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Final Report

1. Project Title:

Towards People-centric Smart City Development:
Investigating the Citizens' Preferences and Expectations about Smart-
(English) city Services in Hong Kong

BEMAABRNEERTER. FEBRENEEHTRBZR
(Chinese) MK EATFEAZE

Executive Summary
Abstract

Research Background and Summary

In an era of rapid social, economic and technological change, Hong Kong (HK) as an
international city in a globalized world is facing a range of challenges in high-density
compact city urbanization, including high population density, population aging, and an
economic shift from traditional to knowledge-based and innovative business models.
Amid rapid advancements in information and communication technologies, the HK
government increasingly recognizes the critical role of smart city (SC) development in
mitigating these challenges. Transforming HK into an SC has become a major policy
objective with the wider aims of enhancing the effectiveness of city management and

improving citizens’ quality of life.

In 2017, the Innovation and Technology Bureau published a Smart City Blueprint for
Hong Kong (Blueprint), which highlights six dimensions of SC services, including
Smart Mobility, Smart Living, Smart Environment, Smart Government, Smart
Economy, and Smart People. In 2020, Blueprint 2.0 was published to enhance and
expand the existing SC services further, along with proposing the seventh dimension
“Smart Combating COVID-19” during the pandemic period. Since Blueprint 2.0 was
released, more than 130 SC pilot initiatives have been conducted within the seven
dimensions, such as digital personal identity, smart lampposts, and open government

data.

Given that citizens are the end-users of SC services, Blueprint and Blueprint 2.0 both



emphasize that SC development should be people-centric and grounded in citizens’
needs and expectations. Notwithstanding the HK government’s notable achievements
in SC development, the implementation of SC services may not meet citizens’ needs if
their preferences and expectations are not clearly understood. Nevertheless, so far not
much is known about how citizens’ preferences and expectations vary across the seven
dimensions and citizens’ different subpopulations. Given that the government budget
shall be planned sensibly, the next step in SC development in HK would require more
effective prioritizing of the wide range of existing and potential SC services across all

seven dimensions based on the preferences and expectations of citizens’ subpopulations.
The proposed objectives of this research that have been attained are described below.

1. To investigate the preferences and expectations of HK citizens towards SC
services via questionnaire survey.

2. To examine the associations between citizens’ preferences for and
expectations of SC services and their demographic characteristics via
statistical analysis.

3. To identify policy implications and provide recommendations for informing

people-centric SC strategic planning in HK.

Having achieved the above-mentioned three objectives, this study investigated HK
citizens’ preferences and expectations about SC services through three stages:
questionnaire design, data collection, and data analysis. Firstly, the questionnaire was
designed to collect 1) citizens’ basic information on demographic characteristics and
digital literacy, 2) citizens’ preferences for the selected 48 SC services within the seven
dimensions from Blueprint 2.0, and 3) citizens’ expectations for the selected 48 SC
services in the realization of human needs based on Maslow’s hierarchy theory. Second,
both online and face-to-face questionnaire surveys were conducted to collect a total of
5,004 responses from the citizens. Specifically, an online survey was conducted to
collect 4,516 responses from the general public through email invitations, while a face-
to-face survey was conducted to collect 488 responses from elderly residents through
on-site visits. Third, the preferences and expectations of HK citizens for the selected
48 SC services among different subpopulations were analyzed using the Bradley-Terry

model and rank-ordered logit model, respectively.



Major Research Findings

The five key findings identified by this study are summarized as follows:

1. The respondents have a strong preference for Smart Environment services,
particularly waste management, climate action, and green/intelligent
buildings.

Among the top five respondents’ most preferred SC services, three of them — waste

management, climate action, and green/intelligent buildings — were in the dimension of

Smart Environment. Particularly, for all age, income, and digital literacy

subpopulations, the Smart Environment dimension was the most preferred among the

seven dimensions. The strength of such preference may be due to HK citizens’ high
awareness of environmental protection and may reflect that HK, as a highly dense city,
is confronting a variety of environmental challenges, particularly involving waste

management and energy consumption.

2. The respondents have a stronger preference for SC services that are closely
related to their daily lives, expected to have long-term impacts on
communities, and serve large user groups.

The respondents have a stronger preference for Smart Living and Smart People services
than Smart Economy services since the SC services of the former two dimensions were
more likely to be used and experienced in their daily life. Conversely, respondents
showed the least interest in Smart Combating COVID-19 services, which may be
because such services were perceived as a short-term solution to a specific issue, rather
than something that would have long-lasting impacts on their local communities. The
top-five SC services, such as real-time traffic information service, have much larger

user groups than the bottom five SC services, such as smart prison service.

3.  Among different subpopulations of the respondents, at higher ages, with
weaker digital literacy, or at lower income levels, the respondents’ preference

differences among the seven SC dimensions were smaller.

The small differences between the respondents in these three subpopulations’
preferences for seven dimensions of SC services are probably because older people,
people with limited digital literacy, and people with low incomes are less likely to have

good knowledge of SC services, which could make it challenging for them to
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distinguish which SC services they prefer. Notably, the preferences of the

subpopulations of old age, low income, and low digital literacy tend to be correlated.

4. The respondents have high expectations for the SC services that are expected
to support them in realizing their Physiological, Safety, and Self-

actualization needs.

Respondents most strongly expected the use of SC services to serve their Physiological
needs, followed by Safety needs and Self-actualization needs. Particularly, Self-
actualization needs were ranked third place, despite Maslow’s hierarchy theory of five
human needs holding that Self-actualization needs are the least critical. The higher
expectation for Self-actualization needs found in our study implies that HK citizens
place great importance on reaching their full potential for creativity, self-fulfillment,
and personal growth by taking advantage of SC services. Such findings may also imply
that HK citizens also have a strong desire to use SC services to participate in public

affairs for the benefit of their personal development and to contribute to HK society.

5. The respondents’ expectations about SC services’ fulfilment of their human
needs vary by subpopulations of gender, education, age, and birthplace.

Among all the respondents, women had higher expectations than men that SC services
would meet their Safety needs, but lower expectations for their Self-actualization,
Esteem, and Social needs. Highly educated people were more likely to have high
expectations that SC services would help them achieve their Self-actualization, Esteem,
and Social needs. Older adults had lower expectations for SC services in realizing Self-
actualization needs than younger adults. Immigrants had lower expectations for SC

services to meet their Self-actualization needs compared to native-born citizens.
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Layman Summary on Policy Implications and Recommendations

People-centric smart city (SC) development requires policymakers to tailor SC services
to the preferences and expectations of different subpopulations. Accordingly, by taking
into consideration of people heterogeneity, we make the following four policy
recommendations regarding the strategic positioning of SC for HK’s city administrators
to enhance the delivery of SC services that better meet local citizens’ preferences and

expectations.

1. Enhance SC services in Smart Environment dimension, particularly for
services of waste management, climate action, and green/intelligent building.

Since the surveyed HK citizens have strong preferences for Smart Environment services
and express the highest expectations for SC services in meeting their Physiological
needs, more measures are suggested to be taken to improve environmental quality
through SC services using smart technologies: for example, enhancing the usage of
Internet-connected trash cans and Internet-of-Things-enabled fleet-management
systems for waste collection and removal, or using sensors to measure water parameters
and guarantee the quality of drinking water at the front end of the system, with proper
wastewater removal and drainage at the back end. Another example is adopting more
energy-related technologies in green/intelligent building design, such as renewable

energy, or smart meter, to improve building energy efficiency.

2. Focus on SC services with long-term impacts and serving wider user groups.

It is suggested to further invest in more environmental protection measurements, such
as adopting renewable-energy technologies, creating incentives for companies to
reduce their carbon footprints, and implementing policies that encourage citizens to
practice conservation and sustainable daily-life activities. Especially, more resources
could be allocated to the enhancement of smart waste-management systems capable of
optimizing waste-collection schedules, reducing waste volumes, and improving
recycling rates. Meanwhile, more enhancement of existing smart public-safety warning
services that help to reduce citizens’ response times during emergencies, such as
typhoons and security incidents, or enhancement of the smart public-safety services that

help to prevent and protect citizens from criminal activities.
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3. Increase in citizens’ acceptance of SC services by fulfilling their

Physiological, Safety, and Self-actualization needs.

To better fulfil citizens’ Physiological needs, it is suggested to continue to invest in the
use of sensors and data analytic technologies to monitor the air and water quality in the
city, and alert citizens to potential health hazards. To better cater to citizens’ Safety
needs, the above-mentioned smart public-safety services are suggested to be enhanced
to help citizens tackle emergencies and criminal issues. To better satisfy citizens’ Self-
actualization needs, it is advised to continue to offer citizens new ways of public
participation (e.g., electronic voting) in decision-making on public affairs, as well as to
create more opportunities for young people to become involved in the innovation and

technology fields for realizing their potential and personal growth in these fields.
4. Disseminate SC knowledge among digitally marginalized groups.

It is crucial to disseminate SC knowledge among digitally marginalized groups,
including citizens at elderly ages, with weak digital literacy, or at low-income levels, to
prevent their exclusion from the benefits of SC services. Lacking adequate knowledge
and experience about SC services, the voices of these digitally marginalized groups can
be ignored in SC development. More steps should therefore be taken to spread SC
knowledge to older people as HK is predicted to become an aging society in the near
future. These could include continuing to provide education and training that promote
social learning through community workshops and provide updates on the state of SC

and IT developments and so on.
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1. Introduction

1.1 Background

Cities across the world are facing numerous challenges related to urbanization. Since
2018, more than 55% of the global population has been living in cities, and this figure
is expected to climb to 70% by 2050 (United Nations, 2018). The rapidity of
urbanization has meant that cities are both the causes and the victims of a range of
environmental, social and economic problems. Hong Kong (HK), one of the most
densely populated Asian megacities, is no exception to these urbanization-related
challenges. In 2018, it had 7,096 people per square km of land, making it the fourth
most densely populated city in the world (World Bank, 2018). Its population is also
rapidly aging, with more than a quarter of residents aged 65 and above. This trend is
expected to place considerable pressure on healthcare services and the labor market.
Other issues, including an economic shift from traditional business models to
knowledge-based and innovative ones, climate change, and resource scarcity are also
posing considerable challenges to HK’s urban development (PWC,2017). At the same
time, there is an ever-growing community demand for a better quality of life. As such,
city governments are disproportionately responsible for tackling these challenges and
satisfying the demands but must find ways with economic prosperity and technology

Iinnovation.

1.2 Problem statement

Amid rapid advancement in information and communication technologies (ICTs),
several international cities like HK are increasingly recognizing the key role that smart
city (SC) development can play in mitigating urbanization-related issues (Fernandez-
Anez et al., 2018). In 2015, the U.S. administration announced a new “Smart Cities”
Initiative for investing over 160 million U.S. dollars in federal research, aiming to help
local communities tackle their urbanization challenges such as traffic congestion and
climate-change effects (FACT SHEET, 2015). Other SC development plans in global
cities include Singapore’s Smart Nation Initiative (Ho, 2017), Japan’s Kitakyushu smart
community project (Chatfield & Reddick, 2016), and Amsterdam’s Smart City program
(Capra, 2016). Under the global SC development, different dimensions of SC services
have been provided in cities for covering aspects of local citizens’ urban life, e.g. Boyd
Cohen Smart City Wheel (BCSCW) six dimensions (Cohen,2015) — smart mobility,

living, environment, people, governance, and economy — which are widely adopted by
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many cities, including HK, for their SC development. Nonetheless, although global
cities have different endowments on SC services provision, one common theme of SC
development has been widely acknowledged: SC development should be people-centric,
serving the needs of local citizens with the wider aim of improving their well-being and
quality of life (Caragliu et al., 2011; Fernandez-Anez et al., 2018; Macke et al., 2018;
Neirotti et al., 2014; Yeh, 2017).

