivers often
fail to yield to oncoming traffic at these intersections, leading to an increase in
collisions. The study aimed to understand and model the behavior of drivers at
uncontrolled T-intersections, particularly focusing on their tendency towards
aggressive behavior. Specifically, it examined how drivers on minor streets
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decide when to enter the intersection, considering factors like the duration of
available gaps and the drivers' aggressiveness.

Three intersections in the northeast region of India were chosen as case studies
to gather data on driver behavior. Initial analysis revealed that aggressive driving
behavior was not solely attributed to long waits at stop lines but rather stemmed
from a general disregard for traffic regulations.

To understand and predict driver behavior, the study developed binary logit
models for vehicles turning right from minor roads. These models considered
various factors influencing gap acceptance behavior, including the duration of
available gaps, the time it took for the road to clear, and the drivers' level of
aggression. By analyzing these factors, the study aimed to estimate critical gaps,
which represent the minimum gap size required for a driver to safely turn onto the
busier road. The study found that considering clearing time and driver aggression
led to more accurate estimates of critical gaps. By incorporating these factors into
the models, researchers could better predict when drivers would choose to enter
the intersection, thus improving the understanding of gap acceptance behavior.
Additionally, the study compared critical gap estimates obtained from the
developed models with those derived from existing methods based solely on
clearing behavior. The results demonstrated that considering factors like clearing
time and driver aggression resulted in more realistic estimates of critical gaps,
highlighting the importance of accounting for these variables in intersection
operational analysis and capacity estimates.

Overall, the study aimed to contribute to the improvement of intersection safety
by providing insights into driver behavior at uncontrolled intersections. By
understanding the factors influencing gap acceptance behavior and accurately
estimating critical gaps, transportation planners and engineers can develop

strategies to enhance intersection design and reduce the likelihood of accidents.

2.6  Driver Behavior as Road Safety Indicator— A Case Study of Gorakhpur,
Uttar Pradesh, India. Ashutosh Gupta, A. K. Mishra (2020).
Driving serves as a means to reach destinations promptly and safely, but
disruptions to this purpose can trigger emotional responses that influence

behavior. This study delves into the driving habits of individuals in Gorakhpur

11

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030



Role of Traffic and Land use on Driver’s Behavior

district, Uttar Pradesh, India, using the Driver Behavior Questionnaire to explore
their connection with road accidents.

Surveying 391 drivers, the study uncovered that 12.4% are prone to making
errors while driving, and 8.9% exhibit critical driving behaviors. These behaviors
pose significant risks to other road users, highlighting the potential consequences
of deviations from safe driving practices. Notably, the study observed correlations
between these behaviors and gender.

While the percentages of drivers engaging in aggressive or ordinary violations
were relatively low, the study underscores the paramount importance of road
safety. It emphasizes that even small percentages of individuals displaying risky
driving behaviors can have serious implications, particularly considering the
frequency with which they utilize roads for various purposes, including work and
social obligations.

The findings shed light on the complex interplay between driving behavior and
road safety, emphasizing the need for ongoing efforts to promote responsible
driving practices. By understanding the factors influencing driving behavior and
their implications for road safety, policymakers and stakeholders can implement
targeted interventions to mitigate risks and enhance overall road safety.

In summary, the study provides valuable insights into the prevalence of different
driving behaviors among individuals in Gorakhpur district, Uttar Pradesh, India,
and their association with road accidents. It underscores the imperative of
prioritizing road safety initiatives to address risky driving behaviors and create

safer environments for all road users.

2.7 Influence of traffic congestion on driver behavior in post-congestion
driving. Guofa Li, Waijain Lai (2020).
Traffic congestion often leads to more aggressive driving behavior, which
increases the risk of accidents. While past studies have mainly looked at how
people drive during congestion, there's a gap in understanding how congestion
affects driving behavior on roads right after the congestion clears. To fill this gap,
this study looked at how traffic congestion influences driver behavior on post-
congestion roads.
In this study, twenty-five participants took part in a driving simulation. They
completed two trials: one after experiencing congestion and the other in non-
12
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congested conditions. Researchers measured various aspects of driver behavior,
including driving performance, eye movements, and brain activity using EEG
readings. They then compared these measures between the two conditions.
From their analysis, the researchers identified ten significant features that
characterized drivers' behavior. They used these features to group drivers into
different response patterns using a method called hierarchical clustering.

The results showed that after experiencing congestion, drivers tended to display
more aggressive behavior compared to when driving in non-congested
conditions. They also focused more on the road ahead but less on their
dashboard. Moreover, there was a decrease in brain activity in the temporal
region associated with cognitive processing.

The clustering analysis revealed distinct response patterns among drivers. Some
exhibited more aggressive behavior and less awareness while driving in post-
congestion situations.

Overall, the study highlighted that traffic congestion negatively affects driver
behavior on roads following congestion. The findings suggest that there's a need
for targeted interventions to address the challenges posed by aggressive driving
in post-congestion scenarios.

By understanding how congestion impacts driving behavior beyond just the
congested period, policymakers and educators can develop strategies to promote
safer driving practices and reduce the risks associated with post-congestion
driving. This could involve initiatives such as enhanced driving safety education
programs aimed at addressing the specific challenges posed by post-congestion

driving situations.

2.8 Analysis of factors influencing aggressive driver behavior and crash

involvement. Anusha Avadikottu, Nagendra R Velaga (2021).

This study aimed to investigate the relationship between aggressive driving

behavior and the likelihood of being involved in road crashes, a topic that has

been relatively understudied despite its importance in road safety.

Using data from 405 Indian drivers, the study examined various factors

contributing to aggressive driving behavior. Self-reported measures were used to

assess driving aggression, while generalized linear models were employed to

analyze the influence of independent variables such as age, gender, personality
13
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traits (e.g., driving anger, physical aggression, hostility), and driving violations
(e.g., excessive speeding, risky overtaking) on both aggressive driving behavior
and crash probabilities.

Through the application of the K-means clustering technique, drivers were
categorized into three groups based on their scores on the Aggressive Driving
Scale (ADS): aggressive, normal, and cautious. The analysis revealed a
significant correlation between gender and aggressive driving, with male drivers
being 2.57 times more likely to engage in aggressive behavior compared to
females. Furthermore, older drivers displayed lower tendencies for aggressive
driving, with a 26% reduction observed for each year increase in age. Drivers
who frequently engaged in behaviors such as excessive speeding and risky
overtaking were almost three times more likely to exhibit aggressive driving
tendencies. Personality traits also played a crucial role, with aggressive drivers
exhibiting higher levels of certain traits associated with aggression.

Regarding crash involvement, the study found that aggressive drivers were 2.79
times more likely to be involved in road crashes compared to cautious drivers.
Moreover, marital status and occupation were significant factors influencing crash
probabilities, with married drivers exhibiting lower crash involvement probabilities,
while professional drivers were at a higher risk of crashes.

