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Abstract: 

This paper explores the critical aspect of 

Autonomous Vehicle Disengagements 

(AVDs) in the development and testing of 

autonomous vehicles (AVs). Divided into 

three parts, the paper begins by emphasizing 

the significance of standardized reporting 

for AVDs, which are instances when control 

is handed back to human drivers during 

autonomous operation. The reporting 

framework encompasses criteria definition, 

data collection, classification, and 

continuous improvement loops. It delves 

into industry-wide and manufacturer-

specific trends, highlighting challenges and 

threats posed by AVDs. This paper provides 

a thorough analysis of technical, operational, 

regulatory, and ethical challenges associated 

with AVDs. It identifies potential safety 

threats and emphasizes the importance of 

transparent reporting and collaboration 

between industry stakeholders and 

regulatory bodies. The trends in AVD reports 

are examined globally, emphasizing the 

variability across manufacturers, geographic 

locations, and testing environments. 

Furthermore, the paper suggests 

implications and future directions for the AV 

industry, including root cause analyses, 

continuous refinement of perception 

algorithms, collaboration with regulatory 

agencies, and enhancing ethical decision-

making frameworks. It addresses the 

integration of AVs into existing 

transportation systems, proposing measures 

for infrastructure adaptation, public 

awareness, interoperability, and data 

privacy. The conclusion highlights the need 

for standardized safety metrics, further 

research on driver reactions, and the 

exploration of human-machine interfaces for 

a safer and more efficient deployment of 

autonomous vehicles. 
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Introduction: 

Autonomous vehicles (AVs), also known as 

self-driving cars or driverless cars, are 

vehicles capable of navigating and operating 

without human intervention[1]. These 

vehicles utilize a combination of sensors, 

cameras, radars, and artificial intelligence 

(AI) algorithms to perceive their 

surroundings, make decisions, and navigate 

roads. Despite challenges, autonomous 

vehicles hold the potential to revolutionize 

transportation by improving safety, reducing 

congestion, increasing mobility for 

individuals with disabilities, and providing 

more efficient and sustainable transportation 

solutions. 

Autonomous Vehicle Disengagement 

Reports refer to instances where an 



autonomous vehicle's self-driving system 

disengages or hands back control to a human 

driver[2]. These reports are crucial for 

assessing the performance and safety of 

autonomous vehicles during testing. The 

mechanism for generating these reports 

involves a combination of sensors, 

monitoring systems, and algorithms 

designed to detect situations where the 

autonomous driving system cannot handle 

the task and human intervention is required. 

It also involves defining criteria, collecting 

data, classifying events, analyzing patterns, 

and utilizing insights to improve safety, 

performance, and reliability in autonomous 

driving technologies. These reports serve as 

a critical mechanism for capturing instances 

where the autonomous driving system 

relinquishes control back to the human 

driver[3]. 

In the dynamic landscape of autonomous 

vehicle development, one of the pivotal 

aspects that demands meticulous scrutiny is 

the phenomenon of Autonomous Vehicle 

Disengagement Reports. As the pursuit of 

fully autonomous vehicles advances, these 

reports stand as sentinel markers in the 

journey toward realizing the vision of self-

driving cars. A disengagement event occurs 

when the autonomous driving system yields 

control to the human driver, underscoring 

critical moments where the interface 

between artificial intelligence and human 

intervention is tested. 

The proliferation of autonomous vehicles on 

our roads promises transformative benefits, 

from enhanced road safety and increased 

mobility to greater energy efficiency. 

