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Abstract

The integration of shared autonomous vehicles into historic urban areas presents both
opportunities and challenges. In heritage-rich environments like very old Asian (such as
Suzhou old town, which serves as a use case example) or European (especially Mediter-
ranean coastal cities) areas—characterized by narrow alleys, dense development, and sen-
sitive cultural landscapes —shared autonomous vehicle adoption raises critical spatial and
social questions. This study employs a qualitative, user-centered approach based on the
ripple model to examine residents’ perceptions across four dimensions: residential pat-
terns, parking land use, regional accessibility, and street-level infrastructure. Semi-struc-
tured interviews with 27 participants reveal five key findings: (1) public trust depends on
transparent decision-making and safety guarantees; (2) shared autonomous vehicles may
reshape generational residential clustering; (3) the short-term parking demand remains
stable, but the long-term reuse of space is feasible; (4) shared autonomous vehicles could
enhance accessibility in historic cores; (5) transport systems may evolve toward intelli-
gent, human-centered designs. Based on these insights, the study proposes three strate-
gies: (1) transparent risk assessment using explainable artificial intelligence and digital
twins; (2) polycentric development to diversify land use; (3) hierarchical street retrofitting
to balance mobility and preservation. While this study is limited by its qualitative scope
and absence of simulation, it offers a framework for culturally sensitive, small-scale inter-
ventions supporting sustainable mobility transitions in historic urban contexts.

Keywords: shared autonomous vehicles (SAVs); old town regeneration; evaluation of us-
ers; qualitative research; KJ method

1. Introduction

The rapid development of the global economy and society has led to the continuous
concentration of urban populations, resulting in the ongoing expansion of urban areas [1].
The number of urban residents has increased from 751 million in 1950 to 4.2 billion in
2018. The global average urbanization rate has reached 55%, and it is projected that, by
2050, the urban population will increase by an additional 2.5 billion, pushing the average
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urbanization rate to 68% [2]. In China, the urbanization rate had already surpassed 60%
by 2019. This accelerated urbanization, coupled with rapid population growth, has placed
considerable pressure on urban land resources—a challenge that is particularly severe in
old town districts. As a representative of China’s new first-tier cities, Suzhou is now facing
significant land supply and demand conflicts triggered by urbanization [3]. In response,
national policy guidelines in China stipulate that non-motorized transportation modes —
such as walking, cycling, and integrated public transit—should account for no less than
75% of the modal share within urban passenger transport systems. Furthermore, walking
and cycling should comprise at least 80% of intra-urban trips [4]. However, according to
traffic management statistics from public security departments across China, the number
of privately owned vehicles has continued to rise steadily in recent years [5] (Figure 1).
Simultaneously, the modal share of public transportation has shown a declining trend
globally, especially in the aftermath of the COVID-19 pandemic [6]. At present, the usage
rate of sustainable transport modes such as walking, cycling, and public transportation
remains lower than that of private vehicles. Issues such as insufficient safety, convenience,
and comfort in sustainable travel modes contribute to the relatively low adoption of public
transport [7]. Moreover, the right of way for sustainable transportation users is often over-
looked, and urban street space is frequently occupied by motorized traffic, further weak-
ening the position of sustainable urban mobility in the long term [8].

2008 2009 2010 2011 2012 2018 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Car Parc in Suzhou (Ten thousand vehicles)

Figure 1. Car parks in Suzhou.

According to a projection by Goldman Sachs, autonomous vehicles (AVs) are ex-
pected to account for 50% of all vehicles on the road by 2040 [9], while the Institute of
Electrical and Electronic Engineers (IEEE) anticipates that, by around 2050, AVs could
constitute as much as 90% of the vehicle fleet [10]. Autonomous vehicle technology is
evolving rapidly and encompasses a wide range of applications. To clarify the standards
of “driving automation levels”, the Society of Automotive Engineers (SAE) International
has developed a classification system that defines six levels of driving automation [11]:

e LO: No driving automation;

. L1: Driver assistance;

e  L2: Partial driving automation;

e L3: Conditional driving automation;
e L4: High driving automation;

e  L5: Full driving automation.

Because lower-level AVs (L0-L2) have a limited impact on travel behavior, most cur-
rent research focuses on high-level AVs, particularly Level 4 vehicles, which can operate
without human input under specific conditions, and Level 5 vehicles, which are fully au-
tonomous in all environments [12]. Broadly speaking, AVs can be categorized into three
types: privately owned AVs (PAVs), commercially operated SAVs, and government-run
autonomous public transit systems [13]. SAVs represent a novel concept that integrates
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scheduled service models, shared mobility platforms, and various levels of intermodal
connectivity [14]. SAVs are self-driving taxi fleets typically operated by commercial ser-
vice providers. They are particularly attractive to users with a low annual mileage, offer-
ing them flexible access to various vehicle types tailored to their needs [15]. As an essential
component of future urban transportation systems, SAVs are not only poised to transform
individual travel behavior but are also expected to reshape urban spatial structures, land
use patterns, and social interactions. However, despite their potential dominance in future
urban mobility, there remains a notable mismatch between these emerging vehicle tech-
nologies and existing urban transportation infrastructure.

In addition, SAVs can play a pivotal role in addressing the “first-mile” and “last-
mile” connectivity challenges within urban transport systems. They are particularly effec-
tive in areas underserved by conventional public transit, where they may operate as flex-
ible substitutes for fixed-route services. The key advantages of SAVs in this context in-
clude door-to-door service, customizable vehicle types, and intelligent fleet scheduling,
all of which contribute to greater spatial coverage and service precision. However, several
challenges remain. These include uncertainty in waiting times, inconsistent vehicle con-
ditions, and inadequate responses to emergency situations. Such limitations are largely
influenced by platform governance mechanisms and the prevailing norms of public user
behavior [15] (Figure 2).
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Figure 2. Operation process of SAV system.

An “old town” is a historically developed core area within a city, often regarded as
the origin of urban growth and a central hub for cultural heritage and social activity [16].
These areas, rich in historical and cultural value, serve as vital components of urban
memory and identity [17]. However, due to the constraints of historical development, the
infrastructure in old towns is often outdated and inadequate in meeting the demands of
modern urban life. Currently, urban development in China is undergoing a transfor-
mation—from incremental expansion to stock optimization, focusing on improving qual-
ity and efficiency. Scholars have pointed out that urban renewal in Suzhou’s old town
faces a range of persistent challenges, including unresolved tensions between existing
public services and increasing demands for high-quality urban amenities, as well as the
need for more effective traffic governance in the old districts [18]. With the rapid advance-
ment of AV technologies, there is growing public anticipation surrounding future mobil-
ity possibilities [19].

Stead and Vaddadi [20] argue that the widespread adoption of AVs across the United
States could substantially transform existing street configurations. Specifically, if AVs
were fully implemented nationwide, approximately 6.63 million kilometers of sidewalks
could potentially be widened to 9.1 m, thereby unlocking significant spatial capacity for
alternative uses. Under equivalent traffic volumes, SAVs are estimated to reduce the
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required road space by approximately 11-12% [21] (see Figure 3), highlighting their effi-
ciency in spatial utilization compared to conventional vehicles.

A separate study focused on the Melbourne metropolitan region in Australia as-
sessed the spatial impacts of AV deployment under varying scenarios. Assuming a 50%
reduction in the typical value of travel time (VTT), the full adoption of PAVs was projected
to increase the population density in the outer suburbs, while paradoxically increasing
the per capita vehicle kilometers traveled (VKT) by 30% during morning peak hours. Con-
versely, under a full SAV adoption scenario, the most pronounced population density
growth was observed in middle-ring suburbs, with a 9% decrease in per capita VKT [22].
Furthermore, when all AVs are deployed as SAVs, the overall commuting times are pro-
jected to decrease by 19% and the total vehicle mileage by 2% [23].

Collectively, these studies suggest that, compared to PAVs, SAVs offer greater po-
tential to alleviate urban congestion and promote the more efficient use of road infrastruc-
ture.
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Figure 3. The changes in road space after integrating SAVs.

SAVs are widely seen as one of the most promising innovations to transform tradi-
tional transportation systems [24]. In old town areas, residential environments are often
outdated and lack comfort, while the mismatch between emerging transport technologies
and existing infrastructure creates an urgent need for transportation system upgrades.
Issues such as inadequate infrastructure, poor-quality street networks, and suboptimal
travel experiences for both residents and tourists remain pressing concerns. As a re-
nowned historical and cultural city in China, Suzhou'’s old town is characterized by its
compact street grid, high-density built environment, and abundant cultural heritage.
These features present unique challenges for the integration of SAVs into the urban fabric

(Figure 4a—c).

Figure 4. The current situation of urban space in Suzhou old town. (a) Road space in Suzhou old
town, (b) roadside parking space in Suzhou old town, (c) residential human settlement environment

in Suzhou old town.

