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Abstract: The integration of autonomous buses (ABs) in Japan offers a solution to the challenges
posed by an aging society, promoting safe and convenient transportation for older adults. In Ibaraki,
Japan, AB adoption exemplifies forward-thinking infrastructure development, addressing residents’
needs through partnerships and innovation. Positive perceptions, especially among females in their
60s and 70s, highlight ABs’ role in enhancing safety and trust. This study, based on our interviews
in Sakai Town, underscores ABs’ significance in meeting practical needs, while fostering social
inclusion. Despite challenges like technology and cost, collaborative efforts and policy interventions
can maximize ABs’ potential, ensuring equal access to services and paving the way for a sustainable
and inclusive transportation future, benefiting both aging populations and communities.
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1. Introduction

The past decade has witnessed remarkable strides in artificial intelligence (Al), catalyz-
ing significant advancements in driverless driving technologies. Concurrently, a societal
shift towards sustainability, propelled by emerging technologies and innovation, is reshap-
ing the competitive landscape. Notably, emerging mobility services, spanning from Level 0
to Level 5 vehicle autonomy, have captured widespread attention [1]. Media coverage has
highlighted industry leaders’ vigorous efforts, such as Google, showcasing autonomous
vehicles on public streets, driving increased attention and substantial investments. Cau-
tiously optimistic researchers point to reports suggesting autonomous vehicles contribute
to smoother traffic flows and potentially significant reductions in fatal accidents [2—4].
From an ecological standpoint, the technical attributes of autonomous vehicles, including
enhanced fuel economy, reduced traffic congestion, and diminished parking infrastructure
needs, hold promise for lowering energy consumption and related emissions [5].

Adapting to these trends necessitates a fundamental shift in how companies, local
governments, and countries conceptualize products, technologies, processes, and designs
essential for thriving business operations. The resilience displayed through innovative
thinking is poised to play a pivotal role in overcoming recent pandemic challenges. Conse-
quently, there has been intensified industry focus on developing autonomous technologies,
exemplified by innovations like Waymo and Chevy Cruise autonomous vehicles, which
signal a significant leap forward in fully autonomous operation. Moreover, these technolo-
gies stand to introduce new business models, such as car-sharing services, contributing to
mitigating traffic congestion [6].

In parallel, Japan’s aging population and shrinking society present unique challenges
that autonomous buses can help address. With Japan projected to have a population be-
low 100 million by 2050, according to the “National Spatial Strategy 2050” crafted by the
Ministry of Land, Infrastructure, Transport, and Tourism, the country faces a shrinking
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workforce and escalating demand for elderly care services. Autonomous buses (ABs) offer
a reliable transportation option for older adults with limited mobility or requiring assis-
tance [7,8]. Additionally, many rural areas in Japan are grappling with population decline,
as younger generations migrate to urban centers for better opportunities, leaving elderly
residents with limited access to transportation and essential services. Autonomous vehicles
offer a solution by providing cost-effective and efficient transportation [7], connecting rural
communities with urban centers and vital services such as healthcare and groceries. Despite
Japan’s renowned public transportation network, certain rural and suburban areas may
have limited access, especially for older adults facing mobility challenges. Autonomous
buses (ABs) can complement existing services by offering flexible and on-demand trans-
portation options tailored to the needs of older adults and vulnerable populations [9].
Moreover, like many nations, Japan struggles with recruiting and retaining bus drivers,
particularly in rural areas where the population is aging and shrinking. ABs offer a viable
solution by eliminating the need for human drivers, reducing operating costs, and ensuring
reliable transportation, even in regions where finding qualified drivers is challenging [10].
Social isolation among older adults, particularly in rural areas, is a growing concern. Au-
tonomous buses can help to alleviate this issue by providing transportation options that
enable older adults to engage in social activities, attend community events, and maintain
connections with friends and family [7]. Addressing these challenges, ABs significantly
contribute to Japan’s aging and contracting society, ensuring elderly individuals can access
safe, dependable, and inclusive transportation options that foster independence, social
interaction, and overall well-being. Legislative amendments such as those in Japan’s Road
Traffic Act reflect a growing recognition of the importance of accommodating the needs of
older citizens. Despite some localized initiatives, the ever-increasing optimism surrounding
autonomous driving technology offers a promising avenue to address mobility challenges
for older individuals in rural areas, often termed the “Mobility Poor.”

With increasing awareness of the environmental impact of traditional combustion
vehicles, there is a global shift towards electric automobiles. In this context, ABs play
a pivotal role [7] in potentially mitigating greenhouse gas emissions, air pollution, and
vehicular noise. Transitioning to automated buses and taxis in more confined modes could
enhance productivity and reduce subsidies [11]. Particularly, small-capacity ABs without
drivers could provide cost-effective alternatives for regional bus operations, addressing the
cost challenges of low-volume transit routes [8].

Early adopters of emerging mobility services are poised to significantly contribute to
developing a sustainable society, setting high standards for competitors. A global trend
toward an aging society underscores the urgency to substantially enhance productivity to
sustain GDP. Our study, drawing insights from interviews with residents and operators
of autonomous bus operations, carries implications for aging societies beyond Japan. We
delve into the history of emerging mobility in Japan, present a case study of autonomous
bus operations, and conclude with implications derived from our findings.

