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Abstract: Autonomous ride-sharing services (ARSS) offer promise in enhancing transportation,
improving access for underserved populations, and addressing road safety by mitigating human
error. However, their development and adoption are influenced by complex interplay of policies,
implementation strategies, technological performance, and market penetration. This scoping review
examined the evolving ARSS landscape in the US through literature published between 2018 and
2023. The review included 22 studies, capturing some national policies while no federal regulations
related to ARSS were identified. The review predominantly covered market penetration, with few
studies addressing performance and one study on implementation strategies. Findings were framed
using the socio-ecological model. At the individual level, factors such as safety, affordability, and
accessibility influence market penetration of ARSS. At the relational level, trust-building interactions,
including the role of safety operators, emerged as key to addressing mobility concerns. At the
community level, the findings indicate the need for technological improvements, public
infrastructure investment, and education initiatives to enhance ARSS performance and
implementation. At the societal level, the review did not include all existing policies in the US,
requiring further investigation. These findings provide insights for researchers, transportation
planners, and policymakers, guiding the development of evidence-based strategies to foster a
sustainable transportation future.
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1. Introduction

The US transportation system is an important component of daily life and economic activity,
serving the mobility needs of a population of 333 million residents, along with millions of foreign
visitors [1]. It facilitates commuting, access to goods and services, social engagement, and economic
productivity by connecting 8.1 million business establishments with their customers, suppliers, and
workforce [1]. The transportation network spans roads, highways, railways, airports, and ports,
supporting mobility across urban, suburban, and rural areas. However, with increasing urbanization
and population growth, the demand for efficient and sustainable transportation solutions has
intensified. Persistent challenges—including aging infrastructure, congestion, inadequate public
transit, and disparities in transportation access—point to the need for innovative transportation
solutions.

Transportation disparities disproportionately impact vulnerable populations, including older
adults, people with disabilities (PWDs), low-income populations, and rural residents. As older adults
(aged 65+) experience age-related declines and transition from driving to non-driving, the demand
for alternative transportation modes, such as public transit or ridesharing, is increasing [2]. This shift
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is particularly noteworthy considering that nearly 56 million adults ages 65 and older live in the US,
accounting for about 16.8% of the nation’s population [3]. Similarly, 8.9% of individuals under 65
have disabilities, while 11.5% live below the federal poverty line, who heavily rely on public
transportation or paratransit [4]. Additionally, over 13 million Americans, ages 18 to 64, report having
a travel-limiting disability, representing over half of those with disabilities [5]. Rural residents, who
account for a significant portion of the population, face unique challenges, including a lack of
transportation infrastructure and high motor vehicle fatality rates —47% of all traffic-related fatalities
occur on rural roads [6]. These mobility challenges contribute to social isolation, restricted access to
employment and healthcare, and exacerbated socioeconomic inequalities [7].

Autonomous Ride-Sharing Services offer a promising solution to these transportation challenges
by leveraging advanced technology to provide on-demand, driverless transportation [8]. ARSS has
the potential to enhance safety by reducing crashes caused by human error [9] and improve
accessibility for individuals with mobility impairments [10]. For example, ARSS equipped with
wheelchair-accessible vehicles and user-friendly interfaces could provide reliable transportation for
those facing barriers with traditional transit. Additionally, ARSS enhances convenience by allowing
users to request rides through smartphone apps, eliminating the need for fixed schedules or advance
bookings. Self-driving vehicles can autonomously navigate to pick up and drop off passengers,
streamlining transportation access. ARSS may also help reduce traffic congestion by optimizing
vehicle routing and improving utilization [11]. However, realizing these benefits depends on several
factors, including National Highway Traffic Safety Administration (NHTSA) policies, successful AV
technology deployment, road speed considerations, weather conditions, cloud connectivity, public
acceptance, regulatory approval, geographic characteristics (e.g., urban vs. rural), and the overall
safety and reliability of ARSS operations [8,12].

Despite its potential, ARSS remains in an early phase of development and deployment. While
pilot programs and limited deployments are operational in several urban areas, widespread adoption
remains constrained by technological, regulatory, and infrastructural challenges [12]. Presently,
ARSS are primarily confined to specific routes, operating under controlled conditions such as fixed
routes, designated pick-up and drop-off points, restricted speeds, daytime operation, limited
availability, and weather restrictions [8]. These services often rely on geofenced areas to ensure safe
and reliable operations. Despite these constraints, advancements in AV technology continue to
progress, with ongoing testing and improvements in sensor capabilities, machine learning
algorithms, and real-time data processing [13]. Public acceptance and trust in ARSS are gradually
increasing, supported by successful trials and growing familiarity with autonomous technologies
[14,15]. However, achieving full-scale, unrestricted deployment of ARSS will require overcoming
significant hurdles, including regulatory approvals, comprehensive safety validations, and the
development of robust cybersecurity measures to protect against potential threats.

The successful deployment of ARSS into the transportation ecosystem centers around various
factors, including regulatory frameworks, policy interventions, implementation strategies,
performance, and market penetration [16]. Given the emerging nature of ARSS technology, there is
limited empirical evidence and understanding of the policies and regulations governing their
operations, as well as the practical challenges associated with their implementation. Consequently,
there is a need for a scoping review to map the landscape of ARSS federal policies and regulations,
implementation strategies, performance, and market penetration in the US. This knowledge is
important for understanding how this technology may enhance transportation for PWDs, individuals
with mobility limitations and underserved communities. By synthesizing existing knowledge and
identifying gaps in research and practice, scoping reviews may provide up-to-date information to
facilitate evidence-based policymaking, to inform industry practices, and influence the direction of
future research efforts in transportation pertaining to ARSS.
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2. Materials and Methods
2.1. Ethics

Under the University of Florida’s Institutional Review Board (IRB) guidance, this scoping review
was exempt from IRB-02 submission.

2.2. Study Design

This study encompasses a scoping review on the federal policies and regulations,
implementation strategies, performance, and market penetration of ARSS in the US, using published
English literature from 2018 to 2023. This scoping review was guided by two resources: the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-5cR) and the Joanna Briggs Institute (JBI) Reviewer’s Manual [17,18].

2.3. Search Strategy

A health science librarian provided guidance to the research team on developing the search
strategy, search terms, and conducting the literature search. Collaboratively, they identified the main
concepts in the review questions and created the search strategy, using a modified version of the JBI's
Population, Concept, Context (PCC) framework, as recommended by the librarian. The PCC
framework was adapted to focus solely on concepts and context, omitting population criteria, given
the nature of this scoping review.

The year of 2014 marked the beginning of substantial interest and research in the field of
autonomous vehicles (AVs) in the US [8]. However, the industry for ARSS began to gain more
focused attention and significant traction from around 2018. This period aligns with the deployment
and testing of Society of Automotive Engineers (SAE) Level 3 and 4 AVs and ARSS on public roads
[19]. Companies like Waymo and Transdev have been at the forefront of testing and deploying Level
4 AVs and ARSS during this period [20,21]. Furthermore, significant legislative actions in Florida,
spearheaded by Senator Jeff Brandes, culminated in the passage of CS/HB 311 in 2019 [22]. This bill
authorized the operation of fully AVs on Florida roads without a human operator physically present.
Thus, the period from 2018 to 2023 was chosen for selecting the literature for this scoping review. The
following inclusion and exclusion criteria were revised based on recommendations from the librarian
to ensure a precise and effective search strategy.

2.3.1. Eligibility Criteria

Inclusion criteria. Studies eligible for inclusion in this scoping review met the following criteria:
they were published in the English language and focused on the US population. Accepted types of
literature included peer-reviewed journal articles or grey literature, encompassing federal
government and industry reports from sources such as the NHTSA, the US DOT, the SAE, and the
Department of Veterans Affairs (VA). In terms of transportation types, studies addressing SAE Level
4 AVs, where the vehicle is fully responsible for driving tasks within limited-service areas, and
offering ride-sharing services, involving multiple (=5) passengers sharing a ride in a single vehicle,
were included [19]. Literature discussing AVs in a general context, without specifying type (e.g.,
shared, on-demand, public) and/or SAE levels, particularly in relation to policies and regulations,
were also included. Policies and regulations surrounding AVs often apply across different types and
levels of autonomy. Including literature on AVs broadly allows for a more comprehensive
examination of the regulatory landscape and its potential implications for ARSS. This broader
perspective can inform discussions about ARSS-specific regulations and highlight areas where
existing policies may need to be adapted or expanded. Additionally, studies had to address the
regulation, implementation strategies, performance, or market penetration of ARSS. Furthermore,
eligible studies had to be available online in full text and had to be published between 2018 and 2023.
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Exclusion criteria. Studies were excluded if they met the following criteria: First, reports from
state and/or local governments and regulatory bodies were excluded to avoid potential discrepancies
arising from the variation in regulations and policies among different states. This approach ensured
a cohesive identification of the broader regulatory landscape at the federal level. Policy documents
were excluded if they exhibited excessively complex or technical language, making them challenging
for general comprehension. Theses, dissertations, conference proceedings, trials register, and
ongoing studies were also excluded to prioritize completed research and avoid reliance on
preliminary or incomplete data. Additionally, any type of literature review was excluded, although
relevant individual articles within these literature reviews were assessed for eligibility. Studies
centered on the engineering or mechanics of AVs were excluded to maintain the focus on regulatory
and operational aspects of ARSS. Studies that primarily focused on optimization strategies, modeling,
or framework development within ideal or simulation scenarios, without substantial real-world data
collection and exploration, were excluded.

2.3.2. Sample Size

Scoping reviews aim to provide a comprehensive overview of a research area [23,24]. As such,
this scoping review involved a comprehensive search of the literature and the inclusion of all relevant
studies as identified in the above described eligibility criteria [18].