People-centric SC development requires the governments to see things through the eyes
of the public, specifically, to provide the SC services that meet the needs' and
preferences® of the citizens. On the one hand, despite the fact that the citizens are key
stakeholders in every phase of SC development, their actual needs are often not well
considered in SC projects’ top-down implementation (Porumbescu et al., 2020). For
example, researchers from Switzerland and Singapore conducted a massive survey
among the citizens of 102 cities for assessing their perceptions® of the SC projects made
available to them (Bris, 2019). The results found that in Paris after a local public bike-
sharing project was implemented for five years to alleviate congestion and reduce
pollution, the local citizens perceived this bike-sharing project as useless because they
believed that air pollution was not a problem in Paris. Similar situations also happened
in many other international cities (e.g., Shanghai, Tokyo, and Tel Aviv) where the
citizens did not feel their needs were well satisfied by local government’s massive

investment in advanced smart technologies (Bris, 2019).

! Need is something which people believe they lack and ought to have, e.g., the

citizens’ usage of SC services for satisfying their physical and psychological needs.

2 Preference is the selection of something over others, e.g., the citizens may prefer
some specific types of SC services over other types.

3 Perception is the organization, identification, and interpretation of sensory
information for understanding the presented information or environment, e.g., the
citizens may have different perceptions of the usefulness of SC services made

available to them.

On the other hand, given limited government budgets, city administrators are often

needed to set priorities for a wide range of SC services for optimizing the allocation of
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resources. To avoid the massive investment of SC projects do not meet the citizens’
needs and expectations, it is essential for city administrators to better understand local
citizens’ preferences for SC services, which can help to inform their decision-making
on investment priorities and resource allocation for SC services that are urgently needed
by the citizens (Lin et al., 2019). However, in the current academic community, most
empirical studies mainly focus on the discussion of the benefits of SC services for
citizens (Lin et al., 2019; Macke et al., 2018) and the factors affecting the citizens’ usage
of SC services (Belanche et al., 2016; Yeh, 2017), while there is generally a lack of
empirical studies especially focusing on the citizens’ needs and preferences about SC

services.

1.3 Literature review

1.3.1 The definition of SC and SC services

The term SC was first proposed in the 1990s, as part of a discourse on how new ICT
might be used to modernize urban infrastructure and it has been evolutionarily enriched
in two perspectives: “technological means” and “desired ends”. On one hand,
technology corporations have often defined SC from the technological-means
perspective; for example, IBM defined an SC as “an instrumented, interconnected, and
intelligent city” (Harrison et al., 2010). Specifically, the term “instrumented” in that
definition refers to a capability for data collection using various sensors;
“interconnected” means a capability for data integration by using a powerful computing
platform; and, “intelligent” refers to a capability for data analysis, optimization, and
visualization in the service of better decision-making. Academics in the urban-planning
field, in contrast, have tended to focus on desired ends — notably, citizens’ needs — when
designing SC services, with the wider aim of improving well-being and quality of life
(Caragliu et al., 2011; Neirotti et al., 2014). For example, Caragliu et al. (2011) argued
that “a city is smart when investments in human and social capital and traditional
(transport) and modern (ICT) communication infrastructure fuel sustainable economic
growth and high quality of life” (p.70). Similarly, Neirotti et al. (2014) deemed SC

services to be successful only if they provide citizens with an improved way of living.

To develop people-centric SC, city administrators must provide citizens with a wide
range of SC services. Such services can be broadly defined as any ICT-based urban
services that serve citizens’ day-to-day needs (Lee & Lee, 2014). As such, they can be
further subdivided into “hard” and “soft” dimensions (Neirotti et al., 2014). The former
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refers to the SC services where ICT systems play decisive roles in the functions of
tangible urban infrastructure, including buildings, energy grids, natural resources, water
and waste management, transport, and logistics. The soft dimension, in contrast, refers
to SC services where ICT systems play auxiliary roles in less-tangible urban processes
such as education, culture, entrepreneurship policies, innovation, social inclusion, and

citizen engagement/e-government.
1.3.2 Citizens’ perspectives on SC services

The importance of municipalities’ SC service provision being people-centric has been
widely acknowledged in the academic community. A considerable body of literature
has emphasized that using SC services can contribute to citizens’ well-being and quality
of life (Macke et al., 2018) and contribute to urban areas’ social, economic, and
environmental sustainability (Yigitcanlar et al., 2019). Due to SC services’ presumed
and actual benefits to citizens, an increasing number of empirical studies have sought
to capture citizens’ perspectives on such services (Lin et al., 2019; Macke et al., 2018).
Some studies have empirically investigated how specific characteristics of SC services
may influence people’s well-being or quality of life. For example, Macke et al. (2018)’s
case study of the city of Curitiba, Brazil revealed that its citizens’ quality of life could
be improved via SC services in the spheres of socio-structural relations, environmental
well-being, material well-being, and community integration. Of course, it is not always
possible to draw a hard line between perceptions and actual improvement: as in Lin et
al. (2019)’s survey of Chinese SCs, which found that residents’ experiences of SC
services as safe, useful, and convenient positively affected their subjective senses of

well-being.

Several other empirical studies have investigated factors affecting the uptake of SC
services, or the usage of other urban services in SC contexts. For example, Belanche et
al. (2016)’s case study of the city of Zaragoza, Spain found that its citizens’ education
levels, possession of smart user cards, and positive attitudes towards SCs appeared to
boost their overall usage of urban services. Yeh (2017)’s subsequent survey of cities in
Taiwan revealed that acceptance of SC services was affected by people’s beliefs about
innovation; their self-reported personal innovativeness; and their perceptions of privacy,
trust, and SC service quality. Collectively, these studies highlight the usefulness of SC

services, and identify several key factors that could contribute to their acceptance.
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1.3.3 Citizens’ needs and preferences about SC services

Given that the ultimate goal of SC development is to satisfy citizens’ needs, it will also
be helpful for the government to attain a clear understanding of public expectations of
how SC services fit into the realization of human needs. Human needs are the driving
forces of human behaviors, and this has given rise to need theories of human behaviors
and motivations (Caulton, 2012; Yang et al., 2011). However, studies that discuss SC
services from a need-theory perspective are rare so far. The handful of exceptions
includes the work of Xu and Geng (2019) and Kwon and Kim (2007). Adopting
Alderfer’s (1969) existence, relatedness and growth theory, Kwon and Kim (2007)
regrouped the ubiquitous smart services offered by various ubiquitous-city projects in
South Korea and found that citizens’ existence needs were overemphasized, and their
relatedness and growth needs were underemphasized. By adopting Maslow (1958)’s
need-hierarchy theory, Xu and Geng (2019) created a framework for characterizing SC
research and applications that they called people-centric service intelligence. That
framework highlighted that the use of ICT in SCs should be derived from and comply
with citizens’ demand for support of their physiological, safety, love, esteem, and self-
actualization needs. However, no empirical verifications of such claims have hitherto

been published.

If they are to drive up rates of acceptance of specific SC services, it is also necessary
for city administrators to understand citizens’ preferences about and motivations for
using those services. Yet, despite the fact that they are key stakeholders in every phase
of SC development, citizens often are treated as peripheral to SC projects’ top-down
implementation (Porumbescu et al., 2020). Amid rapid advancements in ICT, the usage
of SC services has become a norm rather than an exception in urban life (Lee & Lee,
2014). Thus, it is timely to seek empirical evidence about citizens’ preferences
regarding SC services — in particular, because such evidence could increase awareness
of the role of citizens in driving smartness in city management (Vidiasova &
Cronemberger, 2020); help increase the uptake of SC services by tailoring such services
to citizens’ expectations (Boll et al., 2014); improve the efficiency of SC service
delivery, thus aiding governments’ strategic positioning of SCs (Belanche et al., 2016);
and provide indications of where new investment in SC services is urgently needed (Lin
et al., 2019). All of these outcomes would facilitate the emergence of SC strategies that

are cost-effective, people-centric, and locality-specific.
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1.4 Research contributions of the present study to the success in HK’s SC policy
implementation

HK’s provision of SC services adopts BCSCW's six dimensions, and the seventh
dimension, Smart Combating COVID-19, was proposed in Blueprint 2.0 during the
COVID-19 pandemic period. Based on HK’s local context and unique urbanization-
related issues, its Innovation and Technology Bureau has proposed a set of development
strategies and initiatives under each SC dimension, as highlighted in Blueprint 2.0.
Figure 1 illustrates some examples of such initiatives, grouped by dimension.
Meanwhile, the Report elaborates on potential scenarios under each SC dimension,
including stakeholder impacts and expected outcomes over the short- (2017-20),

medium- (2021-25), and long-term horizons (2026-30 and beyond).

Smart
Smart - Smart Smart Smart .
Mobility Smart Living Environment Smart People Government Economy Combating
Y covipas
Intelligent Strengthen
transport Wi-Fi Waste Nurturing tllg current Exposure
system and connected " ) talent Open data pillars by ificati
traffic city managemen young talen leveraging notification
management I&T
r 'd
Public . Green and Innovation & L Promoting Digital
Digital . . . Smart city .
transport . ¢ intelligent entrepreneurial infrastruct the sharing health
interchanges paymen buildings culture Inirastructure economy declaration

Figure 1. Hong Kong’s seven smart-city dimensions, with example initiatives.

To date, the HK government has scored some important achievements in SC
development, including but not limited to pilot initiatives implemented to examine the
effectiveness of the SC development plans proposed in the Hong Kong 2030+,
Blueprint, and Blueprint 2.0. For instance, in 2015, Kowloon East was designated as a
testbed for SC projects, with advanced ICT being used to enhance pedestrian and
vehicle accessibility, manage district facilities, and disseminate information to the
public digitally. Since the end of 2017, the Hong Kong government has conducted more
than 70 SC pilot initiatives, involving digital personal identity, smart lampposts, and
open government data (Estopace, 2019). The usage of SC services has become a norm
rather than an exception to many HK residents; thus, it is timely to seek empirical
evidence about end-users' preferences and expectations regarding SC services in HK,
since if priorities for each of the six SC service dimensions are to be set effectively, the

HK government will require a clear understanding of such knowledge.
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2. Objectives of the Study

According to our original plan, the present study aimed to ascertain HK citizens’
preferences about SC services and their perceptions of the usefulness of such services
to the realization of their human needs. Specifically, the aim was supposed to be

achieved by addressing the following three objectives:

1. To investigate the preferences and perceptions of HK citizens towards the SC services,

via questionnaire survey.

2. To examine the associations among citizens’ preferences for and perceptions of SC

services and their demographic characteristics, via statistical analysis.

3. To identify policy implications and provide recommendations for informing people-

centric SC strategic planning in HK.

At the early stage of this project, we revised the first objective of the original plan from
“investigating citizens’ perceptions of the usefulness of smart city services” to
“investigating citizens’ expectations of such services”. Under the second objective, the
term “perception” is also changed to “expectation” accordingly. In the original plan, we
aimed to investigate the citizens’ perception of the usefulness of SC services in
achieving human needs based on Alderfer’s ERG theory, and one of the examples of
the corresponding survey question would be “Fead BB 22 T IR B 4a AT K T HiZ
EAMZ 24 7E”. In the revised objective, we aim to investigate the citizens’

expectations for the SC services in achieving human needs, and the example survey

question is “Fe77 S B S T s e R e FEANHYAEFFR K Bl s B SR i
BERRRBIRITER - &Y KE - £F - BIRFATTER”.

