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Abstract. This study aimed to investigate the complex connection among 

environmental and psychological factors that impact driver behavior, with an 

emphasis on the effect of traffic heterogeneity and unfavorable pavement 

conditions on driving performance. The findings indicate that environmental 

stimuli and their processing by the human brain can have a significant impact on 

driver behavior. Drivers in heterogeneous traffic may uncertain to maintain their 

speed and may engage in more lane changes and overtaking, leading to increased 

visual and cognitive distractions. Moreover, the traffic performance is greatly 

impacted by the adverse road conditions resulting in the direct relationship in 

between road conditions and vehicle speed. These findings have significant 

implications regarding road design and traffic management, as they highlight the 

need to take measures for improving road conditions and effective traffic controls 

to ensure safe and sound driving. This current study is really helpful to policy 

makers, transportation engineers and road designers in developing traffic 

management strategies and informed decisions about road infrastructure to make 

certain the smooth traffic flow. Furthermore, risky driving behavior arbitrates the 

involvement of psychosocial factors in road traffic accidents. Implications of the 

findings have been discussed in terms of improving drivers’ training curricula 

and enforcement of traffic laws.  
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1  Introduction 

Well-made transportation infrastructure is essential for effective and safe traffic 

activities. The network of road with good pavement (road surface) quality is needed 

for this However, by the passage of time pavement conditions progressively 

deteriorate due to the factors such as overcrowding, environmental variables, and poor 

road construction [1,2].  

Another significant factor is mental state of drivers also playing an important role in 

traffic safety due to some factors such as proper alignment of the road, low driving 

speeds, improve traffic safety services, and an increase of traffic interference issues on 

metropolitan roads. Meanwhile, familiarity with route has a major impact on a driver's 

psychological state when driving in a city [3]. Typically, when a road originally 

constructed it is in good condition. The pavement progressively deteriorates and 

deteriorates further with time and with constant application of traffic loads that has 

negative impact on psychological state of drivers. [4]  

  

The safety and efficiency of roadway systems are critical for public transportation. The 

design of the roads and the management of traffic are essential factors that impact driver 

behavior and roadway safety. Traffic performance influenced by many factors that 

includes tire pressure, vehicle speed, traffic load, and traffic volume, psychological state 

of driver are considered as traffic variables that influence performance. [5] The 

condition of road surfaces has a profound impact on driver behavior and psychological 

state, influencing both safety and security on the roads. For instance, encountering 

broken pavement can lead to heightened stress and frustration, similar to how financial 

pressures, like rising inflation rates, can cause anxiety and alter behavior. Rough roads 

can increase cognitive load, making it harder to concentrate, much like financial worries 

can distract from daily tasks. Emotional responses to poor road conditions can manifest 

as anger or stress, potentially leading to aggressive driving behaviors. These 

psychological strains not only affect individual  

  

Drivers but can also impact overall traffic safety and the likelihood of accidents. 

Subjective feelings of fatigue decreased performance [6]. It’s also observed that stress 

in monotonous situations leads to increased fatigue, causing additional psychological 

issues in individuals performing repetitive tasks [7].  

  

In terms of risk perception, drivers may choose alternate routes to avoid poorly 

maintained roads, much like individuals might alter their spending habits during 

economic uncertainty. Safety concerns are paramount, as rough pavement can lead to 

accidents and near-miss incidents, highlighting the need for effective road maintenance. 

Regular vehicle maintenance becomes more crucial as rough roads contribute to 

increased wear and tear. Finally, public opinion often calls for improved infrastructure 

to ensure safety, akin to calls for financial policies that stabilize the economy. 

258             S. Mujeeb et al.



  Contribution Title (shortened if too long)  3  

Addressing these issues requires comprehensive strategies that consider both the 

psychological and physical impacts on drivers.  