2.3.3. Databases

Guided by the health science librarian, the research team selected six databases to ensure a wide
coverage of rehabilitation science, public health, transportation, regulations, and technology
pertinent to ARSS. The databases selected were available through the University of Florida library
system: 1) Web of Science; 2) Scopus; 3) Transport Research International Documentation (TRID); 4)
Academic Search Premier; 5) Business Source Premier; and 6) Compendex (in Engineering Village).
The Web of Science database, known for its expansive interdisciplinary coverage and citation
tracking capabilities, facilitated a thorough exploration of scholarly literature. Scopus, another widely
utilized database, offered extensive coverage across scientific disciplines, complementing the breadth
of Web of Science. Transport Research International Documentation, specialized in transportation
research, provided insights into transportation policies, regulations, and technologies important for
understanding ARSS dynamics. Additionally, TRID facilitated the exploration of grey literature,
including reports and documents from transportation agencies and organizations. Lastly, Academic
Search Premier, Business Source Premier, and Compendex (in Engineering Village), with its broad
range of scholarly literature, contributed additional perspectives on the intersection of public health,
transportation, and technology.

2.3.4. Search Concepts

The search concepts in Table 1 were used and adapted to accommodate the unique
characteristics of the databases being searched. This adaptation involved refining and modifying the
keywords, synonyms, and search strings to better align with the indexing systems and search
functionalities of each database. The adaptation process ensured that the search strategy was
optimized for each database to maximize the retrieval of relevant literature. Additionally, each
database’s search strategy was adjusted to include limiters (English language and publication years
of 2018-2023). Table 2 provides an example of the search strategy used in the Web of Science database.
This database specifically uses Boolean operators (AND, OR) and specific fields (TI for title, AB for
abstract, KW for keywords) to construct complex search queries.
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Table 1. Scoping review search concepts.

Search Concept Definitions & Keywords
Search Concept 1 - Definition: The NHTSA adopted the Society of Automotive
Autonomous/automated Engineers’ standard definitions for levels of automation

(Level 0-5) [19]. For this scoping review, only Level 4
vehicles were considered. Level 4 indicates high automation
where the vehicle is fully responsible for driving tasks
within limited-service areas while occupants act as
passengers [19].

Keywords: Automated, autonomous, self-driving,

driverless.
Search Concept 2 - Definition: Transportation services in which multiple (=5)
Ride-sharing services passengers share a ride in a single vehicle. These services

can be provided by private companies or public
transportation systems [25].

Keywords: Ride-sharing services, ride-sharing mobility,
shared mobility, shared transport, future mobility, future
transport, mobility on demand, carpooling services,
transportation services, transportation network companies.

Search Concept 3 - Definition: Laws and regulations that govern the operation

Policies/regulations of vehicles on public roads, as well as the policies that guide
the operation of transportation services [26]. This study is
interested in the federal policies and regulations,
particularly those from NHTSA, DOT, and SAE.
Keywords: federal regulations, industry regulations,
transportation policies, policies, transportation regulations,
regulations, laws.

Search Concept 4 - Definition: The process of putting a plan or idea into action,
Implementation/performance  as well as the ongoing management of that plan or idea [27].
Specifically, the process of deploying and managing ARSS
or the operation of such vehicles on public roads.
Keywords: implementation, operation, deployment,
ongoing management, managing, management, testing,
pilot, feasibility, effectiveness, trial, efficacy.
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Table 2. Example search strategy used for Web of Science database.

Research Question Search Queries

Research Question #1 —  S1: TI (“federal regulations” OR “industry regulations” OR

What are the federal “transportation policies” OR “policy” OR “policies” OR

policies and regulations ~ “regulations” OR “regulation” OR “law” OR “laws”) OR AB

governing ARSS inthe  (“federal regulations” OR “industry regulations” OR “transportation

US since 2018? policies” OR “policy” OR “policies” OR “regulations” OR
“regulation” OR “law” OR “laws”) OR KW (“federal regulations”
OR “industry regulations” OR “transportation policies” OR “policy”
OR “policies” OR “regulations” OR “regulation” OR “law” OR
“laws”)

S2: TI ((“ride-sharing services” OR “ride-sharing mobility” OR
“shared mobility” OR “shared transport” OR “future mobility” OR
“future transport” OR “mobility on demand” OR “carpooling
services” OR “transportation services” OR “transportation network
companies”) OR AB ((“ride-sharing services” OR “ride-sharing
mobility” OR “shared mobility” OR “shared transport” OR “future
mobility” OR “future transport” OR “mobility on demand” OR
“carpooling services” OR “transportation services” OR
“transportation network companies”) OR KW ((“ride-sharing
services” OR “ride-sharing mobility” OR “shared mobility” OR
“shared transport” OR “future mobility” OR “future transport” OR
“mobility on demand” OR “carpooling services” OR “transportation
services” OR “transportation network companies”)

S3: TI (“automated” OR “autonomous” OR “self-driving” OR
“driverless”) OR AB (“automated” OR “autonomous” OR “self-
driving” OR “driverless”) OR KW (“automated” OR “autonomous”
OR “self-driving” OR “driverless”)

54: 51 AND S2 AND S3 AND “US” AND “2018:2023”
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Research Question #2 - S1: TI (“implementation” OR “operation” OR “deployment” OR

How are the “ongoing management” OR “managing” OR “management” OR

implementation “testing” OR “pilot” OR “feasibility” OR “effectiveness” OR “trial”

strategies, performance, OR “efficacy”) OR AB (“implementation” OR “operation” OR

and market penetration  “deployment” OR “ongoing management” OR “managing” OR

of ARSS operating in “management” OR “testing” OR “pilot” OR “feasibility” OR

the US since 2018? “effectiveness” OR “trial” OR “efficacy”) OR KW (“implementation”
OR “operation” OR “deployment” OR “ongoing management” OR
“managing” OR “management” OR “testing” OR “pilot” OR
“feasibility” OR “effectiveness” OR “trial” OR “efficacy”)

S2: TI ((“ride-sharing services” OR “ride-sharing mobility” OR
“shared mobility” OR “shared transport” OR “future mobility” OR
“future transport” OR “mobility on demand” OR “carpooling
services” OR “transportation services” OR “transportation network
companies”) OR AB ((“ride-sharing services” OR “ride-sharing
mobility” OR “shared mobility” OR “shared transport” OR “future
mobility” OR “future transport” OR “mobility on demand” OR
“carpooling services” OR “transportation services” OR
“transportation network companies”) OR KW ((“ride-sharing
services” OR “ride-sharing mobility” OR “shared mobility” OR
“shared transport” OR “future mobility” OR “future transport” OR
“mobility on demand” OR “carpooling services” OR “transportation
services” OR “transportation network companies”)

S3: TI (“automated” OR “autonomous” OR “self-driving” OR
“driverless”) OR AB (“automated” OR “autonomous” OR “self-
driving” OR “driverless”) OR KW (“automated” OR “autonomous”
OR “self-driving” OR “driverless”)

S4: S1 AND S2 AND S3 AND “US” AND “2018:2023”
Note. S = search; TI = title; AB = abstract; KW = keyword.

2.4. Data Collection and Data Management

The Covidence review software was used to store and manage the data, which is an online
screening and data extraction platform to streamline literature reviews [28]. A total of 2,158 studies
were retrieved from the six databases searched and imported into Covidence. Duplicates were
removed in Covidence, resulting in 1,030 studies moving to the title and abstract screening phase.
The reviewers hand-searched all duplicates identified by Covidence to ensure accuracy.

2.4.1. Screening and Selecting the Literature

The health science librarian and the research team met regularly until the final search. These
meetings consisted of developing and revising the search strategy and completing a preliminary
search. The final search was concluded on May 23, 2023. Although the research team conducted the
search, the health science librarian oversaw the process to correct any errors, answer questions about
the process, and ensure the search was performed accurately.

The database searches were exported into Covidence review software [28], and the results hand
searched. Covidence review software helped streamline the scoping review process by allowing the
research team to identify and remove duplicate studies, screen studies for inclusion, and extract data
from included studies. This helped ensure the review was conducted more efficiently while reducing
the risk of errors or oversights. The Covidence review software also ensured that the review was
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conducted in a rigorous and transparent manner. This software has built-in features for documenting
each step of the review process, including the criteria used for screening and the reasons for excluding
certain studies.

The screening process was conducted by two reviewers, with each article being reviewed by
both. Reviewers were blinded from seeing the other reviewer’s decisions to include or exclude a
study. Any disagreements on study selection were resolved through discussion using the constant
comparison method [29] until a consensus was reached. A third research team member provided
assistance in cases where disagreements persisted. The two primary reviewers underwent training
sessions, which included hands-on demonstrations of using the Covidence review software interface
and detailed explanations of the inclusion and exclusion criteria. The training involved simulating
the screening process using sample studies to familiarize the reviewers with identifying relevant
literature and applying inclusion/exclusion criteria accurately. This iterative training approach
ensured that the reviewers knew how to use the software and adhered to the review protocol before
proceeding with the actual review process.

While screening via a titles-first approach may be more efficient than screening titles and
abstracts together, a study found that precision was higher in the titles and abstracts method, with
precision rates of 7.1% compared to 3.2% in the titles-only method [30]. Authors can be creative with
their titles, which may result in many articles being marked as “Maybe” by the reviewers. Therefore,
a two-round screening process was used, involving 1) title and abstract screening, followed by 2) full-
text reviews [31]. For the title and abstract screening, the inclusion and exclusion criteria were used
to determine if the article was included (“Yes”), excluded (“No”), or undetermined (“Maybe”). The
third research team member was consulted to determine if the articles marked as “Maybe” were
included or excluded. The reviewers also hand-searched the reference lists of review articles to
identify additional relevant original articles for potential inclusion.

Inter-rater reliability refers to the degree of agreement between two or more reviewers when
screening and selecting articles [32]. In this scoping review, percent agreement between the two
reviewers was used to assess inter-rater reliability. While percent agreement calculates the proportion
of agreement between two raters, it does not correct for chance agreement. This metric was applied
in every stage of screening, with the aim of achieving a minimum of 90% reliability for title & abstract
screening and 80% for full-text screening, indicating excellent agreement between the reviewers [33].
In instances where reliability fell below the specified thresholds, additional discussion took place
between the reviewers, and screening was redone to ensure consistency and accuracy. See Table 3 for
the percentage agreement for the title and abstract screening, and the full-text review process.

Table 3. Inter-rater reliability: Reviewers’ percent agreement.

