” AMERICAN SOCIETY FOR
‘)ASE ENGINEERING EDUCATION

Paper ID #49721

Toward Equitable Autonomous Vehicle Deployment

Shreyas Chaudhary, California State Polytechnic University, Pomona
Prof. Behnam Bahr, California State Polytechnic University, Pomona

Dr. Behnam Bahr received Ph.D. in Mechanical Engineering from the University of Wisconsin-Madison
in. His teaching and research are in the area of Biologically Inspired Robotics, Automation, and Autonomous
Systems, Computer Aided Engineering, and Controls

Mr. Gokul Srinath Seetha Ram, California State Polytechnic University, Pomona

©American Society for Engineering Education, 2025



Toward  Equitable @ Autonomous  Vehicle  Deployment:
Empowering Future Engineers to Address Infrastructure,
Behavioral Complexity, and Technological Adaptation Across
Diverse Regions

Shreyas Chaudhary, Gokul Srinath Seetha Ram, Behnam Bahr Ph.D

Abstract

The rapid development of autonomous vehicles (AVs) promises transformative changes in
global transportation, with potential safety, efficiency, and environmental sustainability
benefits. However, AV deployment faces significant challenges influenced by infrastructure
disparities, socio-economic factors, and diverse behavioural patterns across regions. This
research addresses the "global paradox" of AV adoption, where AVs thrive in structured
environments with advanced infrastructure and predictable driving behaviours but struggle to
perform reliably in regions with less-developed infrastructure, unpredictable traffic patterns,
and complex socio-economic landscapes.

To explore these challenges, this study undertakes a comprehensive correlation analysis
across infrastructure quality, traffic behaviour, and socio-economic factors, examining their
influence on AV performance, safety, and societal acceptance. Data were collected from
various regions, representing a spectrum of infrastructural and socio-economic conditions.
Key variables include road quality, network complexity, emergency response times,
pedestrian density, socio-economic indicators, weather variability, and internet infrastructure
quality. This study identifies critical factors supporting or inhibiting AV deployment across
diverse environments by analyzing correlations between these variables and AV performance
indicators—such as accident rates, sensor reliability, and adaptability to behavioural patterns.

The findings will reveal significant correlations, underscoring the multifaceted challenges of
implementing AV technology globally. For example, AVs perform reliably in regions with
well-maintained infrastructure, as measured by road quality, comprehensive road signage,
and regulated network complexity. In contrast, AVs deployed in areas with underdeveloped
infrastructure or complex road networks show increased accident rates and sensor errors,
indicating a need for adaptive technology that can respond to diverse conditions.
Additionally, the study finds that local driving behaviours, such as aggressive driving or rule
non-compliance, significantly impact AV decision-making and safety outcomes, particularly
in densely populated urban areas. These findings highlight the need for adaptable AV
frameworks and sensor technologies that can function effectively within region-specific
behavioural and infrastructure dynamics.

A crucial part of this research examines the socio-economic and technological disparities that
shape public acceptance and trust in AV technology. Regions with limited internet
infrastructure face challenges in supporting the data-intensive operations that AVs require,



particularly those relying on real-time cloud processing and communication. Similarly,
socio-economic factors such as income level and education correlate with public trust and
acceptance of AVs, with wealthier regions showing higher adoption rates compared to
low-income areas. This disparity raises ethical concerns regarding equitable access to AV
technology and the risk of widening socio-economic gaps through uneven AV deployment.

To address these challenges, this research proposes a flexible framework for AV deployment
that is adaptable across regions with varied infrastructure and socio-economic profiles. This
framework underscores the importance of interdisciplinary collaboration, where engineers
must work alongside policymakers, urban planners, and data scientists to ensure that AVs can
operate reliably across both structured and unstructured environments. By fostering skills that
allow future engineers to consider both technological adaptation and social responsibility, this
framework promotes the development of autonomous systems that are safe, efficient, and
inclusive on a global scale.

The implications of this research extend to engineering education, where insights on
infrastructure, behavioural dynamics, and adaptability could be integrated into engineering
curricula to prepare students for the complexities of global technology deployment. Through
case studies, project-based learning, and interdisciplinary coursework, engineering students
can gain a nuanced understanding of the factors that affect AV deployment success in diverse
contexts. By equipping future engineers with the skills to design adaptable technologies, this
research aligns with the broader goals of educating engineers to be collaborative, innovative,
and socially responsible leaders.