However, this promising trajectory is 

punctuated by instances of disengagement – 

moments when the autonomous system 

deems it necessary to relinquish control to 

the human driver[4]. These events, 

encapsulated within disengagement reports, 

illuminate the complex interplay of 

technology, safety, and the evolving 

relationship between automated systems and 

human oversight. The requirement for 

companies to report disengagements 

underscores the regulatory framework 

established by the California DMV to 

monitor the progress and challenges in 

autonomous driving technology. By 

mandating the reporting of disengagement 

events, the state aims to create a 

comprehensive dataset that provides insights 

into the performance and limitations of 

autonomous systems. The significance of 

this  requirement is underscored by the fact 

that disengagements are defined as instances 

where there is a failure of the autonomous 

technology or when the safe operation of the 

vehicle necessitates human intervention[5]. 

This definition encapsulates scenarios 

ranging from technical glitches and sensor 

malfunctions to situations where the 

autonomous vehicle encounters 

unpredictable or challenging road 

conditions. 

It showcases a proactive approach by the 

state's DMV in monitoring and regulating 

the development of autonomous technology. 

The collaborative effort between regulatory 

bodies and companies in documenting and 

learning from disengagement events reflects 

a commitment to the safe and responsible 

deployment of autonomous vehicles on 

public roads[6]. 

The frequency of autonomous vehicle 

disengagements initiated by test drivers and 

the autonomous vehicle (AV) system varies 

across different companies and stages of 

development. During early testing phases, 

test drivers are more actively involved, 



leading to a higher number of manual 

disengagements. Figure 1 shows the 

percentage of test drivers and AV system by 

which disengagements initiated: 

 

 

The future of autonomous driving depends 

on continual technological innovation, 

transparent communication, regulatory 

adaptability, and collaborative problem-

solving[7]. Successfully navigating these 

implications promises a future where 

autonomous driving is not just feasible but 

also safe, widely accepted, and integrated 

into mainstream transportation. 

 

Mechanism of Autonomous Vehicle 

Disengagement Reports: 
 

Definition and Criteria: Autonomous 

Vehicle Disengagement Reports typically 

define specific criteria or triggers that 

constitute a disengagement event. These 

criteria may include system failures, safety 

concerns, regulatory requirements, or 

situations where the autonomous system is 

unable to handle specific driving scenarios. 

Data Collection: Autonomous vehicles are 

equipped with sensors, cameras, radars, and 

other monitoring devices that continuously 

capture data during operation. When a 

disengagement event occurs, the system 

records relevant data, such as sensor 

readings, environmental conditions, vehicle 

speed, and the reason for the disengagement. 

Classification and Categorization: 

Disengagement reports categorize events 

based on various factors, such as the reason 

for the disengagement (e.g., safety concerns, 

system limitations, unclear road conditions), 

severity of the event, location, time, and 

specific conditions or scenarios encountered. 

Continuous Improvement Loop: 

The reporting mechanism is not just a 

regulatory requirement; it fosters a 

continuous improvement loop. Developers 

leverage insights from disengagement 

reports to refine their systems iteratively. 

Each reported disengagement becomes a 

learning opportunity, guiding the evolution 

of autonomous technology toward increased 

safety, reliability, and adaptability to diverse 

driving conditions[8]. 

Human Intervention: Disengagement 

reports often differentiate between scenarios 

where the human driver intervenes 

voluntarily and situations where the system 

prompts the driver to take control due to 

limitations or safety concerns. 

Understanding the role and timing of human 

intervention is crucial for assessing system 

performance and reliability. 

Analysis and Evaluation: Analyzing 

disengagement reports involves evaluating 

patterns, trends, frequency, and severity of 

events to identify areas for improvement, 

system weaknesses, performance 

limitations, and potential safety risks[9]. 

This analysis informs developers, regulators, 

and stakeholders about the system's 



capabilities, challenges, and areas for 

enhancement. 

Reporting and Documentation: 

Autonomous Vehicle Disengagement 

Reports facilitate transparency, 

accountability, and regulatory compliance 

by documenting and reporting 

disengagement events to relevant 

authorities, regulatory bodies, stakeholders, 

and the public. Comprehensive reporting 

mechanisms ensure that critical information 

is shared, analyzed, and acted upon to 

enhance safety, performance, and public 

trust in autonomous vehicles[10]. 