Review Process Reviewer Reviewer AYes, AYes, ANo, ANo, Proportionate

A B BYes BNo BYes BNo Agreement
Title & Abstract
Screening AW w 166 109 56 699 0.83981
Full-text AW w 16 1 11 191 0.94521
Review

2.4.2. Data Extraction

After completing the full-text screening, the research team extracted data from the included
studies (n=22). Each article was read in its entirety to record the study details such as setting,
participant characteristics (if relevant), research questions, and identify the main concepts [34]. The
research team used Covidence data extraction template while completing the data extraction. The
data extraction template identified the study design, research questions or study/report aim(s),
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population characteristics (if relevant), measures used, and main findings of the study. The data were
then exported in a format that could be easily synthesized and interpreted.

2.5. Data Synthesis and Interpretation

This scoping review synthesizes the literature using a narrative approach, summary tables and
figures, and a discussion of findings. The results present the number and characteristics of the
included studies and documents, along with extracted data from these sources. Studies were assessed
to explore relationships among concepts and themes, with the socio-ecological model providing a
structured framework for synthesizing these connections.

2.5.1. Socio-Ecological Model

The research studies included in this scoping review were organized by the levels of the socio-
ecological model. The socio-ecological model offers a broad conceptualization of health/functioning
and disability, considering various factors that can affect an individual’s ability to be independent —
as they are having to function within a complex structure such as the transportation system [35]. The
model is widely used in public health and rehabilitation science to understand the interactions
between individuals and their environments [36]. Specifically, the model posits that human health is
influenced by factors across multiple levels, including individual, relationship, community, and
societal levels.

In transportation research, the model has been applied to explore how various factors at these
levels influence travel behavior, mode choice, and transportation planning decisions [37,38].
Specifically, within the context of ARSS, the model offers a lens to examine the interplay between
individual preferences, social networks, community infrastructure, and broader societal factors
shaping the multi-dimensional nature of ARSS utilization. At the individual level, factors such as an
individual’s knowledge, attitudes, and beliefs significantly influence transportation choices. For
example, a person’s preference for utilizing an AV over traditional modes of transportation reflects
their attitudes towards innovative travel technologies. On the relationship level, one’s interactions
within their social networks, such as familial or peer encouragement for adopting AVs or sharing
rides in AVs, can influence their transportation decisions. Community-level considerations
encompass environmental settings tailored to accommodate AVs, including the integration of AV-
specific infrastructure like dedicated lanes or charging stations. Finally, societal factors, spanning
local, national, and federal policies, exert influence through regulations and governance. These
policies may include incentives for AV adoption, such as zoning laws and funding for AV research
and development initiatives. Employing the socio-ecological model as a framework for structuring
this scoping review’s findings enables the research team to organize and synthesize data based on
different levels of influence. This is important for identifying how various factors, spanning from
individual perceptions to societal regulations, intersect to shape the landscape of ARSS.

3. Results

The search included studies from January 2018 to May 2023. Of the 2,158 studies retrieved, 1,030
titles and abstracts were reviewed for inclusion, and 221 full text studies or reports were reviewed
(see Figure 1 for the PRISMA flow diagram). During the full-text screening, an additional 199 studies
were excluded. The researchers identified 22 studies or reports according to study criteria. Table 4
provides the rationale for study inclusion, the characteristics of the studies included, and organizes
each study’s results according to the research questions.
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Studies from databases/registers (n = 2158)
Scopus (n = 595)
Compendex (in Engineering Village) (n = 504)
Web of Science (n = 422)
Business Source Premier (n = 222)
TRID (n = 211)
Academic Search Premier (n = 204)

Identification

References removed (n = 1128)
Duplicates identified manually (n = 29)
Duplicates identified by Covidence (n = 1099)

N

Studies screened for Title & Abstract (n = 1030) —>| Studies excluded (n = 809)

Full-text screening: Studies assessed for eligibility
—>|
(n=221)

Screening

Studies excluded (n = 199)
Topic not relevant (e.g., simulation) (n = 110)
Wrong patient population (i.e., outside the US) (n = 52)
Ride-sharing services: less than 5 passengers (n = 24)
Wrong study design (e.g., review article) (n = 7)
Article not found/removed by author (n = 3)
Does not meet levels of Automation (<4) (n = 3)

A4

Studies included in review (n = 22)

Figure 1. PRISMA flow diagram.

Table 4. Summary of research studies organized by the study’s research questions.

Sourc Auth  Aim of Rationa  Particip  Design Results
e or study/repo le for ants/tar and
Type and rt inclusio get measure
year n populati s

on
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11
Peer- Asga Explore RQ2 - N=878 Stated Consumer preferences:
revie riet how Market n=478 preferen  Benefits like improved safety,
wed al, travelers penetra  from ce reduced driving stress, and
journ 2018 evaluate tion: three survey;  cost and time savings are
al the trade- consum Florida  influenti highly valued by consumers
articl offs er metro al who are considering the use of
e between prefere  areas factors ARSS.
emerging  nces n=400 and Public acceptance: Transit
modes and fromten attitudes users were more accepting of
(AVs)and public metro inmode AV-enabled on-demand
conventio  accepta  areas choice services (compared to non-
nal modes nce nationw  decision transit users), particularly in
(private ide s scenarios where private
vehicles vehicles are not available
and public either on a long-term basis or
transit) under occasional conditions

(out-of-town visitors, for
example). This indicates
promising market propensity
for AV-enabled on-demand
services, with market sizes
comparable to transit in
metropolitan areas.

Peer- Azi Explore RQ2 - N=1,087 Stated Consumer preferences: Key
revie miet mode Market (n=210) preferen features and benefits that
wed al, choice penetra  Gen. X ce consumers value in ARSS are
journ 2022  behavior tion: (n=545)  survey;  safety improvements, time and
al and consum Millenni general  cost benefits, reduced driving
articl attitudes er als mobility  stress, multitasking
e toward prefere  Location attitudes opportunities during trips,
ARSS nces :TenUS |, reasons belief in enhanced quality of
metro for life, preference for short urban
areas riding trips, and favorable attitudes
and ARSS toward shared mobility.
Florida  andits
most
desired
features
Peer- Barb  Assess RQ2 - N=782 Survey;  Consumer preferences:
revie our American  Market ... attitudes - oo elated to safety,
wed etal, Automobil penetra N towards reliability, privacy, travel time
journ 2019 e tion: ARSS ! ’ !
al Associatio consum Automo and service costs need to be
articl n er bile addressed to help with
e members”  prefere  Associat adoption of this technology.
willingnes  nces ion Public acceptance: Lower
s to use and South acceptance of ARSS among the
ARSSand  public elderly and PWDs. Need to
identify accepta member develop targeted marketing to
their nce s from

increase acceptance among the

primary 12 states elderly and enhance
concerns
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Grey
literat
ure:
News
articl
e

Grey
literat
ure:
Resea
rch
Final
Repo
rt

Bigel
ow,
2019

Class
en et

al.,
2022

about the
technolog

y

Contribute
to
formulatin
g
comprehe
nsive
legislation
for
deploying
AVs,
including
ARSS, on
US roads

Assess
PWDs’
perception
s of AS,
and
develop a
model of
facilitators
and
barriers to
autonomo
us shared
mobility
services

RQ1 -
Policy:
safety
standar
ds

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce;
Perform
ance:
barriers
and
facilitat
ors

Policym
akers,
transpor
tation
stakehol
ders
(e.g.
technolo
gy
compani
es and
automot
ive
manufac
tures),
and the
general
public

N=143;
PWDs
(n=42),
older
drivers
(n=50),
younger
and
middle-
aged
drivers
(n=51)
Adults
across
the
lifespan
with
and
without
disabiliti
esin
Gainesvi
lle, FL

Discussi
on:
Stakehol
der
input to
draft
legislati
on,
focusing
on
accessibi
lity and
cybersec

urity

Experim
ental
design;
pre-post
surveys
after AS-
exposur
€
quantita
tive and
qualitati
ve data;
seconda
ry data
analysis
for
predicti
ve
model
develop
ment

accessibility for PWDs by
ensuring ADA compliance.

Policy: The AV START Act,
intended to regulate AVs,
including ARSS, and set
federal safety standards; faced
Senate opposition and is now
inactive.

Consumer preferences: Factors

influencing usage included
safety, adherence to
accessibility standards, and the
presence of a shuttle operator.

Public acceptance: PWDs

experienced increased
acceptance of ARSS after
usage.

ARSS barriers: Mechanical
issues including battery
problems and rebooting, slow
speed, reduced daytime
operation, inability to operate
in inclement weather such as
heavy rain or lightning, fixed
routes limiting availability and
utility of service, hard seat
making it uncomfortable
specially for long trips,
harsh/abrupt braking, and lack
of ADA compliance.
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ARSS facilitators: The presence
of a shuttle operator served to
build trust, address safety
concerns, and aid mobility-

vulnerable populations during

boarding/egress.
Peer- Etmi Assess RQ2-  N=24 Qualitati  Consumer preferences:
revie nami public Market  General Ve Preferences about ARSS
d - cepti t : study;
e Pereeption  PEReHa  public, Y include accessibility, safety,
journ Ghas son tion: universi focus ' o
al roda integratin  consum ty group;  capacity, cost, and provisions
articc  shti  gan AS er faculty, ~follow-  for PWDs, including access to
e etal, intoan prefere  giaff, up sidewalks, ramps, and curb
2021 existing nces students survey cuts in the pick-up and drop-
ridesharin  and ,and

off locations.

service ublic
& P ?WDS Public acceptance:

accepta  ip

Approximately 64% of the

nce Arlingt
rr;ng © respondents were somewhat-
fhexas to-very accepting of ARSS;
those in the university group
were more accepting towards
the technology.
Peer-  Etmi  Assess RQ2-  N=1,316 Cross-  Consumer preferences:
revie  nanl- - young Market  (jpiversi Sectional  proferences for ARSS include
wed  Ghas adults’ penetra survey; .
. . ty short trips.
journ roda usage of tion: travel ] _
al shti  ridesharin consum Students pophavior LPublic acceptance: Transit-
articl etal, gservices, er in and dependent populations,
e 2023 including  prefere  Arlingto attitudes including users of private on-
ARSS nees n, Texas towards demand services like Uber or
and transpor ) _
. . Lyft services, as well as fixed-
public tation
accepta modes route bus systems, are more
nce; accepting of ARSS compared
Perform to those reliant on personal
ance.: vehicles.
barriers

ARSS barriers: Limited
operating hours and fleet size
restricted service; lack of
service information was
identified as a barrier to ARSS

usage.
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Peer-
revie
wed
journ
al
articl
e

Peer-
revie
wed
journ
al
articl
e

God
avart
hy &
Hou

2022

Han
etal,
2019

Assess
interest
and
adoption
patterns of
ARSS in
rural and
small-
urban
communiti
es

Investigat
e transit
agencies’
perception
s and
preparatio
ns
regarding
ARSS

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce;
Perform
ance:
barriers

N=129
Fargo
(n=91)
Dickinso
n (n=38)
Resident
s from
North
Dakota

N=50
Transit
agency
stakehol
ders
(e.g.,
chief
officers,
directors
manager

S) across
the US

National
Househ
old
Travel
Survey

Survey

Consumer preferences: Safety

and predictability were key
considerations when choosing
ARSS.