The main reason for changing the term from perception to expectation is that, during
the first pilot survey among university staff and students, many respondents expressed
that it is difficult to comprehend how SC services could be associated with the
satisfaction of human needs by reading the survey questions. As such, we observe that
if the citizens can be expected to have good judgement on the usefulness of SC services
in the realization of human needs, we should assume that the citizens can have good
knowledge of SC services and also have experience in using the SC initiatives in their
daily life. However, given that many SC initiatives proposed in Blueprint 2.0 are still

under-going and have not been widely adopted in HK at present, the local citizens may
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still have limited knowledge and experience in using those SC services. Therefore, we
believe that it is more precisely and properly to reveal the citizens’ expectations, instead
of perceptions, in realizing human needs through the proposed SC services in Blueprint

2.0.

Accordingly, we now adopt Maslow’s hierarchy of needs theory to replace Alderfer’s
ERG theory, which was originally proposed in objective one. There are two main
reasons for changing the human-needs theory from Alderfer’s ERG theory to Maslow’s
hierarchy of needs theory. Similar to the ERG theory, Maslow’s hierarchy of needs
theory is also a widely validated human-needs theory in the fields of psychology and
organizational behavior. But the Maslow’s hierarchy of needs theory decomposes
human needs into more scrutinized categories than the ERG theory. In this case, the
citizens’ motivations for using SC services are expected to be more precisely and
properly revealed through Maslow’s hierarchy of needs five-stage model. According to
Maslow’s five-stage model, people are motivated to achieve the following needs: 1)
psychological needs — the basic needs for people to survive, such as air, water, food,
shelter, and sleep, 2) safety needs — the needs for people to feel safe and secure, such
as personal safety, financial security, and health, 3) social needs — the needs for people
to feel a sense of connection and belonging, such as family, friends, and intimacy, 4)
esteem needs — the needs for people to feel a sense of self-worth and achievement, such
as respect, recognition, and success, and 5) self-actualization needs — the needs for
people to reach their full potentials, such as creativity, self-fulfilment, and personal

growth.

We believe that the change using the terminology from “perception” to “expectation”
can help to reveal the needs and expectations of Hong Kong citizens more precisely
and properly with different knowledge backgrounds. Also, from the observation in our
first pilot survey, we found that the respondents can better understand and comprehend
the survey questions. Given the fact that many SC services and initiatives in Blueprint
2.0 are still at the early stage of development, we believe that understanding the general
public’s needs and expectations for SC services in realizing their human needs can
better inform the people-centric SC development in HK. Policymakers can give priority

to investing in those SC services that could meet the citizens’ needs and expectations.

The survey questions will be revised accordingly by the PI and no remedial actions are

needed as the impact on the research will not be changed.
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Therefore, the revised research objectives are shown as follows:

1. To investigate the preferences and expectations of HK citizens towards SC services

via questionnaire survey

2. To examine the associations between citizens’ preferences and expectations of SC

services and their demographic characteristics, via statistical analysis

3. To identify policy implications and provide recommendations for informing

people-centric SC strategic planning in HK

Achieving these three objectives can help facilitate the SC strategies that are cost-
effective, people-centric, and locality-specific by 1) increasing awareness of the role of
citizens in driving smartness in city management; 2) increasing the uptake of SC
services by tailoring such services to citizens’ expectations; 3) improving the efficiency
of SC service delivery to aid governments’ strategic positioning of SC; and 4) providing

indications of where new investment in SC services is urgently needed.
3. Methodology

As shown in Figure 2, the proposed study’s investigation of HK citizens’ preferences
and expectations about SC services consists of four tasks: (1) questionnaire survey, (2)
statistical analysis, (3) findings identification, and (4) public dissemination. The
specific research methods that will be employed for achieving the first two objectives

are presented in blue.

(1) Investigate the preferences and expectations of citizens
towards seven dimensions of SC services

‘ Questionnaire survey ’

I

(2) Examine the associations among citizens’ preferences and
expectations for SC services and their demographic

characteristics
\

‘ Statistical analysis ’
!

(3) Identify policy implications and provide recommendations for
informing people-centric SC strategic planning in Hong Kong

r 2
(4) Disseminate the research findings to the government and local

residents
\ S

Figure 2. Research plan and objectives.
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3.1 Investigate the Preferences and Expectations of Citizens towards Seven
Dimensions of SC Services

3.1.1 Questionnaire Design
The questionnaire survey consists of three parts, including 1) respondents’ demographic
characteristics and digital literacy, 2) preferences for SC services, and 3) expectations

for SC services in the realization of their human needs. Detailed questionnaire designs

are demonstrated as follows:

Citizens’ demographic characteristics and digital literacy

The first part of the questionnaire survey aims to collect the citizens’ basic information
on their demographic characteristics and digital literacy. The demographic
characteristics include gender, birthplace, years of residence in HK, HK residency
status, age, education level, employment, personal health, district of residence,

household size, family health, and household income (as shown in Table 1).

Table 1. Survey questions on demographic characteristics (in Cantonese).
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Considering that citizens’ preferences and expectations for SC services vary in different
digital-divide groups because many SC services require digital literacy of the citizens.
This study collects the citizens’ levels of digital literacy based on the Digital Skills
Indicator (DSI) 2.0 developed by Eurostat, the Statistical Office of the European Union
(Eurostat, 2022). This instrument can serve as a proxy for people’s digital literacy by
assuming that those who have performed certain digital activities possess
corresponding digital skills. More specifically, the DSI 2.0 measures an individual’s 1)
information and data literacy, 2) communication and collaboration, 3) digital content
creation, 4) safety, and 5) problem-solving. As indicated in Table 2, our respondents are
asked to identify whether they had used computers/tablets or telephones to perform
digital activities within the previous three months. Based on the number of digital
activities they self-reported engaging in, we estimated whether each individual had no,
limited/narrow, low, basic, or above-basic level of digital-literacy skills. For details on
the methods used for calculating these levels of digital literacy, please refer to Eurostat
(2022).

Table 2. Survey questions on digital literacy (in Cantonese).

D FREEXTHRAER (BERELER / FREK / FIRER?

Of O% A O ENIE / 1R S5
2) REREEETHE / FHeERS?
Of O%fH O SNIE / 1R S

3) B/ EFEPER 1/5
RBE=ZMAFYRFEHEN EBHEFREKN REFBUTER/ T8

5?7 SBEIEHRA/AFIE / REER

a. FEgESE A / AR

b. N ERM: / EHFE / BRI E
c. ¥ A LERAT IR

d. 49 -

e. 49 L8YE

f. fif FH4Y 228 i e

g. A4 LRI
4) BN/ EFERIMER @2/5)
RBE=MAFYRFEHEN EHFREKN REFBUTERE /75

5?7 SBEEHRA/AFIE / REER
a. 185 dh RS A
b. HIEHER

30



c. PGB, AR

d. & EER A AREE EYE (B fact-check)

5) B/ BRERIEA (3/5)

HRBE=MAFEREHEN (AFEFPIREKN) HNEFMUTHEE /T4

5?7 SBEEHBA/AFIE / REER

5%/ B FE

7536 E AR U/ BRIGRE (Wi i@ WhatsApp, A ELFE SMS)

s E R GE S/ MRS (B L_WhatsApp NEFE SRR

i FIAEAC 8% (40 Facebook. Instagram %)

FEAGuL B A AT I Rs |, wii e A R R

. (R4 b 2 BRI A Rp 2 B R A A R I R R B B

6) B/ BFERIMFEH @/5)

RBE=ZMHAFYRKRFEHEK BHEFREKN NEFBUTER /75

5?7 SBEEHRA/AFIE / REER

a. BEIEERRER (WHESCIAE . RRAM5 . Zomfe 7 7o )

b. Ali% / B ESZENE (WX, B F#E. BE. shESGER) 1
O EBEGE

GniE 2 I EERE R (WEHR . %A EE )

81 F SCE R ERER (40 Microsoft Word)

i R BRI (41 Microsoft Excel)

i AR LR A RS Th RS (Wn7E Microsoft Excel # N AT, AE R FIE
LIPNZe 2

9. % R

7) B/ BREPIERH (55

FRBEZMAFYRKEHER (BB FPIREN) REFUUATEE /T8

5?7 SBEIEHRA/AFIE / REER

Wi B985 %5 TN B 72 Cookie FERE

FEFRALE N ERIAT,  SorT Al 480t i n] {5 el 2

ESRAHE N ERLAT, JoRIRERAFRBUR

P 1) 2 4 4 FH FE =X/ AR A7 BUR O b 2 7

PR 1) i 0 4 P FE 2R/ Aol B R R 2 SR AT N R )

fE4E B FE R / AR B B R S B I (ndEUCHE RIS . 15
TS )

-~ o a0 ® o0 o

~o® o0 o

Citizens’ preferences for SC services

The second part of the questionnaire survey aims to collect the citizens’ preferences for
SC services in different dimensions. The items of SC services are derived from the most
recent version of Hong Kong Smart City Blueprint 2.0 which was published in 2020.
Compared with Blueprint 1.0 in 2017 which contains 76 SC initiatives, Blueprint 2.0
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puts forth over 130 SC initiatives and includes a new chapter on “Use of I&T in
Combating COVID-19”. Therefore, compared with the original plan that overs SC
services in six dimensions, we aim to investigate the respondents’ preferences for SC
services in seven dimensions, including 1) smart mobility, 2) smart living, 3) smart
environment, 4) smart people, 5) smart government, 6) smart economy, 7) smart

combating COVID-19.

We designed the survey questions on SC services under the guidance of Blueprint 2.0.
However, SC initiatives that did not involve the use of ICTs, such as the “Universal
Accessibility Program that aims to retrofit barrier-free access to existing public
walkways”, were excluded from consideration. For the remaining, i.e., ICT-based SC
initiatives, we grouped SC initiatives with similar functions into categories, each of
which was deemed to be one SC service for the purposes hereof. Nevertheless, we
primarily followed the original categories proposed in Blueprint 2.0. For example, our
category “Wi-Fi Connected City” comprises two SC initiatives: 1) continuing the
implementation of the Wi-Fi Connected City Program to provide free public Wi-Fi
service, and 2) implementing a pilot project to provide Wi-Fi services at welfare-service
units. We synthesized them into one SC service called “providing free Wi-Fi service at
public spaces and welfare service units”. Our main reason for this grouping was to
reduce analytical complexity by highlighting the common purposes of similar SC
initiatives. Meanwhile, due to the changes in immigration policy during the process of
the present project, two SC services are no longer relevant to HK citizens’ daily life,
including “implement a ‘home quarantine system’ for residents living in peace and
health to support those arriving in Hong Kong who need home quarantine” and
“develop health codes so that Hong Kong can resume its contacts with other places in
an orderly manner” respectively. In all, this process led to over 130 SC initiatives being
grouped into 48 SC services, as indicated in Table 3.

