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Abstract

As the population ages, autonomous shuttles (AS) present a potential solution for older
adults’ mobility needs. However, acceptance—often assessed through hypothetical sce-
narios rather than lived experience—remains a significant barrier. This study aimed to
explore older adults” perceptions of AS through pre- and post-exposure, and to examine
how these experiences shape their AS acceptance within the Diffusion of Innovations (DOI)
framework. Using existing qualitative data from pre- and post-exposure focus groups, with
32 older adults across Florida, we used hybrid thematic analysis, grounded in DOI theory.
The results revealed that the technology’s ease of use, as experienced when riding the AS
(Trialability), reduced initial concerns related to Complexity. While participants acknowl-
edged the Relative Advantage of AS in enhancing their mobility and safety, their acceptance
was conditional upon addressing the AS’s slow speed and abrupt braking. Acceptance was
also contingent upon Compatibility with personal lifestyles and the establishment of clear
AS Regulations, to build trust. The findings indicate that for older adults, AS acceptance
is a dynamic process where direct exposure is essential for overcoming initial concerns.
However, widespread adoption will ultimately be influenced by AS performance, seamless
integration of AS into their daily lives, and a robust regulatory framework.
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1. Introduction

As the population ages, families and aging adults face difficulties in meeting their
mobility needs [1]. An autonomous shuttle (AS) is a subset of the broader category of
autonomous vehicles (AVs) and shares the same technological underpinnings, such as
advanced sensing, navigation, and automated driving systems. Although this mode may
be a promising transportation mode, older adults” acceptance thereof depends on more
than just how well the technology functions. Acceptance of AS is influenced by older
adult perceptions related to safety, trust, and usability [2]. The existing literature on
older adult acceptance mainly reflects findings from surveys determining the hypothetical
usage of AS, which may miss the complexity of the individual’s lived experience with the
AS [3]. When older adults ride or interact with the AS, their reflections provide a richer
picture of their reactions and/or expectations [2,3]. This study therefore examines the lived
experiences of older adults by combining pre- and post-exposure perceptions, obtained
from secondary data [4], to generate insights that can guide age-sensitive planning, policy,
and design strategies.
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1.1. Literature Review

Community Mobility and Older Adults” Needs

The aging population has diverse mobility needs, which may challenge the current
transportation system to accommodate them appropriately and sufficiently. The challenges
may include decreased access to public transit use due to further walking distances, incon-
venient boarding, limited help with stowing options, safety concerns due to frailty, and
even complete cessation of transit use. Moreover, older adults may not be able to continue
to drive, and with the decreased access to community mobility, they may experience limited
access to healthcare services, grocery shopping, and/or social engagements [5-7].

Introduction of an AS and its Relevance

With these diverse mobility challenges faced by older adults, the AS (see Figure 1
below) may be an option to support their community mobility needs [8].
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Figure 1. The Navya autonomous shuttle operated by Beep. This shuttle is a shared, self-driving
vehicle that functions as a micro-transit service, using features like sensors and automated controls
to transport multiple passengers. https:/ /ridebeep.com/solutions/mobility-networks (accessed on
3 December 2025).

The AS may assist older adults’ community mobility and societal participation, partic-
ularly by providing access to essential services and community events [8-10]. However,
AS technology is in its early stages of development and thus requires thorough testing
and regulatory strategies before large-scale deployment [8,9]. Besides the AS being in its
developmental cycle and encountering challenges towards full acceptance, older adults
interact with the AS with caution because they prioritize safety, accessibility, and afford-
ability. Moreover, their acceptance is influenced by the perceived risks and user-friendly
design associated with the AS [10,11]. Therefore, an age-sensitive planning approach may
be needed to understand and address user perceptions for acceptance of the AS [8,10,11].
Perceptions, in this context, are the subjective interpretations that individuals form about an
innovation’s attributes, which are considered more influential in shaping acceptance than
the technology’s objective features [12-14]. Beyond providing mobility, AS technologies
are expected to enhance road safety by reducing crashes associated with human factors.
Recent research [15] indicates that human errors contribute to up to 90% of traffic accidents,
underscoring the potential for automation to mitigate these causes. Additionally, compara-
tive analyses of autonomous systems versus human driving show significantly lower crash
rates for AVs across millions of miles, which suggests that advanced sensing and control
systems may improve overall traffic safety [15].
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Importance of Understanding Perceptions and Acceptance of AS

For older adults, their unique mobility needs and cautious approach to new technolo-
gies indicate the importance of their perceptions, and factors such as personality traits,
prior experience, and even anxiety, may influence their willingness to use the AS [16-19].
Overlooking these nuanced perceptions may lead to underutilization of AS. Therefore,
understanding older adults’ perception pertaining to acceptance of the AS is necessary
for informing age-sensitive planning, policy, and design strategies [8,19,20]. One way to
ascertain their readiness for acceptance is to consider the postulates of the Diffusion of
Innovations Theory (DOI) as an organizing framework.

Diffusion of Innovations Theory

The Diffusion of Innovations (DOI) Theory [12] provides a foundational framework
for understanding how innovative ideas, practices, or objects are viewed over time, for
eventual adoption. Its scientificity is established by an integrated body of concepts derived
from over 5200 publications that describe the predictable pattern of how new ideas spread
and gain momentum in a community over time [12]. At its core, the DOI posits that the
acceptance of an innovation is a process where individuals seek information to reduce the
inherent uncertainty associated with new ideas, ultimately leading to a decision to accept
or reject the idea or product [12]. Prior research has applied the DOI theory in the AV
domain to explain public acceptance (e.g., Yuen et al. [21]). Although the DOI was originally
developed to explain adoption, acceptance has also been operationalized as pre-adoption
intention, with DOI attributes serving as predictors of that intention [21]. Therefore,
we follow this precedent and define acceptance as intention to use, consistent with the
persuasion and decision stages in Rogers’ innovation-decision process [22]. Accordingly,
extending the DOI framework to the AS context is theoretically justified, as it maintains
consistency with prior AV research while addressing a specific shared mobility service.

Central to this process are five perceived attributes of an innovation that influence
its rate of acceptance. These are Relative Advantage (the degree to which an innovation
is seen as better than the idea it supersedes), Compatibility (its consistency with existing
values, experiences, and needs), Complexity (its perceived difficulty to understand and
use), Trialability (the extent to which it can be experimented with on a limited basis), and
Observability (the visibility of its results to others) [12]. Objectivity is maintained through
these five standardized perceived attributes, which allow for consistent categorization of
perceptions regardless of the technology type [12]. These perceived attributes, rather than
their objective features, shape the individuals” willingness to accept new technologies [12].
Psychological and social factors—such as trust, openness, and personality traits—are
equally influential as additional capabilities to determine acceptance [16]. Despite these
strengths, the DOI approach has recognized shortcomings, including a pro-innovation bias
(the assumption that an innovation should be adopted) and a recall problem stemming
from its frequent reliance on retrospective self-reports [12]. To address these issues, this
study used hybrid thematic analysis to identify AS acceptance factors [22] by merging DOI
principles with older adults’ lived experiences.

1.2. Gap

Although studies on older adults’ perceptions and acceptance of AS have expanded,
a gap remains in the comprehensive understanding of these perceptions based on their
lived experiences. Studies used stated preference surveys or asked participants to imagine
hypothetical AS scenarios [19,23]—which is not sufficient to detect nuanced experiences.
Lived experience studies—where older adults ride the AS—may fill this gap by captur-
ing subtleties of safety, trust, and usability via qualitative interviews [10]. For example,
Sangrar et al. [24] found that both older riders and service providers emphasized accessibil-
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ity, inclusivity, and the overall riding experience as central to acceptance—insights that are
difficult to obtain through surveys alone. While quantitative studies identify factors such
as usefulness, safety, and trust [16,18,25], they indicate little about why these factors matter,
pointing to the need for qualitative approaches that can explore older adults’ beliefs and
contextual factors.

1.3. Rationale and Significance

To address this gap and move beyond the limitations of surveys as the only method for
data collection, information obtained from focus groups may provide a clearer understand-
ing of the older adults’ lived experiences, concerns, and expectations [26]. By incorporating
both pre- and post-exposure perceptions obtained via focus groups, the findings may reveal
anticipatory expectations and experiential reflections to offer a comprehensive understand-
ing of older adults” perceptions and acceptance of AS [2,3]. This qualitative lens is needed
for obtaining insights that may inform age-sensitive AS services, while also supporting
policies and design strategies, to facilitate greater adoption and acceptance of the AS among
older adults [8].

1.4. Study Purpose and Research Question

The purpose of this study is to explore older adults’ lived experiences and perceptions
of AS before and after exposure and to examine how these perceptions are related to
acceptance within the framework of the DOI theory. By comparing pre- and post-exposure
data, the research aims to address the following question: How do older adults describe
their lived experiences and perceptions of AS before and after riding it, and in what ways
do these perceptions shape their willingness to accept the AS?

2. Methods
2.1. Ethics, Study Design, Participants, and Operational Details

The parent study was approved by the University of Florida’s Institutional Review
Board (IRB; IRB202101677) [4]. This study received IRB-02 approval from the University
(IRB202400603). The researchers received permission to use the existing data from the
parent study for further analysis.