Public acceptance: Demand

exists for ARSS in rural areas,
with many residents
possessing the necessary
technology and consumer
behavior to utilize these
services; acceptance of ARSS
was lower among older

respondents.

Consumer preferences:

Preferences for ARSS include
expanding service areas,
attracting new riders, first/last
mile connections, improved
peak hour service, and
reducing operating costs.

Public acceptance: 64% of

agencies are accepting of ARSS
and believe that ARSS

will have a positive impact
over the next 10-20 years; only
22% of agencies are studying
ARSS.

ARSS barriers: Barriers to
incorporating ARSS into public
transit include capital costs,
technology not yet proven
including safety and reliability
concerns, regulatory hurdles,
and the need for transit

employees on vehicles.

reprints202502.1070.v1


https://doi.org/10.20944/preprints202502.1070.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025 d0i:10.20944/preprints202502.1070.v1

15
Peer- Hwa Investigat RQZ - N=146 Qualitati Consumer preferences:
revie ng& ethe Market 1 4ividu Ve Preferences for ARSS include
wed Kim, otential enetra . study; I .
. p p als with % accessibility aids for PWDs, the
journ 2023 mode tion: _ focus )
al choice of consum Physical groups ~ presence of a human assistant
articl PWDs er disabiliti to address trust and safety
€ regarding  prefere  egor concerns, and improved
ARSS nees visual infrastructure to support the
compared and . . . .
. impairm successful integration of ARSS.
to public
conventio  accepta  ents Public acceptance: PWDs who
nal nce from have a negative attitude
transporta Austin towards current public transit
tion or services and neighborhood
modes ) i
Houston built environments were more
, Texas accepting of ARSS. Acceptance
of ARSS was lower among
PWDs who were woman,
elderly, or had visual
impairments.
Peer- Hwa Assessthe RQ2- PWDs Qualitati  Consumer preferences:
revcile nlg et persfpectiv Market (n=23) ve q Preferences for ARSS include
we al,, es o penetra . study; . X
. . Publ flexible on-d d 3
journ 2020 PWDson  tion: “ I.C focus exble ohrdeman se.rV1ces
al ARSS and  consum  transit groups expanded transportation
articl public er service capacity in terms of operating
e transit prefere  experts hours and service areas, and
agencies neces (n=10) reduced operating costs.
views on and Locati Publi " Toi
ARSS's public ocation ublic acceptance: To increase
ability to accepta Austin acceptance, concerns such as
serve this nce and accessibility, absence of human
populatio Houston assistant, potential
n , Texas technological errors, high

initial and maintenance
expenses, increased traffic
congestion, and job
displacement need to be
addressed. Multi-sectoral
cooperation (transit agencies,
local authorities, and
industries) and
education/training programs
are needed to address these
issues and mitigate anxiety
towards ARSS.



https://doi.org/10.20944/preprints202502.1070.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025

16

Peer-
revie
wed
journ
al
articl
e

Peer-
revie
wed
journ
al
articl
e

Kass
ens-
Noor
etal,
2020

Khan
etal,
2022

Assess the
willingnes
s to use
ARSS
among the
general
public and
public
transit
riders

Explore
the usage
and
factors
influencin
g adoption
of ARSS,
focusing
on the
RAPID
project
(Rideshare
Automatio
n, and
Payment
Integratio
n
Demonstr
ation)

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce;
Perform
ance:
barriers
and
facilitat
ors

General
public
(n=919)
Public
transit
riders
(n=1468)

Location

Michiga

n

N=261
Users of
the
RAPID
project
in
Arlingto

n, Texas

Phone-
based
random-
samplin
g survey
of the
general
public;
on-
board
intercept
survey
of public
transit
riders

Real-
time
trip-
level
ridershi
p
observat
ional
data;

survey

Consumer preferences:

Preferences for ARSS include
its integration into the public
transit system with the
inclusion of a human assistant.

Public acceptance: Public

transit riders show higher
acceptance of ARSS and are
willing to use it if integrated
into the public transit fleet.
Conversely, demand-response
riders, particularly those with
mobility disabilities, exhibit
lower acceptance. Overall, to
increase acceptance, concerns
regarding safety and
technology distrust, especially
among older individuals,
females, and PWDs, must be
addressed.

Consumer preferences:

Preferences for ARSS include
improved availability in terms
of fleet size and service
schedule during weekdays and
daytime with the highest
demand.

Public acceptance: Individuals

who usually walk, bike, or use
on-demand ridesharing
services are more accepting
and more likely to use ARSS
often. Users with a higher level
of safety perception are more
accepting and more likely to be
frequent users of the service.
To increase ARSS acceptance,
addressing safety concerns and
fostering a sense of security is
needed. With the potential of
ARSS to address
transportation equity by
providing affordable and
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Peer-
revie
wed
journ
al
articl
e

Kim

Doer
zaph

2022

Investigat
e the
perception
s of road
users
towards
low speed
AS before
and after
direct
exposure
to shuttle
operations

RQ2 -
Market
penetra
tion:
consum
er
prefere
nces
and
public
accepta
nce;
Perform
ance:
barriers
and
facilitat
ors

Faculty,
staff,
and
students
at the
Virginia
Tech
Transpo
rtation
Institute
Shuttle
riders
and
non-
riders
who
shared
the road
with the
AS
during

its

Surveys
before
and
after a 3-
month
period
of
exposur
eto
shuttle
operatio

n

accessible mobility options to
low-income individuals with
limited access to private
vehicles, make them potential
early adopters of ARSS.
ARSS barriers: Majority of trips
were short in duration (3-8
minutes) and distance (0.5 to
1.5 miles), reflecting the
service’s small coverage area.
ARSS facilitators: The
integration of ARSS with

existing transportation modes
including on-demand
ridesharing, public transit, and
walking/cycling modes
through trip planning and fare
integration to combine travel
choices into a single

user interface.

Consumer preferences:

Preferences for ARSS include
rules and restrictions
governing shuttle operations
on public roadways, such as
traveling in dedicated lanes
with on-board safety
operators.

Public acceptance: Road users’

acceptance shifted over time,
with exposure to the
technology leading to
increased trust and acceptance.
Shuttle riders were more
accepting toward shuttle
operations compared to non-
riders.

ARSS barriers: Concerns about
poor interaction between AS
and other road users due to
low-speed of the shuttle. Road
users exhibited behavioral

adaptations when interacting
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operatio with AS, such as yielding more

n and maintaining larger
distances compared to
traditional vehicles. Additional
concerns included the shuttle’s
responses in abnormal
situations and potential legal
liability issues.
ARSS facilitators: More than
half of the respondents

strongly or somewhat agreed
that AS should always have a
person on board who could

take control in case of

emergencies.

Peer- Kotli Explore RQ1-  Stakehol Discussi Policy: The passage of the Self
revie aren  the Policy: ders on: Drive Act on September 7,
;:)’an 12((())& 0 S:l::::fm z’?afle'gar involve  Regulato 2017, allowed for the testing of
al implicatio  ds dinthe ry, unmanned vehicles on public
articl ns of develop technical roads. This legislation outlined
e ARSS ment, , and safety requirements for

testing, legal unmanned vehicles,

and aspects ~ mandating protections against

regulati  for the cyber threats, responsiveness

on of practical  to obstacles and emergencies,

ARSS: impleme and the capability to switch to
Govern  ntation manual control.
ment of ARSS

agencies

legislati

ve

bodies,

manufac

turers,

technolo

gy

develop

ers, and

research

ers
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Grey Mish Understan RQ2-  N=4,602 Survey; Public acceptance: Tech-
literat raet d model,  Market .50 agent- confident individuals, urban
ure: al., and penetra based ‘dent df ¢
Resea 2021 predict the tion: ase resicients, and treqtient users
rch market public Tenness and of conventional public transit
Final penetratio accepta ee hybrid were more likely to accept and
Repo nof ARSS nce choice adopt ARSS. Additionally,

P Y.
rt

modelin  influence from peers and

g operational cost reductions
positively impact residents’
inclination to adopt ARSS.
Conversely, the elderly and
those purchasing multiple cars
in the last ten years were less
likely to accept and adopt
ARSS. Targeted
advertisements and education
campaigns for the elderly
population are suggested to

increase acceptance.

Peer- Naza Assessthe RQ2-  N=3,574 Stated Public acceptance: Public
revie riet  public Market [ cation preferen acceptance of ARSS remains
wed  al, acceptance penetra
journ 2023  behavior tion: c low or neutral, largely
al of ARSS public Californ survey; influenced by perceived safety
articl accepta ia recursiv.  concerns. Women tend to be
e nce e more safety-concerned, and
trivariat ~ Asians show greater
e acceptance for ARSS. To
econome enhance ARSS acceptance,
tric addressing safety concerns
model alongside considerations of
vehicle cost, reliability, and
performance is needed.
Grey Patte Policy RQ2-  Black Discussi ~Consumer preferences:
literat rson  recommen Market  Aperica  on: Preferences for ARSS include
ure: etal, dationsfor penetra . L .
Polic 2020 equitable  tion: ns, Transpo equitable access within public
y deployme  Consu particul  rtation transit systems, prioritizing
repor nt of ARSS mer arly policy safety, affordability, and
t prefere  those and inclusivity across diverse
nees experien plannin  communities. Deployment
cing g efforts should focus on ARSS
transpor equipped with advanced
tation safety features, fully accessible,

challeng and high-occupancy vehicles.
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es and Prioritize affordability for low-
inequitie income individuals through
s discounted fares or flexible

payment options.