Milakis et al. developed the ripple model to conceptualize the multi-layered impacts
of AVs on transportation systems, the urban form, and society [25]. Building upon this
framework, Qin et al. refined the model within the domains of urban transport and urban
studies, dividing it into three concentric layers: the first layer addresses urban transporta-
tion; the second layer focuses on the urban spatial form and land use; and the third layer
examines broader impacts on the urban economy, society, and the environment [26].
Based on this extended model, they proposed planning strategies for cities to better
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respond to the emergence of AVs as a transformative transportation mode. Zhang et al.
[12] further elaborated on the second layer of Qin’s ripple model and explored four key
dimensions of the urban spatial form and land use: the residential population distribution,
parking land allocation, regional accessibility, and the quality of street-level environmen-
tal facilities. Their findings provided important insights for large cities in China regarding
the spatial implications of AV adoption. The relationship between SAVs and public trans-
portation is pivotal in shaping urban outcomes such as central accessibility, traffic conges-
tion, and carbon emissions. Wang et al. [17] argued that SAVs could contribute positively
to the restructuring of urban transport networks, a view consistent with those of other
scholars in the field. This paper focuses specifically on the second layer of the ripple
model —the urban spatial form and land use —and investigates four core dimensions: the
residential population distribution, parking land use, regional accessibility, and street-
level environmental facilities (Figure 5).
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Figure 5. Comparison of ripple models among different researchers. [26]

The adoption of SAVs serves as a catalytic force in advancing mobility transitions
within historic urban areas. Beyond their technological dimensions, SAVs reshape travel
behavior by influencing modal choices, reducing the dependency on private vehicles, and
enhancing accessibility through demand-responsive routing. In heritage-sensitive con-
texts such as Suzhou'’s old town, the integration of SAVs may also induce secondary trans-
formations in land use patterns, street design, and spatial allocation. These shifts present
a unique opportunity to embed SAV deployment within broader, integrative urban re-
generation strategies that align mobility innovation with cultural and spatial conservation
goals [27]. The challenge of integrating SAVs into heritage-laden urban cores is not unique
to Suzhou. Many historic districts across Europe —particularly in Mediterranean coastal
cities such as Valletta, Dubrovnik, and Palermo—face comparable tensions between
highly compact spatial morphologies and the demands of intelligent mobility infrastruc-
ture. As such, this study aims to generate context-sensitive yet transferable insights that
may inform policy and spatial strategies in similarly constrained urban environments
worldwide. By articulating the socio-spatial dynamics specific to Suzhou, this research
contributes to a broader comparative framework for an understanding of SAV deploy-
ment in culturally and physically dense cityscapes.

While an increasing number of studies have focused on the technical dimensions of
SAVs—including deep learning-based perception systems, Al-assisted path planning
strategies [28], autonomous navigation algorithms, sensor fusion systems, and vehicle-to-
everything (V2X) communication platforms [12] —far less scholarly attention has been
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directed toward their spatial and morphological impacts within historic urban cores. This
study aims to address this critical gap by investigating how SAVs, as a socio-technical
system, interact with the embedded spatial logics, material constraints, and cultural
rhythms of traditional urban environments, using Suzhou’s old town as a representative
case.

Research Significance:

1. This study contributes to the empirical enrichment of the ripple model by focusing
on the user demand within the spatial context of old towns.

2. It also explores the potential impacts of SAV technology on the spatial structures of
old towns from the perspective of urban residents. Specifically, it proposes adaptive
development strategies for Suzhou’s historic districts to promote the organic integra-
tion of SAVs with traditional urban environments.

Research Objectives:

1. To investigate urban residents’ perceptions in the context of SAVs’ integration into
old town environments and to identify key spatial renewal priorities during the tran-
sitional phase of technological adoption, based on user-centered insights.

2. To provide complementary strategies for spatial optimization in urban stock renewal
processes, offering a novel perspective tailored to the unique challenges of old town
districts.

Research Novelties:

1. While previous studies have examined the impacts of SAVs on urban transportation
systems and land use patterns, few have addressed their spatial and socio-cultural
implications within the historically layered environments of old town districts.

2. Moreover, the majority of existing SAV research remains dominated by simulation-
based modeling or large-scale quantitative datasets, often marginalizing the place-
based experiences, perceptions, and needs of local residents.

To address these gaps, this study adopts a qualitative, resident-centered framework
to investigate the integration of SAVs into heritage urban contexts. By emphasizing the
socio-spatial interface between emerging mobility technologies and the traditional urban
fabric, this research offers novel insights into the bidirectional adaptation processes re-
quired for sustainable and context-sensitive urban transformation.

2. Methodology
2.1. Study Area

This study focuses on the spatial characteristics of the old town of Suzhou as the pri-
mary research subject. Suzhou'’s historic city center covers an area of approximately 14.2
km? and has a current population of 252,000 residents, based on official street-level statis-
tical data from 2020 [29]. Although this study utilizes street-level statistical data from Su-
zhou in 2020, alongside official demographic information from the Seventh National Pop-
ulation Census, the dataset remains both representative and timely. On the one hand, it is
the most comprehensive and authoritative demographic dataset currently available, re-
leased by national statistical agencies and widely employed in urban planning, policy for-
mulation, and academic research. On the other hand, recent studies have continued to rely
on this dataset. For example, Yang et al. (2024) adopted the 2020 census data as the foun-
dational basis in their study on population capacity adjustment and optimization in Su-
zhou’s old town under the lens of social sustainability [30]. This continued usage high-
lights the dataset’s relevance and explanatory power regarding the demographic patterns
and spatial structures of historic urban areas in the short to medium term. Therefore, in
the absence of more detailed follow-up census data, the 2020 dataset remains a reliable
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foundation for the analysis of residential patterns and mobility behaviors in Suzhou’s old
town.

The dominant land uses include residential areas and public administration and ser-
vice facilities, as well as commercial and business-related functions. The spatial structure
of Suzhou’s old town is characterized by a water-oriented urban fabric: rivers form the
structural backbone, while roadways are organized around a dual-grid system aligned
with the water network [31].

The selection of Suzhou’s old town as the case study is grounded in the following
considerations (Figure 6a—c):

1. Representative Urbanization Dynamics: Suzhou’s urbanization rate has reached
81.72%, marking an increase of 11.65% from the 70.07% recorded in the Sixth National
Population Census. During this period, the permanent population grew from 10.45
million to 12.74 million, and the urban population increased from 7.32 million to
10.41 million [32]. As a typical representative of China’s densely urbanized regions
and a national pilot city for urban-rural integration, Suzhou reflects the broader tran-
sition from separation to integration in urban-rural relations and the rationalization
of planning paradigms [33]. Therefore, the study of Suzhou’s old town offers a valu-
able reference for similar contexts in East Asia and beyond.

2. Strong Regional Identity and Historic Continuity: Suzhou’s old town retains a highly
distinctive spatial identity. Over the past two millennia, its urban form and location
have remained remarkably stable [31]. When compared to the historic “Pingjiang
Map”, the city’s overall framework, primary water systems, and historic bridges and
landmarks remain largely unchanged —an extremely rare phenomenon globally (see
Figure 6d). Additionally, the old town’s traditional architectural facades, built herit-
age, and social customs embody rich cultural value, forming a diverse and distinctive
urban landscape [33]. As such, investigating the spatial adaptation of SAVs in Su-
zhou's old town offers valuable insights not only for local development but also for
the adaptive renewal of historic urban cores across East Asia and other parts of the
world.

':‘Cé;\"\‘

75 e |-- StudyArea 0 03

Figure 6. Suzhou old town location. (a) Jiangsu Province, China; (b) map of Suzhou; (c¢) map of
Suzhou old town; (d) Pingjiang Map of Suzhou (1229 AD —the earliest and most complete existing
city plan in China).

2.2. Data Collection

This study adopts a general qualitative research design [34], aiming to explore, from
both descriptive and interpretive perspectives, how urban residents currently perceive the
use of SAVs and how they subjectively interpret the potential spatial impacts of this
emerging technology on old town environments. While relatively underutilized in studies
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concerning the integration of SAVs into urban space —especially within historical urban
cores—this method offers significant flexibility, allowing for a deeper investigation into
the ways that SAVs may influence old towns’ spatial structures from a user-centered per-
spective (Figure 7).

This qualitative inquiry is structured around the second layer of the ripple model,
which includes four key dimensions related to urban spatial transformation: (1) the resi-
dential population distribution, (2) parking land use, (3) regional accessibility, and (4) the
quality of street-level infrastructure. Guided by this framework, a questionnaire was de-
veloped to inform a series of semi-structured, in-depth interviews designed to analyze
perceived spatial impacts.

Data were collected through individual interviews, each lasting approximately 60
min. The core interview question was “From the user’s perspective, what are the potential
impacts of SAVs on the spatial structure of old town areas?”

Participants were briefed on the specific focus on SAVs as distinct from privately
owned AVs. This clarification was reiterated during the interviews to ensure consistent
understanding.

The interview questions were developed under the four aforementioned themes—
the residential population, parking land use, regional accessibility, and street-level envi-
ronmental facilities—and were refined through brainstorming to ensure that the partici-
pants provided spatially relevant responses (Table 1).

The interview protocol consisted of the following major sections:

1. Sociodemographic information: including gender, age, possession of a personal
driver’s license, and duration of residence in Suzhou [35];

2. Basic understanding of autonomous driving technology;

3. Urban spatial issues related to the integration of SAVs, based on the ripple model
framework;

4. Open-ended questions aimed at eliciting broader perspectives.

A pilot study involving three interviewees was conducted to refine the interview pro-
cess. During the pilot phase, it was observed that participants often confused the concepts
of “AVs” and “SAVs”. To address this, later interviews explicitly emphasized that the
discussion focused specifically on SAVs.

Construct the interview

questionnaire KJ-Method
Disistrit_)ution of Requirement Destination
resident of residents Layer
population

Parking space . Demand factors
Inte=r;|7ew elimination Criterion Layer
n integration

Accessibility

salbajens

I

Key words

recombination ok Laver
and facilities integration Y

-

Figure 7. Research framework.