The parent study [4] examined older adults’ perceptions and lived experiences related
to autonomous ride-sharing services across three geographic regions in Florida: Lake Nona,
Port St. Lucie, and The Villages. A total of 240 participants aged 50 years and older were
enrolled across these three sites (Lake Nona, n = 50; Port St. Lucie, n = 63; The Villages,
n = 127). Demographic information was available for 222 participants (M = 66.83 years,
SD = 8.9), with ages ranging from 50 to 88 years. The sample was 54% male and 45% female,
predominantly White (80%), and highly educated, with approximately 67% reporting
a bachelor’s degree or higher. Comprehensive details regarding the demographics are
documented and available in the parent study [4].

In this study, the same data were re-analyzed based on the DOI theory’s five princi-
ples, previously mentioned. Data from 32 participants involved in the pre-focus groups,
conducted across three sites (Lake Nona, n = 6; Port St. Lucie, n = 6; The Villages, n = 20),
were included. Data from 31 older adults who participated in the post-focus groups (Lake
Nona, n = 5; Port St. Lucie, n = 6; The Villages, n = 20) were also included. Importantly,
the primary purpose of the current analysis was not to conduct demographic comparisons
but to examine older adults’ perceptions and lived experiences related to AS technology
using a theory-driven thematic framework. The analytic focus was therefore on conceptual
understanding rather than subgroup differentiation. In the parent study [4], sample size
was guided by thematic saturation and operational feasibility rather than statistical power.

https://doi.org/10.3390/automation7010021


https://doi.org/10.3390/automation7010021

Automation 2026, 7, 21

5 of 31

Consistent with methodological standards, saturation is typically achieved within four to
eight focus group discussions [27].

The parent study utilized the Navya AS (operated by Beep), which is classified as
SAE level 4 (High Driving Automation) [28]. This level of automation means the vehicle is
programmed and does not require human intervention within its predefined area; however,
it retains manual override capabilities. During this study, a safety operator was mandatorily
present on board at all times to oversee operations and intervene in complex situations,
such as recalibrating the system during technical glitches.

For the experimental procedure, the shuttles operated on fixed, predefined routes in
mixed traffic conditions, including roundabouts and intersections, at restricted speeds of
less than 20 mph. This exposure allowed participants to observe the shuttle’s real-world
interactions with other road users and pedestrians.

2.2. Measurement

The Pre- and Post-Focus Group Guides [4] used open-ended questions and targeted
prompts to elicit participant responses and perceptions pertaining to AS acceptance (see
Appendix A). These guides explored participants’ perceptions (including concerns and
expectations), which inferred acceptance related to AS use and its broader implications for
community mobility, safety, health, and policy.

While the original data had undergone preliminary thematic analysis for reporting
purposes, this research team conducted a re-analysis of the deidentified transcripts using
a hybrid thematic approach that combined inductive and deductive coding [29,30]. The
deductive coding was informed by the five core principles of the DOI theory [12]. When
participant responses extended beyond these predefined categories, inductive coding
was applied to identify emergent subthemes [29,30]. This hybrid strategy allowed for a
richer understanding of factors influencing older adults’ acceptance of AS, with particular
attention to changes in their perception pre-and post-AS exposure.

2.3. Data Management

The researchers extracted the deidentified transcripts from the original focus groups.
The data were originally provided as Word documents. Some transcripts were imported
into UF-approved NVivo software (version 14; QSR International) to facilitate qualitative
coding and thematic organization, while others were coded directly within the Word
documents using structured comment and highlighting functions [29]. Accuracy of data
extraction was ensured by cross-checking imported files against original transcripts. All
qualitative files were stored securely in a password-protected, encrypted server managed
by the University of Florida.

2.4. Data Analysis

The qualitative data were analyzed using a hybrid approach to thematic analysis as
described by Swain [29]. This method integrates both deductive coding—based on Rogers’
five DOI theory principles and inductive coding, which allowed new subthemes to emerge
from the data itself. One researcher extracted and coded the deidentified transcripts and
conducted the analysis in collaboration with a second independent coder, an experienced
qualitative researcher.

The deductive coding phase was initially informed by the five core principles of
Rogers” DOI theory. These established constructs provided the structural lens for iden-
tifying factors influencing older adults” acceptance of AS technology. Subthemes were
then clustered under these broader DOI-based categories to reflect participants’ lived
experiences, expectations, attitudes, and intentions regarding the technology.
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STEP 1 | Data Extraction & Preparation
¢ Deidentified transcripts were extracted from Word files.
e Importedinto NVivo 14 or coded using structured highlighting

from Word.

STEP 3 | Phase II: Inductive Coding
* Nuanced subthemesidentified withinthe five priori codes.
e Data extending beyond DOI categories analyzed inductively.
* Emergent themes identified (i.e., AS Regulations, Future

To capture nuanced contextual insights that extended beyond the predefined DOI
categories, the researchers utilized an inductive expansion. This process led to the identifi-
cation of emergent subthemes, such as Technology Unreadiness and AS Limitations (e.g.,
jerky braking and slow speeds), which were nested within the broader DOI framework to
add specific detail to the participants” perceptions.

Furthermore, the inductive analysis identified entirely new major themes that did
not perfectly match the five priori DOI codes. These participant-driven themes, i.e., AS
Regulations and Future Expectations, were established as distinct categories to account
for critical concerns regarding legal liability, government oversight, and the perceived
inevitability of the technology. Ultimately, this iterative synthesis resulted in a final map of
seven major themes, as visualized in the hybrid thematic analysis flowchart (see Figure 2).

STEP 2 | Phase I: Deductive Coding (DOI)
¢ Deductivefoundation: A priori codes derived from Rogers’ DOI
principles (Relative Advantage, Compatibility, Complexity,
Trialability, Observability).
* Framework guided interpretation of AS acceptance.

STEP 4 | Independent Coding & Iterative Review
* Two researchersindependently coded transcripts.
e Shared codebookrefined iteratively to capture pre/post

Bpottativns): exposure data.
STEP 5 | Reconciliation & Consensus STEP 6 | Final Thematic Synthesis
¢ Coding discrepandesreviewed collaboratively. * Deductive and inductive subthemes integrated.
* Consensus-based recondiliation achieved full analytic * Seven final themes generated:
agreement. Five DOI attributes + AS Regulations + Future Expectations.

Figure 2. Hybrid Thematic Analysis Flowchart. This flowchart illustrates the six-step iterative process
of the hybrid thematic analysis.

Transcripts were coded using a combination of NVivo and structured Microsoft Word,
following Swain’s iterative analysis model [29]. This ensured both theoretical alignment
and flexibility for participant-driven insights. To ensure analytical rigor and credibility,
the two data analysts coded the deidentified transcripts by using a shared codebook.
Coding discrepancies were identified, discussed, and reconciled through a collaborative
process until complete agreement (100%) was reached. This consensus-based approach
strengthened the consistency and trustworthiness of the findings [31]. Participants” exact
narrative responses were quoted—corrected for grammar but not to change meaning—from
the dataset to preserve authenticity while ensuring readability.

3. Results

Seven major themes and a series of subthemes emerged from the data. The themes
were: Relative Advantage, Compatibility, Complexity, Trialability, Observability, AS Regulations,
and Future Expectations (Table 1).
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Table 1. Qualitative Themes and Subthemes with Definitions.

Theme Subtheme Definition
Mobility and Independence Gains Percelyed mcrgasgd freec.lom and self—r?hance in
accessing destinations without depending on others.
. . The belief that A h risk, iall
Safety and Security Benefits e belief that .S red}lces crash risk, especially due to
human error or impairment.
Cost Savings and Efficiency Ant1c1pated reductlong in personal expenses,
including car ownership, gas, or taxi fares.
Relative Advantage . : Noticing AS as an eco-friendly electric vehicle that
Environmental Benefits .
reduces pollution.
. Concerns about immaturity of the current AS
Technology Unreadiness e . :
technology and hesitation in trusting it to drive safely.
Concerns regarding the AS’s current design or
Autonomous Shuttle Limitations operational shortcomings (e.g., slow speed, reliance
on safety operators).
Community Fit and Use Cases AS s'ahgnment with local community needs
and infrastructure.
Integration into Personal Lifestyle Fit ‘petwegn AS and individuals’ daily routines or
social habits.
Social Interaction and Comfort Par.t1c1papts expectations for comfort and sociability
while riding the AS.
Compatibility : . e Influence of past exposure to vehicle automation or
Prior Experience and Familiarity L. .
advanced driving technologies on comfort levels.
Participant-generated ideas for improving AS design,
Suggestions for Improvements responsiveness, or access options to enhance the AS
relevance and utility in their context.
Transition from Other Experiences comparing AS to past use of personal
Transportation Modes vehicles, taxis, or rideshare.
Understanding the Technology D1ff1culty in learning hpw the AS works (e.g.,
automation levels, decision-making).
Relinquishing Control and Trust Discomfort in ceding driving control to an
) autonomous system.
Complexity o - : -
Performance and Reliability Observed issues in current AS behavior (e.g., abrupt
Challenges braking, slow reaction) that reduce confidence.
Ease of Use and User Adaptation Perceived simplicity and adjustability once the user
rode the AS.
Initial Reactions and Comfort Partlc.lpants emothnal and physical .cc?rnfort, or
surprise following first exposure to riding the AS.
Noticing Issues and Limitations Drawbacks identified during trial experience (e.g.,
seat comfort, AS slow speed).
Trialability

Comparison to Expectations

How trial use of AS matched or changed
their expectations.