 

General Overview of Autonomy 

Disengagement Rates Across 

Various AV Manufacturers: 
 

Autonomous vehicles (AVs) represent a 

transformative frontier in transportation, 

with various manufacturers actively engaged 

in developing and testing these advanced 

technologies. Disengagement rates, which 

indicate instances when human intervention 

is necessary, serve as a key metric for 

evaluating the state of AV technology. 

Different manufacturers exhibited varying 

disengagement rates, reflecting their 

respective stages of development, testing 

protocols, and technological capabilities. 

Established players with more extensive 

testing experience often reported lower 

disengagement rates compared to newer 

entrants in the AV industry. Manufacturers at 

the forefront of AV technology development, 

leveraging advanced sensor fusion, machine 

learning algorithms, and simulation 

capabilities, tended to have lower 

disengagement rates[11]. 

 

Fig 2: Disengagement by Manufacturer 

 

Manufacturers at the forefront of AV 

technology development, leveraging 

advanced sensor fusion, machine learning 

algorithms, and simulation capabilities, 

tended to have lower disengagement rates. 

Continuous innovation and refinement of 

autonomous systems contributed to 

improved performance and reduced reliance 

on human intervention[12]. Manufacturers' 

operational strategies, including fleet 

management, route selection, and human-

AV interaction protocols, impacted 

disengagement rates. Companies optimizing 

their testing strategies based on insights 

from previous disengagements and real-

world driving data often achieved more 

efficient and reliable autonomous 

operations. Compliance with regulatory 

requirements and safety standards 

influenced manufacturers' disengagement 

reporting and operational practices. 

Companies prioritizing safety and 

transparency in their autonomous testing 

endeavors typically maintained rigorous 

disengagement reporting protocols, 

providing stakeholders with valuable 

insights into AV performance and 

challenges. 



Manufacturers conducting tests in 

challenging urban environments with 

complex traffic scenarios, adverse weather 

conditions, and diverse road users tended to 

report higher disengagement rates. In 

contrast, companies focusing on controlled 

or less complex environments experienced 

fewer interventions, showcasing the impact 

of testing conditions on disengagement 

metrics. Companies leveraging advanced 

sensor technologies, machine learning 

algorithms, and sophisticated simulation 

capabilities demonstrated reduced 

disengagement rates. Continuous investment 

in research and development, sensor fusion 

techniques, and software algorithms 

contributed to enhanced system performance 

and reduced human intervention 

requirements. Manufacturers adopting 

strategic testing protocols, comprehensive 

safety frameworks, and iterative feedback 

mechanisms from disengagement incidents 

effectively improved their autonomous 

systems[13]. Adaptive operational strategies, 

including scenario-based testing, simulation 

validation, and real-world data integration, 

played crucial roles in minimizing 

disengagement rates. Companies prioritizing 

safety, regulatory compliance, and 

stakeholder transparency often maintained 

detailed disengagement logs, facilitating 

industry-wide learning and collaboration. As 

the AV industry continues to evolve, 

monitoring disengagement rates, analyzing 

contributing factors, and sharing insights 

among manufacturers will remain crucial to 

advancing autonomous technology, 

enhancing safety, and realizing the full 

potential of autonomous mobility. 

 

Challenges in Autonomous Vehicle 

Disengagements: 

 

A. Technical Challenges: AVs heavily 

rely on sensors such as LiDAR, 

radar, and cameras for perception. 

Challenges in sensor accuracy, 

calibration, and limitations in 

detecting certain objects or 

environmental conditions can lead to 

disengagements[14]. Autonomous 

systems often struggle with 

interpreting and responding to 

complex traffic scenarios, such as 

heavy traffic, intersections with poor 

visibility, or situations involving 

multiple unpredictable elements. 