In summary, this study highlights the need for a comprehensive, context-sensitive approach to
AV deployment that considers infrastructure quality, driving behaviours, and socio-economic
diversity. By focusing on the adaptability of AV systems to varied global conditions, this
research underscores the critical role of inclusive technological design and responsive policy
frameworks in realizing the potential of autonomous vehicles. The findings offer a roadmap
for achieving an ethically responsible and globally inclusive transportation ecosystem, where
AV technology is accessible, equitable, and adaptable to all communities.
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AV; Sensor Fusion Technology; Interdisciplinary Collaboration; Global Transportation
Paradox; Responsible Al Integration; Adaptive Al Systems; Traffic Behavior Complexity;
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Data-Driven Correlation Analysis; AV Safety and Performance; Regional Infrastructure
Disparities;



Introduction

Autonomous vehicles (AVs) promise transformative advancements in transportation, offering
benefits such as enhanced safety, improved traffic flow, and environmental sustainability.
However, their deployment faces challenges in regions with diverse socio-economic and
infrastructural conditions. These challenges offer valuable opportunities for engineering
education, enabling students to address real-world issues through interdisciplinary
approaches. This paper explores how integrating AV-related challenges into curricula can
foster critical thinking, collaboration, and socially responsible engineering practices.

Literature Review
Existing Research and Educational Value

Research on AV deployment has primarily focused on structured environments in developed
regions, highlighting successful pilot projects in cities like Singapore and Silicon Valley.
These studies provide opportunities for engineering students to examine technical solutions,
such as sensor optimization and Vehicle-to-Infrastructure (V2I) systems, in controlled
conditions. However, the same studies also expose gaps in addressing global
disparities—gaps that can be used in classrooms to teach students about equitable technology
deployment and systems design (Koopman & Wagner, 2017).

Challenges in AV Deployment: Equity, Adaptation, and Infrastructure Diversity

e Technological Adaptation: AV struggle in unstructured environments, which provides
an opportunity to teach students about real-world constraints in engineering design.
Assignments can focus on adapting technologies like Al and sensors to diverse traffic
patterns (Sousa et al., 2017).

e Infrastructure Diversity: The variability in road quality and internet connectivity
across regions presents a critical challenge. Students can analyze case studies to
propose region-specific solutions, such as robust V2I systems for underserved areas
(Pauwels et al., 2022).

Review of Global Disparities in AV Research

Global disparities in AV deployment—including infrastructural and socio-economic
factors—provide rich learning opportunities. Students can study how these disparities
influence AV performance and public trust. For example, projects can involve designing
solutions for unstructured traffic in low-income regions, encouraging innovative and
empathetic engineering practices (Barabas et al., 2017).

Theoretical Background

Transportation Equity and its Role in Education



Transportation equity emphasizes fair access to mobility solutions, providing a foundation for
teaching students how engineering decisions impact society. For instance, policies promoting
equitable AV deployment can be evaluated to foster critical thinking about fairness in
technology design and implementation (Chen et al., 2016). This framework can also be used
to address socio-economic challenges, such as ensuring affordable access to AV technology
for low-income communities.

Technological Adaptation Models

Models such as network-based vehicle systems and adaptive Al algorithms demonstrate how
AVs can adjust to varying conditions. These lessons prepare students to tackle real-world
engineering problems involving unstructured environments and unpredictable traffic
behaviors (Ibafiez-Guzman et al., 2012).

Socio-Economic Frameworks in Engineering

Unified technology acceptance models (UTAUT) provide a lens to understand how
socio-economic factors, such as income and education, influence public trust in AVs.
Teaching students to use these frameworks equips them to create solutions that integrate
technical expertise with social considerations (Ghazi et al., 2023).

Methodology

The methodology section explores practical approaches that provide educational value by
connecting AV deployment challenges with hands-on learning experiences for students. This
framework includes data collection techniques, analytical methods, and validation strategies
that prepare students to tackle real-world engineering problems.

