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Prologue: The Architecture as Blueprint
to Society 5.0

Atsushi Deguchi

Society 5.0 as a Future Vision

In January 2016, the Government of Japan unveiled its Sth Science and Technology
Basic Plan (Cabinet Office 2016, 2021a), which included a future vision titled
Society 5.0, outlining Japan’s vision for a technology-driven and people-centric
future society. Since then, the government has worked to communicate this vision
to domestic and international audiences. The vision is named “Society 5.0” because
the envisaged society will be the “fifth” developmental stage of human society, fol-
lowing the hunter-gatherer (1.0), agricultural (2.0), industrial (3.0), and information
(4.0) societies. As a people-centric society, Society 5.0 will balance economic goals
with environmental and social concerns. The core technology for this purpose will
seamlessly integrate cyber and physical spaces (or, as the 5th Science and Technology
Basic Plan states, “the high degree of merging between cyberspace and physical
space (real world”).

Hitachi-UTokyo Laboratory (H-UTokyo Lab)' released Society 5.0: A People-
Centric Super-smart Society to explain the idea behind Society 5.0 and share
research findings that have contributed to digitalization. The Japanese-language edi-
tion was published in October 2018 by Nikkei Publishing Inc. and has been widely
read. During that time, interest in Japan’s concept of the smart city, which involved
energy-management initiatives for addressing the energy crisis Japan has faced
since the 2011 Tohoku disaster, was growing. Therefore, we presented examples of
smart grid projects and other existing energy-management initiatives and explained
how Society 5.0 represents the next stage in these efforts. In the following years,
several government strategies and projects were launched throughout Japan to real-
ize Society 5.0, leading to a number of smart-city projects being implemented.

'Hitachi and the University of Tokyo established H-UTokyo Lab in June 2016 with a view to
launching industry-academic collaboration for Society 5.0. H-UTokyo Lab is led by the Habitat
Innovation Project team, which consists of members from Hitachi and the University of Tokyo.
The project team authored Society 5.0: A People-Centric Super-smart Society.
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An English edition of the text has been published in Springer Nature (H-UTokyo
Lab 2020a), and a Mandarin edition has been published by China Machine Press
(H-UTokyo Lab 2020b). These translations have helped broadcast the Society 5.0
vision across the world; thus, international audiences became familiarized with the
concept, if only to a modest extent. We wish to thank all those involved in the com-
pilation, translation, and publication of the text.

Social Challenges Brought About by the Digital
and ICT Revolutions

Since 2016, social and technological progress has exceeded expectations. In 2016,
Japan had already introduced a law regulating cryptocurrency, using “cryptoassets”
as a blanket term. The digital economy started attracting increasing interest since
2020, with the rise and fall of Bitcoin.

At present, digital and information technology (IT) innovations pervade every
corner of our lives. We have had to accept these innovations in a short space of time,
and the innovations are still transforming our lives and living environments in
breathtaking ways. History books tell us that the innovations and revolutions of the
past benefited only a certain region and socioeconomic class. Many worry that the
formidable benefits of digitization and IT—increased convenience, high profitabil-
ity, etc.—will be enjoyed in a similar manner, by only a certain age group, a group
of industries, and companies, leading to even wider regional, socioeconomic, and
inter-business inequalities.

Such an outcome would be counterproductive to the UN’s 17 Sustainable
Development Goals (SDGs), adopted in 2015 as part of the 2030 Agenda for
Sustainable Development. The SDGs have entered the everyday lexicon in Japan; in
addition to being taught in schools, they are frequently mentioned on TV talk shows.
The 2030 Agenda for Sustainable Development also included a promise that “no
one will be left behind.” If the world has committed to the SDGs and the “no one
left behind” principle, the question becomes how digital innovation can advance in
accordance with this sustainability agenda.

In September 2021, the Japanese government established the Digital Agency as
part of a digital strategy. This digital strategy defines “digital transformation” in
accordance with the conception in Information Technology and the Good Life
(Stolterman and Fors 2004). In that work, Erik Stolterman and Anna Croon Fors
(Umea University, Sweden) suggested that digital transformation “can be under-
stood as the changes that the digital technology causes or influences in all aspects of
human life” and something that demands us to consider how “information technol-
ogy can be in service of the good life”’(Stolterman E & Croon Fors A 2004). This
notion of digital transformation implies that digital innovations should proceed in a
direction consistent with the vision proposed in Society 5.0.
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However, contrary to this shared ideal, the ripples and benefits of digital technol-
ogy are, as feared, reaching only specific regions, socioeconomic groups, and indus-
tries. Hurdles must be overcome to ensure that digital and IT technology is
disseminated in the service of the good life, which is the true purpose of digital
transformation and Society 5.0.

The Japanese government has committed to integrating digital technology with
garden cities in a national strategy titled “Vision for a Digital Garden City Nation,”
which is already being implemented in locales across the country. In comparison,
not much work has been done to establish an approach for a methodological frame-
work for achieving a sustainable people-centered super-smart society. To address
this lack of progress, H-UTokyo Lab has explored potential methodological frame-
works. The purpose of this book is to disseminate these findings and contribute to
smart-city initiatives that will help usher in Society 5.0.

Architecture Needed to Realize Society 5.0

In the early twentieth century, the garden city movement, an urban planning move-
ment that gained worldwide prominence, began. The movement was the brainchild
of Sir Ebenezer Howard (1850-1928), a British urban planner. In 1903, Howard
founded a company named First Garden City to make his ideas on garden cities into
a reality.

After the Industrial Revolution, societies grew increasingly industrialized
(Society 3.0). In late-nineteenth- and early-twentieth-century Europe, many work-
ers were living in urban areas full of poverty and squalor, and the specter of revolu-
tion haunted the continent. In his 1898 work, To-Morrow: A Peaceful Path to Real
Reform (Howard 2003, 2007), Howard proposed his vision of garden cities that
would combine the benefits of the town and the countryside. He also presented a
corporate model in which a garden city would be function similar to a “large and
well-appointed business.” As the book’s subtitle declared, the garden city movement
was to be a “peaceful path,” as opposed to a violent revolutionary one, to reform the
problems that plagued cities after the Industrial Revolution. After the book’s publi-
cation, Howard devoted the rest of his life to making garden cities a reality so that
people could enjoy the benefits of towns and cities alike. Howard’s vision and
method were disseminated globally, leading to the creation of garden cities around
the world.

Howard proposed both a vision and a method (which his corporate model
amounted to) for the garden city, whereas Society 5.0 limits itself to being a concep-
tual vision; it simply points to a future that is driven by science and technology, as
part of the government’s basic science and technology strategy. It has never pro-
posed any architecture. The onus is on local governments and businesses to estab-
lish methodological approaches for turning the vision into a reality.

In the present days, since the Covid-19 pandemic emerged in early 2020, we
have had a further acceleration in the dissemination of digital technologies such as
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videoconferencing, creating palpable changes in our everyday lives; the rise of
remote working is one example of such changes. This trend does involve some sac-
rifice—the social effects and the effects upon individuals are not all beneficial—but
the accelerated rollout of infrastructure for remote working and learning has ush-
ered in new working and learning, new choices in living spaces, new attitudes
among consumers, and new ideas for organizing office spaces. The Web 3.0 era (a
decentralized iteration of the Internet), metaverse spaces, and other emerging inno-
vations are likely to both make life easier and lead to profound changes in peo-
ple’s values.

With the pandemic hastening the dissemination of digital technology and all the
lifestyle changes that entailed, this time period could be an opportune juncture for
proposing an architecture detailing how to leverage this digital infrastructure toward
the construction of the people-centric sustainable society that Society 5.0 is sup-
posed to be. Currently, however, no such architecture has been set out. All we have
is a government publication titled Society 5.0 Reference Architecture (Cabinet
Office 2020). To make Society 5.0 applicable to cities and communities, more
detailed architecture must be created and shared with experts in smart cities and
other relevant fields.

What Does “Architecture” Mean?

When Japanese people hear the word “architecture” (as the loanword akitekucha),
they will probably associate it first and foremost with its Japanese translation, ken-
chiku.* Although “architecture” can sometimes refer to physical structures, in a con-
struction context, it has a different connotation. It refers to the art, techniques, and
processes for building structures in a particular locale and time and to the architec-
tural style of that locale and time (the meaning of architecture is discussed further
in Chap. 1). Architecture in this context also connotes the idea of designing and
building structures in a way that reconciles the abstract requirements of the client
(living space requirements, work requirements, recreational needs, etc.) with the
physical constraints of the locale, such as the local features and available materials
(stone, timber, soil, etc.).

Thus, architecture refers to the art and method for building structures. Stated dif-
ferently, it is a method, technique, and theoretical framework for creating a space
that reconciles abstract requirements with physical constraints particular to a loca-
tion. A physical building is the product of such architecture. The English word
“architecture” is, therefore, an abstract and non-countable noun referring to the art
of creating a space reconciling desired functions with local parameters.

2The Japanese term “kenchiku,” initially adopted as a translation of “architecture,” has undergone
semantic expansion to encompass a broader spectrum of meanings, including those associated with
“building” and “construction.”
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The term is also often used in contexts other than construction, such as in com-
puter engineering, IT, and manufacturing (the auto industry and shipbuilding, for
example). In such contexts, architecture serves as a higher-level concept encom-
passing the designs for the software and hardware. Thus, it is an important concept,
though its precise meaning somewhat varies in different fields, each with an over-
arching structure, organizational setup, and distribution or arrangement of compo-
nents. If you would like to learn more about the usage of the term in each field,
please see the reference list.

This book presents a discussion on the architecture needed to make Society 5.0
a reality (as suggested by the title of this book), and Chaps. 1 and 3 present the role
of such architecture in the key factors for creating a smart city that is people-centered
and sustainable.

The Reference Architecture of Society 5.0 and Its
Complementary Components

In 2011, the German government unveiled the concept of Industry 4.0, which
focused on manufacturing, as exemplified by the smart factory.’ By contrast, Society
5.0 is a broader vision, covering community-development planning with its concept
of the smart city and covering manufacturing with its concept of the smart factory.
The smart city is a key part of Society 5.0.

Developing a target community into a smart city in accordance with Society 5.0
will require applying the target community schemes for integrating cyber and physi-
cal spaces. The architectural approach (construction methods and implementation
procedures) must align with local features and the values of the community. One of
the purposes of this book is to provide a methodological framework to achieve this.

The government has provided some guidance here: a committee operating under
the Cabinet Office has produced the Society 5.0 Reference Architecture (Cabinet
Office 2020). Similarly, a reference architecture for the smart city has been released
by the Cross-ministerial Strategic Innovation Promotion Program (which, likewise,
operates under the Cabinet Office) (Cabinet Office 2023). However, in both cases,
and especially in the case of the former, the architecture is very generic and empha-
sizes interoperability. Thus, the architecture requires refinements to ensure it can be
applied in real-world communities for the creation and management of people-
centered sustainable super cities. This process of refinement must involve integrat-
ing findings and best practices related to urban planning and resident-led community
development.

3Industrie 4.0 is described (in Japanese) on page 143 of the following addendum, which describes
initiatives in Europe and North America: https://www.soumu.go.jp/johotsusintokei/whitepaper/ja/
h30/pdf/n3500000.pdf. Accessed March 7, 2024.

The addendum accompanies a 2018 white paper on information and communications pub-
lished by the Ministry of Internal Affairs and Communications.
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Chapter 2 presents a discussion on past public- and private-led efforts to con-
struct smart cities. A guiding idea behind this book is that in the course of develop-
ing smart cities, resident perspectives must be incorporated into the architectural
approach. Accordingly, this book suggests ways to refine the government’s refer-
ence architecture for Society 5.0. In particular, we suggest ways for applying digital
technology and data analytics in real-world urban communities to address problems
and drive community development. Hence, this book is a handbook for Society 5.0
with a focus on architectural plus factors.

Key Factors for Preventing Smart City Initiatives from Being
Short-Lived — Toward the Realization of Society 5.0

In March 2021, a time when the pandemic was in full swing, the Cabinet approved
the government’s sixth five-year strategy for science, technology, and innovation
(STI Basic Plan) (Cabinet Office 2021a). Shaped by Japan’s experience of the pan-
demic and with a focus on the post-pandemic transition, the Sixth STI Basic Plan
also emphasized the construction of smart cities as a means to achieve the policy of
ushering in a society that is “a sustainable and resilient society that ensures the
safety and security of the people.” The five-year STI Basic Plan is broken down into
annual “integrated innovation strategies.” The integrated innovation strategy for the
year ended March 2022 (Cabinet Office 2021b), approved by Cabinet on June 2021,
reiterated the need to “accelerate efforts” to make Society 5.0 a reality and identified
smart cities as part of these efforts: (government translation) “In order to realize a
society with a sustainable livelihood base, the government will seek to resolve
issues faced by cities and regions, and aim to develop diverse, sustainable, and
highly livable cities and regions [smart cities] nationwide that will proactively real-
ize Society 5.0, which continues to create new values”; (retranslated: To support
sustainable livelihoods, we will work to address the issues urban and rural commu-
nities face and support the national rollout of smart cities that are pro-diversity,
sustainable, and livable habitable, and as such pave the way for Society 5.0, a soci-
ety of endless value creation.).

In response to this national policy agenda, smart-city projects across Japan have
established an overarching goal of making the Society 5.0 vision a reality. However,
if the smart-city initiatives are to be implemented in a way that makes this vision a
reality, they must be more than just a passing fad: the local governments and other
actors must engage in the initiatives with a medium- and long-term focus.

Crucially, smart cities have a central role in the government’s vision for a “digital
garden-city nation.” According to this vision, the goals of well-being and sustain-
ability require the construction of smart cities that support people-centered com-
munities and involve initiatives that are sustained over the medium or long term.
The vision also identifies tasks that are critical to building smart cities that are
people-centered and sustainable: Smart-city builders (local governments and other
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actors) must clarify what values to pursue and how to tailor smart-city designs to the
features of the locality and community in question. Action plans must be developed
to address these tasks.

H-UTokyo Lab has researched solutions to these issues. Drawing on these find-
ings, this book clarifies the hurdles smart-city projects often encounter when pio-
neering applications for digital technology. It also proposes key factors that should
be addressed regardless of the municipality or region in question to deliver a people-
centered, sustainable, smart city.

Structure of This Book

As a follow-up to Society 5.0: A People-Centric Super-smart Society, this book is a
compilation of the results achieved in the joint research on the architecture of
Society 5.0 including the process and organizational infrastructure for building
smart cities that embody the Society 5.0 vision, through industry-academia collabo-
ration at H-UTokyo Lab. The book is designed to serve as a handbook for public
officials in national and local government, for businesspeople, for academics, for
those in the third sector, and for any other actor involved in this undertaking. We
hope that the book will prove useful in understanding the current status of the smart-
city agenda and its future path.

This book is divided into three broad sections. The first section is an introduc-
tion; it outlines the basic ideas behind Society 5.0 and the latest trends in the smart-
city agenda. The section includes Chaps. 1 and 2. The first chapter clarifies our
notion of architecture and the purpose of the book. The second chapter presents
smart-city initiatives from around the world and a discussion on the policymaking
context and approach to building smart cities. The chapter includes examples from
Japan to illustrate the current status of the smart-city agenda in this country.

After these two chapters, the first section presents a discussion between the head
of the University of Tokyo and the head of Hitachi. The discussion is titled “How to
Achieve Society 5.0 and Deliver Wellbeing without Exceeding Planetary
Boundaries.” Since the Industrial Revolution, humankind has pursued relentless
economic progress, as if Earth has unlimited resources and an unlimited capacity
for cleansing itself. From now on, we must find ways to achieve well-being within
planetary boundaries. In this discussion, the two leaders consider industry-academia
collaboration that can contribute to a Society 5.0 that addresses global problems.

The second section of this book, which covers Chaps. 3,4, 5, 6, 7, 8, and 9, intro-
duces six factors critical to the success of efforts to build people-centered sustain-
able smart cities. These key factors are based on the findings of H-UTokyo Lab.
Chapter 3 contextualizes the six key factors as augmentations to the government’s
reference architecture for Society 5.0. Chapter 4 outlines the hurdles that smart-city
projects often run into and presents a discussion on how the key factors address
these problems. Chapters 5, 6, 7, 8, 9, and 10 describe each key factor.
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The six key factors are as follows: social acceptance, data governance, citizen
participation, quality-of-life ratings in smart cities (QoL-Based Assessment), human
resource development, and data ecosystems. Each factor represents something
needed to enable a local government to build a smart city, address the local issues,
and ensure that these efforts contribute toward a people-centered sustainable soci-
ety. Based on the findings of H-UTokyo Lab and citing examples of practical knowl-
edge and best practices, Chaps. 5, 6, 7, 8, 9, and 10 explain how each factor is
crucial to ensuring that smart cities do not end up a passing fad.

Part III, covering Chaps. 11, 12, 13, and 14, describes three of H-UTokyo Lab’s
research projects as examples of practices for applying cyber—physical integra-
tion—a cornerstone of Society 5.0—in real-world urban environments. These proj-
ects provide insights for digitizing real-world data for optimal application in
cyberspace and then feeding the outcomes back into the real world to address socio-
environmental issues and enhance well-being. These insights provide an evidential
basis for the key factors discussed in Part IT (Chaps. 3, 4, 5, 6, 7, 8, and 10).

The final chapter of Part III, Chap.14, explains how the six key factors, as factors
pertaining to digital infrastructure, can be applied in real-world communities. The
chapter also specifies a number of levels, envisaging a phased, stepwise development.

How to Use This Book

As a follow-up to Society 5.0: A People-Centric Super-smart Society, the Japanese
edition of which H-UTokyo Lab published in October 2018, this book draws on the
findings of research H-UTokyo Lab conducted subsequent to that date, and serves
as a handbook or introductory reading. The 2018 book was intended to explain and
disseminate Society 5.0 to a general audience (as opposed to an audience within a
particular field) and then was largely unheard of, whereas the present book is more
specialized by comparison.

This book is intended for two audience types: first, people representing public,
private, or third-sector organizations engaging in the smart-city agenda; second,
people whose expertise and engagement is in industries or fields related to the
smart-city agenda. It contains information that is highly relevant to people involved
in community-development planning (including urban planning, civil engineering,
construction, and real estate); to healthcare experts, design experts, sociologists,
economists, or researchers of public administration who are interested in cities and
urban society; and to public employees working in national or local government.
The book also offers referential material to undergraduate and graduate students of
all disciplines.

As mentioned earlier, this book is broadly divided into three main parts. Each
chapter is also written to stand on its own, so readers with limited time may choose
to read only the chapters that align with their interests. For instance, after gaining an
understanding of the basic concepts and the current trends in smart cities through
Chaps. 1 and 2, the following reading paths may also be recommended:
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* For those interested in data utilization and citizen participation:
Chap. 5 (Social Acceptance), Chap. 7 (Citizen Participation), Chap. 11 (Public
Dialogue in Data-Driven Urban Planning), and Chap. 14 (Key Factors as
Infrastructure for a Digital Society)

* For those interested in architecture and design:
Chap. 5 (Social Acceptance), Chap. 8 (Smart City QoL-Based Assessment), and
Chap. 14 (Key Factors as Infrastructure for a Digital Society)

* For those interested in civil engineering and infrastructure:
Chap. 7 (Citizen Participation), Chap. 8 (Smart City QoL-Based Assessment),
Chap. 13, (City Infrastructure Management for Value Creation), and Chap.14
(Key Factors as Infrastructure for a Digital Society)

* For those interested in health and medical fields:
Chap. 6 (Data Governance), Chap. 8 (Smart City QoL-Based Assessment),
Chap. 12 (Smart Aging), and Chap. 14 (Key Factors as Infrastructure for a Digital
Society)

* For those interested in economics and public administration:
Chap. 6 (Data Governance), Chap. 7 (Citizen Participation), Chap. 10 (Data
Ecosystem), Chap. 13 (City Infrastructure Management for Value Creation),
and Chap. 14 (Key Factors as Infrastructure for a Digital Society)

The extent to which a chapter resonates with you may depend on your area of
interest or expertise. Note that although much of the discourse on smart cities is
focused on initiatives that use digital innovation, the focus of this book extends
beyond technological aspects; it also emphasizes the overall architecture—the gen-
eral structures and organizational designs that encompass digital initiatives among
other things.

You should now have a clear idea about the purpose of this book and the general
trends regarding Society 5.0 and smart cities, but before you proceed to the main
body of the book, we have one more point to mention regarding urban environments
and cyberspace: although cyberspace is often viewed as dichotomous with physical
urban spaces, a key premise underlying this book is that the more cities embrace
cyberspace, the more avenues they will find for urban development and renewal.

Cities consist of a complex array of urban “hardware”—roads, green spaces,
sewerage. Such urban hardware should be built to last. These complex artifices must
remain livable and be continually managed. A disposable city is incompatible with
the need to live sustainably in harmony with nature. Individual structures can be
replaced once they fall into a dilapidated state. The same cannot be said for a city.
Cyberspace has a crucial role to play in ensuring a city’s sustainability. If used
effectively, it can make a city more livable and attractive. Smart cities, inasmuch as
they align with the Society 5.0 vision of cyber—physical integration, help ensure that
cities remain sustainable.

For smart cities, with their digitally powered innovations, this is only the begin-
ning. We must ensure that the smart-city agenda never winds up being just a collec-
tion of isolated initiatives and a passing fad. Therefore, having public and local
stakeholders with passion and commitment and the right systems and approaches is



Xiv Prologue: The Architecture as Blueprint to Society 5.0

vital for new efforts to be made toward building a people-centered sustainable soci-
ety. We hope this book serves such an end.

For a glossary of the nomenclature used in this book, see the glossary at the end
of this book.

Department of Socio-Cultural Environmental Atsushi Deguchi
Studies, Graduate School of Frontier Sciences deguchi @edu.k.u-tokyo.ac.jp
The University of Tokyo

Tokyo, Japan
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Chapter 1 )
What Defines the Architecture? e
An Approach to the Architecture

of Society 5.0

Chiaki Hirai

Abstract In Chap. 1, we begin by explaining what “architecture” truly means,
using Japanese castle architecture and urban design as examples. We demonstrate
that architecture is not limited to individual structures, but rather represents a style
that reflects the ideas and social structure of its time. From this foundation, we
explore what modern urban architecture should entail, emphasizing the importance
of physical and digital spaces. We argue for a people-centric approach to urban
development that seamlessly integrates cyberspace with real-world spaces, aligning
with the vision of Society 5.0. The chapter raises critical questions for realizing
Society 5.0: “What are the essential factors for creating a people-centric smart
city?”, “How will these factors influence the architecture of Society 5.0?”, and
“What steps are necessary to achieve this architectural vision?” Addressing these
questions is the primary goal of this book.

Keywords Society 5.0 - People-centric smart cities - Cyberspace and physical
space - Architecture of Society 5.0 - Reference architecture

1.1 Architecture

Matsuyama City, located in Ehime Prefecture, flourished as a castle town during the
Edo period (1603-1868). The still-intact tenshu (main keep) of Matsuyama Castle,
situated at the city center’s hilltop, offers a spectacular view of the town below.
However, compared with the well-known Himeji Castle, also referred to as the
“White Heron Castle” due to its enormity and its brilliant white color from the plas-
ter, the appearance of Matsuyama Castle’s keep may seem somewhat plain.
Nevertheless, size and color are not the only distinguishing features between the
two keeps; a key aspect is their structure—specifically, their architecture.

C. Hirai ()
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Fig. 1.1 Architecture of tenshu

In the context of construction, the term “architecture” often refers to a particular
architectural style. Architectural styles evolve over time. After a period has elapsed,
similar architectural styles are retrospectively categorized and labeled as a specific
“architecture” (for example, “Gothic architecture”). Thus, architecture serves as a
conceptual model, with individual buildings being tangible instances of any of
those models.

The Japanese castle keep originated from a structure combining a watchtower
(boro) atop the core building (omoya), known as the “watchtower keep” (boro-gata
tenshu) (see Fig. 1.1). Himeji Castle’s keep exemplifies this architectural style, fea-
turing a two-story core and a three-story watchtower (Hirai 1983). This composition
gives Himeji Castle a complex and imposing impression. In contrast, Matsuyama
Castle features a tiered keep (soto-gata tenshu), where the repetition of similarly
designed tiers creates a simpler and plainer impression. Interestingly, initially built
in the seventeenth century, Matsuyama Castle also boasted an imposing five-story
“watchtower keep” style similar to that of Himeji Castle. According to legend, the
architectural shift to a simpler tiered keep was made out of deference to the
Shogunate (Doinaka 2002). The choice of architecture often reflects the demands of
the era and expresses the ideas and philosophies of the time.

In addition to buildings, the concept of architecture is universal. For example,
cars adhere to a common architecture. Once an individual learns to drive one car,
they can virtually operate any car, regardless of its type or model, because all cars
share the same underlying architecture. Similarly, computers exhibit standardized
architecture; any mouse or monitor, regardless of brand, is compatible with any
computer due to this standardization. The standardization of architecture encour-
ages competition among suppliers, leading to reduced prices and fostering innova-
tion. Thus, architecture benefits both users and manufacturers.
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1.2 Urban Architecture

Cities also have distinct architectures. For instance, Heijo-kyo and Heian-kyo
(present-day Nara and Kyoto, Japan’s ancient capitals founded in the eighth cen-
tury), both featured the same orthogonal grid layout. Suzaku Avenue ran from north
to south, serving as the dividing line between the western and eastern halves of the
cities. The western half was known as “ukyo,” meaning ‘“the right city,” and the
eastern half as “sakyo,” or “the left city.” These designations reflect the viewpoint of
the emperor at the Palace, located at the northern end of Suzaku Avenue. Therefore,
the architecture of these historic capitals embodied the concept of the emperor sys-
tem—a state with an administrative and judicial system centered around the impe-
rial court. As Japan transitioned to a samurai society, this urban design gradually
evolved into the castle town architecture, which remains the fundamental urban
layout in many of today’s cities (Jinnai 1985).

During the Edo period, castle towns mirrored the feudal system, centered around
feudal lords who resided in castles at the town center, with their high-ranking vas-
sals inhabiting mansions surrounding the castle complex. Residential areas for
townsfolk were positioned across a moat from the vassals’ areas. In Tokyo, origi-
nally established as a castle town in the seventeenth century, this layout is still evi-
dent from the Imperial Palace to Marunouchi and Yaesu. Edo Castle was transformed
into the Imperial Palace after the Edo period ended. In Marunouchi, the grand man-
sions once belonging to vassals have been replaced by towering office buildings.
Across a JR line that once formed part of the castle’s moat, the Yaesu area, now
divided into small blocks, reflects its history as a residential area for common peo-
ple. Similarly, in Matsuyama City, public administration buildings, such as the pre-
fectural and municipal offices, are situated around the castle’s outskirts. The
thoroughfare, once lined with merchant houses during the Edo period, remains bus-
tling with shoppers today. Walking around a historic castle town in Japan with an
Edo-period map reveals that despite changes in the buildings, the historic urban
architecture remains significantly unchanged and continues to dominate the scenery.

Urban architecture, likewise, reflects the ideology of the place and the time.
Many European cities trace their origins to Roman times. Roman cities were sur-
rounded by a rectangular perimeter of defensive walls. They consisted of an orthog-
onal grid, with principal streets (decumanus maximus and cardo maximus)
intersecting near a central plaza known as the forum. The forums.

were places for the political discussions and debates that epitomized the Roman
Republic. Eventually, statues of Roman emperors were erected there, a visible sign
to the populace that Rome had transitioned from a republic to an empire. The layout
of the Roman city was retained in Medieval Europe, but the thought of the age led
to architectural changes. Roman-origin cities such as Milan, Vienna, and London
switched to a layout that featured two city centers: the feudal lord’s castle and a
cathedral. The choices made in urban architecture reflect the mores of the place and
time (thus manifesting philosophy and thought).
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1.3 Tomorrow’s Urban Architecture: Digital Architecture

What will be the architecture for the Japanese cities of tomorrow? This is a central
question in this book. Japan’s castle towns were founded on a feudal hierarchy, but
the urban spaces of Society 5.0 must be founded on people-centric principles (see
the introduction). What architecture will they require?

The cities of ancient and medieval times could be architecturally renewed with
urban planning and government diktat; however, Japan’s present-day urban spaces,
where many people make a living, cannot be transformed quickly and expeditiously.
One approach here is to focus on the use of underground infrastructure. Metro net-
works, sewer systems, electricity cables, gas lines, communication cables, and other
underground infrastructure are vital lifelines for a city; without them functioning,
city life grinds to a halt. There is something else that supports modern-day city life,
though we barely register its existence most of the time: cyberspace.

Society 5.0 will be founded upon the seamless integration of virtual and physical
spaces. Information in the physical world will be turned into digital data. The digi-
tized data will be subjected to numerous calculations performed instantaneously in
cyberspace. The results of the calculations will then be fed back into the real world
to deliver services. This may sound like science fiction, but it is already happening,
and we enjoy its benefits every day.

Consider, for example, taxi apps. A smartphone app connects you to a digital
realm, with a digital map of the real world that provides real-time geospatial data
collected from countless taxis. You can see at a glance which taxis are available for
hire. These digitally represented taxis are, in a sense, conveying passengers around
the digital city within the cyberspace.

As soon as you request a taxi, the app will scan the geospatial data to find a taxi
near your location and calculate how long it will take for the taxi to reach you and
how long it will take for it to deliver you to your destination. The calculations will
be presented before your eyes in the physical world. Once you select a taxi, the app
will call the taxi in cyberspace, and the real-world driver will come and fetch you.
In this example, real-world information is digitized in real time, calculated in cyber-
space, and the results are fed back into the real world, directing a taxi to the user’s
location. Food delivery services use the same system. If you recall how much of a
godsend food delivery services proved during the pandemic, you get an idea of how
cyberspace can serve as a flexible stand-in when something in the physical world is
temporarily out of order. The more digital technologies develop, the greater the role
of cyberspace becomes.

The architecture we need to discuss for Society 5.0 is not just physical urban
structures. It means the information systems underlying cyberspace and the struc-
tures for society.
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1.4 Reference Architecture for Society 5.0

The Japanese government (strictly speaking, the Cabinet Office) has released a ref-
erence architecture for Society 5.0 (Fig. 1.2). Before discussing this reference archi-
tecture, it is worth clarifying what a reference architecture is. A reference architecture
is a model showing the recommended structures and designs for delivering tech-
nologies. Its recommendations are non-mandatory and non-prescriptive; the
designer chooses whether or not to adopt the recommended structures and designs.
It differs from “architecture” in the sense of retrospectively defined architectural
styles for physical structures. It also differs from “architecture” in the sense of com-
pletely standardized architecture for computers and the like. It is a reference archi-
tecture, as in something “for your information.” The reference architecture will be
adopted if deemed sufficiently beneficial. The government has specified three ben-
efits in its reference architecture for Society 5.0: First, it specifies processes for
design and delivery, thus clarifying the procedure for developing Society 5.0.
Second, it exhaustively covers all the required system components so that nothing

L : Y. L A
[ ][
[ ][
I 1
[ ][
! 1
[ ][
Strategy & Policy Vision, scope, etc.
Rules Laws, regulations, etc. o
3
g
N Implementing institutions, associations, =
» Organizations administrative organizations, etc. )
g
Q . ) )
= Business Services, solutions, agreements & contracts,
g ecosystems, FOTSs, etc.
Qo
E Functi Specific functions and other mechanisms
ES unctions to realize the services and solutions, etc.
3
8 Data Datasets, vocacbularies & codes,
g. data catalogs, ec.
=}
Data linkage Data coIIect.|on, data integration . v
data cleansing, management of loT devices etc.
Assets Sensors, actuators
hardware, networks, etc.
P
N

Time-space axis

Fig. 1.2 Society 5.0 reference architecture (Cabinet Office 2020)
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gets left undone. Third, as a universal architecture that can apply to disparate cities
is provided, the outcomes are replicable and interoperable (Cabinet Office 2020).

However, a reference architecture is not the final word. When dealing with some-
thing as complex as a society, there is no guarantee that you will initially get the
right architecture. It is a good idea to get feedback about possible tweaks, new per-
spectives, and extra detail. A reference architecture plays an important role in solic-
iting such feedback. In this book, we offer some suggestions for refining the
reference architecture.

What, then, is the reference architecture for Society 5.0? What does architecture
for society and cyberspace, as opposed to physical urban architecture, look like? In
answering this question, a good place to start is a type of IT architecture that remains
relatively simple and common: three-tier architecture.

1.5 Information System Architecture

Consider an application that shows the locations of available taxis on a map in real
time.! The application is made from a vast number of functions. If these functions
are developed haphazardly, they would be hard to harness and control. Three-tiered
architecture separates the functions into three layers (Fig. 1.3a).

The layers are the presentation layer, application layer, and the data-access layer.
They can be thought of as three boxes containing different assortments of parts and
data items.

Presentation layer

Graphical
presentations
of taxi
locations

Presentation layer

/Mea}m\s of aq’ces\s\

Application layer

Application layer

/Means of ac;'cess /\
Da‘ta a}ess layer
Data-access layer éb
(a) Three tiers (b) Inter-tier relationships

Fig. 1.3 Three-tiered architecture for IT systems

'The example discussed illustrates what is possible when functions are separated into the three-
tiered architecture. Some taxi apps may differ from the example.
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In the case of a ride-hailing app, the data-access layer (the bottom layer) consists
of the data the app needs to access, including cartographic data and the geolocations
of taxis that are for hire under the service. The presentation layer (the top layer)
consists of interface functions, which in this example show the locations of avail-
able taxis on a map in real time. The application layer consists of functions that
process and calculate the data and send the processed data to the presentation layer.
In this example, these functions will select the available taxis and select the portion
of the cartographic data giving a map of the user’s surroundings. The hierarchy
between these layers is vital. A layer can only access functions that are in the layer
immediately below (Fig. 1.3b).

As this example illustrates, IT system architecture delineates boxes for separat-
ing the system’s components and functions and defines the relationships between
the boxes. What are the benefits of taking the time to define such architecture? First,
the skills required of the developer vary considerably by layer. One set of specialists
is required to design a user-friendly interface, another to design a slick algorithm,
and another is necessary to ensure that the data are well organized and managed.
Because any component belongs to any one of three layers, a specialist in charge of
developing a particular component needs only to know one set of specialized knowl-
edge. This arrangement enhances quality, development speed, and reliability.

The three-tiered architecture significantly shaped the IT system architectures that
followed. It offers insights for understanding the reference architecture for Society
5.0 as well, as the next subchapter reveals.

1.6 Understanding the Reference Architecture for Society 5.0

Similar to the three-tiered architecture for IT systems, the reference architecture for
Society 5.0 has a number of boxes, each containing a number of components. In
Fig. 1.2, the “functions” box combines the presentation and application layers of the
three-tiered architecture. In actual system design, the presentation layer is typically
designed separately from the application layer. The “data” and “data-linkage” boxes
correspond to the data-access layer. The “data” box contains data, while the “data-
linkage” box contains an assortment of functions that mediate between the “data”
box and the “assets” box directly beneath it. The “assets” box represents real-world
hardware.

Let us summarize what we have learned about the bottom four levels of the refer-
ence architecture for Society 5.0. These layers include functions, data, and data
linkage, which are adapted somewhat from the three-tiered architecture. They also
include, at the bottom, assets, which represent hardware. This structure is a distinct
feature of Society 5.0, with its seamless integration of cyber and physical spaces. In
this structure, “assets” represent the real world, “functions” and “data” represent
cyberspace, and “data linkage” integrates the two.

The top-four layers of the reference architecture are very different in meaning
from the bottom four. Rather than representing software and hardware, they
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represent real-world organizations, institutions, and practices. The “strategy and
policy” layer contains the purpose and vision statements for Society 5.0. The “rules”
layer includes laws and regulations. The “organizations” layer contains the organi-
zational actors who deliver the functions contained in the “business” layer directly
beneath it. The relationship between layers in the top four layers is different from
that in the bottom four layers, where a layer accesses functions in the layer directly
below; in the case of these top-four layers, a layer governs the elements in the layer

99, <

directly below. “Strategy and policy” governs “rules”; “rules” governs “organiza-
tions”; “organizations” governs “business.” This hierarchy provides an order for
planning structures and mechanisms for society. You start by devising a strategy and
policies. You then set out rules that will enable the delivery of the policies (the rules
could consist of new legislation or deregulation). With these rules in place, you then
launch organizations that will engage in businesses (these businesses access func-
tions in the “functions” layer below).

Now we focus on the part on the left: security and authentication. Running verti-
cally down the whole figure, this component represents the things that adjoin every
layer. It represents the things that protect each layer from the threats they will inevi-
tably face—threats of misuse and destruction. Security and authentication can be
likened to the whited walls of Himeji Castle, described at the beginning of the chap-
ter. All tiers of the castle were plastered white in preparation for barrages of flaming
arrows, for the defenders could never tell which part of the castle the flaming arrows
would hit.

In summary, the reference architecture for Society 5.0 builds upon the three-
tiered architecture of IT systems by adding four layers of real-world systems, with
an “assets” layer beneath it, and provides security and authentication across
all layers.

1.7 Balancing Economic Goals
with Socioenvironmental Concerns

Some readers might find it puzzling to see a business layer in the reference architec-
ture. This layer embodies the Society 5.0 principle of balancing economic growth
with socioenvironmental concerns. This balancing often becomes challenging, as
demonstrated during the pandemic-ravaged year of 2020, when the world faced a
delicate equilibrium between sustaining economic activities and controlling infec-
tion rates. Enterprises within the “business” layer that address this balancing act.
The layer encompasses public sectors, nonprofit enterprises, as well as social busi-
nesses that pursue profit growth and contribute to economic development, along
with general private businesses.
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1.8 Smart City as the Embodiment
of a People-Centered Society

What, then, are the benefits of the reference architecture? The three benefits the
government cited could apply to any reference architecture; they are not specific to
this particular reference architecture. What sets this reference architecture apart is
that its layers reflect the separate specialized skills needed for design and delivery
like the three-tiered architecture for IT systems. This feature has the advantage of
clarifying the prerequisite skills for each layer, making the work of specialists easier.

The question then arises: how do we integrate into this reference the other key-
word and underlying principle for Society 5.0: people centrism? Is it enough that
experts deliver Society 5.0 to laypeople and that laypeople enjoy the benefits
thereof? This is a central question in this book.

Achieving people centrism requires understanding the values of residents.
H-UTokyo Lab asserts that, through this understanding, the rather abstract notion of
society can be translated into tangible community development, concept referred to
as” Habitat Innovation” by H-UTokyo Lab (H-UTokyo Lab 2024). This book
defines a smart city as something that professes and embodies the people-centric
ethos of Society 5.0 and proceeds to identify key factors necessary for delivering a
smart city.

In discussing architecture, we must never overlook the procedure for making the
architecture a reality. To illustrate, let us revisit the realm of construction and con-
sider an arch bridge. While having a blueprint that shows the finished appearance of
the bridge is essential, the actual construction presents a different set of challenges.
An arch becomes geometrically stable only upon completion; during construction,
it remains unstable until the horizontal thrust is effectively distributed across the
abutments at each end. Consequently, additional support structures are necessary
while the construction is underway. Using ancient methods, builders would create a
temporary soil mound to shape the arch with bricks, removing the mound only after
the bridge’s completion. Therefore, architecture involves more than just blueprints;
it also encompasses the methods of construction.

Smart cities necessitate a construction method that adapts to changes in lifestyles
and values. This approach should not entail the immediate establishment of a smart
city in a single effort but rather offer a roadmap that charts a reasonable course
toward completion. Throughout this process, it is crucial that residents feel confi-
dent in the progress of community development and never experience coercion.
Community development must remain people-centered.

What are the key factors for building smart cities that are people centered as the
Society 5.0 vision requires them to be? How are these factors reflected in the Society
5.0 architecture? What procedure is required to make the architecture a reality? This
book sets out to answer these questions.
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Abstract This chapter first provides an overview of global trends in smart-city

initiatives in Japan, Europe, the USA, and Asian countries before the Society 5.0

vision was proposed. It also describes the impact on smart-city initiatives during
Covid-19. Subsequently, smart-city initiatives after Covid-19 are presented, and
smart cities are the embodiment of Society 5.0. We discuss seven smart-city initia-
tives in Japan having a different set of conditions, including local features, the scope
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In this chapter, we define a smart city as an entity that professes and embodies the
people-centric ethos of Society 5.0. However, we recognize that smart-city initia-
tives were already underway before the Society 5.0 vision was unveiled. Smart cit-
ies differ depending on the requirements of the region and must evolve with time.
Figure 2.1 presents a synopsis of smart-city trends, illustrating the objectives of
such initiatives.

Year Japan EU
2007 MSET Plan : Strategic Energy Technology Plan
[CProject for facwlnatlnch;Alnfrastructural measures in low-carbon-footprint
urban development
2008 | [JEcological urban development project (MLIT)
[JEco-model cities (CO)
Obihiro, Shimokawa, lida, Yuzuhara, M ta, etc.
ID|rect|ve 2009/28/EC of the European Parliament and of the Council
of April 23, 2009 on the promotion of the use of energy from
2009 renewable sources
EU climate and energy package
Amsterdam Smart City (The Netherlands)
2010 [CINext-generation energy and social systems testbed (METI) [JEurope 2020
Yokohama, Toyota, Keihanna (Kyoto), Kitakyushu Smart Santanderr (Spain)
[IFuture Cities (CO) M Energy Efficiency Plan 2011
2011 Kashiwa-No-Ha (Kashiwa), Higashi Matsushima, etc. % EU Smart Cities Information System
[JSmart community vision proliferation (METI) Y Smart City Expo World Congress
Smart City Barcelona (Spain)
M Eco-City Act Y European Innovation Partnership for Smart Cities and Communities)
[IProject to promote urban development, residential, and transport | Copenhagen Connecting (Denmark)
2012 models that create, store, and save energy (MLIT)
[Project to promote ICT-based urban development (MIAC)
Y Council to promote ICT-based urban development (MIAC)
[CJProject to promote models of resident-led carbon reduction planning
2013 | e
Smart City Aizuwak |
Fujisawa Sustainable Smart Town [JHorizon 2020
2014 M Digital Agenda for Europe 2020
Copenhagen Clean Cluster (Denmark)
[IProject to promote ICT-based urban, human, and employment Alliance for the Internet of Things Innovation (AIOTI)
development (MIAC Intelligent Sustainable Paris (France)
2015 Smart City Berlin Germany)
W5th Science and Technology Basic Plan
MBasic Act on the Advancement of Public and Private Sector Data
2016 Utilization
M Comprehensive Strategy on Science, Technology, and Innovation
2017 [CIProject to promote data-based smart cities (MIAC) M General Data Protection Regulation (GDPR)
Sapporo, Tak 1, Kakogawa, etc.
[[1SDGs FutureCity (CO)
2018 Toyama, Toshima Ward, etc.
“ Expert meeting on delivering the supercity vision (CO)
[1Smart-city model project (MLIT)
Kashi-No-Ha (Kashiwa), Utsunomiya, Kozoji (Kasugai)
DSmart City Public-Private Partnership Platform (CO, METI, MOE,
2018 *Super ~City Smart-City Forum 2019 (Osaka) (CO)
Y Smart-City Institute
% G20 declaration: Data-free flow with trust/
% Covid-19 emerges, becomes pandemic
MRevision to Act on National Strategic Special Zones and the Act on | BINext Generation EU
2020 Special Districts for Structural Reform (Super-City Act) [JSharing Cities Programme
[JApplications for super-city status launched (CO)
* Digital Nippon 2020 (LDP)
Y Smart-City Reference Architecture (CO)
2021 W6th Science, Technology and Innovation Basic Plan
% Smart-City Guidebook (CO, MOE, METI, MLIT)
[IDesignation of super-city zones (CO)
Osaka, Tsukuba
2022 [“IDesignation of digital garden-city zones (CO)
Chino, Kaga, Kibichtio
MBasic Policy for Digital Garden-City Nation

Fig. 2.1 Synopsis of smart-city trends
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M Legislation, state plan, etc.

Abbreviations for

Mﬁg: Ministry of Economy, Trade and Industry CO = Cabinet Office
i

A - try of Internal Affairs and C i
|Gene(rja| CProject  JOther Japanese public | MLIT = Mlmlsstrryy t?f Lgnedr,nﬁ\_frasatlrrusc?d]re, Toramn"s_]ug:?gnr:io?ourism
egen % Smart city case institutions MOE = Ministry of the Environment LDP = Liberal Democratic Party
North America China India
M American Recovery and Reinvestment Act of 2009
Dubuque 2.0 (Dubuque)
Data SF (San Francisco)
JUMP Smart Maui (Hawaii) W 12th five-year plan
MDigital Government Strategy MAnnouncement about designation of
regions and cities as low-carbon model
zones
EAnnouncement of urban planning for
national smart-city model
[ JSmart America Challenge [1190 sites designated as national smart-city
Chicago Tech Plan model cities
[JGlobal City Teams Challenge M Smart Cities Mission
MDigital Accountability and Transparency Act
[JSmart Cities Initiatives % China smart-city expo
[[JSmart City Challenge (USDOT)
Smart Cincy (Cincinnati) M 13th five-year plan [JRound 1 of Smart Cities

*MoU for Sino-Japanese cooperation in
smart-city development
City Brain (Hangzhou)

Challenge (20 cities)

Smart Columbus
Sidewalk Toronto (announcement of its plan)

Xiong'an New Area

[JRound 2 of Smart Cities
Challenge (27 cities)

Smart Suzhou
Shanghai Smart City

[JRound 3 of Smart Cities
Challenge (30 cities)

[JRound 4 of Smart Cities
Challenge (10 cities)

% G20 Global Smart Cities Alliance founded (Oct)

Sidewalk Labs announces it will leave Quay Side PJ
QuaySide PJ redevt. plan

Hangzhou health code (Hangzhou)

HPM Gati Shakti
Self-reliant India campaign

W 14th five-year plan

Fig. 2.1 (continued)
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2.1 Before Society 5.0

2.1.1 Japanese Smart Cities: Energy Efficiency

Japan’s smart-city projects focused on improving energy efficiency for the city as a
whole. In the Japanese literature, they are therefore known as “energy-management
smart cities.” The focus on energy management was intended to address the chal-
lenge of climate change, contribute to the low-carbon transition, and ensure a stable
balance between power supply and demand following the bitter experience of the
March 2011 disaster. The main examples of “energy-management smart cities”
were the cities that participated in government projects delivered in 2010 and 2011,
including a METTI-led project for “Next-generation energy and social systems test-
bed (METI 2010),” a MET]I-led project for “Smart community vision proliferation,”
and a Cabinet Office-led project titled “Future Cities (FutureCity Initiative 2019).”
One other “energy-management smart city” was Kashi-no-Ha (Fig. 2.2).

2.1.2 European and North American Smart Cities: Solving
Residents’ Problems

Around the same time, smart-city projects were also undertaken in Europe. In 2010,
the European Council agreed upon a 10-year strategy called Europe 2020 (European
Commission 2010), which included Horizon 2020 (European Commission 2014), a
framework for funding research and development. Under Horizon 2020, the EU
supported R&D and implementation projects related to smart cities. Driven by such
technological development, European smart cities deployed sensor technologies
with an emphasis on resident perspectives and solutions for local problems. In the
Japanese literature, they are known as “sensor smart cities.” Sensors would be
deployed around the city to monitor real-world information and make the

Fig. 2.2 Conceptual illustrations of Kashiwa-no-ha Smart City: Kashiwa-no-ha Smart Center (a)
Kashiwa-no-ha HEMS tablet (b) (Hitachi et al. 2014)
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Fig. 2.3 Barcelonan sensor-based initiative for addressing air pollution problem (Info Barcelona,
Barcelona City Council 2020)

information available as open-access data, enabling the visualization of local prob-
lems. The open data could then be used to develop practical solutions for the prob-
lems. One example was Barcelona, Spain. Barcelona was plagued with vehicular air
and noise pollution. The city deployed sensors at intersections to monitor air pollu-
tion and noise levels. With the monitor data made available as open-access data, an
application was developed to use the data: When readings in an intersection were
high (indicating heavy pollution), the traffic signal patterns would be adjusted to
minimize the traffic fumes around the intersection (Fig. 2.3).

2.1.3 Smart Cities in Continental Asia: Efficient Infrastructure

Many Asian countries other than Japan have pursued a national strategy for smart
cities. A problem these countries faced was that urban infrastructure was failing to
keep pace with the country’s economic development, so smart cities represent an
efficient means to supply the necessary infrastructure.

China is one example. In 2006, the government unveiled its 11th five-year plan.
The plan included an agenda to build an energy-efficient circular economy, and the
cities of Wuhan and Shenzhen were delegated as places to pilot initiatives to that
end. In the years that followed, four big-name companies in China worked with
local government to develop digital platforms for urban infrastructure, expediting
the digital management of all functions required for regional administration (such
as traffic, healthcare, urban management, environmental management). Thus,
China’s smart-city projects were characterized by the use of digital platforms to
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manage urban infrastructure efficiently, which enabled initiatives like energy saving
and seamless mobility. The city of Hangzhou teamed up with tech company Alibaba
to develop City Brain, a system that provides Al-driven monitoring of traffic in real
time. City Brain proved effective in reducing congestion and allowing emergency
vehicles to arrive at their destination quicker. Xiong’an New Area, established in the
province of Heibei, used digital innovations to provide digitally driven social infra-
structure, including driverless buses, driverless cleaning vehicles, and a rainwater
recycling system, along with unmanned supermarkets that used facial recognition
technology for cashless payments.

India is another example. In 2014, India unveiled the Smart Cities Mission. As
part of this mission, the Ministry of Urban Development organized the India Smart
Cities Challenge, a competition in which 100 cities would be selected as smart cities
(Smart Cities Mission 2021). Two of the cities listed were New Delhi and Hyderabad.
New Delhi developed smart infrastructure, including smart mobility and parking
services, energy management, sewerage, and waste disposal. Similarly, Bengaluru
launched a system of smart traffic management using automatic number-plate rec-
ognition. The two cities were selected in the smart-city challenge competition in
recognition of how their initiatives demonstrated an understanding of local prob-
lems and emphasized financial sustainability. This example therefore illustrates that
smart cities had progressed from a stage of pilot projects to a stage of full rollout.

2.2 Impact of Covid-19

2.2.1 Smart Cities Recognized as Digital Solutions
Jor Preserving Life and the Economy

At the end of 2019, Covid-19 emerged and had a huge impact on smart cities. The
pandemic led to lockdowns in cities. The biggest priority for smart cities became
how to survive amid these circumstances.

During the pandemic, the smart cities used digital technology to prevail through
lockdowns. Amid a shortage of facemasks, Taiwan’s National Health Insurance
Agency released CSV data showing the level of facemask stocks in pharmacies,
with the data refreshed every 30 s. Using this data, the civic tech community and
private sector developed map apps letting users see stock levels in nearby pharma-
cies and helping to ease the public disquiet over the mask shortage. In another
example, Hangzhou used Alibaba’s City Brain to develop an e-passport app called
Health Code. Health Code checks the user’s identity and then collates it with
government-held big data to identify the user’s health risk as one of three levels
(red, yellow, or green). Other cities in Mainland China used robotics and drone
technology to substitute manual work such as medical tests, health checks, goods
transportation, rehabilitation, and disinfection, in order to reduce face-to-face con-
tact and thereby mitigate the spread of infection.
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2.2.2 Turning a Corner: Smart Cities Recognized
as a Real-Estate Value Proposition

Some raised concerns about the lack of a business model for smart cities. They
argued that the business case should be made for smart cities—namely, that by mak-
ing transportation and other infrastructure more convenient, smart cities attract
more people, raising property prices, and ultimately delivering profit growth.

However, this business model proved problematic when the pandemic prompted
changes in people’s lifestyles and mindsets; for example, it prompted people to
avoid the three Cs (closed spaces, crowded places, and close-contact situations) and
encouraged more remote working. Illustrating this business problem, Google affili-
ate Sidewalk Labs announced it would withdraw from Sidewalk Toronto, Toronto’s
project for a high-tech neighborhood. Sidewalk Labs cited “economic uncertainty”
that had “set in around the world and in the Toronto real estate market (Sidewalk
Toronto 2024),” revealing that the company had pinned hopes on a business model
that would generate profit from real estate.

2.3 Smart Cities Get a Fresh Start

2.3.1 Super Cities

The Japanese government created the designation of “super city.” Officially known
as Super-City National Strategic Special Zones, super-smart cities are classified as
“national strategic special zones” that pioneer initiatives for 2030 with community
participation and guided by resident perspectives (Secretariat for Promotion of
Regional Revitalization, Cabinet Office 2024a, b). Super cities were legislated for
in September 2020 with an amendment to the National Strategic Special Zones Act.
The government started soliciting super-city proposals in December 2020. By April
16, 2021, 31 municipalities had applied. In April 2022, two cities gained super-city
status: Osaka and Tsukuba.

What sets super cities apart from smart cities is that super cities must conform to
two explicitly stated requirements: They must listen to the community (“ascertain
resident wishes”) and must have an architect. “Ascertaining resident wishes”
expresses the idea that a super city should involve citizen-led initiatives for address-
ing local problems, and is based on the premise that a super city requires public
participation, with residents participating in and agreeing upon the future vision.
Having an “architect” means specifying who is effectively responsible for the smart-
city initiatives. It expresses the idea that a super city requires a team of creative and
dynamic talent led by an architect.

Super-city applications were submitted during the pandemic. It is perhaps unsur-
prising, then, that many of the applications focused on digitally driven solutions for
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healthcare. In view of these applications, the government established a new cate-
gory of strategic zone: the “digital-garden-health special zone.” The government has
grouped together zones into a cluster of local governments that engage together in
concentrated efforts to develop digitally driven solutions for local healthcare prob-
lems, to which local digitalization projects and deregulation apply (Secretariat for
Promotion of Regional Revitalization, Cabinet Office 2024a) (Secretariat for
Promotion of Regional Revitalization, Cabinet Office 2024b). In April 2022, three
municipalities gained this status: Kaga, Chino, and Kibichiio.

2.3.2 The “Digital Garden-city Nation”

The digital garden-city first surfaced as a vision for 2030 in Digital Nippon 2020,
the Liberal Democratic Party’s digitalization strategy, which was unveiled in June
2020 by a party committee for digitalization (Digitalization committee, LDP Policy
Research Council 2020). The strategy envisaged Japan in 2030 as a “digital garden-
city nation” that would be people-centered and benefit people in rural or peripheral
regions (instead of just those in the main cities of Japan). It also stated that digitali-
zation would level-up working practices, healthcare, and education in rural or
peripheral regions. In November 2021, the government set up a council for deliver-
ing the vision (Council for the Realization of the Vision for a Digital Garden-City
Nation 2022a, b). In June 2022, the Cabinet Office finalized a basic policy for the
vision (Basic Policy for the Vision for a Digital Garden City Nation) (Council for
the realization of the vision for a digital garden-city nation, Cabinet Office 2022a,
b). The basic policy, translated from the Japanese, defines a digital garden-city
nation as “a society that makes living and working everywhere in the country com-
fortable and convenient to live and work in.” In a digital garden-city nation, the
strategy continues; citizens can enjoy quality of life and live according to their life-
style preferences and needs, regardless of where they are and regardless of age or
gender. It is, in other words, “a society that creates new services for better working
and living in rural or peripheral regions, is more sustainable, and supports better
well-being, ensuring that digitalization benefits all citizens and service providers.”
This vision requires that digital technology be harnessed to address the socioeco-
nomic problems in rural and peripheral regions, which are at the frontlines of prob-
lems such as depopulation and aging. Under the digital garden-city agenda, the
government has funded numerous smart-city projects that harness digital technol-
ogy to address local problems or make a local area more attractive. The govern-
ment’s grant program (the Digital Garden-City Nation Initiative Promotion Grant)
delineates three categories of smart city (or digital garden city). In addition to fund-
ing pioneering projects that aim to establish a new model, the grant program funds
other promising initiatives designed to be developed horizontally (Office for promo-
tion of regional revitalization, Cabinet Office et al. 2022). In 2022, 27 organizations
received funding under the program for a pioneering project, while 403 organiza-
tions received funding for a project to be horizontally developed.
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Pioneering projects align with the idea of smart cities, as defined in the digital
garden-city nation vision, in that they are required to monitor well-being metrics.
The government is clearly prioritizing efforts to support better well-being under a
people-centered paradigm and has signaled a policy of pursuing evidence-based
solutions.