Table 1. Semi-structured interview questions based on the ripple model (second circle).

Element Layer Interview Questions Objective Source

To assess respondents’ Etminani-
basic level of knowledge Ghasrodashti et al.,
about SAVs. 2021 [36]

. . How familiar are you with SAVs? Have
Basic Understanding . e
you ever experienced riding in an AVs?
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If SAVs were introduced more exten-  To explore whether the ..
ively in Suzhou’s old town, would you introduction of SAVs ma Etminani-
stvely ! y Y Ghasrodashti et al,,

prefer using SAVs for your daily travel? alter residents’ or tourists’

2021
Why or why not? travel behavior. 021136]

To examine whether
SAVs could affect the resi- Zhang W. et al,,
dential distribution, such 2022 [12]; Zhang

Do you think the development of SAVs
technology would influence your resi-

Residential Population dential location choice? Would you be .
s . . as encouraging suburban and Guhathakurta,
more willing to live in the city center or livine due to reduced 2018 [23]
suburbs? Why? ving

commuting pressure.

To investigate the poten-
tial reduction in parking
demand and its implica-
tions for urban land use.
Parking Land Use To collect preferences re-
If parking demands were reduced, what garding alternative uses
types of facilities or spaces would you  of urban land currently Xia et al., 2021 [38]
prefer to see replacing parking lots?  occupied by parking facil-
ities.

Do you think the widespread use of
SAVs would reduce the need for parking
in the old town? Why or why not?

Zhang W. et al,,
2022 [12]; Zhang
W. et al., 2015 [37]

To explore public percep-
tions of how SAVs may Xia et al., 2021 [38];
reshape the existing park- Gu et al., 2023 [39]
ing infrastructure.

In your opinion, will SAVs change the
layout or location of parking facilities in
the future?

Do you think SAVs development will im- To determine whether

SAVs might enhance ac-
prove the accessibility of certain urban &

Milakis et al., 2017

cess to remote or periph- [40]

eral locations, possibly af-
fecting mobility choices.

areas? Which areas might become more
accessible?

Regional Accessibility To explore expectations

regarding how improved Qin et al., 2019 [26];
connectivity might influ- Zhang W. et al,,
ence the spatial distribu- 2022 [12]

tion of urban functions.

If SAVs improve accessibility across the
city, what impacts would you hope to see
on the distribution of commercial, resi-
dential, or public service facilities?

Do you think SAVs will affect how easily To understand the poten-
tourists can access various urban attrac-  tial of SAVs to reshape
tions? Would it change your travel plans? tourism mobility and in-

Qin et al., 2019 [26];
Zhang W. et al,,

1
Why or why not? fluence travel decisions. 2022 [12]

To explore whether the
introduction of SAVs will
In your opinion, will the prevalence of create new demands for
SAVs change the design of city streets? street layouts, especially
regarding pedestrians and
Street Infrastructure and En- cyclists.
vironment To understand expecta-
tions for SAVs in improv-
What aspects of the street environment  ing urban streetscapes
would you like SAVs to help improve? (e.g., noise reduction, in-

Qin et al., 2019 [26]

Ambiihl et al., 2016
[21]; Zhang W. et

creased safety, environ- al., 2022 [12]

mental quality).
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To guide a discussion of Qin et al,, 2019 [26];

Zhang W. et al,,

If SAVs significantly reduce traffic acci-

h ial fi -
dents, what changes do you think may the potentia’ reconfigura

tion of safety infrastruc-

occur in street infrastructure? . 2022 [12]
ture and street design.
To examine the broader
b lannine implica-
With the advancement of SAVs, what urban planiing mmpca Heinrichs, 2016

tions of SAV integration,

changes do you anticipate in the overall . .
8 Y p especially in terms of road

urban traffic layout?

[41]; Zhang W. et

design and space alloca- al, 2022 [12]

tion.

Open Perspective

To all dents t
Do you have any other thoughts or sug- © atlow Tesponcelts to

. . . provide additional in- Etminani-
gestions regarding how SAVs may influ- . . .
. sights or raise points not Ghasrodashti et al.,
ence the urban spatial structure of Su-
captured by the struc- 2021 [36]

zhou’s old town? .
tured questions.

2.3. Data Analysis

This study employs the KJ method, also known as the affinity diagram technique, to
analyze the qualitative interview data. Originating from Japanese anthropologist Jiro Ka-
wakita in 1964, the K] method is a structured technique for the extraction of solutions from
complex and ambiguous information [42]. It is widely used in early-stage product or sys-
tem design to clarify functional needs by transforming fragmented information into a co-
herent, organized structure. The method is particularly effective in capturing a diversity
of perspectives and synthesizing them into a shared understanding of the problem. It is
particularly effective for early-stage exploratory research where predefined coding frames
may constrain emergent meanings [43].

The application of the KJ method in this study follows a general four-step process:
(1) respondent identification, (2) idea generation, (3) data collection and organization, and
(4) demand extraction.

Step 1: Respondent Identification

Interviewees were primarily composed of residents in Suzhou who had either expe-
rienced or not yet experienced SAVs. This diversity ensured a range of insights into user
needs and perceptions.

Step 2: Data Collection

Informed by the second ring of the ripple model—the residential population distri-
bution, parking land use, regional accessibility, and street infrastructure and the environ-
ment—a series of in-depth interviews and brainstorming sessions were conducted to
gather qualitative data. These interviews aimed to collect spontaneous, unstructured feed-
back reflecting users’ real concerns, expectations, and adaptation preferences in the con-
text of SAVs’ integration in Suzhou’s old town.

Step 3: Affinity Clustering and Categorization

The collected data were analyzed using the following procedures [44].

1. Transcription and Data Compilation
All one-on-one interview recordings were transcribed into textual data for subse-
quent analysis.

2. Extraction of Key Information
Core information was identified from each interview, including short phrases, key-
words, and participants’ primary viewpoints.

3. Unstructured Clustering Based on Affinity
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Without predefined categories, the extracted key information was grouped according
to content relevance. Items were continuously compared, repositioned, and refined
until coherent clusters emerged.

4.  Theme Identification and Categorization
Each cluster was assigned a thematic label that captured the essence of the grouped
content. Any outliers that could not be logically clustered were kept as independent
categories for further interpretation.

5. Interpretation and Synthesis
The final step involved analyzing the identified themes and categories to discover
patterns and tendencies in the interview data. These were then mapped against the
research questions to generate discussion points and inform spatial strategies for the
integration of SAVs into the old town context.

By visually and semantically organizing residents” unstructured viewpoints, the KJ
method provided a rigorous yet flexible structure for qualitative sensemaking. Compared
to conventional open coding, it supports collaborative interpretation and emphasizes spa-
tial relevance in user-derived insights.

In this study, the K] method, while traditionally associated with early-stage problem
framing and qualitative clustering, is innovatively applied within a cross-disciplinary
context that bridges urban spatial restructuring and the integration of SAVs in heritage-
sensitive environments. Rather than serving solely as a tool for thematic description, the
method was adopted as a strategic interpretive framework to translate user-centered qual-
itative data into spatial planning insights. Specifically, the K] method process proceeded
in three stages.

1. It facilitated the structuring of fragmented public perceptions into four spatial di-
mensions derived from the second layer of the ripple model —namely, the residential
population distribution, parking land use, regional accessibility, and the street-level
environmental quality.

2. Through affinity-based clustering and abstraction, these perceptions were synthe-
sized into actionable urban themes that reflected emergent tensions and opportuni-
ties in SAV deployment.

3. The resulting themes served as a conceptual foundation for the development of tar-
geted, scenario-based spatial strategies in Section 4.2.

In this way, the KJ method functioned not only as a coding device but as a bridge
between qualitative perception data and urban design-oriented policy recommendations.
This application demonstrates methodological value beyond traditional uses, offering a
user-informed pathway for planning interventions in future-oriented mobility transfor-
mations of historic districts.

2.4. Samples

The interview sample size in this study was determined based on the principle of
thematic saturation, which refers to the point at which additional data no longer yield
new insights or themes relevant to the research questions. The interviews were conducted
online through one-on-one sessions. According to a study by Mason [45], which analyzed
560 doctoral dissertations indexed in the Index to Theses covering higher-degree research
in Great Britain and Ireland, the average sample size for qualitative research employing
various methodologies typically falls within the range of 23 to 36 participants. In this
study, the number of interviewees was selected within this range, thereby meeting the
accepted standard for qualitative research sample adequacy.

Consistent with this benchmark, a total of 27 interviews were conducted, which al-
lowed for the emergence of stable patterns in user perceptions and spatial adaptation
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preferences regarding SAVs in historic urban areas. Furthermore, no substantially new
keywords emerged after the 24th interview, suggesting that thematic saturation had been
effectively reached.

2.5. Particaipants

The participants in this study were non-disabled individuals aged 18 and above, and
none of them were considered members of vulnerable populations. One-on-one inter-
views were conducted using purposive sampling to construct a representative sample
structure based on age, gender, and the length of residence in Suzhou. The study gathered
feedback from both current and former residents of Suzhou to obtain deeper insights into
public perceptions and to enhance the user-oriented dimension of the evaluation frame-
work.

