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1. INTRODUCTION 

Recent trends in the advancement of vehicle automation technologies (e.g., adaptive cruise control 

and vehicle sensing technologies) suggest that high-level automation vehicles (i.e., SAE Level 4 

or Level 5 vehicles) may soon be commercially available. In these vehicles (hereafter referred to 

as “AVs”), vehicle users are not required to drive or take over driving when automated driving 
features are engaged (SAE International, 2018). By relinquishing the human driver’s 
responsibilities for vehicle control, AV users need not experience driving-related stress and fatigue 

and can better utilize their in-vehicle time for more productivity or leisure (Litman, 2017). At the 

same time, road accidents caused by human errors such as driving under the influence, distraction, 

or fatigue, which are the main cause of over 90% of accidents, injuries, and fatalities, can 

potentially be avoided (Piao et al., 2016). In addition, AVs can potentially increase the mobility of 

and enhance accessibility for travelers who do not have or have lost their ability to drive (e.g., fear 

of driving, aging, or physical and/or intellectual impairment) which can lead to social inclusion 

and improved quality-of-life (Fagnant and Kockelman, 2015; Bennett et al., 2019). Furthermore, 

some studies suggested that vehicle ownership, vehicle miles traveled (VMT), congestion, total 

system travel time, parking demand, and greenhouse gas emissions can be significantly reduced if 

people use AV-based taxis, ride-sharing, and vehicle-sharing services instead of driving privately-

owned vehicles (Greenblatt and Saxena, 2015; Chen et al., 2016). To seize these opportunities, 

traditional auto manufacturers such as Ford and GM, ride-sharing providers such as Uber and Didi, 

and technology companies such as Waymo and Baidu have been actively developing AVs and/or 

AV transportation services with a targeted release date in the 2020s (Walker, 2018). Over 30 states 

in the U.S. and many countries around the world such as EU countries and China have already 

introduced related legislation to support AV testing and usage (Xu and Fan, 2019). Some studies 

have estimated that over 50% of new vehicle sales will be AVs by 2035 and driving will be 

restricted after the 2060s (Navigant Research, 2014; Litman, 2017). 

Despite the potential advantages of AVs and AV services and some optimistic estimations 

towards AV future, some recent studies have raised concerns over AV adoption (e.g., Bansal et 

al., 2016; Harper et al., 2016; Zhang et al., 2018). High purchase and usage costs, as well as 

liability, licensing, security, and privacy concerns may hinder AV adoption and usage, particularly 

when AVs are in their early stages (Fagnant and Kockelman, 2015; Masoud and Jaykrishnan, 

2017; Tussyadiah et al., 2017). Several recent surveys conducted in North America suggest that 

over half of the travelers are unlikely to or will not participate in shared AV programs, and prefer 

to replace their current vehicles with privately-owned AVs (Bansal et al., 2016; Krueger et al., 

2016; Haboucha et al., 2017). The expected increases in mobility brought by AVs for 

subpopulations such as older adults, non-drivers, and people with disabilities can potentially lead 
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to more than a 10% increase in VMT in the U.S. (Harper et al., 2016). The impacts of AVs on 

VMT and emissions vary significantly based on the assumptions made related to AV ownership 

type (shared or privately-owned) and vehicle fuel type (gasoline or alternative fuel) (Taiebat et al., 

2018; Soteropoulos et al., 2019). If current trends towards privately-owned, gasoline-powered 

vehicles persist and the travel patterns and transportation policies remain unchanged, overall VMT 

and emissions are expected to increase due to induced travel demand, decreased value of in-vehicle 

travel time (e.g., people may choose to live further away from their workplace), and unoccupied 

VMT despite a decrease in total number of vehicles on the road (Brown et al., 2014; Fagnant and 

Kockelman, 2015; de Almeida Correia and van Arem, 2016; Zhao and Kockelman, 2017; Auld et 

al., 2018; Bösch et al., 2018; Zhang et al., 2018). Furthermore, urban sprawl can potentially 

intensify with the increased mobility and decreased value of travel time which can have profound 

impacts on land use, property price, etc. (Fagnant and Kockelman, 2015; Guo et al., 2016; 

Heinrichs, 2016; Guo et al., 2017; Hawkins and Habib, 2019; Guo and Peeta, 2020). Considering 

these potential challenges, many studies have argued that future AVs should ideally be shared or 

transit and use alternative fuels (Fox-Penner et al., 2018; Axsen and Sovacool, 2019; Herrenkind 

et al., 2019; Spurlock et al., 2019). 

Ultimately, the extent of AV’s impact on the transportation system, travel behavior, and 
society depends on public acceptance and adoption decisions of AVs (e.g., ownership and vehicle 

fuel type) and infrastructural and policy support from the government (e.g., dedicated AV lanes 

and financial incentives for alternative fuel AVs). There is an ample amount of studies that have 

investigated various factors that influence people’s intention to use and to buy AVs or alternative 
fuel vehicles (mostly focused on battery electric vehicles or BEVs). Tables 1-3 summarize some 

of the recent studies in related fields and their key findings1. These studies showed that three types 

of factors influence people’s intention to use and to buy AVs or BEVs, including 

sociodemographic factors (e.g., age, gender, and nationality) (Table 1), attitudinal factors (e.g., 

perception, belief and knowledge) (Table 2), and availability of policies and incentives (e.g., 

financial incentives for purchase and usage) (Table 3). In Tables 1.1, 1.2, and 1.3, the sign × 

indicates the factor was investigated in the study but was not found to be significant; + indicates 

the study findings are opposite of the most common findings listed). 

1 It is important to note that this literature review focused on recent publications in peer-reviewed journals (i.e., since 

2014). Some of the factors (e.g., political leaning) that have only been considered once or twice were not included in 

the literature review summary. 
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These studies highlight the similarities and differences in terms of the factors affecting AV 

and BEV adoption. These studies also show that the impacts of various factors on AV or BEV 

adoption can be very different, sometimes contradicting, based on the assumptions made, 

experiment set up, and survey populations. These studies provide valuable insights to 

policymakers for designing effective behavioral intervention strategies and policies for promoting 

AV or BEV adoption. However, to the best of our knowledge, none of the existing studies have 

addressed: (i) the potential similarities and differences among factors that affect people’s intention 

to buy gasoline-powered AVs (GAVs) and battery-electric AVs (EAVs); and (ii) the impacts of 

dedicated AV lanes and wireless charging options for EAVs on people’s intention to buy GAVs 

and EAVs. 

This study aims to understand (i) the impacts of fourteen attitudinal factors on people’s 

intention to use AVs and their intention to buy GAVs and EAVs; and (ii) the impacts of urban 

roadway designs for accommodating AVs and EAVs on their intention to buy GAVs and EAVs. 

To achieve these, a research model is developed based on literature (Table 2) to capture the impacts 

of various attitudinal factors on people’s intention to use AVs and buy GAVs and EAVs. These 
factors and their potential hypothesized relationships were identified from the literature pertaining 

to AV or BEV adoption. To evaluate the proposed model and test the hypothesized relationships, 

a stated-preference survey was designed with a targeted population of U.S. travelers over the age 

of 18 years. Participants answered questions that captured various attitudinal factors and their 

intention to use AVs and to buy GAVs and EAVs. Then, they were asked to answer how their 

intention to buy GAVs and EAVs would change if a new roadway design is used on most of the 

routes they usually travel on. This design features a dedicated AV lane and roadside parking is 

replaced with AV pick-up/drop-off zones. The dedicated AV lane has a higher speed limit and 

include a wireless charging option for EAVs. Over 1,300 completed surveys were collected and 

analyzed using structural equation models (SEMs). The model estimation results show that the 

perceived advantages of AV and EAVs, safety improvement of AV over human-driven vehicles, 

compatibility of AVs with their lifestyle and travel needs, and attitude towards driving play an 

important role in affecting their intention to use AVs and buy EAVs. Understanding these impacts 

can assist policymakers in designing effective behavioral intervention strategies and policies to 

target attitudinal factors that influence AV adoption, promote the selection of EAVs over GAVs 

for privately-owned AV purchases, and evaluate the potential infrastructural and policy changes 

to the roadway design and usage that can foster a smooth and sustainable transition for AV 

adoption. 
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Table 1.1: Literature review summary related to sociodemographic factors affecting people’s intention to use and/or buy 

BEVs and AVs. 
Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors 

Gender 

References 

Jensen et al. (2014) × 

Nayum and Klöckner (2014) 

Peters and Dütschke (2014) + 
Plötz et al. (2014) + 

Dumortier et al. (2015) × 

Barth et al. (2016) × 

Wang et al. (2017) 

Huang and Qian (2018) × 

Westin et al. (2018) 

Carley et al. (2019) + 

Qian et al. (2019) 
Simsekoglu and Nayum (2019) 

Sovacool et al. (2019) × 

Spurlock et al. (2019) × 

Most common findings 

The impacts of gender on the intention 

to use and/or buy BEVs are 

complicated. Most studies find that 
gender does not have a statistically 

significant impact on their intention 

to use and/or buy BEVs. Among 
studies that found that gender plays a 

role, most of them state that women 

have a greater intention to use and/or 

buy BEVs compared to men. 