2.3.3 G20 Global Smart Cities Alliance

To create a digital garden city (or another version of a smart city), it is necessary to
incorporate the best practices demonstrated in projects conducted in other regions.
To that end, we need interoperable designs, but we also need to gain deeper insights
into these other smart-city initiatives. With smart cities being built around the world,
we have seen collaboration between cities that are located within a particular region
of the world or that share common objectives. Japan has developed its own pro-
grams for inter-city collaboration. These include Smart-City Institute Japan ‘Smart
City Institute Japan 2024)and the Ministry of Land, Infrastructure, Transport and
Tourism’s Smart-City Public—Private Partnership Platform (Smart City Public-
Private Partnership Platform 2024).

At the 2019 G20 Osaka summit, hosted by Japan, the G20 nations affirmed that
many of the hurdles cities face—privacy and security concerns, for example—are
common to cities around the world, and that it is therefore necessary to have an alli-
ance whereby cities around the world can learn from each other’s best practices.
This affirmation led to the creation, in June 2019, of the G20 Global Smart Cities
Alliance (the full name is the G20 Global Smart Cities Alliance for Technology
Governance) for the purpose of sharing best practices between cities regardless of
region and objectives.

The alliance set out five common principles for cities: (1) openness and interop-
erability, (2) security and resilience, (3) privacy and transparency, (4) equity, inclu-
sivity, and social impact, and (5) operational and financial sustainability. With this
roadmap, the alliance examines the best practices of cities that have experienced
similar problems and identifies model policies for successful smart cities (G20
Global Smart Cities Alliance for Technology Governance 2024).

2.4 Smart Cities as the Embodiments of Society 5.0

To summarize the previous section, smart cities started off as initiatives that har-
nessed digital and IT technology for certain objectives—for efficient energy man-
agement in the case of Japan, for citizen-led solutions in the case of Europe, and for
more efficient urban development in the case of China and India (along with other
Asian countries other than Japan). The pandemic then shifted the focus away from
these initiatives, as cities around the world had to now focus on maximizing survival
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rates. As of 2023, the pandemic has abated and smart cities have gained a fresh start.
However, the purpose of smartcities has changed somewhat from pre-pandemic times.

An analysis of recent smart-city initiatives suggests that smart cities can embody
Society 5.0 in three ways: (1) by balancing well-being with resilience and sustain-
ability, (2) being citizen-led, and (3) by harnessing digital technology for commu-
nity support and mutual aid.

Supporting well-being is a way to further embody the Society 5.0 principle of
people centrism. Japan’s digital garden-city agenda involves setting quantitative
metrics for well-being that will be digitally monitored as part of a systematic and
ongoing effort to enable better well-being.

The citizen-led development, too, embodies the people-centric ethos. It denotes
both citizen participation and citizen leadership. It also corresponds to one of the
prerequisites for a super city, namely, listening to the community (“‘ascertain resi-
dent wishes”), which implies that residents actively participate in the process of
delivering the vision. Just as the civic tech community played an active role in
efforts to deal with the pandemic challenges, in post-pandemic times the public also
has a key role to play in policymaking and delivery. The grand “architect” of the
super city must encourage and coordinate such public participation.

As for community support and mutual aid, the digital garden-city agenda envis-
ages intra-regional partnerships between citizens and between citizens and private
enterprises, but it also envisages interregional and international sharing of best prac-
tices. Thus, as embodiments of Society 5.0, smart cities harness digital technology
to build intra-regional, interregional, and international solidarity.

2.5 Reviewing Past Smart-City Initiatives in Japan

In Japan, main cities and peripheral cities have drawn from strategies set by the
national government and pursued a smart-city format that aligns with the set of
issues they face. Consequently, across the country as a whole, smart-city initiatives
have covered a wide array of service areas, from disaster preparedness to transport
services, logistics services, health and welfare services, and tourism. In this section,
we discuss seven smart-city initiatives in Japan, each with a different set of condi-
tions (including local features, scope of initiatives, actors) and some of these are
still being piloted.

2.5.1 Kashiwa-no-ha Smart City (Kashiwa, Chiba)

The first of these cases is an example of a smart city developed on a tract of land set
aside for redevelopment within a suburban region of the Greater Tokyo Area. The
case in question is that of Kashiwa-no-ha, a zone established in the northern central
area of Kashiwa City in Chiba Prefecture. August 2005 saw the opening of the
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Tsukuba Express rail link linking Kashiwa to Tokyo. Following this, mixed-use
development projects were launched in the vicinity of the local Tsukuba Express
station, Kashiwa-no-ha Campus Station. These projects have been developed in tan-
dem with an infrastructural development program that involved the rezoning of the
northern central zone of northern Kashiwa. This program is conducted by Chiba
Prefecture and runs from 2000 to 2029. It is designed to create a 273-hectare area
with a projected population of 26 thousand. To the west of the station lies a tract of
land that once was home to a US military base. It is now home to two satellite cam-
puses (one belonging to the University of Tokyo and the other to Chiba University),
the National Cancer Center Hospital East, and a green space (Kashiwa-no-ha Park).
This tract also has a cluster of tech companies working on innovations in material
development, Al and life sciences.

Once the rezoning process delineated a zone around the station, the Urban
Design Center of Kashiwa-no-ha (UDCK), a public—private-academic platform,
started designing attractive urban spaces in a plaza and street west of the station and
around a pond in Kashiwa-no-ha Park (no. 2 retention basin). In this way, it aims to
establish a smart-city model that combines the creation of attractive public spaces
and providing digitally driven public services, including driverless buses,
Al-powered CCTV for security, and wellness support that draws on health data
(Ishida & Kashiwagi 2019).

The first phase of this smart-city project began in the year ended March 2012,
when the government designated Kashiwa-no-ha as an eco-friendly “future city”
and as a “comprehensive special zone for regional revitalization.” The second phase
began in the year ended March 2020, when the Ministry of Land, Infrastructure,
Transport and Tourism selected the area as a pioneer zone in its smart-city model
project. The project continues to evolve.

During phase 1, Kashiwa-no-ha Smart City focused on energy management, as
did other smart-city projects at the time, amid nationwide concern about energy
security following the March 2011 disaster. Specifically, Kashiwa-no-ha Smart City
focused on providing a type of energy-management system known in Japan as an
“area energy management system” (AEMS). This system was launched in 2014,
and applied to implement the smart city covering four zones around the station.

After the Society 5.0 vision was unveiled in January 2016, smart-city initiatives
in Japan increasingly emphasized local problem-solving. Amid this new trend,
Kashiwa-no-ha applied to the smart-city model project by the Ministry of Land,
Infrastructure, Transport and Tourism. In 2019, it became one of the 15 pioneer
zones selected by the ministry. The application had proposed a compact smart city
around the station. Once the application was selected, Kashiwa City, Mitsui
Fudosan, and UDCK led a consortium of private companies and research institutes
(the Kashiwa-no-ha Smart-City Consortium), which in March 2020 published a
strategy for delivering the project (Smart-City Action Plan) (Kashiwa local Govt
website 2024).

The action plan set out four themes: mobility, energy, public spaces, and well-
ness. It also set out three strategies: build public—private data platforms, support
open innovation with public—private academic platforms, and create interoperable



24 T. Kaji et al.

services. The project seeks to drive community development by harnessing data
related to people’s life, wellness, and urban environments (Kashiwa smart city web-
site 2024).

One of the issues in the zone was the need to improve mobility. There was some
need for a bus service to cover the 2 kilometer distance between the station and
facilities such as the campus and hospital. This problem fell under the “mobility”
theme. In November 2019, the University of Tokyo teamed up with private-sector
businesses to pilot driverless shuttle bus services linking the station to the universi-
ty’s Kashiwa campus. Four round-trip services were launched (one of which was for
inspection purposes) with level 2 automated driving. As the next goal, the Kashiwa-
no-ha area aims to introduce level 4 autonomous driving (full automation under
specific conditions) supported by digital technology infrastructure in road spaces
where autonomous and general vehicles coexist.

Under the first strategy (build public—private data platforms), Kashiwa-no-ha has
provided a data-linkage platform called Dot to Dot, and wellness-related portal site
called Smart Life Pass Kashiwa-no-ha (UDCK Town Management website 2024).
Dot to Dot provides a safe environment for sharing the user’s personal data among
service providers. Smart Life Pass Kashiwa-no-ha uses Dot to Dot to provide health
advice tailored to the user’s health risks along with a menu for reserving or access-
ing local healthcare amenities and services. In these ways, both platforms contribute
to wellness in Kashiwa-no-ha. Under the second strategy (support open innovation
with public—private-academic platforms), Kashiwa-no-ha created a living lab called
“studio for shared community development,” which serves as a platform for resi-
dents and other stakeholders to participate in the process of developing the smart
city. The living lab (which is discussed in greater detail in Chap. 7) hosts workshops
for communicating local issues and needs and for generating ideas and prototypes
for cocreating the smart city. In this way, the living lab serves as a launch pad for
participatory projects (UDCK website 2024).

With the consortium increasing its membership year by year, even during the
pandemic, Kashiwa-no-ha Smart City has the makings of a Japan-originated inter-
national model for a successful smart city.

2.5.2 Dai-Maru-Yi Smart City (Chiyoda, Tokyo)

The next case exemplifies as a smart-city project in business districts of central
Tokyo. The project covers three such districts: Otemachi, Maru-no-Uchi, and
Yurakucho, collectively known as Dai-Maru- Y. The Dai-Maru- Y1 zone is situated
over a 120-hectare area in Chiyoda City (a city-level “special ward” of Tokyo). A
prime business district of Japan, the zone encompasses 28 rail lines and 13 stations,
with an employed population of 280 thousand and 4300 workplaces. Dai-Maru-Ya
is also a shopping district as a result of strategic initiatives that began in the late
1980s. In the 2010s, Dai-Maru-Y1 became known for pioneering initiatives in area-
wide management and became a model for public—private initiatives between local
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Overview of a system developed With three years of use cases, a system architecture is built linking
together 1) five kinds of services, 2) platforms for data linkage and
over three years digital twins, and 3) area-specific data with external data.
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Fig. 2.4 Overview of the system for Dai-Maru-Yu (Dai-Maru-Yu smart city Website 2024)

firms and the Tokyo Metropolitan Government. The year 2019 saw the start of a
full-fledged smart-city initiative here, which is designed to raise the area’s value.
Dai-Maru- Y1 currently uses a system that encompasses a wide array of datasets
and services (see Fig. 2.4). The data are wide-ranging and granular in quantity and
quality; they include dynamic data related to mobility services in the zone (such as
sensor data for monitoring foot flows and driverless bus locations), static data
related to events and disaster-management efforts, and semi-dynamic data such as
information on vacant washrooms and workspaces. All these types of data are pub-
licized as a zone dashboard, graphically representing what is happening in the zone.
All the urban data are analyzed and processed, along with external information
(including metro service data and meteorological data), on a platform called Society
OS (on a version of the platform specific to Dai-Maru-Y). The processed data can
then be used by apps to deliver services. Shown below are examples of pilot projects
for delivering services that illustrate the digital transformation of “area manage-
ment” (a Japanese-English buzzword that usually means public—private community-
development efforts in a particular urban district) for Dai-Maru-Yi. In this way,
real-world information is digitized and stored. The stored data are made available
for analytics that can add value to the information. The added value is then fed back
into the real world, improving services and enhancing the “area management”
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community building. This cyber—physical loop creates a positive circle. In the case
of Dai-Maru-Y1, this look is dubbed the “area management redesign loop.” Dai-
Maru-Y1 plans to use analytics tools to simulate foot flow in emergencies, leading
to better disaster management in the area. It also plans to develop an app for a real-
time tour map.

In 2020, Dai-Maru-Y1 organized two test runs of a driverless bus. The bus drove
at 6 km/h along Marunouchi Nakadori Street during hours when it was reserved for
pedestrians only, demonstrating that the vehicle could travel alongside pedestrians.
This pilot project offers interesting insights for balancing smart vehicular technol-
ogy with walkability.

In 2021, Dai-Maru- Y1 organized a test run of delivery robots in indoor and out-
door environments. The aim is to have robots totter along Marunouchi Nakadori
Street with the ability to cross thresholds between public and private roads and
between overground and underground spaces, along with the ability to ascend and
descend between buildings’ floors. This project requires several types of data to be
linked organically: spatial data pertaining to publicly managed streets, spatial data
pertaining to private land, and spatial data pertaining to elevators and passages con-
necting indoor spaces with outdoor streets. As such, the project illustrates a pioneer-
ing attempt to link urban 3D data with building information modeling.

One concern about smart-city projects is that the ideas the technology providers
(the supply side) discover may misalign with the needs of local users (the demand
side). To prevent such mismatches, it is essential to clarify the objectives. To that
end, Dai-Maru-Yu has set key performance indicators (KPIs) that reflect local
human needs related to creativity, comfort, and efficiency.

The longer term is also considered. On the assumption that the project will
develop in an agile manner whenever new initiatives are tried between now and
2040, the project includes an extensive range of data and options and a robust orga-
nizational structure to enable various kinds of pioneering initiatives to be undertaken.

2.5.3 Smart-City Takeshiba (Minato, Tokyo)

We now explore the case of Takeshiba, a smart-city zone in Tokyo’s Minato City.
Takeshiba is an example of a project-oriented smart city. Adjoining Tokyo Bay,
Takeshiba features a waterfront and port. As with Dai-Maru-Y1, Takeshiba is sub-
ject to public—private “area management”: The area is managed by a council repre-
senting the private sector and local government, and operational matters are
managed by a public-interest association. Takeshiba has a core facility called Tokyo
Portcity Takeshiba. Over a thousand sensors have been deployed here to collect foot
flow data and other urban data. The data is linked with a 3D city modeling program
called “Plateau” and a building information modeling program, enabling simula-
tions to be run for community-development initiatives (Fig. 2.5). A number of pilot
projects have been conducted already. One example involved a robot taking food
from a convenience store and delivering it to people in a building. Another involved
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Smart City Takeshiba

A 3D city model (PLATEAU) has been used to simulate pedestrian congestion scenarios. Emergency
information is broadcast effectively via Line and other messaging apps to enable better disaster
management with better evacuation guidance.

Congestion simulation on PLATEAU

1 Using a virtual 3D Takeshiba, simulation scenarios were inputted along
with data belonging to the area so that the 3D model could be used for
disaster management and other community-development efforts.

Communicating emergency info to improve evacuation behavior

2 A function was developed to communicate local conditions via Line. Envisaging an
.emergency scenario, the function was used to encourage people in the area to evacuate
effectively during an emergency and to keep them informed of the circumstances,
in order to see whether this would modify people’s behavior.

Conceptual images of the pilot
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(as in past emergencies)
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Rating: i i s induced

A Scenario 1: People head home en masse A Scenario 2: People head home in orderly
stages (controlling speed of evacuation
from some facilities)

Fig. 2.5 Smart-city Takeshiba (Ministry of Land, Infrastructure, Transport and Tourism 2021)

integrating waterborne and overland transport services. Takeshiba’s initiatives
reflect the features of the area. For example, with Takeshiba exposed to a threat of a
tsunami or storm surge, a 3D city model was used to simulate congestion conditions
during an emergency (a scenario in which workers in the area attempt to head home
en masse and a scenario in which they head home in stages). The data was also
linked with the messaging app Line to see whether real-time communication of
emergency information could modify people’s behavior.

2.5.4 Kibi Kogen City (Kibichiio, Kaga District,
Okayama Prefecture)

Japan’s smart-city initiatives are not confined to the country’s main cities. They can
also benefit Japan’s peripheral (or provincial, outlying, etc.) municipalities, which
are beset by a shrinking and aging population. Technology-driven solutions to these
challenges can, when their effectiveness is demonstrated, create formidable ripple
effects in the peripheral municipalities. The fourth case we explore exemplifies
smart-city initiatives in a typical peripheral municipality. The case is set in Kibichiio,
a municipality in Okayama Prefecture, and the initiatives focus on wellness and
healthcare solutions. Situated in a mountainous region of Okayama Prefecture with
a shrinking and aging population, Kibich@id faces the challenge of delivering com-
munity healthcare and advanced emergency services. Designated as a “digital-
garden-health special zone” in 2022, Kibichtid launched smart-city initiatives
coupled with deregulation in an effort to address these challenges. The smart-city
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initiatives are designed to “create a futuristic city where residents live in hope, peace
of mind, and safety.” To that end, they use the municipality’s data-linkage platforms
to deliver remote healthcare services. Examples are discussed below.

Like many rural communities, Kibichiid lacks an advanced emergency hospital,
meaning that people have to travel to another area for emergency treatment or for
nighttime pediatric services. Kibichiid aims to address this problem by digitizing
ambulances so that emergency procedures can be performed inside the vehicle.
Digitized ambulances record video footage of the patient using cameras mounted on
the vehicle and camera glasses worn by the crew and then transmit the footage,
along with other biodata, to Okayama University Hospital (the region’s core hospi-
tal). Viewing this footage, doctors at the hospital direct the crew, enabling the swift
delivery of emergency care. Kibichiid has also eased the restrictions on paramedics
using ultrasound so that more and better medical information can be collected dur-
ing transit ultimately enhancing the effects of emergency treatment.

Kibichti6 is still piloting this scheme to allow paramedics to deliver a greater
range of emergency medical treatment under the direction of a doctor, but the
Ministry of Health, Labour and Welfare has already started looking into rolling out
the initiative. The initiative also involves a paramedic identifying the patient using
the patient’s ID card (My Number card) and accessing patient data on an emergency
data repository (Kibi Concierge Service), which the patient would have previously
consented to share. The paramedic would then share this information with the des-
tination hospital as soon as possible. In this way, the initiative involves a plan for
using data-linkage platform, and it is on the way toward a full-scale rollout (Fig. 2.6).
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and other relevant information

Ch A gMedical records
P cation, di
D t I. k I tf PN— i?oc;tl)at\in tljgtlgsrr:\oasl_te‘in?l;ta'
a a_ In a e a orm landbool re_cor s, vital signs,
D} \D g p contact details) :
I.,
|dentify patient Collate yvith lrelevantl zg, gl
from logged data data of identified patient (&)
Paramedic photos patient's | | Data shared with Team identify patient using Maternity data
ID card using smartphone app| | ambulance crew ID card and log details on logged on app

1/ emergency care repgsitory

™~ |
M g’s%%

o= tE
Destination
hospital Ambulance
iPicss Klbls(i;wﬁ;'grge
(Stores data about hospitals (e.g., hospitals (Collects data from
providing birth care, hospitals providing geriatric residents with their
care) and patient data recorded by ambulance consent) WeLoveBaby

crew during transit)

-

Fig. 2.6 Kibichiio’s emergency care services (Office for promotion of regional revitalization,
Cabinet Office, Digital Agency 2023)
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For residents unable to use private transport, Kibichio is looking into ride-
sharing schemes for hospital visits and for home deliveries of medicine and other
goods. This scheme uses digital technology to enhance the welfare of residents: An
Al program is used to match available private vehicles with demand; a fleet manager
of an existing taxi company checks drivers’ ID cards to monitor their health status;
and vehicles are equipped with a road-safety rating system to enable ongoing moni-
toring of the driver’s road-safety level.

2.5.5 Taiji Town (Wakayama Prefecture)

Wakayama Prefecture extends down to Nanki—the southern part of the Kii penin-
sula. The southern part of the Kii peninsula is remote. By air, the region’s Nanki—
Shirahama Airport is just an hour away from Tokyo. By land, the situation is
considerably different; even with decent rail services and expressways, a substantial
amount of time is still required to access the region from the big cities of Osaka or
Nagoya. In addition to being remote, the region’s coastal areas would suffer damage
in a megathrust earthquake on the Nankai Trough. Several municipalities in this
region have teamed up with an IT vendor to develop down-to-earth solutions for
problems related to the aging population.

One of the municipalities in the region is the whaling town of Taiji. Taiji has a
population of just less than 3000, and ~ 45% of the population is aged 65 or older.
The town has unveiled a vision for a community where elderly people experience
fresh joy as they grow older. In a bid to encourage elderly residents to venture out-
side more, Taiji has launched a community bus service and driverless micro vehicles.

The driverless micro vehicles are fitted with a global positioning system (GPS)
tracker that displays their location on a map portal called Elcompass. The GPS was
developed by an IT vendor with ties to the community. The map portal was designed
mainly with elderly users in mind. As such, the user interface was designed to be
accessible to, and to maximize the user experience of, users unfamiliar with digital
tools with limited digital literacy. For example, the interface uses a text size, color
scheme, and layout to enhance visibility and keeps the information granularity low
so that the user can intuitively tell where a vehicle is and the direction it is going. In
addition, the portal can be accessed on smartphones and displayed on signage in
supermarkets, administration buildings, and hospitals.

In addition to displaying the locations of the driverless vehicles, the portal shows
information about evacuation centers, hazards, and sightseeing spots, extending its
applicability to disaster management and tourism and increasing the overall capac-
ity to bear costs. The idea is that, by providing mobility options that encourage
elderly people to go outside more, the system will reduce future medical costs
(Fig. 2.7).
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Fig. 2.7 Data-linkage platforms rolled out in Taiji (*Translated from visuals provided by Uhuru
Corporation)

The aforementioned initiatives illustrate a needs-driven approach to developing
smart-city initiatives for addressing the challenges of shrinking and aging popula-
tions in outlying regions. They offer plenty of insights to other peripheral munici-
palities regarding how to identify the problems, what organizational setup to use,
and other aspects.
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2.5.6 Susami Smart City (Wakayama Prefecture)

Similar to Taiji, Susami is situated in southern Kii and has a population of 3600,
with 45-49% aged 65 or older. The municipality has started a smart-city project
focusing on disaster management. In 2021, it started piloting a system to digitally
manage evacuation shelter provisions and provisions stored in delivery centers, to
manage mobile ordering services and delivery operations, and to use precise GPS
data to deliver goods by drone.

To maintain cost-effectiveness, the system is used in nonemergency times as a
mobile ordering system in which users order goods from roadside stations (michi-
no-eki). Efforts are underway to expand the system from disaster management to
use as a tourism portal.

When I visited Susami myself, I was impressed by the dedication of the mayor,
the town hall staff, and the locally rooted IT vendor all working together. Under the
mayor’s leadership, the project has demonstrated agility and adaptability. Susami
stands as a model for developing a smart city in a small municipality without the
digital talent of a large city.

2.5.7 Tsukuba Super Science City Initiative (Tsukuba,
Ibaraki Prefecture)

Finally, we consider an example that involves a super-city project, that of Tsukuba.
A super city is supposed to pioneer a model for a city of the future. Rather than
focusing on a particular issue or need, it involves a broad sway of resident-focused
initiatives covering many different aspects of city life. Super cities were legislated
for in 2020 with the “super-city law” (officially, the Amendment to the National
Strategic Special Zones Act). The broad influence of resident-focused initiatives
includes those designed to enhance administrative procedures, mobility, logistics,
long-term care, education, disaster management, and energy management. At least
five categories of these initiatives require data integration (with the use of a data-
linkage platform) and, in some cases, deregulation. So far, two cities have been
legally designated as super cities. Tsukuba is one. The other is Osaka, which is
working to develop flying taxis and other innovations ahead of the 2025 Osaka expo.

Under the Tsukuba Super Science City Initiative, innovations are being devel-
oped by a council with representatives from industry, academia, government, and
finance. The innovations include improvements to administrative procedures such
as the oft-discussed plan for online voting in elections; mobility services, including
a community mobility scheme to ensure mobility in peripheral districts and a last-
mile transportation scheme for the city center; use of delivery robots and delivery
drones; infrastructural and energy management; and infrastructure and services for
disaster management, including graphical representations of evacuation centers and
disaster damage. The year 2022 saw the piloting of a delivery robot consisting of an
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Fig. 2.8 Tsukuba Super Science City Initiative: A new mobility system for delivering mobility
and delivery services (Cabinet Office 2023)

unmanned ground vehicle. The robot navigated public roads to deliver goods on
demand from supermarkets and cafes, with a delivery fee of 110 yen.

Among the many initiatives, those related to mobility and delivery initiatives that
are driven by an innovative mobility system are depicted in Fig. 2.8. With the aging
population in regions across Japan, a priority task is to ensure mobility for elderly
residents who do not or cannot use a private car. The city has developed a last-mile
transportation service in which users book an automated personal transporter.

An app is used to reserve a one-person personal transporter. The transporter
drives autonomously to a boarding point near the person’s home. It then conveys the
user to a taxi transfer point, to which a taxi will be sent by an Al-driven on-demand
taxi service. In this way, the user can reach their destination (which might be a hos-
pital, for example) seamlessly, safely, and without stress. Once the user boards the
taxi, the personal transporter will navigate its way back to the sharing port, where it
will wait for the next callout. The personal transporters Tsukuba City envisages
would be classified, under the Road Traffic Act, as pedestrians, meaning that they
would have a speed limit of 6 km per hour. However, Tsukuba City hopes to be
granted a dispensation that would allow the vehicles to travel up to 10 km an hour.

Tsukuba has also developed some initiatives that reflect the city’s unique fea-
tures. For example, with Tsukuba home to the University of Tsukuba and some
national research institutes, the initiatives include a plan to enhance the Tsukuba
Startup Park to encourage entrepreneurism among researchers, and a plan to develop
grant programs to foster a startup ecosystem.
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Envisaging the Desired City for 2050: A Scenario Analysis Using an AI
Tool for Policy Recommendations

Local communities across Japan face a host of problems and have launched
initiatives to address them. By addressing their present issues, communities
will gradually progress toward a better future. It is also important, however, to
backcast—to start by envisaging a desired future scenario and then identify
what must be done to close the gap between the present scenario and the
desired future. Just what is this desired future? H-UTokyo Lab conducted a
scenario analysis in an attempt to answer this question. This scenario analysis
is outlined here.

The study in question began in April 2020 under the title “Envisaging the
Desired City for 2050.” After Covid-19 became a pandemic, H-UTokyo Lab
had to meet online instead of face-to-face. With this experience of remote
meetings, one of the members noted a shift in working practices and moved
house to a locale 2 h away from the city center. This locale lay beyond the
suburban commuter belt. Many other people in Japan did the same thing,
creating a net population outflow from the Greater Tokyo Area to peripheral
cities. Media reports highlighted statistical changes in smartphone GPS data
and a rise in viewings of homes in peripheral cities (Nikkei 2021). Peripheral
cities offer poorer access to big cities than suburban commuter belts do, but it
seems that many consider this an acceptable tradeoff given fewer commutes.
The longer commute times are apparently more than offset by connection
with nature; it seems that people are starting to place more value on this.

This trend may offer fresh insights for a future national geodemographic
structure. Until now, two such structures have been considered: a structure in
which the population is concentrated into a handful of metropolitan areas, and
one in which the population is dispersed among suburban and rural munici-
palities. To this, a third may be added: expanded agglomerations that encom-
pass rural municipalities, in which urban conglomerations creep outward
(Fig. 2.9). Would expanded agglomerations that encompass rural municipali-
ties represent a desirable national geodemographic structure? Which of the
three structures— concentration in metropolitan areas, dispersal among sub-
urban and rural municipalities, or expanding agglomerations that encompass
rural municipalities —should we aim for? Once we have decided on the desir-
able scenario, how do we get there? To answer these questions, we ran a simu-
lation and conducted a scenario analysis.

The question of what geodemographic structure is desirable is a nuanced
conversation, with multiple perspectives to consider. Considering what is best
for employment rates and the economy is important, but considering issues
such as carbon footprint and subjective well-being is also crucial. A number
of metrics would need to be considered, including unemployment rate,
greenhouse-gas emissions (in each case, the lower, the better), and the

(continued)
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Fig. 2.9 Future national geodemographic structures

percentage of people who are happy with their lives. The next step would be
to run a large simulation that would estimate the scores for these metrics in a
2050 scenario. Running an exhaustive scenario analysis was unfeasible; thus,
the simulation we conducted focused on the key variables for the metric out-
comes and simplified all other variables. In this analysis, we used a simulation
tool the Hitachi Kyoto University Laboratory had developed. It has been
dubbed the “policy-recommendation Al (Hitachi Kyoto University Laboratory
2020).” Without going into detail here, we inputted a set of metrics aligned
with the purpose of the study and ran our own simulation.

Setting the Preconditions for the Simulation: Three Zones

The purpose of the simulation was to compare three hypothetical geode-
mographic structures for Japan. We grouped Japan’s 1700 municipalities into
three categories: metropolitan, suburban, and rural. We defined these zones in
accordance with the urban employment area definitions provided in Kanemoto
and Tokuoka (2002) and used prominently in urban economics in Japan
(Kanemoto & Tokuoka 2002).

The metropolitan category encompasses urban municipalities that are
located in the urban agglomerations of Tokyo, Osaka, or Nagoya, and in
which at least 30% of the working population commutes to the city center.
Beyond these municipalities lie suburban communities, defined as munici-
palities from which a rail commute lasts 90 min from starting station to desti-
nation station—our benchmark for a door-to-door commute of up to 2 h.
Beyond these lie the rural communities. Under the definitions we used,
Yokosuka, Kamakura, Fujisawa, Chigasaki, and Zushi fall under the metro-
politan category as they are located in an urban agglomeration of Tokyo,
while Hiratsuka, Odawara, Miura, Oiso, Ninomiya, and Hakone fall under the

(continued)
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suburban category. We applied the same standard to the urban agglomerations
of Osaka and Nagoya.

Having delineated these three broad zones, we then set some 50 zone-
specific metrics, including productive population in zone. We also set some
170 national metrics (which apply regardless of zone). With these metrics
established, we ran the simulation.

Deciphering the Simulation Outputs

Our Al tool produced tens of thousands of future scenarios. We used a
computer program to process these outputs, consolidating them into just a
handful of key future scenarios. We then analyzed the metrics for these sce-
narios to determine which scenario is most desirable, how this scenario can be
achieved, and how much time would be required (Fig. 2.10).

The most desirable scenario turned out to be the scenario in which the
population is dispersed among suburban and rural municipalities. The
expanded suburban-belt scenario was not too bad overall, but it was trumped
by dispersal among suburban and rural municipalities. Dispersal among sub-
urban and rural municipalities is associated with better ratings for national
metrics such as employment and healthcare, better ratings for rural-specific
metrics related to tourism, industry, and parenting, and significantly better
ratings for region-specific financial metrics. While we had posited the third
scenario (expanded suburban belts) based on our observation of the pandemic-
driven exodus to areas beyond the suburbs (as opposed to moving just out to

(continued)
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the suburbs, as was the prevailing trend theretofore), the results of our analy-
sis suggest that this scenario is not as desirable as the scenario in which the
population is dispersed among suburban and rural municipalities.

The analysis also yielded findings about how to achieve this scenario. One
immediately feasible action, for example, is to promote shared transport ser-
vices and other policies for building a compact city and driving the transition
in working practices.

We recognize that these findings are derived from a computer simulation
that involved a host of assumptions. As such, the findings should not be taken
at face value. Hard conclusions should only be drawn after consultation
between experts and the responsible parties. The benefit of a computer simu-
lation is that it can offer suggestions and insights that humans might never
consider on their own.
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Chapter 3 )
Derivation of Key Factors as Methods e
and Implementation Procedures

for Society 5.0 Architecture

Atsushi Deguchi

Abstract This chapter explores how the Society 5.0 reference architecture can be
applied to the development of smart cities, emphasizing a people-centric, integrated
approach. Society 5.0 envisions a new model for urban design where advanced tech-
nologies and data-driven strategies converge to create cities that enhance quality of
life, economic opportunities, and environmental sustainability. Building on the
foundational elements of modularity, interconnectivity, and adaptability, this frame-
work supports the creation of smart-city infrastructures that are resilient, efficient,
and responsive to citizens’ needs. To fully realize this vision, three essential compo-
nents are identified to complement the reference architecture: streamlined processes
for efficient service delivery, interfaces that prioritize ease of use and accessibility,
and organizational frameworks that foster collaboration across public and private
sectors. In this context, these components serve as the foundational elements, which
structure the methods and means for implementation. Subsequent chapters will dis-
cuss six specific key factors, further positioning them within the smart-city frame-
work. By integrating these elements, Society 5.0’s architecture provides a
comprehensive blueprint for transforming urban spaces to harmonize technological
advancements with citizens’ daily lives, ultimately leading to sustainable and
vibrant communities. This integrated approach not only improves the quality of
urban living but also fosters innovation, resilience, and inclusivity, paving the way
for future-ready cities.

Keywords Reference architecture - Implementation roadmap - Process - Interface
- Organization

A. Deguchi (P)

Department of Socio-Cultural Environmental Studies, Graduate School of Frontier Sciences,
The University of Tokyo, Tokyo, Japan

e-mail: deguchi @edu.k.u-tokyo.ac.jp

© The Author(s) 2025 41
Hitachi-UTokyo Laboratory (H-UTokyo Lab.), The Architecture of “Society 5.0”,
https://doi.org/10.1007/978-981-96-2929-9_3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-96-2929-9_3&domain=pdf
https://doi.org/10.1007/978-981-96-2929-9_3#DOI
mailto:deguchi@edu.k.u-tokyo.ac.jp

42 A. Deguchi

3.1 Intentional Interpretation of the Society 5.0
Reference Architecture

Recall the topic discussed in the first chapter: To create smart cities (which relate to
community development) and smart factories (which relate to manufacturing) that
align with the Society 5.0 vision, we need an architecture that describes the overall
design. In that chapter, I presented the broad generic architecture based on the gov-
ernment’s Society 5.0 reference architecture (Fig. 3.1) (Cabinet Office 2020) and
discussed the way of thinking and approach that the architecture represents. I dis-
cussed the significance of the Society 5.0 reference architecture, with its eight tiers
ranging from strategy and policy to assets. I then argued that if the architecture is
supposed to be a design, then a construction method and implementation roadmap
must be complemented to achieve the design.

In Chap. 2, I outlined the smart-city trends in Japan, illustrating how smart cities
are one way of embodying the Society 5.0 vision. If smart cities are mapped onto
the Society 5.0 reference architecture, they would represent a single layer on the
“domains” axis (the depth axis extending into the background).
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Fig. 3.1 Society 5.0 reference architecture
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We shall assume that each layer in the “domains” stack represents a domain that
embodies the Society 5.0 ethos. We then assign each layer a label that roughly rep-
resents that domain. One of the layers shall be labeled “community-development
(smart city)” (admittedly, the relationship between smart cities and community
development is, in many ways, extremely complex for us to consider a smart city
synonymous with smart [digitized] community development). Other layers can
include “manufacturing (smart factory),” “healthcare (smart healthcare),” “finance
(smart finance or fintech),” “energy (smart energy),” and “mobility (smart mobil-
ity)” (Fig. 3.2).

Services and business were previously arranged vertically and horizontally;
however, with this eight-tier reference architecture, we can re-envisage the services
and businesses as being arranged in the Society 5.0-embodying domains, which, in
the figure, run along the “domains” depth axis. The architecture for a Society
5.0-embodying smart city, for example, becomes one of the domain layers (labeled
“smart city”), which, similar to all the other domain layers, has an eight-tier refer-
ence architecture.

However, another look at the reference architecture in Fig. 3.1 reveals that some-
thing may be missing. If Society 5.0 is supposed to be people-centric, where is the
user? The user’s absence is perhaps unsurprising. The Society 5.0 reference archi-
tecture is presented from the perspective of the service providers and the manufac-
turers. As the architecture presents a broad general structure that can allow data
security and data interoperability between different industries and operators, the
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architecture omits cities, communities, and residents—the people—who use the
services or receive the goods. As the eight tiers omit the role of cities, communities,
and people, and given that we need an architecture that can deliver people-centered
smart cities in real-world cities and communities, then something must be done to
link the reference architecture with the lives of people in these real-world cities and
communities.

Recall the discussion in the second half of Chap. 1 about the need for a construc-
tion method and implementation roadmap. After outlining the eight-tier structure of
the reference architecture, I argued that when a smart-city initiative in an actual city
or community needs to be delivered based on blueprints for each smart-city initia-
tive, a construction method and implementation roadmap must be set out. I empha-
sized that the key to smart cities lies in having a construction process and
implementation roadmap aligned with the people-centrism principle of Society 5.0.
To reiterate, each smart-city initiative will have its blueprints setting out the vision
to be achieved, but to deliver the blueprints in reality, there needs to be a construc-
tion method and implementation roadmap that aligns with the city or community’s
features and with the residents’ values. This is a common requisite for any smart-
city initiative.

If the necessity of a construction method and implementation roadmap is a com-
mon factor across all smart-city initiatives, what are the key factors behind this, and
how do we complement the architecture? This is the very question that drove the
research upon which this book is based (research on the key factors presented in
Chap. 4 onward).

3.2 Complementing the Society 5.0 Reference Architecture
with a Construction Method
and Implementation Roadmap

The term “key factors” is used in this book to refer to the factors constituting the
construction method and implementation roadmap that will complement the smart-
city domain in the Society 5.0 reference architecture. Six key factors are involved,
and these are comprehensively discussed in subsequent chapters. This chapter out-
lines the background to the factors.

Let us recap what was discussed in the previous subsection. The Society 5.0
reference architecture is designed to be a broad, general model applicable in any
city or community, and as such it presents a basic framework consisting of eight
vertically stacked tiers. It also emphasizes data interoperability and data security.
Thus, when local governments and other actors are devising a smart-city architec-
ture (one of the domains of Society 5.0) for their city or community, they will need
to complement the reference architecture with a construction method and imple-
mentation roadmap. What exactly needs to be added to make the architecture more
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useful to the local government and other local actors (businesses, for instance)
responsible for creating a smart city?

To determine the kind of construction method and implementation roadmap that
must be added to the smart-city domain, we should first add to the reference archi-
tecture the actors—city, community, people. We can then try to identify the neces-
sary factors. Remember, the Society 5.0 architecture omits the people who receive
or use the services and who live their lives in the city or community in question.
That is why we add the “city, community, people” of the smart city in Fig. 3.3.

Although the reference architecture was originally oriented around the perspec-
tives of parties making the smart city and delivering the services, by adding “city,
community, people” (the parties on the receiving end) to the figure, we can incorpo-
rate the perspectives of those who receive or demand the services—the users of the
smart city. In turn, when the architecture has incorporated the perspectives of the
user/demand side and the city and community where the people live their lives,
people-centrism and sustainability of the city or community will be considered in
the design of the construction method and implementation roadmap. Then, when
the architecture is finally complemented with a construction method and an imple-
mentation roadmap emphasizing people-centrism and sustainability, devising a
more practical architecture for building a people-centric sustainable smart city will
be possible.
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Fig. 3.3 Superimposing “city, community, people” to the Society 5.0 reference architecture to
incorporate the perspectives of the user
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Once we have added “city, community, people” to the figure, an important per-
spective should be revealed: across the “assets” layer (the bottommost of the eight
tiers), we need to add an interface to represent the data-exchanges, communications,
and service exchanges that mediate the delivery of the assets (in the bottommost
layer of the eight-tier architecture) to “city, community, people” (Fig. 3.3).

The time—space axis, labeled at the bottom of the figure, represents, albeit in a
simple way, an important perspective for the delivery process: the time taken to
undertake the series of delivery processes for implementing the smart-city plan and
for developing and introducing the services across a larger area. With this perspec-
tive in mind, all the greater care will be taken when drafting the implementation
roadmap. The delivery process is critical for the wrong delivery process could create
irreversible problems.

Another vital perspective for the construction method and implementation
roadmap is the organizational setup—developing an organizational infrastructure
and allocating experts and businesses in a way that aligns with the community’s
features.

To recap, we have identified three important elements: an interface that connects
the eight layers of the reference architecture with the actual city, community, and
people; a process for delivering and scaling up over time and in stages; and an orga-
nizational setup detailing the organizational and procedural structures for coordinat-
ing a unified community effort. These three perspectives need to be added when the
Society 5.0 reference architecture for the smart-city domain is applied in actual
cities and communities (Fig. 3.4).

These three perspectives represent the fundamental elements that must be incor-
porated into any smart-city initiative, regardless of local geographic or environmen-
tal factors. They are essential to ensuring that the Society 5.0 reference architecture
can be supplemented with a construction method and implementation roadmap for
the smart-city domain so that the architecture can be applied to any city or
community.

The government has already published the Smart Cities Reference Architecture
(Cabinet Office 2023), a reference architecture for actors looking to deliver a smart-
city initiative. This reference architecture incorporates the three perspectives, but
similar to the Society 5.0 Reference Architecture, the three perspectives should be
considered complementary.

We shall now explore in greater depth the three complementary perspectives for
the Society 5.0 Reference Architecture (process, interface, organization). What fac-
tors are key to providing an implementation roadmap and construction method for
building a people-centric, sustainable smart city? Fig. 3.4 pinpoints six key factors
that are derived from the three perspectives and that are necessary to translate the
Society 5.0 Reference Architecture into architecture for a people-centric, sustain-
able smart city. It also shows where they fit in and the role they play.
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3.3 Three Perspectives and Six Key Factors Added
to the Architecture

3.3.1 Key Factors for Process

No one can make a Society 5.0-embodying smart city overnight; it takes time. The
time factor is represented in the reference architecture by the time—space axis, but
to properly understand the time required, we need to break this axis down. For this
axis, we focus on the delivery process. Given that a smart city is not a short-term
project that would take a year or a few years to complete, the procedures and steps
taken in the delivery process will shape the future of the project.

In the case of the smart-city domain, the time—space axis could be interpreted in
a number of ways, but here we will approach it from the perspective of urban plan-
ning. Just as an urban plan can have multiple subdivisions or units reflecting the
spatial scale of the target area, the same applies in the case of a smart city; the plan-
ning needs to reflect the spatial scale of the target area, which could be an expansive
geographic region (such as a prefecture or large urban agglomeration), a provincial
municipality (such as Hamamatsu or Aizu-Wakamatsu), or city district (such as
Kashiwa-no-ha Smart City or Dai-Maru-Y1 Smart City).
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As the “society” in Society 5.0 can encompass communities of various scales,
separate architectures are required for the systems of governance and administration
particular to each scale. It is necessary to delineate scale—from large geographic
expanses such as urban agglomerations to smaller-scale communities such as city
districts—and apply the eight-tier reference architecture to each spatial scale; this is
where the time—space axis comes in.

The time—space axis can be interpreted as the series of processes for applying the
eight-tier architecture to a local community. For a smart city, the time—space axis
would represent the series of processes whereby a vision and action plan for the
target city or community is translated, for the initial phase, into a limited implemen-
tation (where the action plan is implemented in a limited area) and then enlarged, by
expanding the initiatives themselves and their geographic coverage.

Smart-city initiatives are not about getting a quick result, and neither are they
simply a matter of repeating the same actions over and over. Delivering a smart-city
initiative involves introducing into the target city or community technologies and
systems that are unfamiliar to that city or community. The key to success therefore
lies in the community’s acceptance of the innovations. It is essential to pay due
regard to the social acceptance process when applying the innovations so that the
initiatives tied to the new technologies and systems will be locally grounded and
therefore people-centric and sustainable. Because the technologies will be collect-
ing and using personal data along with other community data, robust rules and data
governance will be critical to obtaining social acceptance. Therefore, under the pro-
cess perspective, we placed social acceptance together with data governance. The
two factors are discussed in Chaps. 5 and 6.

These two factors must accompany the implementation of the services and busi-
nesses related to the smart city.

3.3.2 Key Factors for Interface

I mentioned earlier that once we place “city, community, people” in the Society 5.0
Reference Architecture as shown in r, we will also need to add an interface linking
reference architecture with the “city, community, and people” together to ensure
that the services are delivered in a way that aligns with their values.

The reason is that as the smart city is supposed to provide digitally driven solu-
tions for the city or community’s problems, it is necessary to ensure communication
between the supply and demand side—between the service providers (the local gov-
ernment and enterprises delivering the businesses or services) and the service users
(the citizens, consumers, or residents). The question becomes how to introduce and
embed into the local community a structure that interfaces between the supply and
demand side and monitors outcomes of the services to see whether they are effec-
tive, whether any adverse effects exist, and whether they can be improved.

Thus, the construction method and implementation roadmap to be added to the
architecture must include an interface mediating between the actors responsible for
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the smart-city architecture’s business (services) layer, functions layer, data layer,
data-linkage layer, and assets layer (these actors will usually be the local govern-
ment and enterprises) and the ‘“city, community, people” (primarily, the local
citizens).

One critical factor for this interface is citizen participation. We already have an
example of a system for citizen participation—the living labs of Scandinavia.

In addition to needing citizen participation, an interface requires ongoing moni-
toring of each individual, to as precise a degree as possible, to understand how the
smart-city technology is affecting people’s lives, how much it is contributing to
satisfaction and quality of life among the target citizens, and whether it is creating
adverse effects.

Further measures must be taken, then, to precisely and accurately evaluate out-
comes in the target population and encourage feedback from them. Urban planners
usually take a broad, quantitative approach, using physical, objective measures that
give an overhead snapshot (such as green space or road space as a proportion of total
city space). However, this quantitative approach is unsuitable for measuring the
effectiveness of digitally powered services. Another approach is to use statistical
data to find average rates for the city as a whole. However, this approach ill suits the
people-centric ethos, which would require consideration of the diverse array of indi-
vidual preferences. One cannot just rely on government statistics. For the interface
linking the supply and demand side, the evaluative approach needed is one that
takes into account human diversity and diversity of preferences. Thus, the second
key factor for the interface is a system for evaluating the quality of life—QoL-based
assessment.

We have, therefore, identified citizen participation and smart-city QoL-based
assessment as two elements that will serve effectively as parts of the smart-city
procedures and methods to be added to the Society 5.0 Reference Architecture and
as key factors in the interface mediating between the parties delivering the services
and the citizens using them. The first of these factors is discussed in Chap. 7 and the
latter in Chap. 8.

3.3.3 Key Factors for Organization

One question is common to all domains in the top three layers of the Society 5.0
Reference Architecture (these layers being strategy and policy, rules, organiza-
tions): the question of who is responsible for determining the elements of the layer
in question. The paramount concern here, needless to say, is the competence of
whoever sets the strategy and policy, whoever sets the rules, and whoever designs
the organizations. For these layers, people with strategic thinking skills and the
expertise to tailor rules to the needs and circumstances on the ground are needed in
addition to people with the expertise for the business and data layers further down
the architecture.
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In conventional urban planning, the strategy and policy layers are the responsi-
bility of urban planners who were schooled in urban planning or are otherwise expe-
rienced in such. In the case of smart cities, however, this layer requires expertise in
the relevant digital technologies and in data-driven services. As such human resource
is unlikely to develop of its own accord, a new training program to nurture it is
needed. The first key factor, then, is human resource development, representing the
need to nurture the human resource necessary to coordinate smart-city collabora-
tions between academic, private, and government actors. Human resource develop-
ment is discussed in Chap. 9.

A smart city requires public—private collaboration. It cannot be built by govern-
ment or by private enterprises alone. It must also involve citizen participation. It is,
therefore, necessary to allocate the human resource who can create a collaborative
organizational framework suitable for the target community and who can coordinate
between the different organizations within this framework, so that the smart city is
developed in line with the strategy and the businesses and services are developed in
a coordinated way.

Here, it is worth clarifying the meaning of the prefix “super-" (“above, over, and
beyond”) as used in the “people-centric, super-smart society” that is Society 5.0.
One meaning of super-smart is a level of smartness above or more advanced than a
normal level of smartness. If a “smart” city involves data and digital applications in
one industry or sector, then a “super-smart” city involves data and digital applica-
tions that are of a higher level and that span different sectors and link them together.
Tellingly, the Society 5.0 Reference Architecture includes under the data layer a
data “linkage” layer, illustrating how important inter-sector integration is in the
Society 5.0 vision. An important part of Society 5.0 is linking data across different
sectors to create a data ecosystem in which data mediates between different indus-
tries. To ensure that smart-city initiatives are sustainable, it is essential to nurture
and facilitate collaboration between the business operators who will keep the smart
city running. The key to this is a data ecosystem.

With data as the fount of businesses (or services), nurturing a data-linked inter-
industry ecosystem will enable the services to transcend the smart-city domain and
cross into other domains running into the background in the figure. Suppose, for
example, that CCTV data used in one smart-city domain were combined with foot-
flow data and sales data from roadside shops; in addition to encouraging the use of
the data in marketing analytics, this would enable the data to be employed in the
smart mobility domain (in services designed to ease congestion, for instance).
Suppose that the CCTV data were combined with the data from eco-sensors placed
on roads; this could spur the creation of advanced services that help mobility-
challenged people venture outdoors. Thus, complementing the organization per-
spective in this way would deepen the connections in the upper layers within the
smart-city domain itself and also deepen the inter-domain connections along the
“domains” depth plane of the Society 5.0 Reference Architecture.

Thus, data ecosystem is a key factor of the organization perspective. It is dis-
cussed in Chap. 10.
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3.4 Addressing the Challenges Associated
with a People-Centric Sustainable Smart City

Smart cities are bespoke creations, individually tailored to the city or community
concerned; they are not to be mass produced with a one-size-fits-all design. Each
city or community has its own set of features and environmental conditions, along
with its own array of needs and values. The geographic, social, and environmental
features of Central Tokyo differ from those in municipalities situated in the periph-
eries of the Tokyo agglomeration, which themselves differ from those in rural
municipalities (farming villages and fishing villages, for instance). Such locality-
specific contexts cannot be ignored, and neither can a smart city be built on
vacant land.

Every smart city cannot be developed with a single unified process, as goods
were during the industrial age (Society 3.0), which emphasized manufacturing and
mass production; even if we could, we might end up depriving cities and communi-
ties of their unique features, as the modernist and functionalist trends of the twenti-
eth century were criticized for doing.

Each community also has its own set of needs and problems. True, multiple com-
munities sometimes share the same kinds of problems, which might mean that the
same initiative can be rolled out horizontally. However, an approach that works in
one community can, at best, work in just a few other communities. In addition to
targeting problems or needs particular to the community in question, devising an
architecture suitable for the community and its environment is necessary, along with
a construction method and implementation roadmap for this architecture using the
Society 5.0 Reference Architecture as a guide. Chapters 4, 5, 6, 7, 8, 9, and 10 pres-
ent the key factors for devising a construction method and implementation roadmap
for architecture localized to a particular community and environment.

Remember, we must never let smart cities end up a passing fad. The actors seek-
ing to build a Society 5.0-embodying smart city (one that is people-centric and
sustainable) must commit to building it in stages over time, and this will require an
overarching architecture.

The six factors discussed in the ensuing chapters are critical for creating a con-
struction method and implementation roadmap that will complement the Society
5.0 Reference Architecture, making it applicable to any city or community. As such,
they are essential to the phased construction of a smart city that embodies Society
5.0 by being people-centric and sustainable.

The key factors must be understood to ensure that smart-city initiatives can be
sustainable and people-centric by contributing to the well-being of residents and do
not become a passing fad. They offer local governments and other actors insights
about the problems they will need to overcome when devising the architecture for a
Society 5.0-embodying smart city and delivering services related to their smart-city
project.

In summary, the discussion in this chapter was based on the premise that a local
government, enterprise, or other actor involved in building a Society 5.0-embodying
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smart city should devise the smart city in the order shown below; what is shown
below summarizes the discussion in this chapter.

1) Clarifying and communicating the vision
Clarify what the vision is and communicate it to the relevant parties

To that end, refer to the government’s Science and Technology Basic Plan and H-UTokyo Lab’s
Society 5.0: A People-centric Super-smart Society (H-UTokyo Lab 2020).

Y
2) Formulationg an Architecture
Formulate an architecture for the “smart city”” domain in the Society 5.0 Reference Architecture

To that end, refer to the Society 5.0 Reference Architecture (Cabinet Office 2020) and Smart
Cities Reference Architecture (Cabinet Office 2023)

{
3) Developing a construction method and implementation roadmap

Complement the Society 5.0 Reference Architecture with a construction method and
implementation roadmap

The challenge here is determining how to make the smart city people-centric and sustainable
To that end, refer to Chaps. 4, 5, 6, 7, 8, 9, and 10 of this book (which discuss the six factors)

If you are involved in managing the delivery of a smart-city initiative or design-
ing the smart-city architecture, perhaps the current progress in your smart-city ini-
tiative should be reviewed from the perspective of Society 5.0, what needs to be
done should be determined, or what inadequacies need to be rectified should be
identified, to bring the project closer to the ideal of a people-centric, sustainable
smart city.

This chapter presented a discussion on why the six key factors are necessary for
making a people-centric sustainable smart city. Chapters 4, 5, 6, 7, 8, 9, and 10
describe the six factors in depth. We hope that the value and effects of the six factors
are understood and then their descriptions, namely, the thinking behind them and
their technological aspects, can be applied in your smart city.

The six factors are soft infrastructure for a digital society. Each constitutes a
piece of infrastructure for a people-centric, sustainable smart city, and the infra-
structure should be developed in stages.
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Chapter 4 ®
Six Key Factors for Making a Smart City o
People-Centric and Sustainable

Tomoyo Sasao and Shin Osaki

Abstract This chapter examines six key factors essential for the development of
people-centric and sustainable smart cities, in alignment with the principles of
Society 5.0; these factors include social acceptance, data governance, citizen par-
ticipation, quality-of-life (QoL)-based assessment, human resource development,
and data ecosystems. Each factor is explored in the context of the common chal-
lenges encountered in smart-city implementation. Social acceptance addresses the
need to build community trust in new technologies, whereas data governance
focuses on safeguarding personal data, which is vital for public confidence. The role
of citizen participation is emphasized, aiming to promote active community engage-
ment in the planning and implementation of smart-city initiatives. The QoL-based
assessment shifts the evaluation criteria for smart-city outcomes from service per-
formance metrics to a focus on enhancing residents’ well-being. Human resource
development outlines the need for interdisciplinary teams to manage smart-city
projects, and the data ecosystem highlights the importance of integrated cross-
sectoral data use for sustainable urban environments. This chapter aims to provide a
comprehensive understanding of how these factors can be operationalized in real-
world communities, ensuring that smart cities align with the people-centric ethos of
Society 5.0. The subsequent chapters delve into detailed research findings and offer
insights into the practical application of these factors.
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4.1 For Smart Cities that Manifest Society 5.0

Chapter 2 discussed the background to smart cities, including how the 2000-2010
period emphasized energy-efficiency solutions, solutions for residents’ problems,
and efficient urban development, how the focus shifted to resilience and survival
during the pandemic, and how the focus has now shifted to how smart cities can
embody the Society 5.0 vision’s people-centric ethos by contributing to well-being,
involving citizen-led initiatives, and involving mutual assistance. However, how
many smart cities actually are aligned with the Society 5.0 vision?

Chapter 3 discussed the need to map “city, community, people” onto the Society
5.0 Reference Architecture and presented six key factors for the construction method
and roadmap that complement the reference architecture. What happens when the
six key factors are paired with the problems that arise in smart-city settings that
embody “city, community, people” (Fig. 4.1)?

Each of the key factors corresponds to a different problem. For example, social
acceptance is key to addressing public resistance to a sudden rollout of a technologi-
cal innovation, whereas citizen participation is key to addressing the lack of oppor-
tunities for citizens to participate in co-creation (because government and private
enterprises are taking the lead in managing the smart-city initiatives). The problems
corresponding to the six key factors are common to any city or community where a
smart city is being created.

In actual smart-city settings, which key factor corresponds to which common
problem, and how does one go about addressing the problem? This chapter outlines
the common problems to which the six factors pertain and the approach to address-
ing the problems. Chapters 5, 6, 7, 8, 9, and 10 go into greater depth.

