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Abstract: Breaking the “poverty trap” has gradually become the core topic of economic research.
The transformation and upgrading of industrial structure is considered an essential means to break
the “poverty trap”. How to use the digital economy effect to change the allocation of capital and
labor factors and realize the transformation and upgrading of industrial structure is a significant
issue in this paper. The study focuses on examining the development of China’s digital economy
between 2013 and 2021, uses the entropy method to measure it, and conducts an empirical study
through a fixed-effects model and an intermediary-effect model to investigate the influence and
mechanism of the digital economy on industrial structure transformation and upgrading. The
results indicate the following: Firstly, the digital economy plays a crucial role in facilitating the
transformation and upgrading of industrial structure, and this conclusion was still robust even after
controlling for a series of factors affecting the transformation and upgrading of industrial structure
and correcting the endogenous estimation deviation by using instrumental variables. Secondly,
through the heterogeneity analysis of regions with different economic development levels, it was
found that compared with economically developed regions, economically backward regions need
to pay more attention to the development of the digital economy. Thirdly, the examination of the
mechanism revealed that the digital economy has realized the transformation and upgrading of
industrial structure by optimizing the allocation of capital and labor. In this paper, Schumpeter’s
innovation theory is regarded as a new perspective to break the “poverty trap” and realize the
transformation and upgrading of industrial structure, filling the gap in related research in this
field. This study provides a suggestion for economically backward areas to break the “poverty trap”
and provides theoretical support and practical guidance for the sustained economic growth of the
whole country.

Keywords: digital economy; industrial structure transformation and upgrading; poverty trap

1. Introduction

In recent years, the global economy and trade have entered a historic transformation
period due to the intensification of trade conflicts among various countries as well as
challenges in cross-border financing and investment. In this significant transformation,
emerging economies have gradually taken the lead in driving global economic growth,
while technological innovation and globalization have further expanded the geographical
scope of trade. Consequently, enterprises need to not only adapt to the rapid changes
in technology and industry, but they also face intensified market competition and deep
integration of cross-border markets [1-4]. This situation compels countries to re-evaluate
their economic strategies [5]. Data from the World Bank’s “Poverty and Common Pros-
perity Report” show that the number of areas trapped in poverty around the world is
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gradually increasing, making the goal of eradicating extreme poverty by 2030 increasingly
difficult [6]. This phenomenon is consistent with what Banerjee and Duflo, the 2019 Nobel
Prize winners in economics, described in their book “Poor Economics” [7]. Many develop-
ing countries that have gotten rid of the “poverty trap” and are steadily moving toward a
high-income state may see their income drop sharply due to various economic shocks, and
some countries may even slide from the middle class to the edge of poverty.

It is a challenge for developing countries to get rid of the “poverty trap”. Compared
with developed countries, they often have a weak economic foundation and a single indus-
trial structure, and their leading industries have a low position in the global value chain,
mainly relying on low-end and low-value-added industries, which are easily affected by
external economic fluctuations. The existing research points out that this kind of industrial
structure may cause a region or country to be particularly vulnerable to global economic
instability [8,9]. In order to get rid of the “poverty trap” and ensure sustained and steady
economic growth, these countries or regions must deeply adjust and optimize their indus-
trial structures and turn to higher value-added and technology-oriented industries [10,11].
Therefore, it is crucial to investigate the factors that influence industrial structure upgrading
in order to prevent developing countries from falling into the “poverty trap”.

