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Abstract

Smart city construction is essential for sustainable urban
development, particularly in developing countries facing
urbanization and resource constraints. Current research is
limited by cross-sectional and qualitative approaches.
This study introduces a dynamic evaluation framework
using a longitudinal case study of Shanghai (2012-2021),
applying the entropy weight method to assess nine
indicators across technology, economy, and environment.
Results show that technological R&D, science and
technology expenditure, foreign direct investment, and
high-tech industrial output are more crucial contributors.
The study offers a quantitative, longitudinal approach to
smart city evaluation, providing a practical reference for
policymakers in emerging cities of developing countries.

Introduction

Background

In the last few years, the smart city concept has become
an important policy agenda in many developing and
developed countries (Yigitcanlar, 2017). This concept
was first proposed by IBM in 2008 and defined as the
application of information and communication
technology (ICT) to sense, analyse, and integrate essential
data from the core city systems (Palmisano, 2008).
Through the digital management of the environment,
infrastructure, economy and other networks, urban
management and intelligent services are achieved,
making modern city operations more efficient (Su, Li and
Fu, 2011), stimulating sustainable development
(Ahvenniemi et al., 2017) and promoting quality of life
(Lee, Hancock and Hu, 2014). Thus, the construction of
smart cities is of vital importance.

Nowadays, the construction of smart cities has become a
global trend, with over 250 smart cities projects underway
in 178 cities worldwide (Yigitcanlar and Kamruzzaman,
2018). Extensive research has been conducted on the
development of smart cities in the United States and
Europe. However, there are few studies on developing
countries due to the limited awareness of sustainability
issues or low economic development. In 2014, the
Shanghai government proposed a three-year smart city

construction plan (2014-2016) to cope with the global
information technology revolution and lay a solid
foundation for the construction of smart cities (Shanghai
Government, 2014). In 2016, A Guideline for Sustainable
Urban Development in the 21st Century (Shanghai
Handbook) was published by the United Nations, the
Shanghai government and some other institutions (Global
Times, 2016). This handbook focuses on social inclusion,
economic development, green growth, and public
services, and lists 29 typical cases to introduce the
practice of promoting sustainable urbanization. With the
support of global and national policy, Shanghai has
become a typical successful example of a smart city in
developing countries, which can be used as a case study
to provide useful guidance for future city development
and cities in other developing countries.

Problem Statement

In the process of traditional urbanization, the urban-rural
economic imbalance has led to a high concentration of
urban population, and the contradiction between the
rapidly developing economy and the carrying capacity of
the ecological environment has become increasingly
obvious. As densely populated areas, cities are facing
problems such as scarcity of resources, environmental
damage, and a deteriorating ecological environment.
Thus, it is an inevitable trend to construct a smart city.
Although more and more researchers study the factors that
might affect the development of smart cities, there is little
literature that quantifies these indicators. In this context,
this paper aims to figure out the degree of influence of
different factors on the smart city system through a
combination of quantitative and qualitative approaches.

Therefore, this study seeks to answer the following
research question: Which factors are more critical to the
development of smart cities over time ?

Research Objectives

This study seeks to quantitatively identify and assess the
more crucial factors driving smart city development by
applying the entropy weight method. Shanghai, as a
representative example of an advanced smart city within
a developing country context, is selected to examine the
relative significance of technological, economic, and



environmental indicators over a ten-year period (2012—
2021). By refining and extending an existing evaluation
framework, this research adopts a dynamic, longitudinal
approach to capture the temporal evolution of smart city
progress. The findings aim to offer actionable insights and
serve as a reference model for other emerging cities in
developing countries pursuing effective and sustainable
smart city strategies.

Literature Review

The rapid expansion of smart cities, coupled with rising
concerns about sustainability, has led to increased
scholarly focus on various determinants of smart city
development.

Technology

Technological advancement and smart city development
are mutually reinforcing processes. As innovation propels
urban transformation, the emergence of smart cities
simultaneously drives the evolution of technological
applications. Over the past decade, a substantial body of
research has investigated how emerging technologies are
embedded into smart systems to improve urban services
and enhance sustainability, while also critically assessing
the broader implications of these innovations.