Services targeted to the city’s needs/problems
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Fig. 4.1 Six key factors for Society 5.0 and their corresponding problems
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4.2 Key Factor 1: Social Acceptance

When a smart-city initiative is launched, the first issue encountered is whether the
community will accept the technologies and services being introduced. H-UTokyo
Lab has therefore identified social acceptance as a key factor and researched the
nature of the matter.

Recent smart-city initiatives have raised the prospect of rolling out individual-
ized services driven by granular personal data, including information about people’s
health and behavior. The problem here is that citizens might object to such personal
data being collected. It is also an ethical minefield; for example, collecting and
using someone’s data without their permission is morally questionable. Around the
world, we can find examples of litigation related to this.

We use the term “social acceptance” to refer to a situation in which the commu-
nity is well-informed about the smart-city initiatives, actively participates in the
decision-making process, and welcomes the initiatives. Social acceptance is abso-
lutely crucial to smart cities. Ensuring social acceptance is not just about meeting
legal or regulatory criteria for personal data use; it requires a tailored approach to
building trust among community stakeholders. Therefore, the approach must be tai-
lored to the needs of the community in question. On the other hand, some features
are common to all communities and some ethical matters should be considered in
all cases. We have researched these common features with a view to raising aware-
ness knowledge about them. Chap. 5 presents the research findings.

4.3 Key Factor 2: Data Governance

When using data for a smart-city initiative, the first hurdle to overcome is how to
handle the data. Using personal data, for which privacy is paramount, could prove
controversial even if legal requirements are met. Only when the public feels confi-
dent that the organization will safeguard the data will it also have confidence in the
organization’s ability to run the smart-city initiative. That is why we have identified
data governance as a key factor and researched the risks and other matters associ-
ated with using people’s data.

Smart-city initiatives often involve data- and Al-driven solutions for local prob-
lems. The initiatives rely on residents’ personal data along with nonpersonal data
such as data related to mobility, energy, and other urban services. The data must be
properly governed.

In the case of personal data, data governance means, first of all, compliance with
legal requirements such as those set out in Japan’s Act on the Protection of Personal
Information. Second, it means something more than meeting the legal requirements.
If the target audience feels that the service violates privacy (though it meets all legal
requirements related to data protection), then they would feel reluctant to provide
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their data, and the service—being predicated on the provision of such data—would
be jeopardized. Simply complying with the law is not sufficient; smart cities’
designs must incorporate robust data governance to prevent controversy and loss of
confidence. The key factor is discussed in depth in Chap. 6.

4.4 Key Factor 3: Citizen Participation

Residents and workers should be co-creators of smart cities. Rather than just pas-
sively using technology or receiving services, they should have a say in the future of
their own community, actively engage in the decision-making process, and in some
cases participate in the delivery process. That much is clear. Less obvious, however,
is exactly how to create opportunities for such citizen participation in the smart city.
That is why we have identified citizen participation as a key factor and used a living-
lab approach to explore ways of facilitating co-creation with the public.

It is residents, workers, and other members of the public who know the commu-
nity’s problems the best. Smart-city initiatives should therefore provide platforms
where citizens can share their knowledge, experiences and creativity, fostering
co-creation with other stakeholders. The reality, though, is that only very few inter-
secting spaces are available for the public to engage with smart cities, indicating
that in many cases, the public has a poor grasp of the smart-city initiative or feels it
is irrelevant to their lives.

To rectify this, the actors in charge of delivering the smart city should provide
opportunities, systems, and coordinating functions so that local residents and local
organizations will actively engage in co-creating the smart city; they should also
ensure an ongoing process of dialog and feedback with the public. This is absolutely
vital. One approach to this task is to provide a living lab—an open innovation pro-
cess in which the public gets involved in the research and piloting. A living lab is
similar to a smart city in that it facilitates open innovation in research, in testing, and
in piloting innovations in living settings, meaning that the living lab is all the more
valuable when tied with smart-city initiatives. Chapter 7 presents our research find-
ings on this key factor.

4.5 Key Factor 4: QoL-Based Assessment

Once the smart-city initiatives start to be delivered, people will start experiencing
the new services in their daily lives. The party in charge of the delivery will then
start assessing outcomes. To date, the delivering parties have tended to track the
progress of their projects or measured the degree to which their set objectives have
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been attained—they want to know details such as whether the innovation has been
successfully delivered, how many users have subscribed to the service, and so on.
What they should really be measuring is how the delivery is contributing to people’s
quality of life or well-being. That is why we have identified QoL-based assessment
as a key factor and developed a new assessment metric, ones that closely tracks
changes in quality of life that result from the application of personal data. Quality
of life and public satisfaction are already assessed in questionnaires conducted
every few years by national and local governments. However, this conventional
approach is ill-suited to measuring the outcomes of smart-city initiatives, which
involve fast-paced changes and developments.

With the dissemination of smartphones, wearables, and IoT-driven tech, it has
become easier than ever to collect continuous data from people in real time. Thus,
when measuring the outcomes of applying such technologies in a smart-city project,
it will be increasingly important to have an assessment model consisting of people-
centric metrics such as the quality of life and to have an environment that enables a
people-centric approach to assessing individual measures or general outcomes of
smart-city initiatives. Chapter 8 presents our research findings on this key factor.

4.6 Key Factor 5: Human Resource Development

Once smart-city initiatives start being scaled up, bolstering the team managing the
smart city as a whole will be necessary. The question, though, is what competences,
skillsets, and knowledge are needed to guide the overarching smart-city strategy.
Another question is what kind of human resource is necessary to ensure that the
smart city is localized to the features and needs of the locality in question. That is
why we have identified human resource development as a key factor. We launched
a human resource development program through which we attempt to answer these
questions.

Smart-city initiatives, being based on urban planning and information science,
cover disciplines such as healthcare and welfare, mobility, logistics, and community
design. Therefore, an interdisciplinary team is needed, along with a program to train
leaders who can coordinate between the disciplines and unify the team. The human
resource development will also need exit strategies so that the leaders trained under
the system can go on to serve in public-sector positions where they will lead cross-
sectoral efforts or manage smart-city initiatives combining multiple disciplines.

For better or worse, people increasingly get their information from social media,
which can often include false information. This trend makes it all the more impor-
tant to disseminate accurate information about the IT technologies and datasets used
in smart cities, improving the public’s literacy in smart cities. Chapter 9 presents our
research findings on this key factor.
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4.7 Key Factor 6: Data Ecosystem

Once smart-city projects get underway, data will begin to accumulate. Project-
specific datasets will obviously be valuable for the projects in question, but their
value increases exponentially once the data cross-pollinates across different proj-
ects, and such cross-pollination could create opportunities for creating new projects
and industries. The new businesses created will prove valuable resources when it
comes to the sustainable management of a smart city. Thus, critical to the sustain-
ability of a smart city are data cross-pollination and active participation by the pri-
vate sector.

However, with the datasets simply laid out in the city operating system (as in
Society OS) or data-linkage platform, scarcely anyone ever uses the data across dif-
ferent sectors. That is why we have identified having a data ecosystem built by the
stakeholders who use the data-linkage platform as a key factor and have researched
a cyclical process for creating such an ecosystem.

Data cross-pollination is prevented by the lack of rules concerning the use of
data, the distribution of the benefits from the use of data, and the lack of incentive
to provide the data. Measures must be taken to address these issues.

Innovation incubators are needed to ensure horizontal communication between
enterprises, universities, and the organizations coordinating the community-
development projects, and to nurture both the organizations and human resource
(coordinators) to facilitate data-linkage and the businesses that will use the data.
Chapter 10 presents our research findings on this key factor.

4.8 Applying the Key Factors in a Target Community

At H-UTokyo Lab, we consulted with the national and local governments driving
forward the smart-city agenda, and they confirmed that issues pertaining to the six
key factors exist in local communities. If there are communities that for want of
signposting and directions are lost and unsure how to proceed with delivering a
Society 5.0-embodying smart city, then a good place to start is to work out how the
six factors should be incorporated into the community in question.

When it comes to disseminating the key factors in cities and communities, the
districts and municipalities have an important role to play, but so do the prefectural
and national governments, which can provide assistance over a much wider area. In
May 2021, we presented the national government with 15 policy recommendations
for delivering sustainable smart cities; these recommendations were linked to the
key factor (H-UTokyo Lab 2021). In 2023, we published our research findings on
the six key factors (H-UTokyo Lab 2023). For national or local government employ-
ees involved in smart cities, we hope that these publications offer useful insights for
future policymaking.
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This chapter outlined how the key factors complementing the Society 5.0
Reference Architecture relate to problems/needs common to all communities and
how they point to the solutions to these issues. The purpose in applying the six fac-
tors is to ensure that smart cities align with the people-centric ethos of Society 5.0
and are sustainable (so that they do not end up a passing fad).

Put another way, the chapter introduced the key factors for engaging in people-
centric smart cities and ensuring that they are sustainable. The next chapters intro-
duce the practical research we conducted into the six factors between 2020 and
2023. Many of the research activities were linked to specific initiatives in cities and
communities, so we hope the findings offer valuable insights in how to apply the
factors in real-world cities and communities.
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Chapter 5 )
Social Acceptance e
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Abstract The chapter analyzes the concept of “social acceptance” in the context
of technology and service implementation, particularly in smart cities. Findings
from two research projects pertaining to the relationship between people and
smart-city initiatives are focused on, and the societal values and goals underlying
technological implementation are examined. The first approach highlights indi-
vidual attitudes, particularly those regarding the use of personal data in smart-city
services, with emphasis on the role of trust between citizens and service providers.
The second approach analyzes the dynamics of community acceptance or rejection
throughout the service-implementation process, which underscores the importance
of stakeholder interactions and may involve conflicts in some scenarios. A case
study from the Sidewalk Toronto project is referenced, where challenges in garner-
ing social acceptance ultimately resulted in the project’s suspension. The chapter
concludes by suggesting a reevaluation into the conceptualization of social accep-
tance, with emphasis on the necessity to consider societal values, the ethical
responsibilities of implementing technology, and the broader impact of technology
on communities. Addressing these factors is crucial to realizing human-centered
smart cities and fostering a harmonious relationship among people, society, and
technology.
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5.1 Thinking About Social Acceptance

5.1.1 Caring About Social Acceptance

Scientific and technological innovations, along with the services stemming from
them, have the power to transform individuals and communities; thus, a number of
issues must be addressed when delivering innovations. One of these is social accep-
tance, which is the topic of this chapter. We identify social acceptance as a key fac-
tor in smart-city delivery.

Those in charge of delivering smart cities should care about and value social
acceptance, because public acceptance of technology and services is key to facilitat-
ing the smooth operation of technology-driven services and increasing the chances
of technology delivering desirable outcomes. A smart city should use scientific and
technological innovations to deliver convenient and efficient services to the public
and address social issues, thereby contributing to well-being. However, people will
never enjoy these benefits if they reject technology and services outright or if they
feel reluctant to use them. To ensure that innovations can be translated into practical
services of benefit, it is necessary to consider people’s attitudes toward science and
technology, and ways to provide accepting services.

However, this is not the only reason for social acceptance. The immediate goal
of delivering scientific and technological innovations is to make life more fulfilling
and easier and address the problems people face, but the ultimate goal is to create a
more desirable society and a better world. The history of science and technology is
littered with examples of unforeseen risks and grave socio-environmental outcomes.
To ensure that scientific and technological innovations continue to create new value
without inflicting severe damage on individuals and communities, those involved in
R&D or delivering its outcomes must identify or foresee the potential harm the
innovations could create. Social acceptance is a key concept in examining these
potential harms. Social acceptance encourages one to pause and think about what
people’s needs are and what kind of society is desirable, and to rethink the role of
science and technology. It also provides a perspective for reflecting on the relation-
ship between people and science: Who are science and technology for, and who is
responsible for governing science and technology?

Amid the complex interplay between society and science, the only way to
empower the pursuit of happiness, address socio-environmental problems,
and forge a brighter tomorrow in accordance with the people-centric ethos of
Society 5.0 is to respect people’s values and have a healthy, constructive discus-
sion about where science is taking us. When delivering smart cities, the question
of how to approach the challenge of social acceptance is a critical part of the
conversation.
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5.1.2 How to Approach Social Acceptance

The question then is how exactly do we approach the challenge of social accep-
tance? What issues should be considered when discussing social acceptance? In this
chapter, I present two approaches to this topic and identify some points that can lead
to a more fruitful conversation on social acceptance. First, the general content to be
discussed is outlined.

In any discourse on social acceptance, the underlying motive is to encourage the
public to accept the rollout of technological innovation. The goal is for the public to
see technology as a good thing, agree with its implementation, and use the service.
One approach is to remove any obstacles to this goal and devise a strategy to facili-
tate smooth delivery of technology. For example, one might want to organize a PR
campaign highlighting the benefits of the service or introduce incentives. One could
also address the risks of using technology to address public anxiety. This approach
is based on the idea that social acceptance is a matter of individual attitudes and
seeks to identify effective measures to help people develop more positive attitudes
toward science and technology. We call this the “individual-attitudes” approach.

This approach will likely attract the most attention during the initial and middle
stages of the key factors (these stages are discussed in Chap. 14). Smart-city initia-
tives can scarcely progress when the public feels uneasy about the risks of the tech-
nology, when they feel reluctant to use the service, and when the initiatives create
suspicion about business operators. Acting swiftly is necessary to foster a more
accepting public attitude. We need to understand what the public thinks and act to
mitigate negative attitudes, anxieties, and resistance.

However, when taking this approach, one must be mindful of falling into an
activity trap in which the means fostering supportive, or at least non-oppositional,
attitudes become an end in itself. Although ignoring public opinion would contra-
vene the people-centric ethos of Society 5.0, when endearing the public is treated as
an end in itself, one may lose sight of the very reason for doing so and become
absorbed when devising strategies for shaping attitudes and crafting persuasive PR
campaigns.

Another point to note is that the social acceptance of smart cities is not just a
matter of what individuals think; the target community as a whole must be consid-
ered. Delivering and rolling out technology will always take some time and will
involve interactions and, often, disputes between different stakeholders. This aspect
of social acceptance requires attention too; social acceptance is also about how the
community’s acceptance (or rejection) is formed following a series of processes in
which different stakeholders influence each other and debate the benefits and prob-
lems of a technology or service. We can call this approach to social acceptance the
“interactions” approach.

Using this approach, real-world cases are explored to determine what communi-
cations and debates arise between stakeholders, and to identify the contentious
issues or talking points that are likely to arise. Through the theme of social accep-
tance, we consider the issues and contentions that arise concerning the technologies
and services to be delivered in a smart-city project.
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The next section presents research on the two approaches to familiarize readers
with them and engender a more holistic understanding of social acceptance.

The final section offers fresh ideas for encouraging a fruitful discourse on social
acceptance. If a pursuit of social acceptance is to contribute toward a people-centric
smart city, then we have to understand what “social acceptance” means in the first
place. To answer this question, we begin by focusing on the benefits of smart cities
and the actors involved.

5.2 Case Studies on Social Acceptance

5.2.1 Individual-Attitudes Approach

This section introduces cases concerning the first of the two approaches, the
individual-attitude approach, to illustrate ways of improving social acceptance. At
the H-UTokyo Lab, we drew from the literature on social acceptance and added
fresh research insights, focusing on trust. This section first summarizes our opinions
of the literature and presents our own research findings.

To reiterate, when dealing with social acceptance, the first issue to address is
public attitude toward the technology in question or the service stemming from the
technology. It is a commonly shared view that the understanding and consent of
people in a community are needed to implement measures that affect that commu-
nity. The same is true for the implementation of smart-city initiatives. Thus, the
attitudes that people hold and exactly what underlies them must be identified.

One simple way to assess the level of acceptance of a technology or service
would be to ask each person whether he or she accepts or agrees with the technology
or service in question, and see what percentage are “in favor” of the answer.

However, according to the findings on social attitudes in the social psychology
literature, attitudes might be more complex in reality. According to the literature,
attitudes should be understood not as a superficial for/against binary, but as the
product of complex associative networks featuring an interplay between cognitions,
emotions, and behavioral intentions (Eagly and Chaiken 1993). With this under-
standing, we can appreciate how the real meaning of each “in favor” response will
differ depending on the knowledge, beliefs, values, and emotions at play in each
case. This understanding also offers a practical benefit in that it can offer insights
into how to make people more favorable.

From this more nuanced perspective, social psychologists have considered mul-
tiple facets of perceptions about technology and services and explored a full spec-
trum of factors that predict acceptance (or rejection) of a technology and service, or
intention to use a service. The leading models for explaining these factors are the
trust, confidence, and cooperation (TCC model) (Earle and Siegrist 2008) and the
technology acceptance model (TAM) (Davis 1989). The literature covers a range of
technologies and communities and has empirically demonstrated, mainly using
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survey data, the roles of variables in determining social acceptance. The key vari-
ables have varying effects; however, the acceptance or rejection of technology is
generally determined by variables related to the perceived quality of the technology
or service and their perceived effects, including whether the risk is low relative to
the benefits, whether the technology is designed to meet public needs (or address a
problem), whether the implementation costs are low, whether the technology is
urgently needed, and whether the technology will not threaten the environment
or health.

In view of these insights, to gauge a particular community’s social acceptance,
one could conduct a questionnaire survey in which residents are asked about their
attitudes toward technologies or services, whether they support their implementa-
tion, and whether they would use them. Analysis of the response data identified
correlations between variables. This analysis provides insights into the attitudes of
people at this stage, the factors impeding the acceptance of technologies and ser-
vices, and the steps that need to be taken to improve them.

5.2.2 Importance of Trust

When a new science or technology is implemented in a particular community, social
acceptance of the technology or service may be impeded by conflicts and confronta-
tions between proponents (local governments or enterprises) and residents. One rea-
son for this is a lack of trust in proponents (e.g., Soma and Haggett 2015). It is
necessary to promote technological sophistication and appeal to citizens about the
benefits of services, but the question is not only what kind of relationship the pro-
ponents have established with the residents and will continue to establish in
the future.

Trust is a critical factor in determining the acceptance of many kinds of strategic
interventions, not just the delivery of scientific and technological innovations; it is
also a key concept for the smooth operation of any social system (Koyama 2018).
Whether the interventions are by national or local governments, private companies,
or other types of societal interventions, the actors try to end the public intervention
by sending a message that emphasizes its benefits and why it is needed. However,
without trust between the intervening party and the public, these attempts will prove
ineffective and increase public misgiving.

The importance of trust becomes clearer when the mental processes that rein-
force misgiving and resistance are considered. If we feel that someone is untrust-
worthy or shifty, then we will never feel reassured by their explanations of risks,
benefits, and safety. We also begin to question the intentions behind the measures
taken during the implementation process. Officials may insist that the intention is to
improve the quality of public services, but we may doubt the honesty of their inten-
tions and even suspect an ulterior motive: the real purpose is to obtain financial
profit or to survey and control the public. We would doubt their promise to operate
the technology properly and suspect that they would use it for purposes other than
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what was stated. Thus, although communication with the public is necessary to
enhance social acceptance, healthy rapport is not possible without a foundation
of trust.

Trust is a decisive factor in determining attitudes toward smart-city technologies
and services. This is especially true for smart-city technologies that use personal
data. Growing public concerns about privacy make the consideration of social
acceptance and the role of trust extremely urgent. In the 2021 study, we conducted
a survey in the areas of credit evaluation, Al cameras, and health and welfare, asking
open-ended questions about concerns about the provision of services using personal
information. We then subjected the responses to text analysis, which revealed sev-
eral key terms, including misuse, management, privacy, personal identifiability, and
supervision (Shimizu et al. 2021). Smart cities rely on the use of such data, but
people are mindful of the risk that the data will be mishandled (resulting in data
leakage or similar events) or that their individual autonomy would be threatened. If
trust shapes such attitudes, an attitude model based on trust must be envisaged when
devising ways to enhance social acceptance.

5.2.3 Trust-Based Attitude Model for Social Acceptance

With this problem awareness, we previously researched a case involving a smart-
city initiative that used personal data to empirically verify the determinants of trust
in a technology (Hashimoto et al. 2020). Figure 5.1 displays the model derived from
this study. Trust is the starting point in this model. Trust influences critical accep-
tance of smart-city initiatives. More precisely, it influences attitudes toward per-
sonal data risks, which in turn influence the willingness to provide personal data and
acceptance of the service.

Further back in the causal chain, trust was predicted by perceived sincerity, com-
petence, and value similarity. Of these three variables, those pertaining to sincerity
and competence have been identified as fundamental cognitive dimensions in group

Trust components
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Fig. 5.1 Trust-based attitude model for social acceptance
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perception research in social psychology. It has been argued that how groups are
perceived in both dimensions determines how people treat them (Fiske et al. 2002).
Research applying this finding is also being conducted in the area of risk manage-
ment (Earle 2010). The third variable, perceived value similarity, is derived from the
salient value similarity model, which postulates that people are more likely to trust
risk managers who hold similar values to them (Nakayachi and Cvetkovich 2008).
Salient value similarity has generally been considered in the context of managing
health and environmental risks; however, in our study, we assumed that it is also
relevant to the use of personal data in smart-city initiatives.

5.2.4 Empirical Evidence for the Importance of Trust

The online study conducted in September 2019 is described as follows. The respon-
dents were asked to describe how they felt about a hypothetical scenario involving
service provision. The sample consisted of 307 men and 318 women with a mean
age of 45.8 (with a standard deviation of 14.4). The respondents described the sce-
nario as follows:

The service will collect foot-flow analytics data from Al-driven cameras. It will also collect
data voluntarily from people’s smartphones, including GPS data, data about the public
transport services the person has been using, and the amount of money the person has been
spending. The data will be used to guide the design of shopping districts, the planning of
transport services, and the delivery of public services. The service will also allow the par-
ticipation of secondary users, which may include shopping centers to refer to and use
the data.

The respondents were then presented with questions (these questions will be
discussed later) pertaining to the trust components in Fig. 5.1: their trust in the sys-
tem developer and operator of the service (a private company), in the local govern-
ment that spearheaded the initiative, and in the secondary users of the collected data.
They were then asked three questions about their attitudes toward the service: their
perception of the risks associated with the use of personal data (e.g., I fear that the
data would be misused), their willingness to provide personal data for the service
(e.g., I would not mind providing my personal data), and their acceptance of the
service (e.g., [ think the service is a good idea).

The variables affecting trust in the intervention were subjected to a pathway
analysis. Figure 5.2 shows the results. Arrows indicate statistically significant inter-
variable pathways. Pathway analysis revealed that trust in actors predicted attitudes
toward the service. Although the strength of this association varies depending on the
actor, the general trend is that stronger trust is associated with lower concern about
risks, a greater willingness to provide personal data, and a more accepting attitude
toward the service. These results corroborate the validity of the model in which trust
in service proponents is a fundamental variable in determining acceptance.

Figure 5.3 shows a model describing how trust is shaped by the perceived sincer-
ity of the actor (local government, operator, or secondary user), perceived
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Fig. 5.2 Results of analysis of determinants of trust
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Fig. 5.3 Model describing determinants of trust in local government, operator, and secondary user

competence of the actor, and similarity of the actor’s values. Regardless of the actor,
perceived sincerity and similarity of values are associated with stronger trust.
Perceived competence had no direct pathway to trust, but was correlated with per-
ceived sincerity and similarity of values.

5.2.5 How to Gain Trust

This study may have demonstrated the importance of trust and revealed the factors
that predict it, but this leads to another question: How, then, do we ultimately gain
trust? Trust is not built overnight. We also know from everyday experiences that
problematic behavior can destroy trust after a stroke. Can we specify a clear-cut,
fool-proof technique to gain trust? Although this may not be possible, our results do
at least offer some clues. The implications of this study are as follows.



5 Social Acceptance 71

What we need to know here is which of the question items used in the above
study (and other related studies we conducted at the H-UTokyo Lab) predicts the
person’s perception of the actor’s sincerity and competence. In a series of explor-
ative analyses, we set up a number of questions to determine which appeared to be
correlated. The analyses revealed that perceived sincerity correlates strongly with
agreement in the following statements: “the actor is transparent about the service,”
“the actor will sincerely handle any troubles that may occur,” “the actor treats all
residents equally,” and “the actor makes fair decisions.” These statements describe
a person’s perception of how the actor engages with the residents in the process of
delivering services. As such, the results imply that actors can gain trust by showing
sincerity and impartiality in their everyday dealings with citizens. The analyses also
revealed that perceived competence correlates with agreement in the following
statements: “the actor has expert knowledge and skills,” “the actor is competent
using the latest technology,” “the actor’s service is of a high quality.” These results
suggest that a positive appraisal of an actor’s knowledge and technology engenders
confidence in the actor’s ability to be given responsibility, and this confidence
strengthens perceptions of sincerity and value similarity.

We also found that value similarity correlates with agreement in the statement
“the actor values what I value.” This result suggests that actors, while gauging pub-
lic opinion, should also try to create emotional resonance by emphasizing how the
service will address socioeconomic problems or needs/values to be fulfilled.

The exact trust-gaining strategies that are available and effective will always
depend on the circumstances of the case in question, including the system available
at the frontline workplace and the talent deployed in frontline roles that interface
with the public. Still, the study findings do suggest that, regardless of the case, much
will hinge upon the way the individuals concerned conduct themselves when engag-
ing with the public (such as conducting oneself in a way that creates the impression
that “the actor sincerely handles any problem that may occur”). If we make this just
a matter for individuals ( employees or other individuals who directly engage with
the public), then it may obscure an improvement procedure. It is important to con-
sider organizational actions to rectify issues in frontline workplaces, such as testing
workplace design, providing training to improve awareness in the workplace, or
introducing a feedback system. In this way, the management of the workplace envi-
ronment can be another route to gaining trust.

5.2.6 The Interactions Approach

Next, we consider examples of studies that use the interaction approach. This
approach frames social acceptance as a product of interactions between stakehold-
ers. I have explained why this is important, but it is worth going into more depth
before presenting my research findings.

Not all residents are familiar with the services rolled out in a smart city. In
January 2022, we polled a thousand Sapporo residents about whether they were
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aware of certain services introduced to promote health and improve transportation
convenience (including Kenko Point, Jinryii Center, Satsu Navi). The results varied
by service; however, the awareness was generally low, ranging from 3% to 5%.
Given this trend, attitudes toward a particular service may be ill-informed. As such,
attitudes may be easily swayed by a person’s intuitive impressions of the actor, word
of mouth, and media.

We must also understand that a community’s acceptance of a service is not sim-
ply the sum of the attitudes of each member of the community. Rather, it is shaped
progressively by a series of events occurring along a time series, including engage-
ment by the actors (local government or private companies) in the process of deliv-
ery (which could include communicating information, holding briefing sessions, or
responding to residents’ concerns), media reporting, activism by the pro- and anti-
camps, and, more recently, discussion sessions in living labs and workshops.

That is, the attitudes held by individuals offer no insight. These attitudes provide
a snapshot of what the public perceives and understands at a given time in a sequence
of events. This information has proven important in the discourse on social accep-
tance and has been analyzed using the individual-attitude approach. However, to
understand how a community’s acceptance (or rejection) of a technology or service
develops over time, one needs to trace its development across a sequence of chrono-
logical events and clarify the processes by which stakeholders interact with one
another. Such an analysis can also help consider the issues that social acceptance
involves and learn from past cases. One such case is that of Sidewalk Toronto, an
initiative in Toronto, Canada.

5.2.7 Opposition to Sidewalk Toronto: Background
and Talking Points

Sidewalk Toronto was a project designed to redevelop an area along Toronto’s
waterfront. The plan was shelved following public pushback. To research this case,
we collected open-access information pertaining to the interactions between key
stakeholders: the local government, businesses, citizens, and local media. We then
arranged the information in a time series and identified the problems that occurred.

The synopsis is as follows: The plan stemmed from a government agenda that
was returned in 1999. In 2017, Sidewalk Labs, a subsidiary of Google’s parent com-
pany Alphabet, began engaging in the planning process. The result was the launch
of Sidewalk Toronto and the establishment of an organizational framework for
delivering the project. Following the launch, the project team consulted the public
and solicited feedback through several town meetings and public roundtable discus-
sions. Nonetheless, problems and concerns regarding the project were raised, which
led to growing opposition by civic groups. The Canadian Civil Liberties Association
filed a lawsuit against the project, prompting calls to shelve it. In May 2020,
Sidewalks Labs announced that it would withdraw from the project, citing the eco-
nomic uncertainties created by the pandemic.
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We analyzed this chronology and identified the sources of contention that led to
public opposition. People cited misgivings about data governance (particularly that
the data would be stored abroad) and that the project was driven by a private com-
pany. People have also complained about this process. The project team organized
briefing events, but the briefings focused on the innovative aspects of the project,
fostering the impression that the project team was prevaricating on the public’s
main concern—how personal data would be handled (e.g., whether privacy would
be violated or whether the data would be used for surveillance)—and giving rise to
the suspicion that the project was just a profit-making scheme for Sidewalk Labs.
The organization in charge of addressing concerns regarding data privacy was the
Digital Strategy Advisory Panel, an independent advisory panel for Waterfront
Toronto (a government agency). A member of the panel resigned in disgust, claim-
ing that Waterfront Toronto had failed to address public concerns over the data.
Meanwhile, the public was becoming increasingly alarmed about a proposal that
would guarantee Sidewalk Labs’ profits. These misgivings, combined with increas-
ing skepticism about Google’s role behind the curtains, amplified the pushback.

Notably, public pushback was provoked not so much by the service itself, but
rather by contention over principles such as civil liberties (privacy) and democracy.
The pushback came to the head when a group of citizens launched the Block
Sidewalk campaign, with a message on their website affirming that “democracy is
not for sale.”

I discussed the importance of an individual-attitude approach earlier, but the case
of Sidewalk Toronto is an example of a failure to build a foundation for trust. Lack
of trust came to light around the issues of data governance and corporate interests,
and in an atmosphere of doubt, people’s attention reverted to more fundamental
social concepts such as civil liberties, responsibilities, community autonomy, and
democracy. The lesson from Sidewalk Toronto is that the challenge of social accep-
tance requires us to reexamine how technology and services relate to individuals
and society.

5.3 For a Fruitful Conversation About Social Acceptance

5.3.1 Rethinking What Social Acceptance Means

In discussing the two approaches to social acceptance, I emphasize the importance
of trust in winning social acceptance and present evidence illustrating how contro-
versy can be invoked with emotionally charged language pertaining to fundamental
social values (such as rights, democracy, and responsibility). However, this does not
imply that trust should be gained purely for the purpose of enhancing social accep-
tance or that one should try to steer clear of any loaded or emotive language, for that
would confuse ends with means. If the goal of enhancing social acceptance has
transfixed us, we might end up simply chasing public opinion without seriously
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considering the type of future being created for society, the role of science and tech-
nology in this future, and how a people-centric society powered by science and
technology will deliver well-being. The challenge is that we must still endeavor to
win social acceptance but must also keep exploring ways to avoid the trap of enhanc-
ing social acceptance for its own sake.

To address this challenge, the meaning of social acceptance must be reconsid-
ered. What does social acceptance mean in the context of accomplishing the values
we resort to, and what do we mean when we mention “social acceptance” in a dis-
cussion about building a better society? (Todayama and Karasawa 2019). This anal-
ysis will require a critical evaluation of the existing discourse on social acceptance.

When people debate ideas for a better society, they use language, meaning that
talking points and agenda-setting are always constrained by semantics. This has
also been true for social acceptance: whenever “social acceptance” was used in the
sense of individuals holding positive attitudes toward the implementation of the
technology or service in question, the discourse was steered along the individual-
attitudes approach. Whenever the term was used in the sense of the community as a
whole, accepting the implementation, the discourse was steered along the interac-
tion approach. When the discourse was steered along the individual-attitudes
approach, “social acceptance” would usually connote the factors necessary for peo-
ple to form favorable attitudes. When discourse is steered along the interaction
approach, “social acceptance” usually emphasizes the talking points that ought to
be managed to prevent community pushback. In both cases, the underlying agenda
was to motivate individuals or the community as a whole to adopt a more accepting
attitude toward the scientific and technological innovation in question so that the
benefits of the innovation could be realized. This binary relation suggests that the
discourse about social acceptance was being driven by a “benign” motive to deliver
the benefits of scientific and technological innovation to society and, as such, would
gravitate to the matter of how to make individuals or the community more accepting.

To stop the discourse on social acceptance from becoming locked into this single
agenda, we need to return to the basics and relate social acceptance to the funda-
mental questions of what we want to achieve by building smart cities and what kind
of society we want to achieve. With the advancement of science and technology, we
need to discuss how individuals and communities relate to science and technology
and what choices for the future we should be making. Perhaps a useful way to con-
tribute to a more fruitful debate on these questions is to work out on how “social
acceptance” should be defined and what fundamental issues the discourse on social
acceptance should be focusing on.

This is not an easy task and there are no easy answers. However, once we take
the discourse on social acceptance back to the original question of how people and
communities relate to science and technology, and then ask questions such as what
options are available to people and communities and who exercises agency in these
decisions, we will get a step closer to the heart of the issue. In the concluding sec-
tion, I discuss these points and offer conclusions on what the discourse on social
acceptance should focus on and how it should proceed in the future.
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5.3.2 Values a Smart City Embodies and the Actors

The purpose of technology is to produce something valuable to society. When tech-
nology is implemented, the society enjoys value. The value might be greater conve-
nience, efficiency, and comfort or it might be a solution to socioeconomic needs,
such as an anti-crime solution, a wellness solution, or a solution to an environmental
problem. Social acceptance, then, can be interpreted as endorsement (if the people
are “socially accepting” a value, it means that they endorse the value). However,
what is the value gained by implementing a neutral and transparent technology? Is
technology equally valuable to everyone? Does everyone benefit? Is the nature of
values clear to everyone?

In many cases, the value generated by technology requires financial payment or
literacy. Rich, scientifically and technologically literate people are more likely to
benefit than others. The degree to which a person benefits may also be shaped by the
size and economic clout of the community to which they belong, or by demograph-
ics. There is no guarantee that technology-embedded value offers neutrality or
transparency, meaning that disparities can arise among those who enjoy the value.
To clarify, I am not saying that it is inherently bad for technologies or services to be
payable or require literacy. The problem I highlight here is that the nature of the
embedded value can be obscure, causing people to disregard questions about its
neutrality and transparency.

Once we put aside the premise that technologies and services offer neutral and
transparent value, the next question is who decides what is valuable and who bene-
fits. This is really a question of what social entity we have in mind when we say
“social” acceptance, or who are the actors exercising agency in a smart city. “People”
or “citizens,” some might say, but who are the actors in reality? If a smart city is an
opportunity to shepherd people’s attitudes and behaviors (and the direction of the
social entity as a whole) in a more desirable direction, who is shepherding and in
what direction are people being herded?

The theme of social acceptance can prove useful in identifying the key issues
related to these questions. One such issue is that emphasis on social acceptance
leads us to make choices with which as many people agree as possible. In other
words, there is a trap in deciding that a technology or service should be based on the
“aggregation of people’s attitudes.” While it is undeniable that the approval of many
people is important, the issue of dealing with disparities, inequalities, and minori-
ties, as well as the fact that the approval of many does not guarantee the “rightness”
of the choice itself, must be reflected in discussions on social acceptability.

Perhaps the answer here is to respect the diversity of individuals. Theoretically,
this could mean focusing on whether a technology or service satisfies individual
users and provides a system that ensures that the technology or service faithfully
reflects the particular needs of each user. This implies that one is trying to contribute
to the well-being of every individual. Although this might be the case, what accom-
modating diversity really means, whose needs should be accommodated, whose
needs can be disregarded, what the operating principles are, and who decides on
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them, still needs to be considered. Moreover, although satisfying individual needs
and desires may seem preferable, should we not be wary of stifling personal growth
or fostering a mindset that never questions the relentless pursuit of desire?

Regarding the second issue, the aforementioned problem of equating social
acceptance with a consensus of opinion intersects with the problem of treating
social acceptance as a process that alters people and society. If the goal is to alter
people and society such that they can accept a technology or service, then the goal
can never be people-centric. If altering people and society is wrong, then perhaps
we should take the opposite approach to see where the majority opinion lies, and
then develop technology and services reflecting this opinion. To some extent, such
an approach would be welcome because it respects people’s attitudes. However, this
study has some limitations. When decisions are shaped by social acceptance, people
may feel more satisfied with the outcomes; however, is this always a good thing? If
we worked to give everyone exactly what they wanted, we would force the next
generation to pick up the bill. If we proceed according to the reasoning that we have
developed only the technologies and services that people accept, then it would
become uncertain where responsibility lies, creating a deficiency in the governance
of science and technology.

Presented with these issues, the impression is that social acceptance is fraught
with complex and bothersome matters. These issues must be addressed when deliv-
ering scientific and technological innovations to society. Social acceptance can
potentially help develop discussions on these issues, depending on the sense in
which the term is used.

When considering the semantics of social acceptance, note that based on how the
term is used, it may be necessary to consider the possibility of a shift from a passive
position, in which people accept the benefits of technology, to one in which they
proactively decide what the technology should be. In past discourse on social accep-
tance of a smart city, the focus was on whether the people living in the city would
be “beneficiaries” of the benefits and risks of the technology or service. However,
when people are regarded not just as passive beneficiaries of benefits and risks but
as active agents who decide on what values to prioritize, then we reach the limits of
a dichotomous framework that sees social acceptance in terms of an exchange
between the “benefactor” (a local government or private company delivering the
service) and the “beneficiaries” (the people receiving the benefits and risks of the
service). In one sense, social acceptance means that beneficiaries receive a technol-
ogy and service based on the technology from the benefactor. However, social
acceptance needs to be considered in another sense: the sense that both the benefac-
tor and beneficiaries actively engage in the decision-making process regarding the
technology itself and the implementation of the services based on it. Social accep-
tance then forms the foundation for relationships between the groups of actors who
make up a “social” entity—the developers of the technology or service, the people
who choose the technology or service, and the people who choose what values to
prioritize.
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If we consider this perspective, we should aim for a more holistic discourse that
considers the processes that influence diverse individuals in society to make impor-
tant decisions about their futures, the mechanisms that enable such decisions, and
the sovereignty and responsibilities of these people as citizens. Such a discourse
would call for collaborative engagement in efforts to build a healthy relationship
between scientific and technological innovation and society. As part of this, the con-
notation of social acceptance would shift from the idea of people as passive benefi-
ciaries to people as active agents.
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Chapter 6 )
Data Governance Check or

Toshiya Watanabe and Tadashi Mima

Abstract This chapter discusses the concept of data governance in smart cities.
There are legal considerations when using data, such as personal information pro-
tection law and the protection of trade secrets. However, even if laws and regula-
tions are not violated, this can be a major problem if stakeholders such as residents
are not receptive to smart-city services. While digital technology is an important
enabling technology for smart cities, it should be recognized that the risk of data
leakage is not zero, especially when dealing with personal information and trade
secrets. It is important to explain the risks of data collection and use to data provid-
ers, and to fully explain the balance of risks and benefits to stakeholders to gain their
consent for data use. In this chapter, the basic concept of data governance, following
the approach of our Smart-City Data Governance Guidelines, will be explained.

Keywords Data governance - Privacy governance - Agile governance - Data
protection - Smart-city data governance guidelines

6.1 Relationship Between Smart Cities and Data

Smart cities are intended as technology- and data-driven initiatives for solving the
complex socio-environmental problems plaguing many municipalities and commu-
nities across Japan, including problems related to a shrinking and aging population,
frequent natural disasters, and—more recently—the need to reduce greenhouse gas
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emissions and control the risk of infectious diseases. Digitally driven initiatives
often require data and Al. Consider, for example, a municipality with an aging pop-
ulation. One issue this municipality faces is that when elderly residents venture out
alone, they sometimes go missing or suffer a mishap. When an elderly resident goes
missing, the person’s family members might contact the local government. To safe-
guard the person as soon as possible, the local government will use an emergency
radio system to issue public broadcasts asking the public to contact them if they see,
for example, someone wandering around in out-of-season clothing, sleepwear, or
indoor slippers.

If the municipality has a closed-circuit television (CCTV) system, then the task
would be easier; the authorities could use an Al program to analyze the footage for
a person matching the missing person’s description. What we today refer to as Al is
a data-dependent technology; it is based on machine learning, a technology that
uses a computer program and analyzes big data to infer rules and patterns. As such,
Al requires first of all a ground-truth dataset to train the algorithm in the relevant
attributes. Having developed an inferential model from the ground-truth dataset, the
algorithm can scan human images in the CCTV footage and identify a human image
with the relevant attributes.

Data and Al applications go beyond analyzing the CCTV footage. They are used
in a plethora of smart-city services. Consider these examples of initiatives being
piloted. One type of initiative involves transportation and mobility services that
make use of data about the public transport services people happen to be using at the
time or data about transportation patterns nearby. Another type involves using real-
time disaster outbreak information during emergencies. With the increasing global
demand to restrict greenhouse gas emissions, it is necessary to have data about the
community’s electricity demand and its supply. The same goes for risk of infectious
disease; when the Covid-19 pandemic emerged in 2019, governments around the
world used apps that utilized data on human body contact and other data-driven
measures to encourage social distancing and minimize infection risks.

Smart cities must be data-driven too, and by using data and Al they can deliver
useful services to residents. In conclusion, what makes smart cities valuable to com-
munities is the services that address the community’s complex socio-environmental
problems, and Al and data play an indispensable role in improving the delivery of
these services.

6.2 Risks in Using Data and Al

Although data and AI are indispensable to smart cities and enable the benefits of
smart cities to be delivered to residents, they are not without their risks. To under-
stand these risks, we must first understand the nature of the data used in smart cities.

“Data” is not a one-size-fits-all term. The nature of data varies depending on the
case. Healthcare services, for example, use personal data. Personal data feature in
many smart-city initiatives, but this is not the only type of data to do so. To supply
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a city with renewable energy (such as solar power), business operators’ data on their
electricity demand are collected. Such data differ from personal data because they
come not from individuals but from the organizations (such as private companies)
demanding electricity.

In disaster management, environmental data, including precipitation, wind
velocity, river levels, climatic conditions, civil engineering works, and transporta-
tion data, are used. To see whether residents have access to a means of mobility,
congestion data could be used. Although congestion data stem from people’s activi-
ties, they still differ from personal data.

Thus, the data used in smart cities include both personal data and impersonal
data. Impersonal data can be further categorized into corporate data (data pertaining
to an organization’s operations) and environmental data. These three categories of
data differ widely in terms of the type and nature of risk associated with their use.
Thus, each of them requires a different set of rules for their use and management
approaches.

Al comes with its own risks. However, as we define Al as a data-dependent
machine-learning process, many of these risks are deeply connected with data, in
that they stem from the data the Al uses.

The government has shown considerable interest in how to govern the risks of Al
(Ministry of Economy, Trade and Industry 2022), but we shall leave the risk gover-
nance aside for the time being. Presented below are examples of risks associated
with the three categories of data—personal data and the two types of imper-
sonal data.

1. Examples of Risks Associated with Using Personal Data

In September 25, 2015, the UN General Assembly adopted the 2030 Agenda for
Sustainable Development, setting the 17 Sustainable Development Goals (SDGs)
(Ministry of Foreign Affairs of Japan 2023) and pledging that no one would be left
behind (“we wish to see the Goals and targets met for all nations and peoples and
for all segments of society”). The principle here was that in addressing global prob-
lems such as poverty, UN members would ensure that no one, including the poorest
and most vulnerable, would be left behind. This same principle should also be
adopted for smart cities.

To ensure that smart cities benefit all residents, we must always understand what
residents need. To that end, their personal data is needed. However, personal data
must be handled with care, as it consists of data that could be used to identify the
person, such as the person’s name, date of birth, address, and photograph of their
face. If information about survivors, for example, contains such personally identifi-
able data, any number of people could access the data and use it for nefarious pur-
poses. Someone might use the information to stalk the person, or use it to send
nuisance emails or try to scam the person. Accordingly, when a service uses per-
sonal data, it is vital that the personal data is properly handled. In Japan, the han-
dling of personal data is regulated strictly under the Act on the Protection of Personal
Information (more on this later).



82 T. Watanabe and T. Mima

As sacrosanct as personal data may be, the stark reality is that data breaches are
increasing year by year as cybercrime grows ever more devious. According to one
survey in 2021, 120 companies in Japan reported “data leakage” incidents, 137
reported “data loss” incidents, and these incidents affected the personal data of
5,749,773 people (Tokyo Shoko Research, LTD. 2022). These stark statistics alone
suggest that in addition to strictly managing entrusted personal data, businesses
should understand that they can never completely eliminate the risk of a data breach.
On this assumption, businesses should hold no more personal data than is absolutely
necessary.

Even if there is no danger of the data being leaked or misused, people may still
be reluctant to provide their personal data because of concerns over how it would be
handled.

Take, for example, COCOA, a contact-tracing app Japan used during the pan-
demic. The app used Bluetooth to log times in which users were in close proximity
to one another and to alert them if they were close to someone who later tested posi-
tive for Covid-19. The service was discontinued in 2022. The app collected data
about the user’s infection history and proximity to people who tested positive. It was
designed so that this information would never be shared with other users.
Nonetheless, a questionnaire revealed that many people were reluctant to download
the app for fear that their data would be divulged to the government or their work-
place (Watanabe and Hirai 2022). This example illustrates a problem that often
occurs with services for which personal data are used: misplaced fears discourage
people from providing the data necessary for the service to be delivered.

In another example, in January 2022, the Digital Agency announced a timetable
for the digitization of education, which would involve the unified management of
personal data related to lifelong learning. This news sparked fears that the govern-
ment wanted to monitor individuals’ lifelong learning records, and the government
had to issue clarifications. In reality, the government had no intention of tracking
users’ educational history: it simply wanted to enable learners to receive guidance
and public assistance matched with their learning history and to enable the data to
be used for post-education occupational training and lifelong learning. The data
were to be stored and managed across decentralized storage platforms. Nonetheless,
the plan met with a fierce backlash on social media.

Controversy and pushback over personal data has often occurred in the case of
private-sector services that use personal data. Even if there are no legal issues,
severe pushback by users can make the business or service untenable. As smart-city
services require people to provide their personal data, they also require public
acceptance to the idea of providing their data and to the way the data are handled.
Conversely, in the case where acceptability toward such data use is notably poor,
controversy and pushback are all the more likely to occur, making it all the more
difficult to get the public to accept the smart city as a whole.

First and foremost, one must ensure that legal and regulatory requirements are
met in data handling. That means obtaining the person’s consent about the purpose
for using the data and the method by which it will be used. However, consent alone
does not solve all problems. Consider the case of CCTVs. A CCTV could capture
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scores of random passers-by, none of whom expressly consented to appear on film.
In this case, the data provider whose data is being observed by the data acquisitor
(i.e., the party whose data is being observed by the party that obtains the data) has
an important interest in the use of that data. Thus, many interested parties exist
upstream in the data chain. In the case of CCTVs, if observees later learn that CCTV
footage of themselves has been used, they might object, claiming that their images
were used in an undesirable manner without their knowledge. The ensuing outcry
could then threaten the continuity of the service itself.

2. Examples of Risks Associated with Using Corporate Data

The same kind of risks apply to corporate data—data pertaining to an organiza-
tion’s operations. I already cited the example of electricity demand among compa-
nies. The target community in smart-city services have many business operators,
each engaging in their own set of operations. The data smart-city services use can
include data pertaining to these business and commercial operations. During the
pandemic, attempts were made to track footfall and takings in restaurants and retail
stores to strike a balance between restricting movement (to control infection risk)
and keeping the economy going. The data showed the times at which footfall is
highest and how this contributes to sales revenue. The problem here was that this
could be information that companies would not want their competitors to know.
Similarly, production and distribution businesses have plenty of information they
would prefer to conceal from their competitors. Such data would normally be clas-
sified as trade secret and held in strict confidence. As in the case of personal data,
when a service operator is entrusted with commercially sensitive information, it will
need to properly handle the information and in accordance with the terms of an
agreement signed with the information owner.

Just as with personal data, if an interested party has any misgivings—even if
there are no legal issues—then these will need to be addressed.

Consider a program that uses innovations in Al to retrieve public-domain infor-
mation about individuals or companies with a relatively high degree of accuracy.
Confidence in the service itself could be lost if interested parties feel that the service
is displaying or using such information in undesirable ways (even though this infor-
mation was obtained from the public domain in the first place). Thus, the observee
problem—public data being used to observe owners of the data—applies to both
corporate data and personal data. Consider another example. Low-orbiting satellites
can now obtain video data with accuracy to the tens of centimeters. The technology
could stoke fears about its threat to personal privacy and about commercially sensi-
tive information. Regardless of the fact that the video data is in the public sphere, as
long as individual or corporate observees have misgivings, it will be hard to deliver
services that rely on such data.

3. Examples of Risks Associated with Using Other Impersonal Data

Data on environmental conditions, weather, or natural disasters generally avoid
the problems of interested parties and observees. However, if the data are



84 T. Watanabe and T. Mima

mismanaged, a serious problem could occur, especially if Al is being used. As such,
environmental data also require data governance.

The problem concerns the authenticity of the information—whether the data is
correct. This problem can also apply in the case of personal data and corporate data.
If personal or corporate data are inaccurate (if the information has been recorded
inaccurately), then the service might cease to operate properly. Suppose, for exam-
ple, inaccurate information used in disaster management sends a rescue crew to the
wrong destination; the ramifications could be grave. The problem is all the greater
with datasets used to train AI models. If a dataset contains inaccuracies, the Al will
make faulty judgments. As for the Al training dataset, this will have been modified
by manual processing, enabling the Al to recognize particular video data. For this
process, it is important to manage the data logs so that one can tell who imple-
mented such processing and how the person’s behavior was controlled' (Al Data
Consortium 2022).

Use of Al also entails a moral problem. Consider an Al-driven self-flying drone
that navigates using video footage from a camera. The drone, perceiving the situa-
tion in the vicinity, might be used for delivering goods or for nature conservation.
However, the same drone technology and data could potentially be repurposed as a
self-flying anti-personnel weapon. The topographical data the drone uses may seem
harmless, but it could potentially be divulged to a foreign organization or syndicate
and used for military purposes.

6.3 How to Treat the Risks Associated with Data Use

Having discussed the risks in using data, I will now discuss how to minimize these
risks. The first step is to understand the relevant rules and comply with them. In this
context, “rules” refers to explicitly codified laws and regulations. In addition to
complying with these rules, we must consider moral requirements.

We previously discussed the examples of COCOA, the digitization of education,
and examples involving Al applications. None of these examples involved any legal
or regulatory breach, yet the businesses in question were threatened by controversy
and pushback because of misgivings about the purpose of the using data or the unac-
cepted outcome. This latter kind of risk is ambiguous; the extent of misgivings and
controversy will depend on how the observees and data providers perceive the ser-
vice, meaning that there are no black-and-white criteria, and it is never completely

'The Al Data Consortium has examined in depth how logs of data transactions are managed by
analyzing contracts for data sharing on the consortium’s platform.
Al Data Consortium (2022) Report on Data Provision Contract for the AIDC Platform.
https://aidata.or.jp/wp-content/uploads/2022/02/Report-on-Data-Provision-Contract-for-the-
AIDC-Platform.pdf. Accessed March 27, 2024.
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clear how residents will take to the service until they start using it. Thus, legal and
regulatory compliance alone can never clear away the risks. In addition to following
the explicit rules, one must be aware of other requirements. Both the rules and these
other requirements are part of data governance.

1. Avoiding Legal and Regulatory Breaches

Of the legal and regulatory requirements for personal data, the most important in
Japan is the Act on the Protection of Personal Information (Act on the Protection of
Personal Information 2003). The purpose of the legislation is to safeguard the rights
and interests of individuals while ensuring due consideration for the value of per-
sonal data. To that end, it established common rules for national government orga-
nizations, incorporated administrative agencies, universities, local public bodies,
and also all business operators and organizations who use personal data. The law
provides a definition for personal information. It also defines as “sensitive personal
information” personal information that requires special care in that it could cause
discrimination or other human rights issues®. [7] In addition to specifying rules on
the storage and management of personal data, the law makes obtaining the person’s
consent for the information to be shared with a third party and issuing a public
notice if ever the personal data are leaked mandatory.

However, in the case of smart cities, other legislation may apply too. Smart-city
initiatives might involve local public bodies using personal data related to health-
care or nursing care, and the use of such data might additionally fall under the Act
on Assurance of Medical Care for Elderly People, National Health Insurance Act,
and the Long-Term Care Insurance Act. Thus, to deliver such services, legal and
regulatory requirements that might be involved must be clarified.

When data related to business activities are used in smart-city services, checking
whether the data include anything that is protected as part of contractual, legal, or
regulatory requirements is necessary. When entrusted with data that is normally
managed by a company or other organization, one will have contractual obligations
regarding the use of the data. The contract might, for example, limit the ways the
data can be used or shared with a third party. Compliance with these contractual
obligations is necessary. Failure to do so would incur the risk of a damages claim,
and depending on the terms of the contract, an injunction might be taken out to
suspend the service as a whole. Suppose that one was entrusted with commercial
data that included commercially sensitive information or limited acesss data. If such
data were used or shared in violation of the contract, that company might be subject
to an injunction (order for prohibition). If an action constitutes an unfair act speci-
fied in the Unfair Competition Prevention Act (Unfair Competition Prevention Act
1993), the sanction given would depend on whether the data were protected as trade

2Information about the person’s ethnicity, creed, social status, disease history, and criminal record
requires extra care because it could potentially be a cause of unfair discrimination, prejudice, or
other mistreatment.
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secret’ (Ministry of Economy, Trade and Industry 2021) (data that the entrusting
party manage in strict confidence) or protected as limited access data* (Ministry of
Economy, Trade and Industry 2021) (data that the entrusting party only share under
strict conditions). Thus, to use corporate data in a smart-city service, the first step to
avoid risks is to clarify what legal protections the data falls under and then comply
with the legal requirements.

Other impersonal data require care too, as they can potentially fall under a con-
siderably wide range of legislation. For example, data related to transportation and
mobility could fall under the Road Traffic Act, whereas data related to communica-
tions could fall under the Radio Act.

2. Exceed Legal and Regulatory Requirements as Necessary

Complying with these legal and regulatory standards represents the bare mini-
mum level of governance. Remember, even if a service never breaches any legal or
regulatory requirement in the use of data or Al, the service may still experience
public pushback and controversy over such use, thereby threatening its continuity.

If a service is to use personal data, it is necessary to address this risk, especially
by giving consideration to privacy. For this, privacy governance is needed, meaning
a form of personal data governance in which there is both compliance with legal and
regulatory requirements and the requirements are exceeded by addressing privacy
concerns. The approach to building privacy governance will depend on the level of
social acceptability toward data use and Al. Social acceptability toward the use of
data can vary with the development of technology. For example, social acceptability
toward a given type of dataset may change if people understand the idea that tech-
nological innovation has made obtaining sensitive information from that dataset
possible (the information could not have been obtained in the past). Thus, the range
of issues to be addressed when using personal data will depend not just on the scope
of relevant legislation (such as the Act on the Protection of Personal Information)
but also on the information contained in the dataset, the technological trends, and
the socio-environmental trends. As such, privacy governance, which considers a
broader extent of issues, is needed (Ministry of Internal Affairs Communications &
Ministry of Economy, Trade and Industry 2021). In such a case, the people con-
cerned about potential risks and other matters that could potentially affect their
interests should first be briefed, and when the service has started to be delivered
briefings are provided whenever circumstances change (Fig. 6.1).

3Criteria for trade secret Ministry of Economy, Trade and Industry (2021) Eigyo himitsu: Eigyo
himitsu o mamori katsuyosuru [Trade secrets: Safeguarding and Using Trade Secrets]. https://
www.meti.go.jp/policy/economy/chizai/chiteki/trade-secret.html. Accessed March 27, 2024.
4Criteria for restricted data: Ministry of Economy, Trade and Industry, Intellectual Property Policy
Office (2021) Gentei teikyo déta ni tsuite [On restricted data]. December 20, 2021.

https://www.meti.go.jp/shingikai/mono_info_service/sports_content/pdf/002_s01_00.pdf.
Accessed March 27, 2024.
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This implies that one should go beyond the scope set out in the Protection of Personal Information
by applying an extra level of consideration on the assumption that requirements will vary depending
on the technology and information used and on socio-environmental circumstances.