In terms of the age structure, young and middle-aged adults aged 25-39 constitute
the majority (62.8%) of online ride-hailing users in China. This demographic group is char-
acterized by higher levels of education and income, stronger expectations for service qual-
ity, and a greater willingness to pay for mobility services [46]. Moreover, they are also the
most frequent and proficient users of internet-based services, making them more likely to
adopt and use SAVs in the future. Therefore, a higher proportion of interviewees in this
age range was intentionally included to better understand their specific mobility needs.

Participants were selected using purposive sampling, with stratification based on the
age group, gender, and length of residence in Suzhou. A preliminary screening question-
naire was administered to identify eligible participants and ensure balanced representa-
tion across the following categories: (1) current residents aged 25-39 with high-frequency
mobility needs; (2) older residents aged 40 and above with long-term residential histories;
(3) approximately equal representation of male and female participants; and (4) both cur-
rent and former residents who had lived in Suzhou for a minimum of six months. Table 2
summarizes the demographic distribution of the interviewees across these strata. This
structured sampling approach was designed to capture a broad spectrum of mobility-re-
lated perceptions, particularly with regard to generational differences and locational ex-
periences that may shape responses to emerging transportation technologies.

According to standard demographic definitions, a permanent resident is typically
defined as an individual who has lived in a given area for more than six months [47]. In
this study, all selected interviewees had lived in Suzhou for more than six months, thereby
meeting the requirement for permanent residency (Table 2).

While the sample was somewhat skewed toward younger adults, this demographic
aligns with national trends in SAV adoption readiness and ride-hailing usage patterns.
Nonetheless, this study acknowledges the potential underrepresentation of older resi-
dents. Future research should incorporate a broader age spectrum —including elderly in-
dividuals and those with mobility impairments—to ensure that emerging mobility sys-
tems are developed through an inclusive and equitable planning framework.

This study focused exclusively on local residents aged 18 and above as the primary
participants. This sampling decision was guided by the objective of capturing perspec-
tives from individuals with long-term residential experience within the spatial and social
fabric of Suzhou’s old town. Consequently, certain groups —such as tourists, minors un-
der the age of 18, persons with disabilities, and short-term visitors —were not included in
the participant pool. While this resident-centered approach facilitated a deeper under-
standing of the everyday mobility needs and spatial adaptation concerns of long-term us-
ers, it also introduced limitations regarding the inclusivity and representativeness of
stakeholder perspectives. In particular, the spatial behaviors, mobility constraints, and
technological expectations of transient users (e.g., tourists), marginalized populations
(e.g., elderly individuals with disabilities), and recent migrants remain underexplored.
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Future research should adopt more inclusive or stratified sampling strategies to capture
the full diversity of user experiences—particularly those of populations who may face
disproportionate barriers or exhibit differentiated responses to SAVs in heritage-sensitive
urban environments. Participants were asked whether they had prior exposure to SAVs
through travel, media, or other city contexts. Only one respondent had direct experience
using SAVs in other cities. Hence, the majority of the responses reflected perceptions
formed in low-exposure contexts.

Table 2. Interviewee demographics.

Interviewee ID Gender Age Driver’s License Years of Residence in Suzhou
1 Male 22 Yes 3
2 Male 31 Yes 31
3 Male 24 Yes 4
4 Male 26 No 3
5 Female 21 Yes 20
6 Female 35 No 13
7 Male 32 Yes 7
8 Female 40 Yes 17
9 Female 34 Yes 8
10 Male 38 Yes 10
11 Male 43 Yes 31
12 Female 51 Yes 23
13 Female 28 Yes 10
14 Male 36 Yes 11
15 Female 55 Yes 40
16 Male 26 Yes 2
17 Female 61 Yes 61
18 Female 31 Yes 5
19 Female 52 Yes 35
20 Male 46 Yes 20
21 Female 31 Yes 31
22 Male 29 Yes 0.6
23 Male 40 Yes 30
24 Male 35 Yes 10
25 Female 33 Yes 8
26 Female 29 Yes 4
27 Male 37 Yes 37

2.6. Ethical Considerations

This study was approved by the Institutional Review Board (IRB) of King Mongkut’s
University of Technology Thonburi under approval number KMUTT-IRB-COE-2025-044.

Participants. All participants, including experts and end users (both urban and rural
residents), were non-disabled individuals aged 18 years and above. No vulnerable popu-
lations were included in this study.

Data Anonymization. All interview and questionnaire responses were anonymized
to ensure the protection of participants’ privacy and confidentiality.

Participant Information Sheet. Prior to data collection, all participants were provided
with a Participant Information Sheet detailing the purpose of the study, the estimated time
commitment, potential risks, and the intended use of the collected data. Informed consent
was obtained before participation.
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3. Results

The interview data were collected between 26 December 2024 and 9 January 2025,
with a total of 27 valid responses. All interviews were conducted via an online platform
(WeChat) through one-on-one sessions.

3.1. Demographic Characteristics of Interview Participants

A total of 27 interviewees participated in this study, meeting the recommended sam-
ple size range of 23 to 36 for qualitative research, as suggested by Mason (2009) [36].
Among them, 14 participants were male (52%) and 13 were female (48%), closely aligning
with the gender distribution reported in the Seventh National Census of Suzhou, where
males accounted for 52.22% and females for 47.78% [25]. The study placed particular em-
phasis on participants aged 25-39, with 16 individuals (59%) falling into this age group,
while the remaining age groups comprised 41% of the sample.

Regarding driver’s license ownership, 25 participants (93%) held a valid license,
whereas only two (7%) did not. In terms of residency status, the definition of permanent
residents in China typically includes those who have lived in a location for more than six
months [47]. Based on this criterion, all interviewees qualified as permanent residents.
Specifically, seven participants (26%) had lived in Suzhou for 0.6 to 5 years, six partici-
pants (22%) for 6 to 10 years, and 14 participants (52%) for more than 11 years (Table 3).

Table 3. Demographic characteristics of interview participants.

Category Type Number of Participants Percentage (%)
Male 14 52
Gender Female 13 48
18-24 years 3 11
25-29 years 6 22
Age 30-39 years 10 37
40-49 years 4 15
50 years and above 4 15
e . Yes 25 93
Driver’s License No N -
0.6-5 years 7 26
Years of Residence in Suzhou 6-10 years 6 22
11 years and above 14 52

Overall, the demographic characteristics of the sample closely mirrored Suzhou’s
broader population structure and met the targeted recruitment criteria regarding age and
long-term residency. This enhances the representativeness and relevance of the qualitative
data collected for this research.
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3.2. Analysis of Interviews
3.2.1. Interview Results

As part of the qualitative analysis process, a total of 159 keywords were extracted
from the user interview transcripts. These keywords were each transcribed onto individ-
ual sticky notes and subsequently organized on a physical whiteboard for clustering and
classification. This procedure followed the K] method, allowing for the visual grouping of
user-generated insights into thematically coherent categories (Table 4, Figures 6 and 7).

Table 4. Key information from interviews.

Interview

Interview Questions Key Information
Theme Q y

“Convenient travel; safety; lack of human interaction; flexible drop-off
points; reduced traffic congestion; acceptable when not in a hurry; af-
fordable pricing; sufficient time available; ability to handle emergen-

If more SAVs were introduced cies; will not be the main mode of travel;, unknown risks; lack of trust
into the city, would you be more in autonomous driving; technological maturity concerns; no risk of
inclined to use them? Why?  collisions; no parking required; no social interaction needed; inability
to get off in safe zones; AVs stopping in the middle of the road; sys-
tem crashes; older adults” slower reactions; responsibility in accidents;
route optimization; system failure.”

Basic Percep-
tions

“Housing prices; residential environment; partial population shift to
suburbs; no immediate change but potential in the future; stronger
Do you think the development correlation with income level; convenience for work-life balance; sub-
Residential of SAVs will influence your resi- urban quietness; improved non-driving mobility; SAVs as an addi-
Preferences dential choices (e.g., city center tional travel option; preference for vibrant old town; older people pre-
vs. suburban)? Why? ferring suburbs; urban congestion in old town; SAVs are only one fac-
tor among many; living environment and commuting convenience are
primary factors.”
“No reduction in short term; more cars with rising living standards;
reasonable drop-off locations may reduce demand; parking space
function changes with traffic flow; same number of vehicles means
same demand; resource efficiency; reduction in private car ownership;
people still prefer driving; central areas still need parking due to high
foot traffic; SAVs are just one more option.”

Will the widespread use of
SAVs reduce the urban demand
for parking spaces? Why?

If the parking demand de-
creases, how would you prefer
parking land to be repurposed?

“Outdoor fitness areas; parks and public sports spaces; children’s
playgrounds; urban green space; open spaces; pocket parks.”

Parking Space

“Compact parking spaces; conflict between SAVs and private vehicle
In your opinion, will SAVs parking; dedicated parking for AVs; reduced space demand when
change the layout of existing technology matures; skeptical due to past bike-sharing experience; in-
parking facilities? telligent vehicle control increases spatial efficiency; local adjustments
first; concentrated vertical parking; simplified parking layouts.”
“Improved access to remote and suburban residential areas; better ac-
Will the development of SAVs cess to transportation hubs (airports, stations); increased short-trip ac-
improve accessibility in certain cessibility; suburban parks and green areas; non-central tourist attrac-
areas? Which areas might see  tions; sports centers; shopping malls; during peak congestion; scenic
the most improvement? spots in outskirts; locations with limited parking; old towns and one-
way streets; narrow spaces only small vehicles can enter.”