The study highlights the importance of considering various factors such as age,
gender, personality traits, and driving violations in understanding aggressive
driving behavior and its implications for road safety. By identifying specific risk
factors associated with aggressive driving, policymakers and safety advocates
can develop targeted interventions aimed at mitigating the risks posed by
aggressive drivers. Additionally, the findings emphasize the potential role of in-
vehicle Advanced Driver Assistance Systems (ADAS) in enhancing safety by
identifying and addressing aggressive driving behavior among different driver

groups.
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Findings from literature review

The literature review identified various variables influencing drivers, including
age, gender, marital status, education level, and driving experience. Parameters
such as critical driving, aggressive behavior, dangerous actions, and errors were
recognized as significant aspects for assessing driver behavior. To evaluate
these factors, the Driver Behavior Questionnaire was chosen as the instrument of
measurement. Additionally, Principal Component Analysis was adopted over
hierarchical clustering for data analysis to extract meaningful insights from the
collected data. By examining these variables and parameters, the research aims
to gain a comprehensive understanding of driver behavior and its underlying
determinants, ultimately contributing to the development of effective strategies for

promoting road safety and enhancing transportation systems.

Driver characteristics — Gender, Age, Marital Status, Education, Driving
Experience.

Parameters — Errors of drovers, Propensity for aggression, Dangerous driving

and Critical driving behavior.

Questions asked in DBQ-

1. Failed to notice a pedestrian crossing when turning into a side street from a
main road.

2. Misjudged the road surface, through which your braking path is longer than
you expected.

Almost go off the road because you ride too fast when turning a corner.
Underestimate the speed of an oncoming vehicle when overtaking.

Brake too quickly on a slippery road and/or steer the wrong way into a skid.
| lose track of where | am going.
| yell at the driver/drivers who make me nervous.

| have trouble staying in the correct lane. | drift into other lanes.

© 0 N o O Ao

| forget to make appropriate adjustments in speed.

10.1 maintain a large distance between myself and the driver in front of me.

11.1 make gestures at the driver/drivers who made me nervous.

12.1 try to put distance between myself and other cars.

13.1 honk my horn at the driver who made me nervous.

15
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14.1 try to find ways to let other drivers know that they are making me nervous.

15. have difficulty merging into traffic.

16. Felt frustrated by other road users.

17.Felt angry and aggressive towards another road user.

18.Indicated your hostility towards another road user by whatever means you
could.

19.Gave chase when angered by another rider or road user.

20.Physically attacked another vehicle or rider or road user.

21.1 lose my temper while driving.

22.1 always consider the actions of other drivers to be inappropriate or stupid.

23.1 flash my headlamps when | get annoyed by other drivers.

24.1 make rude gestures e.g. giving fingers, yelling curse words toward drivers
who annoy me.

25.1 verbally insult drivers who annoy me.

26.1 illegally pass a car/truck that is going too slowly.

27.When | get stuck in a traffic jam, | get very irritated.

28.Passengers in my vehicle tell me to calm down.

29.1 get irritated when a vehicle in front of me slows down for no reason.

30.1 will drive in the shoulder lane or median to get around a traffic jam.

31.1 will drive when | am in drunken condition.

32.1 feel that most traffic rules could be considered as suggestions or advice.

16
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CHAPTER 3: RESEARCH DESIGN

The primary aim of the study was to delve into the intricate relationship between
driver behavior and its influencing factors. To accomplish this, various relevant
research papers were selected centered on driver behavior and its association
with traffic patterns. The findings from the research served as the foundation for
defining the study's objectives, specifying data requirements, and determining the
appropriate analysis methods.

From the research, it is underscored that drivers' behavior is closely tied to
various personal attributes such as age, gender, marital status, education level,
and driving experience. These factors play a significant role in shaping how
individuals behave behind the wheel. To effectively evaluate driver behavior, the
study identified several key parameters based on prior research. These
parameters included lapses, errors in driving, instances of dangerous driving,
aggressive behavior, and reckless driving. By examining these parameters, it is
aimed to gain a comprehensive understanding of the diverse range of behaviors
exhibited by drivers.

Aim and Objectives for the research

3.1 Aim
Identify the factors that influence Driver’s behavior and its effects on traffic

flow and safety.
Understanding the factors that shape how people drive and how they affect traffic
flow and safety is vital for creating successful plans and actions to encourage
safe driving behaviors, ease traffic jams, and enhance road safety.

3.2 Objective
e Baseline study of land use and Road network in the study area.

e To identify and understand the reasons and factors that influence or have
the potential to influence the Driver’s behavior in the study area.
e To compare the Driver's behavioral change and its potential effects on traffic

flow and safety in different selected areas.
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3.3 Scope
The scope of the study is to understand how the drivers of different groups

behave within the group and concerning different city forms.

3.4 Limitation
The study is limited to the ward level which is the sub-part of the city and
focused on the private mode of vehicle which is cars and bikes, it is because
studying the whole city will require more time and manpower for collecting

samples.

3.5 Utility
Study findings can be used to understand the cause of driver behavioral
change concerning city form which will help to mitigate its effects on traffic

flow and congestion for working towards fostering a culture of safe driving.

3.6 Expected Outcome

The research findings offer valuable insights to policymakers and traffic
personnel, highlighting the specific areas in need of targeted interventions.
These insights differentiate between planned areas, unplanned areas, and
transitional zones, guiding decision-makers on appropriate strategies and

actions for each context.

For data collection, the self-reported data obtained through a driver behavior
questionnaire (bilingual) was opted. This approach allows to gather insights
directly from the drivers themselves, providing valuable firsthand perspectives on
their behaviors and attitudes while driving.

In terms of data analysis, a combination of analytical techniques was adopted.
Descriptive statistics were utilized to summarize and describe the characteristics
of the respondent drivers. Additionally, factor analysis using principal component
analysis (PCA) with varimax rotation was conducted to identify underlying factors
influencing driver behavior. This method helped to uncover any underlying

patterns or relationships within the data.
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Furthermore, frequency analysis and Chi-Square test using the Statistical
Package for the Social Sciences (SPSS) version 26 was carried out to explore
the prevalence of specific behaviors among the respondent drivers.

The structure of DBQ and the Flowchart of methodology are shown in Figure 1

and Figure 2 respectively. The DBQ shown in Appendix 1.