Fig. 6.1 Privacy governance

Smart-city services should involve residents from the design stage, ensure that
residents are fully informed about the purpose of the service and then brief them
about the risks, so that residents will support the service from the piloting phase
onward. In some cases, the people whose privacy must be taken into consideration
are not the immediate data providers but the observees. In these cases, the commu-
nity as a whole must be on board with the smart-city service from the design stage
forward.

3. Agile Governance

Once the service is launched, residents and users may start feeling fresh misgiv-
ings. The service may have been designed meticulously and gained the support of
residents, but as we have seen, fresh concerns can arise with subsequent technologi-
cal developments or because of the problems occurring in other cases.

If fresh concerns arise in this way after the service has started using the data or
applying Al a review should be conducted and any issues should be addressed as
necessary. Ideally, the service should be designed from the start to be technologi-
cally flexible enough to accommodate such changes. If a service uses personal data,
for example, it should be designed so that it can stop, after the event, building the
data into the service when the data provider requests.

The same goes for services that use corporate data. Because such services often
involve a chain of business operators who use the data, the system should be
designed so that a business operator further down in the chain will stop using the
data if a business operator further up in the chain so requests. If the service is chan-
neled through a data platform, the platform operator will need to contractually com-
pel platform users further down the chain to take measures as necessary to dispel
any misgivings parties further up the chain (including observees) may have (Digital
Agency & Cabinet Office 2022).
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Such measures will entail a change in the approach to governance itself. Smart
cities involve a trial-and-error process for building a better community, and data
governance involves trial and error too. As the rules being perfect from the start is
unlikely, a rapid iterative cycle of applying rules, reviewing how well they are work-
ing, and making necessary changes will be required. This type of governance is
known as agile governance (Ministry of Economy, Trade and Industry 2022). Agile
governance is the type of governance smart cities require for data governance.

6.4 Balance of Benefits and Risks Determines Social
Acceptability to Use of Data in Smart Cities

Smart cities depend on the use of data and Al, but as we have seen, the use of data
and Al involve risks. Legal or regulatory compliance alone is not enough, and even
the best designed system in the world can never be risk-free; residents and other
parties concerned must be forewarned about the risks. On this basis, residents and
other parties concerned will need to be informed that agile governance in operating
the service is being followed, so that they are informed about data use and the
approach to governance. Ultimately, whether the residents will accept a service with
nonzero risks hinges upon whether they believe that the benefits the data- or
Al-driven service will deliver to residents and the community as a whole will out-
weigh the risks. It is important to avoid putting the cart before the horse. Rather than
using data or Al being the goal, the basic idea must be that the data will enable an
outstandingly beneficial service and that the benefits of the service can be delivered
in no other way.

Local communities face a host of tricky problems. Startups use a business model
that identifies and solves a burning need—a need that cannot be ignored, similar to
someone’s head catching fire. With smart cities, what matters is not using data and
Al per se but how effectively the use of data and Al will address the community’s
severe problems. When the cart is put before the horse (when use of data and Al
becomes the end goal), it will not be possible to build social acceptability to
data and AL

The benefits of the service are not always delivered directly to the data providers
or observees. The burning needs that a smart city addresses may be less to do with
individuals’ needs and more to do with serving the common good—addressing the
burning needs of society as a whole. Survey data suggests that social acceptability
toward providing data can be encouraged in these cases, even though the data pro-
viders get no immediate benefit as a quid pro quo for providing their data (Watanabe
and Hirai 2022). In other words, as long as the service benefits the community as a
whole by addressing the community’s problems, and as long as the residents are
fully informed of this, then the residents would probably support the service even
though the individual members of the community do not benefit directly. Either
way, it is important to take a service-first approach—to clarify the services that will
be delivered—so that a narrative for tolerating nonzero risk can be created.
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Chapter 7 )
Citizen Participation e

Tomoyo Sasao and Yuki Igeta

Abstract This chapter examines the critical role of citizen participation in smart-
city development, with a focus on the implementation of living labs as a framework
for fostering community engagement and co-creation. Living labs are user-centered,
open-innovation ecosystems that integrate research and real-life experimentation,
allowing citizens to actively contribute to the design and development of urban ser-
vices. This participatory approach ensures that smart cities remain aligned with
enhancing residents' well-being, rather than merely advancing technological solu-
tions. The chapter explores various case studies, including the Kashiwa-no-ha
Living Lab, which serves as a model for integrating citizens into the decision-
making processes of smart-city initiatives. Key findings highlight the importance of
transparency, continuous dialogue, and the democratic involvement of diverse
stakeholders. Challenges encountered in managing living labs, such as balancing
technological feasibility with community needs and sustaining participant motiva-
tion, are also discussed. The chapter concludes by presenting best practices and
strategic insights for effectively leveraging citizen participation in smart-city proj-
ects. By embracing living labs, smart cities can achieve a more inclusive, sustain-
able, and people-centric urban environment that reflects the true needs of their
communities.
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7.1 Citizen Participation in Smart Cities

In smart cities, data-driven and digitally driven innovations are being developed and
rolled out by public, private, and academic organizations. However, how many
opportunities have been provided for ordinary citizens to participate in these proj-
ects? Many citizens may have no idea of what innovations are underway or may be
surprised to find services that they never knew were coming. When a gulf emerges
between the smart-city projects and the residents, the projects will start to lose sight
of the underlying goal of smart cities—to enhance people’s well-being—and end up
making the means the end goal. To ensure that smart cities are sustainable and
people centric, they must provide opportunities for diverse citizens to participate.
Smart-city initiatives must always be transparent to everyone so that residents can
understand what is going on; if they involve controversial issues, opportunities
should be provided for robust debate to ensure a democratic process for determining
the policy for the service in question. The factors that will enhance people’s well-
being should be identified and incorporated into the next growth strategy, and citi-
zens should proactively involve themselves in the process of developing the services,
so that the community’s services will be as good as possible.

For smart cities in Japan, the Cabinet Office’s 2021 Smart City Guidebook
(Cabinet Office et al. 2021) includes citizen participation as a key topic. However,
currently, there is no proper approach on how to encourage citizen participation or
what form citizen participation should take. In its absence, local communities across
Japan have undertaken trial-and-error processes in citizen participation. At
H-UTokyo Lab, we have focused on the potential of the living lab, an open-
innovation approach that involves citizens and other stakeholders. That is, we have
researched the potential of a living-lab framework for encouraging citizen participa-
tion in smart cities. This chapter presents the background to living labs and explains
why it is good to apply the living-lab approach in smart cities. We have worked as
members of the team operating a living lab in cooperation with Kashiwa-no-ha
Smart City (in Kashiwa, Chiba), which is known as ‘“Kashiwa-no-ha: a community-
development studio for all. (UDCK Town Management 2024)” As members of this
team, we have worked since the launch of the living-lab projects. The second part of
this chapter presents the work undertaken in this team and clarifies project themes
in which living labs can play an effective role in smart cities, and the project-specific
best practices for managing a living lab.

7.2 Living Labs: History and Value

The living-lab concept was first introduced in the late 1990s, by William J. Mitchell
of MIT (Mulvenna et al. 2011; Eriksson et al. 2006). During that time, the term “liv-
ing lab” connoted a practice in which researchers observed, analyzed, and evaluated
technological applications and their effects in real-life settings (Hossain et al. 2019;
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Schuurman et al. 2011). The term also spread from the USA to Europe, leading, in
2000, to the creation of the Botnia Living Lab in Lulea, Sweden (Lulea University
of Technology 2024). The year 2006 saw the launch of a large living-lab network in
Europe, the European Network of Living Labs (ENoLL) (European Networks of
Living Labs 2024). ENoLL defines living labs as “user-centered, open-innovation
ecosystems based on a systematic user co-creation approach integrating research
and innovation processes in real-life communities and settings.” Thus, the initial
definition of living labs was broadened with the addition of concepts such as com-
munity, co-creation, and innovation. From that point on, living labs engaged in a
wider range of co-creation themes, from ordinary objects such as furniture and daily
necessities to themes related to community as a whole, such as healthcare and urban
planning. The year 2010 saw the first annual conference of Open Living-Lab Days
in Paris, a gathering where participants shared their experiences and research in liv-
ing labs. The number of attendees has increased each year. Thus, living labs are now
welcomed around the world and engage in a wide array of practices.

The first living labs emerged in Japan during the 2010s. In 2016, the government
emphasized citizen participation in its 5th Science and Technology Basic Plan
(Cabinet Office 2016). In 2020, METI released the Living-Lab Guidebook (Ministry
of Economy, Trade and Industry 2020). These developments sparked interest in liv-
ing labs, and today we are seeing a rise in the number of such labs. Living labs are
also used for smart cities. Of the 36 communities that MLIT selected for funding
under its 2021 program for smart-city model projects and key projects for develop-
ing into businesses (Ministry of Land, Infrastructure, Transport and Tourism 2022),
three had included a plan to establish a living lab in the smart-city zone: Kashiwa-
no-ha Smart City (in Kashiwa, Chiba) (Kashiwa-no-ha Smart City Consortium
2020), Arao Well-Being Smart City (in Arao, Kumamoto) (Arao Smart City
Promotion Council 2020), and Smart City Kure (in Kure, Hiroshima) (Kure Smart
City Consortium 2021). These examples illustrate how living labs are starting to be
used for smart-city programs.

We examined individual examples of living labs in Japan. We noticed some dif-
ferences in how the living labs were defined; some were designed as spaces for co-
creation, some as organizations managing co-creation, and some as processes for
co-creation. However, many shared what Akasaka and Watanabe (2022) have high-
lighted as the key methodological features of living labs: (1) co-creation with users
and other stakeholders and (2) experimentation and design practices in real-life set-
tings. These findings suggest that living labs in Japan tend to emphasize the con-
cepts that have been associated with living labs since the turn of the century:
co-creation with the community and open innovation.

In view of these findings, we define living labs for smart cities as follows: a series
of techniques that ordinary citizens and other stakeholders follow with a common
purpose (usually to address a community need); these techniques involve experi-
menting in real-life settings and co-creating as part of the process of identifying
needs, forming a vision, developing ideas and designs, and developing services.
Figure 7.1 shows the sequence of activities in a living lab. The process is based on
the design thinking process typically seen in various other initiatives. However, it
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Fig. 7.1 H-UTokyo Lab’s conception of the process in living labs for smart cities

differs in two respects: (1) the stakeholders (the company or other organizations
managing the services and the ordinary citizens who will use the service in the
future) bring their own particular strengths to the development process and (2) a
PDCA cycle can be followed in a real-life setting, as the living lab can utilize an
advantage of a smart city—the demonstration field.

7.3 Living-Lab Practices: Kashiwa-no-ha Smart City

Kashiwa-no-ha is an area in the Tokyo suburbs. It is situated in the northwest of
Kashiwa City in Chiba Prefecture, 30 kilometers from central Tokyo. In 2005, the
Tsukuba Express rail link was opened, enabling access to or from central Tokyo in
30 min. In tandem with the construction of the rail link, redevelopment projects
were launched in the areas served by the rail line. In the Kashiwa-no-ha area, a
number of amenities were established to create an urban hub; these included a cam-
pus of the University of Tokyo, a campus of Chiba University, and national research
institutes. The creation of these amenities set the stage for the launch, in 2019, of the
Kashiwa-no-Ha Smart City Consortium, consisting of 19 organizations, which
included Kashiwa City, Mitsui Fudosan, and UDCK. This consortium has led smart-
city initiatives related to mobility, energy, public spaces, and wellness in the zone
covering a 2-kilometer radius from Kashiwa-no-ha Campus Station (Kashiwa-no-ha
Smart City Consortium 2020).

Kashiwa-no-ha Smart-City’s action plan defines a living lab as a new kind of
process, one that involves citizen participation and open innovation. In December
2020, it launched its own living lab, naming it “Kashiwa-no-ha: a
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community-development studio for all” (we shall refer to it as the Kashiwa-no-ha
Living Lab) (UDCK Town Management 2024). The living lab has developed a num-
ber of programs with the goal of having ordinary citizens (the users of smart-city
services) take the lead and co-create Kashiwa-no-ha Smart City with government,
the private sector, and academia (see Fig. 7.2). The Kashiwa-no-ha Living Lab is
managed by UDCK (which also heads the Kashiwa-no-ha Smart City Consortium),
UDCK Town Management, and—bringing an academic perspective—H-UTokyo
Lab. Operating as the secretariat of the living lab, this management team is always
looking for a better methodology.

Introduced below are four programs the living lab conducted between 2020,
when the lab was first launched, and 2022. These examples illustrate the diverse
roles smart cities can play in smart cities. They also illustrate the problems the sec-
retariat has experienced and matters it has learned in managing the living lab, which
we hope will serve as a guide to what you need to be aware of when launching a
living lab.

Finding needs,
forming a vision

Ideas and designs Rollout

— — Collecting and displaying ;
S | people’ s feedback '

4
2020-2021 i Explore a method to collect and |
- = graphically represent people’ s |
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| can use in everyday settings !
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requirements for applying

Envisage the

RS near future
@»m @
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Fig. 7.2 Four living-lab programs at Kashiwa-no-ha Living Lab
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7.3.1 Program I: Collecting and Displaying People’s Feedback

Kashiwa-no-ha Living Lab’s first program was named ‘“collecting and displaying
people’s feedback.” This program was launched amid concerns of a lack of contact
and communications with citizens, although UDCK had, since 2006, tried to reach
out to the Kashiwa-no-ha community and continued efforts to involve diverse citi-
zens into the program. The reason why we set this specific theme is that there was a
strong desire for a more people-centric approach (one that was sensitive to what
residents were thinking and how they wanted the community development to pro-
ceed) and mounting concerns that the residents had remained aloof from the smart-
city projects. In this maiden program, we would work with citizen participants to
devise, and then implement, a system for collecting and displaying resident feed-
back. Eventually, the system would be used to derive from the feedback the hidden
needs of residents and residents’ hopes for the future. With these insights, a more
grass-roots approach could be taken when engaging with Kashiwa-no-ha Living
Lab and Kashiwa-no-ha Smart-City’s project themes.

In the first 6 months, the lab recruited members of the public who were interested
in the project. It recruited 19 participants from Kashiwa City and elsewhere. The lab
first ran some activities to build rapport with the participants and familiarize them
with the process of dialog. The participants then presented their thoughts to the
community. Four separate ideals were identified: ambition, discovery, learning
together, and making friendships.

For each of these ideals, participants separated into teams and brainstormed
ideas. The participants got a real sense of both the difficulty and good results of col-
lecting extensive feedback in the process of prototyping ideas and testing them in
real-life settings (such as prototyping a simple website, collecting feedback on
social media, and organizing community dialog events). In their final presentations,
the five teams revealed their ideas, along with the results of prototyping and testing.
We then invited people from local startups, government bodies, and research orga-
nizations to discuss the outlook for developing the participants’ ideas.

Some of the teams proposed ideas for activities that the participants themselves
would maintain. These included a system of communication in which people would
contribute entries to a group journal on social media and the provision of opportuni-
ties for instant events that would obtain spontaneous feedback from people who
drop in to the event. Some of the teams proposed ideas that will only become fea-
sible with new technology. These included installing digital signage in the station
vicinity and providing an online platform on which anyone could post comments,
vote, or debate ideas.

The secretariat (in charge of planning and running the living lab) was worried
about how the participants’ ideas could be applied in practice. We had hoped that
the discussions following the final presentations would be attended by people from
companies that could put the ideas into practice. However, although the ideas looked
good on paper, their feasibility as business propositions were another matter.
Consequently, the ideas that were designed to be run by the participants themselves
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were continued, with the participants starting to put the ideas into practice. However,
the ideas that were designed to be run by the living lab as a whole were put on hold
in the absence of any clear vision for the next step. After a year had passed, one of
the latter ideas gained backing from an entirely different source. At a startup confer-
ence in Kashiwa-no-ha, a startup proposed a prototype that matched the proposed
concept of collecting and displaying people’s feedback, raising hopes that the par-
ticipants’ idea could be put into practice, even if only in part. After we presented
Kashiwa-no-ha Living Lab’s proposed idea, the startup tweaked its prototype and
agreed to pilot a version that was localized to Kashiwa-no-ha. The startup has now
reached out to the participants who had thought up the initial idea, and together they
have customized the startup’s prototype to fit the program theme (collecting and
displaying people’s feedback). The piloting remains underway.

We learned some lessons from our experience in this program. We learned that
any idea pitched in a program may come to nothing unless there are prospects from
the start that the idea could get seed funding. Seed funding often proves elusive
when you start projects from the needs of ordinary citizens. The lack of tangible
output can cause significant stress for participants who engage in a program for
years, hoping their efforts will benefit the community. Therefore, when organizing
a program that begins from the needs of ordinary citizens, you must fully inform
participants about the risk that their ideas may never take shape at the early stage
and that the program could drag on for a long time.

I do not want to give the impression that programs that begin from people’s needs
are prone to going awry. As we learned in this case, after some time passed, the idea
ultimately gained a backer. Without the living-lab’s program, this idea would never
have intersected with a startup’s pilot initiative. Likewise, without giving citizens
the opportunity to express their wishes, the startup would not have adapted its sys-
tem to community needs. Therefore, the organizers of a living lab must never lose
hope and keep the antennas up—to keep searching for a good match. A program is
more likely to advance to the next stage if the community affords plenty of oppor-
tunities for serendipitous encounters with startups and other seed capital.

7.3.2 Program 2: Creating an AI-Driven Service That Elderly
People Can Use in Everyday Settings

H-UTokyo Lab has developed an Al application for preventing frailty (more on this
in Chap. 12). The app’s Al model analyzes big data on healthcare and nursing needs
(from the national insurance database and other sources) to predict the person’s risk
of becoming frail. The app then refers the user to services that can deliver frailty-
prevention therapy. The app’s main audience was to be elderly people, and we
wanted the app to be designed in such a way that elderly people could use the digi-
tally powered services in their everyday settings on an ongoing basis. To that end,
we needed to reach out to elderly people and obtain their feedback about the app’s
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usability. In the case of an Al-powered frailty-prevention app, it is relatively straight-
forward to work out how people feel about sharing their health data, when it is least
stressful for people to enter information about their current status, what input
method they prefer, and what kind of output will encourage users to engage in prac-
tices for preventing frailty. We launched the renewed program to answer these ques-
tions and identify the design requirements that would ensure that elderly users can
use the app effortlessly in everyday settings.

In the first program, we had used social media and pamphlets to invite general
members of the public to participate. In this second program, we used a different
recruitment method. Because the app users would be limited to people aged 70 or
older, the participants in this case were recruited by A-Shi-Ta Community Health
Promotion Laboratory, a center for participatory health promotion that is located in
Kashiwa-no-ha and that has more than three thousand registered members. Because
we already had some idea about how the service would be run and who would be
involved in supporting the therapy, the center recruited the family members of
elderly people, healthcare professionals (doctors, pharmacists, physiotherapists,
among others), people who deliver home-visit nursing services or meal delivery
services (or who interact regularly with elderly people in their work), and people
who have conducted such work or have experienced such roles in the past. The cen-
ter also recruited public-sector workers as observers. The program included three
sessions, each with nine to twelve participants representing diverse perspectives.
The participants highlighted the problems and difficulties elderly people experience
in everyday life and offered frank feedback about the ideas of the app and about
their experiences with using the app prototype. The app development team, which
consisted of engineers and members of the secretariat, incorporated this feedback
little by little in the design of the service. Eventually, three ideas emerged, each
assuming a separate scenario in which the app is used. The participants evaluated
the ideas from their various perspectives. As a result, we had identified the require-
ments we needed to satisfy to make the service viable by the time we completed the
program.

During this program, the secretariat encountered new quandaries. The first quan-
dary related to the fact that the first program had started from zero (from citizens’
needs) and the second program had begun with the technology already developed to
some extent. The first program had allowed for blue-sky thinking; the participants
could exercise their creativity and bounce ideas off each other. Such a format is
enjoyable and also gives larger independence, and thus participants are more likely
to be motivated to continue participating. By contrast, the second program focused
on one-way feedback, meaning that participants felt less motivated to continue or to
see the point in participating.

The second quandary was a discrepancy between our desire to generate a hypoth-
esis and the feasible program under the constraints. One of the things we had wanted
to clarify from the outset was how elderly people would feel about sharing their
personal data as a quid pro quo for accessing the service, but we had also predicted
that we would get no useful feedback from a handful of elderly people, who were
usually scarcely conscious of data matters. Therefore, we decided that with regard
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to data sharing, we would instead rely on the responses of 1500 elderly people
whom we had surveyed in advance. In another example, engineers in the app devel-
opment team had requested a quantitative evaluation of whether people would con-
tinue to undertake the recommended practices for preventing frailty based on the
idea of the service they examined. This evaluation would require an intervention
study in which participants use a prototype app (when the app is close to becoming
a finished product) in everyday settings. However, we had to abandon plans for the
intervention because the prototype was not technologically mature enough, and the
team lacked expertise in designing an intervention study and getting it approved by
the medical ethics committee. In summary, although we had numerous questions
about service development, constraints at the time allowed us to address only a
limited subset. This experience highlights the importance of identifying and priori-
tizing key questions at the outset of program design.

7.3.3 Program 3: Envisage the Near Future

The first two programs were supported by a clearer idea about what the service in
question should be. The program we worked with the National Institute of Advanced
Industrial Science and Technology was different from the above programs. The pur-
pose of this program concerned R&D into digital technologies and living environ-
ments that support aging in place (the ability to continue living independently in
one’s home and community regardless of age). In such R&D, a gap tends to emerge
between the design team’s vision and the actual needs of citizens. Thus, we wanted
to establish a design policy for R&D that would close this gap. We would do so by
having people participate in the living lab and clarifying what they want the living
environment to be in the near future. This program was designed not to generate an
idea for a particular service. It was a new type of program, one that would clarify
future living environments that would offer elderly people hope and value, thereby
allowing them to age in place.

We recruited 17 elderly people representing different ages, sexes, and family
composition. The previous programs had concerned people’s present needs, whereas
this program concerned the near future, which required participants to envisage a
life that they had never experienced in reality. Therefore, we designed the program
to account for this. That is, we organized a sequence of sessions that would help
participants gain an increasingly specific idea of what their living environment
would need to be for them to maintain their mental and physical well-being. For
example, in one session the participants split into pairs and took turns to interview
each other about what the living environment might be 10 years from now. In
another session, participants drew images depicting the future relationships they
will have at age 75. In another session, an expert delivered a lecture about the chal-
lenges people encounter as they age. By the end of the program, the participants had
identified four future scenarios that aging-in-place services should adopt: positive
aging, semi-loose connections, circle of friends, and quality solo life.
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Initially, we were concerned that participants might struggle to envision realistic
future scenarios, as they had never experienced such a future. However, the living
lab characteristics—particularly the meticulous, iterative process for designing a
program—proved well suited to the participants’ task of envisaging future scenar-
ios. Citizens cannot plunge into the task of envisaging the future by themselves.
Participants were steadily primed to envisage a realistic scenario by having experts
brief them on the physical and cognitive changes that occur with aging, by present-
ing them with evidence about living environments and future technologies, and by
identifying the values of diverse participants. The participants’ realistic future
visions, refined by the ideas of experts and other participants, testify to the effective-
ness of co-creation and also represent one kind of output that living labs are
capable of.

7.3.4 Program 4: Thinking About Trust

The final program to discuss is one that focused on a service that had already been
launched. The program involved 29 Al-driven cameras that were installed in the
vicinity of Kashiwa-no-ha Campus Station in 2021. The cameras are designed to be
sensitive to people’s privacy: rather than uploading all footage to a server, the cam-
eras recognize when an abnormality is occurring (such as someone falling, crouch-
ing down, or brandishing a weapon) and estimate the age and gender of the person.
When rolling out technology that requires privacy considerations, we need to ensure
that the system is running properly, but also that its actual state is transparent and
that the public are aware of this and can trust it. Before installing the cameras,
Kashiwa-no-ha organized briefing meetings and distributed leaflets to inform the
public about them, but it had no opportunities to find out how residents perceive the
design of the cameras. Against this backdrop, the fourth program was designed to
enhance residents’ understanding of the role and functions of the Al cameras, to
think together about the requisites for trustworthy operation, and to consider how
the cameras’ functionality could be expanded to enable new applications that can
contribute to residents’ well-being.

When engaging in the task of examining a trustworthy operation method, we
collaborated with the World Economic Forum’s Center for the Fourth Industrial
Revolution Japan (C4IR Japan), which is interested in citizen-led trust governance.
C4IR Japan assisted us by delivering a citizen workshop using a risk chain model
developed by the University of Tokyo’s Institute for Future Initiatives (Institute for
Future Initiatives, The University of Tokyo 2021). The risk chain model was a work-
shop tool that was originally designed for an Al application’s development and
operation teams to use in cross-disciplinary workshops to identify the risks and
steps to counter risks associated with the service. In this case, however, the model
was adapted so that it could be used by lay citizens. The participants used the tool
to analyze the risks that exist when the Al cameras are operating and the steps to
counter these risks. Participant feedback revealed that the workshop helped the
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citizens understand the technological and operational matters. In a questionnaire,
the participants reported that the tool helped them clarify the roles and functions of
the cameras and to understand the roles of and relationships between the stakehold-
ers (data scientists, the secretariat, and users); 73% of the 15 participants said that
the risk chain model proved useful in helping them thinking about AI camera
operation.

The next task was to consider how the AI camera’s functionality could be
expanded to explore new methods of utilization for the sake of their own well-being.
The participants formed into teams of members who share similar ideas about the
community’s needs and a similar future vision for the community. For around 6
months, the teams brainstormed and prototyped ideas. One team proposed an app
with useful information for dog owners. Dog walkers could use the app to see street
temperatures, the level of congestion in amenities that allow pets, and the locations
of other dog walkers. Another idea involved measuring the brightness of people’s
moods and displaying the results on digital signage outside the station to raise peo-
ple’s awareness about the Al cameras. One other app would involve making a hybrid
of Al camera lenses and residents’ eyes and having the city collaborate with rede-
velopment companies in carrying out repair work in the community. The final pre-
sentations were attended by eight guests, including an Al camera business, a city
worker, and an expert in community design. These guests gained insights from the
presentations, and the findings are promising for the future activities; in a question-
naire, 75% of the guests answered that they could relate the presentations to their
work and that they would prefer to back the ideas.

Figure 7.3 presents the results of pre- and post-program surveys (both with iden-
tical questions), revealing how the participants’ attitudes to Al cameras changed
between the two time points. The responses suggest that the program gave partici-
pants a better understanding of the usefulness of Al cameras, eased their concerns,
and enhanced their trust. Notably, we observed a 29-point increase between the two
surveys in the percentage of participants who believed that Al cameras are useful to
others, suggesting that the program, by offering encounters with a range of different
people’s values, fostered a sympathetic attitude toward other participants. Anxiety
about Al cameras was low; even in the first survey, no more than 20% of participants
expressed such anxiety. Trust in the management team/operator was high (exceed-
ing 70%). The program neither eased anxieties nor improved trust in some partici-
pants. In such cases, the causes of anxiety must be identified and alternative care
approaches considered.

7.4 Design Points for Running Living Labs in Smart Cities

Figure 7.4 presents the themes to which living labs are suited according to the find-
ings of the above case studies and the best practices in Kashiwa-no-ha. The themes
are divided into three broad categories: service co-creation, future vision, and fos-
tering understanding.
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Fig. 7.3 Results of surveys on participants’ attitudes to Al cameras (the first survey conducted
before and the second after Kashiwa-no-ha Living Lab’s program)

Theme | Theme Living-lab objective Example
category Kashiwa-
Living Lab
Service Co-creating a service related to | - Exploratory approach 1,3
co- ordinary citizens’ needs and ideas e.g. How can Citizens’ well-being be improved?
creation Co-creating a service driven by | - Confirmatory approach 2.4
technology developed by a company | e.g. Does this function improve citizens’ well-
or smart city being?
Co-creating a service intended for a | - Improve usability 2
certain demographic - Explore touchpoints with real worldex.
e.g., Where, and how should it be used?
Co-creating a service related to a | - Social innovation 1,2,4
complex socio-environmental problem | - Open Innovation
requiring multi-stakeholder | e.g. Who will collaborate with whom and how?
collaboration
Future Envisaging a future community and | - Perceive the advancing technologies and | 3
vision living space services that will be required in the future
e.g. What should be developed in the future?
Fostering | Knowing and understanding the | -Raise public awareness about a smart-city | 4
under- future service structure, technologies, | initiative
standing | and datasets that will be used -Foster assurance and trust
e.g. Do you know about your community’s smart
city?

Fig. 7.4 Themes that have high potential for living labs in smart cities
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The majority of the themes fall under the service co-creation category. Figure 7.4
includes four examples of services for this theme. As the objectives will differ
somewhat in each theme, it is important to tailor the design of the program to the
attributes of the theme in question. The Kashiwa-no-ha programs corresponding to
this theme include the program to collect and display people’s feedback and the
program to develop an Al-driven frailty-prevention service.

The next theme is future vision. Rather than involving services that are already
in operation, programs under this theme involve envisaging the future of the com-
munity or people’s future living environments and then anticipating their desire to
contribute to the future technological development. Unlike in the case of service
co-creation, the programs must be designed in a way that participants can easily
envisage the future scenario, so bear this point in mind when designing the program.
Of the Kashiwa-no-ha programs, the program for envisaging a living environment
in the near future corresponds to this theme.

The third theme is fostering understanding. The purpose in this theme is to
improve the public’s understanding about a smart-city service in operation. It also
involves programs that are designed to assure the public and foster trust. In smart
cities, such programs will become increasingly important and the needs will
increase. Kashiwa-no-ha’s program on Al-driven cameras corresponds to this theme.

We identified these themes based on past practices, but as living-lab projects
proliferate in smart cities across Japan, we might see additional themes emerge.
Given this, living labs should keep exchanging opinions with people practicing on
sites and keep updating the set of themes that are effective for living labs in smart
cities to engage in. The next section introduces the problems that are likely to occur
when running projects in each theme (with reference to the four different types of
services under the co-creation category of themes) and discusses solutions and
design points for addressing these problems, as gleaned from our own practices.
Hopefully you will find this discussion a useful guide in your own living-lab
practices.

7.4.1 Service Co-creation

1. Co-creating Services Related to Ordinary Citizens’ Needs and Ideas

With many smart cities today having the objective of increasing well-being,
smart-city initiatives and services are increasingly being designed from zero—in a
process that begins with the ideas and needs of ordinary citizens. For these smart-
city projects, it makes sense to design living-lab programs that take an exploratory
approach and glean insights from ordinary citizens.

However, as demonstrated in the “collecting and displaying people’s feedback™
program, exploratory approaches often face a challenge: the needs of citizens do not
always align with the emerging technological innovations intended to serve them.
For such programs, participants must understand the risk that their ideas may never
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take shape and the possibility that the program will drag on before starting their
cooperation in the program. We may also have to bolster the organization running
the living lab; this organization should have a matching function and channels with
a wide range of startups and other business operators, so it can create plenty of
opportunities for program outputs (ideas) to be taken up by companies that can
implement them.

Another common problem in such programs is that the participants sometimes
fail to examine the business model (a model for ensuring profitability) and techno-
logical feasibility. Ordinary citizens are experts when it comes to their own lives,
but they often lack expertise in how to monetize services and the technology itself.
One way of addressing this problem is to bring on board an interested company or
research institute once an idea has been generated. The participants can then discuss
the idea together with the organization so that the idea can be developed into more
feasible one.

2. Co-creating a Service Driven by Technology Developed by a Company or
Smart City

The vast majority of smart-city projects today consider developing a service that
uses existing core technology. For these cases, there are three main things to be
aware of.

The first thing is that living labs engaging in such projects are prone to treating
the participants as mere technology monitors. When all participants are doing is
providing one-way feedback, they are unlikely to feel that they are participating in
co-creation and their motivation tends to decrease as a result. Participants need to
understand that the project will deliver substantial changes to their lives and feel
that they have a stake in the project. For this reason, at the start of the program,
participants must be informed about the purpose of co-creation and the value of
having ordinary citizens’ participation.

The second thing to be aware of is the difficulty of setting the parameters for idea
generation. If the technology underlying the idea generation is specified too pre-
cisely, then only the ideas within the constraints of the technology’s present func-
tions will be obtained. However, if participants have a poor grasp of the technology
in question, the ideas will be too unrealistic to develop into a tangible output. To
maximize the effectiveness of co-creating a service for which a technology to utilize
has been decided on with ordinary citizens, we need to think carefully about the
parameters and scope for the idea generation—the ground rules for thinking up
ideas and the extent to which such idea generation can be included in hypothetical
thinking. The program should also pose some questions to stimulate and guide the
participants in generating ideas. These questions might include “what additional
features should be added?” or “what technological bottlenecks might we face in
expanding the scope of applications?”’

The third thing to be aware of when co-creating a service driven by the technol-
ogy developed by a company or smart city is that such co-creation involves vast
volumes of personal and sensitive data, and how the data should be handled is never
clear based only on the opinions of the ordinary citizens participating in the living
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lab. The government has produced guidelines on this matter, but in many cases the
legal and moral implications for the case in question are unclear. One must take
measures to address this ambiguity as early as possible. Such measures may include
creating structures for expert advice (such as providing a dedicated ethics commit-
tee and creating a system in cooperation with legal experts) and applying to have the
area designated as a special strategic zone (which would enable innovative initia-
tives in the area). The living lab cannot do everything by itself, so the smart-city’s
resources will need to be leveraged.

3. Co-creating a Service Intended for a Certain Demographic

In smart cities, many of the initiatives and services are for the general public as
a whole, but some are for a more specific demographic such as parents or the elderly.
To ensure that the service is accessible to the target audience, the living-lab’s par-
ticipants should be from that audience. The problem here is that the target demo-
graphic might be hard to reach by the usual channels of social media and leafleting.
In the case of the frailty-prevention app developed in program 2 (creating an
Al-driven service that elderly people can use in everyday settings), the target demo-
graphic was people aged 70 or older. For that reason, we recruited participants from
a Kashiwa City community center (A-Shi-Ta Community Health Promotion
Laboratory) whose membership included many elderly people. As this example
illustrates, when it comes to recruiting participants, the living lab needs to have con-
nections with communities containing the target demographic.

Even if we are not fully sure what the intended audience of the service will be at
the outset of the program, the target demographic may be narrowed in the course of
discussing ideas. This was the case, for example, in program 4 (thinking about
trust). After the program got underway, participants pitched an idea to add a func-
tion to the Al cameras to deliver a service for dog owners. To confirm whether there
was such a need, we conducted a survey among local dog owners. In retrospect, if
we had a connection with a local dog owners’ club, we might have been able to
include a more diverse array of perspectives and better co-creation. When the orga-
nization running the living lab has connections with different communities (elderly
people, parents, junior-high and high school students, dual-income couples, and so
on), then when participants suddenly generate an idea for a particular demographic,
members of that demographic can be easily invited to participate in the process,
resulting in more effective co-creation.

4. Co-creating a Service Related to a Complex Socio-Environmental Problem
Requiring Multi-Stakeholder Collaboration

Multi-stakeholder collaboration is required to address complex socio-
environmental problems such as the spiraling costs of healthcare in an aging society,
the need to maintain infrastructure in provincial cities with dwindling populations,
and the need to manage disaster risk in hazard areas highlighted in hazard maps.
Co-creation is more effective when the different stakeholders contribute their par-
ticular strengths to the process. To that end, a wide array of stakeholders organiza-
tionally embedded in their roles needs to be considered. Figure 7.5 illustrates an
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Stakeholders in the living-lab program

| Program owner 1

Data provider,
data manager

(company, government body)| | (company, government body)

Developer

(company, university,
research institute, etc.)

Expected service provider| .

|| Makesdecisionsabout, |
e - plans, and implements P LT T -
‘ . the program as a whole ’

1

.o . . ! .. |
Living-lab organization Program participants
; Shares tech info with Pitches service to !
; Organization running !
, smart city | Assists in ,
! \planning and Co-creates |
! Body runnin limplementing v with, responds! :
1 redevelopyment pr%jects . program tosurvey Expectedlserw'cg user
| (e.g., UDC) —>| Living-lab — (e.g., ordinary citizens)
! Company, - program — Other stakeholders
! business operator ' Relays Shares (e.g., family members of
! (e.g., developer) ‘community ideas with, service users)
' opinion to builds
- - ' understanding
University, ! of !
research institute !

Fig. 7.5 Tllustration of ideal inter-stakeholder relationships in a living-lab program for creating an
Al-driven service that elderly people can use in everyday settings

ideal network of inter-stakeholder relationships as gleaned from our experience in
program 2 (creating an Al-driven service that elderly people can use in everyday
settings). First, there are three broad roles in a living lab. The first is the organization
responsible for implementing the living-lab program. This party introduces the
theme of interest and provides participants with the information and materials (the
underlying technology, for example). The second is the living-lab organization. This
is the organization that runs the living lab as a whole and supports the organization
responsible for implementing programs by managing, facilitating, and advertising
the living lab’s programs. Third is the program participants. These include the ser-
vice users (and their family members) and other citizens who may have a stake in
the theme. The figure includes the stakeholders who fulfill each of these three broad
roles, but the stakeholders may vary depending on the stage of the program, so such
a structure is not needed at the start of the program. That said, the more complex the
theme becomes, the more the stakeholders must be aware of the role they play in the
program.

A careful design to fit the demographic traits of the identified stakeholders is also
needed so that they can engage in the program. This will require some variation and
customization. Working parents and students, for example, may have little opportu-
nity to attend a workshop during daytime hours. For these cases, it might be better
to solicit their opinions by an interview or online survey.
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7.4.2 Themes in the Future Vision Category

Some smart-city projects are designed to be implemented immediately, whereas
others envisage technologies and services that will match the community some
decades later. For the latter type of projects, the living-lab program needs to have a
long temporal horizon in which the vision or idea is as comprehensive as current
technologies allow and paused until the necessary technology becomes available.

As mentioned in the discussion of program 3 (envisage the near future), an issue
likely to occur when envisaging a future service is that the participants must imag-
ine what their lives will be some decades from now. Because the task involves think-
ing about scenarios of which they have no actual experience, participants may
experience stress in having to state their opinions or generate ideas. To help the
participants envisage a future scenario as specifically as possible, it is particularly
important that they are presented with some data about the predictable changes in
their physical condition and in the environment and society. It is also helpful to have
participants of different ages and gender talk to each other about their daily lives.

A common issue with long-running programs in living labs is that it is hard for
the participants to maintain their motivation for co-creation. When part of a pro-
gram ends in a short space of time and there is a long gap before the output reaches
the implementation phase, participants, unable to see their inputs being put to use,
may feel that their participation was a waste of time. For this reason, if a company
takes with them an idea generated in a living lab with a view to eventually imple-
menting the idea, the participants should be updated on the progress one by one so
they have an idea of where their idea is heading. An idea generated in a living-lab
program does not have to be turned into one practical application only; it is better to
make the idea open knowledge (by broadly publicizing it) so that many organiza-
tions can put the knowledge into use. This approach will help in ensuring that the
living lab creates benefits for the wider community and society.

7.4.3 Themes in the Fostering Understanding Category

Program 4 (thinking about trust) exemplifies an important type of theme for living
labs: building awareness and understanding about a smart-city initiative or service
that uses innovative technology or data. By fostering understanding, the living lab
can enable people to understand the usefulness of the service, alleviate fear, and
build trust in the organization running it. However, when explaining how a service
works, making laypeople understand the technology in detail is almost impossible.
For this reason, rather than focusing on the technical details, living labs should
focus first on getting people to understand the general concept of the service and the
situations in which it is used. Although making people understand invisible data or



108 T. Sasao and Y. Igeta

technical minutiae may be infeasible, communicating the core matters of the ser-
vice, such as those that relate to users’ privacy, without dumbing down is important.
Asking a science communicator to help in preparing effective transmission designs
for a general audience is a good idea.

When engaging in fostering understanding themes, living labs can design the
program so that the program, in addition to promoting awareness and understand-
ing, fosters assurance and trust in the participants. Program 4 (thinking about trust)
included group work in which the participants identified the risks associated with
Al-driven cameras, revealing sources of unease about the data and technology. In
this way, the program helped reduce misgivings about the technology and build trust
in the operator. Thus, in addition to focusing on informing people about the service
and technology, the program should incorporate, as part of this purpose, opportuni-
ties for ordinary citizens to express their fears and concerns.

7.4.4 Putting the Living Lab into Action

That concludes the discussion of the three types of living-lab themes, including the
issues associated with them and ways to address these issues. Hopefully the discus-
sion has offered insights that can be applied in your living-lab practices.

The final part of this chapter presents an interview question sheet that H-UTokyo
Lab composed (Fig. 7.6). These questions are designed for interviews that the
living-lab organization will conduct with the program owner during the design of a
living-lab program at the initial phase of the program, which is particularly impor-
tant when the living lab is gaining momentum. This tool can help facilitate co-
creation with the program owner in the living-lab program. To design an effective
program, any potential areas of conflict or disagreement need to be identified in
advance and matters clarified in writing. Programs can involve many stakeholders,
but when a common understanding is reached in advance, the program will nonethe-
less stay on track and the different stakeholders will know each other’s roles and
communicate with each other smoothly. Outlined below is the interview procedure.

1. Ask about what they ultimately want to accomplish through proposed program
themes and write the response in (/) in Fig. 7.6. The expected effects in the com-
munity and living environment must be described from the perspective of ordi-
nary citizens, as opposed to a company-centric perspective.

2. In (2) (in the figure), write down the goal of the program. In (3), write down all
that needs to be confirmed during the program. Remember that the ultimate goal
written in (/) will seldom be the same as the goal stated in (2). A living-lab pro-
gram has limits; a goal and measurable deliverables that are feasible within the
constraints of time, budget, and personnel are needed.
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(4) Current whereabouts

of project

How far has the project come?

- We have only decided on the theme

- We have identified a need to
address

- We have decided on the concept

- We have an idea about a service

- We have prepared a sample for
closed testing

- We have prepared a prototype

- We have fully launched the service

(2) Living-lab's goal,

(3) measurable deliverables
What is the purpose of the living-lab
program? What output will it deliver?
- To identify needs

- To clarify the concept of the service

- To get ideas about a service

- Obtaining feedback about service ideas

- To create a business model

- To test (obtain feedback about) a sample
or prototype
- To release/launch the service
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(5) Program's expected duration

and budget

(6) Confirmed person-hours for
program delivery ,

s

e
by compariy

Status quo

organization)

Design program according to information about
(2) and (3) gleaned from questionnaire, interview,
workshop, or user tests

~

Living-lab program

(1) Ultimate vision
for society
What is the vision of
society to which the
service will contribute?

- Expected socio-
environmental-economic
effects of the service

Program outcomes
guide further development
of technology or service

Fig. 7.6 H-UTokyo Lab’s interview sheet for initial phase in living-lab programs

3. If the proposed program concerns a service that is underdeveloped or already in
operation, ask the owner about how far the service development is in progress,
which are ready and to what extent, which are not yet ready, and when the ser-
vice will enter operation. Write down this information in (4). This information
will help to identify the starting point for the living program.

4. The program will involve closing the gap between the living-lab’s goal and the
status quo. When designing the program, think about how long it will take, what
the budget should be, and what the workload will be. Write down this informa-

tion in (5) and (6).

This chapter presented the living-lab programs in Kashiwa-no-ha to illustrate an
approach to encouraging citizen participation in smart cities. I then discussed the
common themes for living-lab programs in smart cities along with the issues associ-
ated with these themes, ways to address these, and other design points. When it
comes to building a smart city together with ordinary citizens, we recommend start-
ing a living lab and using this book as a guide. If one is thinking of launching an
organization that will run the sustainable living lab in a community, a system of this
organization will need to be built. Descriptions about six key factors for digital
society infrastructure can be found in Chap. 14.
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Chapter 8 ®
Smart City QoL-Based Assessment e

Kei Suzuki, Mitsuharu Tai, and Tomoyo Sasao

Abstract This chapter highlights the significance of assessing smart cities from a
citizen's perspective to foster a society where residents experience happiness. It is
crucial to measure quality of life (QoL) and satisfaction with the everyday activities
of residents for this kind of assessment. The proposed metrics, ActiveQoL, is
designed to measure subjective satisfaction in daily activities including sleep, work,
meals, and leisure. ActiveQoL considers four key factors: a fondness for the activity,
time spent on the activity, the conditions under which the activity is performed, and
the presence of others during the activity. The chapter outlines how ActiveQoL will
be implemented using wearable sensors and smartphones to automatically estimate
activity and situational factors. Additionally, it discusses the use of surveys and data
collection methods to obtain meaningful data. ActiveQoL enables the evaluation of
urban programs by measuring individual QoL and aggregating the data across the
population. The article provides examples of ActiveQoL’s application in evaluating
exercise and sports activities, as well as programs aimed at elderly individuals.
These examples highlight the benefits of incorporating ActiveQoL into urban and
policy evaluations, such as quantifying the impact of soft and hard programs and
tailoring evaluations to specific target groups. The chapter concludes by emphasiz-
ing the importance of having a clear vision for the city and conducting objective
evaluations to create a happy and distinctive community.

Keywords QoL-based assessment - ActiveQoL - Quality of Life (QoL) -
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8.1 Background

8.1.1 Assessing Smart Cities from a Citizen’s Perspective

For national and local governments and the other organizations that run cities (the
“implementer”), the ultimate goal is to create a society in which residents are happy.
The goal aligns with the Society 5.0 vision of a human-centric society and the vision
for a life of happiness and well-being set out in the “digital garden city nation”
strategy promoted by Digital Agency (2024), the government’s nucleus of Japan’s
smart cities. But how close are our communities to realizing these visions? Cities
might deliver innovative projects for residents under the name “super city” or “smart
city,” but such projects can only truly be considered successes if they deliver well-
being to residents. When evaluating a smart city, we need to measure how far the
project has attained the goal of creating a society in which residents are happy and
what means and measures it has taken in running the city.

In reality, though, smart-city projects have usually been evaluated from other
angles; evaluations have focused on the extent of the action taken by the party run-
ning the city, or have used quantitative metrics to measure the program outcomes.
For example, MLIT uses the following physical measures: number of environmen-
tal measures, amount spent subsidizing exercise and recreation, number of hospi-
tals, amenity capacity, number of public parks, percentage of green space (by
surface area), and percentage of visible greenery (Ministry of Land, Infrastructure,
Transport and Tourism 2024). Such measures represent the perspective of the
implementer.

However, the extent to which a given program achieves its goal depends on the
values and living environment of residents at the time. Hence, it is essential to
include metrics that represent the perspective of citizens—metrics that measure how
residents perceive the measure, how they perceive the outcomes of the measure, and
what outcomes have been welcomed by residents. If we could measure residents’
quality of life directly, metrics would be available for measuring the substantial
effect of a project—how satisfied people are with everyday life and whether the
project has genuinely improved people’s lives. However, is measuring residents’
happiness directly really possible?

To measure whether residents feel they are satisfied with their lives and whether
they feel they are living an independent lifestyle, we would be measuring their qual-
ity of life (QoL). WHO defines QoL as “an individual’s perception of their condi-
tion of life in the context of the culture and value systems in which they live and in
relation to their goals, expectations, standards and concerns (WHO 2012).” This
definition suggests that QoL can be a measure of the extent to which an individual
feels they are affording an independent lifestyle and whether they are finding happi-
ness in their life. On the premise that insights can be gained into the person’s per-
ception of their life from their physical health, mental health, level of independence,
social relationships, living environment, and from their spiritual or religious back-
ground and beliefs; a QoL scale is then defined and evaluated from such background
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information. QoL was originally a health concept. It was introduced to address a
shortcoming of medical scales that only measure the severity of a disease or physi-
cal condition; such scales do not fully take into account how a disease or disability
can compositely interact with other factors to affect the person’s life. The back-
ground factors considered in QoL are closely related to the society or urban environ-
ment in which the person lives. That is, QoL is an approach to understanding
whether residents are happy with the community they live in, making it an impor-
tant metric for considering happiness when directly measuring residents’ satisfac-
tion with a smart city.

8.1.2 Recent Developments, Methods for Measuring QoL

A number of attempts have already been made to directly measure residents’ happi-
ness and incorporate the results into policy.

Since 2019, the government has conducted a survey on satisfaction and QoL
every other year. The survey is sent online to Japanese citizens selected for sampling
(Cabinet Office 2023). The purpose is to understand the multiple facets of Japan’s
socioeconomic structure from the perspective of people’s satisfaction and to apply
the findings in government strategy. The results are publicized in a dashboard for-
mat, enabling people to analyze from multiple angles the relationship between
Japanese citizens’ lives and their satisfaction with them.

Another example is in Arakawa City in Tokyo. In 2006, Arakawa started explor-
ing a possible metric for measuring residents’ happiness and developed an index
named Gross Arakawa Happiness (GAH) (RILAC 2015). Based on this index, the
municipality uses a questionnaire for residents. The questionnaire consists of 39
factors across 6 subscales related to the municipality’s policies. It gives a total score
describing the respondent’s happiness level. The response data are analyzed to iden-
tify issues, evaluate policies, and decide key strategies for the municipality.

In both examples, paper or online surveys are used to collect the data. The prob-
lem with surveys is that one must limit the questions (because the more questions
there are, the more stress respondents will experience) and you cannot conduct
them often.

As emphasized in Society 5.0 and smart cities, values are becoming more diverse,
and society and the environment are evolving rapidly, leading to fluctuations in
everyday life satisfaction levels. Therefore, shortening the cycle of policy delivery,
evaluation, and feedback is necessary to enable more granular policies that will
maximize the level of satisfaction of the times. To that end, policymakers advocate
the necessity of a data-acquiring technology and an urban operating system for digi-
tal platforms, which will comprehensively manage and digitize urban data. In view
of this, general improvement is under way with the government initiative (Cabinet
Office 2020). In the case of QoL-based assessment too, defining the index afresh is
necessary so that sensing data and other digital data can be used for continuous and
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real-time tracking of QoL levels. This will ensure that QoL-based assessment can be
implemented to be utilized for policies Society 5.0 and smart cities should propose.
In view of these issues, and in view of developments in digital technologies
designed to address these issues, we have proposed ActiveQoL as a new instrument
for QoL-based assessment (H-UTokyo Lab 2021). ActiveQoL is described below.

8.2 Instrument We Propose: ActiveQoL

8.2.1 An Evaluation Approach Focused on Quality of Activities

Gaining greater satisfaction in the activities we undertake in daily life is a particu-
larly important part of improving QoL and boosting happiness. Therefore, we have
proposed ActiveQoL as a QoL-based assessment. ActiveQoL measures an individ-
ual’s subjective satisfaction in their everyday activities, which include sleep, work,
mealtimes, housework, parenting, and leisure. The idea is that when smart-city poli-
cies address problems that occur in the abovementioned everyday activities or when
it enables people to engage in the activities more comfortably and independently,
the level of their satisfaction with such activities will increase, suggesting that one
can judge that the effect of the policies has reached residents.

ActiveQoL is designed to allow estimating satisfaction with everyday activities
based on four factors, which are believed to significantly shape an individual’s sub-
jective satisfaction.

The first factor is the person’s fondness for the activity in question. An individu-
al’s disposition toward an action will significantly shape their level of satisfaction
with it. If the person likes or dislikes the activity unconditionally, then their satisfac-
tion with the activity will be scarcely affected by the activity-specific conditions
mentioned below. The second factor is the time the person spends engaging in the
activity and the extent to which this time accords with what the person considers
desirable. For some activities, a shorter duration will be associated with a higher
level of satisfaction, whereas for other activities, a longer duration will be associ-
ated with it. An optimum duration exists for some cases, and the person’s satisfac-
tion falls when there is a sizable discrepancy between the optimum duration and the
actual length of time. In terms of policymaking implications, this factor can vary
depending on travel and assistance policies, among other things. The third factor is
the conditions under which the activity is undertaken and the extent to which these
conditions align with what the person considers ideal. These conditions include the
place where the activity is conducted and the means for conducting the activity.
Satisfaction in a given activity can vary widely depending on these conditions. Take,
for example, the activity of traveling. The person might prefer to use a car so they
can get to the location quickly and comfortably. Alternatively, they might prefer to
go by bicycle or by foot so they can take in the scenery. Other conditions in this case
would include whether the person is traveling in the neighborhood or near their
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workplace. As these examples illustrate, the person’s values and tastes have a sig-
nificant bearing on their satisfaction with the activity. As these conditions depend on
the situational context of the activity, the third factor is affected significantly by
policy. The fourth factor is whom the person conducts the activity with and the
extent to which the activities coincide with what the person considers desirable.
Suppose that the activity is having a meal. Suppose the person engages in other
activities under the same condition. We should know from personal experience that
our satisfaction with the eating activity would differ markedly depending on whether
we are eating alone, with our family, or with a friend. On the premise that these four
factors predict satisfaction with everyday activities, we postulated ActiveQoL as the
sum of these factors.

When defined this way, ActiveQoL increases when the situational factors of an
activity align with the individual's preferences. In this context, favorable and appro-
priate situational factors mean the person’s individual preference including time,
place, and person or people to conduct the activity with, and this varies from person
to person. ActiveQoL takes into account diversity in values; it takes into account
how personal tastes can cause satisfaction to vary for a given activity conducted in
a given location. Never before has there been an urban evaluation instrument that is
so sensitive to individual attributes. ActiveQoL has potential to be adopted as a
foothold for progress toward a city accommodating diverse values and lifestyles.

8.3 How ActiveQoL Works

8.3.1 ActiveQoL’s System for Automatic Estimation

ActiveQoL is determined based on the extent to which the person likes the everyday
activity in question, how long they have engaged in it, the context in which they
engaged in it, who they engaged in it with, and the extent to which these conditions
aligned with the person’s preferences. Thus, to determine QoL, we need to know
three things: (1) what the person is doing (knowing the everyday activity), (2) the
situational factors (knowing the duration of the activity, the setting in which the
activity takes place, and whom the person is doing the activity with), and (3) whether
the person likes the activity and what situational factors align with the person’s
preferences.

We are currently working on a technology that automatically estimates the first
two of these things (the activity and its situational factors) using wearable sensors
or sensors embedded in smartphones. The third item concerns personal preferences
and so, generally speaking, we would need to ask the person directly using a ques-
tionnaire or other method. We are working on two simple methods for knowing this
third item. The method involves using a brief questionnaire, searching for patterns
in the responses, and then delineating categories. The second method involves
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Fig. 8.1 ActiveQoL’s system for automatic estimation

repeatedly asking people about their everyday activities, the situational conditions
of these activities, and their satisfaction with the activities, to gradually build a body
of knowledge about the preferred settings and situational factors for each activity.

The wearable sensors we have in mind are sensors on smart watches, wristbands,
and other devices that can be worn similar to everyday clothing and something that
has advanced from activity trackers that log the wearer’s steps, heart rate, and other
activity-related items. Such items are on the market and have started proliferating
into general use. They can use GPS data to estimate the person’s current location or
the person’s means of travel, meaning that they can automatically identify when the
person is engaging in exercise such as walking, running, or sleeping. Figure 8.1
shows how the ActiveQoL features now under development will make use of wear-
able sensors and smartphones.