References 

Payre et al. (2014) × 

Kyriakidis et al. (2015) 

Bansal et al. (2016) × 

Hohenberger et al. (2016) 

Zmud et al. (2016) 

Bansal and Kockelman (2017) 
Haboucha et al, (2017) + 

Lavieri et al. (2017) × 

Nazari et al. (2018) 

Berliner et al. (2019) × 

Cunningham et al. (2019) × 

Hardman et al. (2019) × 

Liu et al. (2019) × 

Shabanpour et al. (2018) × 

Spurlock et al. (2019) 

Wang and Zhao (2019) 

Zoellick et al. (2019) × 

Most common findings 

The impacts of gender on the intention 

to use and/or to buy AVs are 

complicated. Most studies find that 
gender does not have a statistically 

significant impact on their intention 

to use and/or to buy AVs. Among 
studies that found gender plays a role, 

most of them found that men have a 
greater intention to use and/or buy 

AVs compared to women. 

Age Nayum and Klöckner (2014) × 

Dumortier et al. (2015) 
Barth et al. (2016) × 

Wang et al. (2017) × 

Huang and Qian (2018) × 

Lane et al. (2018) × 

Westin et al. (2018) 

Carley et al. (2019) 
Qian et al. (2019) × 

Simsekoglu and Nayum (2019) × 

Sovacool et al. (2019) × 

Spurlock et al. (2019) 

The impacts of age on the intention to 

use and/or buy BEVs are 
complicated. Most studies find that 

age does not have a statistically 

significant impact on their intention 
to use and/or buy BEVs. Among 

studies that state that age plays a role, 

most found that older people have a 
lesser intention to use and/or buy 

BEVs younger ones. 

Payre et al. (2014) × 

Kyriakidis et al. (2015) 
Bansal et al. (2016) × 

Zmud et al. (2016) × 

Bansal and Kockelman (2017) 
Haboucha et al, (2017) 

Lavieri et al. (2017) 

Nazari et al. (2018) 
Shabanpour et al. (2018) 

Berliner et al. (2019) × 

Cunningham et al. (2019) 
Hardman et al. (2019) × 

Liu et al. (2019) × 

Sheela and Mannering (2019) 
Spurlock et al. (2019) 

Wang and Zhao (2019) 

Zoellick et al. (2019) 

Older people have a lesser intention 

to use and/or buy AVs younger ones. 
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Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors 

Education 

References 

Peters and Dütschke (2014) × 

Nayum and Klöckner (2014) 

Dumortier et al. (2015) × 

Wang et al. (2017) × 

Huang and Qian (2018) 

Lane et al. (2018) × 

Westin et al. (2018) 
Carley et al. (2019) × 

Simsekoglu and Nayum (2019) × 

Sovacool et al. (2019) × 

Spurlock et al. (2019) 

Most common findings 

People’s education level does not have 

a statistically significant impact on the 

intention to use and/or buy BEVs. 

Among studies that state that education 
plays a role, most found that people 

with higher education have a greater 

intention to use and/or buy BEVs. 

References 

Zmud et al. (2016) × 

Haboucha et al, (2017) 

Lavieri et al. (2017) × 

Hardman et al. (2019) × 

Liu et al. (2019) 

Sheela and Mannering (2019) 

Most common findings 

People with higher 

education have a greater 

intention to use and/or buy 

AVs. 

Income Dumortier et al. (2015) × 

Wang et al. (2017) × 

Lane et al. (2018) × 

Westin et al. (2018) × 

Carley et al. (2019) + 

Simsekoglu and Nayum (2019) × 

Spurlock et al. (2019) 

People’s income level does not have a 

statistically significant impact on their 

intention to use and/or buy BEVs. 

Among studies that state that income 
plays a role, most have found that 

people with a higher income have a 

greater intention to use and/or buy 
BEVs. 

Kyriakidis et al. (2015) 
Zmud et al. (2016) × 

Bansal et al. (2016) 

Shabanpour et al. (2018) 
Berliner et al. (2019) × 

Cunningham et al. (2019) × 

Hardman et al. (2019) 
Liu et al. (2019) 

Sheela and Mannering (2019) 
Spurlock et al. (2019) 

Wang and Zhao (2019) 

People with a higher 

income have a greater 

intention to use and/or buy 

AVs. 

Having a driver’s 

license 

N/A N/A Bansal et al. (2016) × 

Nazari et al. (2018) × 

Liu et al. (2019) × 

Whether a person has a 

driver’s license or not 
does not have a 

statistically significant 

impact on their intention 

to use and/or buy AVs. 

Household size Huang and Qian (2018) 

Westin et al. (2018) × 

Carley et al. (2019) × 

Sovacool et al. (2019) × 

People’s household size does not have 

a statistically significant impact on 
their intention to use and/or buy BEVs. 

Among studies that state that household 

size plays a role, most have found that 
people with a larger household size 

have a greater intention to use and/or 

buy BEVs. 

Bansal et al. (2016) 

Bansal and Kockelman (2017) 
Nazari et al. (2018) 

Shabanpour et al. (2018) 

Berliner et al. (2019) × 

Hardman et al. (2019) × 

Sheela and Mannering (2019) 

People with a larger 

household size have a 
greater intention to use 

and/or buy AVs. 
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Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors References Most common findings References Most common findings 

Vehicle miles travelled Westin et al. (2018) People who have a more VMT have a greater Bansal et al. (2016) × People who have a more VMT have a 
(VMT) Carley et al. (2019) × intention to use and/or buy BEVs. Haboucha et al, (2017) greater intention to use and/or buy AVs. 

Nazari et al. (2018) + 

Berliner et al. (2019) × 

Shabanpour et al. (2018) * 

Sheela and Mannering (2019) 

Experience with the Dumortier et al. (2015) People who have positive experience (e.g., Chen et al. (2019) People who have positive experience (e.g., 

vehicle Barth et al. (2016) × ownership or test driving) with BEVs have a Zoellick et al. (2019) test-driven AVs) with AVs have a greater 

Schmalfuß et al. (2017) greater intention to use and/or buy BEVs. intention to use and/or buy AVs. 

Huang and Qian (2018) 

Carley et al. (2019) 
Sovacool et al. (2019) 

Knowledge and Barth et al. (2016) People who consider themselves as König and Neumayr (2017) People who consider themselves as 
awareness Simsekoglu and Nayum (2019) knowledgeable of BEVs have a greater intention Nordhoff et al. (2018) knowledgeable of AVs have a greater 

* to use and/or buy BEVs. Berliner et al. (2019) intention to use and/or buy AVs. 

Sovacool et al. (2019) Cunningham et al. (2019) 
Hardman et al. (2019) 

Jing et al. (2019) 

Classification of living Westin et al. (2018) * People who live in suburban, rural or low Bansal et al. (2016) People who live in suburban, rural or low 

area or living area Carley et al. (2019) population density areas have a lesser intention Lavieri et al. (2017) × population density areas have a lesser 

density Spurlock et al. (2019) to use and/or buy BEVs. Nazari et al. (2018) intention to use and/or buy AVs. 
Shabanpour et al. (2018) 

Berliner et al. (2019) × 

Availability of charging Westin et al. (2018) * People who have charging facilities on their most N/A N/A 

facilities on their most Carley et al. (2019) used commute route have a greater intention to 

used commute route use and/or buy BEVs. 

Number of previous N/A N/A Bansal et al. (2016) × People who have been involved in more 

crash experiences Shabanpour et al. (2018) crashes have a greater intention to use 

Sheela and Mannering (2019) and/or buy AVs. 

(× indicates the factor was investigated in the study but was not found to be significant; + indicates the study findings are opposite of the most common findings listed). 
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Table 1.2: Literature review summary related to attitudinal factors affecting people’s intention to and/or buy BEVs and AVs. 

Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors References Most common findings References Most common findings 

Perceived vehicle features/attributes 

Relative advantage 

in terms of vehicle 

performance (e.g., 

maintenance and 
fuel cost savings) 

Jensen et al. (2014) 

Krupa et al. (2014) 

Barth et al. (2016) 

White and Sintov (2017) 
Lane et al. (2018) × 

Carley et al. (2019) 
Sovacool et al. (2019) × 

People who think BEVs 

have a relative advantage 

over gasoline-powered 

vehicles (GVs) have a 
greater intention to use 

and/or buy BEVs. 

Payre et al. (2014) 

Shin et al. (2015) 

Zmud et al. (2016) 

König and Neumayr (2017) 
Kaur and Rampersad (2018) 

Nordhoff et al. (2018) 
Nielsen and Haustein (2018) 

Panagiotopoulos and Dimitrakopoulos (2018) 

Sanbonmatsu et al. (2018) 
Cunningham et al. (2019) 

Liu et al. (2019) 

People who think AVs have a relative 

advantage over human-driven vehicles 

(HVs) have a greater intention to use 

and/or buy AVs. 