Early studies demonstrated the value of Internet of Things
(IoT) technologies in promoting urban sustainability and
delivering enhanced citizen services (Zanella et al., 2014,
Hashem er al, 2016). With further advancements,
scholars identified the convergence of multiple cutting-
edge technologies—such as hierarchical fog computing
(Tang et al., 2017), artificial intelligence (Al), wireless
sensor networks, autonomous vehicles, and IoT—as
instrumental in optimizing intelligent city systems (Ahad
et al., 2020; Yigitcanlar, Kankanamge and Vella, 2021).
During this period, a substantial workforce has been
directed toward the high-tech industry, while the
government has simultaneously increased its expenditure
on scientific and technological development. Notably,
during the COVID-19 pandemic, technologies like digital
twins and cloud-IoT integration played a critical role in
real-time monitoring, public health management, and
urban resilience ( Lv, Chen and Lv, 2022; Shorfuzzaman,
Hossain and Alhamid, 2021). The achievements of high-
tech development are fully demonstrated at this stage.

Looking ahead, scholars such as Allam and Jones (2021)
forecast the integration of 6G, digital twins, and extended
reality (XR) as transformative forces in the next
generation of smart cities, aligning with the United
Nations' Sustainable Development Goal 11. However,
technical barriers such as data security, privacy, and
ethical governance also remain pressing concerns (Lim,
Kim and Maglio, 2018; Javed et al., 2022).

Environment

The environment constitutes a fundamental dimension of
smart city development, influencing both strategic
priorities and implementation outcomes. Neirotti et al.
(2014) emphasized that the local environmental context
significantly shapes a city’s trajectory toward becoming

smart, underscoring the interplay between ecological
conditions and urban intelligence.

With the proliferation of digital technologies, many
researchers have begun to explore how innovation can be
harnessed to promote environmental sustainability. For
example, blockchain has been deployed to optimize
energy distribution in smart grids (Guan et al., 2018),
while machine learning and computational intelligence
have facilitated energy management in public services
and infrastructure (Zekic-Susac, Mitrovic & Has, 2021).
Further, data-driven applications have enhanced
efficiency in transportation systems and the built
environment (O’Dwyer et al.,, 2019; Lin et al., 2022).
These efforts contribute not only to improved operational
performance but also to healthier urban ecosystems by
promoting sustainable energy use, enabling renewable
resource management, and reducing emissions to enhance
environmental quality.

Economy

Economic development is a core enabler of smart city
transformation, serving both as a catalyst for
technological innovation and as a beneficiary of smart
infrastructure investment. Numerous studies have
highlighted the critical role of high-tech industries,
foreign direct investment (FDI), and research and
development (R&D) in fostering economically resilient
and technologically advanced urban environments.

Aldieri and Vinci (2018) noted the employment multiplier
effect of technological innovation in urban economies and
Jin and Li (2023) further emphasized that investment in
R&D institutions by large enterprises contributes directly
to the expansion of high-tech sectors, generating
employment and stimulating innovation-driven growth.
Moreover, foreign investment has also emerged as a
significant economic driver in smart cities. Harvey and
Rabetti (2024) observed that international capital not only
brings in financial resources but also facilitates
knowledge transfer and global integration. This
contributes to the diffusion of best practices and the
acceleration of technology adoption, positioning cities as
competitive hubs in the global economy.

In conclusion, while scholars employ a range of
assessment methods to evaluate smart cities, most
consistently = emphasize three core dimensions:
technology, economy, and environment.

Research Gaps

While  existing studies—both  qualitative  and
quantitative—have made substantial contributions to
identifying various factors that influence smart city
development, most have primarily examined these factors
in isolation or assessed their general impact based on
national contexts. In particular, considerable attention has
been paid to the role of environmental sustainability in
shaping smart city trajectories. However, a significant gap
persists in the literature, as few studies—if any—have
undertaken a systematic comparison of the relative
importance of these influencing factors. Given that many
cities, especially in developing countries, face constraints



in terms of funding and skilled human capital, it is
essential to quantitatively evaluate and prioritize the key
drivers of smart city development. Such an approach
would enable more efficient resource allocation and
targeted policymaking.

Research Methodology

To identify the more important impact factors of the smart
city and study how to promote the smart city better, the
author adopts a mixed-method approach to conduct the
research, including qualitative and quantitative methods.
Since the qualitative analysis cannot measure and
compare the importance of different indexes on the smart
city system, this paper applies qualitative methods to
analyze and adapt existing smart city frameworks
proposed by other scholars and then uses the quantitative
methods to calculate the weights of different indexes on
the framework of the smart city, which enables the results
to be more intuitive and comparable. In addition,
Shanghai, China is selected as the case study to put
forward some new suggestions for countries that attempt
to take measures to promote smart city development.