8.3.2 Obtaining Data on Satisfaction with a View to Making
ActiveQoL Capable of Automatic Estimation

We eventually want to create a system that can use wearable sensors and smart-
phones to automatically identify the activity in which the person is engaging. Line
is a popular messaging app in Japan. For the first step in this project, we are using a
survey on Line, which can send messages at any specified time of the day and input
the responses to the messages, allowing us to collect training data along with sub-
jective satisfaction data. Outlined below is our system for conducting a survey via
Line and collecting real-time data on the activities users are engaging in, the situa-
tional factors related to these activities, and their satisfaction with the activities.
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We refer to this system as the ActiveQoL Experience-Sampling System
(ActiveQoL-ESM). It semi-automatically samples aspects of participants’ everyday
lives. At regular intervals, it sends a short set of questions to the smartphones of
registered participants. The questions concern the activity the participant is cur-
rently engaged in. When a participant notices the message, they send back their
responses detailing their current activity. On each occasion, the question set consists
of five question items: the type of activity, its time/duration, other people engaging
in the activity, the location, and the person’s satisfaction with the activity. Because
some participants may miss the message or may be too busy to respond, the system
is designed so that they only need respond when they notice the message and never
feel pressured to respond. The timing of messages, wording of questions, and
answer options can be configured differently for each participant, enabling the
sender to flexibly customize the sampling content (see Fig. 8.2).

The ActiveQoL-ESM is still in the testing stage, and a number of problems still
need to be addressed. For example, the process of responding to questions is still
very stressful, and its function, unable to send questions at the point where the activ-
ity discontinues, times out. However, QoL-ESM is effective for reducing the inves-
tigator’s workload; unlike with paper surveys, QoL-ESM requires no extra process
to digitize the response data, and the question and answer options format can be
changed on the fly. It can also reduce the workload for respondents; if respondents
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have a smartphone, they can simply tap the relevant option. We will further alleviate
the burden on respondents by reducing the number of occasions they have to respond
and using smartphone sensor data.

8.4 Using ActiveQoL to Evaluate an Urban Program

The idea with ActiveQoL is that it is used to measure an individual’s quality of life
in relation to a particular activity of such individual and then the aggregated data is
used to evaluate the effectiveness of a policy. The sample of individuals can be set
as desired according to the sample contents to be evaluated. If a policy is to be
evaluated and delivered to all residents as a whole, there would be no need to restrict
the sample, but supposing the policy of interest is a policy for elderly people and its
effectiveness is to be evaluated among this demographic, then the sample would be
restricted to elderly residents. By narrowing down the sample contents of the policy
in question and the attributes of the intended audience of the policy, the results will
indicate more directly how effective the policy is relative to its intended audience
and goal, giving better insights into how the policy could be tweaked and improved.
This section discusses how sampling data collected by ActiveQoL can be used to
evaluate smart cities.

ActiveQoL gives an activity satisfaction score on a 5-point Likert scale (with 1
indicating unsatisfied and 5 indicating satisfied). On the premise that an individual’s
QoL is higher when they engage in activities they like and do so in the right situa-
tional context, and supposing that an individual engages in five activities a day
(sleep, work, mealtime, exercise, and housework), then ActiveQoL would be as
valid as the daily total or daily average of an individual’s satisfaction with those five
daily activities. On this basis, one focuses on the situational conditions that apply in
those activities the person says they like. As an individual’s QoL will be higher if
the person spends more time in a 24-h day doing the activities they like and doing
these activities in the right situational context, the more people in a community who
are engaging in activities they like under their preferred conditions, the higher the
community’s collective QoL will be.

Consider this example of using ActiveQoL to evaluate a smart city. In this exam-
ple, we are interested in exercise and sport activities that residents engage in. We
start by finding out whether the individuals like exercise and sport. We then use
wearable sensors to obtain data on their satisfaction level upon engaging in the
activity. This response data can be inputted into the categories in the table shown in
Fig. 8.3. Into (1), we input whether the person said they feel satisfied with the activ-
ity regardless of their disposition toward the activity itself. Into (2), we input whether
they said that they do like exercise and sport but are nonetheless not engaging in this
activity or are engaging but are dissatisfied with it. Into (3), we input whether they
said that they dislike exercise and sport and are either not engaging in such or feel
unsatisfied with it. In this way, we assign each respondent to one of the three catego-
ries and then count each category’s tally and percentage of the total.
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Fig. 8.3 How to use ActiveQoL

A smart city is judged by the percentage of the sample in (2). This category rep-
resents the people who are unsatisfied or unengaged despite liking the activity in
question, and the presence of such people poses a problem. If people feel dissatis-
fied with an activity they would normally enjoy, it suggests that improvements are
needed. Thus, to get an idea of the status quo, we aggregate respondents’ data and
sort respondents into categories to determine whether there are lots of people, or
only a few people, for whom the activity needs to be improved. We can then con-
sider an action to take for each category. In this way, the present whereabouts of the
smart city can be understood relative to a given activity and an appropriate action to
take for people who need the activity to be improved can be considered.

Once the action has been taken, it is possible to see whether people have moved
from (2) to (1). If the population of (1) has increased, it implies that the action was
successful.

As equipping every single resident with wearable sensors is probably unfeasible,
satisfaction would be measured in just a sample of residents. In this case, the sam-
ple’s average QoL is obtained and the distribution analyzed or the average between
different geographic zones or between age groups is compared. QoL trends might
also be tracked longitudinally (by seeing how QoL changes over time).

The sample subjects would have to be narrowed down, if a local government
wants to use ActiveQoL score to guide its policymaking or evaluate its policies. The
local government might be interested in a particular infrastructural asset such as a
public park (including the park’s amenities and roads) or in evaluating whether a
service it delivers to elderly people is having a positive effect in elderly people’s
daily lives. In this case, the sample would have to be narrowed down to the daily-life
activities linked to the target location or the subjects would have to be narrowed
down to users of the service.

ActiveQoL, despite being a service for data provisions in view of service evalu-
ation, could potentially be applied to digital services, if the service in question is
designed to change people’s behavior. If ActiveQoL can evaluate commercial ser-
vices and urban policies, then it can potentially have a wide range of usage.

If ActiveQoL is to be used by local governments, then it could serve as a KPI for
evidence-based policymaking (Cabinet Office 2024), which the Cabinet Office is
encouraging the government’s departments, agencies, and local governments to
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adopt. Evidence-based policymaking is defined as an initiative that clarifies the
basic framework for the policy by clarifying the objectives of a policy, the logical
connection between the policy’s means and ends, and finding as much evidence as
possible data or other forms of supporting evidence for this connection. When poli-
cies are developed and implemented in this way, they will make possible more min-
ute, swift, and accurate policy formulation and deliveries, and visualize the effect of
the policy to enable any stakeholders to appreciate it. The Cabinet Office recom-
mends that when adopting evidence-based policymaking, policymakers should use
alogic model (Newcomer et al. 2015) to set KPIs and run a plan-do-check-act cycle.
In the basic logic model, the first component is resources. In the resources field, the
human, infrastructural, and financial resources, and other inputs are listed. These
are the resources and stakeholders required to implement the program. Having clari-
fied this information, we can start on the other components of the logic model: we
envisage the long-term outcomes, intermediate outputs, and short-term outcomes,
and then decide on the activities required to produce the short-term outcomes and
what the immediate outputs of these activities will be. ActiveQoL can help in this
process by measuring the immediate outcomes. Consider the example in Fig. 8.4. In
this example, a local government is using a logic model to plan a program for
encouraging elderly people to engage in the community. To measure the expected
effect of this policy in changing behavior, the local government has set a number of
KPIs, one of which measures QoL stemming from behaviors related to communica-
tion and travel (walking or having diverse travel destinations).
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Fig. 8.4 Example of a logic model for a program designed to encourage elderly people to engage
more in the community
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8.5 Demonstrating the ActiveQoL Concept

To test the ActiveQoL concept, we applied ActiveQoL to a program run by
Kakogawa City, a municipality in Hyogo Prefecture. The program involved running
a seminar for elderly people who were novices with smartphones. The seminar was
designed to help elderly participants master the use of their smartphones, but the
longer-term goal was to give the participants opportunities for communication and
raise their motivation to go out and try new things. The program’s success was
judged by whether changes occurred between before and after the seminar in the
participants’ everyday activities and satisfaction with such. These changes could be
visually represented with a radar chart indicating satisfaction with each everyday
activity (Fig. 8.5). Prioritizing everyday activities with a relatively strong impact on
QoL, the program team uses a plan-do-check-act cycle to evaluate improvements in
the program, evaluate the program’s connections with other programs, devise how
to make the program more effective, and see how it might integrate with other
programs.

After the seminar, the program team used our ActiveQoL-ESM tool to ask par-
ticipants about their everyday activities and their satisfaction with these. However,
because the participants had no experience with smartphones prior to the seminar,
the initial data was collected by means of a paper survey. As both the paper survey
and questions on the ActiveQoL-ESM encumber the participants, the automatic
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data-collection system (as shown in Fig. 8.1) must be urgently developed. The plan
now is to analyze the collected data to identify how the seminar can be improved
and identify other insights for developing effective policies for elderly people.

8.6 Toward Urban QoL-Based Assessment

A key benefit of incorporating ActiveQoL into evaluations of urban programs is that
it can offer evidence to demonstrate whether an expenditure on an activity is cost
effective, particularly because it allows the outcomes of soft programs (programs
involving intangible services such as fitness and wellness programs) to be quanti-
fied; until now these have been difficult to evaluate. ActiveQoL is also useful for
hard programs (programs involving tangible infrastructure). Once the infrastructure
has been built, that is not the end of the story; what matters is how the infrastructure
operates and whether it delivers value to residents. There has been a dearth of tech-
niques for evaluating completed infrastructure projects. ActiveQoL can help address
this problem by quantitatively evaluating how well a piece of infrastructure is
working.

Another advantage of ActiveQoL is that it allows policymakers to configure a
QoL metric by narrowing down only to the target traits. Policymakers could, for
example, narrow down the evaluation to mothers raising children, to residents
who use wheelchairs, or to other demographics that are often overlooked when
policymakers rely on an average score among all residents. Such customization
can help yield insights that can contribute toward community development
that is more sensitive to the needs and problems that affect a minority of the
community.

People in charge of running a city need to have vision for the city (how the city
should be developed and what value it should deliver to residents) and to evaluate
the vision impartially. With no vision, urban policymakers cannot identify with any
precision the target groups whose QoL should be improved, resulting naturally in
average, homogeneous cities. Evaluations must also be objective and impartial. If
surveys are designed in a certain way, they could lead to self-serving evaluations,
in which the evaluator deliberately focuses on a specific group with a dispropor-
tionately high QoL to make a program appear more successful than it really
has been.

If policymakers are fully aware of these pitfalls when evaluating the QoL and
incorporating the findings in a plan-do-check-act cycle for policy design and policy
evaluation, then they will be more likely to achieve their vision for the community
and make their community more distinctive. We urge those involved in urban pro-
grams to remember that their ultimate purpose is to create a society in which resi-
dents are happy and to apply ActiveQoL effectively for this purpose.
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Chapter 9 ®
Human Resource Development for Smart <
Cities

Shin Osaki and Atsushi Deguchi

Abstract Smart cities require human resources for building and operating a system
that covers a variety of specialized fields. These human resources can be divided
into three types: architects, coordinators, and collaborative specialists. Architects
draw out an overall vision of the smart city, lead the coordination of stakeholders,
and oversee the overall project. Coordinators work under architects and ensure that
the collaborative specialists work together to materialize the desired mechanisms
and projects.

Programs that develop such human resources apply both an analysis approach (to
provide broad knowledge on smart cities) and a synthesis approach (to develop the
ability to integrate knowledge and create plans).

It is important to advance human resource development as well as provide gradu-
ates with appropriate work. From this perspective, human resource development
and smart city organizational structure creation are closely intertwined. This
requires not only the training and placement of experts but also education for
improving citizen literacy and living laboratories as forums to collaborate with
citizens.
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9.1 The Human Resources Required for Smart Cities

9.1.1 Cross-Field Jobs for Smart Cities

Smart cities involve programs that are grounded in digital technology and that span
multiple fields, including mobility, environment/energy, disaster management/
crime prevention, wellness/healthcare, and community (Fig. 9.1). In some cases,
digital technology is integrated with a single field, such as combining simulation
with transportation or combining Al with crime prevention. In other cases, digital
technology is integrated with multiple fields. Mobility as a service (MaaS), for
example, involves integrating data between transportation, tourism, and account
settlement.

The above table illustrates how smart cities involve the provision of services that
integrate multiple fields. It also illustrates how these services rely on a digital foun-
dation or platform consisting of an urban operating system, a system for linking
data across multiple fields, and data governance.

Major Field Program theme
category
Mobility Transportatoin/mobility, logistics, transport hubs
Environment/ N -
energy Environment, energy, aquatic resources, waste
Disaster
management/ Disaster management, crime prevention
crime prevention
Infrastructure/ Infrastructure maintenance, urban planning, amenity management,
amenities housing, construction, real-estate
’ Wellness/ :
Service healthcare Wellness, healthcare, nursing care
Agriculture/forestry/fishers, tourism, local economic development,
Industry/economy |industry creation, academic-industrial collaboration, digital
currency/payment, workstyles
: Local community building, community self-governance, social
Community activities
Education/culture |Education, parenting, culture/art
Government/ ; .- . .
administration e-services, digital operation, security
Urban operating system, data-linkage platform, digital
Digital platform communication network, open data, 3D urban model, data
Foundati governance, accessibility
on/ Organizational Public-private partnership, public involvement, transparent
platform  |framework management, monetization
Training and deploying smart-city human resources, programs for
Human resources addressing digital divide

Fig. 9.1 Smart-city fields. (Counselor to the Cabinet Office Director-General for Economic,
Fiscal, and Social Structure, Cabinet Office Secretariat for Science, Technology, and Innovation
Policy 2022)
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Fig. 9.2 Three types of human resources required for smart cities

9.1.2 Three Types of Human Resource Required
Jor Smart Cities

Given that smart cities span multiple fields and also require digital literacy, verti-
cally structured organizational silos are inadequate for coping/responding. Rather, a
cross-field approach and the human resources to coordinate activities are required.
Figure 9.2 shows the three types of required human resources.

First is the human resource to provide the overall leadership and direction for a
smart city. The human resource here sees the big picture and directs all the decision-
making delivering the vision. Their role is to build smart-city architecture with a
comprehensive understanding of the areas covering the foundations/platforms (such
as an urban operating system) to the services. The Cabinet Office has dubbed this
role as that of the “architect."”

Next are the team leaders who coordinate activities between the fields. Inter-field
teams are necessary because smart-city services involve a combination of different
fields. However, these teams will never operate effectively just by gathering mem-
bers specializing in particular fields. That is why people are needed who can play a
coordinating role, mediating between the different fields—namely, “coordinators.”

'The Cabinet Office has defined the architect’s role as that of “masterminding the super city project
as a whole, including identifying the local needs/objectives, drawing up a business plan, and
deploying technological innovation.” This definition was mentioned in the terms for applying for
super city status, denoting that having an architect is a prerequisite for designation. The definition
does not, however, imply that the architect must always be the same party, given that the Cabinet
Office also included the following proviso: “When efforts move from the planning stage to the
implementation stage, the architect may need to be changed (Cabinet Office Secretariat for
Promotion of Regional Revitalization 2020).”
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Third, individuals who are both experts in their own fields and also have some
knowledge of neighboring fields are needed; they must be able to work in coopera-
tion with experts from different fields. They are like the glue flaps for binding the
sides of the paper. This might be a little hard to visualize, so consider a specific
example. Suppose that we are using big data analytics to evaluate the validity of an
urban development plan. In this case, data analysts would need to collaborate with
urban planners. Smooth collaboration will only be possible when we have data ana-
lysts with some grasp of urban planning and urban planners with some grasp of data
analysis. We shall use the term “collaborative specialists” to describe these experts
in such collaboration.

The next section explores in some depth the roles of the architect and
coordinators.

9.2 The Roles of the Architect and Coordinators

9.2.1 The Role of the Architect

The architect is in overall charge of the smart city (or super city). The Cabinet
Office has defined the architect’s role as that of “masterminding the super city proj-
ect as a whole, including identifying the local needs/objectives, drawing up a busi-
ness plan, and deploying technological innovation (Cabinet Office Secretariat for
Promotion of Regional Revitalization 2020).” This means that the architect man-
ages all the processes in Fig. 9.3 (which is based on an illustration that appears in
SIP’s Smart City Reference Architecture White Paper) (Cabinet Office 2023). The
architect performs two processes simultaneously: In one direction in the figure, the
architect identifies the community’s needs and then sets the strategic vision, defin-
ing objectives, setting key goal indicators and key performance indicators, and then
steering the management of the smart city in a direction aligned with this strategy.
In the other direction in the figure, the architect uses data provided by the smart-
city’s assets to plan, deliver, and operate an urban operating system consisting of the
platforms for delivering the services. Thus, the architect has an overall grasp on
both the physical and digital tracks and manages the overall delivery of smart-city
services by coordinating the activities of the stakeholders.

For this role, the architect must be proficient in a wide range of fields. The chal-
lenge lies in the scarcity of individuals possessing such extensive expertise. The
architect, therefore, can engage a small team of experts who complement each oth-
er’s expertise to cover a wide range of specialized fields.

To deliver the vision for a smart city, collaboration and coordination among dif-
ferent stakeholders are necessary. Thus, another key role of the architect is to lead
such collaboration. The architect must, on the one hand, persuade legislative and
administrative bodies (or the redeveloper in the case that the smart city is being cre-
ated in an area for redevelopment) of the merits of the smart city and make the
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Fig. 9.3 General picture of the smart city reference architecture. (Figure adapted from (Cabinet
Office 2023))

arrangements for these bodies to collaborate in the project. On the other hand, the
architect must also bring on board the private-sector stakeholders who have the
necessary technology and resources to deliver the vision for the community. To
meet both of these requirements, the architect must arrange a system that will make
the smart city a viable business proposition and something that serves the public
interest. In some cases, the architect might need to consider creating a collaborative
framework whereby local universities and research institutions are granted access to
research fields, contingent upon their reciprocal contribution of specialized knowl-
edge and research outcomes to the community.

9.2.2 The Role of Coordinators

The role of the coordinators, as set out below, is our own conception of what the role
should be, as the government has not defined this role. Coordinators work with
experts in multiple fields to enact the architect’s vision for the smart city. As such,
coordinators must fully understand the architect’s complete vision and its essence
and then effectively coordinate with experts in various fields to shape the system
and its services.
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The coordinators can be likened to translators. At the time of writing, the term
“smart city” can mean several different things to different people. A smart city may
mean one thing to public officials and another to private-sector workers. The con-
notation may vary between positions in the initiative, such as government workers
and private-sector company employees, and also between healthcare experts, trans-
portation experts, data experts, and so on. It can also vary depending on the person’s
degree of literacy in digital technology or community development. Given the dis-
crepancies in how the word is understood, coordinators must translate and facilitate
mutual understanding among people from different occupations and fields of exper-
tise to drive the project forward.

This coordinating role is essential because smart cities remain in their infancy.
Eventually, when urban operating systems proliferate more widely and the experts
in healthcare, transportation, and other fields have better literacy in digital technol-
ogy and other aspects of smart cities, the project may adequately operate only
among a team of specialists without needing a coordinator.

9.3 Methodology for Human Resource Development

9.3.1 A Three-Tier Pyramid

How, then, do you develop the human resources for the smart city, particularly the
people who will take on the architect and coordinator roles? Granted, this question
may have no single correct answer. However, we have set out the following approach
for gaining insights into a possible methodology for human resource development.

I just mentioned that collaboration may eventually be possible without coordina-
tors once the experts have acquired knowledge and proficiency in digital technology
and related fields. Once we have a solid team of specialists with their glue-flap func-
tion to collaborate with, they will be able to spontaneously play a coordinating role.
If so, then it would imply that specialists working in collaboration are also budding
coordinators. By the same token, once coordinators start to master the ability to set
and execute an overall vision for a smart city, they can start discharging the role of
the architect; a coordinator is therefore a budding architect.

We can therefore see the three roles—collaborative specialists, coordinators, and
architects—as a three-tier “evolutionary” pyramid through which experts in a par-
ticular field ascend. They ascend by collaborating with experts in other fields and
gaining, from such collaboration, the strategic skills (strategic planning, big-picture
thinking, and execution) to implement the smart city as a whole. In this model of
human resource development, we would devise programs designed to help people
reach the next level in the pyramid.
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9.3.2 Analysis and Synthesis

No one has yet established an actual program for training the coordinators and
architects. Neither do we have a clear idea of how these two programs would differ.
However, it would probably be effective in both programs to combine analytical and
synthetic approaches.

An analytical approach dissects the subject matter in question, breaking it down
into constituent components to enable an easier understanding. A synthetic approach
explores and combines (synthesizes) different ideas and knowledge about the sub-
ject matter to generate a logical solution. If a program takes an analytical approach,
it might involve a lecture-style program in which attendees study the specialist theo-
ries, ideas, and knowledge related to smart cities. If a program takes a synthetic
approach, it might involve applying these specialist theories, ideas, and knowledge
to create a hypothetical scenario for building a smart city.

With an analytical approach, the important thing is to master contemporary prob-
lems and initiatives across a wide variety of fields related (or potentially related) to
smart cities. The key point here is that we are training generalists; rather than having
attendees delve into a particular field, we would have them gain a broad understand-
ing of the key technologies and themes spanning multiple fields.

With a synthetic approach, the important thing is to master the ability to
formulate a theoretically coherent plan. Specifically, we would focus on three
target competencies specific to smart cities. These three competencies are
described below.

The first is the ability to engage in demand-side thinking. Whereas supply-side
thinking focuses on what you could achieve with the technology, demand-side
thinking focuses on what the community needs. The purpose of creating a smart city
is to achieve the vision for the community and address the community’s needs, not
to build a smart city for its own sake.

The second is the ability to formulate an audacious breakthrough strategy. Instead
of an elegant all-around strategy that tries to leave nothing out and offend no one, it
is much better to focus on programs that businesses can get on board with and those
that will reach the heart of what residents want. In other words, you need ideas for
getting things moving and ideas that will run by themselves.

Third is the documentary skill—the ability to document information in a format
that is clear and accessible to stakeholders of different positions and interests. I
previously mentioned that coordinators are translators. Documentary skills, then,
are translation skills. Specifically, these are the skills needed to put together a coher-
ent action plan for the smart city. We need people who understand the community’s
strengths and needs and can articulate in plain language how the adoption of smart-
city technologies could create new value for the community.
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9.4 Training for Both Experts and Laypeople

9.4.1 Applying a Human Resource Development Program
and Building the Organizational Infrastructure
to Deploy Human Resources

So far in this chapter, I have presented three types of human resources needed for
smart cities—architect, coordinators, and collaborative specialists—and presented a
model showing these roles as tiers on a pyramid. I then discussed two approaches to
human resource development: an analytical approach, which would involve a
lecture-style program, and a synthetic approach, which would use exercise-based
learning.

However, smart-city developers and local governments are yet to create such a
human resource development program. We therefore considered the possibility of
utilizing learning opportunities provided by universities and other external parties,
including seminars and other programs for recurrent education and reskilling.>

The value of such external programs lies not just in the educational content itself
but in the networking opportunities they offer attendees. Attendees take a step out-
side their usual business milieu and work and think alongside fellow attendees, and
this experience encourages the formation of networks in which everyone is on the
same level. By gaining connections in other fields, other companies, and other cit-
ies, people will share information with each other and continually learn from one
another. This approach will strengthen each person’s abilities, and the synchronistic
drive to keep learning from one another will be crucial in creating a high-quality
workforce for the neighborhood of a smart city as a whole.

In conjunction with efforts to train expert human resources, the local government
should capitalize on the outcomes of human resource development by establishing
a robust organizational framework, including creating new positions within govern-
ment administration that span different fields and establishing a division in charge
of smart-city advancement that involves overlapping fields. It would be a waste to
train up expert human resources but have no positions to deploy the human
resources in.

2One example of a human resource development program relevant to this chapter is the Smart City
School of the University of Tokyo’s Graduate School of Frontier Sciences. This school uses both
analytical and synthetic approaches, with a curriculum involving lectures, round-table discussions,
site visits/experiences, and task-based learning. The school was launched in April 2022. It has a
spring course and an autumn course. The school head is Atsushi Deguchi, from the University of
Tokyo. https://smartcity-school.k.u-tokyo.ac.jp. In another example, the Smart City Institute has
started looking into a possible program for training architects, and the progress of its planning is
accessible for free on its website, which also includes many freely accessible video resources.
https://www.sci-japan.or.jp
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9.4.2 Raising Citizens’ Literacy and Training Leaders

In a time of active flows of personal data on social media, it is also important to
improve public literacy in smart cities—to encourage a correct understanding of
digital technology and data among the public at large. It is especially important to
do so among the target community of a smart-city project in terms of the construc-
tion and development of the smart city. Data plays a central role in efforts to run and
improve a smart city, and when residents know how to use data properly, the smart
city can be run in a more effective and inclusive way.

One way of improving the public’s data literacy is to enhance citizen education
programs. Local educational organizations and community centers can provide
opportunities for the public to learn the basics of interpreting data, learn data analyt-
ics techniques, and learn how to read graphs and charts, with detailed case studies
illustrating how data applications serve in everyday life and contribute to a better
city. You might, for example, have data indicating a rise in reported crimes, but the
response would depend on how the data are interpreted. One interpretation could be
that crime is on the rise amid a breakdown in law and order; another is that actual
crime levels are the same as before, but it is just that with better investigation meth-
ods, there are higher arrest rates (more cases are being counted as crimes).

Another effective strategy is to disseminate digital assistance in a location acces-
sible to residents, as in the example of Kashiwa-no-ha Smart City’s “digital con-
cierge.” By being able to make inquiries about how to use a smart phone or app,
residents will be able to gain better data literacy and engage more with community
services and apps.

It is also essential to improve public awareness about personal data protection
and security. The public needs to know how personal data are collected and used
and what the mandatory safeguards are. Workshops and seminars can raise public
awareness about these matters by informing attendees about the risks of sharing
data and how to address them.

Another strategy is to use data applications to provide real-time updates about
the community; this helps in building a smart (digitized or digitally literate) com-
munity. The data can be graphically represented in a dashboard format to provide
citizens with an intuitive understanding. It is also a good idea to use a dedicated app
that informs users about how the data can be graphically represented, interpreted,
and applied; this will help empower citizens to be more conscious in their use
of data.

Finally, I want to emphasize the importance of citizen participation. When citi-
zens actively participate in urban planning and policymaking, they will share more
feedback data digitally, enabling better decision-making. To encourage such partici-
pation, government bodies should improve the way they communicate updates on
their urban development and community-building efforts. With better communica-
tion from the government and better digital literacy among residents, it will be pos-
sible to make use of tools for interactive citizen participation.
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In summary, critical to the success of a smart city is the task of enhancing citi-
zens’ digital literacy. To create a foundation for building a better tomorrow, smart
cities must encourage citizens to use data effectively through a combination of
approaches, which include education, public awareness raising, visual communica-
tion, and campaigns to encourage citizen participation. Citizens’ data literacy is a
crucial requisite for developing a sustainable smart city, and it also influences citi-
zens’ social acceptance to the smart city, making it a critical determinant of success
or failure. The point that needs to be emphasized here is that, in addition to develop-
ing expert human resources, the local government must also make steady efforts to
improve residents’ data literacy.

9.5 Organizational Framework

9.5.1 Public-Private/Civic-Academic Consortia

When considering human resource development, one must also consider the organi-
zational framework for it. The framework should involve multi-stakeholder collabo-
ration, with stakeholders serving their respective roles. Rather than just having the
private sector involved, the involvement of local government in launching the pro-
grams and procedurally managing the smart-city project will be needed, as will the
involvement of local universities that can engage long term and contribute their
specialized knowledge.

The organizational framework should specify, in a way that reflects the attributes
of the target community, the roles of the public-field stakeholder (local govern-
ment), private-field and civic stakeholders (companies, business operators, resi-
dents), and academic stakeholders (universities, research institutes). To enable
collaboration between the public-field, private-field, and academic field stakehold-
ers, an organization in charge of managing the project is needed, while the key to
bringing local residents on board is a living lab. Figure 9.4 illustrates H-UTokyo
Lab’s model for an organizational framework for smart cities, which is based on the
organizational framework for Kashiwa-no-ha Smart City.

9.5.2 Project Management Organization

At the center of the figure is the project management organization. This organiza-
tion leads the consortium and manages its projects. A smart city requires coordina-
tion across different sectors (data, healthcare, energy, urban planning, and so on),
and the project management organization is responsible for such coordination.
Therefore, an existing project management organization that manages multiple dif-
ferent project themes as a community-based organization, such as UDCK in
Kashiwa-no-ha Smart City or town management organization, is suited for this task.
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If there is no such organization available, then it is worth considering launching one.
Additionally, internal project management may be required within the government.
In such a case, it is a good idea to recruit external experts to help in breaking down
vertical silos cross-sectionally, creating a system for obtaining expert advice, and
creating a cross-sectional division.

9.5.3 Living Lab

The living lab in the figure serves as a space for open innovation (see Chap. 7). In
this space, citizens can participate in the creation of services, ensuring that services
are not delivered unilaterally by a private-field consortium. Remember, the purpose
is to avoid a situation where a consortium delivers services to the community from
the top to down in favor of a situation in which needs are identified from the bottom
up and citizens participate in the creation of the services to address these needs. The
living lab should therefore recruit citizens and users, along with other stakeholders,
so that it can function effectively as a space for co-creation and open innovation.
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It bears repeating that a living lab, as a space for creating new services, is sup-
posed to match citizen needs with private-field seed capital. Living labs could be run
by the public, while others could be privately run. Whatever the format, the main
issue is to ensure close collaboration with other members of the consortium.

Regarding the overall organizational framework, as it is unlikely we could estab-
lish the optimum organizational setup in one go, a stepwise strategy to develop the
organizational framework for driving smart cities will be needed in tandem with
human resource development.
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Chapter 10 )
Data Ecosystem Qs

Soichi Furuya and Atsushi Deguchi

Abstract This chapter explores the concept of a data ecosystem, wherein data from
various domains, such as community-building, transportation, and energy, is uti-
lized to enhance smart cities. By sharing and interlinking data across multiple sec-
tors, new businesses can emerge, establishing data as a pivotal asset for sustainable
urban development. The chapter explores the infrastructure needed to support this
data ecosystem, including networks, data storage platforms, and marketplaces.
Through real-world examples and case studies, readers will gain insights into how
data can be leveraged to improve services, reduce costs, and generate new value in
smart cities.

Section 10.1 explores the utilization of data as a new community resource in
smart cities. In Sects. 10.2 and 10.3, the concepts of a data ecosystem and its data
infrastructure are explained. Section 10.4 outlines various measures and functions
designed to promote data use. Section 10.5 discusses the challenges and impedi-
ments identified through a study conducted in Kashiwa-no-ha Smart City. Section
10.6 examines how data-driven decision-making processes can enhance urban man-
agement and services. Finally, Section 10.7 outlines the future prospects and poten-
tial challenges of implementing data ecosystems within smart cities.
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10.1 Data as a New Community Resource

Society 5.0 is a data-driven society. In several social activities, data will be the basis
for decision-making and the operation of infrastructure. Likewise, smart cities gen-
erate and use data in many different fields (including community-building, transpor-
tation, and energy) with the consent or permission of the parties who have an interest
in the data to improve satisfaction, add value, deliver slick services, or cut waste.

When data obtained in the delivery of a service is used on an ongoing basis, it can
help generate new businesses in the community, making it a valuable resource for
the sustainable operation of a smart city. Crucial to the sustainability of a smart city,
then, is making use of data that spans different organizations and fields and the
active participation of private-field businesses.

When data are increasingly shared and linked across different fields, it will lead
to the formation of a data ecosystem (an economic ecosystem mediated largely by
data). Such an ecosystem consists of data providers and data users. The data users
can be businesses that deliver services to residents (such as transport services or
healthcare). Data sharing can enable these users to improve the services they deliver
or to reduce the costs they bear in delivering the services. The fundamental com-
munity functions and services that enable this ecosystem to work are data infra-
structures. Data infrastructure includes the networks through which data are sent,
the platforms on which data are stored, and the marketplaces where data are traded.
This chapter discusses data infrastructure and the data ecosystem and their effective
application in smart cities.

In addition to discussing how data can be used to generate value, the chapter also
discusses personal data protection and other ethical matters related to the use of
data. These ethical matters are also discussed in Chap. 6—the chapter on data gov-
ernance (one of the six key factors).

10.2 What Is a Data Ecosystem?

A data ecosystem is a set of social connections through which companies and other
organizations share data with each other and through which valuable services are
delivered and the value of such is consumed. This section clarifies how data are
exchanged and used to give readers an understanding of a data ecosystem.

We shall start with the types of data that are sources of value. Several different
types of data exist, but the types that are exchanged include industrial data (data
organizations use in their business operations) and personal data. In some cases,
industrial data was once personal data. The types of data are described below.

Industrial data: This is data generated in the course of work and activities conducted
by an organization. Business operators delivering services related to social infra-
structure (utilities, transport companies, communications services, and so on)
generate and store data about their equipment and operations, along with data
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about the use of their services. Industrial data can also include local government
data, such as local topographic or climatic data and demographic or socioeco-
nomic statistics.

Personal data and databanks: Some data are personal data, namely, data about pri-
vate citizens (individuals and households). The challenge with personal data is
that the person’s privacy and interests must be safeguarded before it is collected
and used. An example of personal data is vital data obtained from sensors that
record the person’s physical activity. Such data has commercial value; it can be
used by healthcare providers for a start. However, while business operators such
as drug companies might be interested in such data, they can scarcely collect the
data by themselves. The process of collecting personal data from a large sample
of people is challenging by itself; on top of that, numerous precautions, ethical
considerations, and processing are needed to be undertaken to safeguard the pri-
vacy and rights of the individuals concerned. Companies will therefore entrust
all or part of this work to a databank (Ministry of Internal Affairs and
Communications 2022). Databanks hold the data of individuals and organiza-
tions, allow use of the data, and then return the profits from such use to the own-
ers of the data.

In a smart city, such data will be used to generate new value. What does this
mean exactly? It means that the use of the data is not retained by the original orga-
nization or individual. It means that the use of the data is extended, with the consent
of the parties concerned, to organizations and purposes other than the original one.
An example is when a supermarket chain or restaurant business decides on when
and where to open new locations based on data that mobile carriers sell, namely,
origin-destination flow data derived from the GPS data in people’s smartphones.

How can the use of such data contribute to the development of local communities
and society as a whole?

Figure 10.1 presents an example of how a data ecosystem can develop around
Al-driven cameras as a public amenity. In this scenario, CCTV cameras have been
installed as an anti-crime measure in several locations in an area with the consent of
citizens and other stakeholders. The cameras provide safety and security, as well as
help prevent crime. They alert security staff when they detect an abnormality, such
as someone crouching down. What else can the data be used for? The camera foot-
age could be analyzed to create data about the flow trends among passersby. If flow
trends are measured continuously, it would be possible to observe flow patterns
specific to certain days of the week, certain times of the day, or certain weather
conditions. This information would prove useful marketing data for local restau-
rants and retailers (Municipality of Copenhagen and Capital Region of Denmark
2018). Using predicted volume of crowd, a restaurant might avoid purchasing
excess foodstuffs. With data showing when a surge in demand is likely to occur, a
business will be better able to gear up for the demand spike and capitalize on the
revenue opportunity. Alongside cameras, LiDAR (a technology that emits a laser
beam to determine ranges and positions of objects) could be used to create a map of
people flows in the target zone and discover the locations where people tend to stop;



142 S. Furuya and A. Deguchi

aoooonn

o785 E e Mgl

Offers residents Supports restaurants’ Local transportation planning
safety and security marketing efforts Outdoor exercise monitoring (healthcare)

Data showing foot
traffic of passersby
(flow data)

Data revealing persons
requiring critical care or
behaving suspiciously

Al camera (installed in more locations)

Data showing foot
traffic of passersby
(flow data)

High-resolution
spatial mapping (e.g., LIDAR)

Fig. 10.1 Example of expanded use of data (Al camera scenario)

this information could serve as basic reference data for effective advertising and
event planning. By organizing community events and providing amenities and
infrastructure (such as benches) in locations where people tend to stop, we can
attract people who enjoy spending time in a comfortable, safe environment.

Unlike in the case of physical objects, data can be replicated with minimal cost,
meaning that a piece of data can generate fresh value repeatedly. What facilitates the
use of such data in the community as a whole is data infrastructure. Data infrastruc-
ture encompasses various functions and measures; building a full set of data infra-
structure is not a good way to facilitate data use. It is necessary to start with a small
ecosystem and then gradually build up the infrastructure in tandem with the growth
of the ecosystem. The measures for doing so are discussed below.

10.3 Social Infrastructure Supporting Data Use:
Data Infrastructure

In the previous section, we mentioned that data infrastructure supports the use of
data. Infrastructure can include the services that underlie social activities, includ-
ing utilities (electricity, gas, and water) and transport services. Data infrastructure,
though, is rather abstract and hard to visualize. To help illustrate the nature of data
infrastructure, Fig. 10.2 compares data infrastructure with electricity infrastructure.
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What do you imagine the electricity infrastructure consists of? It consists of the
following set of processes: Once electric power is generated in a power plant, it is
transmitted across power lines over a long distance. The high-voltage electricity is
then transformed to a lower voltage in a substation and then transmitted through a
local network of power lines (those that are common features of villages, towns, and
cities) to the demand side (residential and commercial buildings). To understand
data infrastructure, one must also understand the contractual aspects underlying the
infrastructure. Herein operates the market mechanism that brokers electricity trans-
actions and balances power supply with power consumption. Specifically, electric-
ity retailers anticipate the total amount of electricity that will be consumed by the
numerous electricity consumers they have a supply contract with and then purchase
an amount of electricity to accommodate this demand. The electricity is purchased
from electricity-generating businesses. Market mechanisms determine the target
volume of electricity generation. The infrastructure also includes functions that
guarantee the quality of the electricity (its voltage, current frequency, and wave-
form) along with safety functions (rules, circuit breakers).

Infrastructure supporting data use has a similar pattern; like electricity, data flow
from data providers to data users, with the data in this case transmitted by network
communications businesses and data centers. Similar to the electricity market, there
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is a market for exchanges between data providers and data users; this is called the
data marketplace. Just as the electricity infrastructure works to ensure the quality of
the electricity, the data infrastructure includes mechanisms for ensuring that data
users can obtain value from the data. For example, data processing businesses pro-
vide technical support, including extracting knowledge from data on behalf of the
user or graphically representing the data. To ensure the data are used safely, func-
tions governing and controlling the proper use of data exist (personal data protec-
tions, for example) inside the framework of operating a smart city.

Below, we have outlined the actors in the data infrastructure, using the electricity
infrastructure as an analogy.

» Data provider: This party provides or sells data according to demand.

* Network communications business: This party provides communication services
across a range of channels (wireless, wired, and cellular), conveying data from
sensors to a data-linkage platform, and then from the data-linkage platform to
data users. This party includes data-linkage service providers who offer data
storage and cross-referencing services.

* Data marketplace operator: The infrastructure might include a function that
matches data providers with data users and also sets the transaction price. It also
assists in creating a new approach to demand—supply matching (through the use
of a needs board, for example). The data marketplace operator might concur-
rently operate as a data-linkage business.

Data use is currently at a stage of searching for opportunities to use data and
methods for using it. The key lies in matching data providers with data users.
However, whereas in the case of electricity, one can walk into a consumer electron-
ics store and pick a range of devices to utilize electricity, in the case of data, the
ways of using data remain underdeveloped, so some extra work is required to match
providers with users.

Several measures exist to achieve this. we have listed some of them below, along
with the parties responsible for implementing the measure.

* Data-use platform operator: This party provides communication functions such
as geospatial data processing, data visualization, and search functions.

» Service-design consultants, app-development consultants: These parties extend
the range of opportunities to use data and design systems and services for service
providers.

* Analytics provider: This party provides the analytics services required for
using data.

» Databank: This party assists in the use of personal data requiring careful han-
dling. A databank holds an individual’s data and allows a third party to use the
data within the permitted scope, ensuring that the data are always used in accor-
dance with the person’s consent (which may include specifying the purpose for
using the data).
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* Area management organization (in the case that the data infrastructure is operat-
ing in a redevelopment zone): This party designs and runs measures to promote
data use and provides governance for appropriate data use (through ethics com-
mittees and other mechanisms).

Because data infrastructure remains in a stage of development, the term typically
connotes the data marketplace and other technical platforms and services linking
data providers and data users. In this chapter, we use the term in a broad sense,
encompassing data providers, networks, data centers, data-use platforms, service
design, app development, analytics, databanks, and data governance.

Because it is not possible to establish the whole data infrastructure in one go, it
is necessary to start by putting in place the central roles and then gradually expand-
ing the functions in tandem with the growth in data use. What, then, are the central
roles? They are explained in the next section. Before that, the following article sum-
marizes the relationship between data infrastructure and an urban operating system.

Column: Relationship Between Data Infrastructure and an Urban
Operating System

How does such data infrastructure relate to an urban operating system?
(Cabinet Office 2023). The relationship is illustrated in Fig. 10.3. An urban
operating system’s core functions include data management and external data
linkage (part of data linkage). These functions overlap with the data-linkage
services in the data infrastructure explained earlier; they are the principal
functions in data infrastructure. As long as these functions exist, data is tech-
nically interoperable between all the different organizational actors. An urban
operating system has, in addition to these functions, functions such as service
linkage, authentication, and service management. Thus, some of the urban
operating system’s functions are also components of data infrastructure.

On the other hand, data infrastructure also includes some functions that are
not generally part of an urban operating system. These include the function of
matching data providers with data users and setting prices (an example being
the data marketplace), as well as the function that offers a new approach to
linking data (an example being a needs board that lists the types of data users
want to use). They also include the data-provider system. As we deem the
data-provider’s system part of the data infrastructure and not part of the urban
operating system, it is (from the perspective of the operating system) an exter-
nal system.

The data infrastructure functions (or the functions that help grow the data
ecosystem) introduced in Sect. 10.4 must be implemented and operated sepa-
rately from an urban operating system. However, insofar as the urban operat-
ing system is a service platform, the functions promoting data use can also
operate as services of the urban operating system.
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Fig. 10.3 Relationship between data infrastructure and an urban operating system

10.4 Data-Flow Functions and Measures for Promoting
Data Use

While one may scarcely notice it in our everyday lives, numerous platform services
for using data have been piloted and commercialized in Japan and around the world.
Many of these services are designed to promote both data provision and data use.
The services include search engines and other data retrieval systems. They also
include community activities that bring together relevant parties.

In our Habitat Innovation project, we analyzed public-domain examples of data-
use initiatives in Japan and overseas in order to gain insights into measures for
promoting data use. We identified 20 types of measures, which are listed in Fig. 10.4.
Some measures involve community-focused activities for enlisting the key stake-
holders. We grouped these activities under the category “anthropological measures.”
Some measures involve IT systems and services. We grouped these activities under
the categories “functional measures” and “interface measures.” We shall outline
each category in turn.

Anthropological measures are particularly important when the data ecosystem is
in its early stages following launch. The key during this stage is to devise and imple-
ment scenarios for data use among the still-small set of data providers and users.
Hence, you would need to use anthropological measures such as organizing events
to motivate the provision and use of data, providing co-creation spaces and com-
munities that use specific types of data, running a citizen-participation program, and
helping volunteers address needs. These measures can be augmented by deploying
the talent who can prepare open data that allow for a wide range of uses and by
incentivizing companies outside the community to participate in the ecosystem;
such efforts will prove effective in bolstering the above measures.

Other anthropological measures include publicly announcing the data owners’
data and clarifying in writing the rights of and benefits for citizens; such measures
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Category Approach Program Example
Anthro- Communicating | Publicly announcing data disclosure [1]
i with societ;
pological y Clarifying, in writing, the rights of and benefits for [1]
measures citizens
Talent Deploying the talent for open data [1]
deployment o o . .
Incentivizing the participation of companies outside [2]
community
Talent Program for training developers [2]
development ) .
Events to motivate the provision and use of data [3]
Community Expanding range of user-oriented functions [3]
building T _ ”
Providing co-creation spaces and communities that [4][5]
use specific types of data
Addressing social | Running a citizen-participation program [1
needs .
Helping volunteers address needs [6]
Exploring use cases [3][7]
Functional Providing Logging tailor-made data in data catalog [8]
complex data
measures with value Providing samples of anonymized citizen data [9]
Data providers Framework for encouraging individuals to provide [10]
personal data requiring protections and considerations
(e.g., the Act on the Protection of Personal
Information)
Design the incentive system (monetary compensation, [10]
points)
Effective support for pricing (with reference to other [3]
transaction prices)
Strengthening Consolidation of data on local needs [6]
stakeholder
relationships Logging and matching users of data catalog [2]
Enhancing data Data users improve metadata (data about the data) [8]
linkage . . . -
Collating datasets to obtain insights for obtaining high- [11]
quality data
Interface Data access/ Cataloging, search engine [11[3]
discovel
measures i Plotting onto a map [1][3]
Providing sample data [10]
Providing data jackets (a summary of the dataset) that [11]
highlight the advantages of the data
Analytics Supporting linkages between applications [1]
Data transactions | Simplifying the data transaction process [12]

Fig. 10.4 Summary of measures for promoting data
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Example Reference
[1]1 NYC Open Data (City of New York 2024)
[2] Hiroshima Sandbox (Bureau of Commerce, Industry and Labor,

Hiroshima Prefectual Government 2024)

[3] EverySense (EverySense 2023a)

[4] Grid Data Bank Lab. (Grid Data Bank Lab. 2024)

[5] Common Platform, Saitama Edn (UDCMi 2022)

[6] Data Science for Social Good Initiative (Data Science for Social Good Initiative 2024)
[7] Okinawa Data Platform (ISCO 2021)

[8] EverySense, SoftBank Corp., NS Solutions | (EverySense, SoftBank Corp., NS Solutions 2020)

[9] Hack My Tsukuba (Tsukuba City 2023)
[10] EverySense (EverySense 2023b)
[11] Innovators Marketplace on Data Jackets (Innovators Marketplace on Data Jackets: The latform

for solving social problems by data cooperation 2024)

[12] Data Marketplace Narrative (Data Marketplace Narrative 2024)
Fig. 10.4 (continued)

will promote greater use of data, raise awareness about participants’ contributions
to the community, and extend the range of activities.

Next are functional activities. What functions of an IT system can complement
anthropological measures? Several system functions can play a role, not so much in
supporting the process of devising ideas for using data but more in supporting pro-
cesses that take place after an idea is pitched. For example, once an idea is pitched,
sample data can be used to show exactly how the idea could be implemented; once
the idea proliferates, a search engine can be used to help people find the right data
from among a vast array of data.

One effective measure, for example, is to provide samples of anonymized citizen
data to promote the development of use cases. In this way, we could, before the data
are received, glean from the data format, data frequency, and density the extent to
which analytics and visualization are possible. Once the ecosystem has grown in
scale to some extent, the following measures will prove useful for developing effec-
tive use cases: consolidation of data on local needs, logging and matching users of
the data catalog, data users improving metadata (data about the data), and collating
datasets to yield insights for obtaining high-quality data.

Once usage proliferates, measures to extend the range of the activities should be
undertaken, such as providing a framework for encouraging individuals to provide
personal data requiring protections, incentivizing data provision (monetary com-
pensation, points), and providing effective pricing support. These measures will be
demanded by many users.
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Finally, there are interface measures, which are designed to ensure the effective
use of data, especially when there is a large array and volume of data. These mea-
sures include providing cataloging and search engine functions covering all the
available data, functions that plot data onto a map, providing sample data, and pro-
viding data jackets (a summary of the dataset) that highlight the advantages of
the data.

It would be neither efficient nor effective to launch all these anthropological,
functional, and interface measures for facilitating the ecosystem in one go. It is far
better to implement them gradually, in tandem with the growth of the ecosystem.
During the ecosystem launch phase, it is important to fully verify each data-use case
one by one to ensure that they can be rolled out effectively. This entails prioritizing
anthropological measures that generate data-use cases. Next, once the range of data
providers and data users has increased, improving the usability of the available data
and providing ongoing procedural support related to the use of the data should be
the focus.

10.5 Data Provider and Users’ Needs and Impediments

In the previous chapter, we discussed measures for facilitating the growth of a data
ecosystem. In that discussion, we had envisaged a generic, hypothetical local com-
munity. When it comes to the use of data in an actual community, what challenges
and impediments will arise in growing the ecosystem? In our Habitat Innovation
project, we asked Kashiwa-no-ha Smart City Consortium about the motives, the
purposes, and the impediments to using data. We shall discuss the results of the
study in this section.

We conducted the study in 2022. We asked Kashiwa-no-ha Smart City Consortium
and related organizations questions in an online survey and obtained 25 responses.

The first question concerned motivation; respondents were asked to describe
what they, as a data provider or data user, hoped to achieve by using data. Most
respondents were business operators, so we assumed that they would see a data
ecosystem as an opportunity to grow their business or make a profit from data.
However, the responses confounded these expectations (see Fig. 10.5). The top
motivation for using smart-city data was to contribute to the community (such as to
help the community thrive or address the needs of citizens). The second biggest
motivation was to collaborate and innovate with other organizations. Far fewer
respondents, by comparison, cited a motive directly related to making a profit for
their own organization (making a profit from data or capitalizing on an opportunity
for business growth).

To gain further insights into the strength of motivation, the next two questions
asked respondents to rate their degree of interest on a 5-point scale. The first ques-
tion asked respondents to rate their interest in data accumulated in any given smart
city (the question did not specify any particular smart city). We determined that the
level of interest in using data was generally high. The second question referred to a
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Motivation for using or providing data

0% 25% 50% 75% 100%

To obtain profit from the data
generated by our organization

To collaborate and innovate
with other organizations

To gain an opportunity to expand
our business in the smart city

To help the community thrive
To address residents needs

Other

Respondents were more likely to cite collaborating and
innovating with other organizations, helping the community
thrive, and addressing residents needs as their motivation
than they were to cite a profit-making motive.

Fig. 10.5 Distribution of responses about key motivations for providing or using smart-city data
(multi-choice question format, N = 25)
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5-point scale: From “not interested at all” to “very interested”

Fig. 10.6 Variation in degree of interest in using data: comparison between responses for smart
cities in general (top) and those for a specific project (bottom)

specific smart city; it asked respondents to rate their interest in using data specifi-
cally in Kashiwa-no-ha Smart City. The results indicated a slightly lower degree of
interest compared to that obtained for the previous question (Fig. 10.6). These
results imply that while businesses are interested in using data in general, when it
comes to using data in a specific community, problems in generating and imple-
menting ideas for specific data use may arise.

The next question asked data users about the impediments they face in using
data. The responses are shown in Fig. 10.7. Respondents were most likely to say
that they had no idea of how to use the data. Other answer options with a large num-
ber of responses were “We are worried about whether we would have proper autho-
rization to use the data or whether we could safeguard personal data properly” and
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Question: When using the data (Kashiwa-no-Ha data),
what problems do you experience? (multi-choice)

0% 25% 50% 75% 100%

We have no problems that require data to solve. 16% A. Problems in the
case where there is
no interest in using t
We see no benefit in using the data. || 4% he data

N/

We do have issues that need solving,
but they cannot be solved by using the data.

We do have issues that need solving, 0%
but we do not know how we should process the data. B. Specific problems
in the case where
there is interest in

We do have issues that need solving, i e

but we lack the expertise and human resources.

We do have issues that need solving,
but we can find no relevant data.

e do have issues that need solving,but there is so much
\____relevant data that we do not know which data to use.

[ Weare worried about whether we would have proper

authorization to use the data or whether we could 36% C. Procedural and
. safeguard_ personal dat‘a prop_erly. et.hicrglcgroltj)rlgn?sn
We are worried about the risks of breaching ethics or 36%
L creating a scandal in our use of the data.

The costs of using data outweigh the benefits. 32%

D. Cost problems

We feel that the process for purchasing
payable data is too complicated.

We are interested in using data,

409 E. Idea problems
but we have no idea how to use it.

Other

Fig. 10.7 Distribution of responses regarding issues experienced in the use of data

“We are worried about the risks of breaching ethics or creating a scandal in our use
of the data.” Another popular response was that the costs outweigh the benefits.

The procedural and ethical problems that many of the respondents cited com-
prised two issues: the need to ensure the user has the proper authorization and nec-
essary safeguards for personal data, and the risk of ethical breaches or scandals. The
high level of concern we observed for these issues is closely related to two other key
factors: social acceptance and data governance.

The final question asked data providers about the problems that impede them
from providing data. The responses are shown in Fig. 10.8. The most commonly
cited problem was concern over whether the user would have proper authorization
to use the data and whether it could safeguard personal data properly. Thus, helping
businesses address this issue could encourage the use of data in the community and
its provision.

The next most commonly cited response was “we are unsure of what data to
provide.”
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Question: When providing your organization’s data to Kashiwa-no-Ha,
what problems do you experience? (multi-choice)

0% 25% 50% 75% 100%
|
( 'A.Problems in cases
We cannot provide the data. 8% where there is no interest
L in providing the data
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We are unsure of what data to provide. [N 36%
B. Specific problems
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but we lack the expertise to do so. B 8% there is interest in
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We are interested in providing data,
but we cannot spare the human resources. I 24%
L

We are worried about whether the user will have I
the proper authorization and properly .
safeguard personal data. 747y C. Procedural and

ethical problems

We are worried that a scandal might ensue

if the data we provide are made public. H 28%
.

The costs of providing the data outweigh the benefits. 24%

D. Cost problems

We are unsure of how to price
the data we would provide. 16%

Other h 8%

Fig. 10.8 Distribution of responses regarding issues experienced in the use of data

From the results of our study, we derived two measures for encouraging the use
of data.

10.5.1 Measure 1: Support the Generation of Ideas for Using
Data to Address Community Needs

The purpose of this measure is to help stakeholders generate ideas for using the data
to address community needs. The study revealed that while some 70-80% of respon-
dents wanted to use the data to contribute to the community (to help it thrive or to
address the needs of citizens), the most commonly cited impediment to using the
data was the lack of ideas on how to use it. To help generate new ways to use data,
we suggest presenting specific needs from the perspective of citizens, considering
how these needs can be addressed, and then linking this discussion with a showcase
of examples of data use relevant to the attributes of the data in question. It would
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also be effective to hire a consultant to assist in the process of thinking about the
data and ideas for using it, or to use a living lab (see Chap. 7 for more on liv-
ing labs).

10.5.2 Measure 2: Support from the Party That Wants
to Use Data

The purpose of this measure is to encourage the party that wants to use the data (as
opposed to the party that wants to provide it) to communicate their demands to data
providers in order to help create more data-use cases. The second most commonly
cited problem among data providers was that they were unsure of what data to pro-
vide. We also found that organizations tended to show greater interest in using the
data than in providing it. Therefore, when the party seeking to use the data com-
municates their specific requirements to solve a particular problem, data holders
will have a better idea of the value of the data they hold, contributing to a mindset
that is more willing to provide data.

Another potentially effective measure is one that relates to data governance,
which is one of the key factors. The measure is to create a framework in which
people can easily check whether the data have the necessary authorizations and
privacy safeguards. Both data users and providers expressed concerns about pro-
cesses and ethics. These fears can be addressed by providing an approachable
helpline whereby parties who want to use data and those that want to provide it can
seek expert advice about these concerns. Alongside this, providing an FAQ page
might help lower the hurdle for newcomers. These measures relate to two other key
factors: social acceptance (see Chap. 5) and data governance (see Chap. 6).

In Kashiwa-no-ha Smart City, Al cameras are used to analyze footage and moni-
tor foot-traffic trends at a number of locations in the area (UDCK Town Management
2021). In our Habitat Innovation project, we have launched two programs to encour-
age the use of this data. The first involves co-creating services with citizens in a
living lab. The second involves using data-visualization tools for prototyping tools
and piloting measures for encouraging their use.