Just as Schumpeter emphasized the importance of innovation to economic growth,
in the process of economic development, the development speed and life cycle stages of
different industries are different [12]. Some industries will gradually decline and with-
draw from the market, and some industries will gradually grow and even dominate the
market [13]. The dynamic change and development of this industry is the embodiment of
industrial structure transformation and upgrading. The key to realizing the fundamental
transformation and upgrading of industrial structure lies in continuously promoting tech-
nological innovation [14]. The digital economy has emerged as a key engine for technical
innovation with the advancement of information and communication technology [15,16].
The core of the digital economy is information technology, including big data, cloud com-
puting, artificial intelligence, etc. These technologies facilitate transforming and updating
the industrial structure through enhancements in production efficiency, transaction cost
reduction, and innovation stimulation. The digital economy, centered on information
technology, offers businesses a pathway to undergo digital transformation to enhance
their market competitiveness [17]. As more companies adopt these digital approaches,
the entire industrial sector benefits, experiencing not only reduced production costs [18]
and increased efficiency [19] but also the stimulation of greater innovation, leading to the
transformation and upgrading of the industrial structure [20-23]. Although the digital
economy brings many opportunities, there are also challenges. Some scholars believe that
the digital economy’s rapid growth could exacerbate particular industries” overconcentra-
tion and cause an imbalance in the industrial structure. [24]. Specifically, over-reliance on
the digital economy could hinder the growth of the actual economy, especially for some
traditional industries, which may face the risk of being eliminated if they cannot adapt to
the digital transformation in time [25,26]. In addition, some argue that because the digital
economy is a relatively new industry, it requires significant capital investment in its early
stages, which accelerates its growth in economically developed areas while leaving eco-
nomically underdeveloped areas with inadequate infrastructure, exacerbating the uneven
development of regional industries [27,28]. This unbalanced development will further
speed up the backward areas falling into the “poverty trap” [29]. Moreover, as the digital
economy changes the traditional production mode, factors of production such as capital
and labor force flow from economically backward areas to economically developed areas,
resulting in stronger monopoly power and impacting the stability of industrial structure in
economically backward areas [30-33].

Despite several studies examining the impact of the digital economy on the transfor-
mation and upgrading of industrial structure, scholars have considerable disagreement,
and many problems need further study. First, does the digital economy promote the
transformation and upgrading of industrial structure and prevent the “poverty trap”?
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Second, what is the internal mechanism of the digital economy driving industrial struc-
ture upgrading (especially in how the digital economy affects the allocation of labor and
capital)? Third, what disparities exist in the influence of the digital economy on industrial
structure transformation at different levels of economic development? At the same time,
most existing research is based on qualitative analysis and does not specifically address
developing countries. By examining the connection between the digital economy and
the upgrading and transformation of the industrial structure from the perspectives of the
“poverty trap” and Schumpeter’s innovation theory, this study aims to close the gaps in
the literature. Firstly, we apply Schumpeter’s innovation theory throughout the entire
digital-economy-driven industrial structural transformation and upgrading while con-
sidering the macro-, meso-, and microdimensions. Following that, we explore how the
digital economy facilitates this transformation and upgrading from the perspectives of
capital and labor paths. To analyze the relationship between them more thoroughly, in
this research paper, the chosen methodologies include the entropy method and the fixed-
effects model. The entropy method can effectively determine the weight of each variable.
Meanwhile, the fixed-effects model is helpful in capturing and controlling unobservable
individual heterogeneity, thus ensuring the accuracy of estimation. As the country with
the largest digital economy among developing countries, China gave the digital economy
a core position in its macroeconomic strategy in 2012 [34]. However, due to the influence
of historical issues, some economically backward areas are still prone to falling into the
“poverty trap”. Therefore, based on this theoretical framework, we use China’s economic
data from 2013 to 2021 to conduct empirical analysis. The results demonstrate that the
digital economy significantly and positively promotes the transformation and upgrading
of industrial structures. The digital economy indirectly influences this transformation and
upgrading by enhancing labor and capital factors.

This paper utilizes quantitative analysis to discover the correlation between the digital
economy and the transformation and upgrading of industrial structures in developing
countries. We will particularly focus on how the digital economy impacts the allocation
of labor and capital, aiming to assist entrepreneurs and managers in understanding the
influence of the digital economy on the industrial structure and how to effectively transition
and upgrade. Additionally, we will examine its role in economically underdeveloped areas
caught in the “poverty trap” with the intention of aiding policymakers in recognizing the
risks and challenges brought by the digital economy and in formulating corresponding
strategies and measures to ensure that talent training, education, and social welfare policies
keep pace with the times. In comparison to past research, the innovative aspects of this
study are primarily reflected in two areas: On the one hand, taking Banerjee’s “poverty
trap” as a starting point, it explores how the digital economy influences the transformation
and upgrading of industrial structures, providing a fresh perspective on the correlation
between the digital economy and industrial transformation. The other, this study combines
Schumpeter’s innovation theory to discuss the influence of the digital economy on the trans-
formation and upgrading of industrial structure from the macro-/meso-/microdimensions,
which broadens the application field of Schumpeter’s innovation theory.