Compatibility N/A N/A Payre et al. (2014) 

Shin et al. (2015) 

Zmud et al. (2016) 

König and Neumayr (2017) 

Kaur and Rampersad (2018) 

Nordhoff et al. (2018) 
Nielsen and Haustein (2018) 

Panagiotopoulos and Dimitrakopoulos (2018) 

Sanbonmatsu et al. (2018) 
Cunningham et al. (2019) 

Liu et al. (2019) 

People who believe that using AVs is 

compatible with their lifestyle and 

needs have a greater intention to use 

and/or buy AVs. 

Complexity or 

perceived ease of 

use 

N/A N/A Payre et al. (2014) 

Shin et al. (2015) 

Zmud et al. (2016) 
König and Neumayr (2017) 

Kaur and Rampersad (2018) 

Nordhoff et al. (2018) 
Nielsen and Haustein (2018) 

Panagiotopoulos and Dimitrakopoulos (2018) 

Sanbonmatsu et al. (2018) 
Cunningham et al. (2019) 

Liu et al. (2019) 

People who believe that AVs are 

difficult to use have a lesser intention to 

use and/or buy AVs. 
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Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors References Most common findings References Most common findings 

Perceived vehicle features/attributes (continued) 

Environmental benefits Steg et al. (2014) People who believe that N/A N/A 
Barth et al. (2016) × using BEVs has 

Lane et al. (2018) environmental benefits have 

Simsekoglu and Nayum (2019) a greater intention to use 
and/or buy BEVs. 

Range anxiety Haddadian et al. (2015) People who have range N/A N/A 

Valeri and Danielis (2015) anxiety have a lesser 

Li et al. (2017) intention to use and/or buy 

Berkeley et al. (2018) BEVs. 

Lane et al. (2018) × 

Perceived infrastructural and Jensen et al. (2014) People who believe that N/A N/A 

policy support (e.g., awareness Krupa et al. (2014) there are sufficient 

of charging stations and Dumortier et al. (2015) infrastructural and policy 

coverage) Schmalfuß et al. (2017) support for BEVs have a 

White and Sintov (2017) × greater intention to use 
Lane et al. (2018) and/or buy BEVs. 

Huang and Qian (2018) 

Sovacool et al. (2019) 

Perceived risk and concerns N/A N/A Choi and Ji (2015) People who believe using 

(e.g., data transmission and Kyriakidis et al. (2015) AVs is risky and have 
privacy) Hohenberger et al. (2016) higher concerns over 

Daziano et al. (2017) using them have a lesser 

Lavieri et al. (2017) × intention to use and/or 
Nazari et al. (2018) buy AVs. 

Cunningham et al. (2019) × 

Jing et al. (2019) 
Liu et al. (2019) 

Wang and Zhao (2019) 

Perceived safety improvement N/A N/A Kyriakidis et al. (2015) People who believe using 

Zmud et al. (2016) AVs can improve road 
Haboucha et al. (2017) safety have a greater 

Hulse et al. (2018) intention to use and/or 

Panagiotopoulos and Dimitrakopoulos (2018) buy AVs. 
Sanbonmatsu et al. (2018) 

Shabanpour et al. (2018) 

Berliner et al. (2019) 
Liu et al. (2019) 
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Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Factors 

Social factors 

References Most common findings References Most common findings 

Subjective norms Barth et al. (2016), 

Schmalfuß et al. (2017) 
Simsekoglu and Nayum (2019) 

People who believe that most of the 

people who are important to them 
would approve of them buying 

and/or using BEVs have a greater 

intention to use and/or buy BEVs. 

Payre et al. (2014) 

Buckley et al. (2018) 
Kaur and Rampersad (2018) 

Nordhoff et al. (2018) 

Acheampong and Cugurullo (2019) 
Jing et al. (2019) 

Liu et al. (2019) 

People who believe that most of the people 

who are important to them would approve of 
them buying and/or using AVs have a greater 

intention to use and/or buy AVs. 

Image Huang and Qian (2018) × 

Lane et al. (2018) × 

People’s perceived image of using 
BEVs does not have a statistically 

significant impact on their 

intention to use and/or buy BEVs. 

Acheampong and Cugurullo (2019) 

Axsen and Sovacool (2019) 

People who believe that using AVs has a 

positive image in the society have a greater 

intention to use and/or buy AVs. 

Other types of perceptions and attitude 

Personal innovativeness 

Environmental concerns, 

ecological awareness, or pro-
environmental attitudes, 

values, beliefs and norms 

Love of driving and locus of 

control (i.e., people who 

believes that they can control 
events) 

Morton et al. (2016) 

Huang and Qian (2018) × 

Lane et al. (2018) 

Krupa et al. (2014) 

Helveston et al. (2015) 
Barbarossa et al. (2015) 

Barth et al. (2016) × 

Wang et al. (2017) 
White and Sintov (2017) × 

Westin et al. (2018) × 

Carley et al. (2019) × 

Ingeborgrud & Ryghaug (2019) 

Okada et al. (2019) 

Spurlock et al. (2019) × 

N/A 

People who have a greater 

personal innovativeness have a 

greater intention to use and/or buy 
BEVs. 

People who are concerned with 

the negative environmental impacts 
of traveling have a greater 

intention to use and/or buy BEVs. 

N/A 

Shin et al. (2015) 

Bansal and Kockelman (2016) 

Zmud et al. (2016) 
Haboucha et al. (2017) 

Lavieri et al. (2017) 

Nazari et al. (2018) 

N/A 

Payre et al. (2014) + 

Choi and Ji (2015) 

Haboucha et al, (2017) × 

Hardman et al. (2019) + 

People who have a greater personal 

innovativeness have a greater intention to use 

and/or buy AVs. 

N/A 

People who love driving have a lesser 

intention to use and/or buy AVs. 

(× indicates the factor was investigated in the study but was not found to be significant; + indicates the study findings are opposite of the most common findings listed). 
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Table 1.3: Literature review summary related to the availability of policies and incentives affecting people’s intention 
to use and/or buy BEVs and AVs. 

Intention to use and/or buy BEVs Intention to use and/or buy AVs 

Policies References Most common findings References Most common findings 

Financial incentive policy measures Krupa et al. (2014) Financial incentives can Underwood et al. (2014) Financial incentives can promote the 

(i.e., vehicle purchasing and operating Helveston et al. (2015) promote the adoption of Harper et al. (2016) adoption of AVs. 

costs, through policies such as direct Wang et al. (2017) BEVs. Sparrow and Howard (2017) 
subsidies and road tolling exemption) Huang and Qian (2018) Chen et al. (2019) 

Carley et al. (2019) 

Ingeborgrud and Ryghaug (2019) 

Information provision policy Dumortier et al. (2015) Information provision Du et al. (2019a, b) Information provision policy can 
measures (i.e., using behavioral Wang et al. (2017) policy can promote the Lee et al. (2019) promote the adoption of AVs. 

intervention strategies to provide Ingeborgrud and Ryghaug (2019) adoption of BEVs. Sheela and Mannering (2019) 

information (e.g., battery life 
information) to potential users for 

promoting adoption) 

Convenience policy and Dumortier et al. (2015) Convenience policy and Levin and Boyles (2015) Financial incentives can promote the 

infrastructural support measures (i.e., Bonges and Lusk (2016) infrastructural support Shabanpour et al. (2018) adoption of AVs. 

using policies (e.g., access to high Wang et al. (2017) measures can promote Chen et al. (2019) 
occupancy vehicle (HOV) lanes) and Huang and Qian (2018) the adoption of BEVs. 

infrastructure (e.g., dedicated lanes Carley et al. (2019) × 

and dedicated parking) to provide Ingeborgrud and Ryghaug (2019) 
convenience to potential users) Qian et al. (2019) 

(× indicates the factor was investigated in the study but was not found to be significant; + indicates the study findings are opposite of the most common findings listed). 
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2. METHODOLOGICAL APPROACH 

To facilitate the understanding of attitudinal factors and roadway design features on AV adoption 

and fuel choice, a model framework was first conceptualized based on literature review related to 

AV and BEV adoption and seventeen hypotheses were developed. Then, a survey questionnaire 

was designed to evaluate the derived hypotheses. After that, a pilot study was conducted among a 

group of students (i.e., 50) at Purdue University to evaluate the survey questions. The final survey 

was conducted on Amazon’s Mechanical Turk (MTurk) after adopting the feedback (e.g., survey 
length and how easy or hard the questions are) from the pilot study. 

2.1 Model Framework and hypothesis development 

To develop a model that can capture the impacts of attitudinal factors and roadway design features 

on AV adoption and fuel choice, three types of outcome variables were considered including a 

person’s (i) intention to use AVs, (ii) intention to buy GAVs and EAVs, and (iii) the changes in 

their intention to buy GAVs and EAVs under the New Roadway Design. This design for promoting 

AV adoption was developed to improve the mobility and accessibility of AVs and reduce range 

anxiety related to using EAVs. It features a dedicated lane for AVs only with a higher speed limit 

(10 mph higher) compared to 30 mph for human-driven vehicle lanes, wireless charging for EAVs 

with electric costs similar to charging an EAV at home, and replacing all roadside parking with 

pick up and drop off areas for AVs and buses. 