No. of Seven point
questions Likert scale
4 Gender Errors of drivers 6 1 Never
E 2 Almost never
b} Age ©
i o Propensity for aggression 5 3 Occaisnnally
(0]
g Marital Status | £ £ 4 Quite often
o] .
6 i 5 Dangerous driving 13 5 Frequently
o Education o
g 6 Almost everytime
a Driving Experience Driving behavior (Critical) 18 7 Everytime

Figure 1: Structure of Drivers Behavior Questionnaire (DBQ)
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CHAPTER 4: STUDY AREA

4.1  Study Area (Bhopal)

Deaths due to road accidents in Bhopal touched a new high in 2022. About 198
deaths due to road accidents were reported last year. The Karond Square area of
Bhopal emerged as the top black spot, which saw 45 road accidents followed by
ISBT Road, where 29 road accidents took place. The death tally due to road
accidents in the bygone year surpassed the figures of 2021 and registered a 36
percent increase. In 2021, Bhopal city registered 126 road accident deaths. The

figure rose to 198 in 2022. From the report “Road Safety Audit of Accident Prone

Locations in Bhopal City” Bhopal was on the top os selected cities in accidents
with number 205 per lakh in 2008.

No. of Accidents per lakh Population in Select Cities during 2008
250
205
200 A 191 o
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Source: Road Safety Audit of Accident Prone Locations in Bhopal City
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Bhopal is the capital city of the Indian state of Madhya Pradesh with a total area
of 413 sqg.km, a population of 1798218, and a population density of 3900 people
per sq.km. Bhopal is a vibrant blend of rich history, cultural diversity, and modern
development. Nestled in the heart of India, Bhopal is renowned for its scenic
beauty, historical landmarks, and architectural marvels.

Originally founded by the Parmara king Bhoja in the 11th century, Bhopal has
evolved into a bustling metropolis while retaining its traditional charm. Bhopal is
famous for its majestic lakes, earning it the moniker "City of Lakes." The Upper
Lake (Bada Talab) and Lower Lake (Chhota Talab) are iconic symbols of the.
Bhopal's cultural landscape is enriched by its vibrant festivals, traditional cuisine,
and performing arts. The city celebrates festivals like Eid, Diwali, and Navratri
with great fervour, showcasing its diverse cultural heritage.

In essence, Bhopal encapsulates the essence of India's rich past and promising
future, making it a captivating destination for tourists and a thriving home for its
residents.

The study zones in Bhopal, specifically Arera Colony, Jahangirabad, and
Subhash Nagar, have been selected due to their distinctive spatial
characteristics, each presenting unique challenges and opportunities. Arera
Colony, a relatively modern development, contrasts sharply with Jahangirabad,
one of the city's oldest neighbourhoods, while Subhash Nagar serves as an
intermediary, showcasing elements of both planned and organic settlements.
This study aims to delve into the land use patterns and driver behavior across
these areas, considering factors such as road infrastructure, population density,
and road width.

Arera Colony stands out as a meticulously planned area, characterized by wider
roads, well-defined intersections with traffic signals, and ample road markings.
These features contribute to efficient traffic flow and enhanced road safety. With
a total area of 2.44 square kilometers and a population of 19,282, Arera Colony
boasts a population density of 7905.1 people per square kilometer. Its road
network spans 44.41 kilometers, with 9.93% of roads having a Right of Way
(ROW) exceeding 18 meters, 14.19% falling between 12 to 18 meters, and the
majority, 74.89%, ranging between 6 to 12 meters. Notably, there are no roads

with a ROW less than 6 meters in Arera Colony.
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In stark contrast, Jahangirabad, spanning 0.49 square kilometers with a
population of 25,485, exhibits the characteristics of an older, densely populated
urban settlement. The area's historical significance is reflected in its narrow roads
and high population density of 51667.81 people per square kilometer.
Jahangirabad's road network covers 10.67 kilometers, with only 5.81% of roads
having a ROW exceeding 18 meters, 17.24% falling between 12 to 18 meters,
and the majority, 63.91%, having a ROW of less than 6 meters.

Subhash Nagar, occupying an area of 0.52 square kilometers with a population of
19,506, serves as an intermediary zone between Arera Colony and
Jahangirabad. This area displays a blend of planned and organic development,
with a population density of 36841 people per square kilometer. Subhash Nagar's
road network spans 10.72 kilometers, with 6.52% of roads having an ROW
exceeding 18 meters, 72.66% falling between 6 to 12 meters, and 20.8% having
an ROW of less than 6 meters. Notably, there are no roads in Subhash Nagar
with an ROW between 12 to 18 meters.

The differences in spatial dynamics among these areas significantly impact driver
behavior and traffic patterns. Arera Colony's well-planned infrastructure facilitates
smoother traffic flow and reduces congestion compared to the cramped and
narrow roads of Jahangirabad. Subhash Nagar, serving as a transition zone,
experiences a mix of traffic behaviors influenced by its proximity to both Arera
Colony and Jahangirabad.

Analyzing driver behavior across these areas provides valuable insights into the
effectiveness of urban planning, road design, and traffic management strategies.
Factors such as road width, population density, and the presence of traffic signals
and road markings influence driver decision-making, vehicle speeds, and overall
road safety.

Understanding these dynamics is crucial for urban planners, policymakers, and
transportation engineers to develop targeted interventions aimed at improving
road safety, enhancing traffic flow, and creating more liveable urban
environments. By identifying key challenges and opportunities within each area,
informed decisions can be made to optimize infrastructure investments and

promote sustainable urban development.
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Area Colony

Arera Colony is a well-known residential area located in Bhopal. It is one of the
oldest and most prominent colonies in Bhopal, known for its planned layout and
serene surroundings.

Arera Colony is situated in the southern part of Bhopal, bordered by areas such
as Shahpura, E-7 and E-8, and Habibganj Railway Station. It is centrally located
and well-connected to other parts of the city.

Arera Colony is primarily a residential area, known for its spacious bungalows,
independent houses, and apartment complexes. The colony is home to a diverse
mix of residents, including government officials, professionals, businessmen, and
families.

The colony boasts a well-planned layout with wide roads, green spaces, and
organized sectors. It is divided into various sectors, each offering amenities such
as parks, markets, schools, and healthcare facilities within easy reach.

While predominantly residential, Arera Colony also features commercial centers
and market areas, catering to the daily needs of residents. These markets offer a
range of shops, supermarkets, restaurants, banks, and other essential services.
Arera Colony is home to several prestigious educational institutions, including
schools and colleges, making it an ideal residential choice for families with
children. These institutions offer quality education and are well-regarded within
the city.

The colony is known for its lush greenery and well-maintained parks, providing
residents with ample opportunities for recreation and relaxation. Many parks
feature walking tracks, playgrounds, and seating areas, making them popular
destinations for residents of all ages.

Arera Colony enjoys excellent connectivity to other parts of Bhopal via road
networks. It is located close to major landmarks and transportation hubs,

facilitating easy travel within the city and beyond.
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Figure 5: Streets in Arera colony
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Jahangirabad

Jahangirabad has a rich historical legacy and derives its name from Jahangir, the
Mughal emperor. The locality has witnessed various historical events and has
cultural significance.

Jahangirabad is centrally located in Bhopal, making it easily accessible from
different parts of the city. It is situated near prominent areas such as Ibrahimpura,
Idgah Hills, and Peer Gate.