Influence on Acceptance Intentions

Whether riding the AS increased or decreased interest
in future use.
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Table 1. Cont.

Theme Subtheme Definition
Public Exposure and Awareness Degree to Whmh participants had seen or heard about
AS operations locally.
Reactions of Bystanders and Drivers Ellce)vl gther road users and pedestrians responded to
Observability . - - -
o Ideas to increase public awareness and ease anxiety
Communication and Outreach
about AS.
Demonstration of Benefits (Social The impact of seeing successful AS operations on
Proof) others” willingness to use it.
Operational Integration: Speed and ~ Need for dedicated lanes, speed consistency, and
Infrastructure roadway adjustments.
Safety Standards and Requirements Rules and design features necessary for safe public
use (e.g., seat belts, sound warnings).
AS Regulations

Liability and Insurance

Concerns over who is responsible in the event
of accidents.

Government Role and Policy Support

Expectations that regulation and public investment
will shape success of AS.

Future Expectations

Acceptance Timeline and
Technology Trajectory

Beliefs about how soon AS will be mainstream and
how quickly technology will advance.

Gradual Acceptance and Inevitability

Expectation that public resistance will fade as people
become used to AS.

Anticipated Benefits and
Societal Changes

Long-term hopes for mobility, environmental, and /or
economic impact.

Personal Intentions for Future Use

Participants’ own readiness to accept AS in the future.

3.1. Theme 1: Relative Advantage

Definition: Relative Advantage reflects the degree to which participants perceived the

AS to be better than their existing transportation options. Subthemes included perceived

benefits like improved mobility, safety, cost savings, environmental impact, as well as

drawbacks such as immature technology and shuttle limitations.

3.1.1. Mobility and Independence Gains

Participants across all three sites saw potential for the AS to increase mobility and

independence—especially for non-drivers or those with declining abilities.

o  “Ithink people being able to get out more—that they didn’t have a car and had to rely

on somebody else. They would become more independent, that they can say hey, I'm

going to go swimming now.”

e “People with disabilities .. . just to get around, it’s a little bit more mobility.”

o “I'walked to a particular point in my neighborhood ... or it picks me up at my house,

and it takes me to a destination that’s desirable.”
e “IfIhad a little bit to drink, I'll leave my car ... and it’s gonna drop me off my house.
Those are kind of used cases I see.”

e “Right now in The Villages, any place my golf cart will go, I would definitely be in an

autonomous shuttle going around.”

e  “Now Ireally think it’s gonna be so helpful for us to go out and . .. be able to just take

the shuttle, the autonomous vehicle back with no problem.”
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3.1.2. Safety and Security Benefits

Safety was one of the most cited perceived advantages. Participants believed the
shuttle could reduce risks by eliminating human error and dangerous behavior such as
impaired driving.

e “It would dramatically increase the safety for the community ... I would feel much
more comfortable having an [AS] vehicle in the other lane than many of my neighbors.”

e  “Think about it. You could go to dinner, have a couple of glasses of wine .. . that would
be exciting, and it would definitely cut back on some of the accidents.”

e “My son has a Tesla ... a friend almost died [in a crash] with a gas car. If they had had
a Tesla that wouldn’t have happened.”

e  “You had these big buckles. You felt kind of safe, you know. You're like, ‘Oh, I

117

feel safe.

3.1.3. Cost Savings and Efficiency

Several participants framed the AS as a cost-saving measure. For retirees or those no
longer needing to drive daily, AS presented an opportunity to reduce transportation-related
expenses.

e “You could reduce—instead of having two vehicles, you could have one.”

e “I'had to spend $24 for transportation to the grocery store when I couldn’t drive . ..
that could be saving costs if the shuttle worked.”

e “The cost curve will come down, and it will be more useful to the elderly.”

e “If you could do a ride share with your neighbor, it would make it more practical.”

e  “Once it doesn’t need a backup driver, there’s no need to have the additional cost of
the backup driver.”

3.1.4. Environmental Benefits

Although not as frequently mentioned, the environmental aspect of the shuttle being
electric was noted as a relative advantage.

e  “One thing about this vehicle—it’s electric. You don’t have the fumes from gasoline or
diesel-powered vehicles.”
e  “Sojust breathing in cleaner air, I mean, with less fumes, it helps your well-being.”

3.1.5. Technology Unreadiness

Despite enthusiasm, many participants expressed reservations about the maturity of
AS technology, particularly its reliability in complex scenarios.

e “Ijust don’t trust it until I've been in it maybe several times.”

e “I'know they work, but I still don’t trust it 100%.”

o  “We've had GPSin our car tell us to go off a bridge . . . and sometimes it says ‘imminent
crash” when no one’s even around.”

e “We're not at Level 5 autonomy . .. not for another 15-20 years.”

e “Atintersections, the vehicle stops and the safety operator intervenes by telling the
system when to proceed. I was a little surprised with that.”

3.1.6. Autonomous Shuttle Limitations

Even those in favor of the concept noted drawbacks in its current form—especially its
slow speed, jerky braking, and need for an onboard safety operator.

e  “Itdid stop a couple times, pretty abruptly ... they just stopped. That was a little unusual.”
e  “Thebraking is probably the biggest one ... . it does jerk you. Like emergency stopping.”
e “If you're going to drive down to get on the AS, why not just drive it?”

https://doi.org/10.3390/automation7010021
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e “Inaroundabout, we were doing 25 mph and then [suddenly] we weren’t. So we were
in the way.”

e “Ifit’s gonna take 30 min to get on it, moving it at 15 mph, ... I'll just drive.”

o  “There was some little technical glitches, and ... difficulty when we first started, but
then it got really smooth.”

e “We had to get on and off a couple of times because he had to recalibrate the vehicle.”

3.2. Theme 2: Compatibility

Definition: Compatibility refers to the extent to which ASs align with older adults’
existing routines, values, physical abilities, and past experiences with transportation or
technology. Compatibility contributes to acceptance when the AS is perceived to natu-
rally fit into daily life, reflect social preferences, and meet individual needs. In contrast,
incompatibility may arise when the AS conflicts with personal habits, expectations, or
lifestyle patterns.

3.2.1. Community Fit and Use Cases

Participants frequently considered how the AS would integrate into their specific
community structures. In both The Villages and Lake Nona, there was recognition that the
AS could complement existing transportation use.

e  “Ican see where this vehicle would fit in right now . . . It would work in our community.”

o “Ilike the concept ... I can see several use cases it could be used for, especially in
Lake Nona.”

e “In The Villages, any place my golf cart will go, I would definitely be in an autonomous
shuttle going around.”

3.2.2. Integration into Personal Lifestyle

Participants evaluated how the AS could fit into their everyday routines. Many viewed
it as a helpful tool for non-essential trips or when they preferred not to drive.

“Anytime that I don’t have to drive, that’s a good thing.”

e “You could go to dinner, have a couple of glasses of wine . .. you don’t want to drive.
That would be exciting.”

e “I'mnot driving—that’s a plus.”

e  “This would be perfect for getting to appointments or community events.”

e  “It should be affordable, convenient, a good resource. Another option would be great.”

3.2.3. Social Interaction and Comfort

Participants appreciated that the AS could facilitate conversation and a relaxed envi-
ronment, drawing comparisons to familiar modes of transport.

e “We sat around and talked during the ride.”

e "It was like a tram at the airport.”

e  “This was like having a chauffeur, and I'm all for that.”

e “Itwas cold in there ... the environment, the temperature was good. You had space
... You had these big buckles. You felt kind of safe ... We were actually looking at our
phones and checking messages.”

3.2.4. Prior Experience and Familiarity

Familiarity with autonomous features (e.g., Tesla autopilot) influenced participants’
openness to the AS. Those with prior exposure were more receptive.

e “I've been driving a Tesla for seven years. I loveit...Iuseit... to help me be safe.”

https://doi.org/10.3390/automation7010021
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e “My car yells at me if I turn the wheel too much—so I know this stuff is already here.”

e “Isaw a PBS documentary about AVs in trucks crossing the country. They still had
backup drivers.”

e “If you've never experienced it, you're still a little leery.”

3.2.5. Suggestions for Improvements

Participants suggested practical enhancements to better match their needs and expec-
tations, ranging from physical comfort to system feedback.

o “They need to work on smoother stops and increasing speed. It would make people
more comfortable.”

e “Youneed a display that shows your next stop . .. like a train system.”

e  “You should have both visual and audio indicators.”

e “Seats are too narrow, my knee was up against another seat, but those things can
obviously be fixed.”

e “They should bring this to recreation centers, showcase it with experts, and
answer questions.”

e “They were planning on making the Beep bigger so that it would accommodate
more people.”

e "It would be good to have it close to the hospital, and also the downtown area ...
having a sort of connecting right from downtown to the closest area to take the train.”