The primary contributions of this study are outlined below: First, it develops a theoreti-
cal model for the impact of the digital economy on industrial upgrading, enriching research
findings on the digital economy and industrial structural transformation and upgrading,
and expanding research on the causative factors of industrial upgrading. Second, it utilizes
empirical research to reveal the underlying mechanisms by which the digital economy
influences industrial upgrading, thereby opening up parts of the “black box” of mediating
mechanisms and offering clearer strategic direction for labor and corporate decision-makers.
Third, it explores the effect of the correlation between the digital economy and industrial
transformation and upgrading within the context of developing countries. This addresses
the existing gap in attention given to developing countries in current research, providing
practical policy recommendations for policymakers and offering reference for developing
countries to escape the “poverty trap” and achieve “common prosperity”.
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2. Theoretical Logic and Mechanism Analysis
2.1. Theoretical Logic

In his 1939 theory of economic cycles, renowned economist Schumpeter proposed
that economic systems do not exhibit steady, linear development. Instead, they experience
a cyclical flow consisting of “prosperity—recession—depression—recovery”. When the
economy is at a low point in the cycle, innovation plays a crucial role, effectively breaking
this cycle and reshaping and expanding existing industrial and exchange structures [35,36].
Such innovation is not limited to new products or technologies. In his innovation theory, he
further identifies five forms of innovation: new products, new technologies, new markets,
new resource allocations, and new organizational structures for production. Behind these
various innovative activities is the driving force of entrepreneurial spirit. Schumpeter
emphasized the indispensable intrinsic connection between this entrepreneurial spirit and
innovation, asserting that only true entrepreneurs can identify and seize the opportunities
presented by innovation. He was also firm in his belief that systemic innovation is the
key to driving economic progress. Among all innovation strategies, those that place the
market and customers at the center are the most crucial. This approach not only ensures
that innovative activities are closely tied to market needs but also makes innovation more
targeted and effective [12]. Scholars like Eliasson, building upon Schumpeter’s innovation
theory, have suggested in their research that an economy’s developmental capacity depends
not solely on external conditions but more importantly on its intrinsic drive—its innovative
capability [37]. This innovative capability not only propels the economy forward but also
profoundly influences market structure [38], thereby determining industrial upgrading and
transformation and further shaping the overall landscape of the economy.

In order to enhance comprehension regarding the manner in which the digital economy
drives the transformation and upgrading of industrial structures as well as its potential
role in breaking the “poverty trap”, it is necessary to begin with Schumpeter’s theory of
innovation and investigate its impact at the macro-, meso-, and microlevels. This research
methodology will facilitate a deeper understanding of the digital economy regarding
innovation and its significance in transformation of industrial structure.

2.1.1. Macrolevel

At the macrolevel, when integrating Schumpeter’s economic cycle theory, the digital
economy serves as a catalyst for economic advancement and not only represents innova-
tive economic fluctuations but also holds the potential to break through the traditional
“poverty trap”.

Traditionally, many regions have been stuck in this trap due to a lack of capital, tech-
nology, and labor, making it difficult for them to achieve sustained economic and social
progress. The emergence of the digital economy revitalizes these domains. Due to the
pervasive utilization of digital technology, the marginal cost of acquiring information
and expertise has significantly decreased, providing greater opportunities to participate
in economic activities. This underscores the key role of technology and innovation in
driving economic development forward [39]. The digital economy offers new production
tools and business models to regions that have long been economically disadvantaged,
expanding their consumer markets. These changes not only significantly enhance pro-
duction efficiency but also give rise to entirely new consumer demands [40], providing
momentum for economic growth. Therefore, advancements in digital technology not only
stimulate emerging industries but also challenge traditional ones. This in turn facilitates
the process of transformation and upgrading of the industrial structure, helping economi-
cally disadvantaged regions to break out of the “poverty trap” and enter the next cycle of
economic activity.
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2.1.2. Mesolevel

At the mesolevel, Schumpeter’s five innovative forms provide a powerful analytical
framework to analyze how the digital economy can help regions break through the “poverty
trap” and realize industrial structure change [12].