  

The frequent lane changes in Karachi minimally impact vehicle speeds, especially for 

motorcycles weaving through traffic. This behavior is influenced by the psychology of 

conflict avoidance in motorcycle collisions. With limited insurance coverage for 

vehicles in Pakistan, collisions often result in immediate payments negotiated on the 

spot between parties. Despite motorcyclists usually suffering more severe injuries, they 

are often expected to bear the financial burden and legal consequences, influencing how 

other vehicle owners perceive collision risks.  

  

Traffic complexity is influenced not only by vehicles but also by drivers, who possess 

diverse psychological traits and varying objectives. Consequently, imbalances can arise, 

leading to irrational driving behavior. The intricate interactions within traffic alter the 

specific behaviors of its participants. For safe traffic flow, each driver must consider the 

behaviors of others and be willing to adhere to common safety requirements without 

imposing their own behavior.   

  

  

 

  

                             Fig. 2. Spatial Distribution of fatalities in various towns  

                                  Fig. 1 .   Vulnerable road users in Karachi, Pakistan        

Impact of Environmental &amp; Psychological Factors             259



4   F. Author and S. Author  

This study involves the assessment of the involvement of environmental and 

psychological factors on the behavior of drivers, with a particular focus on pavement 

condition effects on vehicle speed.  

2 Methodology:  
  

2.1 Traffic Data Acquisition and Data Processing:  

 The data used in this study involves the traffic data which includes site details, 

trajectory dataset and vehicle dataset. Driving behavior depends on several external 

factors, such as road geometry and driving environment which play a significant role 

in accidents. To keep the driving environment (with respect to road geometry) 

uniform for all the participants, each participating driver was ensured that similar 

geometrical elements and other road infrastructure features were faced.  

  

After the data is acquired, processing of data is carried out to determine any flaws or 

ambiguity present. Different environmental and psychological characteristics are 

determined using previous studies which play a major role in driver behavior analysis 

as highlighted in the figure. Correlations between environmental factors and vehicular 

speed are determined.  

  

2.2 Collection of Data for Driver Behavior Survey:  

 A detailed research on the psychological and behavioral impacts of rough pavement 

conditions on drivers was conducted. An online questionnaire was conducted 

targeting the drivers having the age range 18 years to 38 years to determine the 

comprehensive insights into the psychological and behavioral impacts of rough 

pavement conditions on drivers, aiding researchers in understanding the broader 

implications for road safety and infrastructure enhancement.  

 
                    Fig.3. Visual presentation of aspects of Driver Behavior Analysis  

  

  

  

260             S. Mujeeb et al.



  Contribution Title (shortened if too long)  5  

3  Results and Discussion:  
  

3.1  Effect of Pavement Distress on Vehicle Speed  

  

Significant vehicle speed loss is the result of pavement distresses. For the purpose of 

estimating traffic performance, the relationship between Speed and PCI values in a free 

flow situation was used. We set out road sections with different kind of distresses. The 

sections were surveyed and the empirical result is investigated.  

  

The empirical results from surveyed sites showed that the adverse conditions in 

pavement have significant impact on the traffic performance. There is direct 

relationship between the PCI (Pavement Condition Index) and speed of the vehicles. 

Some observations were outliers indicating an indirect relation between PCI values and 

speed which may be possible in real time. People may change their direction when there 

is distress in pavement with the same speed.  

  

 

                             Fig. 4. Regression Model of PCI vs Vehicle speed  

  

Gap versus speed  

• Below graph shows the relationship between speed and longitudinal and lateral 

gaps.  

• Both lateral and longitudinal gaps are less in less speed and increases when the 

speed increases.  