3.2.6. Transition from Other Transportation Modes

Participants described their considerations and actual experiences when comparing AS
to their existing or alternative transportation methods, evaluating how AS might comple-
ment, substitute, or fall short of traditional vehicles, public transit, or ridesharing services.

o “Istill have to drive, even if I'm going to the movies and I could pick something at a
location in my neighborhood or in front of my house, and it takes me to that movie, I
probably not drive. I take that shuttle instead.”

e “Can I take the cheaper shuttle that’s going to take me 45 min to get there? Or do I
need to call an Uber-like thing that can get me there quicker, but I pay twice as much.”

o  “Ipersonally think we probably need both. It was a surprise to me in The Villages is
that there is no public transportation. And there’s effectively no Lyft or Uber.”

e “Right now in the village is any place my golf cart will go, I would definitely be in an
AS going around.”

e “If you're going to drive down to the center to get it, why not just drive to Target
or whatever?”

3.3. Theme 3: Complexity

Definition: Complexity refers to participants’ perceptions of how difficult it is to under-
stand, interact with, or trust the AS technology. This theme includes the learning curve,
psychological unease with giving up control, and system reliability concerns.

3.3.1. Understanding the Technology (Knowledge & Awareness)

Many participants initially lacked understanding about how autonomous vehicles
function, including differences between levels of automation. Gaining even a basic under-
standing helped reduce hesitation.

e  “You do see some vehicles out there ... and then you wonder—I never knew what
level they were. Now you're showing us that there’s different levels.”
o “It's exciting and a little scary at the same time.”
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e “Even computers, look what we look at where we are today . .. over time, that comfort
level increases and people become more comfortable with things.”

e  “The first time it was a little scary ... Is it safe? Who's driving this? After riding and
seeing ... somebody there answering questions ... You get more relaxed.”

3.3.2. Relinquishing Control and Trust

Participants struggled with the idea of giving up control to a machine. Despite
acknowledging the AS’s potential, many expressed unease with relying entirely on au-
tonomous systems. A trust issue arose related to the current need for manual intervention
during certain maneuvers.

o “We're all so used to driving ... giving up—Tlike losing control, and letting a machine
drive—is hard.”

e “Ihad a friend ride in a Tesla and said, ‘Put your hands on the wheel or let me out!””

e “Because the public is not ready for this ... if it's out in the parking lot and have it
come get me at the front door, I see the look on people’s faces with no driver.”

e “Iwassurprised, every stop sign in order to turn left or right you have to do it manually
... Isaw before I got in the Beep there would be more autonomous. I was surprised
you have to change it manually.”

e  “If the driver wasn’t there when we had those technical issues . .. that wouldn’t have
been safe.”

3.3.3. Performance and Reliability Challenges

Concerns about braking, responsiveness, and the general unpredictability of the AS
behavior contributed to a sense of complexity and decreased confidence.

“It did stop a couple times, pretty abruptly ... that was a little unusual.”
“The braking is jerky. That’s what might turn people off—‘is this thing working right?"”
“It almost came to a complete stop before turning. You're going to have problems.”

“There were technical little glitches and difficulty when we first started, but then it got
really smooth.”

e “We had to get on and off a couple of times when we got to the destination because he
had to recalibrate the vehicle .. . it obviously needs a little more work.”

3.3.4. Ease of Use and User Adaptation

Despite concerns, many participants acknowledged the actual experience of riding
the AS was simple and required no effort on the rider’s part. Familiar comparisons helped
normalize the experience.

“It felt like a tram at the airport.”
“You just get in and it takes you. From point A to point B.”
“It was like having a chauffeur. I'm all for that.”

“The experience was nice ... We were actually looking at our phones, checking mes-
sages, taking pictures—things you can’t do when driving.”

o “I'was very impressed with the gentleness of the ride ... even over the speed bumps
... That issue has been completely taken care of. You have like a royal rider.”

3.4. Theme 4: Trialability

Definition: Trialability captures participants’ experiences with trying the AS on a
limited basis (e.g., pilot rides). This theme indicates how firsthand experience influenced
comfort, trust, and interest in acceptance.
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3.4.1. Initial Reactions and Comfort

The majority of participants who rode the AS were pleasantly surprised. Many felt
calm, comfortable, and impressed by the experience.

“I had no concerns. I was very comfortable.”

“Not as scary as I thought.”

“We sat around and talked during the ride.”

“I forgot halfway through that there was no driver!”

“Oh, it was kind of nice, cute. It doesn’t look like a normal car ... It definitely
stood out.”

3.4.2. Noticing Issues and Limitations in AS Trials

Participants also observed limitations, particularly related to AS ride smoothness and
traffic integration. Technical and practical issues during rides were noted.

“It stopped a couple of times pretty abruptly ... you can’t predict it.”
“The way it took turns—almost to a complete stop—could cause problems.”
“Seats were too narrow, but that can be fixed.”

“It lost power twice. It was very jerky.”

3.4.3. Comparison to Expectations
The AS trial rides changed many participants” expectations, replacing fear with familiarity.
e “I'saw we were halfway there, and then realized there’s nobody driving.”

e “It was just like riding in a regular shuttle.”
e “Didn’t notice anything weird.”

3.4.4. Influence on Acceptance Intentions

Firsthand experience increased many participants” willingness to use the AS in the
future, especially if speed, route, or reliability improved.

e “Ithought it was fine. I'm all for that.”

e “It's not there yet, but it’s going to get there.”
e “Itwas too slow ...butI'd use it again if it’s faster.”

3.5. Theme 5: Observability

Definition: Observability refers to the extent to which the AS and its benefits were
visible and publicly demonstrated. This theme includes observed community reactions,
publicity, and the role of social proof in promoting acceptance.

3.5.1. Public Exposure and Awareness

Participants emphasized how seeing the AS in operation increased general awareness
and interest, which may potentially enhance acceptance.

“Two years ago, there was another company that did a test and used us as a testing site.”
“Getting started sooner is the best thing because then people start to see it.”
“I've seen them at Boxy Park. They’re similar to what you showed in the video.”

“I've seen it pass by, but I've never been in it, so it was different to actually be inside.”

3.5.2. Reactions of Bystanders and Other Drivers

Community members unfamiliar with the AS and their slower operation sometimes
reacted with discomfort or confusion.

e “The people around us seemed uncomfortable. We were in the way.”
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e “It’s alearning curve, not just for riders but everyone else too.”

e  “People didn’t know what to expect—especially with the quietness of the vehicle.”

e “Icould see very irritated drivers around that vehicle . .. they got so angry they went
up on the curb to go around the thing.”

e  “Iremember one woman in her car really giving us the side eye . .. she wasn’t comfortable.”

3.5.3. Communication and Outreach

Participants suggested education and engagement strategies to build understanding
and normalize AS use.

o  “They should do showcases at recreation centers with experts explaining everything.”
e  “Itneeds to make a little noise, or announce itself. People aren’t ready for it to be silent.”

3.5.4. Demonstration of Benefits (Social Proof)

Participants believed observable benefits—like saving time or showing reliability—would
encourage others to try the AS.

o  “If there’s a priority lane, and I see the shuttle going past me ... I'm gonna think, ‘I
should take that next time.””

e  “Start the rollout sooner rather than later, it’s probably seeing starting it up in a phased
basis and it might be slow and really boring. However, getting started sooner is the
best thing because then people start to see it.”

o “We actually, when we pulled in to get in, I mean there were other people walking by.
I think they wanted to. They thought they can get on the autonomous vehicle.”

e “I've seen it pass by, but I've never been in it, so it was different to actually be inside.”

3.6. Theme 6: AS Regqulations

Definition: AS Regulations include participants’ concerns and suggestions about poli-
cies, infrastructure, legal responsibilities, and the role of government in safely integrating
the AS.

3.6.1. Operational Integration: Speed and Infrastructure

Participants questioned how the AS fits into current traffic systems, citing speed and
roadway design.

e  “What's the speed limit? It depends on where they are, whether in the hospital setting
or Morris Boulevard, it’s very different.”

e “I'd hate to be behind one going 20 miles per hour in a circle.”

e “A priority lane would help ... in Washington DC metro area, they already have those
dedicated lanes that allow prioritized traffic to use those things like bus, transport,
and so forth.”

3.6.2. Safety Standards and Requirements

Participants discussed necessary safety features, especially seat belts and auditory
warnings of the AS.

e “Do you have seat belts? Are they automatic?”
“What about the regulation on the sound ... a blind person can’t hear it and all of a
sudden it arrives.”

e “I'would feel comfortable if the safety features are equivalent to having a driver.”
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3.6.3. Liability and Insurance

Concerns arose about who is responsible in case of a crash, and whether riders would
have to sign waivers.

e “Do you need to sign something? Like a waiver?”
e “You don't sign a waiver to get on a public bus.”
e “They haven’t worked out who's responsible for an accident. That’s a big issue.”

3.6.4. Government Role and Policy Support

Participants believed government action is necessary to support rollout, education,
and regulation regarding the AS.

o “Well, government regulates automobiles . .. there should be requirements for auto-
mated driving.”
e “The government has a role in calming people’s concerns.”

“I think the people would trust the system better, if regulated by the Government.”