Entropy method

When it comes to determining the weights of indexes,
there are two kinds of methods, namely subjective fixed
weight methods like the analytic hierarchy process
method (AHP) and objective fixed weight methods, like
the entropy method (Li ef al, 2011). Compared with
subjective fixed weight methods, objective fixed weight
methods are to calculate the weights of indicators based
on the intrinsic information of indexes, which can avoid
the interference of human factors (Ding ef al., 2017) and
improve the objectivity of decision-making and
evaluation results (Taheriyoun, Karamouz and Baghvand,
2010). The smaller the entropy value of an index, the
greater the variation degree of the index value and the
more information it provides, and the greater the role it
plays in the comprehensive evaluation system, the greater
the weight of the index should be. Thus, the entropy
method is used to determine the weights of indicators of
the smart city in this paper.

Data Source

The data used in this case study are secondary sources
collected from various official government websites
between 2012 and 2021. These sources include the China
Statistical Yearbook, China City Statistical Yearbook,
China Information Industry Yearbook, and Shanghai
Statistical ~ Yearbook. In terms of reliability,
comprehensiveness, and accessibility, government-
published data are subject to strict quality control and
verification processes. Therefore, the results demonstrate
enhanced credibility due to the robustness of the
methodology and the reliability of the data sources.

Data Processing

Building upon the existing literature, this study identifies
technology, economy, and environment as the three
fundamental dimensions of the smart city system. To
ensure a comprehensive and systematic evaluation

framework, the author adopts and refines the model
proposed by Li et al (2019), which has been recognized as
effective and successfully applied by scholars at Central
China Normal University and the Hong Kong Polytechnic
University (see Table I). The adaptation of Li et al.'s
framework is driven by the need to better align it with the
specific characteristics of Shanghai, a representative case
of a high-level smart city in China. Li et al.'s model, which
assesses the development patterns of 35 smart cities in
China across five different development tiers using six
dimensions and twenty-two indices, provides a robust
analytical foundation. However, to make it more
applicable to the unique dynamics of Shanghai's smart
city evolution, the framework has been tailored to
incorporate a longitudinal perspective, capturing the city's
development trajectory over a ten-year period. This
adaptation ensures a more relevant and precise evaluation
of the factors influencing Shanghai’s smart city
development.

Note

! Labour employment in information transmission, computer
services and software: It refers to the number of people working
in companies related to information transmission, computer
services and the software industry.

2 Science and technology expenditure: It refers to the
government's annual expenditure on science and technology.

3 High-tech industrial output from principal business: It refers
to the output or value of the high-tech industry in the main
business field of the enterprise.

4 Technological R&D institutions funded by large enterprises:
It refers to the number of R&D institutions that are invested by
companies with above-average revenue.

5 Number of Projects for Contracted Foreign Direct Investment:
It refers to enterprises set up by juridical persons and natural
persons from foreign countries, Hong Kong, Macao and Taiwan
in mainland China by way of investment in cash, physical
objects, intangible assets and equity, of which all the
investments made by foreign investors in unlisted companies
and in listed companies in which the proportion of equity held
by a single foreign investor is not less than 10 per cent.



Table 1: Systems for the Smart City (Adapted by the author)

System Factor Level Explanatory Level Index Nature
Smart city Smart Technology Innovative Resource Labour Employment in Information +
Transmission, Computer Services and
Software!
Science and Technology Expenditure? +
Innovative Output High-tech Industrial Output from Principal +
business?
Smart Economy Sustainable Productivity Per Capita GDP +
Enterprise Investment Technological R&D Institutions Funded by +
Large Enterprises*
Global Number of Projects for Contracted Foreign +
Interconnectedness Direct Investment?
Export Value of High-tech Enterprises +
Smart Renewable Management Environmental Protection Investment +
Environment
Environmental Quality Rate of Good Ambient Air Quality +

By applying Shanghai’s data from 2012 to 2021 to the
adapted framework, the author evaluates the indicators’
weights using SPSS. The specific calculation steps of the
entropy method are as follows:

a. Standardization of indexes

By standardizing each index, the errors caused by
different units are reduced. U; (i=1) is set as the
comprehensive evaluation values of the smart city system,
that is, the comprehensive development level. Uj (0 < Uj
<1) refers to the significance of the j index to the i system
(=1, 2, ..., m). The larger the value of Uj;, the higher the
importance. The specific calculation method is as follows:

(Xij - Xmin)/(Xmax - Xmin),

if Uijis the positive index 0
(Xmax - Xij)/(Xmax - Xmin),

if Uijis the negative index

Uj =

b. Determination of entropy values and weights

The formulas of the entropy value of E; and the weight
of Aj are as follows:

FE=—k 7, Ui In Ui )
A=QA-E)/(m-XYjE)and ¥j, 4=1 (3)

In these two equations, m is the total number of the year,
n is the total number of indexes, and k= -1/ Inm.

c. Determination of the evaluation indexes of
the two systems

As illustrated above, U; represents the comprehensive
evaluation of the smart city system, namely the

development level of the system. The formula is as
follows:

Ui= X 4Uj 4)

Results

Through the entropy method, the results addressing the
research question are presented in Table 2. In the smart
city evaluation framework composed of technological,
economic and environmental perspectives, four out of
nine indicators have weights exceeding 11.11%, the
threshold that represents the average value of these
weights of indexes, and they are technological R&D
institutions funded by large enterprises (18.50%), science
and technology expenditure (12.01%), number of Projects
for Contracted Foreign Direct Investment (11.78%) and
high-tech industrial output from principal business
(11.15%) respectively. In other words, at the
technological level, when much innovative resource like
science and technology expenditure is allocated by the
government and innovative output like the high-tech
industrial output from principal business is increasing, the
smart city will be better constructed. At the economic
level, if an increasing number of enterprises invest more
funds into the establishment of technological R&D
institutions, there will be further breakthroughs in many
technologies, which promote the advancement of the
smart city. Besides, when more projects are set up or
invested by foreign companies, the global
interconnectedness of the city will be stronger, which may
result in technology iteration and industrial upgrading,
and contribute to the city's smart transformation.



Table 2: Weights of different indexes of the smart city system (Source: the author’s elaboration )

Factor Level Explanatory Level Index Weight Nature
Smart Innovative Resource ~ Labour Employment in Information Transmission, 10.99% n
Technology Computer Services and Software e
Science and Technology Expenditure 12.01% +
Innovative Output High-tech Industrial Output from Principal Business 11.15% +
Smart Sustainable Per Capita GDP
Economy Productivity 9.66% +
Enterprise Technological R&D Institutions Funded by Large
Investment Enterprises 18.50% +
Global Number of Projects for Contracted Foreign Direct 11.78% "
Interconnectedness Investment e
Export Value of High-tech Enterprises 8.51% +
Smart Renewable Environmental Protection Investment o
. 9.84% +
Environment Management
Envul'onmental Rate of Good Ambient Air Quality 7.57% "
Quality
100 recent years, an increasing number of countries have
' recognized the critical role of technological innovation in
0.80 infrastructure development and the creation of sustainable
urban environments. As a result, many have begun
0.60 leveraging technological interventions to support and
sustain smart ecosystems (Ahad ef al., 2020). For
0.40 example, Energy Management Systems have made
020 substantial progress by incorporating cutting-edge
’ technologies such as artificial intelligence (AI), machine
0.00 learning, and the Internet of Things (IoT) to optimize

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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Figure 1: The trend for the comprehensive evaluation values of
the smart city from 2012 to 2021
(Source: the author’s elaboration )

In Figure 1, a noticeable surge in Shanghai's intelligence
and digitalization is observed in 2014, coinciding with the
Shanghai government's introduction of its smart city
construction plan. The index subsequently reached 0.85,
indicating a significant improvement in the city's overall
smart city score, where a higher index reflects greater
progress in smart city development.

Discussion

At the technological level, as future smart cities aim to
meet the growing demands of urban populations,
advancements in information and communication
technologies (ICT) are expected to play a pivotal role in
enabling more efficient and responsive resource
management (Javed et al., 2022). Accordingly, increased
investment in science and technology is essential to
support the development and deployment of advanced
technologies that are integral to smart city initiatives. In

energy consumption, reduce operational costs, and
minimize environmental impact—thereby contributing
significantly to smart city construction (Ur Rehman et al.,
2023).

At the economic level, growing corporate attention to
technological research and development (R&D)
institutions has helped strengthen high-tech industries,
which in turn stimulate economic growth (Zheng, Cheng
and Li, 2020), generate employment opportunities
(Aldieri and Vinci, 2018), and increase tax revenues that
can be reinvested into smart city projects. Moreover, in
the context of a robust economy, foreign direct investment
brings in not only capital but also new technologies,
technical expertise, and additional financing channels
(Harvey and Rabetti, 2024). Such international
cooperation facilitates knowledge exchange and the
adoption of global best practices in smart city
development.

In light of the findings, both governments and enterprises,
as primary drivers of smart city construction, should
actively support technological innovation and upgrades
while prioritizing economic development. These two
pillars—technology and economy—play a foundational
role in advancing smart city strategies and achieving long-
term sustainability.