Inaccuracies in mapping data or 

discrepancies between the pre-

existing map and real-time 

conditions can lead to errors in 

vehicle localization and pose 

challenges for autonomous 

navigation. Implementing effective 

redundancy and backup systems to 

mitigate hardware failures is an 

ongoing technical challenge. 

 

B. Operational Challenges: Adverse 

weather, such as heavy rain, snow, or 

fog, can impair sensor performance, 

reducing the ability of the AV to 

accurately perceive its surroundings 

and leading to disengagements. Wet 

or icy road conditions can pose 

challenges for traction and control, 

requiring the AV to adjust its driving 

behavior accordingly[15]. Urban 

environments with high traffic 

density and complex traffic scenarios 

can challenge AVs in decision-



making and navigating through 

intricate situations, potentially 

leading to disengagements. Seamless 

transitions between manual and 

autonomous modes, especially in 

situations requiring human 

intervention, present operational 

challenges that impact user 

experience and safety. 

 

C. Regulatory and Ethical Challenges: 

The absence of standardized metrics 

for reporting disengagements creates 

challenges in comparing 

performance across different AV 

manufacturers. AVs often face 

ethical dilemmas, such as choosing 

between different courses of action 

in emergency situations, which may 

lead to disengagement. The 

regulatory landscape for autonomous 

vehicles is evolving, and different 

regions may have varying standards 

for disengagement reporting and 

safety compliance. Ensuring 

transparency in disengagement 

reporting and effectively 

communicating the capabilities and 

limitations of AVs to the public is a 

regulatory and ethical 

imperative[16]. AV development is a 

global endeavor, and variations in 

regulations can hinder the seamless 

deployment of autonomous 

technologies across borders. 

 

Reasons for 

Disengagement 

No of 

Observatio

n 

Reaction 

Time 

Mea

n 

Std

. 

De

v 

System failure 652 0.84 0.8

2 

Adverse weather 

conditions 

10 0.82 0.5

8 

Road users 11 0.93 0.4

8 

Construction 

zones 

5 0.68 0.5

4 

Highway/Motorw

ay 

13 1.00 0.5

0 

 

Table: Statistics of reaction times based on 

causes and different road types 

 

Threats Posed by Autonomous 

Vehicle Disengagements: 

 

As the autonomous vehicle industry 

advances, Autonomous Vehicle 

Disengagements have emerged as a critical 

aspect not only in refining technology but 

also in understanding potential safety 

threats. While disengagements serve as 

indicators of system vulnerabilities and 

limitations, they also unveil a spectrum of 

safety challenges that demand attention. 

1. Miscommunication and Handover 

Complexity: One of the primary safety 

threats lies in the handover of control from 

the autonomous system to the human driver. 

Miscommunication or confusion during this 

transition can result in delays, reducing the 

driver's ability to respond promptly to 

emerging threats. The complexity of 

handovers presents a safety challenge, 

especially in scenarios where rapid decision-

making is crucial. 

2. Unpredictable Environmental 

Conditions: Autonomous vehicles rely 

heavily on sensor data to navigate their 



surroundings[17]. Disengagements often 

occur when the vehicle encounters 

unpredictable environmental conditions, 

such as adverse weather, unusual road 

infrastructure, or complex traffic scenarios. 

These unpredictable elements pose safety 

threats as the system may struggle to 

interpret and respond effectively to novel 

situations. 

3. Sensor Limitations and Failures: Sensor 

technology is a cornerstone of autonomous 

systems, but it is not infallible. 

Disengagements stemming from sensor 

limitations or failures pose significant safety 

threats. In scenarios where a sensor 

malfunctions or is unable to provide 

accurate data, the autonomous system may 

disengage, potentially leaving the vehicle in 

a vulnerable state. 

4. Limited Predictive Capabilities: The 

ability of autonomous systems to predict and 

proactively respond to complex scenarios is 

a key determinant of safety. Disengagements 

may occur when the system lacks the 

predictive capabilities needed to anticipate 

and navigate challenging situations, 

increasing the risk of accidents or collisions. 