3.7. Theme 7: Future Expectations

Definition: Future Expectations reflect participants’ speculations and hopes about how
AS technology will evolve, become accepted, and impact society over time.

3.7.1. Acceptance Timeline and Technology Trajectory
Views varied from optimism to realism regarding how soon the AS would be
widely deployed.

e “Idon’t believe this will be around for the next 15 to 20 years [at full autonomy].”
e “Inasense I feel it's long overdue ... we should be on par with places like Singapore.”

3.7.2. Gradual Acceptance and Inevitability

Many viewed AS acceptance as inevitable, comparing it to the rise of internet
or smartphones.

e “It'll take time, but it’s the way of the future.”
e  “You have to accept it. This is happening.”
e “Just like how we used to not trust online banking—now it’s normal.”

3.7.3. Anticipated Benefits and Societal Changes

Participants foresaw widespread benefits in safety, environmental sustainability, and
even economic development.

e  “Like with computers—this will bring new industries, new jobs.”
e “If you have any people lose their licenses when they get older and that’s part of aging
... AS could just keep them up a little bit longer and maintain own independence.”

3.7.4. Personal Intentions for Future Use

Most participants expected they would use the AS regularly in the future, provided
improvements are made.

e “I'd useitin The Villages ... anywhere my golf cart can go.”
“Well, I would use it for long trips ... just sit back and enjoy it.”
“Even grocery, I would use it if it was that accessible . .. I would use it all the time.”

“Yeah, I probably would use it if it saved me gas.”

Collectively, the findings show older adults’ nuanced evaluations of AS, encompassing
both perceived advantages (e.g., safety, independence, cost savings) and challenges (e.g.,
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technology immaturity, shuttle limitations) related to the AS. Their lived experiences
demonstrate that AS acceptance is not simply a matter of how well the technology works.
Rather, it emerges from the rider’s own experiences, life circumstances, and feelings. Below,
the findings are summarized by the seven major themes.

3.8. Summary of Major Themes
3.8.1. Transformative Role of Trialability

Firsthand experience (Trialability) was influencing acceptance. Rogers defines Trialabil-
ity as the degree to which an innovation may be experimented with on a limited basis to
reduce uncertainty [12]. After riding the AS, participants generally reported positive Initial
Reactions and Comfort, often describing it as “not as scary as I thought” and even that they
“forgot halfway through there was no driver.” This experiential learning helped partici-
pants move through the ‘knowledge’ and ‘persuasion’ stages of the innovation-decision
process by providing a tangible, subjective evaluation of the technology. Trialability helped
reduce fears tied to Complexity (Relinquishing Control and Trust), while riders noted the
experience was ultimately simple and easy to adapt to, comparable to a tram or having a
chauffeur. As Rogers notes, innovations perceived as simpler and less complex are adopted
more rapidly [12]. Drawbacks observed during trial rides (e.g., slow speed, seat comfort)
tempered participants” enthusiasm but did not negate the positive shift in their willingness
to use the AS.

3.8.2. Conditional Acceptance Based on Performance (Relative Advantage)

Older adults recognized the potential of AS for Mobility and Independence Gains and
Safety and Security Benefits (e.g., fewer crashes from impaired driving or human error).
They also noted anticipated Cost Savings and Efficiency (e.g., lower transport expenses) and
Environmental Benefits (e.g., cleaner electric operation). However, in DOI terms, relative
advantage is the degree to which an innovation is perceived as better than the idea it
supersedes. Our findings show that this advantage remained conditional upon resolving
Technology Unreadiness and Autonomous Shuttle Limitations (e.g., AS slow speed, abrupt
braking, and reliance on safety operators). If the performance of the AS does not match its
theoretical promise, the ‘decision” stage of adoption is likely to result in rejection. Many
participants expressed willingness to use the AS again “if it’s faster.”

3.8.3. Compatibility with Daily Life and Values

Acceptance depended on how well AS integrated into community infrastructure and
personal routines (e.g., trips to grocery stores or medical visits). Participants valued Social
Interaction and Comfort during rides, but voiced the importance of accessibility features.
Prior Experience and Familiarity with automation (e.g., having driven a Tesla, experiencing
advanced driver assistance systems, ADAS) increased comfort and openness to acceptance.
Comparisons with personal vehicles, taxis, or golf carts shaped how participants envisioned
transitioning to AS use. Overall, acceptance of the AS was implicated when it supported
independence and participation, but not when limitations of the AS (e.g., its slow speed,
abrupt braking, inconvenient routes, and technical unreliability) conflicted with the riders’
practical needs.

3.8.4. Policy and Regulation as Prerequisites for Trust

One emergent theme was the need for clear AS Regulations. Participants voiced unre-
solved Liability and Insurance issues (“who is responsible in an accident?”) as a “big issue”
for acceptance. They expected a visible Government Role and Policy Support, including Safety

Standards and Requirements (e.g., seat belts, audible warnings for people with low vision)
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and Operational Integration, such as dedicated lanes or roadway adjustments. Regulatory
clarity was viewed as essential to building public trust.

3.8.5. Observability: Community Acceptance Challenges

The AS’s visibility in the community presented barriers. Reactions of Bystanders and
Drivers were often negative, with frustration at the shuttle’s slow and quiet operation
leading to unsafe passing behaviors. Participants stressed the need for Social Proof, i.e.,
visible demonstrations of AS benefits (e.g., priority lanes) to encourage broader acceptance.
They also suggested Communication and Outreach efforts to build awareness and reduce
anxiety among potential riders in the community.

3.8.6. Future Expectations: Inevitability and Anticipated Benefits

Participants generally viewed AS adoption as a process of Gradual Acceptance and
being Inevitable. Specifically, they compared it to the normalization of smartphones or
online banking. They indicated Anticipated Societal Benefits such as safer mobility, envi-
ronmental sustainability, and economic opportunities. Views varied on the timeline for
the full integration of the AS into society, but most agreed that resistance would fade
with familiarity.

3.8.7. Personal Intentions for Future Use

Despite current flaws and limitations, participants expressed Personal Intentions to
use AS in the future—especially for long trips, essential services, or daily commuting.
However, the precondition was that technical and accessibility issues related to the AS had
to be addressed.

4. Discussion

The purpose of this study was to explore how older adults describe their lived ex-
periences and perceptions of AS before and after riding one, and to examine how these
perceptions shape acceptance within the DOI theory. By analyzing pre- and post-exposure
perceptions, the study demonstrates that older adults” perceptions of AS and their willing-
ness to accept it are not a static construct but an evolving process influenced by perceptions
of safety, complexity, compatibility, and observed performance of the AS. These findings
provide insights that complement survey-based studies, which often capture hypothetical
perceptions, but not the nuanced shifts that occur through lived experience—as examined
in this study.

4.1. Trialability as a Transformative Factor

A defining contribution of this study is that Trialability fundamentally reshapes older
adults” acceptance of AS. Participants often reported that riding the AS reduced concerns
and increased comfort (“not as scary as I thought”), consistent with findings from controlled
trials and demonstrations where exposure improved trust and acceptance [2,3]. Booth
et al. [3], for example, reported that demonstration projects provide an important social
learning opportunity, enabling participants to recalibrate their fears considering their lived
experience. Conversely, Siegfried et al. [32] study reported that older adults who had not
ridden in an AV documented pre-existing fear and distrust. Respondents were concerned
about the technology and made comments like “I'm scared of those things” and “it would
take me a while to be comfortable in that situation” [32] (p. 5). Taken together, these
findings indicate that experiential learning is indispensable for overcoming psychological
complexity and cannot be substituted by survey-only approaches.
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4.2. Conditional Nature of Relative Advantage

In line with the study’s purpose, the findings on Relative Advantage reveal how older
adults’ perceptions of the AS shifted from abstract anticipation to a nuanced, conditional
assessment based on lived experience. Pre-exposure, participants perceived significant
potential benefits, including enhanced mobility, independence, safety, cost savings, and
environmental friendliness, which is consistent with existing literature [2,8,21,32]. However,
after riding the AS, their enthusiasm was tempered by firsthand encounters with the
technology’s immaturity, such as slow speed, abrupt braking, and its reliance on a safety
operator for manual intervention.

This shift from hypothetical benefits to experienced drawbacks demonstrates the
nuanced utility of the DOI framework. While Relative Advantage was a sufficient theoretical
lens to categorize the potential benefits, the pre- and post-exposure qualitative data revealed
that this perception is not static. For older adults, the advantage is conditional and critically
dependent on performance [2]. Their lived experience created a clear distinction: the
promise of safety and convenience coexisted with a skeptical perception of the current
system’s reliability, a tension also noted by Diba et al. [8]. Ultimately, these results support
the study’s purpose by showing that for the Relative Advantage attribute to contribute to
acceptance, the AS’s performance must align with its perceived promises.

4.3. Compatibility with Daily Life

Participants reported that the AS needs to fit into their routines, community infras-
tructure, and accessibility needs. This is consistent with Booth et al. [3], who found that
older adults” acceptance is strongly tied to service relevance (e.g., proximity to essential
services). Our findings align with those of Siegfried et al. [32], who reported that familiarity
with automation increases older adults’ willingness to adopt the AS. Specifically, our study
showed that participants with prior exposure to ADAS or Tesla technologies expressed
greater comfort with and openness to the AS. Social comfort was also salient: i.e., partici-
pants compared AS rides to familiar systems (e.g., trams or having a chauffeur) and valued
the shared experience, which coincides with the findings of Dabelko-Schoeny et al. [33]. In
this study [33], the authors show that transportation innovations may reduce isolation only
when they are designed around older adults’ social participation and independence needs.