To better illustrate how the New Roadway Design is different from existing ones and assist 

potential participants to understand these changes, visual illustrations were created. A common 

one-way street was used to illustrate such differences. This roadway features three driving lanes 

and roadside parking on both sides (Figure 1). This roadway design (including lane width and 

markings) is recreated based on a portion of East Washington Street located in downtown 

Indianapolis, Indiana, USA. Figure 2 represents an illustration of the New Roadway Design. 

Detailed descriptions of each design were provided to participants at the time of survey.  

A model framework was conceptualized based on factors affecting AV and/or EV adoption 

(Figure 3). Fourteen attitudinal factors that were included are drawn from literature and can be 

categorized into three main types: (i) perceived vehicle features/attributes (relative advantage, 

compatibility, complexity, road safety improvement, user concerns, and range anxiety), (ii) social 

impacts (image and subjective norm, and (iii) perception related to new technologies, environment, 

and driving. 

Relative performance advantage, compatibility, and complexity (i.e., ease-of-use) have 

been considered as primary factors affecting the adoption of new technologies (Rogers, 2010; 
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Kulviwat et al., 2007; Herrenkind et al., 2019). In this study, AV/EV-advantage is defined as the 

perceived performance advantage (e.g., cost and travel time savings) of using AVs and BEVs 

compared to using HVs and GVs, respectively. AV-compatibility represents the compatibility of 

using AVs with their work and lifestyle needs and AV-complexity is used to capture the perceived 

complexity of operating AVs. AV-safety is defined as the perceived safety improvement related to 

using AVs instead of HVs. The factor “AV-concerns” is used to capture the perceived risks (e.g., 

privacy and liability concerns) associated with operating an AV and EV-range is aimed at 

understanding the perceived range anxiety (e.g., limited charging stations) of operating an EV. The 

hypotheses related to these factors are summarized as follows: 

H1: The greater the perceived AV-advantage, the greater intention (a) to use AVs, (b) to 

buy GAVs, and (c) to buy EAVs, and the increased greater intention to buy (d) GAVs and 

(e) EAVs under the New Roadway Design. 

H2: The greater the perceived AV-compatibility, the greater intention (a) to use AVs, (b) 

to buy GAVs, and (c) to buy EAVs, and the increased intention to buy (d) GAVs and (e) 

EAVs under the New Roadway Design. 

H3: The greater the perceived AV-complexity, the lesser intention to (a) use AVs, (b) buy 

GAVs, and (c) buy EAVs, and the decreased intention to buy (d) GAVs and (e) EAVs 

under the New Roadway Design. 

H4: The greater the perceived AV-safety, the greater intention to (a) use AVs, (b) buy 

GAVs, and (c) buy EAVs, and increased intention to buy (d) GAVs and (e) EAVs under 

the New Roadway Design. 

H5: The greater the perceived AV-concerns, the lesser intention to (a) use AVs, (b) buy 

GAVs, and (c) buy EAVs, and the decreased intention to buy (d) GAVs and (e) EAVs 

under the New Roadway Design. 

H6: The greater the perceived EV-relative advantage, the greater intention to (a) buy 

EAVs, and the increased intention to buy (b) EAVs under the New Roadway Design. 

H7: The greater the perceived EV-range anxiety, the lesser intention to (a) buy EAVs, and 

the decreased intention to buy (b) EAVs under the New Roadway Design. 

AV/EV-image and AV/EV-subjective norms are used to capture the impacts of social 

influence on AV adoption and fuel choice. In this study, AV/EV-image is defined as one’s 
perception that adopting AV/EV can improve his or her reputation within a group or social system. 

The construct subjective norms refers to the belief that personally important individuals (i.e., 
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people whose opinions can influence that person) approve or support their decision to adopt 

AV/EV (i.e., AV/EV-norms). 

H8: The greater the perceived AV-image, the greater intention to (a) use AVs, (b) buy 

GAVs, and (c) buy EAVs, and the increased intention to buy (d) GAVs and (e) EAVs 

under the New Roadway Design. 

H9: The greater the perceived AV-norms, the greater intention to (a) use AVs, (b) buy 

GAVs, and (c) buy EAVs, and the increased intention to buy (d) GAVs and (e) EAVs 

under the New Roadway Design. 

H10: The greater the perceived EV-image, the greater intention to (a) buy EAVs, and the 

increased intention to buy (b) EAVs under the New Roadway Design. 

H11: The greater the perceived EV-norms, the greater intention to (a) buy EAVs, and the 

increased intention to buy (b) EAVs under the New Roadway Design. 

Personal innovativeness, environmental concerns, and attitude towards driving have also 

been identified in the literature as factors affecting AV and EV adoption. Innovativeness is 

described as the attitude that an individual is attracted to new products or innovations and have a 

desire to try and buy them (Ozaki and Dodgon, 2010). Environment is related to a potential user’s 

concerns of negative environmental impacts related to their behavior and have a desire to behave 

in an ecological friendly manner. Driving is used to capture a potential user’s desire to control the 

vehicle operation, fondness of driving and driving responsibility, and confidence in their driving 

skills. 

H12: The greater the personal innovativeness, the greater intention to (a) use AVs, (b) 

buy GAVs, and (c) buy EAVs, and the increased intention to buy (d) GAVs and (e) EAVs 

under the New Roadway Design. 

H13: The greater the perceived environmental concerns, the greater intention to (a) buy 

EAVs, and the decreased intention to buy (b) EAVs under the New Roadway Design. 

H14: The greater the negative attitude towards driving, the greater intention to (a) use 

AVs, (b) buy GAVs, and (c) buy EAVs, and the increased intention to buy (d) GAVs and 

(e) EAVs under the New Roadway Design. 

Apart from these hypotheses related to various factors affecting AV adoption and fuel 

choice, three hypotheses were established related to relationship among people’s intention to use 
AVs, intention to buy GAVs and EAVs, and changes to these buying intention under the New 
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Roadway Design. 

H15: The greater intention to use AVs, the greater intention to (a) buy GAVs, and (b) buy 

EAVs, and the increased intention to buy (c) GAVs and (d) EAVs under the New Roadway 

Design. 

H16: The greater intention to buy GAVs, the increased intention to buy GAVs under the 

New Roadway Design. 

H17: The greater intention to buy EAVs, the increased intention to buy EAVs under the 

New Roadway Design. 
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a. Eye level view of original roadway design 

b. Bird’s eye view of original roadway design 
Figure 2.1 Original one-way street design. 
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a. Bird’s eye view of New Roadway Design. 

b. Eye level view of New Roadway Design. 

Figure 2.2 New Roadway Design. 
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Figure 2.3 Proposed research model for investigating the impacts of attitudinal factors and roadway design features 

on AV adoption and fuel choice. 
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2.2 Experiment set up and data collection 

A survey was designed to evaluate the proposed model framework, hypotheses, and factors 

affecting AV adoption and fuel choice. The 14 attitudinal factors presented in Section 2.1 are latent 

variables and measured by several items that were established from literature. All items were 

measured on a 7-point Likert scale from 1 = “strongly disagree” to 7 = “strongly agree” except (i) 
people’s intention to buy GAVs and EAVs which are from 1 = “very weak” to 7 = “very strong”, 

and (ii) changes to people’s intention to buy GAVs and EAVs which are from 1 = “definitely 
decrease” to 7 = “definitely increase”. The item constructs are presented in Table 4. It is important 

to note that the term “self-driving cars” was used instead of “AVs”. A definition of self-driving 

cars was given to the participants based on the SAE (2018) for vehicles with level-4 automation: 

“Self-driving cars can perform all driving tasks – essentially, do all the driving – in certain 

conditions (e.g., urban environment and most highways). You do not need to take over driving in 

those conditions”. 

Study participants were recruited through MTurk. MTurk has been used in many recent 

studies due to its large potential participant pool, relatively fast data collection speed, and relatively 

high participant attentiveness compared to other online survey platforms (Huff and Tingley, 2015; 

Hauser and Schwarz, 2016). In this study, MTurk Masters were used as these workers are identified 

by MTurk as people who have maintained a high level of performance over a long period of time. 

The survey was conducted between May 2019 and July 2019. All participants were at least 18 

years old and lived in the U.S. In addition, three attention check questions were embedded in the 

survey and only the responses of participants who answered these questions correctly were 

considered as valid responses. This study took approximately 25 minutes to complete and 

participants received $1.25 for valid completions. This study was approved by Purdue University’s 
Institutional Review Board. Apart from questions related to attitudinal factors, a wide range of 

questions were also included to capture participants’ sociodemographic and behavioral 
characteristics. 

Among 1,302 valid responses, 50.2% of them are female participants. The youngest 

participant was 22 years old and the oldest one was 89 years old. 53.6% of the participants are 

Millennials or post-Millennials (born after 1980 or younger than 39 years old at the time of survey), 

32.9% of them are Generation X (born between 1965 and 1980 or aged between 39 and 54), and 

the rest are older generations. Most of the participants are Caucasians (75.0%), full-time 

employees (65.3%), with a college degree or above (56.5%), and lived in suburban areas (52.1%). 