Similarities and Differences with Previous
Literature

Compared to previous studies, this paper adopts a
quantitative approach to identify the key factors that play
a more significant role in the development of smart cities.
While most existing literature tends to emphasize
qualitative analysis, or at best offers limited quantitative
assessments, few have directly compared the relative
importance of different influencing factors. For instance,
Fernandez-Anez et al. (2018) proposed that smart cities
were composed of "governance", "economy",
"environment", "mobility", "people" and "living" based
on the work of (Giffinger et al., 2007) qualitatively, while
Zhang and Chen (2021) chose indicators in the three
dimensions of resource consumption, ecological
restoration, and socioeconomic development to assess
urban sustainability by taking 17 cities in China as an
example quantitatively. In this essay, by modifying and
refining the analytical framework established by Li et al
(2019), this study selects Shanghai—a representative
high-level smart city—as the case study, and aims to
identify the more significant influencing factor on the
smart city construction, which promotes research on the
determinants of smart city development and is expected
to offer practical insights for other well-developed cities
in developing countries seeking to advance their own
smart city strategies.

In addition, in the tailored evaluation model developed
specifically for Shanghai, a dynamic time-series dataset
spanning ten years is analyzed to capture its longitudinal
development trajectory through the entropy method.
While the original framework created by Li et al (2019)
was designed to assess 35 Chinese cities across five
development tiers in a cross-sectional manner using the
principal component analysis (PCA) and back
propagation (BP) neural network techniques, it lacked the
capacity to evaluate the temporal evolution of smart city
development within individual cities. This study
addresses that gap by optimizing the framework and using
the entropy method to incorporate a longitudinal
perspective, thereby enriching the overall understanding
of urban smart development over time.

Limitations and Recommendations

The paper still presents certain limitations in terms of
research scope and data processing. Regarding the
research scope, the current evaluation framework of the
smart city is limited to three dimensions: technology,
economy, and environment. However, with the increasing
research in this field, other critical factors influencing the
development of smart cities—such as policy—have
attracted increasing attention. Given that the advancement
of many industries in developing countries, particularly in
China, is heavily policy-driven, the Shanghai
government’s introduction of its smart city construction
plan in 2014 had a significant impact on the city’s
digitalization and intelligence. This policy shift
contributed to a noticeable surge in the smart city index,
highlighting the need for future studies to incorporate
policy or other contextual factors into the evaluation

framework and explore methodologies to quantify
political influence.

Moreover, since this study exclusively focuses on
Shanghai, its findings are primarily applicable to
emerging cities in developing countries that share similar
development conditions. Due to significant variations in
geography, governance structures, and socio-economic
contexts, the proposed framework may not be universally
applicable. Future research should aim to include
comparative case studies from a broader range of cities
and countries to enhance the generalizability and
robustness of the model.

In terms of data processing, to improve the quality of the
research, secondary data is processed before it is used. For
instance, imputation methods were employed to handle
missing data. Besides, the author selects data from the last
ten years to enlarge the sample size, minimizing the bias.
However, data access is restricted by official regulations
since the secondary data in this essay can only be released
by authorized agencies and are not subject to cross-
verification, this may limit the replicability and
transparency of the analysis.

Conclusion

This research is pivotal in advancing smart city
construction and achieving sustainable development since
this paper introduces a novel framework for evaluating
which indicators have a greater impact on smart city
development, collecting data of from Shanghai, China
from 2012 to 2021 and utilizing the entropy method to
quantify key driving factors. The finding reveals that
technology and economic factors significantly contribute
to smart city construction, and suggest that increased
investment in science and technology, enhanced
innovative output, expanded R&D funding, and improved
global connectivity can substantially improve living
standards and facilitate smart city progress. From the
theoretical perspective, this paper bridges the gap between
the previous research and future research as there is little
research on this aspect. Additionally, various parties can
conduct more detailed research to facilitate the progress
of smart cities and perfecting the assessment framework
in developing countries according to actual national
conditions. From the practical perspective, the different
proportions of different impact factors of the smart city
system provide suggestions for the rational allocation of
resources when the city has limited resource. In Shanghai,
the government should make more investments in
technological innovation and economic development.
With the utilization of digital solutions, like energy-
efficient infrastructures and urban sensor networks,
technological incomes will be promoted, the living
standards of people will be enhanced, and carbon
emissions will be lowered. Furthermore, for other
emerging cities in developing countries, this framework
and the entropy methodology can serve as a valuable
blueprint for sustainable smart city development.
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