4.4. Observability and Community-Level Acceptance

7

Participants observed and suggested that bystander and other road users’ “irritation”
created barriers to AS acceptance, due to the AS’s slow operation. This finding aligns with
those of Hilgarter and Granig [2], who assert that the AS may create new risks in mixed
traffic due to the slow speed of the AS evoking frustration of other drivers who may be
stuck behind the AS. To address this, our participants called for social proof (i.e., priority
lanes, smoother integration of the AS into traffic) and outreach strategies (e.g., holding
educational showcases at recreation centers where experts explain the AS technology and
field questions) to normalize the AS technology. This suggestion parallels the call from
Booth et al. [3] for active community engagement in pilot deployments. Building on this,
Tan and Ho [34] caution against tokenizing older adults and people with disabilities in
promotional narratives. They underscore that observability needs to involve inclusive
communication and design, not just passive visibility.

4.5. Policy and Regulation as Prerequisites for Trust

Participants repeatedly mentioned that Liability and Insurance, and regulatory oversight
are critical for developing trust in the technology. In line with the findings of Siegfried
etal. [32], older adults desired a proven safety record of the AS, and dependable governance,
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e.g., clear government regulation and defined liability in case of accidents. Our data
demonstrated that regulation is not viewed abstractly but as a visible safeguard. For
example, requiring safety standards (i.e., seat belts, audible warnings prior to egress
of the AS) and infrastructure changes (i.e., priority lanes) may be visible examples of
safe regulatory strategies. Existing studies, likewise, suggested that policy clarity and
educational strategies are foundational for older adults” acceptance of the AS [8,35]. These
findings converge with Tan and Ho [34], who argue that governance should avoid conflating
older age with disability as a “homogeneous vulnerability” and instead create differentiated,
inclusive frameworks. This means that designers and planners need to recognize the wide
range of experiences and perceptions among older adults, as seen in this study. For instance,
a successful framework must serve both a tech-savvy participant who has driven a Tesla
before and another who is “leery” of automation; while also incorporating accessibility
features such as wider seats for larger individuals, or audible warnings for pedestrians
with low vision.

4.6. Future Expectations and Inevitability

Participants perceived AS acceptance and adoption as gradual but inevitable, likening
it to the diffusion of smartphones and online banking. Booth et al. [3] found a similar
narrative among riders, but our study adds nuance. That is, older adults articulated both
timeline realism (i.e., questioning how soon mainstream adoption would occur) and societal-
level benefits like environmental sustainability and the potential for the AS to provide
equitable transportation for those with limited mobility options. Tan and Ho [34] warn that
inevitability narratives risk masking, if not paired with partnering with older adults, via
participatory design. By situating acceptance within broader social transformations, our
findings call for a user-centered mobility system that balance technological optimism with
inclusive governance.

4.7. Synthesis of Findings and Unique Contribution

The research findings align with established literature regarding AS perception, partic-
ularly confirming that safety and trust are recurring barriers to the reliability and safety of
self-driving vehicles [2,8] among older adults. Skepticism, fear, and apprehension toward
the AS often exist initially due to a lack of familiarity [3]. The qualitative data gathered
in this study confirmed participants’ desire for proven safety of the AS in terms of its
performance and operations, as well as dependability and accuracy in its navigation and
responses to traffic conditions, before they would be willing to accept the AS. Therefore,
this study informs the existing literature, using surveys to detect participants’ perceptions
of the AS, by demonstrating that rider experience can significantly shift their perceptions of
the AS [3,32]. The findings reveal that a single ride often transformed initial apprehension
into conditional acceptance, a nuance that survey-only research may not capture.

Our findings align with previous research demonstrating that older adults’ perceptions
and potential use of AS are influenced by tiered and intersecting factors. Specifically,
Sangrar et al. [24] examined user and service provider perspectives, emphasizing that AS
must function as inclusive “feeder lines” to bridge the first-and-last mile gap between
homes and transit hubs. They found that service providers advocate for universal design
features, such as level boarding and kneeling functions. Providers also recommend the
continued presence of human attendants to provide travel training and ensure the safety
of older riders. While their research highlights the systemic and organizational barriers
to inclusive transportation, our analysis offers contextualized, lived insights regarding
the older adult’s internal experience. Our study utilizes the DOI framework to capture
the recalibration of user perception following direct exposure (Trialability). This exposure
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often transforms initial fear into conditional acceptance. These comparisons strengthen
the conclusion of this study by demonstrating that individual experiential learning is
indispensable for overcoming psychological complexity. Furthermore, these results deepen
the understanding of the technical and operational factors influencing older adults’ views
in real-world deployment contexts.

Perceptions involve anticipatory thoughts—related to safety, potential benefits, and
complexity, collected from pre-exposure discussions; as well as descriptive accounts detail-
ing the actual participant experience of riding the AS, assessed post-exposure. Acceptance
was explored as the older adults’ inclination, readiness, plans, or expressed intentions to
utilize AS services in the future. By focusing on these accounts pre- and post-exposure,
the research illustrates how the riding experience influenced these perceptions. Positive
experiences and perceptions of new AS technology are central to acceptance, as purported
via the DOI framework. Therefore, these qualitative findings provide a rich context for
the DOI attributes and support how positive perceptions (e.g., simplicity and usability of
technology) influence the reported likelihood of future technology use.

The study’s unique contribution and novelty stem from its core methodological ap-
proach: collecting qualitative data that represent pre- and post-exposure perceptions of
aging adults on the riding experience and potential acceptance of the AS. By moving be-
yond hypothetical, survey-based research, this method reveals that acceptance is not a static
construct but a dynamic process where direct exposure (Trialability) can fundamentally
transform initial apprehension into conditional acceptance. This method captures the
nuances of lived experiences that standardized quantitative methods often miss. Through
this approach, the study clarifies issues critical to older adults, such as physical comfort
(e.g., seating width) and comfort (e.g., feeling relaxed during the ride). The analysis utilized
a robust deductive-inductive coding process: deductive coding was grounded in the five
core principles of the DOI theory, while inductive coding allowed for the emergence of
contextual subthemes like Technology Unreadiness and Autonomous Shuttle Limitations. This
hybrid thematic analysis strengthens both the theoretical consistency, by using the DOI
framework, and contextual alignment by capturing participants’ perceptions.

4.8. Limitations

The study had limitations due to the nature of the data collected. It relied on secondary
data analysis, which was specifically formulated to address the research questions of the
parent study. Consequently, while broad demographic data were available for the parent
study sample (N = 240), detailed individual-level demographic profiles for the focus group
subsets were not utilized in this analysis. Moreover, the study had a limited geographic
scope, in that it included data from participants from three sites in Florida. While the
study provides deep analytic insight, it is important to recognize the socioeconomic and
cultural embeddedness of the sample. For example, their attitudes observed in this study,
such as the comparison of AS to “online banking” or “Tesla autopilot,” reflect a specific
level of technological literacy and economic stability. These findings may not be general-
izable to regions with different economic structures, such as emerging economies, where
transportation needs and cultural perceptions of automation may be shaped by different
societal priorities. Although the qualitative sample does not support broad statistical
generalization, the findings provide analytic insight into older adults’ perceptions within
similar AS deployment contexts. These results offer the depth and breadth necessary for
readers to determine transferability based on the rich contextual descriptions provided [36].
The participants’ experiences must be observed within the context of a pilot phase, where
the AS operated in restricted conditions, such as low speeds (<20 mph), predefined and
fixed routes (without the opportunity to provide flex routes), and the mandatory presence
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of a safety operator on board. This suggests that this study’s findings may not carry over to
reflect user perceptions in the future, as the AS’s operations may be very different from the
current regulatory and legislative systems’ demand.

4.9. Strengths

The strengths included recruiting an age-diverse older adult sample across multiple
communities in one state. The use of a hybrid thematic analysis provided depth and
theoretical consistency by coding experiences against the DOI framework while allowing
contextual details to emerge. The comparative lens (pre- vs. post-exposure) provided valu-
able contextual information, demonstrating how a single exposure modified participants’
expectations and future intentions regarding autonomous transport. Finally, the findings
were obtained from a collaborative community project, with an AS actually running in three
communities, and as such exceeds the current opinions derived from survey results only.