• The increase in road width usage is due to the varying widths of the vehicles and 

their gap maintaining behavior.  
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Fig. 5. Understanding of psychological and behavioral impacts of rough pavement conditions 

on driver Behavior 

Psychology has gained significant scientific importance and serves as a fundamental 

tool for understanding and interpreting individual behavior both in solitary and social 

contexts. Individuals cannot socialize or communicate without perceiving, learning, and 

memorizing experiences. Drivers, in particular, rely on their senses—sight, hearing, and 

smell—to navigate and respond to their environment. [8] Learning is the process 

through which individuals adopt behaviors based on their experiences. For drivers, 

social learning theory suggests that behaviors observed on the road, such as yielding to 

pedestrians or navigating complex intersections, are often learned through watching and 

imitating other drivers. [9]  

The findings of current research indicated that drivers must focus intensely on 

navigating potholes, cracks, and uneven surfaces, increasing cognitive load and 

potentially leading to mental fatigue. Focusing on road imperfections can distract 

drivers from critical tasks such as observing traffic signals and responding to other 

vehicles. Driver distraction is a well-recognized safety issue with significant 

consequences, as noted in various studies [10]. Numerous simulator studies have 

investigated the effects of cognitive distractions on driver behavior [11].  

 
Attention and Focus                           Distraction  

Fig. 6. Driver’s behavior (1) 
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Present research revealed that persistent exposure to poor road conditions can elevate 

stress levels, impairing decision-making and Frustration from rough pavements can 

lead to aggressive driving behaviors, including speeding and abrupt lane changes in 

addition to driver discomfort while currently riding on a road that may increasing the 

likelihood of accidents. That is also aligned with previous researches The condition of 

road infrastructure, including its geometric characteristics, plays a crucial role in 

shaping drivers' psychological states. This influence has been thoroughly documented 

in previous studies, which also offer several specific design recommendations [12,13]. 

Drivers may overreact to road imperfections by slowing down excessively or making 

sudden maneuvers, potentially causing collisions.  

  

  

  

 

       Stress and Anxiety                                               Elevated stress level  

Fig. 7. Driver’s behavior (2) 

  

It also observed that conversely, some drivers may underestimate the impact of rough 

pavements, maintaining higher speeds or not adjusting their driving style appropriately. 

Driving on rough roads accelerates vehicle wear, leading to potential mechanical 

failures such as tire blowouts or suspension problems. Poor pavement conditions can 

compromise vehicle handling, making it harder to steer, brake, or accelerate smoothly, 

especially in emergency situations. Perception is a complex process, often demonstrated 

through phenomena like optical illusions. These perceptual phenomena significantly 

influence and sometimes mislead drivers. Misinterpretations of reality are more likely 

when a driver loses concentration, potentially leading to irresponsible behavior. [14]   
 

Underestimation Mechanical Issues Reduced Maneuverability  

  

These factors underscore the critical importance of maintaining good pavement 

conditions to enhance road safety and mitigate adverse effects on driver behavior. 

Rough pavement conditions can affect drivers psychologically by increasing their 

cognitive workload, stress levels, and altering their perception of risks. These factors 

contribute to unsafe driving behaviors and heightened safety risks on the road   

4 Conclusion 
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In conclusion, traffic safety hinges greatly on understanding and addressing driver 

behavior, which is influenced by a range of psychological factors. When drivers take to 

the road, they are subjected to various psychological processes such as perception, 

learning, memory, emotions, and motivation [15]. These factors collectively shape their 

decisions and actions while driving, impacting their ability to navigate safely through 

traffic and respond effectively to changing road conditions. Therefore, exploring and 

comprehending these underlying psychological mechanisms are crucial for developing 

strategies that promote safer driving behaviors and reduce the likelihood of accidents. 

The analysis of data can be used for defining and classifying the vehicle undergoing 

maneuvers in mixed traffic condition. It has been found that the driver behavior in 

heterogeneous movement is significantly different from the homogeneous movement. 

Therefore, the different maneuvers need to be incorporated into the analysis and 

simulation of mixed traffic flow for making it more realistic and reliable. The results of 

the analysis would help policy makers in making decisions regarding over speeding of 

the vehicles and separate lanes for different vehicles in order to make driving 

convenient which would reduce accidents and improve the well-being of the road users. 

Also designing safety programs and safety education to drivers that take personality 

traits into account may also yield better results.  
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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