Table 3. A list of SC services.
pa A % [k 355 AES
Dimension |No. |SC services  |Description

BEAEE L Wi BB [JEA % B Wi RO s R, R R A

Smart Living ] it A1 %% KR e
Wi-Fi Expand the coverage of free Wi-Fi, e.g., to
Connected City|welfare service units and various residential
institutions
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Pax A 5% S N
Dimension |No. |SC services  |Description
2 B SAT R [ HEEbR | FIRAETE TS0 7 0 (iR E)

Digital SR ARl AT 3K)

Payment Promote “Faster Payment System” and various
electronic payment methods, such as mobile
payment and contactless payment

3 BBME N By PR —uh SRS & TR E ], ElR

elD %38 F S FHBUM RS . IR IR %5 A HEAT 7 2%
AL 5
Promote the one-stop personalised service
platform “1AM Smart” to facilitate citizens to use
digital government services, licensing services,
and conduct commercial transactions

4 R BRI N (EE bia MR 05 NFRHE (k@74

3% L), DAPRRE R FE AR A L

Support for the |{Introduce advanced technology products such as

Elderly and  |products for fall warnings in elderly and

Persons with  [rehabilitation service units to support the elderly

Disabilities  jand persons with disabilities

5 SCERERIRES MERE T REACER IO R [ BEME | N4k

Support for  [FEZIM#2, VT FCEER A AT AARIE IE ES

Healthcare Promote the electronic health record sharing
system “eHealth" and online booking of clinic
appointments, and conduct research on allowing
patients to conduct remote consultation through
video-conferencing

6 BRSNS BCE RIS TRA R [ e | (kb

THAY 2)

Intelligent Improve the New Intelligent Sports and

Sports and Recreation Services Booking and Information

Recreation System "Leisure Link" (e.g., to combat suspected

Services touting activities)

Booking

7 EEEEE  FEEFERAPRE, AT LT RERE

Smart Library

HHE. AR ERIEE RS

Adopt new technologies in the library, such as
allowing books to be borrowed using mobile
phones, and the system to automatically process

the returned books
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Pax A 5% S N
Dimension |No. |SC services  |Description
8 |iEEEN T FH T R e [ AraE e R N, T
Hiking (EELE
Positioning Use new technologies to enhance location tracking
of hikers in remote areas with weak or no mobile
network coverage to facilitate search and rescue
HMEHT 9 BT PRy AT A 5% (78 A U A A PR % TR N YA B YL A B AT A Py
Smart S Ei [
Mobility Real-time Optimise the green times of traffic lights allocated
Adaptive to vehicles and pedestrians according to the flow
Traffic Signal |of people and vehicles on the road at that time
System
10 [ AMEESE | B AR @ R IE ) F DU I REE B, M2
Free-Flow {52 B4 B

Tolling Service

Automatically detect vehicles passing through the
tunnels to collect tunnel tolls, without having to
stop or queue up at toll booths for payments

11 |[EREE RN fR S E R AIE G A, B B uh R
Real-time B E S
Traffic Provide various real-time traffic information,
Information  |including bus arrival times and locations of vacant
parking spaces
12 | NERVE B SR ity 72 RBE sh B4 T 1) B 52
Crowd NI, 7 (H A H
Management |Adopt image recognition technology to facilitate
the monitoring of people and vehicle flows during
major events
13 P& GIIT 5 SR Mty 4T SR IE B EAAS E A
Deterrence of | b-y% &[5 21 7] 3511
Traffic Use image recognition technology to deter
Offences improper use of loading and unloading bays,
illegal parking, and other traffic offences
14 [FEHY SN EE, kR T IREIMIRA T A
Smart Airport | N\ gl NS, MR RESS A8 AT P P A A
) b Bl
Make the entry and exit procedures more
convenient at the airport, such as allowing face
recognition in addition to fingerprints, and expand
mobile check-in services at off-airport locations
15 ekt Z i i (5] N\ S EDE R A R E) /N

Environmental
Friendliness in

Transport

Introduce electric ferries and electric public light
buses
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Pax A 5% S N
Dimension |No. |SC services  |Description
16 [T NJCHHR (B THENAT S ) BB DLER 247 5
SR AR BN PR AR, I A AT AR B
Friendly IEEA
Environment  [Promote the mobile app "HKeMobility" which
for Pedestrians |could allow to search walking paths, bicycle
and Cyclists  |routes, and barrier-free public walkways, and
encourage walking and bicycling
17 |\EBhFE BUE HEB) B Bk B E 2 RO £
Autonomous  [Promote the testing and use of autonomous
\Vehicles vehicles at suitable locations in Hong Kong
BB (18 RRITE) DD IARE SRR, BRI TR ARAR /AT 1A A I
Smart Climate (s 5 e 95 o, HERE A
Environment Actions Phase down coal-fired electricity generation and
switch to natural gas/renewable energy such as
using sludge to generate electricity and turn waste
into energy
19 R B RS IR A SRt IS SRR (i
Green/Intellige |4 f# F LED %& e B)
nt Buildings  |Adopt green building design to improve building
energy efficiency (such as changing to LED
lighting)
20 EEYE S R RE AR, DASUEDAL I I (REE
Waste e E B SN R R, T IETR AT AR)
Management |Add more smart recycling bins that can
automatically collect and dispose of the waste for
enhancing community recycling and making
communities cleaner and more hygienic
21 gL B i B R B/ B R R AR K E,
Pollution N R A e 2 5
Monitoring Use new technologies to monitor and improve air
quality and reservoir water quality and reduce
noise pollution
22 RIGHTA I BT R B S R IR AR (W H B R
Environmental |5LIR IR B2 FE & FH 2R BRI, g Bia
Hygiene B AR T A)

Use new technologies to monitor and improve
environmental hygiene, e.g., smart toilets that
automatically report odour concentration and
consumption levels of consumables, and advanced

rodent-control and mosquito-control technologies
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Pax A 5% S N
Dimension |No. |SC services  |Description
BEBUF 28 BB AR fE—DiEE TR &l | A0l 5588 2 BUM
Smart Open Data (R4 BERERIEGE, T IR A&
Government Service Use government websites such as "data.gov.hk" to
facilitate the dissemination of datasets provided by
government departments and public organisations
for free use by the public
24 BG WEIEA [JE—DHER) 5G i ENAEAS 18
5G Mobile Further promote the use of the fifth generation
Technology  |(5G) mobile network
25 HSEUM ARES [E A KEOE - r A EVE B RS, S BUFIELE
Digital AP it s I s IRy BE A RUOR
Government  |Adopt new big data analytic platforms and
Service information management systems to make
government operations and delivery of public
services more efficient
26 [AWsk 7 A ST T IBURT A A B A8 A% 22 4 0 R RN 525 JR A 4
Network o7 4 [ B IR ) JE S e
Security Enhance the government and society's awareness
of cybersecurity and capability of incident
response in the face of cybersecurity problems
27 Wi IR AR [EE AN G # /LR, SOE A RO SE SR A
Urban {38 FH BT R D AL v
Collaboration [Encourage the public and the industry to suggest
for Innovation |how to use innovative technologies to improve
quality of life through different projects and
competitions
28 [[GIRZEYE HL MRS, DGR G EE R R, AR SR
Dangerous [, &R SR R
Drugs Upgrade systems to streamline the handling,
Management replenishment, and procurement process of
dangerous drugs for enhancing emergency
ambulance services
29  [RRSEE AR HEENE AR (A0 [ RS BB ] BAkT)
Building EHMEE TRIEE, DERIHRCR IS
Information &
Modeling Promote the use of new technologies such as

Building Information Modelling to manage and
supervise construction projects to improve

efficiency and reduce the risk of accidents
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Pax A 5% S N
Dimension |No. |SC services  |Description
30 |[REMK 175 30 27 BE IR AR B SR KRG D, MF I

Smart Water  |[F 22 A F P S 1 8 Ry FH 7K 8503

Supply Monitor freshwater loss by installing sensors and
provide real-time water consumption information
to users through mobile apps

31 RIS R AR B 5 K IR, I AR A A

Smart DrainagelflI Fl4fE &3 N HEK R 4%

Services Install sensors to monitor water levels in sewers
and use robots to inspect and repair underground
drainage systems

32 | AU 51N TT BRSSO, I E A

Smart Customs KEE M WA B FRAT, 3R 7118 B B3R ARIE B
R
Employ new technologies to automatically detect
contraband and analyse crimes for enhancing
customs clearance efficiency and law enforcement
effectiveness

33 [REEA 7 B RRER BT RN, i N T Re PR B 1 R 5t

Smart Prison  [FIEEMR N, DAVBHSIN & TAE S NGRIR %
Adopt new technologies in prisons, such as
artificial intelligence CCTV systems and robots,
to reduce staff workload and enhance security

34 FHRRELE BT RN e i ENR, DARIER . e

Signboard B, FHESRIFRE

Control Use new technologies for signboard control, such
as image analysis to detect unauthorised,
dangerous and abandoned signboards and request
removal

MEKW 35 [ERbkHE MDA EERAT IR EHERATA (8485 ]
Smart FinTech frgEke, 21T BCREEE T [EEHh A5 FH xRl s
Economy Promote the development of Internet banking
services, virtual banks, and electronic Mandatory
Provident Fund platforms so that the public can use
financial services more conveniently
36 B R RE DSOS FHE 2 A P T 30 5 R ) A, A

Smart Tourism

SIS RS (AR) #BERIHE, WSIR
Enhance and promote the official website of the
Hong Kong Tourism Board and add Augmented
Reality (AR) experiences at places of interest to

attract tourists
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Pax A 5% S N
Dimension |No. |SC services  |Description
37 [EHERHL 9 AL R 1 IO AR S 15/ AN b7 3 3 g S
LawTech A G e k% A B &
Develop and promote an online platform to
provide online dispute resolution and deal-making
services for cross-border and local enterprises
38 |WFIEANF L3 (Bl e AT R L, WATERIFEE (0
(e L EIEr G FEAIRHE . SO TR AE)
R&D and Encourage enterprises to conduct research and
Reindustrialisatdevelopment and promote scientific research
ion cooperation (such as establishing collaborative
platforms, building innovation and technology
parks, and providing enhanced tax deductions for
qualified enterprises)
39 [RIHT SORTAL (&I [ R IE ] RTEISEALE L), SUEiA AR SE
Innovation and | / HEHEIE F B4 a7 1 AR
New Economy [Provide subsidies for local
enterprises/organizations to encourage them to
adopt technological solutions to enhance
operational efficiency through the “Technology
'Voucher Program”
BEWR 40 STEMHE o@D RgRRE . B, TR B
Smart People STEM (STEM) #BEMEMEHE (IT) #E, s
Education I HEAT BE 2 AH B RS AT I
Strengthen science, technology, engineering, and
mathematics (STEM) and information technology
(IT) education for primary and secondary students
and encourage schools to implement more STEM-
related classes and activities
AL EEAIRIEE AT RSB SEEE R, WiRMEED)
ST FENT i [ b S e 5 3 AR AT R 2 A
Youth IT Provide internship opportunities for young people to
Internship and |practice in IT companies and provide subsidies for
Research companies to encourage the hiring of graduates for
Talent Hub research and development
42 RGIIT ANA RGIFHGE AR, NTR AR A5 2%
Attract IT-  [BIRIEIIREFIAA

professionals

Attract and retain more IT professionals,
especially in technological areas such as
biotechnology, artificial intelligence, and cyber

security
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Pax A 5% S N
Dimension |No. |SC services  |Description
43 [BIHT M BISESC | AT RIAR SE SR B B ER (W R a4 2€)
(e AARIABGCE (Wn A& LB PR i)
Innovation and |Provide financial support (such as investing in the
Entrepreneurial pusiness) and non-financial support (such as
Culture developing business opportunities) for start-ups
44 (BT (B B GRLi, ar v (e A B RS
& AT &
Blockchain Establish online platforms using blockchain
Certificate technology to facilitate verification of tertiary
Platform education qualifications
A5 \ABSEIT B [Inomss sl o 455 8 B RUH R I RE R I rE
Gl 71, ARG & BUR HESH B S T I AR
IT Training for |Strengthen the training of civil servants on the
Civil Servants |understanding and application of innovative
technologies, to cooperate with the government to
promote the smart city process