Accessibility
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“Polycentric urban development; centralized medical and commercial
If SAVs improve accessibility, areas; easier return after drinking in dining spaces; SAVs reduce pres-
what impact would you expect sure in crowded areas; walkable access between residential and public
on the distribution of commer- service areas; commercial areas close yet slightly separated from resi-
cial, residential, or public facili- dential zones; no expected change; mixed-use redevelopment after re-
ties? moving parking; lower FAR in residential zones; denser commercial
areas; expectation for more livable environments.”

“Easier access to various attractions; better for short-distance connec-
tions from train/bus stations; increased preference for short trips; ex-
Do you think SAVs will affect tended service range for inter-city commutes; nighttime mobility sup-
the ease of travel to city attrac- plement; earlier departures needed; improved acceptance of remote
tions? Will it change your travel destinations; reduced wait times; lower long-distance driving burden;
plans? Why? some hesitation; more convenient; safety concerns; parking no longer
a concern; can visit more places in one day; cost-effective; higher
travel frequency; flexible route planning.”

“Wider sidewalks, more greenery, better signage, more cyclists; SAVs
compress road space; concern for maintaining traditional street struc-
Will the popularity of SAVs al- ture; streets should serve people, SAVs can’t replace traditional vehi-
ter the design of urban streets? cles; improved urban environment; narrower roads with more green
spaces; dispersed urban living, wider lanes, greener cities; dedicated

lanes for SAVs (including shared taxis and buses); enlarged scale.”

. “Electric vehicles improve air quality; safety is the top priority, fol-
What aspects of the street envi- . p . 4 Yi SaFEY . PP Y
. lowed by noise and air pollution; most important is safety; noise re-

ronment would you like SAVs . . L
to imbrove? duction and safety; safety, speed, noise; reduced congestion, im-

P ' proved safety, optimized street space.”

“Facilities shift from controlling vehicles to pedestrians and bikes;
Street Infra- simplified signage; infrastructure remains due to mixed traffic; digital
structure and If traffic accidents decrease due sensing systems aid AVs; no change; fewer barriers; more pedestrian
Environment to SAVs, what changes might space, fewer barriers; mixed traffic remains, limited change; decora-
occur in street infrastructure?  tive signage replaces standard signs; more landmarks; fewer traffic
lights; flexible lights for low-traffic zones; not complete removal but
reduction of guardrails and signals.”

“Pick-up/drop-off zones near residential/offices; smaller bus stops re-
placed by AV stops; more pick-up/drop-off points in high-density ar-
eas; SAVs and shared public transport have independent road net-

What changes might occur in . . . .
& & works; SAVs and private vehicles separated; no reduction in tradi-

the urban traffic layout as SAVs

develop? tional bus stops; some parking spaces repurposed; AVs replace certain

stop areas; public transit remains essential; AV drop-off points need
universal accessibility; centralized parking and charging hubs; en-
hance accessibility of old towns.”

“Upgraded parking, fueling, and charging facilities; mixed feelings:
interest and spatial concerns; more human-centered facilities; large
events should be moved out of city centers to avoid congestion; more
dense drop-off points but maintain aesthetic appeal; ensure passenger
safety and accurate routing; more public amenities; avoid school zone
congestion during peak hours; reduce parking lots, increase green

Do you have other thoughts or
suggestions on how SAVs might
reshape the urban space?

Open-Ended
Perspectives

spaces; strong anticipation; dedicated lanes; safety is key; increase
spatial efficiency.”

To assess whether thematic saturation was achieved, the research team systemati-
cally monitored the emergence of new codes throughout the K] method analytical process.
After the 24th interview, no substantially new categories or themes emerged, and existing
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thematic clusters—such as perceived safety, ride comfort, residential spatial quality, cul-
tural accessibility, and functional daily-life spaces—were consistently reinforced by sub-
sequent participants. This convergence pattern suggests that the data reached a point of
theoretical saturation, consistent with established qualitative research standards. During
the affinity clustering phase of the KJ method, the research team tracked both thematic
recurrence and code frequencies to substantiate the saturation judgment. Following the
completion of 27 interviews, no additional salient categories emerged. Moreover, each of
the five core spatial themes appeared in at least five distinct interviews, and key de-
scriptors were repeatedly mentioned across multiple participants. While frequency alone
does not determine saturation, this pattern provided sufficient empirical support for the
conclusion that thematic saturation had been achieved.

According to the interview results, most Suzhou residents interviewed had not yet
directly experienced SAVs, but they generally held a positive attitude toward the technol-
ogy. Key factors influencing their willingness to use SAVs included travel convenience,
safety, accessibility, speed, affordability, avoidance of social interaction, and vehicle hy-
giene. However, safety remained the predominant concern among respondents, primarily
due to the perceived uncertainty of the technology. Their concerns centered around
whether SAVs could accurately anticipate and respond to hazards, whether the vehicle
speed and direction would remain controllable, how to address system failures such as
Al or network outages, and whether passengers could intervene during emergencies or
how liability would be handled in the event of an accident.

Regarding the potential impact on the residential population distribution, several re-
spondents believed that SAVs were unlikely to significantly influence their residential
choices in the near term. Factors such as age, housing prices, neighborhood quality, indi-
vidual lifestyle preferences, and perceived convenience were more frequently cited as de-
cisive. Transportation, while important, is considered only one of many elements influ-
encing residential decisions. Overall, most participants suggested that the popularization
of SAVs would not markedly alter the spatial distribution of the population in the short
term.

On the topic of parking land use and its potential transformation, some respondents
acknowledged that the use of SAVs may gradually reduce personal and household vehicle
ownership. However, others argued that rising household incomes could conversely in-
crease vehicle ownership, leading to sustained or even heightened parking demands. In
densely populated areas such as Suzhou’s old town, the need for parking spaces remains
acute. Many residents emphasized that SAVs merely represent an additional travel option
and are unlikely to fundamentally reshape urban spatial structures. Nevertheless, when
asked about potential future uses for repurposed parking land, most respondents ex-
pressed a desire for more green spaces, parks, and recreational facilities that could benefit
residents of all ages.

In terms of changes to urban accessibility, some interviewees hoped that integrating
SAVs into the urban fabric—especially within the old town—could result in expanded
non-motorized travel spaces, such as wider sidewalks and bike lanes, as well as enhanced
green areas. However, others expressed concerns about disrupting the existing urban spa-
tial configuration, fearing new traffic problems during the early phases of implementa-
tion. For example, the narrowing of already constrained alleyways could negatively im-
pact walkability and the overall living environment. A number of participants proposed
the creation of dedicated SAV lanes to improve the operational efficiency while minimiz-
ing conflicts with other modes of transport.

In the discussions related to street infrastructure and the urban environment, most
respondents expressed optimism that the widespread adoption of SAVs, particularly
those powered by electricity or other clean energy sources, would contribute to improved
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urban air quality. Enhancing street-level safety was another key concern, followed by the
reduction of noise pollution and traffic congestion [48]. The majority of participants pre-
dicted a gradual decline in the use of physical barriers such as guardrails and traffic sig-
nals. Some residents suggested replacing traditional, standardized road signage with aes-
thetically pleasing and personalized wayfinding systems, aiming to enhance both naviga-
bility and visual appeal.

Regarding anticipated changes in the urban transport layout, most residents ex-
pected the creation of designated pick-up/drop-off zones in high-footfall areas. They also
advocated for better integration between SAVs and existing public transit infrastructure —
particularly at bus stops —to ensure seamless multimodal transfers and maximize SAVs’
service efficiency. Respondents generally believed that the transformative impacts of
SAVs on urban mobility would manifest in several key areas: (1) alleviating urban com-
muting pressure, (2) improving accessibility for short-distance trips, (3) enhancing safety
during nighttime travel, (4) addressing ride-hailing difficulties in peripheral areas, (5) re-
ducing the parking demand, (6) offering more flexible route options, and (7) lowering
overall travel costs.

In relation to broader issues in the old town spatial context, residents identified sev-
eral additional concerns and expectations. First, the supporting infrastructure for SAVs —
such as an adequate density of parking areas, refueling stations, and charging facilities —
must be expanded to meet the future service demand. Second, SAVs could help to meet
the growing cultural and entertainment needs of younger residents by providing conven-
ient access to venues such as concerts, immersive theater experiences, and comedy shows.
Third, improving accessibility to Suzhou’s numerous historic districts and cultural land-
marks was seen as essential. Finally, respondents emphasized the importance of ensuring
that the urban space is used not only functionally but also in a visually appealing and
efficient manner to better support daily travel.

Table 5. Classification of key information and word frequencies.