First, the digital economy demonstrates innovation in the realm of products. It drives
the advancement of cutting-edge technologies, aids the improvement of traditional prod-
ucts and services, and gives birth to entirely new digital products and services [41]. These
new products meet consumer demands for efficiency, intelligence, and personalization,
thereby stimulating consumer upgrades and industrial innovation. Secondly, with tech-
nological innovation as its core driving force, the digital economy not only effectively
improves production efficiency but also fosters cross-industry technological integration
and innovation, injecting new vitality into the entire industrial development [42,43]. Thirdly,
the digital economy both broadens market boundaries and creates entirely new markets
and consumer groups on a global scale. For instance, the rise of cross-border e-commerce
allows goods and services to circulate more rapidly, breaking geographical and national
boundaries, gaining new consumer markets, and promoting external industrial expan-
sion [44]. Fourthly, resource allocation based on digital technology is more precise and
efficient. With the support of this technology, limited resources can be used more effectively,
ensuring liquidity within the entire economic system. Moreover, through deep analysis of
big data, optimal resource allocation can be achieved, thereby enhancing production effi-
ciency and economic benefits [45]. Fifthly, the digital economy brings about revolutionary
changes in industrial organization. Influenced by the digital economy, traditional industrial
organizational models are being reshaped with a greater emphasis on efficient connections
and collaborations between supply and demand. This transformation not only optimizes
resource utilization and improves economic efficiency but also opens new avenues for
value creation [46,47].

In summary, through these five forms of innovation, the digital economy has robust
momentum in facilitating the transformation and upgrading of industrial structures. It of-
fers residents in various regions powerful means to increase income, improve productivity,
and ultimately break the “poverty trap”, entering a new cycle of economic development.

2.1.3. Microlevel

At the microlevel, the digital economy invigorates market entities, aiding in the
transformation and upgrading of industrial structures. Enterprises serve as decision makers
and drivers of innovation at this level, directly shaping market competition and thereby
influencing the structure and dynamic evolution of industries. Schumpeter’s innovation
theory also provides us with a theoretical framework for understanding how the digital
economy facilitates industrial structure transformation and upgrading by stimulating the
innovative vitality of companies [12].

Firstly, in the digital age, the entrepreneurial spirit emphasized by Schumpeter is
imbued with deeper meaning. Entrepreneurial activities become key driving forces of
economic development. In this era of increasing informatization and digitization, en-
trepreneurs can identify and exploit new business opportunities and create new combina-
tions of production factors, which afterward facilitate the upgrading and transformation of
industrial structures [48,49]. This view aligns with that of the Austrian School of Economics
by emphasizing that the market is a dynamic process driven by innovation.

In addition, Schumpeter’s theory emphasizes the core significance of systemic in-
novation in the transformation of industrial structures. The digital economy serves as a
critical driver for systemic innovation, enabling companies to better understand market
demands, customer behaviors, and competitor dynamics, thereby formulating more pre-
cise and targeted innovation strategies. When enterprises innovate in a sustained and
systematic manner, the industry as a whole gradually transforms and upgrades, forming a
new structure that is more efficient, flexible, and responsive to market changes. Therefore,
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the digital economy not only increases the success rate of corporate innovation but also
facilitates the transformation and upgrading of industrial structures on a broader scale [50].

Lastly, innovation focused on market and consumer needs is especially critical in
the digital economy era. With the rapid advancement of information technology, market
and consumer demands are changing quickly. Schumpeter’s theory suggests that only
innovations that deeply understand and rapidly respond to market and consumer demands
can succeed. By offering technologies like big data analytics, the digital economy enables
companies to detect market trends, identify consumer preferences, and quickly adjust
innovation strategies.

The digital economy has a dual effect of enhancing the efficacy of business innova-
tion and driving the overall transformation and advancement of industrial structures. As
enterprises improve their economic performance, this directly influences residents” in-
come. Increased income undoubtedly helps residents and even entire societies escape the
“poverty trap”.

2.2. Mechanism Analysis

The digital economy has emerged as a prominent catalyst for the transformation and
upgrading of industrial structures as the global economy undergoes a rapid process of digi-
talization. To understand and analyze the inherent mechanisms behind this transformation,
this article adopts the perspectives of two fundamental factors: capital and labor. The aim is
to explore in-depth how the digital economy impacts these elements to break free from the
“poverty trap” and thereby promote industrial structural transformation and upgrading.