The household income composition is 11.0% below $15,000 (about the 10th percentile for U.S 
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household income in 2019), 40.7% between $15,000 and $49,999 (between the 11th and 40th 

percentile), 38.0% between $50,000 and $99,999 (between the 41th and 71th percentile), and 

10.3% over $100,000. The average household size was 2.72 (standard deviation 1.47) and the 

average number of cars was 1.63 (standard deviation 0.85) compared to 2.60 and 1.88 on average 

in the U.S., respectively. Over 91% of the participants have a valid U.S. driver’s license and over 
75% of them reported using a car (i.e., driving by themselves, driving with family members, 

carpooling, and ridesharing) as their most common mode of transportation to work/school. 

19 



 

 
 

  

      

 

               

    

   

  

             

           

    

 

 

            

         

 

 

               

         

             

        

         

        

 

 

            

          

            

              

  

 

             

         

 

 

        

         

        

                  

         

           

  

          

           

            

               

 

  

 

CENTER FOR CONNECTED 
AND AUTOMATED 
TRANSPORTATION 

Table 2.1: Measurement items for latent variables. 

Latent variables Items References 
AV-relative I think using a self-driving car in my day-to-day commuting would be better than using my daily Arts et al. (2011) 
advantage (AA) forms of travel. (AA1) Haboucha et al. (2017) 

I think a self-driving car would be faster than my daily forms of transportation. (AA2) 
I believe that self-driving cars, in comparison to human-driven cars, would have lower follow-up 
costs (e.g., maintenance). (AA3) 

AV-compatibility I believe that using self-driving cars is compatible with my work travel needs. (AP1) Karahanna et al. (2006) 
(AP) I believe that using self-driving cars is compatible with my lifestyle needs. (AP2) 
AV-complexity I think a self-driving car would be easy to understand how to use. (AX1+) From the authors 
(AX) It would not take me long to learn how to use a self-driving car. (AX2+) 
AV-safety (AS) I believe that human error is responsible for most of the road accidents. (AS1) Haboucha et al. (2017) 

I believe that self-driving cars will reduce the amount of road accidents. (AS2) 
I believe that the interactions between self-driving and human-driving cars are unsafe. (AS3+) 
I believe that the interactions between self-driving and pedestrian/cyclists are unsafe. (AS4+) 

AV-concerns I would be afraid to legal liability when using a self-driving car. (AC1) Haboucha et al. (2017) 
(AC) I would be afraid of system and vehicle security from hackers. (AC2) 

I would be afraid of the privacy issues relate to using a self-driving car. (AC3) 
I would be afraid of using a self-driving car for fear of equipment or system failure and I cannot take 

back vehicle control. (AC4) 
EV-relative Using an all-electric car could potentially saving money in the long run. (EA1) Krupa et al. (2014) 
advantage (EA) Using an all-electric car could cut my greenhouse gas emission significantly. (EA2) 
EV-range anxiety Public charging stations are not sufficient for me to use just BEVs. (ER1) Berkeley et al. (2018) 
(ER) BEVs have limited driving range and cannot satisfy my day driving needs. (ER2) 

I would be worried about driving range if I was driving BEVs. (ER3) 
AV-image (AI) Owning an AV would make it clear to others that I am on the forefront of new technology. (AI1) From the authors 

Owning an AV would make a statement regarding my strong innovative values. (AI2) 
Owning an AV would increase my reputation in my environment positively. (AI3) 

AV-subjective My social environment would tend to expect me to use a self-driving car. (AN1) From the authors 
norms (AN) My friends and family would think that I should use a self-driving car. (AN2) 

People who influence my behavior tend to think that I should use a self-driving car. (AN3) 
EV-image (EI) Owning an all-electric car would make it clear to others that I am on the forefront of new technology. Krupa et al. (2014) 

(EI1) 
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Owning an all-electric car would make a statement regarding my strong environmental values. (EI2) 
Owning an all-electric car would increase my reputation in environment positively. (EI3) 

EV-subjective My social environment would tend to expect me to use a BEV. (ES1) Krupa et al. (2014) 
norms (ES) My friends and family would think that I should use a BEV. (ES2) 

People who influence my behavior tend to think that I should use a BEV. (ES3×) 
Personal I try new products before my friends and neighbors. (AT1) Ewing and Sarigollu 
innovativeness I know more than others on latest new products. (AT2) (2000) 
(AT) I often purchase new technology products, even though they are expensive. (AT3) Roehrich (2004) 

I am excited by the possibilities offered by new technologies. (AT4×) Jensen et al. (2014) 
I have little to no interest in new technology. (AT5×+) 

Environmental I think global climate change is mostly attributed to human activities. (EC1) Krupa et al. (2014) 
concerns (EC) I think global climate change is a great threat to humanity. (EC2) Bennett and Vijaygopal 

I think it is important to reduce energy consumption to improve energy independence. (EC3) (2018) 
I feel responsible to mitigate global climate change. (EC4) 
Environmental problems have been greatly exaggerated. (EC5×) 
We need to be proactive in protecting the environment as we cannot rely on modern technology to 
solve environmental problems. (EC6) 

Attitude towards I prefer not to have the responsibility of driving. (AD1) Devarasetty et al. (2014) 
driving (AD) I feel nervous when driving. (AD2) 

I feel uncomfortable driving next to bicyclists. (AD3×) 
I feel safer driving myself rather than others driving me. (AD4×+) 
I enjoy driving. (AD5+) 

Intention to use I could image myself using a self-driving car instead of a human-driven car. (WA1) Haboucha et al. (2017) 
AVs (WA) If it were affordable, I would buy a self-driving car. (WA2) 

If I have a choice, I would use a self-driving car instead of a human-driven car. (WA3) 

21 



 

 
 

  

       

    

 

  

  

   

 

 

   

     

    

       

       

  

    

       

       

       

    

 

  

    

      

   

         

        

   

 

CENTER FOR CONNECTED 
AND AUTOMATED 
TRANSPORTATION 

3. ANALYSIS AND RESULTS 

The SEM estimation as well as the confirmatory factor analysis were conducted using the open 

source package Lavaan in R (R Version 3.5.3) (Rosseel, 2012). Details related to SEM estimation 

can be find in Hooper et al. (2008). 

3.1 Measurement model 

To validate the model construct, a four-step validation method was used. First, Herman’s single 
factors score was used which showed that the information does not come from one single factor. 

Second, an exploratory factor analysis was used, and the results support the idea of 14 underlying 

factors (Kaiser-Mayer-Olkin criterion = 0.87 and the Bartlett’s test p<0.001). Third, confirmatory 
factor analysis was used to test the internal consistency and the results were presented in Table 5. 

The results show that all measures of fit met their requirements: the root mean square error of 

approximation (RMSEA) = 0.050 (recommended RMSEA < 0.080); standardized root mean 

square residual (SRMR) = 0.042 (recommended SRMR < 0.080); comparative fit index (CFI) = 

0.933 (recommended CFI ≥ 0.9); and Tucker-Lewis Index (TLI) = 0.921 (recommended TLI ≥ 

0.900) (Hu and Bentler, 1999; Hooper et al., 2008). Items with factor loadings under 0.7 were 

eliminated from the analysis. The final step is to test constructs’ internal reliability using 
Cronbach’s Alpha and average variance extracted. Both tests showed that the constructs are 
beyond the recommended threshold (over 0.7 for Cronbach’s Alpha and over 0.5 for average 
variance extracted) (Bagozzi and Yi, 1988; Bhattacherjee and Premkumar, 2004). These validation 

methods showed that the underlying constructs demonstrate validity and reliability for estimating 

the proposed SEM. 

3.2 Hypothesis testing 

The model estimation results including the standard path coefficients (std. estimate), their standard 

errors (std. error), and the p-value are presented in Tables 6-9. Only when p < 0.05, was the 

proposed hypothesis considered supported. RMSEA, SRMR, CFI, and TLI are used to evaluate 

the performance of the proposed model. The observed RMSEA = 0.064 and SRMR = 0.053 

suggest a good model fit (Hu and Bentler, 1999). The observed CFI = 0.919 and TLI = 0.905, 

comparing the model to an independent model, also indicated a good model fit (Hooper et al., 

2008). The final model results are presented in Figure 4. 
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Table 3.1: Measure model evaluation 

Items Average (SD) Factor loadings Cronbach’s Alpha Average variance 
extracted 

AV-relative advantage (AA) AA1 3.52 (1.83) 0.835 0.812 0.753 
AA2 4.21 (1.84) 0.740 
AA3 4.02 (1.77) 0.712 

AV-compatibility (AP) AP1 2.78 (1.56) 0.831 0.788 0.721 
AP2 3.71 (1.78) 0.789 

AV-complexity (AX) AX1 2.77 (1.39) 0.952 0.827 0.741 
AX2 2.64 (1.46) 0.742 

AV-safety (AS) AS2 3.09 (1.64) 0.778 0.771 0.711 
AS3 3.91 (1.64) 0.764 
AS4 4.07 (1.67) 0.759 

AV-concerns (AC) AC1 4.36 (1.84) 0.874 0.921 0.823 
AC2 4.43 (1.86) 0.817 
AC3 4.20 (1.91) 0.905 
AC4 3.74 (1.97) 0.851 