2. Literature Review
2.1. Consumer Acceptance of Autonomous Buses

The shift towards electric vehicles and ABs aligns with global efforts to mitigate envi-
ronmental impacts associated with traditional combustion vehicles. Electric automobiles
are anticipated to contribute significantly to reducing worldwide CO, emissions, leading to
reduced reliance on carbon-constrained energy sources [12]. ABs, in addition to potentially
lowering greenhouse gas emissions, air pollution, and vehicular noise, offer compelling
advantages in this regard. However, public acceptance remains a critical factor in the
successful integration of autonomous technologies into mainstream transportation systems.
Studies indicate widespread apprehension among consumers about riding in automated
cars, with attitudinal and emotional barriers often outweighing technological concerns [13].
Closing the perception-reality gap is identified as pivotal in fostering passenger acceptance
towards autonomous vehicles.
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2.2. Exploring Autonomous Mobility from the Consumer Perspective

Various theoretical frameworks have been proposed to explain public acceptance
of emerging mobility services, yet psychological determinants remain poorly
understood [14,15]. Earlier studies predominantly relied on hypothetical scenarios rather
than real-world experiences, limiting insights into actual passenger acceptance of driverless
concepts [16,17]. Recent studies, however, have focused on passengers who have experi-
enced autonomous vehicles firsthand, providing more realistic perspectives on consumer
acceptance [14,15,18].

The importance of providing passengers with direct experiences of emerging tech-
nology is evident, as it can mitigate anxiety and increase consumer acceptance. However,
the impact of such experiences, whether positive or negative, on overall acceptability re-
quires further exploration [19]. This study’s strength lies in evaluating respondents’ direct
experiences with ABs, allowing for a nuanced understanding of factors influencing future
acceptance. A pre-test—post-test design will facilitate a comprehensive assessment of these
factors, contributing to a deeper understanding of consumer attitudes towards ABs.

2.3. Evolution of Technology in Japan

Autonomous vehicles are classified into the following two categories based on their
reliance on infrastructure: infrastructure-based autonomous vehicles and infrastructure-less
autonomous vehicles [20]. In Japan, the development of autonomous cars has progressed
alongside infrastructure-based models, which depend on physical infrastructure such as
roads, traffic signals, and mapping systems for operation. According to Kamata [21], Japan’s
exploration of autonomous driving dates back to the 1970s, with research and experiments
conducted at institutions like the Institute of Industrial Science and Technology under
the Ministry of International Trade and Industry. Notably, in 1977, a vehicle equipped
with a camera capable of recognizing white lines marked a milestone in intelligent vehicle
technology. Subsequent advancements included experiments with magnetic guidance
systems in the 1990s and a demonstration of automated convoy driving on the Joshinetsu
Expressway in 1996. In the late 1990s, Toyota introduced the Intelligent Multi-mode Transit
System (IMTS), a convoy system designed to alleviate traffic congestion and provide
accessible transportation for senior citizens [22]. Despite its aim to enhance mobility for
seniors, IMTS operations were discontinued due to the high costs and logistical challenges
associated with the nationwide deployment of infrastructure-based systems.

In contrast, since 2010, autonomous technology has gained prominence in Japan. This
shift was catalyzed by events like the U.S. Defense Advanced Research Projects Agency
(DARPA) organizing contests in the early 2000s, such as the Grand Challenge and Urban
Challenge, which focused on crewless autonomous vehicles for military purposes. Addi-
tionally, Google’s development and testing of the self-driving Google Car in 2012 further
propelled interest in autonomous technology. However, during this period, the integration
of expensive LiDAR sensors into vehicles, costing over twice the vehicle’s price, hindered
its widespread adoption [23], with emphasis placed more on demonstrations than practical
implementation. The ongoing discourse in Japan centers on determining the superiority
between infrastructure-based and infrastructure-less autonomy in achieving autonomous
driving. Recently, cost-effective automation has been considered by synergizing both ap-
proaches, particularly in scenarios where vehicles follow predetermined routes, such as
regular bus or truck services, suggesting that targeted infrastructure coordination could
offer a viable solution.

2.4. Key Technologies for Autonomous Buses

Advancements in perception, motion planning, chassis execution, and integrating
Internet of Vehicles (IoV) are pivotal for shaping the future of ABs and autonomous trans-
portation. Perception systems, utilizing LiDAR, radar, cameras, and GPS sensors, allow
ABs to accurately interpret their surroundings [24]. Motion planning algorithms analyze
real-time data to generate optimal routes, respond dynamically to changing conditions,
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and enhance safety [25,26]. Chassis execution, integrating actuators and control systems,
ensures precise maneuvers, contributing to passenger comfort and confidence [27]. The
integration of IoV facilitates real-time data exchange and communication between vehicles
and infrastructure, optimizing traffic and enhancing safety features [28]. These technologies
collectively revolutionize public transportation, offering efficient, safe, and sustainable
mobility solutions for urban environments and shaping the future of autonomous trans-
portation ecosystems.

3. Case Study

ABs offer a transformative solution to the multifaceted challenges posed by aging
societies [7], particularly exemplified in shrinking, aging populations. As Japan grapples
with its aging population’s significant economic, social, and healthcare burdens, innovative
transportation solutions like ABs emerge as crucial tools in promoting healthy aging and
sustainable reforms. However, determining ABs’ potential hinges on overcoming several
hurdles, including technological barriers, financial constraints, regulatory uncertainties, and
social acceptance issues. Addressing these challenges is paramount to ensuring equitable
access to transportation services for individuals of all ages and abilities, fostering inclusive
and age-friendly communities worldwide. Through a comprehensive examination of the
benefits and challenges associated with AB integration, this study seeks to shed light on the
transformative potential of autonomous transportation solutions in addressing the complex
needs of aging populations and promoting sustainable mobility solutions globally.