Jahangirabad is primarily a residential area, characterized by a mix of residential
properties, including independent houses, apartments, and bungalows. It is home
to a diverse population, including families, professionals, and students.

While predominantly residential, Jahangirabad also features commercial
establishments, markets, and shopping complexes. Residents have access to
various amenities such as grocery stores, restaurants, banks, and healthcare
facilities within the locality.

Jahangirabad is dotted with cultural landmarks, historical sites, and religious
places of worship. These include mosques, temples, and shrines, which hold
significance for the local community and attract visitors.

The locality enjoys good connectivity to other parts of Bhopal via road networks.
Public transportation facilities such as buses and auto-rickshaws are readily

available, providing residents with convenient travel options within the city.
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Figure 7: Steerts of Jahangirabad
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Subhash Nagar

Subhash Nagar is situated in the western part of Bhopal, bordered by areas such
as Arera Colony, Nehru Nagar, and Shakti Nagar. It is centrally located, with easy
access to other parts of the city.

Subhash Nagar is primarily a residential locality, known for its peaceful
surroundings and family-friendly environment. The area is home to a mix of
independent houses, apartments, and bungalows, catering to residents of various
income levels.

The locality boasts well-developed infrastructure, including wide roads, street
lighting, and access to basic amenities such as water supply, electricity, and
sanitation services. Many residential complexes also offer additional amenities
such as parks, community centers, and security facilities.

The locality enjoys good connectivity to other parts of Bhopal via road networks.
Public transportation facilities such as buses and auto-rickshaws are readily
available, providing convenient travel options for residents.

Subhash Nagar has two distinct areas: old and new. The old section features
unplanned layouts, characterized by small plots, narrow roads, and dense
building arrangements. In contrast, the new area boasts planned development,
offering larger plots, wider roads, and lower building density. Old Subhash
Nagar's haphazard setup contrasts starkly with the organized infrastructure of the
new Subhash Nagar. This dichotomy reflects differing urban planning
approaches, with the old area's cramped conditions standing in contrast to the

spaciousness and orderliness of the new sector.
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Figure 9 Streets of Subhash Nagar
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4.2 Data Required

To meet the study's goals and obijectives, it's crucial to grasp drivers' behavior.
This entails collecting data directly from drivers through a series of questions.
Additionally, data from the traffic police control room, such as traffic rule
violations and accident records, is essential. Furthermore, information about the
road network, density, local environment, right-of-way (ROW), and other related
factors is necessary for analysis. Gathering this comprehensive dataset will
provide insights into various aspects influencing driving behavior and traffic

patterns, facilitating a thorough understanding of the study area's dynamics.
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Chapter 5: DATA COLLECTION and ANALYSIS

51 Data collection

Data collection for the study involved employing a self-reported data method,
wherein drivers were asked to provide information about their behavior through a
structured questionnaire. This questionnaire aimed to capture various
characteristics of drivers and parameters of their behavior using a seven-point
Likert scale. The Likert scale ranged from 1 to 7, with 1 representing "never" and
7 representing "every time." This scale allowed participants to indicate the

frequency of their behaviors along a spectrum, including "almost never,"

"occasionally," "quite often," "frequently,” and "almost every time."

The questionnaire, known as the Driver Behavior Questionnaire (DBQ), consisted
of 42 items that assessed aberrant driver behaviors. These behaviors
encompassed a range of actions and tendencies displayed by drivers on the
road. Participants were required to indicate how often they engaged in each
behavior, providing valuable insights into their driving habits and tendencies.

To ensure a representative sample, the questionnaire was distributed to motorists
using the intercept survey method. This method involved intercepting drivers at
selected locations within the study area and inviting them to participate in the
survey. The selected locations were strategically chosen to capture a diverse
cross-section of drivers traversing different road segments.

The intercept survey method utilized a roadside handout approach, by stationing
at specific survey sites and approaching passing motorists. Drivers who agreed
to participate were handed the questionnaire and provided with instructions on
how to complete it. This approach allowed for direct engagement with drivers and
facilitated the collection of data in real-time.

In total, data were collected from 60 drivers across three selected areas within
the study area. These areas were chosen based on their representation of
different traffic conditions, road types, and environmental factors. By collecting
data from multiple locations, the study aimed to capture the variability in driver
behavior across different contexts and road environments.

The questionnaire distribution process involved careful planning and coordination
to ensure to collection of data from all variables like Age, Gender, marital status,

educational status, and driving experience. Data was collected at predetermined

36

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030



Role of Traffic and Land use on Driver’s Behavior

survey sites during peak traffic hours to maximize participant engagement.
Additionally, efforts were made to minimize any biases or influences that could
affect participants’ responses, such as providing clear instructions and
maintaining anonymity.

Upon completion of the survey, the collected data were compiled and analyzed to
identify patterns and trends in driver behavior. Statistical techniques were
employed to analyze the Likert-scale responses and derive meaningful insights
from the data. The findings obtained from the questionnaire provided valuable
information for understanding the factors influencing driver behavior and
informing strategies for promoting road safety and efficiency.

Overall, the data collection process utilizing the self-reported questionnaire
method yielded a rich dataset that contributed to the comprehensive analysis of
driver behavior within the study area.

Driver’s behavior questionnaire is mentioned in Appendix 1.

5.2 Data Analysis

Drivers were sorted into five categories based on their characteristics: gender
(male and female), marital status (married and unmarried), age (divided into five
groups), education level (below high school and above high school), and driving
experience (grouped into four categories).
According to the data, the distribution of respondents based on these
characteristics is as follows:
e 86.7% were male, while 13.3% were female.
e 51.7% were married, and 48.3% were unmarried.
e 48 % men and 75 % women were married.
e 88.3% had education above high school, whereas 11.7% had education
below high school.
e In terms of age, none were less than 20 years old, 61.7% fell between 20
to 29 years, 20% were between 30 to 39 years, 10% ranged from 40 to 49
years, and 20% were above 50 years old.
e Concerning driving experience, 1.7% had less than 2 years, 23.3% had 2
to 5 years, 36.7% had 5 to 10 years, and 38.3% had more than 10 years of

experience.
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These percentages delineate the demographic composition of the surveyed
drivers across various categories. The graphical representation of this
distribution, depicted in graphs 4 to 8, offers a visual snapshot of the diversity
within the driver sample. It aids in comprehending the makeup of the respondents
in terms of gender, marital status, educational background, age, and driving
experience.