Value (Word
Source (Key Information) Target (Index) aue (Wor
Frequency)

Age, 4
SAV infrastructure Residential convenience of travel 2
efficiency 2
Economic Residential prices 2
Living environment Residential environment 8
Accessibility of residents Accessibility of residential areas 6
Parking space Availability of parking spaces 14
Sports areas, outside areas Urban fitness spaces 5
M ket park 7

ore gre.en spac'e, pocket parks Parks and green spaces
Living environment 2
Aesthetic signs Aesthetic and personalized design of transportation facilities 2
Traffic barriers Number of traffic barriers and traffic lights in old town 8
Pick-up and drop-off points Density of pick-up and drop-off points in old town 6
Facilities Density of public transport stops in old town 9
Barrier-free facilities . , epe 2

e Barrier-free transportation facilities in old town
Facilities 2
SAV infrastructure Density of gasoline and charging stations 2
T t envi t 4
ransport environmen Air quality and noise
More green space, pocket parks 2
t 4
Cos . Travel cost

Economic 2
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Unsafety, risk, travel in the even-

Travel safety 14
ing
Social and emotional Social needs during travel 6
Efficiency Travel efficiency 17
Suburban scenic spots Accessibility to suburban scenic spots 2
Hubs Accessibility to transportation hubs 6
Sports areas Accessibility to cultural and sports spaces for residents 4
Restaurants, business areas 7
Suburban scenic spots 2
Hubs Comprehensive accessibility in old town 2
Sports areas 2
Accessibility of residents 2
Total 159

3.2.2. Classifying the Key Information of the Interviews Using the KJ Method

Based on the qualitative interviews with residents, a total of 159 key expressions were
extracted and summarized using the K] method. These expressions were organized into
thematic clusters on a whiteboard using labeled sticky notes, which were iteratively
sorted, discussed, and refined. Through this process, 22 representative indicators (C1-
C22) were ultimately identified to reflect residents’ perceptions, expectations, and con-
cerns regarding the integration of SAVs into Suzhou’s old town (Tables 4-5, Figure 8).
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Figure 8. Sankey diagram of key words and summary indices.

These indicators were systematically grouped into five criterion layers (B1-B5),
which together constituted macro-theme Al: “the living environment, travel experience,
and spatial quality demands of the residents in old town”. This hierarchical structure
serves as a foundational framework for the analysis of the bidirectional adaptation strat-
egies between SAVs and the complex spatial system of the old town. The dimensions and
their corresponding indicators are as follows:

1. Al. The living environment, travel experience, and spatial quality demands of the
residents in the old town;
2. B1. The influencing factors of residential area selection.
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The following dimensions (C1-C4) reflect key factors shaping residents” willingness
to relocate or remain in specific residential areas:

e Cl1. Commuting convenience;

e (2. Residential cost affordability;

e (3. Quality of housing environment;

e (4. Spatial accessibility of residential area.

These elements help to assess the potential impacts of SAVs on residential attraction
and the evolving spatial configuration of the old town.

3. B2. The daily functional space requirements of the old town.

Focusing on the accessibility and adaptability of essential urban functions (C5-C7),
this dimension includes the following:

e (5. Availability of parking spaces;
. C6. Access to fitness and exercise facilities;
e (7. Green and recreational open spaces (e.g., parks, pocket parks).

This reflects residents’ expectations for the better integration of SAVs with multi-
functional urban land use.

4.  B3. Perceptions of the environmental quality of traffic spaces in the old town.

Comprising indicators C8—C14, this dimension captures how residents evaluate the
sensory, functional, and ecological conditions of traffic spaces:

e (8. Street safety and orderliness;

. C9. Visual attractiveness and spatial aesthetics;

e  (C10. Reduction in noise pollution;

e (Cl11. Improvements in air quality;

e  (C12. Human-centered and inclusive street design;
e (C13. Compact and efficient infrastructure layout;
e (Cl14. Harmony between mobility and livability.

This dimension helps to assess whether SAVs can enhance the quality of the urban
transportation environment.

5. B4. Dimension of SAV service quality.
Indicators C15-C18 represent users’ core experience factors when using SAVs:

. C15. Affordability and cost-effectiveness of SAVs;

e (6. Safety and risk management in SAV operations;

e  (17. Efficiency and reliability of SAV services;

e  (18. Emotional and psychological comfort during rides.

These dimensions offer insights into residents” acceptance and satisfaction with SAV-
based urban mobility.

6.  B5. The accessibility requirements of multi-functional urban spaces.

Reflecting broader spatial justice and service equity concerns, C19-C22 focus on ac-
cess to key urban destinations:

. C19. Accessibility to transportation hubs;

e (C20. Access to public service facilities;

. C21. Reachability of leisure and tourist destinations;

e (22. Accessibility within and beyond the old town area.

This dimension supports the evaluation of SAVs’ capacity to enhance urban connec-
tivity and service coverage across spatial hierarchies.

This structured indicator system provides an empirical foundation for subsequent
quantitative assessments, including AHP-EWM weighting, spatial accessibility analysis,
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and satisfaction gap evaluations. It also serves as a critical reference for policy recommen-
dations on the optimized co-adaptation between emerging mobility technologies and the
spatial characteristics of historical urban cores (Table 6, Figure 9).

Table 6. Detail list for K] method.

Obijective (A) Criterion Layer (B)

Index Layer (C)

B1. Influencing Factors of

Residential Area Selec-
tion

C1. Residential Convenience of Travel
C2. Residential Prices
C3. Residential Environment
C4. Accessibility of Residential Areas

B2. The Daily Functional
Space Requirements of
the Old Town

C5. Availability of Parking Spaces
Cé6. Urban Fitness Spaces
C7. Parks and Green Spaces

B3. Perceptions of Envi-
ronmental Quality of
Traffic Spaces in Old
Al. The Living Envi- Town

ronment, Travel Expe-

C8. Aesthetic and Personalized Design of Transportation Facilities
C9. Number of Traffic Barriers and Traffic Lights in Old Town
C10. Density of Pick-Up and Drop-Off Points in Old Town
C11. Density of Public Transport Stops in Old Town
C12. Barrier-Free Transportation Facilities in Old Town
C13. Density of Gasoline and Charging Stations
C14. Air Quality and Noise

rience and Spatial
Quality Demands of
the Residents in the
Old Town

B4. Dimension of SAV
Service Quality

C15. Travel Cost
C16. Travel Safety
(including vehicle driving safety, the safety of women using vehicles
at night, and the risk of scratches on SAVs, etc.)
C17. Social Needs During Travel
(non-carpooling SAV services can reduce contact with strangers, in-
cluding unfamiliar passengers and drivers, and are more appealing
to taxi-hailing users who have a fear of strangers)
C18. Travel Efficiency
(including being able to hail a vehicle quickly and not refusing to
pick up passengers in remote areas, etc.)

B5. The Accessibility Re-
quirements of Multi-

Functional Urban Spaces

C19. Accessibility to Suburban Scenic Spots
C20. Accessibility to Transportation Hubs
C21. Accessibility to Cultural and Sports Spaces for Residents
C22. Comprehensive Accessibility in Old Town
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Figure 9. The association relationships among various subject categories in the K] method.

4. Discussion and Conclusions
4.1. User Demand Characteristic Analysis Based on K] Method

The interview data revealed a paradoxical public attitude toward SAVs: while re-
spondents generally maintained an optimistic outlook, they simultaneously expressed
profound concerns regarding safety. This finding is consistent with previous studies sug-
gesting that safety concerns may negatively influence the adoption of SAVs [49]. Resi-
dents” apprehensions primarily focus on the perceived risk-handling capabilities of Al
systems, the reliability of emergency response mechanisms (e.g., traffic gridlocks, system
crashes), and ambiguities surrounding liability in the event of accidents. These concerns
not only pertain to technological stability but also reflect deeper anxieties regarding ma-
chine ethics and the adaptability of Al in complex urban contexts [50].

Such findings are aligned with the existing literature on public trust in autonomous
systems [51]. Notably, YouTube content creator Not Just Bikes articulated his personal
fear of future automated mobility despite the prevailing optimism among researchers,
emphasizing the psychological distance between expert assurance and public apprehen-
sion. This suggests that increasing transparency in algorithmic decision-making and en-
hancing safety protocols may mitigate public fears regarding the “black box” nature of
AV technologies [52]. Addressing these issues is not merely a technical challenge but also
a prerequisite for the widespread societal acceptance of SAVs.

At the level of residential preferences and the population distribution, divergent
views emerged across different age groups. Several respondents expressed distinct gen-
erational lifestyle patterns, such as “I prefer living in the suburbs because it's quieter”
versus “I enjoy the lively atmosphere of the old town.” Older respondents (aged 40 and
above) showed a stronger preference for suburban living, citing a desire to avoid the dense
and dynamic environments of central districts. In contrast, younger residents (aged 18-
30) emphasized accessibility and convenience, showing a strong preference for living in
areas close to work, education, and leisure activities. This group also anticipated using
SAVs to enable safe and efficient night travel.

However, Suzhou’s old town currently exhibits a significant aging population, with
residents aged 60 and above accounting for 25.17% of the total population, compared to
just 19.41% in the broader Suzhou metropolitan area [53,54]. This demographic imbalance
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implies that, with the implementation of SAVs and the consequent improvement in acces-
sibility and commuting efficiency, younger populations may increasingly be drawn back
to the old town, while older populations may shift toward quieter suburban settings. Such
intergenerational shifts in residential preferences present new challenges for urban spatial
restructuring. The development of SAVs may accelerate the rebalancing of the urban pop-
ulation and facilitate the emergence of a “jobs—-housing balance” spatial paradigm [55].

In terms of parking land use, residents generally held a positive attitude toward the
transformative potential of SAVs. Many anticipated that the technology would lead to
more compact and efficient parking systems, with intelligent spatial arrangements max-
imizing land use in the constrained old town context. Residents believed that SAVs could
help to alleviate the longstanding problem of parking scarcity in Suzhou'’s historic core.
Importantly, the repurposing of freed up parking areas was viewed as a key opportunity
for spatial renewal —transforming underutilized parking lots into public spaces or mixed-
use developments. This aligns with the global trend of “repurposing parking spaces” ob-
served in many cities embracing transport innovation [56].