3.1. Sakai Town, Ibaraki Prefecture
3.1.1. Demographic Challenges in an Aging Society

Japan’s aging population presents significant economic, social, and healthcare chal-
lenges, including strains on public finances, labor shortages, and healthcare infrastruc-
ture [29]. By 2040, a projected worker deficit of 11 million underscores the urgency for
measures like the 2018 Guidelines for the Aging Society to enhance participation among
older workers. Japan’s declining birth rate, reaching a record low in 2022, compounds de-
mographic pressures, impacting social security systems reliant on a shrinking workforce to
support a growing retired cohort. The resulting demographic crisis manifests in economic
strains, labor scarcities, and healthcare system pressures, necessitating comprehensive
strategies to promote healthy aging and sustainable reforms.

Autonomous buses present a transformative solution to the challenges of an aging
society in Sakai Town. By providing safe, accessible, and convenient transportation options,
these vehicles empower older adults to maintain independence and engage in essential
activities like healthcare appointments and social interactions. With advanced safety fea-
tures and reduced reliance on traditional driving, autonomous buses mitigate the risks
associated with aging-related mobility limitations, ensuring enhanced safety for older pas-
sengers. Moreover, their increased accessibility and potential to accommodate individuals
with mobility challenges promote inclusivity and equal access to transportation services.
Ultimately, autonomous transportation addresses practical needs, fosters social inclusion,
and enhances the overall quality of life for older adults.

3.1.2. The Advent of Autonomous Buses in Sakai Town

Situated near the borders of Chiba, Saitama, and Gunma prefectures, Sakai Town lacks
a railway station and faces challenges in transportation infrastructure development. In
response, the town initiated autonomous driving in 2019 to address various challenges [30],
as follows:

e  Population Decline and Aging—shrinking and aging demographics led to corporate
withdrawals and increased vacant properties.

e  Vulnerability of Public Transportation—inadequate public transportation hindered
elderly individuals from surrendering their driving licenses and limited travel options
for young residents.
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The town mayor learned about autonomous driving buses through media cover-
age in November 2019 and subsequently met with SoftBank Drive’s president to explore
autonomous driving services [31]. Following budget approval by the town council in
January 2020, the town introduced three autonomous buses manufactured by NAVYA,
Villeurbanne, France. These buses utilized cutting-edge autonomous vehicle operation
management platforms developed by SoftBank subsidiaries, Tokyo, Japan. Positive feed-
back from residents during test rides prompted the town to request approval from the
Minister of Economy, Trade, and Industry to operate autonomous buses on public roads.
Operations commenced in November 2020, initially servicing a 5 km route connecting key
locations in the town center.

The success of the initial operation led to the expansion of autonomous bus services
to include routes connecting medical facilities, post offices, schools, banks, and other
destinations within the town. Additional bus stops were added in December 2021 to
improve accessibility, and demonstrations of autonomous bus use for elementary school
students” commuting began in February 2021 [32]. With the relaxation of regulations in
April 2021, level 4 autonomous driving became possible, further enhancing operational
capabilities. The town now operates a fleet of autonomous buses, providing safe and
efficient transportation to residents, while contributing to the overall development and
sustainability of Sakai Town.

3.1.3. The Leadership

In the town of Sakai, leadership took center stage when Mr. Hashimoto assumed the
role of mayor in 2014. At that time, Sakai Town faced the daunting challenge of significant
debt, a common struggle among rural municipalities in Japan. Despite its location in
the southern part of Ibaraki Prefecture, boasting a population of approximately 24,000,
Sakai Town found itself burdened with a local debt of about JPY 17.2 billion in 2013,
ranking it as the 29th most indebted municipality in the country [33]. Mayor Hashimoto’s
leadership epitomized a shift towards self-sufficiency and strategic thinking in municipal
governance. For example, by spearheading initiatives like Furusato Nozei and leveraging
innovative projects for economic growth, Sakai Town aimed to thrive independently and
contribute to the collective advancement of Japan’s municipalities [34]. Sakai Town has
embraced a distinctive operational approach that Hashimoto calls the Sakai Town Model,
where the goal is to avoid creating a business reliant on taxes for maintenance. Over three
years, the town secured JPY 150 million from the Cabinet Office’s “Regional Revitalization
Promotion Subsidy” and the Ministry of Land, Infrastructure, Transport and Tourism’s
“Demonstration Project Using Big Data”.