Data Collection and its Educational Applications

The data collection process is structured to equip students with practical skills in gathering
and analyzing diverse datasets. It draws inspiration from key studies, linking theoretical
knowledge with applied learning:

e Road Quality: As highlighted by Koopman & Wagner (2017), analyzing satellite
imagery and regional databases allows students to evaluate infrastructure readiness.
For example, tasks like rating road conditions or mapping areas with poor
infrastructure can be implemented in class projects.

e Socio-Economic Factors: Ghazi et al. (2023) emphasize the importance of using
census data and socio-economic indices to understand public trust in AVs. Students
could design surveys or assess inequality reports to draw insights on public
acceptance.

e Driving Behaviors: Sousa et al. (2017) discuss how observational studies of traffic
patterns influence AV decision-making algorithms. Classroom exercises could include
analyzing video footage of traffic to identify behavioral trends.



e Technological Infrastructure: Pauwels et al. (2022) underline the importance of

mapping V2I availability. Students might use geospatial tools to pinpoint gaps in
AV-supportive infrastructure in both urban and rural regions.

These tasks immerse students in the data collection process, allowing them to connect
abstract concepts with real-world engineering applications.

Analysis Framework for Learning

This phase focuses on using collected data to draw meaningful conclusions about AV
deployment. The analysis framework simplifies complex statistical techniques into digestible
steps for students:

1.

Correlation Analysis: As practiced in real-world studies, students can construct
multivariate correlation matrices to identify relationships between variables such as
road quality and AV safety performance. This process demonstrates how different
factors interact in a transportation ecosystem.

Statistical Techniques: By learning regression models and factor analysis, students
gain exposure to methods used in AV performance studies. For example, students can
predict accident probabilities based on infrastructure disparities using simplified
statistical models.

Regional Comparisons: Drawing from case studies, students compare urban and
rural datasets to uncover region-specific deployment challenges. This analysis teaches
students how to adapt solutions for diverse environments.

Validation Techniques in Education

Validation techniques ensure that analysis outcomes are robust and reliable, providing
students with an understanding of rigorous engineering practices:

e Data Triangulation: Students cross-reference datasets from multiple sources, such as

government reports and field surveys, to verify the accuracy of their findings. For
example, they might compare road quality data from satellite imagery with local
transportation reports.

e Sensitivity Analysis: Through practical exercises, students explore how outliers and
missing values influence statistical results. This teaches them to account for
variability and refine their analysis methods.

e Pilot Testing: Before implementing large-scale solutions, students design pilot
projects to test AV deployment strategies. For instance, they might model AV
navigation on simulated roads with varying conditions to assess feasibility.

Results

Ilustrative Correlation Analysis



To conceptually explore relationships between key factors influencing AV deployment, we
conducted a correlation analysis using synthetic data. This exercise demonstrates how
socio-economic, infrastructure, and behavioral factors impact AV adoption rates and accident
rates. While the data is synthetic, it serves as an example of using statistical tools to uncover
meaningful trends and guide decision-making.

Key Findings

Income Levels and AV Adoption Rates: A weak positive correlation (+0.02) suggests a
small relationship between income levels and AV adoption rates in the synthetic data. While
this does not align with prior literature’s strong correlations, it reflects the variability
introduced in conceptual modeling.

Education Levels and AV Adoption Rates: A moderate positive correlation (+0.22)
indicates that higher education levels are associated with greater public trust and acceptance
of AVs. This supports findings that education fosters awareness and confidence in emerging
technologies.

Road Quality and Accident Rates: A negligible negative correlation (-0.09) between road
quality and accident rates reflects minimal influence in the synthetic dataset but emphasizes
the role of structured environments for AV safety in broader research.

Internet Penetration and AV Adoption Rates: A weak positive correlation (+0.05)
highlights the role of reliable internet infrastructure, though it is less pronounced in the
synthetic model compared to real-world scenarios.

Implications

These correlations illustrate the interplay of socio-economic factors, infrastructure quality,
and technological readiness in determining AV deployment success. Despite the synthetic
nature of the data, the findings underscore the importance of:

1. Infrastructure investments to improve road quality.
2. Educational initiatives to increase public trust in AV technologies.
3. Reliable internet connectivity to support AV operations.

Visualization
Figures provided below illustrate the relationships between key variables:

1. Income Levels vs. AV Adoption Rates: Reflecting slight variability, with no strong
correlation evident in the synthetic data.