The categorization of drivers based on these characteristics allows for a nuanced
analysis of behavior patterns and tendencies within different demographic
groups. For instance, comparing the driving behaviors of male and female drivers
or assessing how age and driving experience influence behavior can yield
valuable insights into road safety and traffic management strategies. The average

mean of each response under each parameter is shown in graphs 4 to 8.
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70 7 B Propensity of aggression

[l Dula-Dangerous driving index

@ Critical Driving behavior
a

3 Average mean of responses under each

‘ ‘ | | | | ‘ | parameter
0

<2 years 2t05 51010 >10

N~

Average mean of responses

% of responses

i

Graph 8: % of responses by experience

On average, female drivers exhibit the highest level of errors in driving and critical
driving behavior, with a mean value of 3, followed closely by male drivers
displaying critical driving behavior at 2.9. Among drivers aged over 50, dangerous
driving tendencies are most pronounced, averaging at 3, whereas those aged 40
to 49 show the lowest at 2.7. Drivers with less than 2 years of experience tend to
display more critical behavior, with an average mean of 4. Similarly, drivers with
education below high school level are more prone to errors in driving, scoring an
average of 3.05, while those with education beyond high school are more inclined
to engage in critical driving, scoring 2.97 on average. Furthermore, unmarried
drivers are more likely to exhibit critical behavior, with a mean of 3.01, whereas

married drivers tend to make more errors, with an average mean of 2.98.

Table 1 displays the driver's reactions, presenting percentages for each scale
alongside the mode of all questions. The mode represents the most frequent
response across all questions. In this case, the overall mode is 3, indicating that
respondents tended to exhibit aberrant behavior occasionally. This suggests that
while drivers may generally adhere to safe practices, they occasionally engage in
behaviors that deviate from standard norms. Understanding these patterns is
crucial for identifying areas where interventions may be needed to promote safer

driving.
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Table 1 Distribution of responses

S.NO.

Question

Errors of drivers

ATUS ¥ A3 gad Ugel AT B AfeH @ A Urd

U g B T § & R Uil & dole d e o9l W AT I Siel gl aa e Siid &

IMST AT T DT Iolg F ST S F I & Sl &

aREH TG GAT 3 arel aredd T IIfd B HH Hdhd &

v | AW | N|R

fherelel 9101 Hgeh WX dgcd dlofl A §ieh ofanell 3R/A1 Feps & areld e i andy =erren|

¢hep Roder W R &<l & 3T 17 28dhs A7 drell TR W dF A A aid hr oo
P PL AT e

Propensity for aggression

3T IR # fhefell IR gGER S8’ 1 dron foham &2

FT AT BT TRET 3T gt A1 3B W ANIRSG gHenm frar &2

AT FESH W 3T BT b Ufd fhdell IR dPRIcHAD HATGA3it (faRmem, e, 3nfe) @
3gHT A &2

10

Y fhdell IR UV IdeR A Heldd Bld & Nleo 3F 3’ & Ufd 3MMehiaAes A1 Ao
AT ST Fhal & (I, Rredrr, 31fAT sam =)

11

3T fhdelt IR Fif@d 31U, Redee a1 3795 AR & ATIH I 3T sBai b ufd
HUAT FTeTec AT TaRIeT qh I ©

Dula Dangerous driving index

12

IS TITd THI 37T fohdall IR 37TaT 3MaT @' & &

13

3T fhdelt g agd et arfd @ S & fohel PR/ Pl TTeld b @ 3NaReh P AN §?

14

¢fhh H B T T fohae IR e Ia €2

15

IME TATd AT T 3T fhdell ar AT T&ad & U ded &2

16

STd 3T FIHAS BIS argel = el dRoT & & & oirar § Y & 310 Rig sha$?

17

¢ & g & forw 3T fohaer ar LMot o a1 Ay & amEr gara &2

18

37 fhaelr aR A7 FH IMET Tdd ©?

19

20

3T frelt IR Fegy aXa & d3d Rhar & Habd Fecaqur &7

21

3719 fohdell IR ITeld &M & M3 Toltd &2

22

Haetel WX q@ll ST Bl IS oise A fuctel HIA P o@ B 3T A {7l HiF Hd ©

23

&pep ST @ ehorad & are 3T Sy & 7Y gu arfa dien @ 3fs s "o ¥

24
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1 2 3 a4 5 6 7
S.NO. .| oTaTsTar I IR~
P TE . FH-FAHT | IR IR-IR W ar Mode
ER ar

1 6.7 35.0 40.0 5.0 5.0 8.3 0.0 3
5 10.0 35.0 40.0 11.7 0.0 33 0.0 3
3 26.7 21.7 28.3 13.3 5.0 5.0 0.0 3
2 133 40.0 21.7 13.3 6.7 5.0 0.0 2
5 16.7 317 25.0 18.3 3.3 5.0 0.0 2
6.7 18.3 16.7 15.0 16.7 13.3 13.3 2

6
7 333 35.0 18.3 5.0 5.0 33 0.0 2
8 70.0 28.3 1.7 0.0 0.0 0.0 0.0 1
33 25.0 38.3 233 5.0 5.0 0.0 3

9
20.0 46.7 25.0 8.3 0.0 0.0 0.0 2

10
11.7 60.0 23.3 5.0 0.0 0.0 0.0 2

11
12 40.0 33.3 15.0 6.7 1.7 33 0.0 1
13 16.7 21.7 33.3 10.0 10.0 5.0 3.3 3
14 1.7 10.0 217 23.3 217 133 8.3 4
15 40.0 38.3 10.0 5.0 33 1.7 1.7 1
16 8.3 25.0 16.7 117 20.0 11.7 6.7 2
17 11.7 21.7 33.3 18.3 10.0 33 1.7 3
18 66.7 23.3 5.0 33 1.7 0 0 1
19 35.0 35.0 23.3 33 33 0 0 1
20 0 1.7 1.7 13.3 11.7 18.3 53.3 7
21 20.0 53.3 21.7 5.0 0 0 0 2
22 23.3 30.0 18.3 10.0 11.7 6.7 0 2
23 15.0 33.3 28.3 20.0 33 0 0 2
24 18.3 317 18.3 6.7 18.3 33 33 2
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Driving behavior (Critical)

25
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33
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34

Rl 00 cafes @ 3 P 1 I & W 3Ua &I J8 &ar & fF ag g 3R S &1 Hohd &
e

35

IR e, o g e & ueel 3 ReRey R &1 s e 7 v R

36

AET b W It 3R A3 & fOU HaAR #, 30 IR H BT YRT W ST & & b
3T SITHIT HHAS aTell R THY ST &

37

¢fthes RTetel O &RIT3MyT fohdl q@R amEr A NS ol & @ & M dsf Teid &

38

forell STt @1 AT ST U UR Y fF SRpeh s ueel & 3 faeg @ g

39
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1 2 3 4 5 6 7
S:NO. .| oI STIHIT dIR-
HT Tl = HH-HHT | IR CIESCIES e W AR Mode

25 183 20.0 333 16.7 5.0 3.3 3.3 3
% 25.0 35.0 20.0 8.3 3.3 33 5.0 2
27 0 8.3 26.7 233 20.0 15.0 6.7 3
»8 20.0 46.7 25.0 1.7 1.7 5.0 0.0 2
29 6.7 15.0 25.0 20.0 15.0 15.0 3.3 3
10.0 133 36.7 15.0 16.7 1.7 6.7 3