According to the Cabinet Secretariat in Japan [35], the allocated budget for implement-
ing three autonomous driving buses over five years totals JPY 520 million. Nonetheless,
within a year and a half of commencement, the collective economic impact surges to JPY
850 million, equivalent to USD 5.67 million (calculated at JPY 150 per US dollar). The
breakdown delineates direct effects, such as government subsidies and donations, consti-
tuting 61% of the overall impact, with indirect effects—encompassing advertising benefits
and heightened consumption—comprising the remaining 39%. Many local governments
in Japan may manage and operate facilities directly, using taxpayer money to cover the
associated costs [33]. Sakai Town’s model is a commendable example for small towns due to
its innovative facility management approach. Unlike many local governments in Japan that
rely solely on taxpayer funds to operate facilities, Sakai Town adopts a more sustainable
strategy. By leveraging government subsidies and hometown tax contributions, Sakai Town
constructs facilities and delegates their operation to service providers. Moreover, the town
collects facility usage fees, aligning its approach with the principles commonly observed
in private enterprises. This model ensures the efficient use of resources and promotes
self-sufficiency and fiscal responsibility, making it an exemplary model for small towns
striving for sustainability and economic viability.
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The concern of budget limitations in the future arises when considering the potential
replication of Sakai Town'’s strategy by many other towns. While Sakai Town has demon-
strated remarkable success in revitalizing its economy and managing facilities through
innovative approaches like Furusato Nozei [34] and leveraging government subsidies,
scalability and sustainability are looming questions [33]. With the success of Sakai Town’s
initiatives, other municipalities might be tempted to adopt similar strategies to address
their financial challenges. However, the allocated budget for implementing such initiatives,
like autonomous driving buses, might strain the resources of smaller towns, especially if
they face similar financial burdens, as Sakai initially did. Moreover, while Sakai Town has
managed to generate significant economic impact from its initiatives, there is a risk that
other towns may not achieve the same level of success, due to differences in local condi-
tions, population size, or economic dynamics. This could result in financial strain if towns
invest heavily in projects without seeing comparable returns. Furthermore, the reliance
on government subsidies and donations, as seen in Sakai’s model, may not be long-term,
especially if there is uncertainty about future funding or if other towns also compete for
the same resources. In essence, while Sakai Town’s approach serves as a commendable
example for small towns striving for sustainability and economic viability, there is a need
for careful consideration of budget limitations and potential challenges in replicating such
strategies on a larger scale. Local governments should assess their financial capacities and
the feasibility of implementing similar initiatives before embarking on such endeavors.

3.1.4. Social Acceptance

Social acceptance of autonomous driving is a significant theme for regions in Japan [36].
Without a driver, the responsibility for accidents may fall on operators or system developers.
While safety concerns might have been voiced, holding test ride events for residents
gradually dispelled negative opinions [37]. Even in limited areas, thorough explanations
and understanding by residents are indispensable and it takes time for a region to accept
such a technology. In support of social acceptance, Chinen et al. [38] conducted a pre-
test/post-test-designed study on autonomous buses operated in a closed environment.
Their findings indicate that passenger attitudes, perceived benefits, and anxiety significantly
influence the willingness to use emerging mobility services before and after ride experiences.
The study highlights that passengers who find emerging mobility services less intimidating
tend to perceive their benefits more readily, increasing their willingness to use such services.
Additionally, initial skepticism tends to diminish after passengers experience the services
firsthand, leading to greater support for them. The study also underscores the importance of
early adopters in the diffusion of autonomous technologies, as they are pivotal in embracing
and promoting innovative ideas. Those who consider themselves early adopters of new
technology tend to view semi-autonomous buses positively and are more willing to use
emerging mobility services.

NHK [39] summarizes that the key to the safe operation of public transportation
running on public roads lies in the understanding of the residents. To gain social acceptance,
the autonomous driving bus is operated at a low speed of 20 km per hour and stops when
it detects obstacles, addressing concerns about congestion. In the town, efforts have been
made to secure passing spaces at bus stops and designated areas along the route and
awareness campaigns have been conducted to discourage roadside parking and seek
understanding. In the report [39], an elderly user made the following comment: “at first,
there were concerns, but now I'm not worried anymore. People who have surrendered
their licenses use the bus to go to places like hospitals and cafes, and I, too, will use it
for our senior citizens’ group. It’s a bit slow, but safety is crucial”. There have been no
accidents during autonomous driving and over 17,000 people have utilized the service
since the service began. Masahiro Hashimoto, Mayor of Sakai Town, Ibaraki Prefecture
made the following statement: “Our town has no train station, and it was a town where
even if you wanted to surrender your license due to aging, you couldn’t. The concern about
whether we could continue living here was greater than the fear of accidents caused by
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autonomous vehicles. By operating at Level 4 in this town, I have high expectations that it
will expand nationwide”.

3.1.5. Voices of Residents in Sakai Town

In Sakai Town, where regulations on autonomous driving have eased, including the
nationwide standardization of autonomous driving license acquisition and reductions
in required assistant personnel, the expectation is for fully crewless operations by 2023.
Despite these regulatory relaxations, ABs in Sakai Town have maintained an impressive
record of nearly accident-free operations. To gain deeper insights into the perceptions
of safety and trustworthiness regarding autonomous buses among Sakai Town residents,
we conducted interviews with a sample of 24 participants in January and February 2024.
During these interviews, participants rated autonomous buses on a scale of 0 to 100, where
100 indicates a high level of safety and complete trust. Additionally, participants were
asked about their beliefs regarding the potential for autonomous buses to reduce traffic
accidents, rating their agreement on a scale of 0 to 100, with 100 indicating complete
agreement with the notion that autonomous buses, operating without human intervention,
could lead to a decrease in traffic accidents. Initially, we considered gathering quantitative
data from the community. However, we were concerned that many elderly individuals
might be hesitant to respond to survey questionnaires, potentially impacting the data’s
accuracy and completeness. Overcoming these challenges and devising innovative methods
to collect reliable data from diverse demographic groups was essential for conducting
comprehensive and representative productivity studies. Consequently, we chose to conduct
interviews as an alternative approach. We utilized a semi-structured interview guide to
conduct interviews at both exhibitions. These interviews were conducted with individuals,
pairs, and small groups, depending on the number of attendees at any given time and
whether they arrived at the bus stop. The data collected from these interviews provide
valuable insights into the perceptions and attitudes of Sakai Town residents towards
autonomous buses. It sheds light on their level of confidence in the safety of autonomous
technologies and their expectations regarding the impact of autonomous buses on traffic
safety. These findings contribute to a broader understanding of public sentiment towards
autonomous transportation technologies in the context of evolving regulatory frameworks
and technological advancements.