4.10. Implications

The insights generated from older adults’ lived experiences offer implications for
developing age-sensitive design, planning, and/or policy strategies for them to accept
the AS.

e  Age-Sensitive Design Strategies

To enhance the acceptance of AS, designers may actively respond to the physical and
operational feedback provided by older adult riders. Specifically, engineers may optimize
braking systems to eliminate “abrupt” and “jerky” stops. The perceived complexity of
the innovation can be reduced through a design that prioritizes usability and accessibil-
ity. Practical design modifications are necessary, such as ensuring physical comfort, as
participants noted that the “seats are too narrow,” though they believed these limitations
“can obviously be fixed.” To address this, manufacturers may increase seating width for
physical comfort for older adult riders. Also, to align the AS with riders’ needs, the system
requires an improved feedback mechanism, including the use of both “visual and audio
indicators” and a “display that shows your next stop ... like a train system.” Consequently,
developers may install high-contrast visual displays and synchronized audio indicators for
upcoming stop announcements. This focus on usability is supported by Tang et al. [37],
who suggested that user-friendly operation and stable performance in complex environ-
ments build technological trust and support acceptance. Furthermore, safety design must
be regulated, specifically addressing the sound of the vehicle, as a “blind person can’t hear
it and all of a sudden it arrives.” Designers may integrate external sound signals to alert
pedestrians with low vision of the shuttle’s approach.

e  Age-Sensitive Planning Strategies

Planning strategies may include prioritizing experiential learning and targeted out-
reach to mitigate the anxiety and lack of trust associated with Relinquishing Control. Specif-
ically, organizations may offer trial programs to provide the direct exposure necessary
to reduce rider anxiety. Since the lived experience of riding the AS provides a “richer
picture” of expectations compared to hypothetical surveys, planners may utilize controlled,
accessible trial programs. To build comprehension and comfort, planners may consider
implementing community engagement initiatives such as holding “showcases at recre-
ation centers with experts explaining everything” to address concerns about Technology
Unreadiness and the varying levels of automation. Planners may hold these educational
showcases at local recreation centers and senior libraries to target skeptical demographics
and individuals who do not own private cars. Technical experts may attend these events
to explain the different levels of automation and answer public questions. Furthermore,
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planners may utilize “social proof” by highlighting successful AS operations to encourage
community-wide acceptance. This proactive approach may normalize the acceptance of
the AS technology, just as the adoption of “online banking” is now “normal.”

e Age-Sensitive Policy Strategies

The acceptance of the AS is conditional upon addressing policy gaps related to legal
responsibility and regulation. Policy support and the visible role of the government are
essential to build public trust. One policy implication, for instance, is the need to establish
clear frameworks for Liability and Insurance concerns. Governments may establish clear
liability frameworks to define legal responsibility in the event of an accident. Stronger
regulations and infrastructure build public trust [37]. Policymakers may encourage accep-
tance among cost-sensitive residents by offering subsidies or fare discounts [37]. Beyond
economic incentives, addressing the legal ‘unknowns’ remains paramount; participants
emphasized that the unresolved question of “who’s responsible for an accident” constitutes
“a big issue.” This requirement for clear oversight is echoed by Mayas et al. [38], who
note that human factors and social acceptance are inextricably linked to legal regulations.
Policy intervention is also expected to mandate safety, as participants noted they would
“trust the system better, if regulated by the Government.” Regulatory bodies may provide
visible oversight to reassure the public that the technology is safely monitored. These
regulatory measures, alongside defined safety standards and requirements, are necessary
before large-scale deployment can be expected. Finally, local authorities may consider
designating priority lanes for AS to reduce frustration from other drivers.

4.11. Future Research

Future researchers may consider implementing longitudinal studies that track changes
in acceptance after repeated or long-term AS use. This will provide a deeper understanding
of the sustainability and generalizability of perceptions that may positively contribute to
acceptance. A well-designed mixed-methods study may bring the strength of combining
rich qualitative insights with quantitative measures to examine how perceptions of AS
influence acceptance. Of course, the researchers will also have to account for the rapid
evolution of technology, and may want to consider designs that include such fluidity.
Finally, future work may address policy-relevant exploration of necessary regulation,
clear liability definitions, and infrastructure enhancements required for age-sensitive AS
adoption. This exploration may include the implementation of ADA-compliant strategies
such as curbside level boarding, the installation of handrails, or audible notices to warn
low vision road users that an electric vehicle is approaching.

5. Conclusions

This study explored the lived experiences of older adults who rode an AS to under-
stand how pre- and post-exposure perceptions inform acceptance within the DOI frame-
work. The findings reveal that the formation of acceptance intentions is a dynamic and
conditional process, critically shaped by the riders’ firsthand experiences. The Trialability
factor was influential in shaping these intentions; direct exposure to the AS transformed
perceptions by reducing fears related to Complexity and replacing apprehension with fa-
miliarity and comfort. While participants recognized the clear Relative Advantage of AS in
enhancing mobility, independence, and safety, their willingness to accept the technology
was contingent upon addressing its current limitations, such as technological immaturity,
slow speed, and abrupt braking. Furthermore, acceptance is dependent on Compatibil-
ity. This principle requires the AS to integrate seamlessly into personal lifestyles and
community infrastructure. Emergent themes also underscored that trust is predicated on
establishing clear AS Regulations regarding safety standards and liability. Observability
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indicated that community-level challenges exist, which included negative reactions from
other drivers, which may be managed through public outreach and education.

Ultimately, this research demonstrates that for older adults, the transition from cau-
tious curiosity to genuine acceptance of AS depends less on its hypothetical promise and
more on the proven performance of the AS technology, as well as thoughtful integration of
the AS into their daily lives, with the establishment of a robust regulatory framework that
ensures public trust.
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The following abbreviations are used in this manuscript:

ADA Americans with Disabilities Act
ADAS  Advanced Driver Assistance Systems

AS Autonomous shuttle

AV Autonomous vehicle

DOI Diffusion of Innovations

GPS Global Positioning System

SAE Society of Automotive Engineers
Appendix A

The Autonomous Ride Sharing Shuttle Focus Group Guide outlines a two-part
methodology—Pre-Ride and Post-Ride—designed to gather confidential insights for the
Florida Department of Transportation’s Safe Mobility for Life Program. The Pre-Ride phase
provides background, explaining the five levels of autonomous driving and clarifying that
the study utilizes a Level 4 (High Driving Automation) shuttle, followed by discussions
on initial perceptions, potential benefits, concerns, and policy regulation. The Post-Ride
phase shifts focus to user experience, assessing comfort while riding, how perceptions of
AS changed after the ride, willingness to use the AS as a primary transport option, and
further suggestions regarding safety features and policy.
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Focus Group Guide-Autonomous Ride Sharing Shuttles (Pre-Ride)
General Guidance

e  Ensure that participants are greeted upon entry.

e  Program to be led by facilitating the focus group and taking notes {notes to highlight
salient initial themes and quotes, participant mood, participant body language, group
dynamic, seating chart}.

e  Use additional probes where appropriate to follow up interesting lines of inquiry.

o  Effectively manage group dynamics to ensure a range of viewpoints expressed and all
participants feel heard.

[

Welcome. I am from the University of Florida. I will be leading this focus group today.

WELCOME & INTRODUCTION/PROGRAM ORIENTATION

] is also from the University of Florida and will be recording the discussion and taking notes.

Thank you for coming-we know that there are many options for how to spend your time and that everyone is
busy. We greatly appreciate your willingness to come in and share your time and insights with us today.

Today we will be asking you about your current opinions about autonomous ride sharing services. What you
share with us today will be given to the Florida Department of Transportation’s Safe Mobility for Life Program.
This program hopes to use this information to create educational materials and gain a better understanding of
how you feel about using autonomous ride sharing services as a transportation option.

We will be recording today’s discussion. Although we will be recording, any names or personal information will
be removed before it is shared with the Florida Department of Transportation. This means everything you say
today is confidential, so feel free to express your thoughts openly.

Our discussion today will last around 45 min. In addition, if for any reason you are not comfortable, you may
leave at any time.

We want to hear from each of you during today’s focus group, and it’s helpful for you to talk to each other rather
than to me. I will start each discussion with a question, but I will let you share your thoughts, ideas, and
experiences after that. I may jump in from time to time to keep us on track or to bring up an issue that we have
not discussed yet. You should feel free to disagree with what others have said or give a different opinion. There
are no right or wrong answers to these questions; the more ideas we hear, the more information we have to work
with. Your opinions and beliefs matter. As such, please maintain a respectful exchange of dialogue by not
speaking over others.

Finally, I want to express our thanks again to each of you for making time to be here with us today. Understanding
the needs and preferences of [insert location] community is very important and this input is invaluable to us.
With that, we will start our discussion with brief introductions.

Questions Probes * & Supporting Notes Goal/Objective

* Please note that probes are potential questions to further guide conversation/understanding as needed; as a result,
not all probes may be asked in all instances; additionally, a facilitator may follow additional/novel areas of inquiry in

response to participant feedback
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Introduction & Warm-Up

1.  Let’s start by introducing
ourselves. Please tell us your
name, your age, who lives with
you in your home, and what
your favorite thing to do in
[insert location] is?

I will start, and then we can go

Increase the comfort within the
group.

Preliminary understanding of who
the group members are/how they
spend their time

around the group.