30
31 5.0 233 25.0 25.0 8.3 8.3 5.0 3
32 33.3 36.7 20.0 33 6.7 0 0 2
33 25.0 40.0 23.3 5.0 6.7 0 0 2
34| 200 40.0 317 1.7 33 0.0 1.7 2
35 | 400 21.7 21.7 8.3 6.7 0.0 1.7 1
21.7 56.7 133 33 1.7 33 0 2

36
37 30.0 41.7 13.3 8.3 1.7 5.0 0 2
38 333 233 18.3 10.0 6.7 5.0 33 1
39 61.7 26.7 3.3 1.7 33 33 0.0 1
40 5.0 18.3 333 20.0 10.0 8.3 5.0 3
a1 33 11.7 317 21.7 20.0 8.3 33 3
42 0 0 10.0 10.0 233 25.0 317 7

practices.
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5.3 Reliability test of the questionnaire

Cronbach's alpha coefficient is a statistical measure used to assess the internal
consistency or reliability of a set of survey items. It helps determine whether the
items in a survey consistently measure the same underlying characteristic. The
coefficient quantifies the level of agreement among the items on a standardized
scale ranging from O to 1. Higher values indicate stronger agreement between
the items, suggesting greater reliability.

In this case, a reliability test was conducted using Cronbach's alpha coefficient,
resulting in a value of 0.804. According to Fraenkel and Wallen (1996), a
commonly accepted range for Cronbach's alpha is between 0.70 and 0.99,
indicating good internal consistency. The behavior scale demonstrated
satisfactory internal consistency within this range. However, the propensity for
aggression exhibited a lower alpha value of 0.708, suggesting a slightly weaker
consistency.

Despite this, the Cronbach multiplier value obtained aligns with those reported in
other literature, indicating that the reliability of the survey items is consistent with
established standards. This suggests that while there may be some variability in
the propensity for aggression, overall, the survey items reliably measure the

intended constructs.

5.4 Factor analysis

Factor analysis is a statistical techniqgue used to reveal hidden patterns or
structures within a dataset, particularly when dealing with a large number of
variables. It aims to identify underlying dimensions or factors that explain the
correlations among these variables. These factors represent unobservable
variables that cannot be directly measured but are inferred from the observed
data.

The primary objective of factor analysis is to simplify the dataset by identifying a
smaller set of underlying factors that capture the essential information contained
in the original variables. This simplification aids in interpreting the data and

enables further analysis.
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Factor analysis operates under the assumption that observed variables are linear
combinations of the underlying factors plus some error or unique variance. The
relationships between observed variables and underlying factors are expressed
through a factor loading matrix, which indicates the strength and direction of the
association between each variable and each factor. This matrix helps in
understanding how the variables contribute to each factor and how the factors
are related to one another. Overall, factor analysis provides valuable insights into
the underlying structure of complex datasets, facilitating a deeper understanding

of the relationships between variables.

5.5 Principal Component Analysis

Principal Component Analysis (PCA) serves as a pivotal statistical technique
within the realm of data analysis, offering a methodical approach to streamline
complex datasets while facilitating their visualization. At its core, PCA endeavors
to distill intricate data into a more manageable form, thereby reducing the
dimensionality of the dataset while retaining the essence of its original
information. This process not only aids in simplifying the data but also unveils
underlying patterns and structures that may otherwise remain obscured amidst
the complexity.

In the context of the study, the drivers' behavior was explored, utilizing PCA as
their analytical compass. Initially, a comprehensive dataset comprising 42 distinct
behavioral indicators was subjected to PCA using the SPSS software,
accompanied by varimax rotation to enhance interpretability. Varimax rotation is a
common technique employed in factor analysis, including PCA, to achieve
simpler and more interpretable factor structures by maximizing the variance of
the squared loadings within each factor.

Upon conducting the initial PCA, 14 factors emerged, collectively elucidating a
substantial portion of the dataset's variance, amounting to approximately 79.78%.
Despite this notable achievement, an evaluation of the Kaiser-Meyer-Olkin (KMO)
measure yielded a value of 0.375, indicating a suboptimal adequacy for factor
analysis. The KMO measure serves as a diagnostic tool in factor analysis,
assessing the suitability of the data for this analytical technique. Ideally, a KMO

value exceeding 0.7 is considered indicative of adequate sample adequacy for
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factor analysis, signifying that the correlations among variables are sufficiently
high to warrant their inclusion in the analysis. However, the obtained KMO value
falling short of this threshold underscored the need for further refinement and
validation of the analytical approach.
In response to the KMO assessment and to enhance the robustness of the
analysis, the dataset was refined by selecting 16 key behavioral indicators based
on their respective contributions to the variance observed in the initial PCA. This
iterative process aimed to prioritize the most influential variables while mitigating
the effects of noise and redundancy inherent in the original dataset.
Subsequently, PCA was once again employed utilizing the refined set of 16
variables, intending to unravel the underlying behavioral dimensions with greater
clarity and fidelity.
The outcome of the refined PCA revealed the emergence of four distinct factors,
each encapsulating unique facets of drivers' behavior. Notably, the KMO
measure for this refined analysis demonstrated a marked improvement, attaining
a value of 0.719, indicative of its enhanced suitability for factor analysis. The
graphical representation of the analysis, depicted through a scree plot, further
corroborated the significance of the identified factors, with each factor exhibiting
eigenvalues exceeding 1, thereby substantiating their relevance in explaining the
variance within the dataset.
Delving deeper into the interpretation of the identified factors, Factor 1 was
delineated as "Critical Driving Behavior,” encapsulating behaviors
characterized by prudence, attentiveness, and adherence to traffic regulations.
Factor 2, denoted as "Dangerous Driving Behavior," encapsulated actions
exhibiting recklessness, impulsivity, and a propensity for hazardous maneuvers.
Factor 3, labeled "Aggression,"” pertained to behaviors typified by hostility,
assertiveness, and confrontational tendencies in driving contexts. Finally, Factor
4 was attributed the appellation of "Violations," encompassing breaches of traffic
laws, rules, and regulations.
To ascertain the internal consistency and reliability of the items comprising each
factor, Cronbach's alpha tests were performed, a widely utilized measure of
internal consistency reliability. The results of these tests revealed satisfactory
levels of internal consistency for each factor, with Factor 1 demonstrating a
Cronbach's alpha coefficient of 0.854 for its constituent six items, Factor 2
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exhibiting a coefficient of 0.698 for its four items, Factor 3 yielding a coefficient of
0.707 for its four items, and Factor 4 registering a coefficient of 0.710 for its two
items. These findings lend credence to the reliability and coherence of the
identified factors, bolstering the validity of the analytical framework employed in
elucidating drivers' behavior.