Nevertheless, some interviewees voiced concerns regarding the challenges posed by
the initial implementation phase of SAVs, particularly with respect to governance. They
emphasized the need for robust regulatory frameworks, infrastructure upgrades, and
cross-sectoral coordination to ensure a smooth and equitable transition. The success of
SAVs in reshaping the spatial structures of old urban areas thus relies not only on techno-
logical readiness but also on institutional adaptability and public trust.

From the perspective of regional accessibility, most interviewees believed that the
application of SAV technology would significantly enhance the connectivity between sub-
urban residential zones, tourist attractions, major transportation hubs, sports venues, and
the core areas of the old town—especially in districts constrained by narrow streets and
limited parking availability. SAVs were viewed as a potentially more competitive mobil-
ity option in such contexts. However, a subset of residents expressed reservations regard-
ing the safety and maturity of SAVs, indicating that technological uncertainty may influ-
ence their daily mobility choices. This suggests that the widespread adoption of SAVs will
require not only technical advancement but also robust policy guidance and the cultiva-
tion of public trust.

Regarding the optimization of street facilities and the urban environment, several
respondents reiterated the critical role of public transportation in the old town’s mobility
system. They cautioned against overemphasizing the advantages of emerging technolo-
gies while neglecting the risks associated with their implementation. During the transi-
tional phase of transportation restructuring, the concept of multimodal redundancy —the
coexistence of SAVs, public transit, and non-motorized systems (e.g., walking and cycling)
within the same spatial framework —was seen as essential in maintaining accessibility eq-
uity among diverse user groups [57]. In this regard, inclusive design considerations, such
as barrier-free infrastructure for vulnerable populations, must not be overlooked. The in-
tegration of SAVs into the old town’s transportation network must delicately balance ef-
ficiency, historical preservation, spatial quality, and residential livability to achieve syn-
ergistic urban optimization.

Drawing from the above, we further explore the potential impacts of SAVs on the old
town’s spatial structure through three interrelated analytical dimensions: spatial evolu-
tion, social space and accessibility equity, and the cultural sensitivity of historical urban
areas.

From a spatial structural standpoint, SAVs are driving the reconfiguration of the old
town traffic space —particularly in relation to pick-up/drop-off areas, parking zones, and
pedestrian mobility networks. These shifts trigger new forms of spatial overlap and con-
flict at the alleyway and neighborhood scale. This emerging restructuring calls for a
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redefinition of the boundaries between “shared” and “slow” mobility modes within mi-
cro-scale urban planning. Without such fine-grained control, the introduction of auto-
mated transport risks encroaching on human-centered spatial domains. These trends
align with ongoing theoretical discourse on “urban regeneration”, “micro-renewal”, and
“community upgrading” in the contemporary planning literature [58].

From the perspective of social spatial equity, SAVs offer potential improvements in
traffic efficiency, reduced time costs, and expanded spatial access to cultural and ecologi-
cal amenities. However, these benefits may also inadvertently reinforce pre-existing spa-
tial hierarchies within the old town. For example, properties located near cultural land-
marks or transit nodes may rapidly rise in value due to increased accessibility, exacerbat-
ing spatial inequalities. Young people who wish to reside in the old town may find them-
selves priced out, while older residents —despite preferring suburban environments—
may remain for asset retention reasons. This could hinder efforts to achieve an intergen-
erational balance in the old town’s population structure and undermine social diversity.

Finally, the cultural landscape of the old town exhibits heightened sensitivity to tech-
nological intervention. Traditional alleyways, where daily life and intangible cultural her-
itage are tightly interwoven, often lack standardized traffic logic. This poses a challenge
for SAVs’ Al navigation systems, which depend on predictable spatial rules and struc-
tured data inputs. Such mismatches echo broader concerns among architectural scholars
that technological updates may dilute the emotional resonance and cultural continuity of
historical districts. As cities become increasingly “smart”, safeguarding the embodied
memory and lived experiences embedded in old urban forms must remain a core planning
priority.

4.2. Practice Strategies

4.2.1. Proposed Strategy 1: Enhancing Public Trust Through Transparent Risk
Assessment

The interview data reveal a paradoxical public perception toward SAVs: while the
general attitude is optimistic, there is a widespread and profound concern regarding
safety. Residents” worries mainly focus on the risk perception capabilities of Al systems,
response mechanisms during emergencies (e.g., traffic gridlock or system failures), and
the assignment of liability in the event of an accident. These concerns are not limited to
technical stability but also reflect broader anxieties about the adaptability of machine eth-
ics in complex urban environments [50].

To mitigate such concerns, policymakers should implement transparent risk assess-
ment mechanisms aimed at fostering public trust in SAVs.

1. The integration of explainable artificial intelligence (XAI) frameworks is recom-
mended to improve transparency in SAVs’ decision-making processes, thereby re-
ducing public anxiety over so-called “black box” algorithms. In sensitive areas with
historical heritage—such as Pingjiang Road —redundant control systems, including
emergency manual override options, should be incorporated to minimize safety risks
associated with technical malfunctions.

2. Additionally, digital twin technologies can be employed to dynamically simulate the
traffic flow in Suzhou’s Gusu District, optimizing SAVs’ operational strategies. By
visually demonstrating the safety and efficiency of SAV deployment through real-
time simulations, public acceptance and confidence in the technology can be signifi-
cantly enhanced.

The proposed measures to enhance public trust through XAI and digital twin simu-

lations are not only applicable to Suzhou but also hold significant potential for broader
adoption across historic urban environments worldwide. Cities with intricate street
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networks and strong heritage preservation imperatives —such as Kyoto (Japan), Avignon
(France), and Toledo (Spain) —could similarly benefit from transparency-oriented trust-
building mechanisms that bridge emerging technologies with culturally sensitive urban
settings.

However, effective implementation is contingent upon several preconditions, includ-
ing robust digital infrastructure, adequate public digital literacy, and supportive regula-
tory frameworks that enable the integration of autonomous systems into the historically
embedded urban fabric. In regions characterized by lower levels of digital maturity or
heightened public skepticism toward Al—such as parts of Central and Eastern Europe —
such mechanisms may need to be complemented by participatory public engagement pro-
cesses and sustained capacity-building initiatives.

4.2.2. Proposed Strategy 2: Adopting a Polycentric Development Strategy to Enhance the
Land Use Mix in the Old Town

Recent studies suggest that a single SAV can potentially replace three to nine pri-
vately owned cars [55], indicating that the widespread adoption of SAVs may help to al-
leviate the spatial and environmental pressures caused by the increasing number of pri-
vate vehicles. However, the interview findings and demographic data indicate clear gen-
erational differences in residential preferences: residents over the age of 40 tend to prefer
quieter suburban areas away from the urban core, whereas younger residents value ac-
cessibility to urban amenities and would rely on SAVs for efficient nighttime mobility.
This generational divergence presents new challenges for the urban spatial structure and
residential planning.

To address these differentiated needs while improving land use diversity within the
old town, a polycentric development strategy (referring to the spatial decentralization of
urban functions into multiple smaller hubs—as proposed to address land use intensity) is
proposed.

In peripheral urban areas, the development of micro-community hubs is encouraged
to integrate functions such as co-working spaces, telemedicine services, and community
support facilities. These hubs can effectively reduce the reliance on central areas for daily
commuting.

Meanwhile, within the historic core of the city, particularly in areas like Guangian
Street, land use adjustments should be made to enhance the vertical and horizontal inte-
gration of commercial, residential, and office functions. For example, the promotion of
mixed-use developments—such as combining ground-floor retail with upper-floor resi-
dential units—can foster a more compact and efficient urban form. This would not only
reduce long-distance commuting but also improve walkability and overall urban livabil-
ity (Figures 10a—c and 11).
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The polycentric development strategy proposed for Suzhou’s old town —featuring
micro-community hubs and vertically integrated land use patterns—offers potential
transferability to other historic cities grappling with spatial-functional imbalances. Cities
such as Bologna (Italy), Bath (UK), and Graz (Austria), which share a common structure
of compact heritage cores and rapidly expanding peripheries, may benefit from similar
interventions aimed at balancing accessibility, livability, and cultural preservation.

However, the effectiveness of such a strategy remains highly contingent upon local
land use regulations, property ownership frameworks, and urban morphological condi-
tions. In European cities, where heritage protection laws are more stringent or building
height restrictions are strictly enforced, vertical land use integration would require close
coordination with preservation authorities, which may significantly constrain the imple-
mentation feasibility.

4.2.3. Proposed Strategy 3: Hierarchical Street Renovation Strategy to Reconcile Traffic
Efficiency and Heritage Conservation

As SAVs are gradually integrated into the urban mobility systems of historic districts,
it becomes imperative to strike a balance between traffic efficiency, heritage conservation,
and the quality of urban spaces. Given the unique street morphology of old towns, a hier-
archical renovation strategy is proposed to accommodate the functional diversity of dif-
ferent road types.

1. Arterial Roads: For primary commuting corridors such as Ganjiang Road and
Renmin Road (Figure 10b), the implementation of a time-variable lane allocation
strategy is recommended. During peak hours, the existing traffic capacity should be
maintained to ensure mobility, while, in off-peak periods, selected lanes can be dy-
namically repurposed as green buffers or pedestrian zones, thereby improving the
streetscape quality. In addition, intelligent signal control systems should be deployed
to optimize SAVs’ routing and ensure adaptability to fluctuating traffic conditions.