5. Human Factors and Reaction Time: In 

instances where human intervention is 

required, the safety threat lies in the 

variability of human reaction times. A 

delayed response from the human driver 

during a disengagement event can 

compromise safety, especially in high-risk 

situations[18]. Understanding and 

addressing the human factors involved in 

disengagements is crucial for enhancing 

overall system safety. 

6. Overreliance on Autonomous Systems: 

Paradoxically, an overreliance on the 

capabilities of autonomous systems can pose 

a safety threat. Users may become 

complacent or disengaged from actively 

monitoring the driving environment, 

assuming that the system can handle all 

situations. In the event of a disengagement, 

the driver may not be sufficiently prepared 

to take control quickly, exacerbating safety 

risks. 

7. Adversarial Attacks and Cybersecurity: 

The increasing integration of connectivity 

and artificial intelligence opens the door to 

cybersecurity threats. Disengagements 

resulting from adversarial attacks on the 

vehicle's software or communication 

systems pose a unique safety challenge, as 

they could compromise the vehicle's control 

and integrity. 

 

Trends in Autonomous Vehicle 

Disengagement Reports: 
 

A. Industry-wide Trends: Disengagement 

rates vary widely across manufacturers, 

reflecting differences in testing 

environments, operational strategies, and 

technological advancements. Industry-wide 

trends highlight geographic disparities in 

disengagement rates, with higher rates 

observed in complex urban environments 

compared to suburban or less challenging 

settings. Seasonal variations influence 

disengagement rates, with adverse weather 

conditions presenting challenges for sensor 

reliability and overall AV performance. 

Industry leaders consistently demonstrate a 

trend of reducing disengagement rates over 

time, reflecting continuous technological 

advancements and improvements in 

autonomous systems. Regulatory 

frameworks impact disengagement reporting 

practices, leading to variations in reporting 



styles and metrics across manufacturers. 

Some manufacturers increasingly leverage 

simulation and virtual testing environments 

to complement real-world testing, impacting 

the frequency and nature of reported 

disengagements. The industry is exploring 

ways to integrate simulated scenarios to 

enhance testing comprehensiveness and 

efficiency. There is a growing trend of 

collaborative learning and knowledge 

sharing within the industry. Manufacturers 

are increasingly sharing insights and best 

practices based on their disengagement 

experiences. It guides ongoing efforts to 

improve technology, refine testing strategies, 

and establish a foundation of trust and 

transparency in the development of 

autonomous vehicles. The evolution of 

disengagement rates over time in the context 

of industry-wide trends in autonomous 

vehicles reflects the progress, challenges, 

and maturation of autonomous technology. 

Analyzing the disengagement frequency 

over time is a crucial aspect of 

understanding the progress and challenges 

associated with autonomous vehicle 

technology. The temporal patterns of 

disengagements provide valuable insights 

into the evolution of self-driving systems, 

highlighting periods of improvement, 

challenges faced, and potential areas for 

further development. 

 

Fig 3: Disengagement over Time 

 

B. Manufacturer-specific Trends: 

Manufacturer-specific trends in autonomous 

vehicle disengagement provide insights into 

the individual progress, challenges, and 

strategies of different companies involved in 

autonomous technology development. 

Analyzing disengagement reports from 

specific manufacturers reveals patterns and 

areas of focus unique to each entity. In the 

early stages of autonomous testing, 

manufacturers often experience higher 

disengagement rates as they explore and 

refine their technologies. Continuous 

technological maturation and refinement are 

evident as manufacturers learn from 

disengagement incidents and implement 

improvements. Different manufacturers may 

conduct testing in diverse geographic 

locations, influencing disengagement trends 

based on regional factors such as traffic 

patterns, weather conditions, and 

infrastructure. Manufacturers define the 

operational design domain in which their 

autonomous systems operate[19]. Trends in 

disengagement rates within this domain 

reflect how well a manufacturer's 

technology aligns with its intended use 

cases. Manufacturers may vary in their 

incorporation of simulation and virtual 

testing into their overall testing strategies. 