In the first program, the participants pitched ideas about the kind of applications
they would like to see and the kind of data they would like to obtain from the Al
cameras. However, since no such data existed at the time of the workshop, it was
hard to advance to a discussion of how the ideas could be turned into feasible ser-
vices. We therefore prepared sample data for the ideas (for example, we prepared a
sample of data about dog walkers, one of the ideas being about a service for dog
walkers) and used tools to visually represent the data. Of the measures for encourag-
ing data use, this program corresponded to the measure of providing sample data. In
this program, we reaffirmed how important providing sample data is in generating
ideas for using data, and we also learned about the importance of tools for effi-
ciently generating sample data.
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10.6 For Continuous Value Creation

For the final part of this chapter, we shall continue the discussion about the outlook
for the Al camera initiative mentioned at the start. To recap, the cameras were ini-
tially installed to safeguard the security of residents. However, their use was later
expanded after more cameras were installed and LiDAR was deployed to enable
precise monitoring of foot traffic. The cameras were now being used not just for
security but also for informing efforts to facilitate production of interesting events
and amenities where they were needed, thereby enhancing comfort and safety of the
community. Figure 10.9 shows a value loop in which data are used with the consent
of citizens to create services that deliver value back to them. The use of foot-traffic
data does not need to stop there. Its usage could be extended into the traffic and
healthcare fields; for example, it could also be used to predict traffic congestion
hotspots so that the congestion can be eased or for generating insights about what
health management services could encourage people to walk about comfortably.
Conceptualizing such foot-traffic data as a seedling in an ecosystem, we discussed
how the ecosystem can be grown.

Growing the ecosystem requires more than simply laying down the infrastruc-
ture; it necessitates choosing measures for promoting data use and implementing
the measures effectively. Specifically, in the early stages, focusing on platform func-
tions and analytical functions is less of a priority than devising, implementing, and
evaluating use. While the effects may be limited, implementing use cases is
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Fig. 10.9 Vision of a data ecosystem that develops from Al cameras
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relatively straightforward and gives stakeholders a chance to see for themselves how
the data can be used; from there on, the process can gain traction.

Then, as the range of data-use cases expands, attention may be directed on lever-
aging infrastructure functions to mass produce some of these data-use cases. The
task of exploring data-use cases for this purpose should not be undertaken just by
the consortium members or the target community; it is important to solicit ideas
from a wide range of parties.

When we talk of continuous value creation, what does “continuity” mean? Does
it mean that a service that seems to be working effectively should be delivered in
perpetuity? If a service is benefiting citizens, it should obviously be continued, but
there is no guarantee that a particular need will remain forever. Given that needs
change over time, continuity must mean adapting to the changing needs with the
right kind of metabolism in services. Leaving aside the matter of whether citizens
are aware of the needs in question, it is the citizens, as the real beneficiaries of the
data, who judge whether or not a service is valuable. It is therefore necessary to
engage with the citizens when evaluating or refining existing services, when intro-
ducing new programs, and—when necessary—replacing services.

The process of continuously creating value is iterative: Once the outlook becomes
clearer, the first step can be taken—something that can be done with just a small
team. The benefits of this first step can be shared with both the service providers and
the citizens, and then the activities can be expanded slowly but surely.

10.7 From Key Factors to Applications

In Part II (Chaps. 4, 5, 6, 7, 8, 9, and 10), we discussed the six key factors (social
acceptance to the data ecosystem) with reference to the research findings of
H-UTokyo Lab. Here, it is worth recapping the two main ways in which the six fac-
tors are important.

First, the six factors complement the Society 5.0 reference architecture by pre-
senting a construction method and delivery roadmap. Second, they are necessary for
building a people-centric, sustainable smart city.

In Chap. 2, we discussed how, with smart-city projects underway in Japan and
around the world, we are in the midst of a trend whereby digital technology and data
are being used to transform cities. we also argued that the key factors have an impor-
tant role to play in ensuring that these smart-city projects, to which so much finan-
cial resources and labor are being devoted, do not end up a passing fad.

Across Japan, we witness repeated efforts to promote smart-city initiatives, with
national subsidies being provided for rollout or experimental projects. The focus
here tends to be on ensuring the continuity of the business or service itself. However,
the critical question for any smart city is how these undertakings can be sustained,
either as integrated smart-city services or as an accumulated set of services that
operate independently of each other. The six factors need to be applied effectively
to pave the way toward a sustainable smart city.
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However, the key factors are not projects in and of themselves; they are things
that accompany the actual efforts to develop smart-city businesses and services. The
challenge, then, in a project to create a people-centric, sustainable smart city is to
work out the delivery of the project in a way that addresses actual community needs
and how the Society 5.0 principles can be applied to these needs. Therefore, there is
a need to see some application cases illustrating how the key factors should be
applied.

To that end, Part III (Chaps. 11, 12, and 13) presents three projects (“public dia-
log in data-driven urban planning,” “smart aging,” and “value-creating infrastruc-
ture management”) to illustrate smart-city themes that are common across Japan
and how the key factors can be applied to each of these themes in a way that aligns
with the principles of Society 5.0. Each of the projects was led by the H-UTokyo
Lab. We hope they will serve as useful application cases, guiding efforts to apply
data to an existing problem in the target city or community in a way that seamlessly
integrates cyber and physical spaces—or, to use the phraseology of the 5th Science
and Technology Basic Plan, addressing the problems with “the high degree of merg-
ing between cyberspace and physical space.”
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Chapter 11 )
Project 1: Public Dialog in Data-Driven e
Urban Planning

Shin Osaki and Yuki Igeta

Abstract This chapter contains two case studies around Public Dialog in Data-
Driven Urban Planning.

The first case is about data visualization. The visualization and the dialog around
it inspired ideas and feedback from local stakeholders. This suggests that a data-
driven city is not just led by smart city operators but also by the community with
appropriate data representations. We have seen the rise of a kind of community-
level, grassroots leadership, which we should perhaps dub data-driven local
management.

The second case is about hybrid (online and offline) approach to the public dia-
log. The hybrid approach can throw open the doors to people who were unable to
participate in conventional in-person workshops. Our workshops were attended by
graduate students, housewives, and other people who were participating in commu-
nity building for the first time, via social media. Hybrid dialog increases the range
of participation and thus the range of perspectives represented.

From our observations about data visualization and public dialog, we concluded
that combining the two into a single platform will help diversify the range of people
participating in data-driven local management. Under these conditions, public dia-
log will go beyond the task of simply gaining public consent toward a proposed
intervention and become a step toward a more creative and more grassroots form of
community building.

Keywords Data-driven urban planning - Data-driven local management - Public
space - Hybrid public dialog - Digital communication platform
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11.1 An Attempt at Data-Driven Urban Planning
During Covid

11.1.1 The Value of Public Dialog in Data-Driven
Urban Planning

One type of smart-city initiative involves data-driven urban planning. In the process
of planning new urban programs, one will use various kinds of urban data to make
evidence-based decisions. The wide-ranging urban data includes foot-traffic data,
vehicle-traffic data, and density data obtained from laser sensors or Al cameras;
environmental data and energy data obtained from sensors installed in urban infra-
structure; and purchase data obtained from electric payment services (with the
user’s consent). These datasets can be combined to simulate the possible outcomes
of proposed urban programs, enabling judgments and decisions about these pro-
grams to be based on some degree of evidence. Until now, these simulations of
future scenarios have been conducted through pilot programs. This approach enables
the extensive preparation and testing processes to be streamlined and to base the
tests on a range of hypotheses.

However, even if a huge array of data is cited to demonstrate the reasonableness
of the intervention in question, as long as a top-down approach is taken, with deci-
sions in closed-off settings, one is unlikely to gain public support. It is better to
make the data public in a format that is visible and plain and to provide an interface
for public engagement (opportunities for dialog) so that the program is advanced in
a way that the public can support; this process is essential for ensuring social
acceptance.

11.1.2 Two Covid-Era Projects to Encourage Public Dialog

Matsuyama City in Ehime Prefecture is working to become a data-driven city. Some
years ago, Matsuyama City and Urban Design Center Matsuyama (UDCM) started
using urban data to simulate programs. In the year that ended March 2018, we
(H-UTokyo Lab) started developing a tool and method for facilitating dialog with
the public.

We started engaging in the planning efforts in the year ending March 2021, when
the Covid-19 crisis arose. The pandemic had forced Matsuyama City and UDCM to
postpone data collection and various preparations in Matsuyama. They had hoped
the project could be undertaken in outdoor settings to avoid the three Cs (closed
spaces, crowded places, and close-contact settings), but the data users (parties
involved in a shopping arcade) were struggling amid the lack of expert know-how.
They then requested our assistance.
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In view of the situation on the ground, we launched two projects simultaneously.
The first project was designed to assist in the use of outdoor spaces where the three
Cs (closed spaces, crowded places, and close-contact settings) could be avoided. We
launched this project on the belief that we could encourage the use of outdoor set-
tings by collecting outdoor foot-traffic data and then visualizing the data so that it
could be used to guide discussions. The second project involved an online tool for
facilitating public dialog. We launched this project on the belief that we could incor-
porate into public dialogs the advantages of online communication tools such as
Zoom and other videoconferencing apps that had rapidly proliferated in the
pandemic.

In the map of data-driven city planning (Fig. 11.1), the first project corresponds
to data visualization, while the second corresponds to public dialog. These two pro-
cesses should ideally be undertaken as part of a series, but because the pandemic
had disrupted plans for on-site activity, they had to be undertaken as separate proj-
ects. This chapter introduces each project in turn, but please bear in mind that the
projects should ultimately be incorporated into a single planning cycle for a data-
driven urban city and undertaken in tandem with one another.
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Use the data, build consent, and
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Fig. 11.1 Conceptual map for data-driven urban planning. (Ministry of Land, Infrastructure,
Transport and Tourism 2019)
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11.2 Visualizing Data Pertaining to Outdoor Public Spaces

11.2.1 Growing Interest in Outdoor Public Spaces:
Background to the Project

Before the pandemic, outdoor public infrastructure (such as roads and public parks)
had been garnering increasing attention for its role in creating a livable and thriving
community. There were a number of models for using outdoor public spaces;
New York (NYC DOT 2024) and Barcelona (Barcelona City Council 2024), for
example, provided open cafes and organized art and music events in streets and
public parks. Japan had also been arranging conditions for greater use of outdoor
spaces by relaxing the criteria for having exclusive use of a street, for instance!
(Ministry of Land, Infrastructure, Transport, and Tourism 2020). After the pandemic
arose in 2020, the use of outdoor spaces received all the more attention globally
amid the need to maintain economic and recreational activities while avoiding the
three Cs.

Against this backdrop, we launched a project to promote the use of outdoor
spaces as part of the data visualization theme in the cycle of data-driven urban plan-
ning. This project involved obtaining data on foot traffic in outdoor public spaces
and data on the use of such spaces, visualizing such data, and then sharing it with
the public and other stakeholders to gain insights into how outdoor public spaces
can be used. Described below is a case that took place on Hanazono-machi Street in
Matsuyama City, Ehime, between August and October 2022.

11.2.2 Overview of Hanazono-Machi Street (in Matsuyama
City, Ehime) and the Study

The study was conducted on Hanazono-machi Street, a street in the center of
Matsuyama City, Ehime Prefecture. The street is 40 m wide and 250 m long and
connects Matsuyama City Station (on the Iyotetsu network) with Matsuyama Castle
(Horinouchi Park) (Matsuyama City 2018). Prior to 2017, the street had three lanes
for motor vehicles (one of the three lanes being a side road) in both directions. In
2017, the street was reopened with the three lanes in each direction consolidated
into a single motor-vehicle lane in each direction, freeing up space for pedestrians
and also creating a picnic area and other spaces where people can stop by or
hang out.

UDCM and local shopkeepers placed portable tables and chairs in the picnic area
and around the fixed benches so that anyone could access the amenities as they

'In June 2020, the Ministry of Land, Infrastructure, Transport, and Tourism relaxed the criteria for
roadside restaurants and other premises to occupy the sidewalk outside to support businesses
affected by the pandemic (Ministry of Land, Infrastructure, Transport, and Tourism 2020).
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Fig. 11.2 Site of data collection (where the surveys were conducted)

desired. In September 2017, the revamped area held a marketplace event called the
Ojoka Marche (Ojoka Marche website 2023). This was to be the first of many events
run by local stakeholders: every Saturday, the area holds the Hanazono-machi farm-
er’s market (Maipure (Matsuyama, Iyo, To’on, Matsumae, Tobe) 2023). Every
fourth Sunday, the Matsuyama Hanazono Sunday market is held (Website for
Matsuyama Hanazono Sunday Market 2024).

Our study focused on the eastern side of Hanazono-machi Street (the side where
the picnic area and street furniture are located). We obtained data on how this space
is used. Our data collection method was as follows.

We first used LiDAR to obtain data on people’s behavior. LIDAR has minimal
privacy issues because it does not record individuals’ faces or voices as a video
camera would; instead, it tracks people’s movements by emitting a laser and timing
how long it takes for the reflected light to return from the target. It is also able to
map the movements of all individuals who enter the scanning range, meaning that,
compared to GPS or Wi-Fi, its measurements will be much closer to the actual num-
ber of people. Moreover, compared to the method of having a member of the survey
team use a manual foot-traffic counter, LiDAR can store continuous data showing
people’s precise movements. These advantages made Lidar suitable for obtaining
insights about the use of outdoor public space.

Next, we obtained environmental data. These data were obtained in a heat survey
in which a heatstroke meter was used to measure temperature, humidity, and a heat-
stroke index. We collected these data because temperature and similar environmen-
tal conditions significantly influence people’s outdoor activities. Finally, to
supplement the data, a questionnaire survey was administered to people using the
site (Figs. 11.2 and 11.3).

11.2.3 Features of Public Spaces that Encourage
People to Stop

To encourage outdoor activities, this project used data to demonstrate the environ-
mental settings that increase the likelihood of people hanging out in Hanazono-
machi Street. We focused on hang-out behavior because it can serve as a metric
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Fig. 11.3 Left: Location where the LiDAR mobile kit is installed, Right: LIDAR’s 3D mapping of
pedestrians

Default configuration Uncovered furniture Covered furniture

Fig. 11.4 Three configurations for the hang-out space (Left: Default configuration. Middle:
Uncovered furniture. Right: Covered furniture)

indicating that the public outdoor area is being used as a place for dining, resting, or
other forms of recreation. When we analyzed the data, we identified environmental
features that encourage people to stop by or hang out in the space. Two of these
features are described below.

First, we found seasonal variation in the public space configuration that will
attract visitors. During the study, we changed the configuration each day, cycling
between three different configurations (Fig. 11.4), and counted the number of visi-
tors; a “visitor” was defined as a pedestrian who stays in the picnic area or bench
area for at least 60 s. In August, the daily visitor total was highest on days when the
space had covered furniture (tables and chairs covered with canopies). In October,
this configuration had the opposite effect; visitor numbers were highest on days
with the “uncovered furniture” (tables and chairs without canopies) configuration.

We observed similar results for duration by hourly time slot. In August, the dura-
tion of stay during 12:00-13:00 (when the midday sun was beating down) was ten
times longer in the case where canopies were present compared to the other cases
(“/default” or “uncovered furniture”). In October, the duration was longer with the
“uncovered furniture” (no canopies) configuration (Figs. 11.4 and 11.5). Predictably,
canopies are preferred during the summer, while people prefer the absence of cano-
pies in early autumn.
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Fig. 11.5 Average visitor count and total visit duration in August and October 2022, by space
configuration

Second, we observed considerable variation in visiting patterns (purpose and
duration) between weekdays and event days. Visitor numbers were much higher on
event days (Sundays) than they were on weekdays, but event days were associated
with a shorter average duration of stay per person. On event days, we observed
groups of people consuming takeout food purchased from a mobile food kiosk.
Each group would soon leave, and another group would take its place. Thus, on
event days, people were mainly looking for a place to consume refreshments, with-
out needing to stay there for a long time. By contrast, on weekdays, we observed
people staying for longer periods, working on a laptop, or waiting for someone.
Thus, on weekdays, people were looking for a place to relax.

These trends remained consistent across August, September, and October. Thus,
varying the spatial setup between event days and weekdays will make the space
more accessible to users. For example, for event days, it would be a good idea to
provide bendable benches. On weekdays, it would be a good idea to provide power
outlets for laptop users.

In Fig. 11.6, we plotted durations of stay onto a map. The map reveals that dura-
tion of stay is associated with location of stay within the area: Short-stay visitors
were distributed broadly across the whole area but had a relatively high
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Left: Spots where people stayed for 1-3 minutes
Right: Spots where people stayed for longer than 3 minutes

Fig. 11.6 Clustering in area by duration: event days in September

concentration around the intersection. By contrast, long-stayers were concentrated
in spots some distance away from the intersection.

11.2.4 Using Data Visuals to Facilitate Public Dialog About
Outdoor Public Spaces

After analyzing and visualizing the data in this way, we began a dialog with
Hanazono-machi Street stakeholders. Our purpose was to demonstrate the hypoth-
esis that sharing visualized data with stakeholders can offer them fresh insights
when they are discussing how outdoor public space can be better used. As antici-
pated, after the objective visual data was presented, a constructive discussion
ensued, devoid of any digressions or rambling speeches. We also observed the
potential for the data visuals to spark new ideas for discussion, including an idea for
fresh data proposals. I shall introduce three examples of discussions on the use of
outdoor public spaces with the owners of shops along Hanazono-machi Higashi
Street and other stakeholders that ensued after the study.

Several of the stakeholders were already under the impression that, on weekdays,
the hang-out area of Hanazono-machi Street is used not as a brief resting space but
for medium and long durations (for work or as a place to wait for someone). When
they were presented with data confirming that this was indeed the case, the stake-
holders started discussing a branding/differentiation strategy for Hanazono-machi
Street, including the idea of promoting Hanazono-machi Street as a place where
people can hang out for longer periods compared to other shopping thoroughfares
in the city.

The second discussion concerned the canopies covering the tables and chairs.
The stakeholders had expected that providing canopies in summer months would
encourage people to hang out in the area, and the data confirmed this assumption.
After the data visuals were shared, the discussion shifted away from the matter of
whether or not to provide canopies to how the canopies, if provided, should be used.

The third discussion concerned an idea for data linkage. Shopkeepers suggested
that the data could be combined with sales data to identify uses of the space that
could contribute to sales revenue. It was agreed that such analytics would provide a
valuable resource for exploring ways to use the public space.
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Thus, from our experiment with public dialog, we learned that presenting objec-
tive visuals that corroborate the stakeholders’ subjective perceptions of a matter can
contribute to a discussion in which everyone is on the same page, and that present-
ing visuals on patterns of hanging out in the area can inspire new hypotheses and
new ideas for further data acquisition.

11.2.5 Data Visualization as a Community-Building Process

I shall end this section by discussing data visualization as a process for community
building, including what we learned about organizing and running such visualiza-
tion and the outlook for engaging in such visualization.

Data visualization involves obtaining and analyzing data and then presenting it
to stakeholders to facilitate dialog. Insofar as data visualization is a community-
building process, it should involve a continuous cycle of collecting, analyzing, and
sharing the data; rather than being a one-off visualization for a single place and
time, the cycle for several locations over several months or, if possible, years should,
ideally, be repeated. Thus, the survey method would need to be made as efficient as
possible and who is responsible for conducting it and who bears the costs should be
considered. In the case of Matsuyama City, it was only after conducting a continu-
ous survey for 3 months that we gained sufficient data for the visualizations and
analysis that would stimulate an in-depth discussion among participants; having
3 months of continuous data meant we could account for seasonal and climatic fac-
tors as well as days of the week and intraday time. We identified issues concerning
the organization and running of the data-visualization process: In this process, we
relied on the support of many stakeholders; as our study made use of all the tempo-
rary apparatus, setting out the apparatus in the morning and clearing it away in the
evening proved very onerous, time-consuming, and costly.

As for the outlook, data visualization is an effective tool for managing outdoor
public spaces, and thus it will become increasingly important in the years ahead. In
the case of Matsuyama, LiDAR measured foot-traffic data proved effective in ana-
lyzing use of the space. When foot-traffic data, instead of being used in isolation, is
combined with environmental data (temperature, humidity), revenue data from the
shops along the street, questionnaire survey data, and other datasets, it can lead to
even more effective evaluation and enable more effective planning for a data-
driven city.

Since the pandemic, people have placed more value in outdoor public spaces,
and this trend is likely to continue. With the consent and support of residents, shop-
keepers, and other stakeholders, data visualization can stimulate communication
and encourage better use of outdoor spaces.



170 S. Osaki and Y. Igeta

11.3 Hybrid (Offline-Online) Public Dialog

11.3.1 The Potential and Limitations of Online Dialog Tools

The pandemic prompted a dramatic rise in videoconferencing. Videoconferencing
offers many benefits, such as allowing people to participate remotely in dialog with
the touch of a button. However, some interactions will always be better in person.
An in-person format is preferable when brainstorming ideas or discussing some-
thing in depth. We are also seeing the rise of privately organized online get-togethers,
but many feel that people can only really communicate closely when meeting
in person.

What is the potential and what are the limitations of online dialog? If we could
see the boundary lines, could we then incorporate all the advantages of an online
format into the process of public dialog in urban projects?

The difficulties of holding in-person public dialog were apparent in pre-pandemic
times (at least to me and colleagues): We would struggle to gather together enough
people; end up with the same kind of people turning up each time; and the results of
the discussions, instead of being disseminated, would get buried. This will probably
sound familiar to anyone who has been involved in public dialog. Online tools offer
anew approach to public dialog, although they still require expertise and experience
in in-person public dialog. What is the potential of this new approach?

11.3.2 Three Hypotheses on Online Public Dialog

Figure 11.7 shows three hypotheses regarding the potential of online tools in public
dialog. The first is that online tools will make public spaces more open. With PCs,
tablets, or other devices hooked up to the Internet, participants can attend meetings
remotely. The second hypothesis is that online tools will increase the range of par-
ticipation styles. By and large meetings can remain in person but provide alternative
options for participation, such as allowing them to post text-based comments and
ideas or allowing people to participate passively (by just observing the proceed-
ings). The third hypothesis is that online tools can make the discussion process more
transparent. When discussions are held digitally from the start, the time and effort
of manually recording the proceedings are saved, the meetings can be uploaded to
the web seamlessly, and the record of the discussions (such as who said what and
when) can be published without any gaps.

Can these hypotheses be demonstrated in reality, and if so, under what condi-
tions? To test the hypotheses, we organized a dialog with an online videoconferenc-
ing system with the support of Mimiguri, a creative consultancy with expertise in
running workshops with online tools, in Ehime and Tokyo.
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Fig. 11.7 Three hypotheses

11.3.3 Two Zoom-Based Workshops to Test the Hypotheses

The first online workshop we held was with people living around the University of
Tokyo’s Hongo Campus (Bunkyo, Tokyo). People were working or researching
from home amid the pandemic, which would have had devastating ramifications for
restaurants and shops around the campus. The topic for the meeting concerned the
effects of the pandemic in the neighborhood. The online meeting was held using
Zoom. The meeting was attended by four students from the University of Tokyo and
13 members of the public. The workshop could be accessed from nine prefectures,
of which Nagasaki was the furthest away from the University of Tokyo (Fig. 11.8).

Each participant could play one of three roles: director, commentator, and audi-
ence. A director led the discussion. A commentator contributed ideas and engaged
in dialog. An audience member listened as a third party and occasionally posted text
comments on the chat box. This setup was designed to let participants choose a
participation style that suited their personality and the degree of burden they were
willing to shoulder. In a post-workshop questionnaire, all respondents agreed, and
90% agreed strongly, that having multiple options for participation style was
valuable.
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The participants view a street image provided by a member of staff on location.

Fig. 11.8 Scenes from the workshop on Hongo Campus

S. Osaki and Y. Igeta

Itinerary for online workshop

Intro

Knowing

Creating

Summary

Icebreaker, practice
using tools

Briefing on purpose

Talk session about
data-driven
community
building

Shin Osaki (a member of
H-UTokyo Lab) held a dialog
with researchers from Hitachi
while referring to a CityScope
demo session, which was
organized by Mimiguri.

Virtual walking tour
with Google Street
View

Each team had virtual walking
tour to gain insights into
Matsuyama City.

Presentations

Research plan

With these insights, the
teams pitched ideas for data

Feedback from the
researchers

The researchers commented
on the presentations,
suggesting ideas for what
data should be collected and
what precedents there are.

and itinerary collection in Matsuyama.

Fig. 11.9 Structure of online workshop with a stroll through Matsuyama

The second dialog was based in the central business district of Matsuyama City,
Ehime. Dubbed an “online workshop with a virtual walking tour of Matsuyama,”
the workshop was designed so that participants could brainstorm ideas about
Matsuyama’s future while virtually strolling through the city on Google Street View
(Fig. 11.9). This workshop was held on Zoom too, giving participants the choice to
participate as they would in a regular workshop or just observe. Twelve participants
participated actively and 27 observed. Around half of the participants were from
Matsuyama City, but some participants were from outside Ehime Prefecture (some
were from Kanto and Kyushu). One of the participants was an Ehime native who
had attended university in Matsuyama City and who was attending a postgraduate
course in Tokyo at the time of the workshop. The student said they wanted to find a
job in which they will contribute to the future of Ehime.

The two workshops verified the hypothesis that online tools make the public
space more open and the hypothesis that they increase the range of participation
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styles. The workshops were attended remotely by people interested in the topic,
denoting a more open public space. The provision of different participation options
meant that a greater range of people applied to participate, and the participants said
themselves that having a range of options was valuable. Some of the participants
said that they could listen to the meeting while doing housework, suggesting that
online tools can enable people to participate even when they are busy with some-
thing else.

11.3.4 An Unsuccessful Attempt at Asynchronous
Online Dialog

Both these examples of dialog used a synchronous format in which every partici-
pant had to access the same address at the designated time. The problem with this
format is that the third hypothesis (that online tools increase the transparency of the
discussion process) can only be established with an accumulation over time of pub-
licized dialog outcomes. That is, the hypothesis can be established with asynchro-
nous dialog. The work of testing the hypothesis can only proceed when there is a
system for uploading the online discussions into the public domain to enable anyone
to access them and enable the discussions to be extended or followed up.

To that end, we organized a series of three workshops and uploaded the discus-
sions to our own public dialog platform. The workshops involved a quiz in which
we presented vintage photos of Matsuyama streetscapes and the participants had to
work out where the photos were taken. Perhaps because of this element of fun, spir-
its were high. Intrigued by the vintage photos, participants were inspired to discuss
their thoughts about Matsuyama. We uploaded the discussions to the platform,
expecting to spark asynchronous dialog. However, our expectations were con-
founded when we found that no one had left any comments on the platform.

Bewildered by the failure to achieve asynchronous dialog, we conferred with the
workshop participants about the possible reasons. We identified two hurdles to par-
ticipation in our platform site. The first hurdle was operational. The site had usabil-
ity issues; it was unclear where to post comments and how to do so. The second
hurdle was psychological: People felt shy about leaving a comment that would be
exposed to the public eye. To lower the operational hurdle, we could make the site
more navigable and provide a set of reaction buttons as an alternative to a text com-
ment. The psychological hurdle could be addressed at different levels. At a superfi-
cial level, we could set questions that were easy to answer or offer an incentive
(such as saying that the person’s comments will be taken into account in the next
workshop session). But to address the problem more substantially, we would have
to give users a sense of who is in the conversation. In other words, the online plat-
form would need to be linked to the scene of offline dialog so that participants can
identify whom they are addressing rather than having to address an invisible and
anonymous multitude.
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11.3.5 Synchronous and Asynchronous Hybrid (Online-
Offline) Dialog

Based on these assumptions, we have started (as of 2023) rebuilding our online
platform with a Decidim? format and have attempted a dialog process in Ikegami
(Ota, Tokyo) and Nomura (Seiyo, Ehime) involving back-and-forth between online
and offline dialog (Fig. 11.10). At of time of writing, we are yet to test the platform
directly, but we have gained the following findings in Ikegami.

In Tkegami, we ran a workshop and exhibition concerning local information,
namely, vintage photos and information about local flora (Fig. 11.11). We also
broadcast detailed information about the events on social media. Social media is a
great tool for communicating information, but it also has similarities to an online
platform in terms of the plethora of dialog and reactions and how these are publi-
cized and logged. Thus, offline dialog (at the workshop and exhibition) was com-
bined with asynchronous online dialog (social media), causing interaction between
those engaged in dialog on each site. For example, we observed cases where some-
one who had participated in the exhibition later engaged in dialog on social media,
and cases where someone engaged in social media (someone who has never met
other participants in person and who has seldom attended a community-building
event) later visited the exhibition and engaged passionately in dialog there. In these
and other examples, we found that the range of people participating in dialog, and
the range of dialog itself, enlarged with a back-and-forth between offline and
online fora.

sownzen7aEx

Fig. 11.10 Decidim homepage and webpage listing dialog topics (under construction) in Ikegami

2Decidim is an online tool used to collect opinion from a range of citizens and consolidate the
discussion points so that they can be incorporated into the policymaking process. Meaning “we
decide” in Catalan, Decidim was first developed in Barcelona in 2016 and was later localized into
Japanese by Code for Japan. It is currently used by 400 organizations across 30 countries, with
more than 900,000 participating. In Japan, it is used by Kakogawa, Shibuya, and other
municipalities.
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Fig. 11.11 Book exhibition in Ikegami

11.3.6 Hybrid Public Dialog, Not Just Online Public Dialog

In our initiatives so far, we have confirmed that using online tools for public dialog
makes for a more open space and more diverse participation. People need not attend
the meetings in person; they can attend remotely from the comfort of their home.
They can also choose a level of participation, from actively participating to pas-
sively observing, according to their convenience and interest. Thus, online public
dialog removes spatial constraints and gives participants choice; as such it can
encourage participation from people who would not have participated in conven-
tional in-person dialog. This means that public dialog has huge potential.

On the flipside, we also identified operational and psychological hurdles in asyn-
chronous online dialog. When the public dialog starts and ends online, the psycho-
logical hurdle becomes too high for a successful dialog. It is therefore necessary to
provide opportunities for offline dialog to make it more transparent as to whom
people are dialoguing with. Essentially, there needs to be hybrid public dialog, inte-
grating online and offline dialog.

11.3.7 Dialog with Citizens Unable to Meet in Person

In view of what we have gleaned about online public dialog, it seems that such dia-
log serves best in a supplementary role to offline public dialog by giving a voice to
people who are unlikely to participate in person. These may be the voices of
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students who may have little chance to attend a meeting in person because of school
or other classes, young people who moved away to attend university or a job but
who care about their hometown and want to contribute to it, or working-age adults
who are busy with a job or housework. Though it requires action to be taken to
lower the psychological hurdle, asynchronous dialog offers great value in that it
gives a voice to people with immensely important things to say about the future of
the community.

Face-to-face discussions will always be important. But online tools can create
opportunities to include in the dialog people who were unable to participate or who
never really thought of doing so. Hybrid public dialog is an effective tool for increas-
ing the range of people who can participate in the conversation.

11.4 Public Dialog in Data-Driven Urban Planning

In this chapter, I introduced attempts at data visualization and public dialog in the
context of data-driven urban planning. Regretably, the social conditions did not
allow these initiatives to be continuously put in practice as part of data-driven urban
planning, but I shall end this chapter by discussing what can be anticipated when
they are integrated into this cycle.

If a single package combining the data-visualization platform and public dialog
platform existed, it could operate effectively alongside the urban data platform.
While the urban data platform would focus on archiving and data linkage, this new
combined platform would focus on facilitating communication between the stake-
holders; it would serve as a digital communication platform.

In the case of Hanazono-machi Street, the data visualization and the dialog
around it inspired ideas and feedback from local stakeholders, including calls for
new data (such as data on takings in local shops) and an idea to install a permanent
laser sensor. Essentially, the stakeholders wanted a new form of sensing and to make
the community more data-driven. When data are presented right, they hold up a mir-
ror to the community. Stakeholders will see what is going on in their community
and then spontaneously start coming up with ideas for making improvements. This
suggests that a data-driven city is not just led by smart city operators but also by the
community. We have seen the rise of a kind of community-level, grassroots leader-
ship, which we should perhaps dub data-driven local management. Data visualiza-
tion done right will spark such grassroots community leadership.

We also saw clear evidence that a hybrid approach to public dialog can throw
open the doors to people who were unable to participate in conventional in-person
workshops. Our workshops were attended by graduate students, housewives, and
other people who were participating in community building for the first time, via
social media. Hybrid dialog increases the range of participation and thus the range
of perspectives represented.

From our observations about data visualization and public dialog, we concluded
that combining the two into a single platform (a digital communication platform)
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Fig. 11.12 Updating data-driven urban planning

will help diversify the range of people participating in data-driven local manage-
ment (community-led management), bringing in a wider array of perspectives and
opinions. Under these conditions, public dialog will go beyond the task of simply
gaining public consent toward a proposed intervention and become a step toward a
more creative and more grassroots form of community building (Fig. 11.12).
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Chapter 12 )
Project 2: Smart Aging e

Katsuya lijima, Ken Naono, Yoshinori Sato, and Tadashi Mima

Abstract This chapter discusses Japan’s efforts to address the challenges encoun-
tered by its super-aging society through an Al-driven frailty-prevention program.
Long life expectancy in Japan coupled with its declining working-age population
has increased healthcare expenditures, thus emphasizing the necessity for preven-
tive measures. The concept of “frailty” is introduced as an aging-related decline in
physical and mental abilities (capacities), which can be reversed through appropri-
ate interventions. A holistic and comprehensive approach to frailty prevention that
addresses nutritional, physical, and social factors is proposed. The Institute of
Gerontology at the University of Tokyo has developed a frailty screening program
for community-dwelling older adult volunteers in Kashiwa City. The program uses
simple tests to identify the risk of sarcopenia and encourages social participation.
Data from these screenings, combined with other health datasets, are analyzed using
Al to deliver personalized recommendations for preventing frailty. This initiative
aims to integrate digital technology into community life, thus fostering a sustainable
“smart-aging society”. This chapter concludes by emphasizing the importance of
evidence-based, resident-led programs and the necessity for robust data governance
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to realize a human-centric, multigenerational community within the framework of
Society 5.0.

Keywords Frailty prevention - Super-aging society - Health datasets - Explainable
Al (artificial intelligence) - Data governance

12.1 The Need for Frailty Prevention

This chapter introduces efforts to meet the challenges of Japan’s super-aging soci-
ety, which is becoming increasingly socially cohesive for all generations. Such a
society empowers people to remain constructive members of society throughout
their lives; it promotes independence and social participation, and provides com-
fortable living environments along with the assurance that one can continue to age
in place even after growing frail. The main initiative introduced here is an Al-driven
frailty prevention program run in Kashiwa City, Chiba prefecture. This section
describes the challenges encountered in this project and their outlook.

With one of the highest life expectancies in the world, Japan has become a coun-
try of long lifespans, something for which humankind longs. This is a testament to
the quality of Japan’s healthcare system (in 1961, Japan introduced a national health
insurance for all and advanced medical technologies) and an excellent public health
policy. However, longer lifespans have created a super-aging society unprecedented
in human history. As the Japanese population continues to age, population projec-
tions (across 5-year time points from 2020) suggest that the older adult population
(aged 65 or older) will increase more slowly than the working-age population. The
projections also suggest that an increase in people dependent on nursing care will
cause nursing care expenses to surpass the 2018 figure of 10 trillion yen and reach
24.6 trillion to 25.8 trillion by 2040 (Cabinet Secretariat of Japan et al. 2018). In
light of these projections, the Ministry of Health, Labour, and Welfare released a
white paper in 2022 with recommendations about “the era of 100-year lifetimes.”
The white paper highlighted the need to improve individuals’ quality of life, employ-
ment, and social participation throughout life and to suppress the rise in the number
of care-dependent people (Ministry of Health, Labour and Welfare 2022).

Following the publication of these recommendations, in 2014 the Japan Geriatrics
Society proposed adopting the English word “frailty” (as the loanword fureiru) to
introduce a new perspective into policymaking for promoting wellness and prevent-
ing long-term care dependency and to make the public more mindful of the need to
look after their own health (The Japan Geriatrics Society 2014). As a clinical condi-
tion, “frailty” means an aging-related decline in physical and mental abilities that
diminishes the person’s ability to withstand, or recover from, stressors. As illus-
trated in Fig. 12.1, frailty is a transitional stage between robust health, disability,
and dependency. When a person is frail, a variety of physical, mental, and social
factors can combine in a vicious cycle, increasing their vulnerability to adverse
health outcomes such as debilitating conditions or death. However, frailty occurs
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Frailty is an aging-related decline in physical and mental abilities

1. Frailty is a transitional stage between robust health and dependency.

2. Frailty involves a combination of factors (with psychological and social factors affecting
physical decline).

3. Frailty is reversible; it is a period in which the person’s functions can be restored with
the right intervention.
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Fig. 12.1 The concept of frailty. (Figure adapted from Kuzuya 2009)

before the irreversible debilitation stage; therefore, the condition can be reversed by
appropriate intervention. Thus, the frailty concept implies that there is a need to cre-
ate new evidence-based interventions in communities to improve health.

Therefore, a holistic and comprehensive approach is required to effectively pre-
vent or treat frailty. This approach must be explained by understanding the key role
of chronic undernutrition in frailty (sarcopenia is a major cause of frailty).
Figure 12.2 is adapted from Fried and Walston’s cycle of frailty (Fried et al. 2001),
which represents the factors of frailty as part of a negative cycle. Notably, rather
than just focusing on managing a particular disease or injury as in a conventional
medical model, the cycle of frailty focuses on the key symptoms of frailty, including
sarcopenia-associated physical decline (reduced walking speed, immobilization,
and increased risk of falls and injuries), unaccountable fatigue, and diminished
activity. Thus, the core components of the frailty model are factors that facilitate
activities and wellness in everyday life (participation in community affairs and
social interactions).

The vicious cycle described in the cycle of frailty is not only dependent on physi-
cal decline; it is also shaped by psychological and social factors (lack of community
participation, social networks, and social support), according to recent studies I
conducted with colleagues at the University of Tokyo (Tanaka et al. 2022; Lyu et al.
2022). Studies have shown that the best way to prevent frailty and dependency is to
adopt a holistic and comprehensive approach to health assessments and individually
tailored interventions.
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Fig. 12.2 The cycle of frailty (showing a negative cycle with sarcopenia at the hub)

Thus, the time has come to take the first step in supporting longer health spans;
businesses, academics, and the government should come together and devise, using
the latest available evidence, strategies for addressing the three key factors of frailty
risk: nutritional (diet and oral health), physical (everyday activities and exercise),
and social (community participation). With the pandemic encouraging people to
stay indoors and withdraw from community activities, we are witnessing pandemic-
associated frailty: people who, as a result of being inactive, develop severe sarcope-
nia, leading to secondary health damage. We have to go beyond conventional
healthcare policies by further integrating digital technology into community life, so
that people of all generations have more opportunities to socialize and participate in
the community. We also need a genuine population approach that uses a blend of
self-help and mutual support to create communities where people are empowered to
undertake wellness support activities.

12.2 The Need to Supplement Conventional Health
and Wellness Interventions with Programs
for Encouraging Social Participation in Older Adults

Figure 12.3 shows the statistics from a Cabinet Office white paper on aging (Cabinet
Office 2022). Statistics suggest that lifespan will increase to over 90 years for
women and 84 years for men by 2050. It is nice to know that people will live longer,
but it is a concern that the population will continue to shrink and age (the population
gets smaller overall and has a greater share of older adults [aged 65 or older]) as we
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Total population 0-14 65-74
Lifespan (male, female) 15-64 75-
1990 123,610,000 22,490,000 8,920,000
81.90,775.92 85,900,000 5,970,000
2020 | 125,710,000 15,030,000 17,470,000
87.64,81.34 74,490,000 18,720,000
2050 | 101,920,000 10,770,000 14,240,000
90.40,784.02 52,750,000 24,170,000

Fig. 12.3 Japan’s past population trends and population projections

move toward 2055. Of particular concern is the growing population of late-stage
older adultse (aged 75 or older).

With over 75s making up a growing share of the population, it has become even
more urgent to provide early health and wellness interventions to prevent frailty.
Over the years, the government’s wellness interventions have traditionally focused
on raising public awareness about having a balanced diet with plenty of protein and
regular exercise. However, new evidence suggests that this approach needs to be
updated. Residents should be given chances to reassess their everyday activities
from a holistic perspective and with a view to adopting activities that will increase
their healthspans; in light of the latest evidence, people should be encouraged to
engage in social activities in the community, rather than just be encouraged to eat a
healthy diet and exercise regularly. Local governments can promote health-building
that allows elderly people to step forward toward social participation and activities
to contribute to communities. In short, a community-building approach, with resi-
dents taking the lead in building and protecting their own communities, will become
an increasingly important part of promoting wellness.

12.3 Pioneering Frailty Prevention in Japan

How can we prevent frailty, encourage older adults to engage in the community, and
create opportunities for them to lead productive lives? The Institute of Gerontology
in The University of Tokyo developed a frailty screening program based on evi-
dence obtained from a lengthy period of longitudinal observational cohort study
for community-dwelling elderly people (so-called the Kashiwa Study). In the
screening program, community-dwelling elderly people are trained to act as volun-
teers (dubbed “Frailty prevention supporters” in Japanese-English) who lead efforts
to screen fellow residents for frailty risk. These resident-led screenings use a holis-
tic approach that considers nutritional (diet and oral health), physical (exercise and
non-exercise life activity), and social factors (social participation and social
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Fig. 12.4 Frailty screening test (simple self check)

network) associated with frailty. The purpose of the program was to encourage
elderly people to reflect on their everyday activities in view of the multiple dimen-
sions of frailty (multi-faceted frailty) and to adopt attitudes and behaviors that will
help prevent frailty.

Figure 12.4 shows the screening test. Among frailty screening tests, this is rela-
tively simple, making it practical for self-screening.

The test has two parts. The first was a self-measured “Finger-ring test (Yubi-
Wakka test; in Japanese)” used to assess skeletal muscle volume related to progres-
sion of frail state simply. The person joins their two thumbs and two index fingers
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to form a ring. The size of the ring remains largely constant throughout a person’s
life, with an inner circumference of approximately 30 cm, which is proportional to
the person’s height. The person forms this finger ring around the thickest section of
their nondominant calf (without overexertion) to compare the circumference of this
section of the calf with the circumference of the finger ring. If the calf is too large
for the finger ring or if the finger ring can only be formed around the calf, the person
affixes a blue sticker onto the sheet. The blue sticker indicates a favorable result; the
person is not at risk of sarcopenia. If there is a gap between the calf and finger ring,
the person affixes a red sticker onto the sheet, indicating that they are at risk of sar-
copenia and should be cautious. We adopted this Finger-ring test as the program’s
main screening check because it is simple. By simply measuring muscles in the calf,
sarcopenia risk in the whole body can be screened.

The second part of the test consists of a self-administered questionnaire dubbed
the “eleven-check.” The questionnaire had 11 questions covering four domains of
everyday activities (nutritional, oral, physical, and social/mental/cognitive).
Examples of the varied questions include “Do you eat both vegetables and protein
sources (meat from warm-blooded animals, meat from fish and other seafood) at
least twice a day?” “Do you walk faster than your peers of the same sex do?” “Do
you share a meal with someone at least once a day?” For each question, the person
affixes a blue or red sticker to indicate an affirmative or negative response, respec-
tively. In this way, the person identifies aspects of their everyday life to improve and
starts taking a greater personal interest in preventing frailty.

These two tests constitute a brief version of the screening. The full screening
program included 22 components and takes an hour or two to complete. The items
included physical tests, such as the chair stand test by one-leg, grip test, measuring
skeletal muscle volume and oral diadochokinesis (quantifying smoothness of
speech) test.

Figure 12.5 shows photos of the tests conducted during the full screening pro-
gram. The residents acting as volunteers create a yellow-green uniform (standard

Residents across Japan conducting the full screening program
Photos used here with permission from:

Fig. 12.5 Full screening test in action (volunteers working to screen fellow residents for frailty).
(Photos used here with permission form: Institute of Gerontology, The University of Tokyo and
Iijma K, Fureiru yobo handobukku [Frailty-prevention handbook])
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across Japan) and administer the program themselves, giving them a life-affirming
feeling that they are contributing to the community. In this way, the residents dis-
cover issues in their own lives that they need to address, mutually enhance each
other, feel empowered to take self-supporting actions to address these issues, and
feel empowered to help other residents reflect on their health. This concept of con-
vivial mutual support is central to the program, and, as the smiles in the photos
reveal, the residents enjoy the process. The program represents an attempt to use
screening tests based on the latest evidence to empower residents to monitor their
own health and each other’s health through their own efforts. In addition, thei activ-
ity is also a new system of self-help and mutual aid for a new era.

The resident-led frailty prevention program began in Kashiwa City. As of 2022,
it has been rolled out in 96 municipalities in Japan. All screenings were performed
with the consent of each participant. The screening data were stored by each munic-
ipality, and at certain intervals, were uploaded to a control center at the University
of Tokyo with anonymized personal data.

12.4 A Task to Be Addressed to Enable the Use of Data
for Frailty Prevention

As mentioned above, data obtained from the full screening program were logged,
providing an important source of basic data to guide efforts to prevent frailty.
However, a major problem exists with the use of data relevant to frailty prevention.
Local governments maintain many different databases relevant to wellness promo-
tion, including residents’ health check data, medical claims data, drug prescriptions,
and data on elderly nursing care services used. These databases, which cover all
residents, have remarkable potential value. The problem, however, is that the value
realized by using databases held by the local government has been limited in prac-
tice; they are never fully used, and residents are unable to see how they can prevent
frailty, what actions should be taken now, and where they should start.

In view of this problem, we identified a task that should be addressed when it
comes to a frailty prevention strategy, which needs to be integrated and analyzed
with Al-driven analytics to identify the relevant information to present to each resi-
dent (issues they need to prioritize or actions they are recommended). In other
words, the task was to deliver Al-driven frailty prevention, with Al analyzing the
datasets in an integrated manner to deliver a bespoke set of recommendations to
each resident. For one resident, the Al might identify recommend oral care; for
another, it might recommend both oral care and greater participation in community
affairs; and for another, it might recommend a more balanced diet. Guidance and
support will vary depending on the person’s circumstances and lifestyle.

Figure 12.6 compares the Al-driven frailty prevention with conventional strate-
gies for preventing care dependency. True, the conventional approach is data-driven
to a certain extent and, in that sense, it is evidence-based. However, rather than
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Fig. 12.6 A new frailty-prevention strategy that uses public-private health data federation plat-
form health data

delivering personalized guidance, it delivers blanket guidance to all users, such as
pointing them toward exercise classes designed to help prevent care dependence
(see the left part of the figure). Such one-size-fits-all guidance will help prevent care
dependency, but its effect is limited because it fails to account for the diversity in
elderly people’s lifestyles and thus fails to provide personalized support.

By contrast, the proposed Al-driven approach is based on evidence and delivers
personalized guidance (see the middle of the figure). I shall describe the approach
in more detail in the next section; however, the basic concept involves big data ana-
lytics, whereby the Al program can match data with the individual’s needs to give
the person an early heads-up on frailty risk. This implies that every user receives a
set of recommendations tailored to their particular situation and needs (see the right
side of the figure). Each local community will have a public-private framework link-
ing a mixture of frailty prevention services: public, private, payable, and non-
payable. When an Al program identifies frailty risks in a user’s everyday life, the
user can be referred to local community services that address these risks, enabling
effective frailty prevention.

12.5 Frailty-Prevention Al

The frailty prevention Al is described in this section. It comprises of two techno-
logical components. The first component is an explainable Al called the Black Box
Breaker (B3), developed by Hitachi. The second component is technology for man-
aging evidential data.
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B3 is a type of deep learning technique popular in machine learning. Machine
learning includes techniques that are easy to interpret, such as decision trees and
clustering, as well as techniques with excellent learning capabilities, such as neural
networks and deep learning. Deep learning can surpass human learning in problems
involving high volumes of data (such as audio or image recognition). In the 2010s,
technology was applied to many different contexts. However, many learning models
(models used to predict or categorize) lack explanatory power, meaning that we can-
not gain insights from the outputs.

Suppose, for example, that big data are used to train a model to recognize the risk
of care dependency (the probability that a person will become dependent upon nurs-
ing care in the future). First we preprocess the raw data to highlight the relevant
features (the variables relevant to care-dependency risk; we shall call these the “risk
features”). The model would then start learning which risk features led to care
dependency and which did not, to gain the ability to predict frailty risk. Once the
model has been trained in this manner, it is used to predict the probability. For
example, the model may predict that Person A 56% chance of becoming care-
dependent within 3 years. If the training datasets are sufficient, the model would be
highly precise in its predictions. However, while the model has predictive power, it
may lack explanatory power; it may not be able to tell exactly which risk features
are based on its predictions. If it lacks explanatory power, it will not be possible to
identify insights from predictions for developing personalized guidance to prevent
the person in question from becoming care-dependent.

However, some deep learning models have explanatory power; they include an
explanatory mechanism so that we can determine which risk features shape the
outputs. B3 is among them. It is adept at learning from small samples and high-level
datasets, can present its interpretations in a statistical model, and when making
predictions, can provide an account of the features from which the predictions are
derived. Applying these abilities to frailty prevention, B3 could give a percentage
probability that the elderly person in question will become care-dependent and also
show the risk features underlying such a probability, so that we can see the eviden-
tial basis for the prediction.

In addition to using B3 to give a probability percentage of care dependency along
with the predictor variables underlying this prediction, frailty prevention Al can
trace the risk features themselves back to the evidential data underlying them.
Figure 12.7 shows this regression. The model tells us that Person A 56% probability
of becoming care-dependent. This also indicates that the predominant risk feature
underlying this prediction is oral frailty risk. It then goes back further by citing the
evidential data for this risk feature: Person A reported during a frailty screening at a
given time point that they had difficulty chewing pickled radishes.

Thus, our frailty prevention Al uses evidential data management to track the
relationship between datasets, risk features, and the risk prediction model. Therefore,
the outputs of the predictive model can be traced to the raw data.

Figure 12.7 illustrates this. This model has been identified as a risk factor of oral
frailty. It can also cite the evidence for this: During a past frailty screening, the per-
son answered “No” to the question, “Are you usually able to chew hard foods like
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Fig. 12.7 Frailty-prevention Al with example of how it can be used

dried shredded squid or pickled radish?” or the person’s medical invoice stated, as
name of the condition, “diminished oral function.”

The system quantitatively represents the relative weight of each risk feature
when predicting and ranking them. Because a high-ranking risk feature can be
traced to the raw data, we can, in the case of Person A, see that the prediction was
grounded in the fact that Person A reported that they had difficulty chewing pickled
radish in a frailty screening.

Thus, the frailty prevention system combines a model with the explanatory
power of B3 with evidential data management and, as such, can collate data in the
national health insurance database with frailty screening responses to derive frailty
prevention strategies tailored to a person’s lifestyle, situation, and needs. Thus, it
can help nursing care experts make better decisions, and serve as a reference
resource for expert panels.

B3 has already been used as a biomarker discovery service for pharmaceuticals
that automatically searches for key predictors of drug efficacy. In 2020, the service
earned a Good Design award in Japan in recognition of how it facilitated communi-
cation between Al and its users (Hitachi 2019).

12.6 Feasibility Study of Frailty-Prevention Al
in Kashiwa-no-ha Smart-City Project

Many Smart-City Projects are developing data-driven solutions to address city chal-
lenges. One such project is the Kashiwa-no-ha Smart City in Japan. The project was
launched in 2011, and a 3-year action plan was formulated in March 2020 (Kashiwa-
no-ha Smart City Consortium 2021), with four areas set for data-driven solutions:
mobility, energy, public spaces, and wellness.
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The area where the Kashiwa-no-ha project is underway has seen its population
growing rapidly and its demographics growing increasingly diverse, and projections
point to a much larger population in the future. To support wellness needs as the
population ages, the project launched programs designed to deliver a community
that offers people of all generations future health and wellness. Examples include
programs that focus on helping people of all generations maintain healthy lifestyles.

As part of our Habitat Innovation project, we worked with Kashiwa City to test
the potential of using artificial intelligence (Al) to prevent frailty. This pilot project
is one of the programs listed in the Kashiwa-no-ha Smart City action plan (Program
4.2). Figure 12.8 outlines the project and the roles of Kashiwa City, University of
Tokyo, and Hitachi.

Evidence based prevention services in Kashiwa-no-ha and other areas of
Kashiwa City.

The program involves the following steps: Al (B3) collates and analyzes data
from datasets relevant to frailty prevention, including health checks, medical claims,
drug prescriptions, and data on elderly nursing care services. Stored on the database
called “Kokuho database (KDB),” operated by public insurers in each prefecture,
and the data from resident-led frailty screening (developed by lijima K, IOG in
the University of Tokyo). Al also maps data to a person’s health status, lifestyle
interests, and preferences. Having done so, Al presents a set of bespoke recommen-
dations for improving wellness and preventing care dependency. Consequently, the
services that a person receives will be more effective than the current services
intended to prevent frailty. We launched this program because we felt that conven-
tional approaches failed to identify high-risk cases or deliver effective interventions
owing to a lack of integration between the medical side (medical checkups and
medical treatment related to frailty prevention) and the everyday activities side

Actions conducted under program 4.2
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Fig. 12.8 Outline of project for testing the potential of using Al to prevent frailty
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(encouraging the person to sustain activities that would help prevent frailty). We
also felt the need for an effective population approach that would encompass a
greater number of citizens. These elements need to be further aligned to encourage
target residents to modify their behavior in a sustained manner.

At the time of writing, the process of vetting and anonymizing Kashiwa City’s
personal data was complete, and as part of the Habitat Innovation project, we started
Al analytics.

12.7 Datasets Used in the Kashiwa-no-ha Smart-City Project

The dataset described in the previous section is used to train the AI model. The
dataset amounted to big data, covering some 110,000 elderly residents (aged
65 years or older) of Kashiwa City. The number of features converted from the
dataset was approximately 900.

Our system analyzes these data using the B3 described above (see Sect. 12.5) to
identify factors related to frailty. Factors correlated with frailty include care-
dependency designation, health inspection results, and underlying diseases.

Before the Al is trained on big data, the raw data must be properly prepared. Part
of the pre-processing involved 900 features. In the case of medical inspection
results, for example, raw figures will be of little use to the model. They need to be
preprocessed, usually by setting absolute thresholds, so that the model understands
which values indicate that caution is required. Figure 12.9 illustrates such pre-
processing with an example of body mass index (weight in kilograms divided by the
square of height in meters). The table in the figure uses a more granular set of ranges
than those presented by WHO.

Feature Absolute threshold

Underweight 1 BMI=<16.0
Underweight 2 BMI = 16.0-16.9
Underweight 3 BMI = 17.0-18.4
Normal weight 1 BMI = 18.5-19.9
Normal weight 2 BMI = 20.0-22.9
Normal weight 3 BMI =23.0-24.9
Obesity class | 1 BMI = 25.0-27 .4
Obesity class | 2 BMI = 27.5-29.9
Obesity class Il BMI = 30.0-34.9
Obesity class llI BMI = 35.0-39.9
Obesity class IV BMI =2=40.0

Fig. 12.9 BMI grade




192 K. Iijima et al.

We delineated three underweight categories (whereas the WHO uses only one
category for underweight) because having multiple underweight ranges and track-
ing variations over time within these ranges can help in preventing frailty. When
labeling diseases, we used ICD-10 codes (Ministry of Health, Labour and Welfare
2021). We did so because this is the standard disease classification, because it will
help medical professionals evaluate the efficacy of the Al outputs, and because it
means that any rare disease that could be used to identify an individual can be con-
solidated into a group of diseases or erased.

The machine-learning model learns the objective variables (variables represent-
ing a particular phenomenon) and explanatory variables (variables explaining that
phenomenon) as a set. An example of an objective variable is whether a person at a
given point in time has a dependency grade of one or higher. There are seven grades
of dependency. The first two grades indicate that the person requires assistance, and
the other five grades indicate dependency on nursing care, with a higher grade indi-
cating a greater level of dependency. The explanatory variables paired with this
objective variable consisted of data from the frailty screening. In this case, the
machine learning model understands that a person is at risk if they have more than
a certain number of red stickers on their frailty screening sheet and can also pinpoint
the particular components of frailty screening that suggest risk. This information is
then relayed to the person in question. The person will therefore have a clearer idea
of their health status and what specific actions they should take to prevent frailty.
Eventually, it will be possible to determine whether the person ultimately averts the
risk of becoming care dependent.