Table 1 provides a summary of our survey results. We did not observe a statistical
difference between males and females regarding safety concerns and trust in autonomous
buses. Although the sample size in our study was small, females perceived that autonomous
buses would contribute to a decrease in traffic accidents (mean difference = 13.00, t = 2.061,
df = 22, p < 0.05). Overall, participants perceive autonomous buses as safe, with most
ratings falling between 70 and 100 on the safety scale. The highest safety ratings were
given by females in their 60s and 70s, with scores of 100. However, there is some variability
in perceptions, as indicated by the range of safety ratings across different individuals.
Similarly, there is a generally high level of trust in autonomous buses among participants,
with ratings mostly falling between 50 and 100 on the trust scale. Again, females in their
60s and 70s tend to express the highest levels of trust, with several individuals giving
perfect scores of 100 (See Table 1). Participants also believe, in general, that autonomous
buses will contribute to a decrease in traffic accidents, although there is more variability
in this perception compared to safety and trust. The ratings for the reduction in accidents
range widely, with some individuals expressing strong belief in accident reduction (scores
of 80-100) and others being more skeptical (scores below 50).

While our survey reveals no significant difference in safety and trust perceptions
between genders, there are noteworthy age-related trends, particularly among females in
their 60s and 70s who consistently expressed higher ratings for safety and trust. However,
what is concerning is the variation in beliefs regarding accident reduction across all age
groups. Specifically, there seems to be a notable apprehension among elderly individuals,
particularly those in their 70s, suggesting underlying safety concerns. It is essential to
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recognize that safety perceptions are not solely tied to age; individual experiences, percep-
tions, and attitudes also shape them. Despite the overall positive perception of autonomous
buses as being safe and trustworthy, this lingering concern highlights the importance of
further research with a larger sample size to explore these differences and their implications
for fostering trust and ensuring safety in autonomous transportation systems.

Table 1. Perception of autonomous buses—safety, trust, and reducing accidents.

Gender Age Safety * Trust ** Reduction in Accidents ***
Female 60s 100 100 85
Female 70s 100 100 80
Male 60s 70 70 80
Male 60s 70 70 80
Female 60s 80 80 80
Female 40s 80 80 90
Male 40s 80 70 70
Male 30s 90 50 50
Female 60s 80 75 80
Female 40s 80 80 80
Female 30s 90 90 70
Male 70s 85 920 90
Male 70s 100 100 100
Female 70s 80 80 60
Female 70s 50 50 50
Female 50s 70 70 70
Male 70s 90 90 90
Female 60s 80 80 80
Male 60s 920 90 90
Female 50s 80 80 80
Female 70s 90 90 50
Female 70s 70 70 50
Female 50s 50 50 50
Male 70s 80 80 100

* Safety: On a scale of 0 to 100, where 100 represents very safe, how safe do you consider autonomous buses to be?
** Trust: On a scale of 0 to 100, where 100 represents complete trust, how much do you trust autonomous buses?
*** Reduction in accidents: Do you believe that autonomous buses, which operate without human intervention,
will contribute to a decrease in traffic accidents? Answer on a scale of 0 to 100, where 100 indicates a significant
reduction in accidents.

For these individuals, ABs have been seamlessly integrated into their daily routines,
becoming indispensable. They rely on the convenience and accessibility offered by ABs,
especially for essential tasks such as visiting hospitals or grocery shopping. ABs provide a
reliable and efficient means of transportation, enabling users to navigate their daily activities
with ease and peace of mind. Beyond mere transportation, ABs represent independence,
accessibility, and freedom for these individuals. The seamless integration of ABs into their
lives has transformed them from mere vehicles to essential companions, enhancing their
quality of life and providing a sense of empowerment and autonomy.

Surprisingly, only one respondent reported having experienced rides in ABs. This
observation (based on our two-day observations in January and February 2024) was un-
expected, given the predominantly positive portrayal of ABs and their operations in the
media. Residents, especially those from older generations accustomed to driving cars,
harbor reservations about Abs, stemming from their established reliance on personal ve-
hicles. For this demographic, the concept of ABs appears unnecessary, as they already
have means of transportation and perceive little need for an alternative mode of travel.
Additionally, their experiences with ABs reinforce their skepticism, as these vehicles are
often observed to operate at notably slow speeds, leading to frustration and annoyance.
Conversely, among younger generations who also drive cars, attitudes towards ABs lean
towards ambivalence rather than outright rejection or endorsement. These individuals
seem to lack strong opinions or feelings towards ABs, viewing them as just another mode
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of transportation without eliciting particular enthusiasm or apprehension. Their neutral
stance may stem from a combination of factors, including a lack of exposure to ABs or a
limited understanding of their potential benefits and drawbacks.

3.1.6. Voices of AB Operators

During our visits to Sakai Town to interview residents, AB operators shared insights
into their daily routines. They explained that manual control is necessary in certain
situations, such as for on-street parking or encountering obstacles like bicycles. The
demographic profile of AB users was also discussed, revealing that on weekdays, the buses
are predominantly utilized by elderly town residents for trips to hospitals or supermarkets.
Additionally, operators shed light on their motivations for becoming involved in AB
operation, citing an interest in autonomous driving technology as a key factor.