Peer- Rahi  Assess RQ2-  N=1,382 Stated Consumer preferences:
revie miet people’s Market (55 preferen  Preferences for ARSS include
wed al, attitudes penetra R d . d safety. reduced
journ 2020 toward Hon: espond ce improved safety, reduce
al shared consum ents survey driving stress, and better
articl mobility er technology.
e options prefere Public acceptance: Regular
and ARSS nczs ridesourcing users, young
an
. adults, low-income, and high-
public
accepta income groups showed high
nce acceptance and inclination to
adopt ARSS. To improve
acceptance of ARSS there is a
need to address public
concerns about trust and data
privacy and promote benefits
in terms of cost, time and
functionality.
Peer- Rahi Investigat RQ2- N=818  Stated Consumer preferences:
revie  miet e Market ) fillenni preferen  Preferences for ARSS include
wed  al, Millennial  penetra .
. . alsand ce on-demand services or AV-
journ 2020 sand tion:
al Generatio  consum Generati survey;  enabled ride-sharing
articl nX er on X compreh platforms.
e attitudes  prefere ensive  Public acceptance: Millennials
toward neces analytic =~ were more accepting of ARSS
ARSSand and i dto G ton X
other public a compared to Generation X.
mobility accepta framewo Individuals with private
options nce rk vehicle access were less

accepting of ARSS, while
higher income was associated
with higher acceptance. To
increase acceptance there is a
need for investment in
accessible and efficient
transportation systems that

prioritize infrastructure.
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Grey  Schlo Provide RQl1-  Commu Discussi Policy: The US DOT issued
literat ssber guidance  Policy: ¢, on: advisory policy guidance titled
ure: g& on advisor

Resea Brint adopting y policy stakehol Strategie “Preparing for the Future of

rch on, local guidanc dersand sand Transportation; Automated
final 2020 policyand e policym recomm  Vehicles 3.0.”It emphasizes
repor code to akers endation safety, technology neutrality,
t respond to involve s for modernization of regulations,
(te};zergence din policy and proactive preparation for
of urban and automation. It also highlights
transporta plannin  code the role of state and local
tion g, develop governments in regulating
technologi transpor ment, AVs, recognizing their control
es tation, framewo over roadway and parking
and rk for infrastructure, as well as land
public decision  use via zoning and permitting.
policy -making
and
impleme
ntation
Grey Steck Understan RQ2-  Four US Discussi Implementation strategies: The
literat leret dhow Implem ;i on: proposed framework outlines
ure: al,, ARSS can entation . . . .
Repo 2021 be strategi and Strategie strategies for fostering trust in
t deployed es: counties s, public engagement processes.
in line framew :Detroit, recomm It highlights best practices for
with ork Pittsbur  endation equitable engagement, ARSS-
co.mmunit gh, San S, specific involvement, and
y input . .
and local Jose, framewo virtual engagement (in the
needs and rk context of COVID-19) as well
Miami-  develop as considerations for
Dade ment overcoming equity barriers in
County  and the usability/engagement
in conclusi  regarding ARSS pilots and
Florida  ons deployments.
regardin
g the
impleme
ntation
of ARSS
within
urban
environ

ments
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3.1. Characteristics of the Included Studies

Out of the 22 studies included, six were from grey literature consisting of news articles and
reports, including research final reports and policy reports. Grey literature comprised publications
or documents not formally published in peer-reviewed academic journals.

Of the 22 studies included:

e  Twelve utilized surveys, including stated preference survey and modeling analysis [39-50],

e  Five were discussions of policies, consumer preferences and framework development [51-55],
e  Three involved exposure to AS with quantitative and/or qualitative data collection [56-58],

e  Two were qualitative studies [59,60].

Among the 12 survey studies, two incorporated modeling analyses [45,47], three were stated
preference surveys [39,40,49], and two combined stated preference surveys with modeling analyses
[48,50]. The remaining five studies only used surveys [41-44,46].

Out of the five discussions, three focused on policy [51,52,54], one on consumer preferences [53],
and one on implementation strategies [53,55]. Among the three studies involving AS exposure, one
used quantitative survey data [58], another combined survey data with trip-level ridership
observational data [57], and the third used both quantitative and qualitative survey data [56]. Lastly,
both qualitative studies used focus groups [60], with one also using a follow-up survey [59].

3.2. Findings Related to the Socio-Ecological Model

The policies, regulations, implementation strategies, performance, and market penetration of
ARSS in the US, as identified in the included studies, are summarized according to the levels of the
socio-ecological model, as illustrated in Figure 2.

()
(=) 1 1

Implementation Strategies (n=1) |

[ Policies (n=3) | [ Regulations (n=0) | [ Market Penetration (n=18) | Performance (n=5)
i i e
Societal level | Individual level Relationship level Community level
- ARSS Facilitators « Implementation framework in I
Self Drive Act Safety was identified as a top priority either as a potential « Presence of a shuttle operator builds line with community input and
« AV START Act benefit or as a concern that needs to be addressed trust and addresses safety concems local needs

Poli N
« Preparing for the Future |

Efficient transportation in terms of reduced travel time
Convenient travel in terms of reduced stress and opportunity

Community level

v

of Transportation; | for multitasking ARSS Barriers Studies/Reports: (1) Steckler et
Automated Vehicles 3.0 « Accessibility standards/features are needed for PWDs + Mechanical issues, including battery al., 2021
R Flexible travel via on-demand services problems and harsh braking .
v Short trips, first/last mile connections « Limited availability in terms of operating
Studies/Reports: (1) Presence of a human assistant hours and fleet size
Bigelow, 2019; (2) *  Integration into public transit systems ) + Limited coverage area as trips are short
Kotliarenko, 2020; (3) +  Affordable transportation via reduced operating costs in duration and distance
Schlossberg & Brinton, + Equitable access across diverse communities « Lack of service information
2020 Public Acceptance « Concerns about poor interaction between

« Transit users, those dependent on fixed-route bus systems or

private on-demand services like Uber, exhibit higher
acceptance of ARSS

+ The elderly and PWDs show lower acceptance of ARSS
+ Addressing concerns related to safety and technology distrust is

needed to increase overall public acceptance

+ Exposure to ARSS technology led to increased trust and

acceptance over time, indicating a potential shift in public
acceptance with increased familiarity

AS and other road users and overall
integration into transportation system due
to low speed, high capital costs,
technology concerns, and regulatory
hurdles

ARSS Facilitators

« Integration with existing transportation
modes enhances accessibility and
convenience for users

v

v
Studies/Reports: (1) Classen et al., 2022;
(2) Etminani-Ghasrodashti et al., 2023; (3)
Han et al., 2019; (4) Khan et al., 2022; (5)
Kim & Doerzaph, 2022

Studies/Reports: (1) Asgari et al., 2018; (2) Azimi et al., 2022; (3)
Barbour et al., 2019; (4) Classen et al., 2022; (5) Etminami-
Ghasrodashti et al., 2021; (6) Etminani-Ghasrodashti et al., 2023;
(7) Godavarthy & Hough, 2022; (8) Han et al., 2019; (9) Hwang &
Kim, 2023; (10) Hwang et al., 2020; (11) Kassens-Noor et al.,
2020; (12) Khan et al., 2022; (13) Kim & Doerzaph, 2022; (14)
Mishra et al., 2021; (15) Nazari et al., 2023; (16) Patterson et al.,
2020; (17) Rahimi et al., 2020; (18) Rahimi et al., 2020

Figure 2. Summary of included studies organized by research questions and socio-ecological model levels.

3.2.1. Individual Level

The studies included in this scoping review that address market penetration, pertaining to the
second research question, fall under the individual level of the socio-ecological model as they
primarily focus on individual perceptions, preferences, and behaviors regarding ARSS. According to
this scoping review results, the market penetration of ARSS in the US has been influenced by various
factors at the individual level, particularly concerning consumer preferences and public acceptance.
Across consumer preferences and public acceptance, safety emerged as a predominant theme in 13
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out of the 18 studies. Some studies identified safety as a perceived benefit and motivating factor
influencing ARSS usage [39,40,49,56]. Other studies identified safety as a concern that needs to be
addressed to improve individuals’ acceptance and willingness to use ARSS [41,46,48,57,59].
Additionally, some studies took a more neutral stance towards safety but still emphasized it as a top
priority for consumers [43,53]. Safety was also linked to the preference or need for a safety operator
on board to assist mobility vulnerable individuals, including PWDs and the elderly, while also
addressing trust and safety concerns [45,58].

Affordability also emerged as a common theme across consumer preferences and public
acceptance, evident in nine studies [39-41,44,47,48,53,59,60]. These studies highlighted cost as a
critical factor influencing mode choice decisions. Some participants viewed and valued ARSS as
affordable transportation due to reduced operating costs [39,40,47,59]. However, others expressed
concerns about the high costs associated with ARSS compared to other transportation modes, such
as public transit or traditional ride-sharing services [41,48,60]. Preferences included offering free or
discounted rides for certain groups or individuals who purchase monthly or quarterly passes,
especially for trips to healthcare providers [44,53]. However, concerns remained about the cost-
saving impact due to the high initial and maintenance expenses of ARSS [60].

Accessibility emerged as a theme across consumer preferences and public acceptance,
highlighted in seven studies [41,45,46,53,56,59,60]. This theme encompassed factors such as the
availability of wheelchair-accessible vehicles, communication interfaces for PWDs, and the need for
built environments to support diverse transportation modes and people with mobility impairments.
Preferences included equitable access, equipping ARSS with accessibility aids, and enhancing built
environments with shelters and ramps to facilitate ARSS adoption among PWDs [45,53,59]. Lower
acceptance of ARSS was observed among PWDs and the elderly [41,45,46]. Concerns were raised
about potential accessibility loss in overcrowded ARSS and the ease of boarding and disembarking
for those with mobility impairments [56,60]. These findings underscore the importance of adaptable
AV designs and infrastructure, ensuring ADA compliance to meet the diverse needs of users,
particularly mobility-vulnerable populations such as PWDs and the elderly [41,56].