Newer entrants into the autonomous vehicle 

space typically exhibit higher 

disengagement rates during the early 

development phases as they refine their 

technologies and accumulate real-world 

testing experience. 

 

Implications and Future Directions: 
 



Conduct thorough root cause analyses for 

each disengagement incident to identify the 

underlying factors contributing to the 

intervention. Continuously refine perception 

algorithms to enhance the AV's ability to 

accurately interpret and respond to complex 

and dynamic scenarios. Implement sensor 

fusion techniques to enhance the robustness 

of perception systems. Combining data from 

multiple sensors, including LiDAR, radar, 

and cameras, improves the AV's ability to 

detect and understand its surroundings. 

Implement continuous monitoring of system 

performance during autonomous operations. 

Detect anomalies, deviations from normal 

behavior, or potential failures in real-time. 

Collaborate with regulatory agencies to 

establish industry standards for safety 

metrics, reporting practices, and 

technological benchmarks. Enhance the AV's 

ethical decision-making framework to 

prioritize safety and ethical considerations 

during interventions. Clearly define rules 

and guidelines for handling challenging 

situations. Enhance the AV's HMI to provide 

clearer and more intuitive communication to 

operators and passengers about system 

capabilities, intentions, and potential 

disengagement scenarios. Expand real-world 

testing efforts to diverse environments, 

including urban, suburban, and rural 

settings. Ensure the AV encounters a variety 

of weather conditions, traffic scenarios, and 

road configurations. 

 

Fig 4: Disengagement Location 

 

Prioritize safety and human well-being 

above all other considerations. AVs must be 

programmed to minimize the risk of harm to 

occupants, pedestrians, cyclists, and other 

road users. Ensure fair and equal treatment 

of all road users, regardless of factors such 

as age, gender, race, or socioeconomic 

status. AVs should not discriminate in their 

decision-making processes[20]. Design AV 

systems that are transparent and explainable. 

Users and stakeholders should understand 

how the vehicle makes decisions, especially 

in complex or critical situations. Develop 

and implement clear ethical decision-making 

frameworks. Define principles that guide the 

AV's behavior in various scenarios, 

including emergencies and situations 

requiring ethical judgment. Include 

mechanisms for human intervention and 

override. Human drivers, law enforcement, 

or emergency responders should have the 

ability to take control in situations where 

ethical decisions are complex or uncertain. 



Enhanced sensor accuracy and coverage 

lead to improved object detection, increased 

environmental awareness, and a reduction in 

disengagements caused by perception errors. 

Improved sensor fusion minimizes blind 

spots and enhances the robustness of 

perception systems, reducing 

disengagements related to incomplete or 

inaccurate environmental information. 

Machine learning algorithms contribute to 

improved decision-making, allowing AVs to 

better handle diverse and challenging 

scenarios, thereby reducing disengagement 

incidents. Enhanced perception through 

deep learning contributes to better object 

recognition, pedestrian detection, and 

overall scene understanding, reducing 

disengagements caused by misinterpretation. 

Accurate mapping data enhances 

localization precision, reduces 

disengagements related to navigation errors, 

and supports safe and reliable autonomous 

operation. Improved communication 

capabilities contribute to safer interactions 

with other road users and infrastructure, 

reducing disengagements in complex traffic 

scenarios. Regular updates enable 

manufacturers to address identified issues, 

implement optimizations, and improve the 

overall performance of AVs, leading to a 

reduction in disengagements over time. 