EV-relative advantage (EA) EA1 5.40 (1.31) 0.774 0.750 0.698 
EA2 5.75 (1.22) 0.776 

EV-range anxiety (ER) ER1 3.35 (0.94) 0.823 0.809 0.731 
ER2 3.14 (0.97) 0.775 
ER3 2.28 (0.87) 0.815 

AV-image (AI) AI2 4.13 (1.99) 0.823 0.772 0.721 
AI3 3.65 (2.03) 0.712 

AV-subjective norms (AN) AN2 4.18 (1.79) 0.892 0.814 0.735 
AN3 3.72 (1.81) 0.853 

EV-image (EI) EI1 4.63 (1.44) 0.816 0.838 0.752 
EI2 4.96 (1.55) 0.847 
EI3 4.65 (1.57) 0.737 

EV-subjective norms (EN) EN1 4.39 (2.12) 0.875 0.801 0.725 
EN2 4.59 (2.15) 0.885 

Personal innovativeness (AP) AP1 4.10 (1.59) 0.924 0.874 0.801 
AP2 4.14 (1.62) 0.868 
AP3 3.52 (1.71) 0.822 

Environmental concerns (EC) EC1 5.48 (1.66) 0.872 0.910 0.812 
EC2 5.63 (1.62) 0.929 
EC3 5.89 (1.29) 0.771 
EC4 4.82 (1.77) 0.751 
EC5 5.22 (1.93) 0.730 
EC6 5.58 (1.39) 0.752 
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(Continued) 

Items Average (SD) Factor loadings Cronbach’s Alpha Average variance extracted 
Attitude towards driving (AD) AD1 4.78 (1.98) 0.823 0.832 0.749 

AD2 5.02 (1.90) 0.799 
AD5 4.84 (1.74) 0.784 

Changes to the intention to buy GAVs under the New Roadway Design 4.16 (1.35) N/A N/A N/A 
Changes to the intention to buy EAVs under the New Roadway Design 4.72 (1.46) N/A N/A N/A 
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Table 3.2: Hypotheses related to participants’ perceived vehicle features/attributes 

Std. Estimate Std. Error p-value Conclusion 
H1: The greater the perceived AV-relative advantage, 

…the greater intention to use AVs 0.532 0.084 0.000 Supported 
…the greater intention to buy GAVs 0.246 0.158 0.121 Not supported 
…the greater intention to buy EAVs 0.086 0.166 0.604 Not supported 
…the increased intention to buy GAVs under the New Roadway Design 0.014 0.114 0.903 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.216 0.154 0.161 Not supported 

H2: The higher the perceived AV-compatibility, 
…the greater intention to use AVs 0.286 0.091 0.002 Supported 
…the greater intention to buy GAVs 0.251 0.161 0.120 Not supported 
…the greater intention to buy EAVs 0.358 0.231 0.122 Not supported 
…the increased intention to buy GAVs under the New Roadway Design 0.046 0.116 0.693 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.126 0.209 0.546 Not supported 

H3: The higher the perceived AV-complexity, 
…the lesser intention to use AVs -0.033 0.037 0.381 Not supported 
…the lesser intention to buy GAVs -0.057 0.067 0.395 Not supported 
…the lesser intention to buy EAVs -0.028 0.063 0.657 Not supported 
…the decreased intention to buy GAVs under the New Roadway Design -0.024 0.049 0.622 Not supported 
…the decreased intention to buy EAVs under the New Roadway Design -0.031 0.059 0.599 Not supported 

H4: The higher the perceived AV-safety, 
…the greater intention to use AVs 0.150 0.049 0.002 Supported 
…the greater intention to buy GAVs 0.185 0.089 0.037 Supported 
…the greater intention to buy EAVs 0.165 0.081 0.042 Supported 
…the increased intention to buy GAVs under the New Roadway Design 0.287 0.065 0.000 Supported 
…the increased intention to buy EAVs under the New Roadway Design 0.189 0.076 0.013 Supported 

H5: The higher the perceived AV-concerns, 

…the lesser intention to use AVs -0.258 0.036 0.000 Supported 
…the lesser intention to buy GAVs -0.073 0.068 0.283 Not supported 
…the lesser intention to buy EAVs -0.016 0.061 0.799 Not supported 
…the decreased intention to buy GAVs under the New Roadway Design -0.186 0.049 0.000 Supported 
…the decreased intention to buy EAVs under the New Roadway Design -0.112 0.057 0.049 Supported 

H6: The higher the perceived EV-relative advantage, 
…the greater intention to buy EAVs 0.653 0.125 0.000 Supported 
…the increased intention to buy EAVs under the New Roadway Design 0.368 0.114 0.001 Supported 

H7: The higher the perceived EV-range anxiety, 
…the lesser intention to buy EAVs -0.100 0.023 0.000 Supported 
…the decreased intention to buy EAVs under the New Roadway Design -0.073 0.077 0.339 Not supported 
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Table 3.3: Hypotheses related to social impacts on AV adoption and fuel choice 

Std. Estimate Std. Error p-value Conclusion 
H8: The higher the perceived AV-image, 

…the greater intention to use AVs 0.131 0.046 0.004 Supported 
…the greater intention to buy GAVs 0.063 0.077 0.410 Not supported 
…the greater intention to buy EAVs 0.005 0.064 0.938 Not supported 
…the increased intention to buy GAVs under the New Roadway Design 0.039 0.055 0.479 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.041 0.062 0.509 Not supported 

H9: The higher the perceived AV-subjective norms, 

…the greater intention to use AVs 0.075 0.046 0.101 Not supported 
…the greater intention to buy GAVs 0.019 0.079 0.814 Not supported 
…the greater intention to buy EAVs 0.039 0.063 0.543 Not supported 
…the increased intention to buy GAVs under the New Roadway Design 0.051 0.058 0.374 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.111 0.062 0.076 Not supported 

H10: The higher the perceived EV-image, 
…the greater intention to buy EAVs 0.242 0.236 0.306 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.014 0.209 0.067 Not supported 

H11: The higher the perceived EV-subjective norms, 

…the greater intention to buy EAVs 0.083 0.279 0.767 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.031 0.246 0.901 Not supported 
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Table 3.4: Hypotheses related to personal innovativeness, environmental concerns, and attitude towards 

driving on AV adoption and fuel choice 

Std. Std. p- Conclusion 
Estimate Error value 

H12: The higher the perceived personal innovativeness, 
…the greater intention to use AVs 0.089 0.022 0.000 Supported 
…the greater intention to buy GAVs 0.064 0.040 0.114 Not supported 
…the greater intention to buy EAVs 0.061 0.035 0.082 Not supported 
…the increased intention to buy GAVs under the New Roadway Design 0.045 0.029 0.124 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.015 0.033 0.644 Not supported 

H13: The higher the perceived environmental concerns, 
…the greater intention to buy EAVs 0.002 0.049 0.961 Not supported 
…the increased intention to buy EAVs under the New Roadway Design 0.057 0.043 0.186 Not supported 

H14: The higher the negative attitude towards driving, 
…the greater intention to use AVs 0.082 0.020 0.000 Supported 
…the greater intention to buy GAVs 0.132 0.037 0.000 Supported 
…the greater intention to buy EAVs 0.106 0.033 0.000 Supported 
…the increased intention to buy GAVs under the New Roadway Design 0.059 0.027 0.028 Supported 
…the increased intention to buy EAVs under the New Roadway Design 0.057 0.025 0.023 Supported 
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Table 3.5: Hypotheses related to the intention to use AVs, and intention to buy GAVs and EAVs 

Std. Estimate Std. Error p-value Conclusion 
H15: The higher intention to use AVs, 

…the greater intention to buy GAVs 0.311 0.089 0.000 Supported 
…the greater intention to buy EAVs 0.564 0.065 0.000 Supported 
…the increased intention to buy GAVs under the New Roadway Design 0.153 0.065 0.019 Supported 
…the increased intention to buy EAVs under the New Roadway Design 0.299 0.069 0.000 Supported 

H16: The higher intention to buy GAVs, 
…the increased intention to buy GAVs under the New Roadway Design 0.112 0.019 0.000 Supported 

H17: The higher intention to buy EAVs, 
…the increased intention to buy EAVs under the New Roadway Design 0.075 0.031 0.015 Supported 
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Figure 3.1 Proposed research model for investigating the impacts of attitudinal factors and roadway design features 

on AV adoption and fuel choice. 
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4. DISCUSSION AND IMPLICATIONS 

4.1 Perceived vehicle features and attributes 

First, this study demonstrates the importance of the perceived AV’s relative performance advantages 
over existing forms of transportation to their stated intention to use AVs (H1). Among all the attitudinal 

variables considered, “AV-relative advantage” was the most important factor that influenced 

participants’ decision to use AVs. This result is in alignment with previous studies (e.g., Cunningham 

et al., 2019; Liu et al., 2019). Therefore, it is important to emphasize the potential benefits of AVs over 

conventional private and public transportation options to accelerate their adoption. Some of the 

advantages to highlight include reduced life-time vehicle costs through energy consumption reduction 

(e.g., platooning), increased convenience and flexibility, and reduced congestion through increases in 

road capacity and decreases vehicle ownership. 