One of the major issues is verifying the validity of Al outputs and guidance.
Rather than taking the outputs and guidance at face value, we need to check whether
they intuitively make sense and broadly align with the types of decisions typically
made by healthcare professionals. To this end, the University of Tokyo’s Institute of
Gerontology will organize panels comprising gerontologists and experts involved in
healthcare and nursing policymaking.

12.8 Obtaining Consent Toward the Use of the Data

Chapter 6 (“Data Governance”) discusses how parties receiving data need to com-
ply with legal and regulatory requirements and build governance that exceeds these
requirements, and how this requires the receiving parties to obtain consent from
stakeholders and design a process for handling the data.

When obtaining data from frailty screening, the first step is to ensure that resi-
dents consent to use their data for research purposes. Under the latest action plan for
the Kashiwa-no-ha Smart City, Kashiwa City will link screening data with relevant
data from the National Health Insurance Database and share the linked data with the
University of Tokyo’s Institute of Gerontology. Before it does so, Kashiwa City will
apply to the Kashiwa City council for the protection of personal data (a body estab-
lished pursuant to a Kashiwa City ordinance on personal data protection) and to the
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data publication and personal data protection committee of the Chiba Prefecture
Wide Area Union for the Medical Care System for the Elderly (a governmental
organization that is responsible for public health among elderly residents of Chiba
Prefecture, which entrusts Kashiwa City with operations involving the national
health insurance database); to obtain permission to share anonymized data as a prac-
tical and effective means for serving the program for integrated public health and
care-dependency prevention for elderly people, a program was launched in the year
that ended in March 2021.

As part of the application process, we consulted Kashiwa stakeholders to obtain
their consent for the use of the data. As mentioned in the previous section, this con-
sultation process will focus on the new value and data applications that can be gen-
erated from frailty-prevention Al but it will also involve expert panels to consider
the findings of Al analytics and the elderly care services that could be implemented
in Kashiwa so that stakeholders can understand the specific processes for the imple-
mentation and delivery of services to residents.

Next, as mentioned in the previous section, Kashiwa City shared this information
with the University of Tokyo after anonymization. To anonymize the data, Kashiwa
hashes them (by mapping them to a randomly selected and non-invertible value) and
removes identifiable information (such as names and addresses), leaving only data
items necessary for the analysis. This arrangement ensured that only Kashiwa City
could link the results of the analysis performed on the anonymized data with the
individuals. The University of Tokyo analyzed the data within the scope of the pur-
pose specified in the action plan for Kashiwa-no-ha Smart City. In practice, Hitachi
runs Al-driven analytics on behalf of the University of Tokyo and within the scope
the university specifies. To ensure data security, Hitachi re-anonymizes the data it
analyzes by converting discrete age data into 5-year age groups and removing indi-
viduals with rare diseases (diseases that occur in fewer than ten cases) from the data.
This re-anonymization is designed to minimize the risk of an individual being iden-
tified from data or analytic outputs. As such, it is an example of governance that
goes beyond the minimum safety criteria specified in the law and relevant standards.

The system was designed to prevent data from leaving the data center of the
University of Tokyo. Kashiwa City and the Chiba Prefecture Wide Area Union for
the Medical Care System for the Elderly checked the security of the data center.
Another feature of the system is that the University of Tokyo screens data-driven
research from an academic perspective to ensure that the research outcomes benefit
the community in Kashiwa. Once the research was completed, the data were
destroyed in accordance with an agreement signed by Kashiwa City and the
University of Tokyo.

Fig. 12.10 shows the roles of the parties who handle the data.

The parties are arranged horizontally, whereas their roles in the data are arranged
vertically. “Supporters” refers to the resident volunteers who lead the frailty screen-
ing. “Union” refers to the Chiba Prefecture Wide Area Union for the Medical Care
System for the Elderly. “Chiba health insurance” refers to the Chiba National Health
Organizations. The “KDB” refers to the Kokuho (National Health Insurance) data-
base and is operated and managed by the Chiba National Health Organizations. The
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Fig. 12.10 Data flows and roles of parties

figure indicates that the data were transferred to the University of Tokyo as part of
Program 4.2. The university received these data from Kashiwa City. Kashiwa City
obtains data from the National Health Insurance database of the Chiba National
Health Organization pursuant to an agreement between the Kashiwa City Council
for the Protection of Personal Data and the Chiba Prefecture Wide Area Union for
the Medical Care System for the Elderly.

“Results-informed interventions” and “wellness-promotion activities” refer to
personalized sets of guidance that take into account the array of factors pertaining
to the person in question (see Fig. 12.6). “Data-informed support,” “partial data
provision,” and “data sharing” refer to the use of the analytics results by and between
Kashiwa City and the screening volunteers or by and between Kashiwa City and
health service providers. The data flows indicated by dashed arrows remain in the
conceptual stage at the time of writing; they can only be enacted once prior consent
has been obtained.

12.9 Making Resident-Led Frailty-Prevention Services
a Reality

In identifying risk factors, frailty prevention Al fully considers individual circum-
stances. However, close communication with residents is required when using Al
outputs to guide service delivery. As discussed in Sect. 12.5, to deliver a bespoke set
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of frailty prevention services, we must understand the local service resources avail-
able for frailty prevention. We also need to consider who should deliver them and
how they should be delivered to achieve a smooth transition to the delivery phase.

Therefore, as part of the Kashiwa-no-ha Smart-City project, we created a living
lab on ideas for resident-led wellness services (this living lab is dubbed the “frailty-
prevention Al living lab”) in collaboration with the UDCK, which plays a key role
in empowering residents to actively undertake wellness-promoting activities. See
Chap. 7 (Citizen Participation) for more living lab initiatives.

With residents contributing their ideas, this living lab identified several ideas on
how frailty prevention Al can be used. One idea is to link AI outputs with medical
inspections so that residents, when receiving a medical inspection, can see their
level of care-dependency risk and risk factors, along with recommended local ser-
vices to address these risks. We are consulting Kashiwa City officials to make this
idea realistic.

12.10 Toward a Sustainable Society of Smart Aging

I will end this chapter by discussing the kind of society we hope to create by imple-
menting frailty prevention Al

We envisage a more sustainable smart-aging society. To that end, we have devel-
oped what we call a “healthspan-society spiral” showing who does what to build
such a society. Figure 12.11 outlines this spiral.

A spiral comprises three core components: The first component concerns people
and activities related to health-span-focused community building. This component
encompasses the first three phases of the spiral. Once resident-led frailty prevention
activities are more evidence-based (see Sect. 12.3), more older adults will be healthy
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and empowered to engage in self-help and mutual help (1). This outcome encour-
ages older adults to build social ties, participate more in the community, and help
others (2). Outcome (2) results in greater social contributions and a larger labor
pool (3).

The second component focused on the people and activities involved in holistic
and integrated services for everyday activities. When frailty prevention services are
based on solid evidence, they always lead to changes in everyday behavior. Such
changes would suggest that there is an active frailty-prevention industry generating
new value (i.e., delivering more effective support for preventing frailty). As this
industry produces personalized support (as opposed to mass-producing one-size-
fits-all goods and services), it is an extended holistic-integrated service industry and
a more active frailty prevention industry (4).

The third component involves people and activities related to social insurance.
Once the community has (3) (under the first component) and (4) (under the second
component) in place, it can start working with people in social insurance to create a
smart community underpinned by industry-academia-government collaboration (5).
That is, when residents’ health data and logged data about their everyday activities
are collated, the data can be used by the public sector to develop new public ser-
vices, and by the private sector to develop commercial goods and services. These
services will spur greater self-help and mutual help in the community, leading to an
innovative community in which digitized data are channeled to improve citizens’
quality of life. As part of this process, multi-stakeholders confer on how to leverage
digitized data to benefit the community. Such discussions will contribute to a new
social insurance system that is more effective and personalized (Phase 6). Two
things are of crucial importance here: connecting government strategies with
resident-led efforts (a goal highlighted in a government program for integrating
elderly public health services with care-dependency prevention services) and seam-
lessly linking vertically structured programs (wherein medical care is separated
from nursing care). It is also helpful to run simulations of future scenarios based on
evidence, and as part of a set of postdelivery evaluations of government policies.

In this context, our frailty-prevention Al corresponds to an activity that contrib-
utes toward the rollout of evidence-based frailty-prevention services (7). Phase 7 of
the Healthspan-society spiral can lead to both (1) (via frailty prevention activities
and the work of the living laboratory on frailty prevention Al) and (4). Either way,
(7) requires (6) a platform for obtaining consent (which will involve, among other
things, integrating elderly public health services with care dependency prevention
services).

Finally, this spiral is not limited to healthcare. Digitizing the whole community
can also create a fresh impetus for resident-led activities (involving self-help and
mutual help), which, in turn, creates more opportunities for social interaction across
generations. To achieve such a community vision, we need to keep pressing ahead
with community digitization, but while doing so, we must also ensure that the new
evidences and academic insights gleaned from big data pertaining to residents as a
whole are effectively incorporated into their everyday lives. To this end, we must
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build social acceptance in the entire community by raising residents’ awareness,
fostering a change in mindset, and convincing residents that this is the best way
forward. We must also ensure data governance in the handling of personal data con-
tained within residents’ health data, which residents are most concerned about.
Such data governance requires the establishment of the necessary infrastructure.
Alongside this, we must train talent to expedite efforts to strike a harmonious bal-
ance between building a warmhearted community and integrating the latest digital
innovations. By integrating these components and the different architectures, we
can make progress toward our vision of smart aging that is human-centric, smart
aging that is expedited by citizen participation, and smart aging that is for the entire
multi-generational community. Thus, this endeavor is not just about leveraging
technology for its own sake; our frailty prevention Al should be delivered in the
context of sustainable community development. As such, this challenging endeavor
is a vital part of building innovative smart cities that embody “Society 5.0”.

References

Cabinet Office (2022) Annual Report on the Ageing Society [Summary] FY2022. https://www8.
cao.go.jp/kourei/english/annualreport/2022/pdf/2022.pdf. Accessed April 24, 2024. https://
www8.cao.go.jp/kourei/whitepaper/w-2022/html/zenbun/index.html. Accessed April 24, 2024.

Cabinet Secretariat of Japan, Cabinet Office, Ministry of Finance, Ministry of Health, Labour
and Welfare (2018) 2040 nen o misueta shakai hoshooo no shorai mitoshi (giron no sozai)
[Social Insurance Projections for 2040: Resource for Discourse]. https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/0000207382.html. Accessed April 24, 2024.

Fried, L. P, Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., Seeman, T.,
Tracy, R., Kop, W. J., Burke and McBurnie, M. A. (2001) Frailty in Older Adults: Evidence for
a Phenotype, The Journals of Gerontology: Series A, Volume 56, Issue 3, 1 March 2001, Pages
M146-M157, doi:https://doi.org/10.1093/gerona/56.3.M146. Accessed October 18, 2024.

Hitachi (2019) Biomarker Search Service. https://www.hitachi.co.jp/products/it/industry/solution/
hdsf_pharma/solution.html#a. Accessed April 24, 2022.

The Japan Geriatrics Society (2014) Fureiru ni kansuru nihonronenigakukai kara no suteétomento
[The Japan Geriatrics Society’s Statement on Frailty]. https://www.jpn-geriat-soc.or.jp/info/
topics/pdf/20140513_01_01.pdf. Accessed April 24, 2024.

Kashiwa-no-ha Smart City Consortium (2021) Kashiwa-no-ha sumatoshiti jikko keikaku
[Kashiwa-no-ha Smart City Action Plan]. https://www.kashiwanoha-smartcity.com/action-
plan/. Accessed April 24, 2024.

Kuzuya M (2009) Ronenigaku ni okeru sarcopenia & frailty no jityosei [The Gerontological
Importance of Sarcopenia and Frailty]. Journal of Japan Geriatrics Society 46(4), pp. 279-285.
July 2009.

Lyu, W., Tanaka, T., Son, BK., Akishita, M. & Iijima, K. (2022) Associations of Multi-faceted
Factors and Their Combinations with Frailty in Japanese Community-Dwelling Older Adults:
Kashiwa Cohort Study, Archives of Gerontology and Geriatrics, Vol. 102, 104734, September-
October 2022, DOL:https://doi.org/10.1016/j.archger.2022.104734.

Ministry of Health, Labour and Welfare (2021) Shippei, shogai oyobi shiin no tokei bunrui
[Statistical Categories for Disease, Injury, and Cause of Death]. https://www.mhlw.go.jp/
toukei/sippei/. Accessed April 24, 2024.


https://www8.cao.go.jp/kourei/english/annualreport/2022/pdf/2022.pdf
https://www8.cao.go.jp/kourei/english/annualreport/2022/pdf/2022.pdf
https://www8.cao.go.jp/kourei/whitepaper/w-2022/html/zenbun/index.html
https://www8.cao.go.jp/kourei/whitepaper/w-2022/html/zenbun/index.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000207382.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000207382.html
https://doi.org/10.1093/gerona/56.3.M146
https://www.hitachi.co.jp/products/it/industry/solution/hdsf_pharma/solution.html#a
https://www.hitachi.co.jp/products/it/industry/solution/hdsf_pharma/solution.html#a
https://www.jpn-geriat-soc.or.jp/info/topics/pdf/20140513_01_01.pdf
https://www.jpn-geriat-soc.or.jp/info/topics/pdf/20140513_01_01.pdf
https://www.kashiwanoha-smartcity.com/actionplan/
https://www.kashiwanoha-smartcity.com/actionplan/
https://doi.org/10.1016/j.archger.2022.104734
https://www.mhlw.go.jp/toukei/sippei/
https://www.mhlw.go.jp/toukei/sippei/

198 K. Iijima et al.

Ministry of Health, Labour and Welfare (2022) 2022 Edition Annual Health, Labour and Welfare
Report: Maintain Sufficient Manpower to Support Social Security System, Part 1 (Outline).
https://www.mhlw.go.jp/english/wp/wp-hw2022/dl/summary.pdf. Accessed April 24, 2024.
https://www.mhlw.go.jp/stf/wp/hakusyo/kousei/2 1/index.html. Accessed April 24, 2024.

Tanaka, T., Son, BK., Lyu, W. & Iijima, K. (2022) Impact of Social Engagement on the Development
of Sarcopenia among Community-Dwelling Older Adults: A Kashiwa Cohort Study,
Geriatrics & Gerontology International, Vol. 22(5), pp. 384-391, March 2022, DOIL:https://doi.
org/10.1111/ggi.14372

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits any noncommercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if you modified the licensed
material. You do not have permission under this license to share adapted material derived from this
chapter or parts of it.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://www.mhlw.go.jp/english/wp/wp-hw2022/dl/summary.pdf
https://www.mhlw.go.jp/stf/wp/hakusyo/kousei/21/index.html
https://doi.org/10.1111/ggi.14372
https://doi.org/10.1111/ggi.14372
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Chapter 13 )
Project 3: City Infrastructure Management <o
for Value Creation

Naoki Yoshimoto and Izuru Makihara

Abstract We proposed value creation that takes into account changes and issues in
cities and regions in terms of infrastructure maintenance and management. There
are three types of infrastructure value: basic value, sustainable value, and extended
value. We analyzed and evaluated the characteristics that encompass these three
types of value. We also used a causal loop diagram to analyze the factors that link
regional characteristics to infrastructure maintenance and management. These value
creation and evaluation methods make it possible to implement maintenance and
management measures that respond to changes in the national land.

Keywords Infrastructure management - Value creation - Sustainable infrastructure
- Causal loop diagram - City planning

13.1 Today’s Infrastructure Management and Its Problems

This chapter outlines an approach for ensuring that in the process of building Society
5.0, the urban infrastructure and community assets (such as public facilities), which
require a long service life, will be both accessible to residents and capable of gener-
ating new value through the use of digital technology.

Traditionally, before constructing urban infrastructure such as roads, bridges,
sewer systems, or parks, a quantitative cost-benefit analysis is conducted. For roads
or bridges, this typically involves calculating a benefit-cost ratio (B/C ratio), where
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the benefit (B) represents the quantitative advantage of constructing the facility
(e.g., the reduction in distance and time required to reach a destination), and the cost
(C) includes the expenses involved in construction. For parks, benefits might be
measured in terms of the percentage of green space, which indicates the proportion
of area covered by trees and other vegetation. This conventional approach, based on
the premise that urban infrastructure demands substantial investment and needs to
be durable, has historically been the primary strategy.

Much of Japan’s infrastructure was constructed during its period of high eco-
nomic growth from the mid-1950s to the early 1970s. Currently, some of this infra-
structure is now over half a century old and has become increasingly dilapidated.
Consequently, inspection and repair work have generated significant public costs.
However, infrastructure management has advanced significantly in technological
innovation aimed at minimizing these costs. For example, inspections that once
depended primarily on manual observation are now increasingly performed using
drones, and Light Detection and Ranging (Lidar) technology is employed to map
the undersides of bridges (Institute of Infrastructure Regeneration 2019). While this
chapter does not explore individual instances of infrastructure management, it dis-
cusses how leveraging these technological advancements can enhance the value of
infrastructure.

Historically, infrastructure management emphasized prospective evaluation,
where a cost-benefit analysis was conducted with all estimates laid out before con-
sulting an expert panel. This approach prioritized assessing whether the project
would deliver good value for public funds by minimizing costs while ensuring the
infrastructure remained functional and durable for many years. Initial designs
become crucial, especially in large-scale projects where repair costs are likely to
increase. Recently, however, the evaluation criteria have expanded to include com-
munity needs alongside the core functionality of the infrastructure. This shift reflects
a broader understanding of how infrastructure projects should align with commu-
nity issues and contribute to community development plans.

The government has taken a keen interest in infrastructure that drives community
development and has launched a social-infrastructure funding program, formally
known as the “comprehensive grant for developing social infrastructure.” This pro-
gram aims to provide flexible management of infrastructure projects (Ministry of
Land, Infrastructure, Transport and Tourism 2024). It has two main components:
First, it funds inclusive infrastructure projects that address local issues and needs
effectively. Second, it supports projects that are not only inclusive but also flexible,
enabling them to develop community-needs-focused social infrastructure. These
projects are designed to envision a community-specific vision, establish Key
Performance Indicators (KPIs) aligned with this vision, and utilize a retrospective
evaluation process to assess their success.
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13.2 What Is Infrastructure Management?

In this book, “infrastructure management” encompasses more than merely main-
taining built infrastructure. It refers to a comprehensive approach that considers the
long-term changes and needs of a city and its community, combining maintenance
and renewal efforts to address these evolving demands. Historically, infrastructure
maintenance was included in the pre-project cost-benefit analysis, which accounted
for the expenses associated with regular upkeep and significant overhauls required
as infrastructure neared the end of its useful life. However, this conventional
approach has shown limitations. Often, the pre-project cost-benefit analysis does
not account for reduced tax revenue from population decline, nor does it adjust
benefits based on decreased utilization of the infrastructure. This oversight can lead
to a dilemma: whether to invest in major improvements or to completely replace the
infrastructure. Furthermore, with societal shifts—such as population decline,
changes in transport and mobility, and lifestyle alterations—occurring more rapidly
than the designed lifespan of the infrastructure, there is a pressing need for the infra-
structure to adapt promptly to these changes.

This book identifies six key factors essential for building a smart city, among
which infrastructure management is pivotal. Infrastructure management acts as an
interface for social infrastructure in cities and communities, linking the social infra-
structure with the people and smart city architecture through two key factors: citizen
participation and smart-city Quality of Life (QoL) assessments. Assuming the fol-
lowing examples of infrastructure management projects, data from QoL assess-
ments and analyses of data generated from citizen participation are incorporated
into infrastructure management.

This integration helps in understanding what community needs and issues have
been considered in managing infrastructure. Figure 13.1 illustrates the community
KPIs linked to the government’s Comprehensive grant for developing social infra-
structure. These KPIs are divided into two broad categories: KPIs that promote
economic activities beneficial to the local economy and residents’ lives and KPIs
aimed at creating vibrant urban centers and improving transportation links, includ-
ing initiatives such as redeveloping station vicinities and widening roads (Institute
for Future Urban Development 2022).

Figure 13.1 presents examples of the KPIs utilized in such infrastructure proj-
ects. The selection of KPIs includes factors such as the target area’s population,
transport volume, number of shops, and land prices. These indicators highlight how
local infrastructure projects are progressively incorporating community themes into
their designs. Unlike in the past, where projects were primarily evaluated based on
the infrastructure’s functionality, current projects also use these themes as KPIs to
assess their effectiveness.

These projects aim to address community needs and issues through tailored
infrastructure management. While local conditions are considered in these initia-
tives, they are still in the preliminary stages of developing a comprehensive frame-
work for managing the infrastructure. This includes defining the overarching vision
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Fig. 13.1 Social-infrastructure grant breakdown

of the project. It is crucial to specify what values the residents seek, how these val-
ues can be delivered, and how to establish sustainable infrastructure management
that will enhance both the community and the residents’ QoL.

13.3 Three Types of Value Infrastructure Delivers

When establishing goals and KPIs for infrastructure, it is essential to concentrate on
the values important to residents: the conventional performance of existing infra-
structure, residents’ satisfaction, economic development, and community revitaliza-
tion. We have identified three categories of value for residents, which are aligned
with the components (= value items) of QoL (Fig. 13.2). The first is basic value,
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reflecting the infrastructure’s original design purpose. The second is sustainable
value, focusing on the role of infrastructure in enhancing community preparedness
for natural disasters or future developments. The third is extended value, relating to
the infrastructure’s ability to serve additional purposes beyond its original design.

1 Basic value

Basic value represents the essential services that infrastructure must provide, and
its presence is typically taken for granted; however, its absence leads to severe dys-
function. For water infrastructure, the basic value is realized through the consistent
delivery of safe, high-quality water and a reliable water supply. In terms of traffic
infrastructure, it manifests as the provision of well-maintained roads and efficient
mobility.

In many cases, basic value signifies the delivery of a universal service—some-
thing that should be consistently available across the community to ensure social
inclusion now and in the future. Therefore, to maintain the infrastructure’s basic
value, it is crucial not to pursue economic efficiency to such an extent that it renders
the service inaccessible to some residents. Efforts should be made to eliminate
waste resulting from over-supplying the service, and it is important to minimize any
excess or deficiency by delivering the service in a manner that deviates from the
traditional infrastructural assets.

2 Sustainable value

Sustainable value might not seem critical at present, but it becomes essential in
future scenarios or emergencies, where it is indispensable for the continuity and
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resilience of the community. For water infrastructure, sustainable value is realized
through earthquake-resilience planning and post-disaster recovery strategies. In the
realm of traffic infrastructure, it includes the construction of anti-flood reservoirs
and initiatives to prevent secondary damage. Beyond enhancing resilience, sustain-
able value also encompasses investments aimed at the community’s long-term
future. For instance, in the private sector, the JR East Ueno—Tokyo line features a
bridge near Kanda Station that spans the Shinkansen tracks. Although this section
of the Shinkansen predates the bridge, the foundational columns were installed con-
currently with the track laying to facilitate future bridge construction.

Thus, to ensure that infrastructure delivers sustainable value, we need to consider
future scenarios. This involves adding redundancy to future infrastructural services
and ensuring that limited services will remain available to vulnerable residents dur-
ing emergencies.

3 Extended value

Extended value is derived from functionalities beyond the originally intended
services of the infrastructure. This includes generating a buzz in the area or creating
new economic value through the utilization of both the infrastructure and its related
data. For example, in water infrastructure, extended value can arise when the deliv-
ered water is notably tasty or when facilities such as water treatment plants are made
accessible to the public, thereby garnering affection and support for the installa-
tions. In the realm of traffic infrastructure, extended value can be realized when
roadways offer scenic views, such as vistas of private gardens along the route.

Extended value can be categorized into three distinct types. The first category is
upgrading, where the extended value is derived from services that fall within the
infrastructure’s typical usage scope, enhancing convenience, efficiency, and com-
fort for users. The second category, diversification, originates from services outside
the normal scope of the infrastructure’s use, which contribute to emotional well-
being (such as services that offer healing or promote a caring state of mind). The
third category, external extended value, pertains to economic value generated by
services that utilize another piece of infrastructure alongside the original, or use
data associated with the original infrastructure.

Extended value often requires tailoring services to residents’ preferences and
providing diverse options. Additionally, it is crucial that this value supports local
economic development by facilitating an increase in residents’ activity levels.

An illustrative example of generating extended value is the Paris-Plages (see
Fig. 13.3). Paris-Plages transforms sections of roadway along the Seine in central
Paris into artificial beaches during the summer. Typically, many Parisians prefer to
leave the city during the hot summer months; however, the increasing tourist influx
necessitates that many remain to work in the service industry. To enhance the QoL
for these residents, the mayor initiated a plan to close the riverside roadways to traf-
fic during the summer (when commuter traffic is reduced) and convert them into
public resorts complete with palm trees and sand. Originally designed for transpor-
tation, these roadways now also maximize the scenic value of the Seine, thereby
significantly enhancing Parisians’ QoL.
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Paris-Plages: Public beaches on
roadways along the Seine

- During the summer-holiday period,
many Parisians prefer to visit the
seaside or countryside to avoid the
city's sweltering heat. However,
due to the influx of tourists to
Paris during this time, numerous
residents find themselves staying
in the city.

L& - To accommodate these Parisians,

artificial beaches have been

established along roadways
adjacent to the Seine, where
traffic diminishes in the summer-
holiday period. Paris-Plages
(initially named Paris-Plage) was
inaugurated for public use in 2002.

Fig. 13.3 Example of extended value creation: Paris-Plages

13.4 Value-Creation Process

For infrastructure management to be truly resident-oriented, it must prioritize com-
munity needs and issues over mere maintenance and renewal. This approach neces-
sitates engaging in specific processes that align with two of the six key factors
identified for effective management: citizen participation and smart-city QoL
assessment. Figure 13.4 illustrates the value-creation process essential for this
approach in infrastructure management.

To ensure infrastructure management is effectively oriented toward community
needs, the first step involves collecting data about the community’s features. This
data collection process should ideally utilize open data due to its accessibility.
Subsequently, this data is analyzed to calculate the quantity of features, which
assists in assessing community needs accurately. Given the current trends, govern-
ment data are increasingly available as structured datasets. This format simplifies
the use of statistical data, making it accessible even for those who are not typically
adept at handling statistical information.

The subsequent process involves evaluating the quantities of community fea-
tures. In this evaluation, community feature quantities are categorized and rated
using a relative grading system to facilitate intuitive visualization. Figure 13.4 illus-
trates this evaluation using a radar chart, which provides a visual comparison
between the community and another city of similar population size. Typically,
municipal-level data are utilized to identify these features and perform comparisons
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Fig. 13.4 Value-creation process in infrastructure management

with comparable cities. However, infrastructure management often focuses on a
sub-municipal level, such as a community or district, where necessary data may not
always be readily available. In instances of data mismatch between the collected
statistics and the target community, it is advisable to consult the community needs/
issues and the KPIs outlined in the previously mentioned Comprehensive grant for
developing social infrastructure.

The final step involves mapping the community needs and issues with infrastruc-
ture management to devise a plan that generates the three types of values: basic,
sustainable, and extended. During this planning phase, it is crucial to incorporate
KPIs to assess whether the project is truly resident-oriented and effectively addresses
community needs and issues. The next section introduces a causal loop paradigm
that connects infrastructure with a community’s needs.
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13.5 Causal-Analysis Technique for Creating
Community Value

To effectively integrate community features with infrastructure management, it is
essential to understand how community needs and issues are related to infrastruc-
ture capabilities. Unfortunately, there are few examples that illustrate how infra-
structure can deliver significant value to the community. This scarcity is largely due
to the traditional approach to infrastructure management, which primarily focuses
on maintaining infrastructure in operational condition rather than enhancing its util-
ity to meet community needs. Given this context, it may be beneficial to explore the
relationship between infrastructure and resident services more deeply, especially
considering that the social-infrastructure grant will now be utilized in infrastructure
renewal projects. However, there is also a challenge in this area: Determining the
relationship between infrastructure and resident services is complicated by the lim-
ited number of cases that involve large-scale renewal efforts or well-developed
infrastructure project proposal.

Thus, identifying community features and integrating infrastructure manage-
ment with the community’s needs and issues is essential, though laborious. This
integration necessitates a thorough understanding of the on-the-ground realities and
a realistic operational plan for the infrastructure. To facilitate this complex process,
one effective strategy is to develop a platform employing a causal-analysis tech-
nique. This platform will foster a shared perspective between the regional agency
managing the infrastructure and the residents it serves.

Causal analysis helps to visualize a causal chain. To illustrate using a hypotheti-
cal example from the Japanese proverb, “When the wind blows, bucket-makers
prosper”’—akin to the butterfly effect where a minor incident triggers a significant
event—causal analysis elucidates how seemingly unrelated events are connected.
The causal-analysis technique discussed in this context is the causal loop diagram
(CLD), which graphically represents the factors linking the wind’s impact to the
prosperity of bucket-makers. Figure 13.5 displays a CLD that outlines the programs
and infrastructure causally linked to residents’ QoL. This diagram highlights the
extensive range of factors that influence QoL, including traffic conditions, environ-
mental quality, the demand for green spaces, and lifestyle preferences, such as the
propensity for walking. In this chapter, “QoL” is used in a broader sense to include,
in addition to QoL, traffic, environment, and lifestyle preferences. To enhance QoL,
it is recommended to use tools that consider an individual’s activities. One such
tool, Active QoL, is discussed in this book. The CLD shown in the figure can illus-
trate the KPIs relevant to each user and depict the connections between these KPIs
throughout the plan-do-check-act cycle. This intuitive visual aid offers a shared
reference point for stakeholders, such as representatives of local public organiza-
tions and residents, who may approach the topic from diverse viewpoints. This
makes it a valuable method for engaging with nonexperts.
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Constructing a CLD from scratch is a challenging process, as it requires the
meticulous identification and integration of all causal factors involved. The avail-
ability of templates—illustrative examples of CLDs that outline potential factors in
a community setting—significantly aids this process. When these templates are
digitally accessible, allowing for intuitive navigation (e.g., by tapping on a tablet),
they can be readily used and tailored to fit specific community scenarios. With an
increasing number of causal analyses being conducted across various communities,
it becomes feasible to evaluate the impact of projects comprehensively and to initi-
ate new programs accordingly. Such initiatives enhance the potential for observing
the ripple effects within a single CLD. Although creating a CLD from the ground up
is formidable, utilizing an existing template from another community and adapting
it to incorporate the unique issues and needs of the current community can substan-
tially mitigate this challenge.

The final point to note is that processing causal factors and making future projec-
tions can be achieved with greater precision if each correlation is mathematically
formulated (expressed as a function). The adoption of digitization will aid in elimi-
nating interregional disparities, such as variations in funding among regional agen-
cies, and will facilitate mutual learning among communities based on each other’s
programs.

13.6 Toward Infrastructure Management That Creates Value

In this chapter, the concept of infrastructure management aimed at creating value is
outlined, with various examples cited to illustrate this approach. Japanese rural
areas are experiencing population declines faster than initially anticipated, indicat-
ing that patterns of sparsely populated communities are likely to dominate much of
Japan in the long term. This shift in land use, along with the challenges of managing
infrastructure, should ideally serve as an impetus for both residents and the govern-
ment to collaboratively consider the long-term prospects for needs-based infrastruc-
ture management.
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Chapter 14 )
Six Key Factors as Infrastructure e
for a Digital Society

Tomoyo Sasao, Shin Osaki, Hideyuki Matsuoka, Soichi Furuya,
and Atsushi Deguchi

Abstract This chapter introduces the six key factors described so far as infrastruc-
ture for the digital society and the tools necessary to utilize them toward creating a
people-centric sustainable smart city. In order for a wide variety of players partici-
pating in smart cities to collaborate under a common goal, one of the challenges is
to have a common understanding of how far each city and area has been formed and
what the next goal is. Besides, there is no common rubric that clearly articulates the
expectations for each developmental step or level toward achieving a people-centric
city. This chapter discusses in the following structure.

Section 14.1 summarizes such challenges to consensus building and phased
development. Section 14.2 defines the steps to incrementally implement six key fac-
tors in cities and regions. Here a common four-step template is given, which is then
applied to six key factors, i.e., Social Acceptance, Data Governance, Citizen
Participation, QoL-based Assessment, Human Resource Development, and Data
Ecosystem. Section 14.3 discusses the phased implementation of smart cities using
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these concepts, and finally Sect. 14.4 summarizes the key factors as infrastructure in
a digital society.

Keywords Maturity level of smart cities - Six key factors for a people-centric
sustainable smart city - Incremental actions - Framework - Assessment

14.1 Shared Frame of Reference for Creating People-Centric
Smart Cities

Smart cities represent an attempt to create people-centric cities through ambitious
programs designed to address community needs and enhance residents’ QoL. The
success of these initiatives hinges on the collaborative efforts of all parties involved
in the project, each contributing unique insights and resources. This collaboration,
though critical, is not straightforward. Given that these stakeholders represent a
wide range of industries and sectors, defining the progressive steps toward estab-
lishing a people-centric city is challenging. It is particularly difficult to develop a
shared understanding of these steps, which is essential for applying them to the
specific actions undertaken by different actors.

At the H-UTokyo Lab, we recognized the potential for gaining insights into the
integration of vehicle automation systems, which have advanced significantly by
utilizing a variety of underlying technologies for complex processing tasks. We
explored methods to apply the frameworks used in these technological advance-
ments to smart cities.

In the context of vehicle automation systems, the “framework” offers a standard-
ized language that articulates the future vision of vehicle automation along with a
structured progression toward this vision through defined levels of automation (refer
to Fig. 14.1). Initially proposed by the SAE in 2014 (SAE International 2021), these
levels have undergone several revisions but fundamentally have remained consis-
tent. They delineate five levels of automation (0-5), with higher levels indicating
greater automation. Each level defines a common goal and a set of conditions,

Level Name Vehicle driven by R;is(tjrriicvtiir?gs
Level 0 No driving automation Human driver -

Level 1 No driving automation Human driver Restricted
Level 2 Partial driving automation Human driver Restricted
Level 3 Conditional driving automation |Vehicle Restricted
Level 4 High driving automation Vehicle Restricted
Level 5 Full driving automation Vehicle Unrestricted

Fig. 14.1 SAE levels of automation. (Source: SAE International 2021)
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facilitating smooth collaboration among developers from various fields by provid-
ing a shared understanding. This framework not only offers a global perspective but
also serves as a foundational tool for international collaboration. For example, Japan
has utilized these common definitions to create a detailed roadmap that specifies the
target levels of automation to be achieved by specific years (Strategic Conference
for the Advancement of Public and Private Sector Data Utilization 2021). By 2020,
Japan aimed to commercialize vehicles with level 2 automation, which supports
steering, braking, and acceleration, and enables hands-free driving on expressways.
Additionally, Japan has initiated pilot projects for level 3 and level 4 automation in
various regions. This approach to defining automation levels exemplifies how a
clear, common framework can facilitate complex collaborations across different
sectors, speeding up innovation by aligning various stakeholders on current objec-
tives, upcoming challenges, and future milestones.

Let us consider how the framework used for vehicle automation can be applied
to smart cities. In smart city projects, similar to vehicle automation systems, there is
a necessity for high-level collaboration among actors from diverse fields, often
including residents, who work together to develop services and technologies for the
smart city. Thus, smart cities necessitate a coordinated approach as they involve
complex system development akin to vehicle automation.

It is widely acknowledged that smart city projects require a shared frame of ref-
erence or rubric. For this purpose, indices to assess and guide smart city develop-
ment have been proposed globally. For instance, in 2017, the International
Organization for Standardization (ISO) published ISO 37153, which is a maturity
model for assessment and improvement of smart community infrastructures. This
standard evaluates the maturity of smart city infrastructure—encompassing energy,
water, transportation, waste management, and ICT—across three aspects: technical
performance, process, and interoperability.

The standard defines five maturity levels: initial, partially fulfilled, fulfilled,
improving, and sustainably optimizing (International Organization for
Standardization 2017). These levels are analogous to those found in models used in
organizational management, such as the Plan-Do-Check-Act (PDCA)' cycle and the
Capability Maturity Model Integration (CMMI),?> which facilitate continuous
improvement. Another pertinent example is ITU-T Y.4904/L.1604, which is the
smart sustainable cities’ maturity model. Linked to the Sustainable Development
Goals (SDG), this model categorizes city sustainability into three maturity dimen-
sions: social, economic, and environmental, each with five defined maturity levels
(International Telecommunication Union 2020).

! The plan-do-check-act (PDCA) cycle is a cycle of hypothesis and testing for continuous improve-
ment. It was first proposed in the 1950s by William Edwards Deming, hailed as the father of quality
management.

2Capability maturity model integration (CMMI) is used in efforts to improve an organization and
project processes. The CMMI defines five maturity levels for project processes and the organiza-
tion: (1) initial, (2) managed, (3) defined, (4) quantitatively managed, and (5) optimizing.
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Thus, we possess instruments capable of assessing the maturity levels of smart
cities. However, these instruments do not yet incorporate the people-centric focus
central to Society 5.0, which prioritizes the well-being of city residents.
Consequently, there is no common rubric that clearly articulates the expectations for
each developmental step or level toward achieving a people-centric city.

14.2 Defining the Levels of Applying the Six Key Factors

Previous chapters have emphasized the significance of six key factors essential for
developing a people-centric smart city. This chapter delineates the steps or levels
required for their application in urban and community settings. We introduce this
framework as a new rubric intended to assist all stakeholders involved in the cre-
ation of a people-centric smart city. This rubric aims to foster a shared understand-
ing of the project’s current progress and its ultimate objectives. It is our hope that
this framework will serve as a valuable tool in advancing the development of
smart cities.

Figure 14.2 illustrates four progressive levels representing the stepwise applica-
tion of the six key factors within the target community. At level 0 (nothing done), no
actions have been taken with consideration of the key factors. At level 1 (research
done), research has been conducted to explore methods for applying these factors
within the target community. Level 2 (partially implemented, trialed) denotes partial
implementation of the key factors or piloting of methods researched at level 1. At
level 3 (implemented, standardized), a body of practical experience and best prac-
tices has accumulated, resulting in the integration of the key factors as fundamental
mechanisms in smart-city operations, thereby ensuring effective functionality in

i Mature state

T Levels
Levels are :
backcast .- L ; Continuous

v improvement

Level 3
Implemented,

i' standardized

Level 2
H Partially |
v implemented,

trialed
Level 1
: Research
v done
Level 0
Nothing |
done
—

Fig. 14.2 Stepwise levels in the application of the key factors
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practice. Level 4 (continuous improvement) describes the ideal scenario where the
key factor functions effectively within the target community and involves an ongo-
ing cycle of enhancements aimed at maintaining its effectiveness. Such improve-
ments may involve closer alignment of the key factor with the community’s realities
or actions to enhance its stability.

Figure 14.3 utilizes the foundational model of levels and applies it to each key
factor, projecting a progression from the ideal scenario toward specific levels tai-
lored to each factor. These levels delineate the necessary steps to advance toward the
ideal scenario. With levels 1 and 2 encompassing relatively minor initial steps, the
model encourages an initial focus on reaching level 3. Trials are initiated with the
aim of attaining this level.

The subsequent section of this chapter proposes a series of incremental actions
to optimize the functionality of the six key factors within the target community.
Additionally, it highlights essential perspectives to consider while undertaking these
actions.

14.2.1 Key Factor 1: Social Acceptance

For the social acceptance factor, we envisaged the desirable endpoint—the public
are well informed about and receptive to the smart city programs. We developed a
range of levels, starting from this goal, to show different stages of improvement in
public understanding and acceptance of smart city programs (see Fig. 14.3).

Level O signifies a lack of progress, where no actions have been taken. At this
stage, the smart city operator lacks understanding of social acceptance, as discussed
in Chap. 5.

Level 1 signifies a stage where research has been conducted to explore approaches
for enhancing social acceptance. At this level, the smart city operator has gained an
understanding of social acceptance, is engaged in researching approaches for foster-
ing it, and is contemplating adoption strategies for the organization.

Level 2 represents the trial stage. At this level, programs for building social
acceptance are being sporadically trialed.

Level 3 is the organizational embedding stage. At this level, decisions are being
made based on the results of trials on initiatives for building social acceptance,
which initiatives to adopt, and how to sustainably entrench these initiatives.

Level 4 represents the stage of continuous improvement. At this level, the pro-
grams and mechanisms integrated during level 3 are periodically refined, and a bud-
get and framework are in place to enable continuous improvement.

The exact approach taken to building and sustaining social acceptance will
depend on the community in question. One method may work for building rapport
with citizens in a big city, and this will differ from one that would work in a rural or
remote municipality. At level 1, an approach that works for the community in ques-
tion needs to be identified. Insights into this can be gleaned by using a model repre-
senting the attitudinal structure of social acceptance toward a smart city. However,
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Key factor 1:
Social acceptance

1 sociat Acceptance

S,

2 Data Governance
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Key factor
Citizen participation

3 citizenParticipation

[MThe smart-city operator does not
yet grasp the concept of social
acceptance

[MThere is no awareness about data
governance guidelines for smart-
city programs (see Chapter 6)

[V Citizens have no opportunity to
participate in smart-city programs

[MThe social receptivity acceptance
is understood

[MResearch is conducted into a
method that the organization
should use for building social
acceptance

[MResearch is conducted into
services and benefits that would fit
the community’s needs

[MHearings, briefings, and other
opportunities are provided for
briefing the public on, and
receiving feedback about, the
smart-city’s goals and programs

[ Research is conducted into a co-
creation approach that suits the
community

[ Trials are sporadically conducted
into obtaining social acceptance

[MThe underlying approach in the
data governance guidelines is
applied in sporadic initiatives for
obtaining and using data

MInitiatives are trialed to encourage
citizens to participate actively in
co-creation (e.g., sporadically
organized workshops)

[MBased on trial results, a decision
has been made on how to obtain
social acceptance toward the
program

[MSocial acceptance is embedded
and functioning as a basic
mechanism in smart-city
management, enabling continued
implementation of programs

Minitiatives for obtaining and using
data apply the thinking set out in
data governance guidelines

MThe above initiatives are
integrated and functioning as a
basic mechanism in smart-city
management, such that they can
operate continuously

[MOpportunities are available (e.g.,
living lab) for citizens to participate
actively in co-creation in relation to
a diverse set of smart-city themes

[MThe above opportunites are
integrated and functioning as a
basic mechanism of smart-city
management

[MPeriodic reform and improvement
of programs and mechanisms has
been implemented at level 3

[MA budget and framework are in
place to enable continuous
improvement

v
The target community
understands and is receptive
toward smart-city programs

[MThe mechanism integrated during
level 3 is periodically revised and
improved

[MA budget and framework are in
place to enable continuous
improvement

v
Risk of controversy avoided

[MThe programs and mechanisms
integrated during level 3 are
periodically revised and improved

[MA budget and framework are in
place to enable continuous
improvement

v

Citizens participate actively in
smart-city programs

Levels (and their criteria) in the implementation of each of the six key factors
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about) a means for checking whether
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QoL

MThere is no conscious attempt to
develop a human-resource
-development strategy for the running
of the smart city (e.g., staff left to fend
for themselves)

MThere is no inter-organizational data
sharing in smart-city programs

MResearch is conducted into a
technique for measuring residents’
subjective metrics

[MMetrics suited to community have been
selected

MResearch is conducted into how to
standardize human resource
development

[MResearch is conducted into the needs
and seed capital related to inter-
organizational data use

[MSmart-city programs are sporadically
evaluated using subjective metrics
(e.g., QoL)

[MAd hoc human-resource-development
programs are trialed sporadically (e.g.,
external training scheme, internal
training system)

Minter-organizational data use is trialed
sporadicall in relation to a particular
smart-city theme

[MSuch evaluations are integrated and
functioning as a basic mechanism of
smart-city management, with a PDCA
cycle conducted to identify community
issues and rectify them

[MThere is a clear vision setting out the
smart-city human resources that the
target community requires

MHuman-resource-development
programs aligned with the above vision
are selected and implemented

MThe programs are integrated and
functioning as a basic mechanism of
smart-city management, enabling
continuous human resource
development

[MServices involving inter-organizational
data use are in operation and are
delivering the expected benefits and
revenue

[MEffective strategies for supporting data
use are derived from high-quality use
cases

[MThe support strategies are integrated
and functioning as basic mechanism in
smart-city management

[MThe evaluation process integrated
during level 3 is periodically reformed
and improved

[MAbudget and framework are in place to
enable continuous improvement

[MThe programs integrated during level 3
are periodically reformed and
improved

[MAbudget and framework are in place to
enable continuous improvement

[MThe services based on data linkage
are reformed and improved—e.g.,
feedback from residents and other
stakeholders are taken into account
and services are discontinued, new
services are added, or services are
adapted to changing needs

MPeriodic reform and improvement of
support programs

[MA budget and framework are in place
to enable continuous improvement

v

v

v

A workforce has been cultivated for
managing the smart city

Data are used to show how smart-
city programs are contributing to
QoL

Inter-organizational data use
increases based on resident needs,
contributing to city sustainability

Fig. 14.3 (continued)



218 T. Sasao et al.

the general principle is that trust in the smart-city operators is a critical determinant
of social acceptance. Trust itself is shaped by procedural fairness (whether the pro-
cesses adopted are fair) and distributive fairness (whether the benefits are distrib-
uted proportionately, as opposed to disproportionately benefiting a particular
community, gender, or generation, for example). Thus, regardless of the kind of
community in question, at level 3 procedural and distributive fairness must be kept
in mind when trying to engage residents in dialog.

The general approach to ensuring procedural fairness is to only proceed with the
project after a robust dialog has been held with the right stakeholders and consent
obtained from all the stakeholders. Who these stakeholders should be and when it is
best to hold the dialog with them will depend on the community and project in ques-
tion. A good way to determine these matters is to have a strong understanding of the
community’s interests and to have a plan for reaching out effectively to the stake-
holders. To that end, a wide range of stakeholders should be considered—not just
local such as town meetings and the local chamber of commerce—and the dialog
approach should be made as inclusive as possible.

As for distributive fairness, you must try to avoid any disproportionate allocation
of benefits. Oftentimes, however, when one becomes obsessed with trying to achieve
distributive fairness in a single project, the project target becomes obscured, and the
project goes awry. It is better, then, to group projects together and try to ensure dis-
tributive fairness for the project group as a whole. You should also try to ensure
equality in dialog opportunities. Given the intergenerational gap in digital literacy,
it might be a good idea to provide elderly people with in-person briefings and intro-
duce the jargon in a digestible format. For younger people who are more digitally
literate, you can use an online approach to collect feedback.

14.2.2 Key Factor 2: Data Governance

It is now a global trend to take a data-driven approach to address community needs
and issues and improve residents’ QoL. In data-driven smart cities, there are plat-
forms linking data between different fields to enable solutions for complex prob-
lems and creating potential for new business opportunities to emerge. However, to
avoid trouble and conflict in such data use, we need robust data governance, which
includes, in addition to legal and regulatory compliance, measures for preventing
controversy and scandal.

Chapter 6 presented basic data governance guidelines for smart cities. The matu-
rity levels for data governance represent the degree to which such guidelines are
being applied (Fig. 14.3).

Level O represents a state in which initiatives are being conducted with no aware-
ness about data governance guidelines. At this level, no thought is given to the need
for legal and regulatory compliance or the need to avoid controversy or scandal. As
such, trouble and conflict are highly likely to be encountered.
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At level 1, services and benefits that could be suitable for the community have
been investigated, referring to data governance guidelines. Data use is a means, not
an end, so a start must be made by involving residents and working out what kind of
value should be delivered to residents.

Level 2 represents the stage where a clearly defined purpose for using the data
considered during level 1 exists and where the data has started to be used. Following
the guidelines, we sporadically obtain and use data that is necessary for implement-
ing new services. It is a good idea to progressively rectify and refine underway data-
driven programs based on the guidelines.

Level 3 represents a stage where data-driven initiatives have been delivered in
the community based on the guidelines and where such data use is now integrated
and functioning as a basic mechanism in the management of the smart city. At this
level, the guidelines-based creation and outcomes of services are evaluated, and the
results of evaluations are used to guide forthcoming programs.

Level 4 represents a stage where the actions of level 3 are practiced and improved
in a sustained cycle. Agile governance (see Sect. 6.3) is useful at this level. A system
of data governance is an unfinished product from the start; it is best to operate a
smooth cycle of trial and improvement. At this level, the consent of the stakeholders
and effective budget allocations have been achieved.

At this level, the goal is to have a smooth, conflict-free process of using data in
the smart city. To that end, the data governance guidelines must be generic to some
extent. The outcomes of applying these guidelines in practice should then be con-
sidered so that the guidelines can be refined and rolled out in different communities.
In this way, the guidelines will become increasingly relevant to the situation on the
ground and increasingly usable, reaching a stage where the guidelines can start
being standardized. Through this process, a positive feedback loop is created in
which promoting the use of data leads to higher resident satisfaction, which in turn
leads to even greater use of data.

14.2.3 Key Factor 3: Citizen Participation

Active citizen participation is crucial to delivering smart-city programs oriented
toward people’s well-being. To encourage citizen participation in smart-city pro-
grams, spaces and opportunities for participation must be provided and these must
be tailored to the needs of locals and the features of the community. Therefore, there
is a need to devise an appropriate plan that takes these matters into account.
Accordingly, to define the maturity levels for the citizen participation factor, we
backcast four levels from a scenario in which citizens participate actively in smart-
city programs (Fig. 14.3).

Level O represents a situation in which there is no opportunity for citizens to
express their views about or engage in the co-creation of smart-city programs.
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Level 1 represents a stage where there is public comment and other opportunities
for the public to receive briefings on and express their opinions on smart-city goals
and programs. It is also a stage where a locally rooted approach that will engender
co-creation (a deeper level of participation) is investigated.

Level 2 represents a stage where sporadic workshops are held to identify specific
themes for the smart city and create opportunities for citizens to engage in
co-creation.

Level 3 represents a stage where there are opportunities for citizens to engage in
co-creation in relation to themes pursued in the smart-city project and where such
opportunities function as a basic mechanism in the smart-city. This stage corre-
sponds to a living lab (see Chap. 7). “Functioning as a basic mechanism” means that
people organizing smart-city projects are increasingly trying to create opportunities
for co-creation and are using methods such as living labs to promote co-creation for
a range of smart-city themes.

Level 4 represents a stage where the actions taken during level 3 are being applied
and improved on an ongoing basis. At this level, difficulties may be encountered in
bringing on board the organizations that should be engaging in the co-creation or in
attracting members of the public to actively participate. In such cases, the design of
your approach to co-creation should be amended or rethought as necessary. This is
also the level where the actions should be made sustainable by building rapport with
local members of the public and members of staff and by securing budgetary
allocations.

To normalize a situation in which citizens are one of the parties engaging actively
in co-creation for smart-city programs, more opportunities for local residents to
engage in the smart-city project need to be created and the public’s participation
gradually deepened so that they will gradually gain increasing experience in being
on the side that is creating the smart-city program. If level 1 involves the conven-
tional approach to this end, namely, one-way briefings, then level 2 is where you
gradually incorporate resident perspectives and experiment with ways to achieve
higher quality participation and unleash creativity. To design a co-creation program
that will be acceptable and accessible to the public, the goals and outcomes of co-
creation need to be confirmed as well as what services are already under develop-
ment. Participation opportunities to meet the needs of the target demographics can
then be tailored to fit. For example, the frequency, time, number of meetings, and
format of co-creation will vary depending on whether the target demographic is
elderly people or people who are parenting children. It is no easy task to design co-
creation spaces that will be acceptable and accessible to the target demographic, but
with an accumulation of practices in level 2, more experience can be gained and the
ability to work toward the goal of level 3, to design a flexible and inclusive co-
creation program covering a range of themes in the smart-city project, can be
improved. Hence, at level 2, we must engage in trial and error to build up experience
in co-creation together with members of the public.
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14.2.4 Key Factor 4: QoL-Based Assessment

The growing global need to measure and assess the impact of smart-city programs
on people’s QoL and well-being necessitates a clear quantitative representation of
these outcomes. To achieve this, it is essential to define the metrics to be used and
the data to be tracked. The maturity levels for this factor reflect the extent to which
a system utilizing human-centric metrics has been developed to evaluate smart-city
programs and the city’s status (Fig. 14.3).

Level O represents a preliminary stage where no effective method exists to assess
whether smart-city programs are enhancing the QoL, or if a method does exist, it is
not recognized or utilized. At this level, the only assessment conducted is the evalu-
ation of the program’s progress toward a one-dimensional goal.

Level 1 represents a stage where research is conducted into an assessment
method that focuses on residents’ subjective experience. At this level the factors that
strongly correlate with well-being are identified in the target community Smart City
Institute Japan. These factors could be derived from the publicly available results of
the community well-being scale developed by the Smart City Institute Japan and
used in the Digital Agency’s digital garden city nation strategy (Smart City Institute
Japan 2023) or from Active QoL (see Chap. 8). These factors can then be used to
clarify the strengths and issues of the community. This level also represents a state
in which the relevant policies and smart-city programs have been selected to assess
or new programs have been designed to be assessed in the future.

Level 2 represents a stage at which resident QoL or well-being surveys are uti-
lized to assess smart-city programs or the status of the city at fixed time points. At
this level, assessments begin by defining the target data and designing the survey to
align with the objectives of the assessment and the subjects being evaluated.
Additionally, data are collected and analyzed to evaluate the outcomes of the pro-
grams and to identify emerging issues. Based on these findings, a PDCA cycle is
implemented, which includes designing future programs.

Level 3 represents a stage where the assessment cycle tested at level 2 is now
integrated and functioning as a basic smart-city mechanism. This level also repre-
sents a stage of continuous data collection for assessing disparate programs and
measuring changes across the short and long term.

Level 4 represents a stage where you are continually improving the level 3 pro-
cesses. At this level, you periodically reform and refine the programs and mecha-
nisms as part of the PDCA cycle to make them work more effectively.

The aim at this level is to use data to check whether the smart-city programs are
contributing to people’s QoL. To that end, the key element of level 3 is needed: a
system of assessment tailored to the community. This system will involve analyzing
the community-specific factors correlated closely with QoL to identify what com-
munity issues must be addressed urgently, what smart-city interventions might
prove effective, and what programs should be assessed. Remember, the metrics
selected must be impartial, incorporate resident perspectives, and must be open to
the public; if metrics are used that are based only on the smart-city operator’s
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perspective, there is a danger that the assessments will produce partial, biased
results. Clarity of purpose is also important; at level 1, there must be clarity con-
cerning why the smart city was assessed. Depending on the purpose, the reason is
that the parameters of assessments will differ, including the metrics to be used, the
geographic scope of the data sample and the period, frequency, and method of data
collection. Generally speaking, there are three broad purposes for assessing a
smart city:

1. To clarify the community’s features and issues and present residents with evi-
dence about the state of the community

2. To prepare basic data that can be used to examine ways to expand the commu-
nity’s features or address its issues

3. An impact assessment: To see how a proposed intervention would affect the
community

In the case of (1) and (2), we would be looking at residents’ QoL or well-being
from a macro-perspective, in which QoL or well-being is defined as a feature of the
community. On the matter of frequency of data collection, a one-off collection will
probably suffice. If data are then collected every year or so, that would be even bet-
ter. As for the size of the sample, the data collection could be made more efficient
by adding the metrics of interest to a national government or local government
survey conducted on a large population, as these surveys, with their large sample
size, enable comparisons of subareas within the survey area. In the case of (3),
because the purpose is to measure the impact of the intervention, we would be look-
ing at residents’ QoL or well-being from a micro-perspective, in which changes in
behavior or satisfaction level are the focus. For a granular assessment that can track
the dynamic progress of a smart-city program, think about eventually using an
assessment such as Active QoL (see Chap. 8) in which residents’ everyday activities
and psychological states are tracked via behavior logs inputted on a smartphone or
data from wearable sensors. Bear in mind, though, that wearable devices, by their
nature, have disproportionate ownership and that devices other than smartphones
are not yet widely available. For these reasons, limit the focus to a particular service
or to a particular area.