 

Fig 5: Frequency of Test Drivers and AV 

system 

Integration of AVs into existing 

transportation systems: Develop and update 

regulations that address the unique 

challenges and opportunities presented by 

AVs. Clear and standardized regulations 

help create a consistent and predictable 

environment for manufacturers and users. 

Assess and adapt existing infrastructure to 

accommodate AVs. This may involve 

upgrading road markings, signals, and 

communication infrastructure to support AV 

navigation and communication with other 

vehicles and infrastructure (V2X 

communication). Implement public 

awareness campaigns to educate the public 

about AV technology, its benefits, and 

limitations. This includes communicating 

how AVs operate, addressing safety 

concerns, and managing expectations. 

Encourage interoperability among different 

AV manufacturers and technologies. 

Common standards for communication and 

data exchange enable interoperability, 

fostering a more integrated and cooperative 

transportation ecosystem. Develop 



intelligent fleet management systems to 

optimize traffic flow and minimize 

congestion. AVs can be coordinated to 

improve overall transportation efficiency, 

reduce travel times, and enhance the 

capacity of existing road infrastructure. 

Establish robust data privacy and security 

protocols to protect the sensitive information 

collected by AVs. This includes 

implementing encryption, secure 

communication channels, and guidelines for 

data storage and sharing. Develop protocols 

for emergency responders to interact with 

AVs in the event of accidents or 

emergencies. First responders need to be 

trained on how to handle incidents involving 

AVs, considering their unique safety features 

and communication capabilities. Foster 

international collaboration on AV standards 

and regulations. As AVs may operate across 

borders, harmonizing standards globally 

facilitates a more consistent and 

interoperable deployment of autonomous 

technologies. Encourage the integration of 

AVs with electric and shared mobility 

solutions. This aligns with broader 

sustainability goals and promotes efficient 

use of resources in urban transportation 

systems. 

 

Conclusion: 

 

Fully automated cars will allow drivers to be 

driven by an informatics system in their own 

vehicle, which facilitates the drivers to 

engage in non-driving related activities. 

However, under unfortunate situations of 

system failure, the drivers are expected to 

react in an appropriate and timely manner to 

resume manual driving. It is essential to 

understand the causes for disengagements 

and the resulting driver reaction times as the 

AV technological development is at full 

pace. This study provides initial insights into 

the sources of risks for disengagement, 

correlation between accidents and 

autonomous miles travelled, which could 

help develop safety performance functions 

for autonomous driving, as well as the 

impact of different factors (road type, the 

cause of disengagements and experience) on 

reaction times. These new insights would 

inform practitioners about factors that need 

to be considered while planning for the 

advent of pervasive autonomous vehicles. 

Furthermore, the findings from this study 

offers several potential research extensions 

in engineering and psychology. For 

example, AVs are found to offer an 

increased level of trust and minimal 

cognitive load on the drivers. While this 

observation implies drivers gain confidence 

over AV system on one hand, the other 

school of thought would find this worrying 

on the grounds of safety issues & "driver-in-

the-loop" concern. The findings also bring 

out the need to revisit roadway design 

manuals and safety manuals which still use 

the reaction time values that were 

determined empirically for manually 

operated vehicles. It is necessary to provide 

an adequate roadway infrastructure that 

makes AV operation safe and efficient at the 

entire network level. Thus, the questions 

discussed above need to be thoroughly 

addressed beforehand to prepare for a 

widespread introduction of AVs. In addition, 

the findings from this study will also lead to 

further innovation in vehicle automation and 

automobile engineering. Providing AV 

systems that can effectively interact with its 

environment can lead to a considerable 

reduction in the number of accidents. Apart 

from further studying the phenomena 



presented in this paper, it is critical also to 

explore the impact of different types of 

human to machine interfaces to keep drivers 

engaged and alert. This paper also identifies 

that further research is required to better 

understand the role of trip length, the 

interaction between drivers’ and their 

expectations from surrounding drivers, 

which was a primary cause for many of 

autonomous vehicle crashes. 
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