BEPUE 46 RYLEFmER @AET [0 mAT ] B, s R

Smart Exposure NG TGN, DASR Ak /e G R e i B A [ ) g

Combating Notification  |FEai#

COVID-19 Continue to implement the mobile app
“LeaveHomeSafe” to record the information of
citizens entering and exiting places, to provide
infection risk notification and related health
advice

AT IR P RE HE R T D BB AN B B RO T B A A
A (WnrEdks / i / B
Public Space |Promote the use of robots and anti-microbial
Disinfection  ftechnology to provide environmental-hygiene
services in airport terminals, public markets, and
buses
A8 |fEFEHI IR E T [ AR TR, TR N LR A 5
(e R e R, BT N TR [
Digital Health (Introduce streamlined electronic forms to facilitate
Declaration  [inbound persons to complete health declarations

online, saving manpower and time

Our original plan was to use a five-point Likert scale to measure the citizens’

preferences for SC services. Specifically, the respondents are required to rate the

importance of one SC service using five scores where one refers to very unimportant

and five refers to very important. However, when we conducted a pilot survey among

university staff and students, they expressed that it was difficult to distinguish the
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importance between different SC services because they perceived all SC services are
important to their daily life. As such, nearly all SC services were rated with four or five
scores. In addition, even though over 130 SC initiatives had been reduced to 48 SC
services, the respondents expressed that it was very exhausting to rate each single SC
service using a five-point Likert scale. Taking into consideration the feedback from
university staff and students, we change the preference measurement tool from rating
questions to pairwise comparison questions, which enables respondents to compare
their preferences for two services easily. Specifically, we asked our respondents to look
at 10 sets of pairwise comparisons and to select the SC service in each pair that they
preferred the government would implement or enhance to improve HK residents’
quality of life, as indicated in Table 4. In this case, both the undergoing SC services that
citizens hope to be enhanced and the new SC services that citizens hope to be promoted
can be evaluated. As it would be very impractical for the respondents to compare all
1,128 possible pairings of SC services, we proceeded from an assumption that the
members of specific subpopulations would have similar preferences, and that, therefore,
sets of pairwise comparisons could be considerably shorter (Kaye & Firth, 2017). A
pilot study we conducted confirmed that completing 10 sets of pairwise comparisons
was acceptable to all respondents. In the main study, the 10 sets of pairwise comparisons
we used were randomly selected from a list of SC services across seven dimensions.

Table 4. Survey questions on the preferences for SC services (in Cantonese).
D REBRAEBN (&) HiEskiERE AN —IRE S m R, URAE
BAWERER? GRREERERSY—THRY)

Ok 1] Ok 2] OAKITE / R EERR

10) REBHFEBIN CE—2P) HtiskiE R AT — IR S leds, BARS T+
EBANEGER? GEREEEN RS

O AR 1] O[ARF 2] OAsNIE / 1R EEER

Citizens’ expectations for SC services

Based on Maslow’s (1943) hierarchy theory, the third part of the questionnaire collected
the respondents’ expectations about SC services’ roles in the realization of their human
needs. As briefly noted above, according to Maslow’s five-stage model, people are

motivated to achieve 1) physiological needs — requisites for survival, such as air, water,
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food, shelter, and sleep; 2) safety needs — to feel safe and secure, physically and
financially; 3) social needs — to feel a sense of connection and belonging, such as
through family, friends, and intimate partners; 4) esteem needs — to feel a sense of self-
worth and achievement, e.g., via respect, recognition, and success; and 5) self-
actualization needs — to reach their full potential for creativity, self-fulfilment, and
personal growth. As indicated in Table 5, our respondents were asked to rank five
human needs that they expected SC services to satisfy, with rank one referring to the
highest expectation and rank five to the lowest. To facilitate respondents’ understanding,
we provided examples of how SC services could help satisfy different stages of human
needs. For example, the statement “Meeting my physiological needs” was exemplified
by “Maintaining air- and water-quality standards through pollution monitoring and
clean-energy technology to make the city greener, cleaner, and more livable”. We
originally planned to measure citizens’ expectations for SC in realizing their human
needs using a five-point Likert scale. However, according to the feedback from the pilot
survey, it was difficult for respondents to score their expectations between different
human needs because they perceived all human needs are important to be satisfied by
SC services. As such, nearly all expectations were rated with four or five scores.
Therefore, we choose the full-ranking questions to measure citizens’ expectations for
SC services in realizing their human needs.

Table 5. Survey questions on the expectations for SC services in realizing human needs
(in Cantonese).

EERROEATRITE, REEIRTHRERBEEEEEENE? GAU
TRIFHIHE RN R ERHEF M%ﬁ%ﬁ%ﬁﬁ,ﬁﬁﬁ§%§ﬁ¢)

_ WRRREAATET R (nEiE TS 4 BRI SR IR, R R
%\mgﬁkﬁ,ﬁAmmEﬁé\@@ )

AR e MRE (R EE /BRI /I8 SR SRRy, SEH]
REE RS, REENS R / 24 BSEBa SR iR, S A H A
BRIy, SRR A . RPEATRS 2 4)

_ FUNRRKHATR (niEiEERARER 7RIS B E A A AT g

A, MBI M B BB & 2 BALE /R,
%MEQ%E@)
_ EREINEE / EMNEE GEBAE e / AR E &, BT RS
HEAN; EEE TG, SR NSRS T35 AR Rl / RIETFR)
_ HAUREANRRMERER (EEBEAY, &G AGERSE /R
5, AN 9E R B AL e (E A IR Bt 22 Jotb iR A%

3.1.2 Data Collection
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Online survey

According to the random sample method (Daniel & Cross, 2018), 5,000 samples are
expected to be collected by setting a 2% margin of error with a 99% confidence level
given the 6.5 million adult citizens in HK. To ensure the sufficient size and
representativeness of our sample and avoid unnecessary face-to-face contact during
pandemic conditions, we delegated data collection to a reputable and professional
online-survey organization, the Hong Kong Public Opinion Research Institute
(HKPORI), which has conducted more than 2,000 independent online surveys over the
past 30 years in partnership with academics in HK and overseas. HKPORI survey

respondents’ personal identities are confirmed via ID checks.

Before commencing formal data collection, we conducted two rounds of pilot surveys
to pretest our questionnaire. During the first round, we asked ten university researchers
to review the questionnaire and identify any likely sources of measurement errors, such
as ambiguous or overly challenging questions. Given that university researchers tend
to have a good working knowledge of SC services as well as strong interpretation skills,
additional 50 respondents from the general public were the subjects of our second pilot
survey, which had the same purpose as the first but was administered by HKPORI.
Based on the results of both pilot surveys, we refined the questionnaire and requested
the HKPORI team to conduct formal data collection from November 13 to December

18, 2022, targeting HK residents aged 18 and above.

As indicated in Figure 3, the formal online survey was conducted by sending email
invitations to a total of 81,271 email addresses of HKPORI panellists. Of these, 81,191
invitations were successfully delivered, and 39,030 were opened by the recipients
Among those who opened the invitation email, the survey was commenced by 4,023
respondents. Meanwhile, with the help of HKPORI, the research team also created an
online platform where 493 samples were collected from February 6, 2023, to March 13,
2023. Finally, a total of 4,516 samples were collected.
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| Sent email invitations (n=81,271) |
| Email bounced (n=80) |
| Email delivered (n=81,191) |

4‘| Did not open email invitation (n=42,161) |

| Opened email invitation (n=39,030) |

—’| Did not start survey (n=35,007) |

| Questionnaires collected by HKPORI (n=4,023)|

Additional samples collected by
research team (n=493)

| Final samples collected (n=4,516) |

Figure 3. Flow chart of online survey recruitment and exclusion process.

Face-to-face Survey

We conducted a face-to-face questionnaire survey as a complement to the online survey.
Face-to-face survey can help to approach some of the residents who may be difficult to
be approached through an online survey (e.g., older people). We planned to seek help
from about 10 community centers or NGOs to support the recruitment of residents as
respondents. After collecting detailed contact information from 30 community centers,
we sent emails to seek their help to invite local seniors to participate in our
questionnaire survey. We received replies from six non-government organizations
(NGOs), as indicated in Table 6. After negotiating the schedule of the face-to-face
survey with local communities, we started to recruit and train part-time student helpers
for ensuring they were familiar with the contents of the questionnaire and survey
process. Considering elderly respondents are difficult to complete the questionnaire
independently, we requested the student helpers to assist one elderly person at a time.
We conducted the face-to-face survey with 500 elderly residents from October 1, 2022,
to January 10, 2023, in three Hong Kong districts, as indicated in Table 7. By removing
12 invalid samples, a total of 488 questionnaires were collected. In a summary, we
finally collected 5,004 samples from online survey and face-to-face survey, which

exceeds our proposed goal of 5,000 samples.
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Table 6. Non-government organizations who help to invite elderly respondents.
Name of the NGOs

Hong Kong Young Women’s Christian Association Kwun Lung Lau Community

Work Office (FAEEAZHE T BRI IE TIFHSER)

St James' Settlement (BE B (EEEE)

Methodist Kwun Tong Community Service ({i&3E i ERER I & AR 155 RR)
Neighborhood Advice-Action Council Mrs Bai Bishop Elderly Center (i< & &
HEERNFEER L)

Neighborhood Advice-Action Council Sau Mau Ping Elderly Center (<&
75 PRS0

Pong Wing Siu Neighborhood Elderly Center (J5g 7k 43 & #0000

Table 7. Face-to-face questionnaires collected in three HK districts.

District Frequency Percentage
Hong Kong Island 144 28.8%
Kowloon 204 40.8%
New Territories 152 30.4%

3.2 Examine the Associations among Citizens’ Preferences and Expectations for
SC Services and Their Demographic Characteristics

3.2.1 Defining Subpopulations

After data collection, we conducted data analysis in three steps. The first step was to
define subpopulations based on the distributions of demographic attributes and digital
literacy. As shown in Table 8, we combined several attribute categories into groups to
avoid defining any subpopulation around a very limited number of samples. These
combinations of attribute categories were guided by authoritative literature. For
example, we defined three subpopulations based on age groups, including young adults
aged 18-39 (Prakken et al., 2011), middle-aged adults aged 40-59 (DiSilvestro et al.,
2012), and older adults aged 60 and above (Forman et al., 1992). Similarly, we defined
subpopulations with different income levels based on their average monthly household
income and household size. Specifically, an individual was defined as having low
income if their average monthly household income was less than the median monthly
income of HK households with the same household size; otherwise, they were
considered to have a high income (Census and Statistics Department [C&SD], 2021).

In terms of digital literacy, we categorized citizens into three groups: citizens with
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above-basic digital literacy, citizens with basic digital literacy, and citizens with below-

basic digital literacy. This process led to the identification of the 10 subpopulations

indicated in the fourth column of Table .

Table 8. The definition of subpopulations based on the respondents’ personal and family

information.