Perception and Opinions

Before we start, I would like to first give some brief background information as to what autonomous vehicles are. By
definition, an autonomous vehicle is a vehicle that can see its environment and operate without human involvement.
A human passenger is not required to take control of the vehicle at any time, and is not required to be present in the
vehicle at all. There are 5 levels of autonomous driving, and you may already even recognize or use some of these
features in your everyday life:

e Level 1: Driver’s Assistance- This is the lowest level of automation. Cars in this level can have features like cruise
control, steering assistance (i.e., lane centering), and braking assistance.

e  Level 2: Partial Driving Automation- This applies to cars with advanced driving assistance systems, meaning that
they can control the acceleration, steering, and braking in specific situations, but still needs a human driver to
monitor and take control of events at any time.

e Level 3: Conditional Driving Automation- Vehicles in this level are similar to Level 2, but have added detection
capabilities for its monitoring its surroundings and informed decision-making abilities (i.e., speeding past a slow
car). Human drivers are still needed to take control of events at any time.

e  Level 4: High Driving Automation- Cars in this level are programmed to intervene if things go wrong or there is a
system failure. This means that they do not necessarily require any human interventions, although they can still
manually override things as needed.

e Level 5: Full Driving Automation- Vehicles in this level can drive themselves anywhere in all conditions without
human interactions. The only human involvement that these cars require would be to set a destination.

The vehicle you will be riding today is an autonomous ride-sharing shuttle is currently a Level 4: High Driving
Automation, meaning the vehicle can drive itself with little to no human intervention within a designated and
predetermined area. During today’s drive, the autonomous shuttle will have an individual in the vehicle that is
overseeing the vehicle’s operations and can override it at any time to ensure optimal safety.

Next, we will watch a short video, to give you more information about the autonomous shuttle that you will be riding
today. [Play Video: https:/ /ridebeep.com/]

Probe:

e  What do you know about
auto‘nor;wuiishtitt.les l;<e th? Understand what participants
one in the video? 1.e., Does it know /think about autonomous
shuttles.

Understand what gaps may need to

2. After learning a bit more about have a good/bad reputation?

autonomous shuttles just now, what | ¢  Where do your perspectives

are your initial thoughts? ?
y & come from? Do you have any be closed to using and understanding

ersonal experiences riding on
p p & autonomous shuttles.

an autonomous shuttle? Do you
have friends that have?
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3a. What do you think are some
potential benefits in using an
autonomous shuttle?

3b. What are some concerns you have
in riding in an autonomous shuttle?

Probe:

e How do you see autonomous
shuttles making your life easier?

e  How do you feel autonomous
shuttles could be used to benefit
the community?

O Additional probe: Do
you feel like autonomous
shuttle could improve
community mobility?
How so?

e  What are your hesitations or
barriers to using autonomous
shuttles?

Identify areas that autonomous
shuttles are doing well in.
Understand areas of improvement
and how to facilitate increased
engagement.

4. Do you think that policymakers,
lobbyists, and government should

Probe:

e Do you think an operator/driver
should be present in the shuttle if

Identify areas of advocacy for
autonomous shuttles on the policy

6. How do you think autonomous
shuttles can impact your health in the
short- and long-term?

e  How can autonomous shuttles
be utilized in the case of a
medical emergency?

regulate autonomous shuttles? the vehicle can drive and operate on | Jevel,
its own?
Safety
5. What factors would cause you to Understand factors for AV use over
use an autonomous shuttle/vehicle traditional transportation and
instead of your personal vehicle? personal vehicle use.
Probe:

Understand the potential roles of
autonomous vehicles in driver safety.

7. What safety features would you
like to see implemented into
autonomous shuttles?

Probe:

e  What would help make you feel
comfortable when riding an
autonomous shuttle?

O Additional probe: If
participants do not have
any ideas of what these
features would like,
suggest ones from the list
above (i.e., steering
assistance, braking
control, etc.).

Identify areas of growth in terms of
safety.

8. Do you have any other thoughts
you would like to share?

Open-ended, participant-driven
dialog

Identify anything participants think
is important that we might

have missed?
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Closing

Thank you. Your answers and discussion have been very helpful and informative.
We are very grateful for the information you have provided. If you have any additional
thoughts/comments, you didn’t get a chance to share or didn’t get a chance to share or
that you didn’t feel comfortable sharing today, please feel free to meet with any of them the
staff on your way out. We would also be pleased to schedule a time to follow up with you
by phone if preferred.

[Staff note: when probing areas of interest, be sure to ask, “If anyone feels differently.”
It's important that all participants be heard and that we capture minority as well as
majority opinions]

Focus Group Guide-Autonomous Vehicles (Post-Ride)
General Guidance

e  Ensure that participants are greeted upon entry.

e  Program to be led by facilitating the focus group and taking notes {notes to highlight
salient initial themes and quotes, participant mood, participant body language, group
dynamic, seating chart}.

e  Use additional probes where appropriate to follow up interesting lines of inquiry.

e  Effectively manage group dynamics to ensure a range of viewpoints expressed, and
all participants feel heard.

WELCOME & INTRODUCTION/PROGRAM ORIENTATION

Welcome. I am from the University of Florida. I will be leading this focus group today.

[ ] is also from the University of Florida and will be recording the discussion and taking notes.

e  We are glad to have you back. We hope that everyone has enjoyed their experience riding the autonomous shuttle.

e  Now that you have experienced riding the autonomous shuttle, we would like to discuss how your opinions and
viewpoints have changed. As residents [insert location], you are the experts here today! The information you
share with us will help us provide invaluable information to the Florida Department of Transportation’s Safe
Mobility for Life Program.

e  We will be recording today’s discussion. Although we will be recording, any names or personal information will
be removed before it is shared with the Florida Department of Transportation. This means everything you say
today is confidential, so feel free to express your thoughts openly. Our discussion today will last around 45 min.
In addition, if for any reason you are not comfortable, you may leave at any time.

e  We want to hear from each of you during today’s focus group, and it’s helpful for you to talk to each other rather
than to me. I will start each discussion with a question, but I will let you share your thoughts, ideas, and
experiences after that. I may jump in from time to time to keep us on track or to bring up an issue that we have
not discussed yet. You should feel free to disagree with what others have said or give a different opinion. There
are no right or wrong answers to these questions; the more ideas we hear, the more information we have to work
with. Your opinions and beliefs matter. As such, please maintain a respectful exchange of dialogue by not
speaking over others.

e  Finally, I want to express our thanks again to each of you for making time to be here with us today.
Understanding your community’s needs and preferences is very important, and your input is invaluable to us.

e  With that, we will start our discussion.
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Questions

Probes * & Supporting Notes

Goal/Objective

response to participant feedback

* Please note that probes are potential questions to further guide conversation/understanding as needed; as a result,
not all probes may be asked in all instances; additionally, a facilitator may follow additional/novel areas of inquiry in

Perception and Opinions

1. What were your initial reactions
when you first saw the autonomous
shuttle?

Probe:

e  What were physical features of
the autonomous shuttle that you
liked or dislike?

e  Was it what you were expecting?
Were there any things that
surprised you?

Gage initial reactions.

2. How did you feel while riding the
autonomous shuttle?

Probe:

e  What were some things that you
liked? Disliked?

e Did you feel comfortable while
riding? Why or why not?

e  Would you ride the autonomous
shuttle again on your own,
outside of the study?

Understand user ride experiences.

3. Did your perception of
autonomous shuttles change? If so,
in what ways? If not, why?

Probe:

e How did you feel about
autonomous shuttles before?
Where did these perceptions
come from?

Understand participants’
comfortability and adoption levels
toward autonomous shuttles.

4. What are your thoughts on using
autonomous shuttles as a
transportation option?

Probe:

e  What are some things that
would increase the likelihood of
you using autonomous shuttles
as a transportation option?

Understand participant’s willingness
to use AV shuttles as a main mode of
transportation.

Safety

5. After riding the autonomous

shuttle, are there any additional
benefits that you think they can
provide in terms of your health?

Probe:

e  Could you see yourself using
autonomous shuttles to go to
and from appointments,
pre-/post-op, etc.?

e  How could the use of the
autonomous shuttle affect your
personal mobility?

Understand the potential roles of
autonomous shuttles in healthcare.
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6. After riding the autonomous
shuttle, are there any additional
features would you like to see
implemented into autonomous
vehicles?

Probe:

e  What would help make you feel
comfortable when riding an
autonomous shuttle?

e How did the autonomous
shuttle handle driver tasks? Are
there things that it could have
done better?

Identify areas of growth in terms of
safety.

7. After riding the autonomous
shuttle, do you think that
policymakers, lobbyists, and
government should regulate and
create policies for autonomous
shuttles?

Probe:

e Do you think an operator/driver
should be present in the shuttle
if the vehicle can drive and
operate on its own?

Identify areas of advocacy for
autonomous shuttles on the policy
level.

8. Do you have any other thoughts
you would like to share?

Open-ended, participant-driven
dialog

Identify anything participants think
is important that we might

have missed?

Closing

We at the University of Florida and the Florida Department of Transportation Safe

Mobility for Life Program would like to thank you for your time. Your answers and

discussion have been very helpful and informative. We are very grateful for the information

you have provided. If you have any additional thoughts/comments, you didn’t get a chance

to share or didn’t get a chance to share or that you didn’t feel comfortable sharing today,

please feel free to meet with any of them the staff on your way out. We would also be

pleased to schedule a time to follow up with you by phone if preferred.

[Staff note: when probing areas of interest, be sure to ask, “If anyone feels differently.”

It's important that all participants be heard and that we capture minority as well as

majority opinions]
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