Additionally, across consumer preferences and public acceptance, preferences for ARSS
included short urban trips [42] and last/first mile solutions [44] through integration into public transit
systems [46,53]. Transit-dependent populations, including users of private on-demand services like
Uber or Lyft and fixed-route bus systems, were more accepting of ARSS compared to those reliant on
personal vehicles [39,42,46,47]. This theme was observed across seven studies [39,40,42,44,46,47,53].

Under consumer preferences, benefits associated with efficient and convenient travel emerged
as a common theme across five studies [39,40,50,56,60]. Specifically, these studies highlighted
reduced travel time, decreased stress, opportunities for multitasking, and the flexibility of on-
demand services as significant benefits associated with ARSS. Under public acceptance, exposure to
ARSS emerged as a theme across two studies [56,58]. Specifically, exposure to ARSS technology led
to increased trust and acceptance over time, indicating a potential shift in public acceptance with
increased familiarity.

To summarize, the socio-ecological model individual level indicates that individual perceptions,
preferences, and behaviors influence the market penetration of ARSS. Safety, affordability, and
accessibility emerged as important factors, with safety being a predominant theme. Studies indicated
that while some consumers view safety as a benefit, others see it as a barrier. Affordability concerns
highlight the high initial costs associated with ARSS, whereas accessibility emphasizes the need for
wheelchair-accessible vehicles and supportive infrastructure for PWDs and the elderly. Overall,
public acceptance and consumer preferences are important considerations for the market penetration
of ARSS.
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3.2.2. Relational Level

The studies (n=2) that fall under the relational level of the socio-ecological model address ARSS
performance, pertaining to the second research question. These studies focus on interactions between
ARSS users and operators [56,58]. These interactions served as facilitators for ARSS performance.
Specifically, the presence of a shuttle operator built trust, addressed safety concerns, and aided
mobility-vulnerable populations during boarding and egress. Additionally, having an operator on
board provided a sense of security, knowing that someone could take control in case of emergencies.

3.2.3. Community Level

The studies (n=6) at the community level of the socio-ecological model address ARSS
performance and implementation strategies, relating to the second research question. These studies
include community-level environmental factors that influence ARSS performance and
implementation [42,44,55-58]. These factors encompass operational and technological
considerations, education initiatives, and public infrastructure related to ARSS performance and
implementation.

Regarding ARSS performance barriers, concerns among road users include how ARSS interact
and respond in various scenarios [58]. Specifically, road users tend to behave differently when
sharing the road with AS compared to traditional vehicles, such as yielding more and maintaining
larger following distances. Additional concerns arise about the system’s responses in abnormal
situations like inclement weather conditions, crash events, and mechanical problems, such as battery
issues and harsh braking [44,56,58]. Furthermore, transit agencies were not actively studying or
testing autonomous transit systems, highlighting the need for increased educational efforts among
these agencies to enhance their understanding of AV technologies and their potential impacts on
community transportation systems [44]. Studies also highlighted the restricted coverage area of ARSS
within communities, with short trip durations and distances, limited availability in terms of
operating hours, and fleet size, underscoring the significance of availability in promoting usage
[42,56,57].

A key facilitator of ARSS performance was the integration of ARSS with existing transportation
modes such as on-demand ridesharing, public transit, and walking/cycling [57]. This integration is
achieved through comprehensive trip planning and fare integration, streamlining travel choices
within a unified user interface. Lastly, Steckler et al. (2021) proposed implementation strategies via a
comprehensive mobility framework. This framework advocates for investment in technology-ready
infrastructure and public education initiatives aimed at building transparency and trust in AV
technology. Additionally, it addresses considerations for overcoming equity barriers in the usability
and engagement aspects of ARSS pilots and deployments.

In summary, community-level factors influencing ARSS performance and implementation
strategies include operational and technological considerations, public infrastructure, and education
initiatives. Key performance barriers are road user interactions, system responses in abnormal
situations, and restricted coverage areas with limited availability. Integration with existing
transportation modes is a key performance facilitator aimed at enhancing accessibility and
convenience for users. Comprehensive mobility frameworks, developed in line with community
input and local needs, are important for effective implementation strategies.

3.2.4. Societal Level

Policies (n=3) related to ARSS fell under the societal level of the socio-ecological model,
addressing the first research question; however, no studies in this scoping review focused on ARSS
regulations. The societal-level implications of ARSS policies were identified across three studies
[51,52,54]. Two safety standards policies were identified, the SELF DRIVE Act (Safely Ensuring Lives
Future Deployment and Research in Vehicle Evolution Act) and the AV START Act (American Vision
for Safer Transportation through Advancement of Revolutionary Technologies Act). The SELF
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DRIVE Act (H.R.3388 — 115th Congress, 2017-2018), passed on September 7, 2017, permitted the
testing of unmanned vehicles on public roads [52]. This legislation established safety requirements
for these vehicles, including protections against cyber threats, responsiveness to obstacles and
emergencies, and the capability to switch to manual control. Conversely, the AV START Act, which
aimed to regulate AVs, including ARSS, and set federal safety standards, faced opposition in the
Senate and is currently inactive [51]. Additionally, the US DOT issued advisory policy guidance titled
“Preparing for the Future of Transportation: Automated Vehicles 3.0” [54]. This guidance emphasizes
safety, technology neutrality, modernization of regulations, and proactive preparation for
automation. It also underscores the critical role of state and local governments in regulating AVs,
acknowledging their control over roadway and parking infrastructure as well as land use through
zoning and permitting.

In summary, societal-level policies related to ARSS focus on safety standards and regulatory
frameworks, emphasizing the importance of safety and technology neutrality. Key policies like the
SELF DRIVE Act and advisory guidelines from the US DOT highlight the need for proactive
regulation and the critical role of state and local governments in managing AV deployment.
However, there is a need for more comprehensive policies and regulations to address emerging
challenges and ensure the safe and effective integration of ARSS into the transportation system.

3.2.5. Socio-Ecological Model Levels Interconnections

Each level of the socio-ecological model highlights different aspects of ARSS, and these levels
are interconnected. Changes at one level can significantly impact outcomes at another. Interactions
across these socio-ecological model levels demonstrate how individual preferences and behaviors
can influence and be influenced by relational dynamics, community infrastructure, and societal
policies. For instance, individual safety concerns can lead to community-level demands for better
infrastructure and societal-level regulatory changes. This integrated perspective helps policymakers,
researchers, and practitioners develop targeted interventions to enhance the design, performance,
and acceptance of ARSS.

Example 1: Safety concerns and regulatory changes. At the individual level, safety concerns are
a predominant theme. Studies indicate that safety can be both a motivating factor and a barrier to
ARSS usage (Asgari et al., 2018; Barbour et al., 2019). When many individuals express concerns about
safety, it may lead to community-level demands for better infrastructure, such as more secure and
reliable ARSS vehicles and routes. These community demands may then prompt societal-level
regulatory changes to enhance safety standards and enforcement. For example, the SELF DRIVE Act,
passed in 2017, which permitted the testing of unmanned vehicles on public roads and established
safety requirements for these vehicles (e.g., protections against cyber threats and the capability to
switch to manual control), reflects a societal response to such safety concerns (Kotliarenko, 2020).

Example 2: Affordability and community planning. Affordability is another important factor at
the individual level. Some individuals see ARSS as a cost-effective transportation option, while others
are concerned about the high costs associated with it (Asgari et al., 2018; Hwang et al., 2020). These
individual concerns about affordability can influence community-level planning and funding
allocations to ensure that ARSS services are accessible to a broader population. Community efforts to
integrate ARSS with existing transportation systems, such as public transit, can also help reduce costs
and improve affordability. This integration requires supportive societal-level policies and funding to
subsidize ARSS services for low-income populations, thereby addressing affordability concerns.

Example 3: Accessibility and inclusive design. At the individual level, accessibility is important,
particularly for PWDs and older adults (Etminani-Ghasrodashti et al., 2021; Hwang & Kim, 2023).
When individuals express a need for accessible ARSS vehicles and infrastructure, this may drive
relational-level interactions where operators and service providers are trained to assist mobility-
vulnerable individuals. At the community level, this necessitates the development of infrastructure
that supports accessible transportation modes. Societal-level policies may mandate that ARSS
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providers ensure ADA compliance and invest in accessible technologies, thus creating a more
inclusive transportation system.

In summary, the socio-ecological model illustrates the complex interactions between individual
preferences and acceptance, relational dynamics, community logistics, and societal policies.
Addressing issues at one level can have cascading effects on other levels. Thus, there is a need for an
integrated approach to the potential implementation of ARSS.

Overall, the exploration of ARSS policies, implementation strategies, performance, and market
penetration in the US, as revealed across the 22 included studies, aligns with the levels of the socio-
ecological model. These findings provide insights into the intricate dynamics of ARSS and their
implications for transportation systems in the US. Findings related to individual, relational, and
community levels of the socio-ecological model provided insights into the market penetration,
performance and implementation strategies of ARSS. In contrast, studies related to the societal level
of the socio-ecological model provided insights into the federal policies governing ARSS deployment
in the US.

Collectively, these findings provide insights to policymakers, researchers, practitioners,
rehabilitation scientists, and transportation stakeholders for developing interventions for the design,
performance, implementation, and regulation of ARSS technologies (see Table 5). For instance,
policymakers may utilize insights from individual-level studies to formulate policies that address
specific barriers to ARSS adoption, such as affordability concerns or accessibility issues for PWDs.
Researchers can leverage community-level findings to enhance community engagement and tailor
implementation strategies to local contexts. Practitioners, transportation planners, and engineers may
utilize societal-level insights to advocate for infrastructure changes that support the widespread
adoption and integration of ARSS technologies into transportation systems. Additionally,
rehabilitation scientists may play an important role in ensuring that ARSS technologies are accessible
and accommodating for PWDs. They may collaborate with engineers and industry partners to
develop assistive technologies or modifications that make ARSS vehicles more inclusive, such as
adjustable seating, audio-visual navigation aids, or tactile feedback systems. Ultimately, considering
the diverse perspectives and needs of stakeholders across various levels of the socio-ecological model
fosters a comprehensive and sustainable approach to ARSS deployment. This collaborative approach
aims to promote safety, equity, and efficiency in transportation systems, ensuring the needs and
perspectives of PWDs are effectively addressed.