Moreover, they revealed that the service extends beyond Sakai Town, with operations
also available in Hokkaido, Aichi Prefecture, as well as Haneda Airport. Discussions
regarding maintenance revealed the challenges faced by ABs in Sakai Town’s demanding
driving conditions, with operators emphasizing the need for regular maintenance intervals
to ensure optimal performance. Introducing the MiCa autonomous bus, capable of avoiding
obstacles, introduced new considerations for operators and passengers alike. ARMA seems
more popular among passengers due to its better visibility, although MiCa offers advanced
features such as obstacle avoidance. Regarding the temperature in ARMA, passengers
find it comfortable in winter but unbearable in summer due to the high temperatures
inside, leading to some operators quitting due to this issue. While challenges persist,
notably regarding temperature control within the ARMA buses during summer months,
scenes of Sakai Town’s ABs were featured in popular media, including the Sazae-san
animation, leading to a surge in passenger demand and highlighting growing acceptance
of autonomous transportation solutions within the community.

3.1.7. Enhancing Accessibility in Sakai Town

Sakai Town's visionary plan revolutionizes public transportation and prioritizes in-
clusivity and accessibility, especially for the aging population who may face difficulties
reaching bus stops. With the introduction of on-demand operation through a Mobility
as a Service (Maa$S) application in 2021, the town takes a monumental step forward in
addressing these challenges. By strategically positioning 26 bus stops and integrating the
communication app “LINE” for summoning autonomous buses from multiple locations,
the town ensures that residents, including those living far from traditional bus stops, have
convenient access to transportation services [40]. Furthermore, recognizing the technolog-
ical barriers faced by some elderly residents, Sakai Town is pioneering the use of facial
recognition systems for reservation confirmation, catering specifically to those without
smartphones. This holistic approach enhances mobility options and fosters a sense of
inclusivity, empowering aged individuals to maintain independence and access essential
services with ease. In embracing cutting-edge technology, while prioritizing the needs of
its aging population, Sakai Town sets a commendable example for communities striving to
create more accessible and age-friendly transportation systems.

We also present the brief case of Eiheiji, Fukui, a town making ongoing efforts to
operate autonomous buses, offering a comparative perspective with similar initiatives in
other smaller regions of Japan.

3.2. Eiheiji, Fukui Prefecture
3.2.1. Pioneering Autonomous Transit at Eiheiji Station

Located along the abandoned railway track near the final stop, Eiheiji Station, of
the former Keifuku Electric Railroad Eiheiji Line, spanning approximately 2 km, the au-
tonomous driving site marks the nation’s inaugural fully autonomous operation with
passenger transport [41]. This groundbreaking autonomous bus route connects Eiheiji
Station on the Echizen Railway with the precincts of Eiheiji. The concept aimed at estab-
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lishing second-tier transportation connecting the station and tourist destinations using
autonomous vehicles, specifically tailored for the Eiheiji area [42]. According to the mayor
of Eiheiji Town, the decision to employ autonomous vehicles over traditional taxis or buses
was grounded in a well-founded rationale, as follows: In a town experiencing population
decline and an aging society, challenges in public transit arise due to a shortage of man-
power. In anticipation of such future scenarios, there was a realization of the importance of
harnessing new technologies [41].

3.2.2. Efforts towards Ensuring Safe Autonomous Operation

Eiheiji Town initiated a Level 3 demonstration experiment from 2021. In the long-term
test, AIST (National Institute of Advanced Industrial Science and Technology) provided
the autonomous driving system and oversaw the project; Hitachi provided the operation
management system; Yamaha Motor provided the vehicles and electromagnetic induction
line infrastructure; Toyota Tsusho managed administrative tasks and coordinated stake-
holders; Keio University provided the user interface for the remote monitoring system;
Keifuku Bus provided drivers and operational management support; and ZEN Connect,
the third-sector organization in Eiheiji Town, was responsible for overall operation manage-
ment coordination [42]. Enhancements included increasing the number of cameras around
the vehicle, ensuring the system can detect situations where humans or animals may be
under the vehicle. Communication functions were designed to remain uninterrupted by
bundling the networks of three mobile phone companies, allowing continued operation
even if one network faces issues. Through these enhancements, AIST applied for Level 4
certification [41]. The Level 4 autonomous road travel was unprecedented nationally. Fol-
lowing document reviews by the Ministry of Land, Infrastructure, Transport and Tourism,
as well as third-party examinations for vehicle certification, Eiheiji became the first town in
Japan to receive Level 4 vehicle certification in late March 2023 [43].

3.2.3. Public Approval

Public approval of autonomous driving is a significant theme for regions in Japan [44].
Despite being conditional upon “fully autonomous driving”, there is still a risk of accidents.
Without a driver, the responsibility for accidents may fall on operators or system developers.
Eiheiji Town began community explanation sessions seven years ago to prepare for practical
implementation, raising awareness among local residents, from seniors to elementary and
middle school students, about the benefits and risks of autonomous driving. While concerns
about safety were initially voiced, holding test ride events for residents from Level 2 and 3
demonstration experiments gradually dispelled negative opinions [41]. Even in limited
areas, thorough explanations and understanding by residents are indispensable and it takes
time for a region to accept such a technology. The technology level of autonomous driving
is on the brink of “full autonomy,” becoming an attractive option for regions grappling
with maintaining traditional public transportation networks and a shortage of drivers [42].