Factor Attribute Percentage Subpopulation  Percentage
F1: Gender Male 51.43% Male 51.43%

Female 47.39% Female 47.39%
F2: Hong Kong 83.78% Hong Kong 83.78%
Birthplace Other 15.09% Other 15.09%
F3: Age 18-19 yearsold  0.55% Young adults 35.54%

20-29 yearsold  13.06% (18-39  years

30-39 yearsold  21.93% old)

40-49 yearsold  19.65% Middle-aged 36.42%

50-59 yearsold  16.77% adults  (40-59

years old)

60-69 years old  16.08% Older adults (60 27.77%

70-79 years old  8.40% years and older)

80 years old or 3.29%

above
F4: Primary school 7.19% Sub-degree or 39.68%
Education or below below

Junior 7.22%

Secondary

(secondary one

to three)

Senior 11.88%

secondary

(secondary four

to seven/
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Diploma of
Secondary
Education
(DSE)/ Diploma
Yi Jin)
Post-secondary
education: Sub-
degree
(including
higher
certificate  and
higher diploma)
Post-secondary
education:
degree
Post-secondary
education:
graduation and

above

13.39%

39.27%

20.80%

Post-secondary
education:
degree
Post-secondary
education:
graduation and

above

39.27%

20.80%

F5:

Employment

Full-time
employees
Part-time
employees
Employer
Unemployment
Students
Housekeeper
Retire

No work due to

54.03%

5.63%

2.74%
3.27%
3.32%
4.28%
23.57%
1.84%

Full-time
employees
Part-time and

others

54.03%

45.97%
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other reasons

Other 1.32%
F6: District  Hong Kong 20.20% Hong Kong 20.20%
Island Island
Kowloon 34.52% Kowloon 34.52%
New Territories  43.99% New Territories  43.99%
F7: Monthly Less than 11.76% Low-income 39.84%
household $10,000 level
income $10,000-19,999  8.71%
$20,000-29,999  11.45%
$30,000-39,999  12.07%
$40,000-49,999  10.78%
$50,000-59,999  8.66%
$60,000-69,999  6.87%
$70,000-79,999  4.69%
$80,000-89,999  3.63%
$90,000-99,999  2.49% High-income 60.16%
Above $100,000 11.47% level
Unclear 7.43%
F8: Family 1 17.09%
size/person 2 21.14%
3 27.12%
4 20.69%
5 9.04%
>=6 4.91%
F9:  Have No chronic 82.67% No chronic 72.76%
chronic disease(s) diseases and no
disease(s) or Have  chronic 17.33% family
family disease(s) member(s) with
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member(s) chronic
with chronic diseases
disease(s) No family 80.76% Have chronic 27.24%
member(s) with disease(s)  or
chronic have family
disease(s) member(s) with
Have family 19.24% chronic
member(s) with disease(s)
chronic
disease(s)
F10: Belong Not disabled 86.44% Not  disabled 86.44%
to the and no disabled
disabled or Disabled 13.56% people in the
there are family
disabled No disabled 95.86% Disabled or 13.56%
people in the people in the have disabled
family family people in the
Have disabled 4.14% family
people in the
family
F11: Digital No skills 4.56% Below basic 15.51%
Literacy
Limited 2.99%
Narrow 2.33%
Low 5.63%
Basic 13.58% Basic 13.58%
Above basic 70.91% Above basic 70.91%

Note. The sums of percentages for some factors are not 100% due to some respondents

declining to answer certain questions.
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3.2.2 Preference Analysis

The second step involved examining citizens’ preferences for SC services using the
Bradley-Terry model (Bradley & Terry, 1952), a popular statistical method that
determines the probabilities of each item — in this study, an SC service — being preferred
over others through repeated pairwise comparisons (Agresti, 2012; Hunter, 2004; Kaye

& Firth, 2017). For a given pair of SC services i and j, the Bradley—Terry model

assumes:
ﬁ.
. N el
P(l >_]) - eﬁi+eﬁf (1)
and
C P(i>)) P(i>))
log(P(l >])) = log (#21)) = log (P(;:)) =B — Bj )

where P(i > j) refers to the probability of service i being preferred to service j; f3;
can be interpreted as the “preference index” of service i; and a higher f; means that
service i is more attractive. Assuming the independence of all pairwise comparisons,
the parameter §; (i =1... n, given n services) is estimated using the maximum-
likelihood method. Because f; is a relative rather than an absolute value, we can set
the service k with the lowest ranking among n services as the baseline item and set
its parameter [ to zero. Then, the parameters of other services can be shown with
positive values that reflect preference levels. Finally, we can obtain the preference index

B, for each dimension d as

B, = Butbettbm (3)

m

where m represents the number of services in dimension d, and f3,, represents the

preference index of service m in dimension d.
3.2.3 Expectation Analysis

Our third data-analysis step was to examine citizens’ expectations about SC services
using a rank-ordered logit model: a standard statistical tool, based on random-utility
theory, that is used to model the complete ranking of alternatives (Hossain & Fatmi,
2022). In the present study, such alternatives consisted of differing expectations about
which human needs SC services would meet. Several studies have recommended the

use of ranked-order logit models to achieve more accurate model estimation through
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greater efficiency or lower asymptotic variance of maximum likelihood estimators
(Johnson, 2023; Shahadat Hossain & Rahman Fatmi, 2022b). Here, each respondent p
was asked to rank five SC expectations (Q = 5) and the ranking choices were based

on the respondent’s perceived utility (7,4) of each such expectation g (q € Q,q = Z),

ie.,
Npq = XpgB + Zpaq + $pq 4)

where X, are the choice-specific variables, Z,, the respondent-specific variables
including demographic characteristics and digital literacy, and ¢,, a random
component deemed to be independent and identically distributed with an extreme value
distribution. If we let Y,, represent the ranking assigned to one of five SC expectations
q, with an integer value ranging from one (highest ranking) to five (lowest ranking),
we obtain an ordering vector of the set of five SC expectationsY,q = (Y1, Ypz, .., Ypg)'-
And if we let 7,4=(71, 72, -, Tpq)'» Where 1,4 represents the SC expectation number
that received rank g by respondent p, we can compute the probability of observing
ranking Y,, as follows:

Q-1 ©XP (Xprpjﬁ+zparpj)

a=1 Z&q exp (Xprplﬁ+zparpl)

)

Pr [rp] = Pr [nprpl = nprpz =2 nprpq] =TI

Here, it should be noted that the present study mainly focuses on the influence of
respondent-specific variables. All data analysis was conducted using the R
programming language. Specifically, the Bradley-Terry model was run using the R
package “BradleyTerry2” developed by Turner and Firth (2012), and the rank-ordered
logit model was run using the R package “mlogit” developed by Croissant (2012).
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4. Results

4.1 Citizens’ Preferences for SC Services

Using the Bradley-Terry model, we estimated the preference indices of 48 SC services,
with the service having the lowest ranking order serving as the baseline. The results are
presented in Table A 1. To facilitate the interpretability of these results, we have depicted
the five SC services with the highest scores and the five with the lowest scores in Figure
4. As that figure indicates, our respondents preferred smart environment services the
most, with this dimension containing three of the top five SC services: waste
management, climate actions, and green/intelligent buildings. The third-rated SC
service, belonging to the smart mobility dimension, was real-time traffic information;
and the fourth, in the smart living dimension, was support for the elderly and persons

with disabilities.

The COVID-19 exposure-notification service LeaveHomeSafe, from the smart
combating COVID-19 dimension, was the least preferred. The second, third, and fourth
least preferred were the smart prison service (smart government dimension), the smart
crowd-management service, and the smart tourism service (both from the smart
mobility dimension). The fifth least-preferred SC service was smart customs (smart

economy).

Dimensions

Top 5 SC Services Waste Management? Environment +
Climate Actions: | Environment w
Real-time Traffic Information: | Mobility +
Support for the Elderly and Persons with Disabilities: Living +
GreenlIntelligent Buildings: | Environment #

Bottom 5 SC services Smart Customs: | ﬂt Economy
Smart Tourism ﬂt Mobility
Crowd Management: j‘ Mobility
Smart Prison ]‘ Government
Exposure Notification: r)-! Combating COVID-19
01 2 3 4
Preference Index

Figure 4. Hong Kong’s top five and bottom five smart-city services, based on
residents’ preferences.
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In addition to the respondents’ preferences for individual SC services, we were able to
capture their preferences for seven SC dimensions. Figure 5 presents the preferences
expressed about the seven SC dimensions by age, digital literacy, and income. In it, we
can observe two major patterns. First, for all age, income, and digital literacy groups,
the smart environment dimension was the most preferred, and smart combating
COVID-19 was the least preferred. The inter-group differences in relative preferences
for the other five SC dimensions were non-significant, and those between the smart
living and smart people dimensions were especially small. Second, differences in
relative preferences for the seven SC dimensions were smaller among respondents who

were older, less digitally literate, and on lower incomes.
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Figure 5. Hong Kong residents’ relative preferences for smart-city service dimensions
by (a) age, (b) digital literacy, and (c) income.
Note. The baseline SC dimension is Smart Combating COVID-19, whose preference
index was set as zero.

We also investigated how population heterogeneity could influence preferences for
individual SC services within one dimension. Taking the smart environment dimension
as an example (Figure 6), we observe that waste management service and climate action
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service are the top two preferred SC services for all age, income, and digital literacy
groups, except for people with below basic digital literacy and older adults, who
preferred pollution monitoring service over climate actions service. It is noted that most
people with below basic digital literacy are also older adults (as indicated in Figure A.1).
Perhaps older adults are more concerned about the air and water quality in their

immediate surroundings, rather than focusing on global climate issues.

The green/intelligent buildings service was the least preferred among older adults,
people on low incomes, and people with lower levels of digital literacy. A possible
reason for this is these people have little knowledge of how green building design
technology enhances the energy efficiency of buildings compared to middle-aged adults
and people on high incomes. In contrast, the pollution-monitoring services were the
least preferred services in the smart environment dimension among middle-aged adults,
high earners, and people with above basic levels of digital literacy, conceivably because

these three groups had experienced fewer negative health effects of air pollution.
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Figure 6. Respondents’ preferences for smart environment services by (a) age, (b)
digital literacy, and (c) income.
Note. The baseline SC service is environmental hygiene, whose preference index was
set as zero.

4.2 Citizens’ Expectations for SC Services

53



Using a percentage-stacked bar chart (Figure 7), we visualized the relative contributions
of different expectations about SC services to each ranking. From this chart, it can be
observed that more than 50% of respondents expected SC services would help them
realize their physiological needs, followed by their safety, esteem, self-actualization,
and social needs. Social needs contributed most to rank-five expectations, with more

than 30% of respondents reporting that realizing such needs was the least urgent use of

SC services.
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Figure 7. Distribution of the ranking of expectations for SC services in achieving
human needs.

We analyzed HK citizens’ expectations about SC services helping them realize five
types of human needs using a rank-ordered logit model, as indicated in Table 9. We
found that they most strongly expected the use of SC services to serve their
physiological needs (rank=1), followed by safety needs, self-actualization needs, social
needs, and esteem needs. This ranking of needs differs slightly from Maslow’s (1943)
hierarchy of needs, which posits that self-actualization needs come last. Table 9 also
shows that there were statistically significant differences in the respondents’
expectations that SC services would meet their human needs among different gender,

education, age, and birthplace groups (»p<0.05).

Specifically, as compared with males, females were more likely to have higher
expectations that SC services would realize their safety needs (OR = 1.17, p = 0.019)
and lower expectations that such services would help them self-actualize (OR = 0.68, p

=10.000), feel esteem (OR =0.79, p =0.001), or have their social needs met (OR =0.78,
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p = 0.000). Compared with young adults, older adults are less likely to have higher

expectations for SC services in realizing self-actualization needs (OR =0.74, p = 0.006).

Respondents with college degrees or above were more likely than their less-educated

counterparts to have high expectations that SC services would help them with their self-

actualization (OR=1.25, p=0.025), social (OR=1.31, p=0.006), and esteem needs

(OR=1.31, p=0.006). Finally, compared with native-born citizens, immigrants are less

likely to have higher expectations for SC services in realizing self-actualization needs

(OR = 0.74, p = 0.006).