2. Road Quality vs. Accident Rates: This indicates minimal impact in the synthetic
dataset but aligns with broader research that links improved road quality to lower
accident rates.
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Synthetic Data for Correlation Analysis:

Income_Level

Education_Level

Internet_Penetration

(] 45795 51 58
1 30860 69 73
2 106820 77 50
3 84886 96 93
4 36265 56 57
5 112386 93 73
6 67194 57 60
7 117498 96 66
8 74131 84 57
9 90263 63 84
10 46023 66 84
11 71090 85 82
12 97221 99 54
13 94820 89 91
14 30769 53 88
15 89735 51 90
16 92955 55 77
17 94925 91 56
i8 97969 53 58
19 35311 78 57
20 113104 67 61
21 83707 75 83
22 115305 93 82
23 58693 83 97
24 101932 59 72
25 55658 85 73
26 114478 63 86
27 48431 80 84
28 32747 97 93
29 89150 64 89
30 95725 57 71
31 114654 63 76
32 65773 72 84
33 97435 89 50
34 86886 70 84
35 96803 65 86
36 61551 94 96
37 41394 67 63
38 99992 96 52
39 33890 73 50
40 71606 75 54
41 11038 74 75
42 117313 94 63
43 40627 90 88
44 38792 78 76
45 183969 64 58
46 73001 94 64
47 106552 50 64
48 53897 74 75
49 98148 56 91

Road Quality Index (%)

AV_Adoption_Rate AN
15.983413
19.042980
27.394090
16.884256
19.081889
22.387902

8.483286
20.110434
18.496027
10.076531
28.571339
19.971637
22.369623
27.011696
20.608851
12.390842

7.637356
16.413364
19.461011
15.412749
27.082006
13.108626

8.052199
13.907446
27.670711
11.803306
21.192253

5.013009
13.814221
12.619531

9.116396
18.352235
17.120749
22.310901
11.735308
11.103138

9.207276
19.469105
18.952550
15.095904

6.622306
11.347885
11.171902
22.407607
22.806765

8.702173
29.943512
11.669525
29.415374
15.275925
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Road_Quality_Index
62
76
71
72
40
58
41
83
65
71
45
71
43
50
56
77
63
44
73
45
61
50
87
55
72
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45
55
68
42
59
75
58
65
42
58
59
71
46
80
72
79
78
57
79
40
50
67
64
89

Accident_Rate

14
13
6

10.
12.
9.
9.
5.
4.
13.
13.
10.
7.
7.
11.
13.
13.
12.
10.
4.
4.
13.
10.
3.
4.
10.
3.
4.
9.
11.
10.
5.
11.

. 096323
. 528072
. 095300
919809
806666
662410
355807
902227
117233
766589
805017
597217
068357
190515
711468
765323
645037
358507
704380
009680
939545
782650
277149
110365
217659
962021
060739
929697
584805
302742
823535
691232
546151
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. 904796
. 957897
. 795595
.190681
. 891355
. 819703
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.182428
.927876
.676127
. 717173
.704559
.573664
.537736
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Correlation Matrix (Synthetic Data):
Income_Level Education_Level Internet_Penetration

Income_Level 1.000000 0.045451 -0.102135
Education_Level 0.045451 1.000000 -0.004259
Internet_Penetration -0.102135 -0.004259 1.000000
AV_Adoption_Rate 0.020391 0.217285 -0.097703
Road_Quality_Index 0.152219 -0.014108 0.057128
Accident_Rate -0.302746 -0.235725 0.134096

AV_Adoption_Rate Road_Quality_Index Accident_Rate

Income_Level 0.020391 0.152219 -0.302746

Education_Level 0.217285 -0.014108 -0.235725

Internet_Penetration -0.097703 0.057128 0.134096

AV_Adoption_Rate 1.000000 -0.108815 -0.094483

Road_Quality_Index -0.108815 1.000000 0.007796

Accident_Rate -0.094483 0.007796 1.000000
Key Findings

e Analysis of data shows correlations between infrastructure quality and AV
performance. Regions with well-maintained roads and robust V2I systems
demonstrate higher safety and efficiency. Socio-economic factors like income levels
and education strongly correlate with public trust and acceptance of AVs [(Sousa et
al., 2017)].