Incorporating ABs offers a promising solution to address the multifaceted benefits
and challenges associated with aging populations (refer to Table 2 for a concise overview
of interview findings). This impact resonates worldwide, presenting avenues to enrich
mobility solutions for elderly individuals globally. Yet, unlocking the complete potential of
ABs necessitates overcoming a spectrum of hurdles encompassing technological, financial,
regulatory, and social dimensions. Conquering these obstacles is crucial to guaranteeing
fair access to transportation for people of diverse ages and abilities.
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Table 2. Benefits and challenges of autonomous buses, as identified through interviews.

Benefits

Challenges

Enhanced Mobility: ABs provide safe and convenient
transportation options for elderly individuals, enabling
them to maintain independence and access essential
services such as healthcare appointments, grocery
shopping, and social activities.

Technical Barriers: The adoption of ABs may face technical barriers,
including the need for advanced infrastructure such as dedicated
lanes, sensor networks, and communication systems to support
autonomous operations.

Improved Accessibility: Utilizing technology such as
communication apps like ‘LINE,” ABs will enhance
accessibility by providing door-to-door services and
catering to individuals with mobility challenges, including
those who use wheelchairs or mobility aids.

Budgetary Concerns: The high initial costs associated with the
development, deployment, and maintenance of ABs may pose
financial challenges for municipalities and transportation authorities,
particularly in smaller towns with limited budgets.

Reduced Isolation: For elderly individuals living in rural
or isolated areas, ABs can mitigate social isolation by
connecting to community centers, recreational facilities,
and social events.

Regulatory and Legal Frameworks: The absence of clear regulatory
frameworks and liability laws for autonomous vehicles may hinder
their widespread adoption, leading to uncertainty among
policymakers, transportation agencies, and the public.

Enhanced Safety: With advanced safety features and
reduced reliance on traditional driving, ABs offer
enhanced safety for older passengers, reducing the risk of
accidents associated with aging-related

mobility limitations.

Public Perception and Acceptance: Concerns about safety, reliability,
and privacy may impact public perception and acceptance of ABs,
particularly among elderly individuals (especially in their 70s) who
may be more hesitant to embrace new technologies. ABs appear
unnecessary as they already have transportation options and perceive
little need for an alternative mode of travel. Their experiences with
ABs reinforce their skepticism, as these vehicles often operate at slow
speeds, causing frustration.

Environmental Benefits: As autonomous vehicles
typically use electric or hybrid propulsion systems,
adopting ABs can contribute to reducing carbon emissions
and improving air quality, benefiting elderly individuals
and the broader community.

Equity and Accessibility: Ensuring equitable access to ABs for all
segments of the population, including low-income individuals,
marginalized communities, and individuals with disabilities, remains
a challenge. Addressing issues of affordability, accessibility, and
inclusivity is crucial to maximizing the benefits of ABs for aging
populations worldwide.

4. Conclusions, Recommendations, and Implications

Integrating ABs in Sakai Town, Ibaraki Prefecture, presents a transformative solution
to the demographic challenges an aging society poses. As Japan grapples with an aging
population and its associated economic and social implications, innovative transportation
solutions like ABs offer hope. By providing safe, accessible, and convenient transportation
options, ABs empower older adults to maintain independence and engage in essential
activities such as healthcare appointments and social interactions.

Our interviews with residents in Sakai Town provide valuable insights into the per-
ceptions of autonomous buses (ABs) among participants. While no significant difference
was observed between males and females regarding safety concerns and trust in ABs,
there were notable trends among different age groups, particularly among females in
their 60s and 70s, who consistently expressed higher levels of safety and trust. Despite
individual variability, participants generally perceive ABs as safe and trustworthy, with
most ratings falling between 70 and 100 on the safety scale and between 50 and 100 on
the trust scale. Many participants believe that ABs will contribute to a decrease in traffic
accidents, although opinions on this matter vary across age groups. In the future, elderly
individuals who currently drive cars out of necessity will find themselves benefiting from
autonomous transportation, as autonomous vehicles become more prevalent. Older adults
may transition to using them as their primary mode of transportation, despite any reserva-
tions they may now have. This shift could occur due to various factors, including physical
limitations that make driving increasingly challenging with age. By addressing the social,
economic, and demographic challenges associated with aging populations, autonomous
transportation contributes to creating more inclusive and age-friendly communities in
Japan, the U.S,, and around the world. Sakai Town’s emphasis on innovative features
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such as on-demand operation and facial recognition systems sets a precedent for other
smaller towns seeking to improve accessibility. By adopting these technologies, towns
can overcome barriers to transportation access faced by older adults and individuals with
mobility challenges, ensuring equal access to essential services and opportunities for all
residents. The implications of Sakai Town’s successful integration of ABs extend beyond its
borders, serving as a model for other smaller towns struggling with demographic shifts
and accessibility issues. By drawing inspiration from Sakai Town’s innovative approach
and lessons learned, smaller towns can develop tailored solutions to address their unique
transportation needs, ultimately improving the well-being and quality of life for aging
populations and fostering vibrant, inclusive communities.