Second, in alignment with previous studies (Brown et al., 2014; Daziano et al., 2017), 

individuals who believe that AV usage is compatible with their work and lifestyle needs related to travel 

have a greater intention to use AVs (H2). These results suggest that individuals whose work and/or 

lifestyle require frequent, flexible, and/or long-distance travel might likely be early AV adopters. If 

policymakers wish to promote AV adoption, it might be fruitful to identify and target campaigns 

towards such potential AV adopters. 

Third, no statistically significant relationships were found between people’s perceived 
complexity of operating AVs and their intention to use AVs or buy GAVs or EAVs (H3). This is not 

consistent with previous studies. This might be due to most participants in this study selecting “strongly 
agree” when asked if AVs will be easy to use and operate. This suggests that most participants have a 
relatively optimistic view of using AVs. Further studies are need to address the relationship between 

people’s perceived complexity of operating AVs and their intention to use AVs or buy GAVs or EAVs. 

Fourth, the results reveal that the perceived safety improvements AVs might provide over 

existing transportation modes positively influence the intention to use AVs and buy GAVs and EAVs 

(H4). It ranked the fourth most important factor affecting people’s intention to use AVs behind “AV-

advantage”, “AV-compatibility”, and “AV-concerns”. These results are consistent with studies like 
Kyriakidis et al. (2015) which concluded that AV’s potential for crash reduction plays a critical role in 
AV adoption. These results suggest that it is important to highlight the potential safety benefits of using 

AVs as human errors are removed from the equation to influence AV adoption. 

Fifth, the perceived risk (e.g., privacy concerns and accident liability) associated with using an 

AV plays an important role in AV adoption (H5). Casley et al. (2013), Howard and Dai (2014), Schoettle 

and Sivak (2014), Hulse et al, (2018), and Panagiotopoulos and Dimitrakopoulos (2018) identified 

several possible concerns which was included in this study, such as possible equipment or system 

failure, driver inability to take back control when needed, legal liability, cybersecurity, and personal 

data privacy. It is important for policymakers and AV manufacturers to promote and accelerate both 

technical security (e.g., improving system security) and legal measures (e.g., laws and policies related 

to accident liability) to address these legitimate concerns, and hence promote adoption. It is also 

important for policymakers, planners, and AV manufacturers to develop a transparent plan that allows 

the public to better understand the technological and legislative efforts to address these concerns and 

ease the anxieties of skeptical individuals for a smooth AV adoption process. 

Finally, both people’s perceived advantages of BEVs and range anxiety have statistically 
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significant relationships with their intention to buy EAVs and changes to their intention to buy EAVs 

in the New Roadway Design. These results are similar to the findings of previous studies (e.g., Jensen 

et al., 2014; Li et al., 2017) over BEV adoption. These results highlight the potential of introducing 

some of the measures and policies for BEV adoption to promote people to choose electrified options 

over gasoline-powered ones when considering purchasing an AV. Financial incentive policy measures 

such as direct subsidies and/or tax exemptions could potentially make EAVs more cost competitive 

relative to GAVs. Information provision policies that help inform potential users on EAV attributes, 

including their life-time cost, driving range, charging time, battery life, environmental performance and 

other issues related to using EAVs. Such information policies might also be designed to highlight the 

relative advantages that electric options have over gasoline-powered ones, which we and other 

researchers have shown play a critical role in peoples’ adoption decisions. Convenience policies and 
infrastructural support such as the dedicated AV lanes and wireless charging offered in this study can 

potentially provide both tangible and intangible benefits to the potential EAV users that can influence 

AV adoption and fuel choice. Additional studies are needed to better understand the full impact of such 

policies on AV adoption and fuel choice. 

4.2 Social influence 

Among the four social factors considered in this study, only AV-image was found to have a statistically 

significant positive relationship with intentions to use AV. This is consistent with previous research 

(e.g., Axsen and Sovacool, 2009) but different from others (e.g., Liu et al., 2019) in which subjective 

norms were found to be a statistically significant factor affecting AV adoption. In the literature, there is 

a tendency toward a positive, but still mixed, effect of pro-AV and/or pro-EV social influence (e.g., 

subjective norms towards using AVs and EVs and positive image related to using AVs and EVs) on 

people’s intention to use AVs and buy EAVs (Panagiotopoulos and Dimitrakopoulos, 2018; 

Gkartzonikas and Gkritza, 2019; Herrenkind et al., 2019). There are several possible reasons for such 

discrepancies, including experimental design differences, the variables considered, survey population 

differences, etc. Aside from experimental design differences, it also might be the case that social factors 

such as subjective norms vary greatly between individuals and between studies, perhaps due to a lack 

of understanding, experience, or clarity on what to expect from AVs in their current nascent stage of 

development and deployment. Additional studies are needed to better understand these differences, and 

more time and education might be necessary before such social factors stabilize. 

Nevertheless, it is important to create social (e.g., family and friends), media, and societal 

environments that promote the adoption of AVs and EAVs and build positive image related to using 

AVs and EAVs. These environments can be created through developing media reports, advertising 

campaigns, and organizing community outreach programs to better inform the general public on AV-

and EAV-related issues. In addition, it is also important for federal- and state-level public organizations 

to act as potential early adopters of EAVs and create public-private-partnership programs for promoting 

EAV visibility, familiarity, and adoption. These early adopters can potentially serve as a reference group 

for the broader masses to positively promote AV and EAV usage. 

4.3 Personal innovativeness, environmental concerns, and attitude towards driving 

People who perceive themselves as innovative (e.g., love to try and/or buy new technologies and buying 

new products) have a greater intention to use AVs. This observation is in alignment with previous 

studies that people who demonstrate strong technology-related interests or have a greater personal 

innovativeness have a tendency to try new products such as AVs despite the fact that such products are 
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expensive and/or at their infancy (e.g., Haboucha et al., 2017). This has also been observed in other 

domains that people with high innovativeness are more willing or likely to adapt to changes (Hurt and 

Cook, 1977). This result suggests that people with high personal innovativeness can likely be considered 

as early adopters of AVs. They can potentially boost the initial diffusion of AVs as they are positively 

inclined to take risks when it comes to such new technologies. It is important to attract these potential 

users by offering test ride opportunities with AVs, particularly EAVs, to provide them with first-hand 

experience of AV and EAV technologies. 

The model estimation results show that respondents’ level of environmental concerns does not 

have a statistically significant relationship with their intention to buy EAVs or changes to their intention 

to buy EAVs in the New Roadway Design. Among the eleven previous studies listed in the literature 

review (Table 2), five studies similarly showed that respondents’ intention to buy BEVs was not 

significantly associated with their environmental concerns, ecological awareness, pro-environment 

attitudes, values, and beliefs (Barth et al., 2016; White and Sintov, 2017; Westin et al., 2018; Carley et 

al., 2019; Spurlock et al., 2019). There is a multitude of reasons that lead to mixed results observed in 

the literature. One possible reason could be that the impacts of environmental concerns on people’s 

intention to buy EAVs diminish when including other performance- and cost-related variables. It is 

important to note that this does not imply environmental concerns do not play a role in their choice 

between GAVs and EAVs. This suggests that when promoting EAV adoption, a more effective, 

multifaceted advertising strategy could focus on the life-time cost-saving benefits and other 

performance- and safety-related benefits of EAVs over GAVs rather than solely focus on the 

environmental-related benefits of electrification. Additional studies are needed to understand the 

impacts of individuals’ environmental concerns, ecological awareness, pro-environment attitudes, 

values, and beliefs on their AV fuel choice. 

People who dislike driving have a greater intention to use AVs, and buy EAVs and GAVs. This 

observation is similar to previous studies that people who love driving or have a strong desire to exert 

control have a lesser intention to use and buy AVs (Howard and Dai, 2014; Payre et al., 2014; Haboucha 

et al., 2017). This result suggests that on one hand, people who would rather not drive could potentially 

be early adopters of AVs. On the other hand, people’s desire to exert vehicle control or love for 
sensation-seeking through driving may be one of the main barriers for AV adoption among some people, 

particularly at the beginning of the transition period. 

The model estimation results show that people with a greater intention to use AVs are more 

likely to have a greater intention to buy GAVs and EAVs, and increased intention of buying GAVs and 

EAVs under the New Roadway Design. These results also show that people’s intention to buy GAVs 
and EAVs are positively correlated to their changes to the intention to buy GAVs and EAVs in the New 

Roadway Design. These results suggest that the proposed design features such as dedicated lanes, 

wireless charging, and pick-up/drop-off zones for AVs can promote AV and EAV adoption. 
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5. LIMITATIONS AND FUTURE RESEARCH 

This study has several potential limitations that can potentially be addressed through future studies. 