Transitioning from the realm of statistical analysis to the realm of practical
implications, the results of a descriptive analysis of drivers' behavior, shed light
on the prevailing behavioral tendencies across different geographic locales.
Noteworthy insights gleaned from this analysis include the observation that
dangerous driving behavior manifested most prominently in Subhash Nagar, as
evidenced by an average mean rating of 3.39, followed closely by aggressive
behavior and critical driving behavior, which garnered average mean ratings of

2.98 and 2.96, respectively. Conversely, the area designated as Area Colony

exhibited the highest mean rating for violations, with an average mean score of

3.68, indicative of a propensity for non-compliance with traffic regulations and

norms within this locale.

Descriptive analysis on drivers behavior
Overall Arera colony Jahangirabad Subhash nagar
Factor 1: Critical driving behavior Mean SD Mean SD Mean SD p=MAgR.4 sD
Factorl 2.8 211 2.60 i i
5 |Thede 30 5% 91 dgd a9l O g o2lell HL/A1 563 H 3ol G H 78] Tasl 275 1310 255 1.234 2385 1387 | “PER2MSTT 1348
22 | TRt 9L ¢HA 7131 &1 Y5 @15 A TR HIH ad 48 o 319 1 [BIdd HIH & § 277 1544 240 1.501 275 1482 1.631
26 |3 R AR AR o) =T 9 o A g 250 1.587 1.80 1.005 285 1814 1.599
18 |21 37T TR AT G & S Fi0E AR TATd £ o 3TOcHIenT 12U & 3ae Rl 8l 101 237 1193 220 1.152 225 1333 1.050
T H5T R @l R 739 ¥ B wan #, 35T T0rara # 567 URN R SAaT ST 4 § T 3T e
36| = ; £y = 247 1076 208 0.510 1392 2.05 1.146
| [T aTe SR & e T A
37 |3re [veter F oo T g S o O TS 5 S o s o oo & 225 1257 1.85 0.745 1504 2.4 1.465
Factor 2 : Dangerous driving behavior i
Factor2 2.64 213 2.60 i H
3 |7 & Teret o oo & AT AS ¥ A o e e 263 1.402 220 1.056 275 1.293 1731
23 |3orw I ¥ e & T 300 I F B gv afs W H HeE ST T 8 262 1.073 205 0.945 25 0.827 1.040
25 |HTIRT ST IR AT o A (57 31 GAT oF H Of A1F & T At 32 293 1.471 255 1.191 2.45 0,685 1.908
38 | T TR T IF T B IR B 1 S0 AT5e SRl 41 3T e B O § 237 1.193 170 1.031 2.7 1.261 2.114
Factor 3 : Aggresive driving behavior R
Factor3 2.53 2.09 2.54 i
P = - 3 — L
1y [T Tl SR HTEw ATAT, TTese I 3 SURT & AT | Hedl Soadl & 91t Il Seroee 222 0715 195 0605 22 0523 0.889
TERIET TOFd IO &
15 |8 et WA T 9 Thad aR Aid B S T Fpa 57 208 1.307 1.35 0.587 2 1.338 1.436
19 | 379 &Fae @R 10 [H4F] 1 3cdu+ 54 8. 205 1.016 180 0.754 7 0.973 1.099
41 |3 57 3 1T W IR Y FEE B ST R 382 1.384 345 1.191 3.95 1.432 1.504
Factor 4 : Violafions ey
Factord 3.28 ! H 2.08 3.18
24 |2 e T FTE T O AT FE 2 w1 AT A O i 3.00 1638 7 2.042 26 1.465 315 1387
40 | HTT e @R e 9w € 7O 87 3.55 1478 2059 335 0.988 32 1105

Table 2 Descriptive analysis on driver’s behavior

48

Department of Transport Planning, School of Planning and Architecture, Bhopal (MP)-462030




Role of Traffic and Land use on Driver’s Behavior

5.6 Chi-Square test

The Chi-Square test serves as a statistical cornerstone for assessing the
relationship between categorical variables, enabling researchers to discern
whether observed differences are statistically significant or merely the result of
chance. In our study, we leveraged this test to elucidate the intricate interplay

between drivers' characteristics and their behavior on the road.

The analysis unearthed compelling insights into how gender and marital status
intertwine with driving behavior under critical and dangerous driving with the
significance level ranging between 0.00 to 0.006 and 0.029 to 0.045 respectively.
Specifically, we found that these demographic factors exhibit notable
associations with aggressive and critical driving tendencies. Male drivers, in
particular, displayed a higher propensity for engaging in dangerous driving
practices compared to their female counterparts. This finding underscores the
importance of gender considerations in understanding and addressing road

safety issues.

Moreover, the examination revealed a less pronounced yet discernible
relationship between education levels and driving behavior. While not as striking
as gender or marital status, educational attainment still emerged as a factor worth
considering when evaluating drivers' conduct on the road. This suggests that
educational background may play a nuanced role in shaping driving habits, albeit

to a lesser extent than gender or marital status.

Interestingly, the analysis unveiled a noteworthy correlation between driving
experience and aggressive driving behavior. Drivers with 5 to 10 years of
experience exhibited a heightened tendency towards engaging in aggressive
driving maneuvers which is significant at the significance level between 0.00 to
0.001. This finding underscores the notion that driving experience, while often
associated with enhanced skills and competence behind the wheel, may also
influence drivers' behavioral inclinations, particularly towards more assertive or

risk-taking behaviors.
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Conversely, the investigation did not yield any significant correlation between age
and driving behavior within our sample. While age is commonly cited as a
determinant of driving behavior in existing literature, findings suggest that its
impact may vary across different contexts or populations. Nonetheless, the
absence of a significant relationship between age and driving behavior in the
study does not negate the importance of age-related considerations in road
safety initiatives. Rather, it underscores the need for nuanced and context-
specific analyses to comprehensively understand the factors driving behaviors on

the road. The chi-square matric box is given in Table 3.
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CHAPTER 6: CONCLUSION & RECOMMENDATIONS

The study's findings highlight distinct behavioral trends among drivers across
different locales. Notably, the Transactional area of planned and unplanned city
form (Subhash Nagar ) stands out for its prevalent dangerous driving, aggressive
behavior, and critical driving tendencies, indicating a heightened risk of road
incidents in this area. In contrast, drivers in unplanned city form (Jahangirabad)
exhibit a more moderate inclination towards such behaviors, suggesting a
comparatively safer driving environment. Conversely, the Planned city form
(Arera Colony) shows a concerning pattern of frequent violations, signaling a lax
attitude towards adhering to traffic regulations in that locality.

Furthermore, the analysis underscores the significant impact of drivers' gender
and marital status on critical driving behavior. It suggests that certain
demographic factors play a pivotal role in shaping how individuals behave behind
the wheel. Additionally, driving experience emerges as a significant determinant,
particularly concerning aggressive driving tendencies. However, the study did not
find any significant correlation between age and driving behavior, implying that

age may not be as influential a factor in this context.