We offer specific recommendations for transportation planners, urban developers, and
policymakers regarding autonomous transportation technologies, particularly focusing on
aging societies. First, regarding infrastructure development, prioritize creating accessible
infrastructure for elderly passengers, including features like low-floor boarding, ample
seating, and clear signage. Additionally, implementing smart infrastructure solutions such
as dedicated lanes or priority signals for autonomous buses to enhance their efficiency
and reliability, as well as ensuring that infrastructure designs take into account the accessi-
bility requirements of elderly passengers, including wheelchair access and user-friendly
interfaces for ticketing and information systems. Secondly, setting clear guidelines and
standards in collaboration with regulatory bodies for the deployment and operation of
autonomous buses in aging populations, as well as developing comprehensive safety pro-
tocols and certification processes for autonomous vehicle technologies to address concerns
about reliability and passenger safety. Consider offering incentives and subsidies to trans-
portation providers adopting autonomous technologies, especially those serving elderly
communities, to encourage innovation and accessibility. Thirdly, developing strategies
for enhancing public acceptance and trust towards autonomous transportation technolo-
gies. This can include conducting targeted public awareness campaigns and education
initiatives to familiarize elderly passengers with autonomous transportation technologies
and address any misconceptions or concerns, as well as engaging stakeholders, including
elderly advocacy groups, in community consultations to ensure inclusivity and acceptance
of autonomous bus services. Implementing pilot programs and trials in collaboration with
local communities to demonstrate the benefits and safety of autonomous buses, gathering
feedback, and addressing concerns in real-world scenarios. These recommendations can
help transportation planners, urban developers, and policymakers to create an environment
that supports the successful adoption of autonomous transportation technologies in aging
societies, while addressing key infrastructure, regulatory, and public acceptance challenges.

Sakai Town's adoption of ABs reflects a forward-thinking approach to transportation
infrastructure development. Situated in an area lacking a railway station and facing
challenges in transportation infrastructure, the town recognized the need for innovative
solutions to enhance mobility. Through strategic partnerships and budget allocation, the
town successfully introduced ABs, revolutionizing public transportation and addressing
the needs of its residents. The voices of residents and AB operators further highlight
the significance of ABs in enhancing accessibility and convenience. While avid users
of ABs express overwhelmingly positive attitudes towards this mode of transportation,
older generations accustomed to driving cars exhibit reservations stemming from their
established reliance on personal vehicles. However, ABs have the potential to bridge the
gap between traditional and autonomous transportation, offering viable alternatives to
address urban mobility challenges such as safety, pollution, and congestion.

Furthermore, Sakai Town’s visionary plan to enhance accessibility through on-demand
operation and the integration of facial recognition systems demonstrates a commitment to
inclusivity and innovation. By prioritizing the needs of its aging population and leveraging
cutting-edge technology, Sakai Town sets a commendable example for communities striving
to create more accessible and age-friendly transportation systems. Second, the successful
integration of ABs in Sakai Town offers valuable implications for other smaller towns
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grappling with similar challenges related to an aging population and accessibility. As
demographic shifts continue to impact communities across Japan and beyond, innovative
transportation solutions like ABs present an opportunity for smaller towns to address
mobility needs and promote social inclusion among older residents. The case of Sakai Town
demonstrates that with strategic planning and investment, smaller towns can overcome
transportation infrastructure limitations and enhance accessibility for aging populations.
By leveraging partnerships and securing funding, towns facing similar demographic
challenges can introduce ABs to provide safe, convenient, and accessible transportation
options for older adults. This approach empowers older residents to maintain independence
and engage in essential activities, fosters social inclusion, and enhances their overall quality
of life.

The challenges facing the widespread adoption of ABs present significant hurdles
that must be addressed through coordinated efforts and strategic initiatives. First, the
technological barriers associated with AB deployment, including the need for advanced
infrastructure such as dedicated lanes and sensor networks, necessitate concerted invest-
ment and innovation in transportation infrastructure. Collaborative partnerships between
technology firms, governmental bodies, and transportation authorities are essential to
overcome these hurdles and create an environment conducive to AB operation. Second, the
high initial costs involved in AB development, deployment, and maintenance pose financial
challenges, particularly for municipalities and transportation authorities with limited bud-
gets. To address this, comprehensive financial planning and investment strategies must be
formulated, leveraging alternative funding sources and exploring public—private partner-
ships to alleviate the financial burden and ensure the sustainability of AB initiatives. Third,
the absence of clear regulatory frameworks and liability laws for autonomous vehicles
contributes to uncertainty among policymakers, transportation agencies, and the public.
Therefore, there is an urgent need for policymakers to prioritize the development of robust
regulatory frameworks that address safety, liability, and operational standards, thereby
fostering confidence in AB technology and facilitating its widespread adoption. Further-
more, public perception and acceptance concerns, particularly among elderly individuals,
underscore the importance of proactive public engagement and education initiatives. Trans-
parent communication about the safety features and benefits of ABs, coupled with efforts
to address privacy concerns and misconceptions, is crucial for building trust and garnering
public support for autonomous technology.

Addressing these challenges requires a multifaceted approach involving collaboration,
innovation, and proactive policy interventions. By tackling these hurdles head-on, stake-
holders can unlock the full potential of autonomous buses and pave the way for a more
sustainable, inclusive, and accessible transportation future. Policymakers and stakeholders
must prioritize initiatives that reduce transportation disparities and promote accessibility
features tailored to diverse needs, maximizing the benefits of ABs for aging populations
and fostering inclusive transportation systems.

Considering the small sample size in this study, it is essential to note that the inter-
viewed respondents may not fully represent the entire town’s diverse perspectives and
experiences with autonomous transportation technologies. While the insights gathered
from the interviews provide valuable qualitative data, they may not comprehensively reflect
the perceptions of all residents in the town. To address this limitation and ensure a more
robust understanding of the town’s residents’ attitudes and views towards autonomous
transportation technologies, future studies should consider implementing broader data
collection methods.
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