14.2.5 Key Factor 5: Human Resource Development

Smart-city human resources do not grow by itself. It will require knowledge, skills,
underlying ideas, and negotiations that differ markedly from existing business rou-
tines. An external agency can be hired to deal with human resource development,
but the results will prove unsatisfactory unless the agency understands what new
business processes are required. Thus, if the aim is to create a sustainable smart city,
a conscious effort must be made to develop a workforce with the right knowledge
and skills.
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Making a conscious effort to develop a workforce means building a human-
resource-development system. Accordingly, the maturity levels for this factor repre-
sent progress in the construction of such a system (Fig. 14.3).

Level 0 represents a stage where nothing has been done; no plans for human
resource development are in place and staff are left to fend for themselves.

Level 1 represents a stage where research is underway. The criterion for this level
is whether one is examining precedents and best practices for human-resource-
development programs and whether there is consideration of how the best practices
could be incorporated into your organization.

Level 2 represents a stage where human-resource-development programs are tri-
aled. At this level, there is sporadic implementation of a system of human resource
development with a mixture of external training programs and internal training.

Level 3 represents a stage where a human-resource-development program is
standardized. The criterion for this level is whether the kind of workforce one wants
to cultivate has been defined, and the best program for this vision selected, adopted,
and standardized.

Level 4 represents a stage where the program and its standardized processes are
continuously improved. At this level, the processes set up during level 3 is periodi-
cally reviewed and refined, and a budget and organizational framework are in place
to sustain such continuous improvement.

A key focus in the above maturity levels is having a strategic approach to human
resource development. The kind of workforce needed will differ depending on the
organization, and the workforce cannot master overnight knowledge and skills that
differ markedly from those used in prior business processes. A strategic readiness
for a fluid workforce, in which transfers and resignations may be common, is
also needed.

How can sporadic investment in human resource cumulate in an embedded
human-resource-development system? Consider the following five pointers.

First, the kind of workforce to cultivate has been defined—set the objective. See
Chap. 9 for insights about the kind of skillsets and workforce size that may be
required.

Second, the “who” and the “where” of the training need to be defined. In antici-
pation of workforce fluidity in the future, there must be an idea of who in the orga-
nization needs to be trained, and also where (into which positions) human resources
should be allocated.

Third, there needs to be a training methodology. For example, have employees
attend training programs to expand their knowledge, have them engage in on-the-
job-training (by working in a highly skilled team) to refine their practical skills, or
organize internal workshops to expand the range of people with skills and experi-
ence related to smart cities. For the architect role, which requires a particularly
advanced level of expertise, consider headhunting and bringing in human resources
from outside, as it might take too long to train up the human resources from within
the ranks.

Fourth, provide a framework to organizationally embed the program. If the pro-
gram involves employees attending a training course, it may be a good idea to
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subsidize the course fees, in which case it will be necessary to think about how
many people will be attending each year. One should also organize internal work-
shops where the course attendees can share the outcomes of their learning with
colleagues; this will benefit the attendees themselves as well as their colleagues.
Fifth, keep up to date with the latest developments. Technological and social
trends related to smart cities move fast. An environment needs to exist that is always
accessing the latest news about programs in other smart cities, thereby encouraging
a constant updating of intelligence. To that end, join external information-sharing
networks and have processes in place for keeping intelligence up to date.
Hopefully, these pointers will help designers reach level 3 as soon as possible.
Human resource development has synergistic effects; the more the workforce is
trained, the more colleagues interact, share knowledge, and learn from one another.

14.2.6 Factor 6: Data Ecosystem

The aim in cultivating a data ecosystem is to increase the numbers of data providers
and data users exchanging data between organizations in the community and sustain
a situation in which a plethora of data-driven services deliver value to residents and
organizations. For this, it will be necessary to introduce a pricing mechanism (not
just monetary pricing); there is also a need to keep introducing new services and
reforming existing ones (i.e., achieve service metabolism) to dynamically adapt to
needs that change over time.

Accordingly, the maturity levels for this factor represent the degree to which a
body of precedents and best practices related to interorganizational data use, the
degree to which such data is sustainably entrenched (by introducing a pricing mech-
anism, for example), and the extent to which the services driven by the data are
renewed or replaced according to demand is necessary (Fig. 14.3).

Level O represents a stage where there is no interorganizational data sharing in
smart-city programs.

Level 1 represents a stage where you are investigating needs, and seed capital
that could match such needs, in relation to interorganizational data use.

Level 2 represents a stage where interorganizational data use is being trialed. At
this level, you have trialed interorganizational data use in relation to a particular
smart-city theme and verified these use cases.

Level 3 represents a stage where multiple services have started delivering the
expected benefits and revenue such that the services are now sustainably entrenched.
It also represents a stage where you have derived from high-quality use cases effec-
tive strategies for supporting data use and where these strategies are now integrated
and functioning as a basic mechanism in smart-city management.

Level 4 represents a stage where mechanisms are working to adapt services to
changing needs. At this level, services driven by shared data are scrapped and
replaced as necessary in accordance with feedback from residents and other
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stakeholders, and mechanisms are operating to sustain the level 3 activities in a form
that adapts to changing needs.

A criterion we used when defining level 4 was that the data ecosystem must have
prospects for long-term growth rather than just amounting to one-off or superficial
data exchanges. While it is important to lay down data infrastructure and have a
robust system of testing and verification, what really matters is that the services are
established as viable businesses and that they are developed in an integrated man-
ner, as part of the overarching management of the data ecosystem.

We offer the following two pointers for cultivating an ecosystem that can make
the people-centered city sustainable. First, in developing the ecosystem, an approach
should be taken that focuses on use cases. Laying down data infrastructure will go
some way in facilitating data use, but it is insufficient by itself to proliferate use
cases. Once the needs and the seed capital that could match such needs in relation
to interorganizational data use have been identified, on the focus can be on creating
simple, small-scale use cases (those that can be easy to implement from scratch).
These simple cases will pique the interest of stakeholders, leading to a buildup of
use cases in a snowball effect. In other countries, we can find cases in which open-
data processes such as ideathons and hackathons have culminated in apps used by
residents.

The second pointer is to establish a pricing system for data-driven services,
which often present challenges in immediate value quantification. In many instances,
it is not feasible to determine the monetary value upfront. A comprehensive per-
spective on pricing is essential when designing sustainable services. For example, if
a service contributes broadly to community welfare—such as enhancing street
safety—it may be beneficial to use infographics that illustrate these benefits. This
visual representation helps the public understand the costs associated with these
benefits more clearly. In Chap. 10, our research findings indicated that many orga-
nizations were participating in data-driven services primarily to contribute to the
community rather than for direct financial gains. Therefore, it would be prudent to
communicate to the public which organizations are involved in these services and
clarify their community-focused intentions.

Hopefully, these two pointers will help in reaching level 3 of the data system fac-
tor as soon as possible.

14.3 Stepwise Implementation Based on the Key
Factor Levels

We believe that the four maturity levels delineated for each of the six key factors
provide a systematic framework for developing a people-centric smart city within
the target community. This framework facilitates the identification of current prog-
ress and determination of subsequent objectives.
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Fig. 14.4 Example of using a radar chart to plot your progress in the maturity levels for the six key
factors as part of a self-analysis

Questions such as “Which factors have shown substantial progress? Which have
seen little advancement? Which have not been addressed at all?” can be clarified by
utilizing a radar chart. This chart plots the maturity levels of each factor, exempli-
fied in Fig. 14.4. These levels serve as a common frame of reference, simplifying
collaboration with team members and other stakeholders. They assist in conducting
self-analyses to gauge the extent to which initiatives contribute toward a people-
centric smart city and in setting long-term goals. Although the challenges of achiev-
ing these key factors may seem daunting, we advocate for a stepwise approach to
progression: starting initiatives at level 1, experimenting and refining them at level
2, and subsequently, clarifying the path forward.

Smart cities are not built overnight; they are the result of long-term initiatives.
These developments involve multiple stakeholders and a wide range of technologi-
cal innovations. While it is necessary to establish maturity levels and draft an imple-
mentation roadmap for each technology, the focus must consistently remain on the
primary goal: to create a people-centric smart city that enhances well-being.
Progressing through these levels often involves a steep uphill climb, which under-
scores the importance of having a common frame of reference. This framework
should be similar to the SAE levels of automation, defining distinct levels of matu-
rity that facilitate discussion and collaboration at each stage, and aid in identifying
challenges that no single community could surmount on its own. To all stakeholders
engaged in developing a human-centric smart city, we recommend adopting our
system of maturity levels for the key factors. We urge you to utilize this system to
methodically advance the implementation of these key factors.
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14.4 Key Factors as Infrastructure for a Digital Society

This book has proposed, and elaborated on, the necessity and importance of six key
factors essential for developing a people-centric sustainable smart city. Central to
these factors is the understanding that smart cities cannot be constructed overnight.
Instead, all relevant public and private sector organizations must continuously man-
age and advance the process of smart city creation, utilizing both the Society 5.0
reference architecture (Cabinet Office 2020) and the smart-city reference architec-
ture (Cabinet Office 2023).

The term “architecture,” adopted into Japanese as the loanword akitekucha, tra-
ditionally refers to the physical construction of buildings or to the structures them-
selves. However, as the introduction to this book clarifies, smart cities are distinct
from physical buildings in a crucial aspect—they are never truly completed.

Typically, a building begins to be utilized only after its construction is com-
pleted; for example, houses are inhabited only after they are fully built. Subsequently,
these buildings are maintained (through maintenance work or usability improve-
ments), suggesting that their completion in terms of management is a continual
process. This concept is even more applicable to complex urban environments,
which are designed for perpetual evolution and are constantly undergoing construc-
tion and redevelopment. Similarly, smart cities are dynamic entities, continuously
evolving and adapting to new technologies and resident needs.

Recall what it entails for a smart city to be people-centric: It involves continu-
ously creating and effectively managing services in response to the evolving needs
of its inhabitants (users, members of the public). While this may appear to be an
unending, Sisyphean task, it is a necessary path of creation and renewal that must be
followed to enhance the livability of the city or community.

To create and renew livable cities and communities suited for the emerging digi-
tal society, we need clear signposts—common infrastructure and benchmarks—to
guide our progress. In the twentieth century, cities were supported by two types of
social infrastructure. The first type was network infrastructure, which included rail,
road, electricity, gas, and water networks. The second type was software-based digi-
tal social infrastructure, which encompassed amenities with significant public
dimensions (such as schools, hospitals, parks) and the organizational frameworks
necessary for their use (education systems, healthcare systems, etc.). Although it
was uncommon for the maturity levels of these infrastructures to be quantified in
clear numerical formats, general standards existed to provide a reasonable assess-
ment of the city’s or community’s status in terms of education, healthcare, and simi-
lar services. Similarly, today’s smart cities require a new form of software-based
digital social infrastructure that enables local communities—the central actors in
smart cities—to efficiently navigate the path of creation and renewal. This necessity
inspired the proposal of the six key factors.

Twentieth-century societies were supported by social systems and applications,
but cities and communities within the digital society, being at a more advanced
stage, will rely on a new form of social infrastructure. This infrastructure will
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consist of innovative hardware networks such as ICT and high-speed communica-
tion networks, alongside their social systems and applications. However, it is critical
to avoid focusing solely on efficiency and economic benefits to the extent of becom-
ing overly dependent on hard technology; progress should be people-centric and
sustainable. This principle has been consistently emphasized throughout this book.
To ensure that smart cities develop in this manner, the six key factors must be inte-
grated as essential components of the infrastructure in a digital society, thereby
enhancing the well-being of the community. This is the book’s concluding assertion
and recommendation.

The six key factors should be communicated within our cities or communities
along with a set of maturity levels (ranging from O to 4) for each factor. This frame-
work will allow residents to discern the current developmental stage of their com-
munity and understand the subsequent phases, thus setting a clear path toward
developing a people-centric, sustainable smart city. Moreover, the smart-city initia-
tive is a journey of creation and renewal, one that necessitates active participation
from both citizens and residents. For these reasons, we encourage the utilization of
the six key factors and their associated maturity levels.
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Chapter 15 )
Dialogue: Creating the Future Through e
Dialogue: How to Achieve Society 5.0

and Deliver Well-Being Without Exceeding
Planetary Boundaries

Teruo Fujii and Toshiaki Higashihara

Abstract Smart city initiatives are underway in various locations in Japan, serving
as preliminary explorations of Society 5.0, a people-centric super-smart society
envisioned in the government’s fifth Science and Technology Basic Plan of 2016.
Alongside this, the University of Tokyo and Hitachi have been engaging in joint
research on two topics in particular that are aimed at achieving Society 5.0: the
creation of sustainable and people-centric smart cities and the formulation of a
vision for the energy systems of the future. This scheme for collaboration between
industry and academia being undertaken at the Hitachi-UTokyo Laboratory has
been recognized as a model for the harmonious collaborative creation (co-creation)
that is essential to overcoming societal challenge. Globally, the situation is becom-
ing increasingly complex, with worsening climate change and a changing interna-
tional order. Japan, meanwhile, is facing the new reality of depopulation. Combining
people’s well-being with a society that can stay within planetary boundaries will be
crucial to overcoming these challenges. In this chapter, Teruo Fujii, President of the
University of Tokyo, and Toshiaki Higashihara, Director and Executive Chairman
of Hitachi, Ltd., engage in a discussion that sheds light on how the University of
Tokyo and Hitachi are addressing this task.
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Teruo Fujii, President of the University of Tokyo (left). Toshiaki Higashihara, Director, Executive
Chairman, Hitachi, Ltd. (right)

15.1 Changing Environment for Both University
and Company

Higashihara I am delighted to have this opportunity to discuss Society 5.0 with
you today, as it is one of the research topics being addressed by the Hitachi-UTokyo
Laboratory.

Following your appointment as President of the University of Tokyo in April
2021, you published new guiding principles of the university called UTokyo
Compass that came out in September of that year. Can you please tell us what you
were seeking to achieve by this?

Fujii UTokyo Compass was titled “Into a Sea of Diversity: Creating the Future
through Dialogue” and highlighted three core values: “creation through dialogue,”
“diversity and inclusion,” and ““a university for everyone in the world.” Along with
a global agenda that includes climate change and the pandemic, humanity is also
faced with the threat to multilateralism posed by Russia’s invasion of Ukraine. In
such a world, universities have an even greater role to play as places where people
from many different walks of life can engage in dialogue.

Dialogue is the act of trying to learn something unknown. To discover and under-
stand something unknown, we need to pose questions. By sharing and thinking
about common questions through dialogue, we can build mutual understanding and
trustful relationships among people. Universities can serve as a place for creating
knowledge and building the future, discovering solutions to a variety of different
challenges through dialogue, not only within academia, but also with people from



15 Dialogue: Creating the Future Through Dialogue: How to Achieve Society 5.0... 233

outside or overseas who come from different backgrounds. When we fulfill this mis-
sion, I believe that universities are contributing to international society. I am con-
scious of how co-creation between industry and academia, as exemplified by the
Hitachi-UTokyo Laboratory, provides a framework for creating the knowledge to
take on difficult challenges through dialogue.

Higashihara Dialogue is also a key concept in today’s corporate activities. This
year is the 113th since Hitachi was founded, and over the 100 years or so of our
business, we have largely pursued a “product out” approach in which factories have
played a central role. In recent years, however, that approach has undergone consid-
erable change as co-creation with customers has come to play an ever more impor-
tant part. Co-creation means sharing a vision and goals with the customer, identifying
the challenges that need to be overcome to achieve those goals, and making use of
digital technologies to find solutions. To borrow your own words, it is about dia-
logue as a business model.

While products remain important, these increasingly large and complex chal-
lenges cannot be resolved by the conventional approach to manufacturing. Along
with the immediate challenges facing them and their customers, the companies of
today also need to take a broader and more long-term perspective that incorporates
the resolution of societal challenges into their businesses. Doing so calls not only
for co-creation with individual customers, but also for working through consortiums
of companies; collaboration across industry, academia, and government; and dia-
logue with non-profit organizations (NPOs) and communities.

In the “product-out” era, value was delivered through productivity-boosting effi-
ciency gains and profit-enhancing cost savings. Nowadays, in contrast, what cus-
tomers are seeking is changing toward forms of value that encompass societal
challenges. For example, rather than just price and quality, when choosing products
and services, customers are starting to prioritize things like the use of recycled
materials and whether materials procurement and production respect human rights
and are not damaging to the environment. With planetary boundaries (global-scale
environmental issues) and well-being (individual happiness based on leading a life
that is both mentally and physically healthy) becoming key considerations for busi-
ness, I have come to recognize the importance of how co-creation between industry
and academia brings a transformation in our thinking and an appreciation of new
ways of looking at things that incorporate these ideas.

15.2 Acceleration of Green Transformation

Fujii While I believe that climate change represents the greatest societal challenge
that we currently face, what we have now is better described as a “climate crisis”
whereby continuing along our current path will result in action being too little, too
late. In recognition of the need for a fundamental reorganization of social and eco-
nomic systems as well as the structure of industry, we highlighted green transforma-
tion (GX) as one of the key pillars of the UTokyo Compass action plan, with a
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three-tiered approach that addresses the issue at the global, national, and univer-
sity levels.

At the global level, the Center for Global Commons at the University of Tokyo!
has played a central role in developing and publishing the “Global Commons
Stewardship Index”.> The objective is to stimulate international policy debate on
how to safeguard the global commons and to encourage behavioral change at vari-
ous levels of society in individual nations.

At the national level in Japan, we established the Energy Transition Initiative—
Center for Global Commons (ETI-CGC) as a platform for investigating how Japan
can make the energy transition to carbon neutrality by 2050, with participation by
senior managers from 13 Japanese companies, including yourself. The intent is to
develop Japan’s pathways for achieving both carbon neutrality and well-being,
including the formulation of policy proposals.

At the university level, we are playing our part in pursuing the goal of net-zero by
2050, participating as an academic partner in “Race to Zero,” an international cam-
paign launched by the United Nations Framework Convention on Climate Change
(UNFCCC). We formulated and published our action plan for achieving this in
October 2022, entitled “UTokyo Climate Action.” Based on this plan, students, fac-
ulty, and staff members will work together to strengthen sustainability at the university.

Higashihara Government action on GX has included the July 2022 inaugural meet-
ing of the GX Implementation Council chaired by the prime minister. Against a back-
drop of ongoing energy supply concerns, this included work on what needs to be done
to achieve carbon neutrality by 2050 and the creation of a roadmap for the JPY150
trillion of combined public and private investment planned over the next 10 years.?

As for industry, the Japan Business Federation (Keidanren) is seeking to achieve
“Society 5.0 with Carbon Neutral,” its term for a new economy and society that
features fundamental change in how energy is sourced, innovation in the processes
of production, wider adoption of innovative products for decarbonization of the
transportation and consumer sectors, public behavior change, and a transformation
in living practices.

! An organization launched in 2020 with the goal of serving as a facilitator, guiding the reform of
societal and economic systems through co-creation with leaders from a wide range of fields in
order to secure the earth as a global commons, humanity’s common property. With the aim of
building a sustainable future for both people and the planet, the center is working on a common
international intellectual framework for managing the global commons (global commons steward-
ship). Based on this framework, the center is also working with a diverse range of stakeholders to
encourage the transformation of societal and economic systems.

2An overall indicator that is used to score nations for their impact on climate change and biodiver-
sity and to encourage action by serving as a basis for comparison. Jointly developed by the
Sustainable Development Solutions Network (SDSN) of the United Nations, Yale University, and
the Center for Global Commons at the University of Tokyo, indicators have been published for
more than 100 nations to date.

3A draft of the “Basic Policy for the Realization of GX” with 10-year roadmap was presented at
the Fifth GX Implementation Council held on December 22, 2022.
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15.3 Taking an All-Encompassing View
of Environmental Problems

Higashihara When considering fundamental changes in the sources of energy, it is
vital to differentiate between the short- and medium-to-long-term future. While an
expansion of renewable energy is essential in the long term, Japan will face electric-
ity shortages in 2030 unless it makes progress on restarting its nuclear power plants.
To ensure security of supply, we need to structure our electric power supply system
in a way that treats nuclear power generation as a significant source of baseload
power. In terms of thermal power generation, we need to establish a clear pathway
toward reducing it, while also reducing carbon dioxide (CO,) emissions by making
greater use of alternatives such as hydrogen or ammonia, which can be mixed in
with existing fuels. At the same time, there is also a need for longer-term action in
the form of fundamental research into carbon capture and storage (CCS) and carbon
capture utilization and storage (CCUS) so that it will be ready for practical imple-
mentation in the decade starting around 2040.

On the demand side, wider adoption of distributed power sources with the use of
batteries or artificial intelligence (AI) for energy management will likely play a key
role, facilitating the use of renewable sources of energy by communities, factories,
offices, and families together with energy efficiency measures for saving electricity.

Carbon neutrality is far from the only challenge, however, and it is also important
that we think about how to sustain global systems and the ecosystem. We live in a
time when we need to be thinking about the impacts we have on the environment in
comprehensive and global terms, encompassing every stage from materials and
other resources to the factory and office, transportation, use of products and ser-
vices, and their ultimate disposal and recycling. We need to be deploying technolo-
gies that can reduce the load on the environment, not only in Japan, but also
elsewhere such as in Asia and the Global South.

Fujii As you say, it is vital to adopt an all-encompassing view and address the
issues in a scientific manner. The information disclosure framework for organiza-
tions involved in sustainability has been expanded from the Taskforce on Climate-
related Financial Disclosure (TCFD) to the Taskforce on Nature-related Financial
Disclosures (TNFD), calling for reporting, not just on CO, emissions in the supply
chain, but also on assessments of the risks and opportunities posed to the natural
environment and biodiversity across all steps in the value chain. Considering issues
such as those associated with food or human rights in procurement and production,
there is a need for further research into how we can monitor the activities of compa-
nies and other organizations in all their different facets together with the collection
of this data and the calculation of indicators.

Higashihara Transparency and analysis are essential if effective action is to be
taken. This in turn calls for data collection and analysis platforms. With the European
Union (EU) already working on its Gaia-X project to establish integrated infrastruc-
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ture for the coordination of data across different companies, I feel that Japan, too,
should be talking about open platforms for the integrated collection and coordina-
tion of data between companies in Japan and Asia that will facilitate the provision
of services.

15.4 Need to Adopt a User Perspective

Higashihara Alongside planetary boundaries, Hitachi also sees “well-being” as an
important consideration, one that is highlighted as a key concept in the people-
centric super-smart society of Society 5.0. Smart cities are seen as providing a pre-
view of Society 5.0. At Smart City Institute Japan,* meanwhile, in which Hitachi is
participating alongside academics from the University of Tokyo and where well-
being is defined as living a fulfilling life, support is being given to work on smart
cities that seeks to improve on this measure. The institute has also developed the
Liveable & Well-Being City Indicators for use in activities taking place around the
country. Intended specifically for Japan, these indicators can be applied to urban
developments that enhance the well-being of community residents.

While people tend to think of smart cities as greenfield developments that start
from a blank slate, brownfield projects in which digital technology and data are put
to work to transform existing cities are likely a more realistic solution. One notable
example comes from Kakogawa City in Hyogo Prefecture where an investigation
into the potential for installing surveillance cameras to reduce the crime rate was
prompted by community feedback to also incorporate a monitoring service for chil-
dren and the elderly that works by using beacon tags,’ thereby improving the town’s
livability. The requirements for establishing a smart city are: (1) leadership, (2)
clearly defined objectives and key performance indicators (KPIs) for the planned
activities, and (3) community involvement. In the case of Kakogawa City, however,
three key elements that came together to make their project a success were, I believe:
(1) the mayor, (2) the installation of a crime prevention and monitoring service, and
(3) the adoption of a feedback scheme that can collect a wide range of community
views by means of a website.

An advantage of brownfield projects is that they are able to make use of com-
munity feedback while changes are being put in place. In recent years, a growing

* A not-for-profit organization established to promote the expansion and enhancement of smart cit-
ies in Japan.

SA public—private project being jointly undertaken by Kakogawa City and a number of private-
sector businesses. The project has installed surveillance cameras equipped with beacon tag detec-
tors in the area around an elementary school and along the paths taken by children going to and
from school. The system is used to monitor the children and others, including elderly people suf-
fering from dementia. It works by updating a smartphone app belonging to the person’s caregiver
or family with details of their movements whenever they pass near one of these detectors while
wearing the tag.
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number of people have come to treat societal challenges as matters of personal
concern to the extent that they are prepared to involve themselves in urban develop-
ment. I am hopeful that brownfield smart city projects will prove to be the catalysts
that initiate the transition to Society 5.0. In the private sector, likewise, we want to
play our part in this movement through means such as digital technology.

Fujii As a university, being a place where different types of people can come
together is one of our defining characteristics and, as such, I hope that we can serve
as a place for community participation and for connecting stakeholders together.

For Society 5.0, it is important to clarify who we are talking about when we refer
to it as “people-centric.” As you mentioned earlier, whereas the evolution of
twentieth-century industry was more about the things that mattered to producers,
the progress of digitalization since we entered the twenty-first century has placed
greater weight on the perspectives and values of the people who use products and
services.

This change now informs the debate about smart cities, where a switch in focus
toward user considerations is called for in fields like social infrastructure and in
public services such as healthcare and education. Those in healthcare are asking
themselves what constitutes value for patients, while for us in the education sector,
we need to be rethinking what is needed if students are to study the things they
really want to study. This is a time for the providers and consumers of services to be
getting together to engage in genuine dialogue and to think about issues of concern
and what constitutes value in those services.

15.5 Treating Issues as Matters of Personal Concern

Fujii For myself, I have spent a lot of time studying the ocean and have been
engaged in the Ocean Monitoring Network Initiative (OMNI). I have launched this
project to perform large-scale oceanographic surveys using low-cost sensor sys-
tems. To achieve this, the project has drawn on design capabilities to develop sen-
sors and data platforms for collecting a variety of oceanographic data such as water
temperature and salinity, with involvement by the general public as well as research-
ers. Participation in the project fosters a sense of personal connection with the ocean
environment, with activities including workshops for elementary, junior high, and
high school students and helping them come up with ideas for sensing devices.
Having more people collecting observations increases the volume and resolution of
the oceanographic data while also providing an opportunity for personal behavioral
change as people gain a shared awareness of the problems. I hope that this project
will serve as a model for using dialogue with the community as a means of over-
coming challenges.

Rather than being conferred by other people, I believe that well-being is some-
thing we acquire when we voluntarily engage with each other to make society better.
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Higashihara That is right. Because well-being means different things to different
people, if everyone pursues happiness in their own way, they may end up just get-
ting in each other’s way, like trying to inflate a lot of balloons in the same small
space. What is called for, rather, is empathy and to consider the viewpoints of oth-
ers. The same applies to planetary boundaries, a problem where it is important that
we think in terms of win—win rather than zero-sum outcomes.

The best overall outcomes can be achieved by local government, companies,
universities, and residents adopting this approach to working with one another to
address local issues, with these communities working together seamlessly based on
Japan’s Vision for a Digital Garden City Nation. It is when this happens that I
believe well-being will be improved.

Fujii Working with the local community is also important for us. In November
2022, we entered into a comprehensive partnership agreement with Wakayama
Prefecture. The aim of the agreement is to help resolve local issues and create a
distinctive regional society through academic research and the exchange and train-
ing of personnel.

While this is the third such agreement, we have reached at the local government
level, the earlier ones being with Mie and Fukushima prefectures, a number of our
faculties were already doing work in Wakayama. The Institute of Industrial Science
to which I belonged has set up a laboratory at Kada in Wakayama City to conduct
studies aimed at regional revitalization, while the Research Center for Advanced
Science and Technology partnered with Kongobu-ji, the Main Temple of the
Koyasan Shingon Sect, as well as with Koyasan University and Koya Town to hold
the Koyasan Conference. Similarly, our Graduate School of Humanities and
Sociology has entered into an agreement with Shingu City involving the establish-
ment of a satellite facility and the hosting of the UT Jimbun-Kumano Forum. The
graduate school has also entered into an agreement with Kitami City in Hokkaido to
engage in joint work in which Shingu City will also participate, with plans to go
deeper into areas such as multiregional cross-cultural studies.

We have also embarked on a “field study-based partnership project between local
governments and UTokyo.” This involves students spending time at local govern-
ment agencies to conduct on-site studies of local issues and come up with ways of
resolving them with assistance from faculty and staff members. During the 2022
academic year, we worked with 19 such local governments and communities at
locations across Japan.

15.6 Improving Diversity, Equity, and Inclusion Through
Mutual Understanding

Higashihara Diversity and inclusion are both key considerations when seeking to
create a people-centric society, and together with equity, these concepts have been a
focus of much attention over recent times, collectively known by the abbreviation
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“DEL” For Japan to retain its vitality as it confronts the reality of depopulation, it is
essential that both the private and public sectors promote globalization and diversity
more than ever before. To this end, Hitachi has declared a goal of increasing the
percentage of female and non-Japanese executive and corporate officers to 30%
by 2030.

Equity, being about the rectification of imbalances with respect for difference, is
not the same as equality. Rather than something that can be expressed in simple
rules, it is about formulating rules that are consistent with an understanding of peo-
ple’s individuality and of local culture and history, or of providing support and cre-
ating a level playing field that leads to a society that leaves no one behind. In other
words, it is about mutual understanding. It means first understanding and accepting
the values of other people, and then having them understand your values. While it
may seem trivial, I believe that order is crucially important.

Fujii Iagree. Building relationships of trust through dialogue demands both under-
standing and respect for others as you mentioned. As I spoke about earlier, the
University of Tokyo is seeking to become “a university where anyone in the world
would want to come and join.” Being accepting of people from a range of different
backgrounds is important in academia just as it is in business. In order to raise the
level of our research, debate needs to encompass diverse viewpoints. DEI is implicit
in the topics like Society 5.0 and well-being that we are addressing in our discussion
and I believe that they constitute genuine value.

One of the ways in which universities need to respond to depopulation is by fos-
tering and utilizing a diverse range of people so as to maintain national vitality. As
part of such efforts, we aim to recruit 300 female teaching staff by the 2027 aca-
demic year. By raising the percentage of female faculty and supporting their activi-
ties, our hope is that this will also increase the number of female students. Likewise,
increasing the number of international students should foster deeper understanding
and allow them to develop closer ties to Japan while also helping to improve diver-
sity domestically.

Disability inclusion is also essential. We have students who get around the uni-
versity in wheelchairs and the Research Center for Advanced Science and
Technology is engaged in an assessment and rehabilitation project whereby people
with disabilities or illness study their own concerns, such as the difficulties they
experience and the ways in which their illness manifests in their daily lives.
Providing an inclusive environment for education and research not only promotes
innovation, but also serves as a model for other organizations.

15.7 Responsibilities of Science and Technology

Higashihara Along with changes in attitude, the way in which DEI is achieved at
a technical level also raises issues. For example, as long as they are able to operate
the relevant devices, new digital realms such as the metaverse allow people to com-
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municate, work, and study wherever they live and without the constraints of time,
regardless of their age, gender, or physical condition. If not only sight and sound,
but also other senses such as touch, smell, and taste can be provided as virtual expe-
riences, then the possibilities could extend to the immersive study of history or the
interactive acquisition of skills and expertise.

On the other hand, these new technologies have both advantages and disadvan-
tages and come with ethical issues. Given that virtual reality is artificial, how far can
we allow it to go? While Hitachi provides training to our researchers and engineers
about the ethics of emerging technologies like gene recombination, genome editing,
and regenerative medicine, there is also an urgent need to establish effective rules
through a process that includes public debate and assessment.

Fujii The ethical, legal, and social issues (ELSI) raised by science and technology
have themselves become a topic of academic study. Moreover, the EU has, in recent
years, been addressing the concept of responsible research and innovation (RRI).

As exemplified by the issue of genetically engineered foods, new technologies
can foster uncertainty and distrust in science when they first enter the public realm.
To avoid this, rather than a closed debate among the ranks of scientists, it is impor-
tant to engage in dialogue with the public from the early stages of research and
development. While responsibility as a concept also embodies ethics, I see it as
having two aspects when it comes to research, namely, the responsibility to “create”
scientific knowledge and the responsibility to “utilize” scientific knowledge.
Scientists and other researchers are called upon to fulfill both of those responsibili-
ties, which is why we include “Promote Responsible Research” as one of the 20
goals in the UTokyo Compass.

15.8 Mutual Engagement for Development of Human
Resources and Resolution of Challenges

Fujii Given a global agenda including the ethical questions of new technology as
well as climate change and the new international order characterized by the Covid-19
pandemic and the invasion of Ukraine, a mountain of issues calls for our action.
Today’s discussion has reinforced for me how our ability to overcome these chal-
lenges is enhanced by companies like Hitachi and universities like ours working
together to take them on.

As a university, providing students with on-the-ground experience is a particular
emphasis of ours when it comes to addressing ever more complex challenges. We
promote internships both in Japan and overseas in the hope that knowledge of the
practical world will encourage students to make a personal commitment to action on
these challenges. I also see an important place for startups when it comes to initia-
tives for addressing challenges. As many students want to be involved with startups
in the social as well as the technology sphere, such as businesses that can make a
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social contribution on the ground in the Global South, for example, the university is
looking for ways in which we can support them.

Higashihara While we spoke earlier about the university’s role in developing tal-
ent, companies also have an important role to play in fostering people who can take
on a global agenda. This is about having a personal commitment to addressing soci-
etal challenges from a global perspective and resolving those challenges in a way
that brings people onboard based on mutual understanding. What I would like to see
is for us to build a relationship in which, through mutual engagement, we can
resolve societal challenges together. More than just internships, this could involve
things like our people going to the university to learn or having university research-
ers come to us.

Fujii I very much hope we can do that. When it comes to the fostering of talent at
universities, I am conscious of the need for us to build up our capabilities for acquir-
ing understanding of other subjects as well as our own, or for engaging in team-
based research with specialists from other fields. It is by acquiring such capabilities
that our engagement with companies will deliver benefits.

Higashihara With a philosophy like that, the Hitachi-UTokyo Laboratory will
have a more important role to play than ever. The pursuit of interdisciplinary
research is an area worthy of particular attention along with incorporating public
feedback into efforts to create Society 5.0, and we need to make further progress
toward it serving as a forum for dialogue that encourages active debate and the
exchange of views between companies and universities along with numerous other
stakeholders. I look forward to its coming up with many good ideas that will help
Hitachi toward our goal of using the resolution of societal challenges as a means of
creating a society that delivers well-being to everyone without overstepping plane-
tary boundaries. Thank you for your time today.
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Epilogue: Toward the Exploration of the New
Frontier of Cyberspace

Atsushi Deguchi and Hideyuki Matsuoka

The Story So Far

In 2018, H-UTokyo Lab, an industry-academia collaboration organization, pub-
lished the book of Society 5.0. This lab was established in June 2016 following an
agreement between Hitachi and the University of Tokyo. It focuses on two core
projects: the Habitat Innovation Project, which oversaw the publication of this book,
and the Energy Project. The findings from these projects have been disseminated
through our website, white papers, and other print media. Our academic-industrial
research intensified in the fiscal year ending March 2018. During the first phase of
our research (April 2017-March 2020), we shared our findings through various
forums and in our publication Society 5.0. The second phase (April 2020—March
2023) saw a shift to predominantly online research due to pandemic restrictions. In
October 2021, the Habitat Innovation Project hosted a well-attended forum at the
University of Tokyo’s Ito International Research Center (Ito Memorial Hall). The
joint research discussed at this event was further refined and the conclusions were
incorporated into this book.

The concept of Society 5.0 was initially outlined in the Government of Japan’s
fifth Science and Technology Basic Plan, which was approved by the Cabinet in
January 2016 and subsequently presented to an international audience. The publica-
tion of Society 5.0 (H-UTokyo Lab 2020) has seen over 10,000 copies printed,
indicating its significant role in promoting this vision. In March 2021, the Cabinet
approved sixth STI Innovation Plan, elaborating on the Society 5.0 concept and
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implanting the idea that Society 5.0 serves as a future vision in which Japanese sci-
ence and technology lead the way. Many initiatives have been launched that are
aligned with the vision and that are based on nationally subsidized programs.

In the previous book of Society 5.0, we argued that the Society 5.0 vision encom-
passes a broader range of sectors compared to Germany’s Industrie 4.0. It includes
smart cities (urban or rural areas optimized for living and working with the imple-
mentation of digital solutions), industry (factories and workshops), energy, and
other sectors, with a particular focus on smart cities. In Chap. 3, we explore six key
factors pertinent to the Society 5.0 architecture, emphasizing the necessity and
importance of each.

The Cabinet Office’s Society 5.0 Reference Architecture (Cabinet Office 2020)
is notable for its emphasis on data interoperability. However, this reference architec-
ture is quite generic and, in our view, requires augmentation to effectively support
the creation of a people-centric, sustainable smart city within actual urban or com-
munity settings. We propose three complementary perspectives—interface, organi-
zation, and process—which are extensively discussed in Chap. 3. These perspectives
are further divided into six key factors, which are essential for any city or commu-
nity. Throughout this book, we detail the significance of each factor and describe
their practical application based on the findings from H-UTokyo Lab.

Cyberspace as a New Frontier in Urban Planning

In urban planning, new frontiers have opened whenever new technologies were
developed and new concepts of living spaces were introduced in accordance with
the demands of the times.

During the late nineteenth and early twentieth centuries, the time when the Briton
Ebenezer Howard was active (see Prologue), suburbia was the new frontier in urban
planning. Howard advocated turning suburban areas into garden cities that com-
bined the benefits of the countryside and town. He also advocated the use of busi-
ness management principles in the development of the garden cities. In this way, he
pioneered a new kind of living space.

During the postwar years, Japan experienced a surge in bay reclamations, lead-
ing to the expansion of coastal industrial belts. Subsequently, many waterfronts
became the focus of major redevelopment projects, which spurred a boom in more
comfortable and spacious housing designs. Urban planners then shifted their focus
upward: during the Japanese asset price bubble of the late 1980s and early 1990s,
general contractors explored the concept of constructing ultra-tall skyscrapers, over
1 km in height, and developing the necessary technology. This initiated a competi-
tive race to design ever taller skyscrapers in what became known as the “skyfront”
era. Later, urban planners looked downward, developing infrastructure to create
“geo-fronts” more than 40 m underground. With the growing interest in aerospace
development, we have entered the age of space-fronts—an era in which ordinary
members of the public can participate in spaceflight. Against this backdrop, the
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emergence of smart cities, which leverage cyberspace, marks a new phase in urban
planning where cyberspace represents the latest frontier.

This new frontier is thrilling, yet it encompasses numerous risks, including those
associated with cybersecurity, social ethics, and overall security. If we are to apply
the same developmental processes used for previous physical frontiers to this new
digital frontier and aim to make it a safe space supported by advanced technological
innovation, then both sociological and engineering technologies will play critical
roles. Moreover, building smart cities as integral components of the people-centric,
super-smart society—which aims to seamlessly integrate cyber and physical
spaces—requires that cyberspace be developed through secure methods. These
methods must incorporate both the technologies and theories of the social sciences,
as well as engineering technology. For these reasons, it is crucial to utilize the
defined key factors and their maturity levels.

Applying the Key Factors as Infrastructure
for a Digital Society

We have detailed key factors in Chaps. 4, 5, 6, 7, 8, 9, 10 and 14, which can be
regarded as strategies to enhance the Cabinet Office’s Society 5.0 Reference
Architecture (Cabinet Office 2020) and the smart-city reference architecture
(Cabinet Office 2023). These strategies are aimed at elaborating and practicalizing
the reference architectures with the assumption that they will be implemented in
real-world cities and communities. These key factors are intended to constitute the
social infrastructure necessary for executing smart-city projects as businesses and
services within the target city or community. Additionally, they are designed to
ensure that smart-city projects are sustainable and people-centric, focusing on the
well-being of residents, rather than being merely ephemeral trends.

In Chaps. 11, 12, and 13, we explored models for applying the Society 5.0 archi-
tecture in the context of the opportunities that arise when utilizing the reference
architecture and key factors across three thematic areas. In the first instance, we
demonstrated the potential of these frameworks to support citizen participation in
urban planning through a data-driven system that visually represents foot traffic
data and stimulates public dialogue (Chap. 11). In the second instance, we show-
cased their applicability in supporting smart aging through frailty-prevention ser-
vices (Chap. 12). In the third instance, we highlighted their utility in managing
urban infrastructure, such as roads and sewage systems (Chap. 13). In each sce-
nario, we presented the implications of our findings—the challenges identified and
the potential benefits.

Throughout this book, we have illustrated how the six key factors align with the
Society 5.0 philosophy and underscored the necessity for every smart city to incor-
porate these elements. These factors essentially constitute the digital infrastructure
required to properly develop the new frontier of cyberspace.
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In conclusion, we anticipate that these six key factors, along with their defined
maturity levels, will be effectively utilized as the digital infrastructure for develop-
ing new, secure, and trusted sectors within cyberspace.

Developing Human Resource in Accordance with the Society
5.0 Architecture

Finally, we would like to emphasize the critical importance of human resource
development, as discussed in Chap. 9 of this book, for the realization of Society 5.0.
The reference architecture of Society 5.0 consists of eight hierarchical layers.
Among these, the upper layers—namely, “Strategy and Policy”, “Rules” and
“Organization”—are highly dependent on the capabilities of administrative bodies
and public officials who are expected to take responsibility for their implementa-
tion. The middle layers, which include “Business”, “Functions”, “Data”, and “Data
linkage”, require the expertise and commitment of private-sector actors. These
include businesses, vendors, and other professional organizations that are expected
to play a central role in their development and execution. The eighth and final layer,
known as “Assets”, is particularly reliant on effective collaboration between the
public and private sectors. Public-private partnership plays a decisive role in the
success of this layer. To optimize outcomes across all these layers, it is essential to
develop expert teams that are well-versed in the Society 5.0 frameworks.

In particular, the creation of people-centric and sustainable smart cities cannot be
accomplished by government agencies or private companies alone. It is essential to
promote collaboration among public institutions, private enterprises, and academic
and research institutions such as universities. In addition, as mentioned in Chap. 7,
it is also necessary to advance these initiatives with thoughtful consideration for
citizen engagement. For that purpose, fostering digital literacy among citizens and
residents is vital. It is important that people develop the ability to properly under-
stand and make use of digital technologies and to interpret data accurately.

We sincerely hope that the contents of this book will contribute to the develop-
ment of professionals who will lead smart city initiatives based on the concept of the
Society 5.0 architecture. We also hope that it will serve as a helpful resource for
deepening the public’s understanding of Society 5.0.
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Glossary

Society 5.0 (See Prologue) Society 5.0 is a vision for a new society set out in the
Government of Japan’s 5th Science and Technology Basic Plan, approved by the
Cabinet on January 22, 2016. The vision is named “Society 5.0” because the envis-
aged society will be the “fifth” developmental stage of human society created by
transformations led by scientific and technological innovation, following the hunter-
gatherer (1.0), agricultural (2.0), industrial (3.0), and information (4.0) societies
(Cabinet Office 2016a). In the government 2016 (Cabinet Office 2016b) and 2017
(Cabinet Office 2017) Comprehensive Strategy on Science, Technology, and
Innovation (STT), Society 5.0 is defined as “a human-centered society that, through
the high degree of merging between cyberspace and physical space, will be able to
balance economic advancement with the resolution of social problems” “to ensure
that all citizens can lead high-quality, lives full of comfort and vitality (Cabinet
Office 2016b).”

Similarly, in the government’s sixth 5-year strategy for science, technology, and
innovation (approved by Cabinet in March 2021), Society 5.0 is defined as a “uni-
versal and global image of our future society.” It further defines this society as one
that is “sustainable and resilient, that secures the safety and security of the people,
and that enables each and every one of them to realize diverse happiness (well-
being).” (Cabinet Office 2021).

Architecture (See Prologue, Chap. 1) Architecture (as the Japanese loanword
akitekucha) is originally an architectural term referring to architectural techniques
and designs or to architectural styles that are associated with a particular place or
time. In this context, architecture can connote a method, technique, or theoretical
model for designing and building architectural spaces that reconcile the abstract
requirements of the client (living space requirements, work requirements, recre-
ational needs) with the physical constraints of the locale, such as the local geo-
graphic and climatic features, the available materials (stone, timber, soil, and so on),
and local lifestyles. Architecture can also refer to the physical buildings that are the
products of architecture.
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As a conceptual model, architecture can describe, in addition to real-world build-
ings and cities, the digital “architecture” for information systems that operate cyber-
space, including data, software, and hardware.

In this book, we refer to Society 5.0 architecture. Society 5.0 architecture is, in
addition to real-world urban structures, the architecture for the information systems
in cyberspace. It also includes the architecture for social and industrial systems.

Reference Architecture (See Sect. 1.4) A reference architecture is a model and
protocol describing the recommended way to deliver a technology. Its recommenda-
tions are nonmandatory and non-prescriptive (the designer chooses whether or not
to adopt the recommended structures and designs); but by clarifying the set of rec-
ommended procedures, it helps ensure that all the requirements are met (that no
required work is omitted), and by presenting a common, standardized guide and
nomenclature, it helps avoid arbitrary initiatives. The Government of Japan has pro-
vided a reference architecture for Society 5.0 along with a smart-city architecture
based on that. The government defines reference architecture as something that is to
be referred by those who intend to implement Smart City, in order to confirm the
necessary components required for the implementation and the relationships
between them as well as required relationships with outside the Smart City (Cabinet
Office 2023).

Smart City (See Chap. 2) A smart city encompasses the application of ICTs to
enhance various aspects of urban management, including planning, development,
management/operation (means). It represents an ongoing process aimed at address-
ing the needs and challenges of a city or community while fostering innovation and
creating new value (action). Furthermore, it signifies a state of being a sustainable
city/region where Society 5.0 is realized ahead of the others (state) (Cabinet Office
et al. 2021). Figure A.1 illustrates the definitions of smart cities provided by the
Government of Japan (represented by MLIT and the Cabinet Office), as well as
those by international entities such as the UN (represented by the International
Telecommunication Union), EU, and OECD. In this manuscript, we define a smart
city as something that professes and embodies the people-centric ethos of Society 5.0.

Super City (See Sect. 2.3) “Super city” is a designation for a type of national stra-
tegic special zone in Japan, formally “Super-City National Strategic Special Zone.”
Such zones are supposed to pioneer the participatory, resident-focused initiatives of
the future society Japan wants to achieve by 2030. To gain super city status, the city
must have ideas for delivering innovative services that span different sectors and
encompass all aspects of everyday life, linking data across different sectors, and
far-reaching regulatory reforms (Secretariat for Promotion of Regional
Revitalization, Cabinet Office 2024). In September 2020, Japan revised the National
Strategic Special Zone Act, paving the way for cities’ applications for super city
status. Applications began in December 2020. In April 2022, the Cabinet awarded
super city status to the cities of Osaka and Tsukuba.
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A concrete noun (a place)

A means
An end
‘ Definer (year) ‘ Smart-city definition
. . A project that uses ICTs to upgrade and streamline urban
Sman-Clty PUb“C._ and community functions and services to address issues
IS RS and needs and create new value that includes comfort and
HELEInT convenience; a place where Society 5.0 is realized ahead
(2019) of the others. (MLIT 2024a)
MLIT City Bureau A holistically ogtimized, §u§tainable city or district whlere
(2019) mana‘gement (planning, ?wldmg-up, management/opell'atlon,
Cabinet Office etc.) is executed leveraging such advanced technologies as
(2020) ICT for the resolutions of various issues of the city. (Cabinet
Office 2023)(MLIT 2018)(MLIT2024b)
Goverment A sustainable city or region that solves challenges faced
of Japan's by cities and regions, and continues to create new value,
definitions by providing services to support each one of residents using
Cabinet Office new technologies, such as ICT, and various public and
(2021) private data, and by enhancing management in various fields
(e.g. planning, development, management / operation) on the
basis of the three basic philosophies and five basic principles;
a place where Society 5.0 is realized ahead of the others.
(Cabinet Office et al. 2021b) (Cabinet Office et al. 2023b)
Sustainable cities or regions that utilize new technologies
Cabinet Office sych as ICT while resolving varlio.us ilssues faced by the
(2021) city or. region through the soph|st|ca.t|on of management
(planning, development, control, operation, etc.) and continue
to create new value). (Cabinet Office 2021a, p.16)

Fig. A.1 What is a smart city? A comparison of international definitions“Smart city” has been
defined by Government of Japan (as represented by MLIT and the Cabinet Office) and by interna-
tional bodies: the UN (as represented by the ITU), EU, and OECD

Super-Smart Society (See Prologue) A super-smart society is a future society
envisaged in the fifth Science and Technology Basic Plan (approved by Cabinet in
January 2016) (Cabinet Office 2016a). The government defines such a society as
one “that will bring wealth to the people, through an initiative merging the physical
space (real world) and cyberspace by leveraging ICT to its fullest.”

Data-Linkage Platform (See Chap. 10) A data-linkage platform is a platform for
collecting, collating, and sharing datasets across multiple sectors (Secretariat for
Promotion of Regional Revitalization 2019). In the context of a super city, it
describes a platform that is constructed using a building-block model and uses a
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Definitions
by
international
organizations

ITU
(2016)

A smart sustainable city is an innovative city that ICTs and
other means to improve QoL, efficiency of urban operation
and services, and competitiveness, while ensuring that it
meets the needs of present and future generations with
respect to economic, social, environmental as well as cultural
aspects. (ITU 2024)

Note: “City Competitiveness” refers to the policies,
frameworks, strategies, and processes determining the city’s
sustainable productivity.

EU etc.

(2017)

A smart city is a city that efficiently mobilizes and uses
available resources (including but not limited to social
and cultural capital, financial capital, natural resources,
information and technology) for efficiently

+ improving the QoL of its inhabitants, commuting workers
and students, and other visitors [people]

* significantly improving its resource efficiency, decreasing its
pressure on the environment and increasing resiliency
[planet]

* building an innovation-driven and green economy
[prosperity]

« fostering a well-developed local democracy [governance]

(EU etal. 2017)

OECD
(2020)

What is central to the smart-city definition is how digitalization
helps achieve four core objectives, i.e., improve people’s
well-being and foster more inclusive, sustainable, and
resilient societies. (OECD 2020)

Fig. A.1 (continued)

public application programming interface to accumulate and distribute data. The
platform consolidates datasets provided by various parties, converts the data into the
necessary formats, and then distributes the data using an application programming
interface (Secretariat for Promotion of Regional Revitalization 2020).

Urban Operating System (See the “Column” in Chap. 10) Urban operating sys-
tem is an umbrella term for IT systems used by communities that are trying to create
a smart city. It is used to consolidate the functions that the community will use
interoperably and to facilitate the delivery of multi-sectoral services in the smart
city (Cabinet Office 2023). An urban operating system enables utilization of any
combinations of services and functions provided by various operators and other

regions (Cabinet Office 2020).
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In a smart city, an urban operating system has data-linkage functions (data man-
agement, linkage with external data, asset management) and functions related to
service linkage, authentication, and service management.

Plateau (See Sect. 2.5) Plateau is a 3D city modeling program, an example of the
digital infrastructure that will drive the digital transformation in smart-city projects
and other community-building projects. It has been developed and applied with its
findings published as open data, as part of a MLIT project. https://www.mlit.go.jp/
plateau/about/

Six Key Factors (See Chap. 4) H-UTokyo Lab proposed the six key factors as an
approach for delivering a smart city that embodies the people-centric ethos of
Society 5.0. They include factors for building a smart city together with the com-
munity (citizen participation [in a living lab], social acceptance), those related to
people-centric data use (QoL-based assessment, data governance), and those related
to ensuring that the smart city is sustainable (data ecosystem, human resource
development).

Social Acceptance (in a Smart City) (See Chap. 5) Social acceptance refers to a
situation in which the community is well-informed about the smart-city initiatives,
actively participates in the decision-making process, and welcomes the initiatives.
In our view, social acceptance is not about satisfying a generic set of legal or regula-
tory criteria to use personal data. It must involve a case-specific approach for build-
ing trust among the community stakeholders.

Data Governance (in a Smart City) (See Chap. 6) Data governance refers to a
situation in which smart-city data, including personal data and impersonal data
(data related to city operations), is governed in accordance with a well-defined set
of rules. This means more than complying with personal data legislation such as
those set out in Japan’s Act on the Protection of Personal Information; it also means
governing the data in a way that will avert controversies in which residents feel that
their privacy is threatened, imperiling the continuity of the service.

Living Lab (Citizen Participation) (See Chap. 7) A living lab is a series of pro-
cesses, a place, or a technique in which members of the public and other stakehold-
ers come together to engage in co-creation projects involving pilots and trials
conducted in real-world environments. It can refer to the following series of pro-
cesses as a whole or to one or some of these processes: an exploratory analysis to
identify the community’s needs and issues, forming a vision, designing ideas, and
developing services. To create a smart city, the members of the public who engage
in co-creation with other stakeholders should be those who know the community’s
needs and issues the most, and their knowledge, experience, and creativity should
be leveraged. A living lab is a co-creation space that satisfies this requirement.
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Smart-City QoL-Based Assessment (See Chap. 8) A smart-city QoL-based
assessment is a new approach to assessing the outcomes of smart-city programs,
one that uses people-centric measures such as well-being and quality of life. The
approach captures the satisfaction and well-being of residents of the smart city, in
terms of the extent to which they are living meaningful and authentic lives and expe-
riencing happiness.

Well-Being (See Chaps. 2 and 8) The definition of well-being is found in the pre-
amble to the WHO charter: “Health is a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity (WHO 1946).”
It has also been defined as degree of satisfaction (Cabinet Office 2024). In the defi-
nition of Society 5.0 provided in the government’s sixth 5-year strategy for science,
technology, and innovation, well-being is equated with diverse forms of happiness:
“(Society 5.0 is a society that) is sustainable and resilient, that provides safety and
security for citizens, and that secures the safety and security of the people, and that
enables each and every one of them to realize diverse happiness (well-being).
(Cabinet Office 2021)”.

Data Ecosystem (See Chap. 10) A data ecosystem is an economic ecosystem
mediated largely by data formed through the proliferation of cross-sectional data
use. It comprises networks of data providers and data users and it is a set of social
connections through which companies and other organizations share data with each
other and through which valuable services are delivered and the value of such is
consumed.

Data-Driven Urban Planning (See Chap. 11) Data-driven urban planning occurs
when decisions about new urban interventions are made based on a comprehensive
analysis of various urban data sources. This process utilizes a wide spectrum of
data—including foot traffic, road traffic, congestion, environmental, energy, and
purchasing data—collected from payment services to simulate potential outcomes
of proposed urban interventions. The results of these simulations provide an eviden-
tial basis for evaluating and making informed decisions regarding these
interventions.

Smart Aging Society (See Chap. 12) A smart aging society is one that adapts to
the challenges posed by a super-aging population. It promotes independence and
community engagement among elderly people, enabling them to remain active
throughout their lives. This society is characterized by its inclusiveness and com-
mitment to co-creation among all generations.

Frailty (See Sect. 12.1) Frailty, adopted as the Japanese loanword fureiru, is a
concept introduced by the Japan Geriatrics Society in 2014. Based on the English
term “frailty,” it describes an aging-related decline in physical and mental faculties
that diminishes the person’s ability to withstand, or recover from, stressors.
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Value-Creating Infrastructure (See Chap. 13) Value-creating infrastructure
refers to a process for the sustainable management of community infrastructure.
This approach extends beyond mere maintenance of built infrastructure; it antici-
pates long-term changes within the city or community and identifies challenges that
may arise in the future. The primary objectives of this process are twofold: (1) to
enhance the infrastructure’s value to residents, and (2) to maintain and renew the
infrastructure as necessary.
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