Table 9. The results of the rank-ordered logit model for citizens’ expectations for SC
services in realizing five human needs.

Rank Human need Frequencies
1 Physiological 0.231
2 Safety 0.211
3 Self- 0.191
actualization
4 Social 0.184
5 Esteem 0.183
Coefficients* OR (95%CI) P value
Intercept
Physiological 1
Self-actualization 0.58(0.33-0.99)  0.047*
Esteem 0.44(0.26-0.76)  0.003**
Safety 0.35(0.21-0.59)  0.000***
Social 0.56(0.32-0.96)  0.035*
Gender
Male 1
Female:
Self-actualization: Physiological 0.68(0.59-0.77)  0.000***
Esteem: Physiological 0.79(0.70-0.91)  0.001***
Safety: Physiological 1.17(1.03-1.33)  0.019*
Social: Physiological 0.78(0.68-0.89)  0.000***
Birthplace
Hong Kong
Others
Self-actualization: Physiological 0.74(0.60-0.92)  0.006**
Age
Young adults 1
Older adults
Self-actualization: Physiological 0.76(0.61-0.96)  0.021*
Education

Sub-degree or below
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Post-secondary education: degree
Self-actualization: Physiological 1.24(1.04-1.47)  0.015*
Safety: Physiological 0.84(0.71-1) 0.045*
Post-secondary education
Self-actualization: Physiological 1.25(1.03-1.52)  0.025*
Esteem: Physiological 1.31(1.08-1.6) 0.006**
Social: Physiological 1.31(1.08-1.6) 0.006**

Log-Likelihood: -14076
Likelihood ratio test: chis-q = 12904 (p-value = < 2.22e-16)

Note. OR refers to odds ratio and CI refers to confidence interval.
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5. Discussion

Five major findings were derived from the answers to our research questions. The first
is that the respondents have a strong preference for smart environment services, given
that three out of five most preferred SC services — waste management, climate action,
and green /intelligent buildings — were in the smart environment dimension. The
strength of this preference may be due to HK citizens’ high awareness of environmental
protection and reflect that HK, as a highly dense city, is confronting a variety of
environmental challenges, particularly involving waste management, air pollution, and
energy consumption (Govada et al., 2017; Lai, 2022). In 2021, for example, the total
weight of solid waste disposed of at the city’s strategic landfills was 5.67 million tons,
or 15,533 tons per day: an increase of 5.4% on the previous year (EPD, 2021). Moreover,
PM; 5 concentration in Hong Kong is 4.7 times the World Health Organization’s air-
quality guideline value (IQAir, 2023). To tackle these challenges, HK’s government has
launched a series of environmental initiatives, including the Energy Saving Plan for the
Built Environment 2015-2025+, the Biodiversity Strategy and Action Plan, and the
Hong Kong Waste Reduction Website. Against this backdrop, most HK citizens are
likely to be aware of the importance their government assigns to protecting the
environment using smart technologies and to share its desire for further enhancement
to smart environment services and the development of new ones. This would be
consistent with the findings of prior studies by Wirtz et al. (2022) and Chen and Chan
(2022). The former found that smart waste/recycling services were among the five top-
rated SC services in Germany, and the latter, that Macao citizens were very interested
in how new technologies were being used to improve waste management, water

management, urban planning, air quality and energy efficiency.

Our second major finding is that the respondents are more likely to prefer those SC
services that are more closely bound up with their day-to-day lives, expected to have
long-term impacts on communities, and/or that serve large user groups. Looking at each
SC dimension, we found that our respondents had stronger preferences for smart living
and smart people services than for smart economy services. This may have been
because the SC services in the two former dimensions, e.g., the use of ICTs to support
the elderly and persons with disabilities, were more likely to be used and experienced
in daily life. This echoes findings by Oh (2020) that Korean citizens prefer SC services

closely linked to their everyday lives. The HK residents we sampled expressed the least
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interest in the smart combating COVID-19 dimension. Although the COVID-19
pandemic is an important issue, they may have perceived combating it as a short-term
solution to a specific problem, rather than something that would have long-lasting
impacts on their local communities. Given that our survey was conducted almost three
years after the COVID-19 outbreak, they could also have perceived that efforts to
combat the pandemic were sufficient. In this context, it is worth noting that the HK
government eliminated the requirement for mandatory scanning of QR codes for
COVID-safe travel in December 2022 (Office of the Government Chief Information
Officer [OGCIO], 2022). The idea that the respondents preferred SC services that can
serve a wide range of people can be confirmed via a comparison of the top five and the
bottom five SC service preferences. For example, among the bottom five, smart prison
and smart airport services mainly serve people in prison and those who need to travel
by plane, while smart crowd-management service chiefly serves those people who
attend occasional large events. The top five services, in contrast, have much larger user
groups: with the top three benefiting everyone in the city, and the real-time traffic
information service those who rely on public transport to commute: i.e., more than 92%

of the population (SRD, 2023).

Third, we found that at higher ages, digital literacy was weaker; and that at lower
income levels, the respondents’ preference differences among the seven SC dimensions
were smaller. This was probably because older people, people with limited digital
literacy, and people with low incomes are more likely to have poor knowledge of SC
services (Wang & Wu, 2021), which could make it difficult for them to distinguish
which SC services they prefer. Some SC services such as digital payments and e-
government services are often delivered through digital devices and require Internet
usage, but older adults tend to be relatively unfamiliar with digital devices, relatively
unlikely to be exposed to new technologies, and relatively limited in their experience
of Internet use (Friemel, 2016; Liiders & Gjevjon, 2017). Similarly, people with low
digital literacy have limited skills and competencies to perform tasks and solve
problems in digital environments and may struggle to navigate the digital interfaces of
smart applications (Reddy et al., 2020). Notably, old age, low income, and low digital
literacy tend to go hand in hand (Bélanger & Carter, 2009; Hacker & Dijk, 2000; Perrin,
2015; Seo et al., 2017).

Fourth, the HK residents we sampled expressed higher expectations that SC services
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would help them realize their self-actualization needs than their social or esteem needs,
despite Maslow’s (1943) hierarchy theory holding that self-actualization needs are the
least critical. One possible reason for this is that HK citizens attach great importance to
reaching their full potential for creativity, self-fulfilment, and personal growth by taking
advantage of SC services. They hope the local government can develop a creative and
engaging city with open-minded, tolerant, and diverse pools of talent (Florida, 2014).
When surrounded by a culture of tolerance for ambiguity and respect for diversity,
citizens’ creativity and innovation potential can be motivated, and such an innovative
social culture provides citizens with rich opportunities for work and personal
development (Frodeman et al., 2017; Marcos Lima, 2020). Another possible reason is
that HK is a city with a high degree of autonomy, and in which public participation
plays an essential role in urban development. In that context, HK citizens tend to have
a strong desire to participate in public affairs to benefit their personal development.
Such an interpretation echoes a prior survey-based study by Zhang et al. (2019) on
urban residents’ demand for intelligent SC functions, which reported self-actualization
as the most desirable such function. Our finding is also in line with one by Ban et al.
(2022), who surveyed perceptions of the attributes of Oradea as an SC, and found that
citizen engagement in public decisions through the use of ICTs was perceived as one of

the top three most important attributes.

Finally, the sampled HK residents’ expectations about SC services’ fulfilment of their
human needs varied by subpopulations of gender, education, age, and birthplace.
Specifically, as compared to men, women had higher expectations that SC services
would meet their safety needs, but lower expectations that such services would help
with their self-actualization, esteem, and social needs. This might be a reflection of
women assigning greater importance to safety needs due to generally being not as
physically strong as men and more likely to experience violence or harassment,
especially in public places at night (Hyndavi et al., 2020). Men, meanwhile, may have
higher expectations that SC will enable them to form emotional connections and
achieve personal development due to societal expectations and gender norms, as they
tend to be socialized to prioritize success, achievement, and independence (Kirkwood,
2016). Our finding that better-educated people were more likely to have high
expectations that SC services would help them realize their self-actualization, social,

and esteem needs could have been because such individuals have greater exposure to
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smart technologies and more access to educational resources and training, which in turn
could have led them to have a better understanding of how SC services might satisfy
their higher-level human needs (Wirtz et al., 2022). Additionally, citizens with higher
education levels are more likely to participate in community and civic activities, which
could increase their desire to achieve personal development and realize social value
through using SC services (Schulte, 2018). The lower expectations of older adults for
SC services to realize their self-actualization needs can be explained by the fact that
they are at a different life stage where retirement and leisure activities are their major
focus, while young adults focus more on career development and personal growth
(Ivtzan et al., 2013). Similarly, compared to native-born citizens, immigrants are less
likely to have high expectations for SC services to realize their self-actualization needs.
This could be because many immigrants may perceive themselves as being at a
disadvantage compared to native-born citizens (Law & Lee, 2006). In addition, low
socioeconomic status and low levels of political participation among immigrants could
also contribute to their lower expectations for SC services to realize their self-

actualization needs in HK (Li & Jones, 2020).
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6. Policy Implications and Policy Recommendations

In line with the above findings about heterogeneous groups of HK residents’ SC service
preferences and expectations, we can make the following four policy recommendations
regarding the strategic positioning of SCs to HK’s city administrators. It is also
suggested that relevant administrators be informed of these policy recommendations in
the hope that these administrators are more well-acknowledged with and benefit from
the found citizens' preferences and expectations about the SC services relevant to these

administrators.

1. The first is that enhance SC services in Smart Environment dimension, particularly
for services of waste management, climate action, and green/intelligent building. HK,
as one of the most densely populated cities in the world, inevitably experiences various
environmental challenges, including air pollution, waste-disposal problems, and energy
shortages. Since HK residents have strong preferences for smart environment services
and express the highest expectations for SC services in meeting their physiological
needs, it is suggested that more measures could be taken to improve environmental
quality through smart technologies: for example, enhancing the usage of internet-
connected trash cans and Internet-of-Things-enabled fleet-management systems for
waste collection and removal, or using sensors to measure water parameters and
guarantee the quality of drinking water at the front end of the system, with proper
wastewater removal and drainage at the back end. The heavy investment would be
required to bring waste management up to the same standard as Singapore, which boasts

an overall recycling rate of 60% (Carriere et al., 2020).

For the above-mentioned waste-management-related services, the Environmental
Protection Department (EPD) in Environment Bureau has issued the “waste blueprint
for Hong Kong (2035)” as part of the waste management service. Conveying the
findings that citizens have a high preference for waste management services could help
EPD to better promote and facilitate their waste-reduction and -management services
to the public. This finding could also be shared with the relevant authorities to
collaborate with EPD, such as Health Bureau (HB) helping to turn source-separated
food waste into useful resources by advanced biological treatment technologies.
Additionally, the Architectural Services Department (ASD) could contribute by
converting restored landfills into recreational facilities such as recreational grounds,
sports facilities, parks, etc.
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More investment can be allocated to energy-saving and climate-action services, such as
reducing power generation from coal and switch to natural gas/renewables by new
technologies, e.g., using sludge for general electricity and turning waste into energy.
HK’s government has been developing and implementing SC initiatives for energy
saving, as indicated in its Energy Saving Plan for the Built Environment 2015-2025+,
which sets out policies, strategies, and targets aimed at reducing energy use to 40% of
the 2005 level by 2035. Also, recognizing the findings that citizens have a strong
preference for energy-saving and climate-action services, it would be beneficial for
various relevant authorities, including the Environment and Ecology Bureau (EEB),
Transport and Logistic Bureau (THB), Health Bureau (FHB), Development Bureau
(DB), Electrical and Mechanical Services Department (EMSD) and Architectural
Services Department (ASD), to integrate their efforts. These efforts could focus on
providing low-carbon living, saving energy, green office management and greener
transportation. It is also significant to communicate the citizens’ intense preference for
green/intelligent building services to the Buildings Department (BD), Home Affairs
Department (HAD) and the Hong Kong Green Building Council (HKGBC). Such
communication could motivate these authorities to strengthen collaboration in the SC

services related to green building development.