Table 5. Summary of socio-ecological model levels findings and their implications for research, practice, policy,

and public health.
Socio-
Ecological Key Findings Implications
Model Level
Individual Safety is a predominant theme Research: Research to address unique

influencing ARSS acceptance; seen as
both a benefit (e.g., reducing human
error) and a barrier (e.g.,
cybersecurity risks).

Affordability concerns with high
initial and maintenance costs of ARSS
but potential for reduced operating
costs in the long term.

Accessibility needs for PWDs and the
elderly, including wheelchair-
accessible ARSS and supportive

safety challenges posed by
automation, explore safety solutions
and conduct cost-benefit analysis of
ARSS.

Practice: Aid in the design of ARSS

with user safety and affordability in
mind; advocate for ADA compliant
ARSS.

Policy: Invest in technology-ready
infrastructure.
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Relational

Community

Societal

infrastructure (e.g., wheelchair
ramps).

On-board shuttle operators build
trust and addresses safety concerns of
ARSS users.

Shuttle operators aid mobility-
vulnerable populations (e.g., PWDs
and the elderly) during boarding and
egress.

Technological and operational
challenges include ARSS responses to
abnormal situations (e.g., inclement
weather conditions, crash events,
mechanical problems), behavioral
changes of traditional road users
around ARSS (i.e., yielding more and
maintaining larger following
distances), and restricted coverage
areas (i.e., fixed routes) and
operational hours (i.e., daytime
operations), limits ARSS availability.

ARSS integration with existing
transportation modes may enhance
accessibility and convenience for
users.

Collaborative approach between
transportation providers, industry
partners and governments; education
initiatives; and local community
involvement are suggested
implementation strategies for ARSS.

Policies related to ARSS focus on
safety standards (e.g., protections
against cyber threats, responsiveness
to obstacles and emergencies,
capability to switch to manual
control).

Practice: Train operators to assist
PWDs and handle emergencies.

Policy: Advocate for policies that
encourage the presence of operators
during the transition to full autonomy.
Establish guidelines for operator roles
and responsibilities.

Research: Research on technological
improvements and community
infrastructure needs.

Public Health: Create public education
campaigns to increase awareness and
knowledge of ARSS.

Research: Identify gaps in federal and
state regulations.

Policy: Develop comprehensive
federal and state policies and
regulations through collaboration
across government levels for
consistent regulation.
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Policy guidance on ARSS supports
collaboration between federal, state,
and local governments in regulating
ARSS.

Policy implementation challenges
were identified (i.e., AV START Act
faced opposition in the Senate and is
currently inactive), and additional
policies and regulations may be
needed to govern ARSS.

4. Discussion

The research team examined and extracted data from 22 studies spanning from 2018 to 2023, all
published in English, to explore ARSS federal policies, regulations, implementation strategies,
performance, and market penetration in the US. Utilizing the socio-ecological model as a framework
to structure the findings of this scoping review, the research team identified how ARSS are influenced
by multiple determinants, such as public acceptance, the presence of safety operators, operational
and technological considerations, and federal policies. However, this scoping review partially
addressed its research questions.

This scoping review partially addressed the research questions regarding the federal policies
and regulations governing ARSS in the US since 2018 (RQ1) and the implementation strategies,
performance, and market penetration of ARSS in the US since 2018 (RQ2). While it captures some
national policies, it omits several crucial ones. Additionally, this scoping review did not identify any
federal regulations related to ARSS. This gap is attributed to the review’s strong emphasis on peer-
reviewed articles, resulting in a less comprehensive inclusion of national policies and regulations that
might be found through a broader search of internet sources and specific websites like the US DOT
and NHTSA.

Regarding RQ2, the review predominantly covers market penetration. Although a few studies
address ARSS performance, many relevant studies likely fall under the engineering category and
were excluded per the review’s criteria. Additionally, this review only identified one study
addressing implementation strategies. Given that ARSS is an emerging technology, performance
metrics and implementation strategies are still in preliminary stages and not widely available in
public reports or peer-reviewed articles. Thus, future research may aim to include a more extensive
range of sources to capture missing policies and regulations and consider emerging data on ARSS
performance and implementation strategies to provide a more comprehensive understanding of this
evolving field.

4.1. Findings Related to the Socio-Ecological Model
4.1.1. Individual Level

The findings from this scoping review reveal key factors influencing the market penetration of
ARSS at the individual level of the socio-ecological model, particularly focusing on consumer
preferences and public acceptance. Safety, affordability, and accessibility emerged as predominant
themes across the included studies.

Safety was a recurring theme in 13 out of 18 studies, underscoring its important role in consumer
preferences and public acceptance of ARSS. Some studies highlighted safety as a perceived benefit,
motivating ARSS usage [39,40,49,56]. Conversely, others identified safety as a concern needing
resolution to improve acceptance [41,46,48,57,59]. This dichotomy aligns with existing literature
indicating that safety perceptions significantly impact the acceptance of autonomous technologies


https://doi.org/10.20944/preprints202502.1070.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025 d0i:10.20944/preprints202502.1070.v1

29

[61,62]. The need for a safety operator to assist mobility-vulnerable individuals further emphasizes
the importance of safety in fostering trust and addressing user concerns [45,58].

Affordability was another common factor, discussed in nine studies. Some participants
perceived ARSS as affordable due to reduced operating costs [39,40,47,59], while others were
concerned about the higher costs compared to other transportation modes [41,48,60]. The identified
barriers to affordability and the role of cost considerations in mode choice decisions are consistent
with existing literature on transportation equity and access, which underscores the importance of
ensuring that transportation services are financially accessible to all members of society [63,64].
Preferences for discounted rides for specific groups highlight the need for flexible pricing models to
enhance affordability [44,53].

Accessibility emerged as a theme in seven studies, focusing on the need for wheelchair-
accessible vehicles and supportive built environments [41,45,46,53,56,59,60]. This finding is
important, as accessible transportation is fundamental for inclusivity, particularly for PWDs and the
elderly. Lower acceptance among these groups underscores the necessity of inclusive designs and
infrastructure to meet diverse needs [41,45,46]. The emphasis on accessibility features and
infrastructure improvements resonates with published research advocating for inclusive design
principles in transportation systems to accommodate diverse user populations, such as PWDs [65].
Inclusive design principles prioritize creating environments, products, and services that are usable
by all people, regardless of their age, ability, or other characteristics. This approach involves
considering the needs of the broadest possible range of users from the outset of the design process,
ensuring that accessibility is integrated seamlessly into the design rather than added as an
afterthought. By incorporating inclusive design principles, transportation systems can better address
the varied needs of users, including those with physical, sensory, and cognitive disabilities,
ultimately leading to more equitable and accessible mobility options for all individuals.

Preferences for ARSS included short urban trips and last/first mile solutions through integration
into public transit systems (Etminani-Ghasrodashti et al., 2023; Han et al., 2019; Kassens-Noor et al.,
2020; Patterson et al., 2020). Transit-dependent populations, including users of private on-demand
services like Uber or Lyft and fixed-route bus systems, were more accepting of ARSS compared to
those reliant on personal vehicles [39,42,46,47]. This preference aligns with the literature indicating
that integrating ARSS with existing public transit can enhance overall transportation efficiency and
accessibility [25].

Efficient and convenient travel was highlighted in five studies as a significant benefit of ARSS,
citing reduced travel time, decreased stress, and opportunities for multitasking [39,40,50,56,60]. These
advantages align with the broader literature on the benefits of autonomous transportation [66].
Finally, exposure to ARSS technology was linked to increased trust and acceptance in two studies
[56,58]. This finding suggests that familiarity with ARSS can shift public perception positively, which
is consistent with studies on technology acceptance [67]. The TAM has long established that
perceived ease of use and perceived usefulness are key determinants of user acceptance of new
technologies [68]. Recent studies continue to support this, showing that increased exposure and
hands-on experience with technology can enhance users’ comfort levels and perceived reliability,
leading to higher acceptance rates [14,69]. This is particularly relevant for ARSS, as users may initially
be skeptical or fearful of autonomous systems. However, as they become more familiar with the
technology and its operations, their trust and willingness to adopt such systems improve.

4.1.2. Relational Level

The studies at the relational level of the socio-ecological model address ARSS performance,
particularly focusing on interactions between ARSS users and operators. These interactions serve as
facilitators for ARSS performance, building trust and addressing safety concerns, especially for
mobility-vulnerable populations.


https://doi.org/10.20944/preprints202502.1070.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 February 2025 d0i:10.20944/preprints202502.1070.v1

30

The presence of a shuttle operator was highlighted as an important factor in building trust and
ensuring safety. This is consistent with findings in the broader literature on autonomous vehicle
adoption, which indicate that human oversight can alleviate user concerns about safety and reliability
[70]. Operators can assist mobility-vulnerable individuals during boarding and egress, enhancing the
accessibility and usability of ARSS for PWDs and the elderly [56,58]. Additionally, having an operator
on board provided users with a sense of security, knowing that someone could take control in case
of emergencies. This aligns with the technology acceptance literature, which emphasizes the role of
perceived control and human presence in mitigating the perceived risks associated with autonomous
technologies [71]. This scoping review underscores the importance of human interaction in the
successful deployment of ARSS. The presence of shuttle operators can address safety concerns, build
trust, and assist vulnerable populations, ensuring that ARSS are accessible and reliable. As the
technology evolves, these human elements can play an important role in bridging the gap between
full autonomy and user acceptance.

4.1.3. Community Level

The studies at the community level of the socio-ecological model address ARSS performance
and implementation strategies, focusing on community-level environmental factors that influence
ARSS performance and implementation. These factors include operational and technological
considerations, education initiatives, and public infrastructure.