Regional Comparisons

e Urban regions with advanced infrastructure outperform rural areas in AV adoption.
For instance, Singapore showcases the benefits of V2I systems, while rural areas of
South Asia face challenges like poor road conditions and low public awareness
[(Pauwels et al., 2022)].

Challenges Identified

e Key challenges include technological barriers (e.g., adapting sensors to unstructured
environments) and behavioural issues (e.g., unpredictable traffic patterns).
Socio-economic disparities further exacerbate these challenges [(Barabas et al.,
2017)].

e [llustrative Correlation Analysis
The synthetic data and visualizations suggest weak correlations across the examined
variables, providing a conceptual starting point for discussions. These findings
emphasize the importance of integrating data-driven methods into engineering
education to equip students with tools for analyzing complex systems. Future studies
should focus on real-world data to validate these trends.

Discussion



Interpretation of Results

e The findings highlight the need for equitable AV deployment strategies to ensure
benefits reach all communities, not just resource-rich regions.

Adaptable Framework

e A flexible deployment framework should integrate adaptive Al systems, subsidies for
low-income areas, and targeted infrastructure improvements, such as affordable
shared AV services in underserved regions [(Shetty, 2024)].

Policy Recommendations

e Policymakers should:
1. Invest in infrastructure for low-income and rural areas.
2. Promote public awareness campaigns to build trust in AV technologies.
3. Support interdisciplinary collaboration to address AV deployment challenges
holistically.

Comparison of Key Points from Referenced Studies

Paper Key Focus Key Findings

Koopman & Wagner | AV safety and road | Highlighted the importance
(2017) infrastructure of reliable road conditions
for AV safety performance.

Sousa et al. (2017) Infrastructure challenges in AV | Emphasized difficulties in
deployment unstructured environments
with poor traffic systems.

Pauwels et al. (2022) Digital infrastructure and V2I [ Showed how advanced V2I
systems systems improve AV
performance in urban areas.

Shetty (2024) Socio-economic disparities in | Identified trust and
AV adoption accessibility as key barriers
in low-income communities.

Barabas et al. (2017) Ethical considerations in AV | Discussed the need for
deployment fairness and inclusivity in
AV decision-making

algorithms.

Ghazi et al. (2023) Public trust and socio-economic | Highlighted how income




factors and education influence trust
and adoption of AVs.

Summary of Table

This comparison reveals the interconnectedness of infrastructure, socio-economic factors, and
ethical considerations in AV deployment. Reliable infrastructure is critical for AV safety,
while socio-economic disparities directly impact public trust and accessibility. Studies also
emphasize the importance of ethical decision-making to ensure inclusivity. These insights
highlight the need for adaptable frameworks that combine technological innovation with
social responsibility.

Interpretation of Results

The findings emphasize the need for equitable AV deployment strategies to ensure the benefit
of all communities, not just resource-rich regions.

Adaptable Framework

A flexible framework should integrate adaptive Al for diverse environments, subsidies for
low-income areas, and targeted infrastructure improvements, such as affordable shared AV
services [(Shetty, 2024)].

Policy Recommendations
Policymakers should:

1. Invest in infrastructure for underserved regions.
2. Promote public awareness campaigns to build trust in AVs.
3. Foster interdisciplinary collaboration to address deployment challenges.

Engineering Education Implications

Engineering education must adopt interdisciplinary approaches to address real-world
challenges in AV deployment. By integrating topics like infrastructure diversity,
socio-economic factors, and behavioral dynamics, students can develop skills to create
inclusive and equitable solutions.

Case-Based and Practical Learning: Incorporating AV-related case studies enables students
to analyze real-world challenges, such as adapting AVs to unstructured environments, while
applying theoretical knowledge to practical scenarios.



Interdisciplinary Collaboration: Encouraging cross-disciplinary projects involving
engineering, urban planning, and policy fosters critical thinking and prepares students to
design adaptable technologies that address technical, social, and ethical challenges.

Conclusion

This study underscores the importance of addressing infrastructure, socio-economic
disparities, and behavioral dynamics in AV deployment. Integrating these challenges into
engineering education equips students to create equitable, effective solutions.

Future Work

Future research should focus on testing proposed frameworks with real-world data in diverse
environments and exploring additional socio-economic dimensions, such as cultural
influences on AV acceptance, to enhance practical applicability.
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