The study reveals distinct patterns of driving behavior across different urban
areas. Subhash Nagar, acting as a transitional point between planned and
unplanned zones, exhibits heightened levels of dangerous driving, aggressive
behavior, and critical driving tendencies. In contrast, areas like Arera Colony and
Jahangirabad demonstrate varying degrees of driving violations but may not
exhibit the same level of aggressive or critical driving behaviors.

These findings underscore the need for tailored attention from traffic personnel
and authorities in addressing driving behaviors in different city forms. Subhash
Nagar, characterized by its transitional nature and higher risk profile, requires
heightened focus and proactive measures to address prevalent driving behaviors.
In contrast, while areas like Arera Colony and Jahangirabad may require
attention, the nature of interventions may differ based on the specific driving

behaviors observed.
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To address driving behaviors such as critical and aggressive driving, education,
and awareness programs are essential. Traffic personnel and authorities should
conduct targeted campaigns to educate drivers about the risks and
consequences of such behaviors. These programs can include workshops,
seminars, and outreach initiatives aimed at raising awareness and promoting
responsible driving practices. By enhancing drivers' understanding of the
implications of their actions, these programs can help foster a culture of safety on
the roads.

Strict enforcement of penalty rules is crucial for deterring dangerous driving
behavior and violations. Authorities should ensure consistent and robust
enforcement of traffic regulations, including penalties for offenses such as
speeding, reckless driving, and traffic violations. By imposing consequences for
non-compliance, authorities can send a clear message about the seriousness of
traffic offenses and discourage motorists from engaging in risky behaviors.
Effective traffic management requires collaboration between various
stakeholders, including government agencies, law enforcement, community
organizations, and transportation authorities. Collaborative initiatives can involve
joint efforts to implement education and awareness programs, improve
infrastructure, and enhance enforcement measures. By working together,
stakeholders can leverage their respective resources and expertise to address
the multifaceted challenges of urban traffic management comprehensively.
Tailoring traffic management strategies to suit the unique characteristics of
different urban areas is essential for promoting road safety and mitigating the risk
of accidents. By understanding the driving behaviors prevalent in various city
forms and implementing targeted interventions, traffic personnel, and authorities
can create safer road environments and foster a culture of responsible driving
among motorists. Through collaborative efforts, investment in infrastructure, and
continuous evaluation, urban traffic management can be optimized to meet the
evolving needs of modern cities and ensure the safety and well-being of all road

users.
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Appendix 1: Questionnaire

Male

Unvarieal [ ]
Female Un Married [] D Years |

DRIVER BEHAVIOUR QUESTIONNAIRE

Gender Marital Status  Level of Education Age Driving Experience

S.NO.

Question

1

4

FT U3 F H3d ot Yeel I ot AfEH 8 T a1ed

U3 T TG T TE W AT W T Y T8 F §e oI T AT & el g1 7 T
Bl

IS AT TeAT T ToTg W IS VS F I @ Sk &

IR TS AT 3T aTel aTgal T 31T ol A HThd &

fgreret 311 §3 W agd ool § 3ok o 3R/ Reehs & arerer fererm # it et

T T H et I gEv 3ra o1 e famr 82

7 3179 haft FoRdlY 31 arg=T a1 318 W AR goar fohar 872

(N~ W

IS T THT 3T el S YT 3T @Y &y 2

319 Fohctit IR aga et 31fer & ST T@T Fohelly SR/geh 1 1ol oilieh & 3flaResh X
S E?

10

¢fther & haey 9T 3119 el O g S &7

1

IS TATS THT AT 3T Foht=ir a1X o @ & T g €72

12

ST 3TYS% ATHA IS g 9T [hdY SHROT T VAT 8 ST & af & 319 R S 872

13

¢fther & T o fAT 31T fora=it IR 2liesy o a1 AfSa= & I g €72

14

39 fhdell IR Y & I Tra &2

15 | 31 fohaelr aR ¢hep AT &l Seoad FJ &,
16 | 3T fehd=T S AEGH H & b TS feheAIY & Tehel Ageaqur &2
17 | 319 foRdel a7 ITerd e & sy =o€

18

TR fhetett I TET A1 H oot 3R Gl ot # TTo STt H T Bl 87

19

3 et aR 1f o) fAr=or g ofer Sy 82

20

3T FReTet IR 379 HTH aTel 313N H 3TALTHaT § 318 g8 =10 @ 872
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T 37T TTHA dToll R & 3= P IS TATS & & 3MTehren=T RBafa & savar
ARl & ST |
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1T ettt IR B1eY ToTen 37T 31X G &Y & arer Gt Fetey T hITRver et 87

23
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TR @ &2
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25

T 31T IMEY TATY THT 3797 Pl ol ST A &2

26

ST GET SEAT AT 317 Fo¥ehet T@T &Y A T 3179 17 aer & &2

27

ey O afera & 31T fAsorey 7 9 oY for W 31T9= e =181 fear & [ ag
T R S P RIS @ E

28

e fAderet, ot agelet 3G 8 Tget 319+ ey fART &1 i &t # awel @1

29

TET T3 W a1 3R 731 & forw R &, 317 Jramand Hf J&7 a7 W 37T e
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Vehicle / CC Locality of driving
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3T TS W 3T ISR o AT fhdel SR FhRIcHS aa=mait ([Arem, e, 3nfe)
T 3T FY &2

35

31T fohc=l TR W S8R A ol B1d & forg 317 3r2ar & ufa 31mehas a1
IIATOT HTAT ST Hehell & (o1, oo, ifarse $em )

36

T feraett IR A 39A, Riodmge ar 3T $ART & ATTA § 379 IR &
STt 37T FFTeTEE AT HeNIGE oI A ©

37

Efther ST & 37T 3R 3R F Ao A FIfAT A &

38

Eheh ST 7 gEY TS JTTH HH § FUX 3 Y ehel h AT Hcll §

39

Taveter X gEdY T 1 Y3 o3 A fRaaTel shid Y &@ & 319 oY Aol shid A
g

40

S fthen ST & fehorey & a1 39 e & ferr g aify A & 31fdes ot we ¥

4

GO ol T foA 2 T UIeleT AT el ST T AT off FAAA 7 Ieet 78T e &

42

v RAveTer WX R <t & 3 1 T 2 Az a1 dYelt Tl | T 78 T 91T
TR=Ter T Y AT ET

Where, 1: Rrerper 81 5781, 2: el o781, 3: Fefl-hail, 4 37RAY, 5: TR-A, 6: SRTHI &Y &R, 7: &Y aR”

*Note: This Survey is intended to fulfill the academic purpose only
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Role of Traffic and land-use on Driver’'s Behavior
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