2. Second, because our respondents reported stronger preferences for SC services that
are closely tied to their daily lives, have long-term impacts on their communities, and
can be used by a wider array of people, it is suggested to focus on SC services with
long-term impacts and serving wider user groups. Notably, such services include the
environmental ones discussed in the previous paragraph. The HK government could
therefore invest in environmental protection by funding research on renewable-energy
technologies, creating incentives for companies to reduce their carbon footprints, and
implementing policies that promote conservation and sustainable resource use (see also
Soundarrajan & Vivek, 2016). Because people prefer SC services that are closely linked
to their daily routines, more resources could be allocated to the development of smart
waste-management systems capable of optimizing waste-collection schedules, reducing
waste volumes, and improving recycling rates, e.g., through the use of smart waste bins,

waste-sorting robots, and real-time waste tracking (Fatimah et al., 2020).

Additionally, it can be useful to enhance smart public-safety systems that improve

emergency-response times, reduce crime rates, and protect public safety, e.g., via smart
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surveillance cameras, real-time crime mapping, and emergency-response alerts. Priority
could also be given to SC services that serve a wide range of people, such as smart
public services that improve service delivery, reduce costs, and enhance citizen
satisfaction. These could include SC kiosks, mobile apps for making service requests,

and digital portals for accessing government services (Nesi et al., 2016).

3. Third, in line with Maslow’s (1943) hierarchy theory, HK citizens ranked
physiological and safety needs as the first and second most important for SC services
to satisfy; accordingly, it is suggested to increase citizens’ acceptance of SC services by
fulfilling their physiological, safety, and self-actualization needs. As suggested by Ji et
al. (2021), physiological and safety needs can be satisfied by SC services in the hard
dimensions, including smart environment, smart safety, and smart health. For example,
to fulfil citizens’ physiological needs, sensors and data-analytic technologies could be
enhanced to monitor the air and water quality in the city, and alert residents to potential
health hazards. To cater to people’s safety needs, surveillance cameras equipped with
video analytics could be enhanced to detect suspicious behaviors and alert authorities

to potential threats in real time.

In addition to these two fundamental needs, our respondents exhibited a relatively high
expectation that SC services would help them realize their self-actualization needs. To
fulfil this widely perceived promise, residents can be offered more new ways of
participating in decision-making (e.g., electronic voting), and develop new employment
opportunities that will help them realize their true potential by contributing to SC
development (Leung & Lee, 2023b). More opportunities are suggested to be created for
young people to practice in technology companies and provide subsidies to encourage
companies to hire graduates for technology research and development. It is also
important to continue attracting and retaining talents in innovation and technology
fields, such as biotechnology, artificial intelligence, and cybersecurity, to foster a
creative and vibrant society that can contribute to the realization of citizens’ self-

actualization needs.

4. Fourth, we found that the sizes of people’s preference differences among the seven
studied SC dimensions were markedly smaller if they were older, low-income, and/or
low in digital literacy, with many answering “I don’t know” to pairwise service-

comparison questions; thus, it is essential to disseminate SC knowledge among digitally
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marginalized groups. Because they lack baseline knowledge and experience of SC
services, the voices of these groups are usually ignored in SC development

(Kolotouchkina et al., 2022; Mullick & Patnaik, 2022; Shin et al., 2021).

Since 2014, HK’s Office of the Government Chief Information Officer (OGCIO) has
launched four rounds of an ICT Outreach Program for the Elderly, which provides
funding to nongovernmental organizations that teach the elderly how to use tablets and
other mobile devices and/or help them to better understand how digital technologies
could enhance their quality of life (OGCIO, 2012). From December 2018 to April 2021,
the Outreach Program served more than 7,300 senior citizens in HK, but this is still far
cry from the 1.45 million who live there (OGCIO, 2012). More steps could be taken to
promote SC knowledge among older people. This can be achieved by providing more
education and training programs that promote social learning through community
workshops, and by providing regular updates on the state of SC and ICT development.
Additionally, it is important to extend digital inclusion initiatives in the OGCIO to

ensure that older adults are not left behind in the digital age.
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7. Public Dissemination

The research findings were disseminated through two different channels: government
channels and community channels. Regarding the government channels, as this project
is directly related to public policies and the findings can serve as references for
policymakers, the research team shared the research findings with relevant government
bodies by holding a university forum and discussing the implications for policy and
practice. This forum took place on March 15, 2023, at Block Z, Department of Building
and Real Estate, the Hong Kong Polytechnic University, and was attended by over 20
university staff and students, as well as two government officials. The officials included
Mr. CHAN Yue Chun, Head of the Spatial Data Office, and Ms. WONG Pui Yu, Senior
Land Surveyor, from the Development Bureau, Planning and Lands Branch. They are
responsible for overseeing the Common Spatial Data Infrastructure, which provides
public and private organizations with an information infrastructure to promote sharing

of spatial data and support the development of various SC applications.

The project also aimed to raise awareness about community development among
residents in various neighborhoods through the usage of SC services. Therefore, we
shared the preliminary findings through community workshops. Three workshops were
held in different communities in HK. The first workshop took place on 28 November
2022 at the Hong Kong Young Women’s Christian Association Kwun Lung Lau
Community Work Office, with 20 elderly attendees. The second workshop was held on
1 December 2022 at the Pong Wing Siu Neighborhood Elderly Center with 19 elderly
attendees. The third workshop was held on 12 January 2023 at the Neighborhood
Advice-Action Council Mrs. Bai Bishop Elderly Center with 20 elderly residents in
attendance. The elderly attendees reported that they gained valuable knowledge about

SC services from these workshops.
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8. Conclusion

People-centric smart city (SC) development requires city administrators to consider
citizens’ preferences and expectations for SC services to meet their needs. The present
study surveyed 5,004 citizen respondents regarding their preferences for 48 SC services
across seven dimensions, as well as their expectations for SC services in realizing their
human needs. The associations between citizens’ preferences and expectations for SC

services and their demographic characteristics were explored.

We found that smart environment was these sampled HK residents’ most preferred SC
service dimension. Indeed, waste management, climate action, and green/intelligent
building services were the three of the top five preferred services, and all are part of
that dimension. The strength of this preference may be ascribable to HK residents’ high
environmental awareness. However, there is still room for improvement in the smart
environment dimension. The respondents also showed relatively strong preferences for
SC services that are closer to their daily lives, have long-term impacts on their
communities, and serve broader arrays of people. This implies that resources could be
allocated to those SC services that possess these characteristics, such as the smart living
and smart people dimensions. In addition to physiological and safety needs, the sampled
HK residents reported relatively high expectations that SC services would help them
realize their self-actualization needs. It is recommended to enhance SC services that
can offer citizens more opportunities to participate in public affairs and create more
opportunities for young people to become involved in the innovation and technology
fields. Finally, we demonstrated that older people, people with lower digital literacy,
and people on lower incomes were less able to decide which of the seven SC dimensions
was more important to them. Therefore, it 1s suggested to disseminate SC knowledge

among these digitally marginalized groups through community workshops.

The proposed study has multi-faceted implications for HK’s future people-centric SC
development policy. Firstly, the findings about HK citizens’ SC-service preferences can
provide useful guidelines for the government’s strategic positioning of SC, helping to
inform investment priorities and resource allocation. Secondly, understanding HK
citizens’ expectations of SC services from the perspective of needs theory can help
reveal the motivations and other driving forces that underlie the usage of such services.
Overall, it is hoped that equipped with knowledge of the results of the present study,

urban planners, city administrators, SC-service designers and providers will be able to
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tailor SC services to meet the needs and expectations of HK citizens, boost the usage

of such services, and thereby improve citizens’ well-being and quality of life.
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Appendix

Table A.1. Ranking of smart city services preferred by HK citizens.

Services Preference S.E. | Dimensions
Index
Waste Management 4211 0.092 | Environment
Climate Actions 4.132 0.090 | Environment
Real-time Traffic Information 3.832 0.086 | Mobility
Support for the Elderly and Persons | 3.818 0.086 | Living
with Disabilities
Green/Intelligent Buildings 3.771 0.086 | Environment
Pollution Monitoring 3.606 0.086 | Environment
Environmental Hygiene 3.600 0.087 | Environment
Real-time Adaptive Traffic Signal | 3.539 0.084 | Mobility
System
Dangerous Drugs Management 3.517 0.088 | Government
Smart Drainage Services 3.447 0.088 | Government
Building Information Modeling 3.437 0.088 | Government
Youth IT Internship and Research | 3.388 0.091 | People
Talent Hub
STEM Education 3.352 0.091 | People
Support for Healthcare 3.214 0.083 | Living
Intelligent Sports and Recreation | 3.150 0.082 | Living
Services Booking
Open Data Service 3.145 0.085 | Government
Smart Water Supply 3.039 0.087 | Government
Wi-Fi Connected City 3.000 0.000 | Living
Attract IT-professionals 2.997 0.091 | People
Free-Flow Tolling Service 2.914 0.083 | Mobility
Innovation and Entrepreneurial Culture | 2.887 0.092 | People
R&D and Reindustrialisation 2.883 0.089 | Economy
Friendly Environment for Pedestrians | 2.861 0.084 | Mobility
and Cyclists
elD 2.694 0.083 | Living
Urban Collaboration for Innovation 2.664 0.087 | Government
Environmental Friendliness in | 2.626 0.084 | Mobility
Transport
Digital Government Service 2.606 0.086 | Government
Innovation and New Economy 2.563 0.090 | Economy
Digital Health Declaration 2.561 0.094 | Combating
COVID-19
Network Security 2.554 0.086 | Government
Smart Library 2.545 0.082 | Living
Hiking Positioning 2.489 0.083 | Living
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Public Space Disinfection 2.478 0.094 | Combating
COVID-19
IT Training for Civil Servants 2.418 0.093 | People
5G Mobile Technology 2.369 0.086 | Government
FinTech 2.296 0.090 | Economy
Signboard Control 2.255 0.089 | Government
Digital Payment 2.191 0.085 | Living
LawTech 2.184 0.091 | Economy
Deterrence of Traffic Offences 2114 0.086 | Mobility
Blockchain Certificate Platform 2.001 0.095 | People
Autonomous Vehicles 1.948 0.088 | Mobility
Smart Airport 1.792 0.090 | Mobility
Smart Customs 1.790 0.092 | Government
Smart Tourism 1.779 0.093 | Economy
Crowd Management 1.205 0.096 | Mobility
Smart Prison 0.453 0.117 | Government
Exposure Notification 0.025 0.136 | Combating
COVID-19

Note. S.E. refers to standard error.

Birthplace
Age
Education
Employment
Income

Chronic

Disabled

Digital_Literacy

Figure A.1. Correlation matrix of demographic characteristics and digital literacy.

Note. In this plot, correlation coefficients between factors are colored according to the
value, where blue color indicates a positive correlation, while red color indicates a
negative correlation. The size of the circles reflects the strengths of the correlated

relationships, where the stronger the relationship, the size is larger.
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