2. Alleyways: In culturally sensitive alleyways (Figure 10d), motorized traffic should
be strictly limited. Only low-speed SAVs (<15 km/h) should be permitted, operating
via subsurface optical guidance systems to enable minimally invasive navigation.
This approach ensures the continuity of the pedestrian space while minimizing dis-
ruptions to the historical fabric and ambiance.

3. Cultural Precincts: In core heritage zones, the establishment of zero-emission zones
is advised. SAV transfer hubs should be located at the periphery to buffer the impact
of motorized vehicles. Additionally, wayfinding systems should be enhanced using
Suzhou-style aesthetic markers in place of standardized signage to ensure visual har-
mony with traditional cultural landscapes.

Moreover, throughout the process of mobility system restructuring, the principle of
multimodal redundancy must be upheld. This means ensuring that SAVs, public trans-
portation, and active modes (e.g., walking and cycling) are all effectively integrated within
the core area. Such redundancy would support mobility equity for diverse user groups
and provide the necessary flexibility during the technological transition phase.

The hierarchical street renovation framework — comprising time-regulated lanes, op-
tical guidance systems in narrow alleyways, and zero-emission cultural precincts —offers
a transferable conceptual model for historic urban areas with stratified street networks.
Cities such as Bruges (Belgium) and Dubrovnik (Croatia), characterized by constrained
medieval alleys and high densities of pedestrian tourism, face comparable challenges in
modernizing their mobility systems without compromising their heritage value. How-
ever, successful adaptation requires context-sensitive calibration to local urban morphol-
ogies, material conservation codes, and tourism flows.
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In European heritage towns with stone pavements, preservation-oriented construc-
tion codes, and strictly pedestrianized zones, the deployment of underground optical
guidance or dynamic lane allocation may need to be translated into surface-level technol-
ogies or time-specific access strategies to ensure regulatory compliance and spatial integ-
rity. These interventions must also be attuned to the current technological limitations of
SAVs, particularly regarding the sensor resolution, latency in response, and spatial buffers
required for emergency halts.

Furthermore, the proposed framework holds significant implications for the design
and governance of urban transport infrastructure. By facilitating demand-responsive SAV
routing and encouraging mixed-use land configurations, it can reduce the dependence on
conventional parking structures and rigid public transit lines. The hierarchical restructur-
ing of street space allows for more efficient road width distribution, enhances multimodal
system resilience, and lays the groundwork for the seamless integration of low-emission
and autonomous transport technologies in heritage-sensitive urban contexts.

4.3. Limitations and Future Research Directions

Although this study qualitatively explores the spatial implications of SAVs in the old
town of Suzhou from a user-centered perspective, several limitations remain.

1. Data Source Limitations: The study relies primarily on in-depth interview data.
While it captures residents” multidimensional perceptions, it may not fully reflect the
objective impacts of SAVs on the urban space —such as changes in traffic flow, park-
ing turnover rates, or land use efficiency —which require further support from quan-
titative data and geospatial analytics.

2. Sampling Bias: The findings may be subject to bias due to differences in respondents’
backgrounds, ages, and travel habits. Especially in the current phase, where SAVs
have not been widely deployed, residents’ attitudes are largely shaped by hypothet-
ical assumptions and subjective impressions, rather than lived experience.

3. Technological Uncertainty: The research does not fully account for the dynamic na-
ture of SAV technologies. Future breakthroughs in Al, changes in transportation pol-
icy, or shifts in social demand could significantly reshape the urban spatial land-
scape. Thus, the current conclusions may require adaptation over time.

4.  Geographical Specificity: The study focuses exclusively on Suzhou’s old town, whose
historical, spatial, and demographic characteristics are unique. The generalizability
of the findings to other cities or different urban typologies remains to be tested
through comparative or multi-case research.

5. Implementation Challenges: Given that SAV technologies are still in the develop-
mental stages, real-world deployment may encounter a variety of complex chal-
lenges—including infrastructure retrofitting, legal and regulatory adaptation, and
varying levels of market acceptance —which exceed the scope of this study.

Additionally, the specificity of Suzhou’s old town —with its unique cultural regula-
tions, population density, and tourism patterns —may limit the generalizability of the pro-
posed strategies. The findings may not fully account for variability in local governance,
infrastructure maturity, or public attitudes in other regions. Further, the rapid pace of
SAVs’ technological development introduces an evolving challenge in aligning urban
planning strategies with shifting system capabilities and regulatory conditions.

Despite the promise of XAl and digital twin technologies, real-world implementation
in historic urban contexts remains fraught with challenges. These include high computa-
tional demands, unresolved data privacy concerns, and limitations in Al performance un-
der real-time, unstructured environmental conditions. Sensor constraints —such as occlu-
sions in narrow alleyways or diminished visibility during heavy rainfall —remain
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particularly acute in dense heritage areas where spatial irregularities are common. More-
over, the introduction of SAVs in culturally sensitive zones may encounter public re-
sistance, especially where such interventions are perceived as intrusive or disruptive to
the historical character of the area. High tourist densities and unpredictable pedestrian
behavior along heritage corridors further complicate the deployment of sensor-based nav-
igation systems, raising questions about reliability, safety, and the spatial-temporal align-
ment of autonomous mobility with existing urban rhythms.

Looking ahead, the promotion of SAVs must be driven by an integrated approach
encompassing technological innovation, policy alignment, and urban spatial planning.
Future research should leverage large-scale empirical data, simulation-based models, and
comparative case studies to enhance the robustness and transferability of the findings.
Only through such a multidimensional framework can the deployment of SAVs effec-
tively optimize urban spatial structures, enhance residents’ travel experiences, and guide
the sustainable transformation of historic urban districts. While this study primarily fo-
cuses on qualitative spatial reconfiguration, subsequent work could incorporate agent-
based simulation platforms —such as MATSim or SUMO—to model SAV operations un-
der varied historic street conditions. This would enable the data-informed optimization
of routing strategies, vehicle density thresholds, and infrastructure adaptation, offering
deeper insights into the spatial-temporal dynamics of autonomous mobility in heritage-
rich environments.

This study did not include perspectives from local planning officials or business own-
ers. Future research should adopt a multi-stakeholder approach to capture the planning
rationale and economic dimensions associated with SAV deployment in heritage zones.

Given the low actual exposure to SAVs among the participants, many responses were
shaped by media narratives or speculative assumptions. This limits the ecological validity
of some perceptions, especially regarding safety and comfort. Future studies may benefit
from simulation-based tools or immersive mock-ups to elicit more experience-aligned re-
sponses.



World Electr. Veh. ]. 2025, 16, x FOR PEER REVIEW 30 of 33

5. Conclusions

The integration of SAVs into historic urban centers represents not merely a techno-
logical shift but a catalyst for the reconfiguration of spatial structures, retrofitting strate-
gies, and mechanisms of public trust. Drawing on a qualitative inquiry conducted in Su-
zhou'’s old town, this study proposes three strategic pathways: (1) transparent risk assess-
ment frameworks—leveraging XAl and digital twin simulations—to build public confi-
dence; (2) polycentric development models to accommodate diverse land use demands
and decentralize urban functions; and (3) hierarchical street retrofitting to reconcile mo-
bility enhancement with heritage preservation. Collectively, these strategies underscore
the imperative to move beyond technocentric narratives and embrace the spatial, social,
and cultural dimensions of mobility transitions in heritage-sensitive contexts.

Nevertheless, this study is not without limitations. The qualitative sample of 27 par-
ticipants, while sufficient for thematic saturation, may not fully capture the heterogeneity
of stakeholder perspectives —particularly those of vulnerable or mobility-impaired popu-
lations. In addition, the proposed strategies remain conceptual and require empirical test-
ing through real-world pilot implementations and cross-contextual comparisons with
other historic cities in China and beyond.

Future research should incorporate multi-source datasets—including real-time traf-
fic sensors, pedestrian behavioral tracking, and GIS-based simulation models—to trian-
gulate insights and enhance the analytical robustness. A longitudinal perspective is also
essential to evaluate the enduring socio-spatial impacts of SAV deployment over time. By
acknowledging its methodological constraints while articulating actionable research di-
rections, this study offers both strategic foresight and a foundation to guide sustainable,
culturally attuned mobility transformations in legacy urban environments.

Author Contributions: Conceptualization, S.Y. and K.B.; methodology, S.Y. and S.T.; software, S.Y.
and X.C,; validation, S.Y., X.C. and Z.Z; formal analysis, S.Y.; investigation, S.Y. and K.B.; data cu-
ration, S.Y. and Z.Z.; writing —original draft preparation, S.Y.; writing —review and editing, K.B.;
visualization, S.Y; supervision, K.B.; project administration, K.B. All authors have read and agreed

to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board of King Mongkut's University
Technology Thonburi (protocol code KMUTT-IRB-COE-2025-044 and 19 December 2024 of ap-
proval).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study

Data Availability Statement: The data presented in this study are available on request from the

corresponding author.

Acknowledgments: The authors thank all respondents for their help with this research. They also

thank the reviewers, whose comments were helpful and practical.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

Al Artificial Intelligence
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AVs Autonomous Vehicles

V2X Vehicle-to-Everything

VIT Value of Travel Time

PAVs Private Autonomous Vehicles
VKT Vehicle Kilometers Traveled

XAI Explainable Artificial Intelligence
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