The interaction between ARSS and traditional road users was a notable concern. Road users
often behave differently when sharing the road with autonomous systems, such as yielding more and
maintaining larger following distances [58]. This behavioral change aligns with findings from
previous studies indicating that human drivers are cautious around autonomous vehicles due to
uncertainty about their behavior [72]. Additionally, ARSS performance is influenced by the system’s
responses to abnormal situations like inclement weather, crash events, and mechanical problems
[44,56,58]. These operational and technical challenges highlight the need for robust and adaptive
technologies capable of handling diverse scenarios, as also emphasized in the broader literature on
autonomous vehicle performance [64].

The restricted coverage area of ARSS within communities, characterized by short trip durations,
limited operating hours, and fleet size, underscores the importance of availability in promoting usage
[42,56,57]. Transit agencies’ limited engagement with autonomous transit systems highlights a gap
in education and awareness, necessitating increased educational efforts to enhance understanding of
AV technologies and their potential impacts on community transportation systems [44]. This is
consistent with findings that suggest increased public education and awareness can improve the
acceptance and integration of new transportation technologies [73].

A key facilitator of ARSS performance is the integration with existing transportation modes such
as on-demand ridesharing, public transit, and walking/cycling [57]. Comprehensive trip planning
and fare integration within a unified user interface streamline travel choices, enhancing the
convenience and usability of ARSS. This finding supports the broader literature, which indicates that
multimodal integration can significantly enhance the efficiency and appeal of autonomous
transportation systems [74].

Steckler et al. (2021) proposed implementation strategies via a comprehensive mobility
framework, advocating for investment in technology-ready infrastructure and public education
initiatives to build transparency and trust in AV technology. This framework addresses equity
barriers in usability and engagement aspects of ARSS pilots and deployments, emphasizing the need
for inclusive and accessible transportation solutions. This aligns with the literature suggesting that
infrastructure investment and strategic community goals, which consider local transportation needs
and preferences—including ensuring equitable access to ARSS, supporting sustainable mobility, and
fostering community engagement—are important for the successful deployment and adoption of
autonomous technologies [64].
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4.1.4. Societal Level

Policies related to ARSS fall under the societal level of the socio-ecological model, addressing
the first research question. Although no studies in this scoping review focused specifically on ARSS
regulations, the societal-level implications of ARSS policies were identified across three studies
[51,52,54].

Two key safety standards policies identified are the SELF DRIVE Act and the AV START Act.
The SELF DRIVE Act (H.R.3388 —115th Congress, 2017-2018), passed on September 7, 2017, permitted
the testing of unmanned vehicles on public roads [52]. This legislation established essential safety
requirements, including protections against cyber threats, responsiveness to obstacles and
emergencies, and the capability to switch to manual control. This act’s focus on safety and security is
important for gaining public trust and facilitating the adoption of ARSS. In contrast, the AV START
Act, which aimed to regulate AVs, including ARSS, and set federal safety standards, faced opposition
in the Senate and is currently inactive [51]. This highlights the challenges in achieving consensus on
federal policies for emerging technologies.

Additionally, the US DOT issued advisory policy guidance titled “Preparing for the Future of
Transportation: Automated Vehicles 3.0” [54]. This guidance emphasizes several critical points:
safety, technology neutrality, modernization of regulations, and proactive preparation for
automation. It underscores the critical role of state and local governments in regulating AVs,
acknowledging their control over roadway and parking infrastructure and land use through zoning
and permitting. This aligns with existing literature that emphasizes the importance of federal, state,
and local collaboration in the deployment of autonomous technologies [64,75,76].

The SELF DRIVE Act and the US DOT’s policy guidance illustrate the need for comprehensive
policy frameworks that address various aspects of ARSS deployment, including safety, cybersecurity,
and regulatory modernization. These frameworks are vital for creating an environment conducive to
the safe and efficient integration of autonomous systems into existing transportation networks [8].
However, the challenges faced by the AV START Act indicate that there is still significant work to be
done to achieve a cohesive regulatory approach that can support widespread ARSS deployment.

While this review captures some national policies, it omits several important ones and does not
identify any federal regulations related to ARSS. This gap is attributed to the review’s strong
emphasis on peer-reviewed articles, resulting in a less comprehensive inclusion of national policies
and regulations that might be found through a broader search of internet sources and specific
websites like the US DOT and NHTSA. Notably absent are policy guidance such as “Ensuring
American Leadership in Automated Vehicle Technologies: Automated Vehicles 4.0” (2020), which
provides a unified federal approach to AV policy by coordinating efforts across 38 federal
departments and agencies [77], and the “Automated Vehicles Comprehensive Plan” (2021), which
lays out a multimodal strategy to promote collaboration, modernize regulations, and prepare the
transportation system for the integration of Automated Driving Systems [78].

4.1.5. Socio-Ecological Model Levels Interconnections

The interconnections between the levels of the socio-ecological model indicate a need for a
comprehensive approach to the potential implementation of ARSS. Individual preferences, such as
safety, influence relational dynamics between users and operators, which shape community
infrastructure and logistics. These, in turn, are guided by broader societal factors, including policies
and funding. For instance, individual safety concerns can lead to community demands for improved
infrastructure and societal-level regulatory responses, as seen with the SELF DRIVE Act, which
established safety standards for AVs [52]. Addressing such challenges often requires coordinated
efforts across many, if not all, levels of the socio-ecological model to ensure individual needs are met
through supportive relational interactions, community infrastructure, and societal policies.
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4.2. Limitations

This scoping review has some limitations. First, although the review included gray literature,
the strong emphasis on peer-reviewed articles may have resulted in the exclusion of important
federal policies and regulations available through broader searches of internet sources and specific
websites such as the US DOT and NHTSA. Consequently, the review does not fully capture the
comprehensive policy and regulatory landscape governing ARSS. Second, the study’s timeframe,
focusing on publications from 2018 to 2023, may have excluded earlier foundational policies and
regulatory frameworks that continue to influence current ARSS developments. Additionally, the
review covers market penetration, with fewer studies addressing ARSS performance and
implementation strategies, which are limiting the depth of comprehension on these aspects. Future
research may aim to address these gaps by incorporating a broader range of literature sources to
provide a comprehensive understanding of ARSS.

Reviewer fatigue may have impacted screening quality as the study progressed. To address this,
reviewers were given flexibility in their workload to manage the review burden and maintain
screening quality. Certain studies and documents did not explicitly mention ARSS but instead
categorized them under the broader term of AVs, especially in discussions related to federal policies
and regulations. Consequently, it is important to interpret the findings cautiously, recognizing that
they might encompass all types and levels of AVs, rather than specifically focusing on ARSS at SAE
level 4.

4.3. Strengths

This scoping review utilized an inclusive approach facilitated by a multidisciplinary team
throughout the research process. The team comprised of researchers from occupational therapy,
rehabilitation science, health science, and public health, who collaborated in the development and
execution of the literature search, including conducting title, abstract, and full-text screenings. A
health science librarian contributed expertise to optimize the literature search, while researchers
skilled in literature reviews provided guidance and oversight to address any discrepancies that arose.

Furthermore, the study adhered to established guidelines, including the PRISMA-ScR and JBI
Reviewer’s Manual [17,18] to ensure a rigorous and systematic approach. To minimize potential rater
effects and bias, reviewers were blinded during screening processes. An iterative review process was
adopted, incorporating feedback and consultation with other researchers in the field. Utilizing the
socio-ecological model framework allowed for an overview of ARSS across multiple levels, from
individual perceptions and preferences to broader societal policies. This multi-level approach
provides a broader view of the factors influencing ARSS acceptance and implementation. The
inclusion of studies spanning five years (2018-2023) ensures that the review captures recent
developments and emerging trends in ARSS technology and policy.

5. Conclusions

This scoping review partially addressed the two research questions, encompassing the
identification of federal policies and regulations governing ARSS, as well as synthesizing the
implementation strategies, performance, and market penetration of ARSS. While it captured some
national policies, others were omitted, and no federal regulations related to ARSS were identified.
Regarding implementation strategies, performance, and market penetration, the review
predominantly covered market penetration, with only a few studies addressing ARSS performance
and one study on implementation strategies. This review provides a synopsis of the multifaceted
landscape surrounding ARSS in the US, spanning from 2018 to 2023. By identifying and summarizing
22 studies, the review elucidated concepts guiding ARSS policies, implementation strategies,
penetration, and market penetration, while also identifying common barriers and facilitators
influencing their integration into transportation systems.
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Findings were framed within the socio-ecological model. At the individual level, factors such as
safety, affordability, and accessibility influence market penetration of ARSS. The relational level
highlights the importance of trust-building interactions between ARSS users and operators, noting
the role of safety operators in addressing mobility concerns. At the community level, the review
indicates the need for technological improvements, public infrastructure investment, and education
initiatives to enhance ARSS performance and implementation. Finally, due to the limitations in
addressing the research questions, the societal level insights gained from this review should be
interpreted cautiously. The review did not include all existing policies in the US. Consequently,
further investigation of the federal policies and regulations governing ARSS in the US is needed.

The findings from this review provide insights for researchers, practitioners, transportation
planners, and policymakers, guiding the development of adaptive and evidence-based strategies that
address safety, equity, and efficiency in ARSS deployment. By considering the diverse factors across
all levels of the socio-ecological model, stakeholders can foster a collaborative and inclusive
approach, ensuring that ARSS technologies contribute to a sustainable and accessible future
transportation system. This integrated perspective is important for overcoming existing challenges
and leveraging the full potential of ARSS to transform mobility.

5.1. Future Directions

The findings from this scoping review points to the need for continued and expansive research
into ARSS, particularly focusing on areas that were less covered in the reviewed literature, such as
performance barriers and facilitators and implementation strategies. Future research may delve
deeper into operational and technological considerations, public infrastructure requirements, and
education initiatives that facilitate ARSS performance, address barriers, and improve implementation
strategies. Additionally, future research may strive to include a broader range of sources beyond
peer-reviewed articles, such as government reports and policy documents, to provide a more
comprehensive understanding of policies and regulations of ARSS.
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