First, the study participants were recruited through MTurk which may limit the types of participants in 

the study in terms of their sociodemographic characteristics. Other types of data collection methods 

should be used to validate the findings of this study. Second, participants’ sociodemographic 

characteristics were not included in this study. Future studies can potentially include these variables and 

try other types of models such as the class of random parameters and latent class models (e.g., Guo and 

Peeta, 2015; Fountas et al., 2018; Guo et al., 2018; Eker et al., 2020). Third, previous studies have 

shown that AV-related travel experience can potentially influence AV adoption (e.g., Zoellick et al., 

2019). Future research could design a virtual reality or driving simulator-based experiment in which 

potential users can experience the potential benefits (e.g., travel time and fuel cost savings) of using 

EAVs by comparing driving a gasoline-powered vehicle on the same road. Finally, the survey 

participants were from the U.S. and it would be interesting to compare the differences between 

developed countries and developing countries. Several recent studies have shown that there is a wide 

gap between people’s intention to use AVs and other travel-related behavior (e.g., Vidhi and 

Shrivastava, 2018; Jing et al., 2019; Li et al., 2019; Guo et al., 2020). OC&C (2019) suggested that 28% 

of participants in China “would like to be one the first to try an autonomous vehicle” compared to 13% 
in the U.S. The same study also showed that 40% of participants in the U.S. “would be very unlikely to 

use an autonomous car” compared to 5% for participants in China. The potential differences can be 

future evaluated to design various types of policies to promote AV and EAV adoption in difference 

countries. 
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6. CONCLUDING COMMENTS 

Technological advances in AVs have immense potential to improve mobility of the currently 

underserved populations, improve road safety, and increase transportation system efficiency. They can 

potentially also bring negative externalities such as increasing VMT and emissions if the majority of 

the road users still prefer privately-owned gasoline-powered vehicles. There is an ample amount of 

studies focused on AV adoption and human-driven vehicle fuel choice. However, none of the previous 

studies have addressed the potential similarities and differences among factors that affect people’s 
intention to buy GAVs and EAVs and if roadway designs such as dedicated AV lanes and wireless 

charging options can influence people’s intention to buy GAVs and EAVs. Using the descriptive 

statistics and model estimation results, there are several potential policy measures that could be 

investigated to influence AV adoption and fuel choice. 
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7. SYNOPSIS OF PERFORMANCE INDICATORS 

The research from this applied research project was disseminated to 45 people from industry, 

government, and academia. The research was presented at several conferences, including the 2019 Next-

generation Transportation Systems Conference and the SMARTer Together Webinar. This project 

supported 2 students at the doctoral level. 

Research Performance Indicators: 1 conference article and 1 peer-reviewed journal article were 

produced from this project. 

The outputs, outcomes, and impacts are described in Section 8. 

8. OUTPUTS, OUTCOMES, AND IMPACTS 

8.1 List of research outputs (publications, conference papers, and presentations) 

• Guo, Y., D. Souders, S. Peeta, I. Benedyk, S. Labi, Y. Li. “Paving the Way for Autonomous 

Vehicles: Understanding Autonomous Vehicle Adoption and Vehicle Fuel Choice under User 

Heterogeneity”, Transportation Research Part A: Policy and Practice, Vol. 154, 2021, pp. 364-398. 

• Guo, Y., D. Souders, S. Labi., S. Peeta, I. Benedyk, Y. Li. “Impacts of attitudinal factors and 

prospective roadway designs on autonomous vehicle adoption and vehicle fuel choice”, TRB 100th 
Annual Meeting, January 15th, 2021, Washington D. C., the U.S.A. 

8.2 Outcomes 

This research project developed a comprehensive framework including 14 attitudinal factors to 

investigate factors that affecting AV adoption and fuel choice. 

This research has three key outcomes: First, the model estimation results suggest that the perceived 

performance advantages, safety benefits, image of AVs, personal innovativeness all positively relate to 

peoples’ intention to use AVs, while AV-related concerns (e.g., vehicle operation, privacy, and liability) 

and attitude towards driving were negatively related peoples’ intention to use AVs. Second, participants 
expressed a higher intention to buy EAVs if they perceived higher safety benefits of and expressed a 

greater intention to use AVs, or had higher perceived performance advantages of EAVs, a lesser range 

anxiety, and negative attitude towards driving. Third, the proposed design with its EAV-friendly 

features can promote increased intention to buy EAVs, particularly among those who have a higher 

value of the factors that were positively associated with intention to use AVs and lower values of the 

factors that were negatively associated with AV usage intentions. 

8.3 Impacts 

First, it is important to not only create positive image associated with using AVs and EAVs through 

means like advertising campaigns but also develop transparent federal- and state-level policies to 

address people’s concerns of using AVs and EAVs such as information privacy, accident liability, and 

range anxiety. Second, federal- and state-level agencies can potentially become early AV and EAV 

adopters (e.g., government vehicle fleet and public transit) and develop community-level outreach 

programs that offer first-hand AV and EAV experience to the general public. Such programs can be 
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used to identify potential early AV and EAV adopters. These potential users can include people with 

strong personal innovativeness, and those who dislike driving but need to make long, frequent, or 

flexible trips. These experiences can demonstrate the relative performance and safety advantages of 

AVs and EAVs, accelerate the diffusion of AVs and EAVs among potential users to become early 

adopters, and these early adopters can later serve as a reference group (e.g., subjective norms) to 

promote AV and EAV usage. Finally, it is important to leverage the knowledge and experience from 

promoting alternative fuel vehicles to develop financial incentive policies (e.g., tax exemption for 

EAVs), information provision policies (e.g., life-time cost-savings for using EAVs compared to using 

GAVs), convenience policies (e.g. EAV users can use HOV lanes), and infrastructural support (e.g., 

EAV charging infrastructure) for AV and EAV adoption. Considering that AV technology is still at its 

infancy, it is critical to develop these policies and measures early before habitual behaviors are formed 

(e.g., choosing to buy GAVs instead of EAVs). This can also be applied to promote shared EAVs and 

other forms of alternative fuel AVs. 

8.4 Tech Transfer 

In the execution of the project titled cooperative control mechanism for platoon formation of 

connected and autonomous vehicles, the research team undertook a number of technology transfer 

activities. First, the research team published one article in technical journals with a wide readership, 

high reputation, and high impact factor. The team also gave one presentation at the TRB annual meeting, 

a conference with over 14,000 attendees. The audience size for the presentation was approximately 45. 

The list below summarizes the tech transfer activities in 2021 that were undertaken by the research team 

through the course of this project: 

Technical paper in Transportation Research Part A: Policy and Practice, 154(1), 365-398, 

December 2021, Paving the Way for Autonomous Vehicles: Understanding Autonomous Vehicle 

Adoption and Vehicle Fuel Choice under User Heterogeneity, by Y. Guo, D. Souders, S. Peeta, I. 

Benedyk, S. Labi, Y. Li. 

Conference presentation at 100th Annual Meeting of Transportation Research Board, January 15th, 

2021, Washington D. C., the U.S.A: Impacts of attitudinal factors and prospective roadway designs on 

autonomous vehicle adoption and vehicle fuel choice, by Y. Guo, D. Souders, S. Peeta, I. Benedyk, S. 

Labi, Y. Li. 
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APPENDIX 1 

Design of Urban Landscape and Road Networks to Accommodate CAVs 

Published Related Work 

Guo, Y., Souders, D., Labi, S., Peeta, S., and Benedyk, I. (2021). Paving the way for 

autonomous Vehicles: Understanding autonomous vehicle adoption and vehicle fuel 

choice under user heterogeneity, Transportation Research Part A: Policy and 

Practice 154(1), 364-398. 

Abstract 

Vehicle automation, along with vehicle electrification and shared mobility, may transform the existing 

transportation if they are handled properly. However, they may create unintended consequences if the 

current market dominance of fossil fuel and privately-owned vehicles persists, and travel patterns and 

transportation policies remain unchanged. The extent of these potential benefits and unintended 

consequences depends on the expected AV adoption process, people’s preferred vehicle powertrain, 

and AV-related policy and infrastructural support. This paper seeks to understand the impacts of 

attitudinal factors and roadway designs on people’s intention to use AVs and to purchase battery-electric 

AVs (EAVs) and gasoline-powered AVs (GAVs) under travel and user heterogeneity. Fourteen latent 

attitudinal factors related to the perceptions and attitudes towards AV and EV technologies, driving, the 

environment, and personal innovativeness were considered. An EAV-enabled urban design 

environments were created, featuring dedicated AV lanes, wireless charging for EAVs, and AV pick-

up/drop-off zones. Using a stated preference survey data of over 1300 responses in the U.S., Multiple 

Indicators and Multiple Causes models are estimated to understand the relationship among various latent 

variables and capture heterogeneities within the population based on their sociodemographic and 

behavioral characteristics. The model estimation results show that the respondents’ perception of AVs 

and EAVs advantages, road safety improvement potential, compatibility with their lifestyles and travel 

needs, and their attitudes towards driving are key factors of their intention to use AVs and purchase 

EAVs. Furthermore, some segments of the population based on their sociodemographic and travel 

behavior characteristics are more likely to have a higher intention to use AVs and buy EAVs. The model 

estimation results and study insights can be used by policymakers to develop road network design 

guidelines and policies to nudge consumers towards more sustainable transportation options, minimize 

the unintended consequences of vehicle automation, and maximize its benefits. 
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