From a capital standpoint, in the historical processes of industrialization and modern-
ization, capital has been considered a key driving force. For instance, Rosenstand-Rodin’s
“Big Push” theory holds that when developing countries or regions fall into a bottleneck
period with relatively weak economic development capacity, in order to break through the
bottleneck, they must invest in industries or industries in a targeted, large-scale, and rapid
manner [51]. Nurkse’s “vicious cycle of poverty” theory emphasizes that the primary cause
of poverty and underdevelopment in developing countries lies in their own capital insuffi-
ciency. In the macroeconomic operations of developing countries, they face vicious cycles
of both demand deficiency and supply deficiency. These two aspects influence each other,
persistently recur, and constitute a long-term vicious cycle. They are the primary reasons
that lead to poverty and underdevelopment in these countries or regions, making economic
advancement difficult to achieve [52]. However, the digital economy, as an advanced
evolutionary stage or derivative form of the industrial economy [53], provides a new lens
through which issues of capital scarcity and poverty traps can be seen. By integrating
modern elements like information technology, data analytics, and network connectivity, the
digital economy revolutionizes traditional methods of capital allocation and flow. In the
context of the digital economy, efficient online platforms minimize information asymmetry
and search costs, facilitating more precise and efficient matches between investors and
fundraisers [54]. These changes not only alleviate mismatches in the supply and demand
of capital across industries and regions but also accelerate the scope and speed of capital
flows. Importantly, by enhancing the precision and effectiveness of capital allocation [55],
the digital economy addresses the capital shortages pointed out by Rosenstein-Rodan and
Nurske. Therefore, driven by the digital economy, capital not only serves as a key support
for transforming and upgrading industrial structures but also offers an effective solution to
the “poverty trap”.

From a labor standpoint, under the background of the “poverty trap” and economic
stagnation, the quality of labor, skills training, and labor mobility are seriously restricted.
The lack of appropriate education and training opportunities makes it difficult for the labor
force to adapt to the needs of new industries, further aggravating the difficulties of economic
development. As Schultz [56] and Becker [57] believe in the theory of human capital, a high-
quality labor force is the key to improving production efficiency and promoting economic
development. It is believed that we should attach great importance to the investment of
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the labor force while attaching importance to the investment of material capital. Skilled
investment in basic education and on-the-job training can not only improve the national
quality and increase the stock of social capital but also improve the regional comparative
advantage and industrial competitiveness. It can be seen that high-quality labor may
both increase production efficiency and aid in the transformation and upgrading of the
industrial structure. The enhancement of labor quality mainly depends on investment in
physical strength and education. The low education and low skill level of the labor force
will lead to a reduction in production efficiency and then form a vicious circle, which will
cause the economy to stagnate and fall into the “poverty trap”. In this context, the digital
economy provides robust tools to break this deadlock. Specifically, digital platforms for
online education and remote training lower the costs and barriers to skills and educational
improvement, offering more individuals opportunities to develop their capabilities [58].
Additionally, the digital economy alters the dynamics of the labor market. For instance,
remote work and digital labor free labor from time and location constraints. This not only
improves the efficiency of labor utilization but also helps to better balance labor supply and
demand [59]. Thus, the digital economy provides new avenues for enhancing labor quality
and, by altering the way the labor market operates, further drives the transformation and
upgrading of industrial structures.

3. Model Settings and Sample Selection
3.1. Model Setting

In 2012, the Chinese government formally defined the digital economy as an inevitable
choice for the new round of technological revolution and industrial transformation. There-
fore, the selection of 2013 as the starting point is appropriate, as it marks the first year the
government officially implemented relevant policies. Next, we examine the effects of the
digital economy on the modernization and transformation of the industrial structure using
panel data from 30 Chinese provinces from 2013 to 2021 (this analysis excluded Tibet, China,
Hong Kong, Macao, and Taiwan due to data restrictions). During the data analysis phase,
we performed a Hausman test. The test findings suggested that the fixed-effects model
demonstrated greater robustness in its estimations. Moreover, the fixed-effects model was
capable of controlling for unobserved individual heterogeneity that remained constant
over time, thereby ensuring that the estimations were not biased due to omitted variables.
Based on these considerations, we opted for the fixed-effects model. The empirical setting
model is as follows:

Indust;y = ag + aqdigitaly + ac X + €4 D

where Indust;; refers to the level of industrial upgrading in province i in year t. This paper
measures from two perspectives: Indust; for the advanced level of industrial structure
and Indust, for the rational level of industrial structure. Digital; refers to the digital
economy development situation of province i in year ¢, Xj is other control variables, ag is
the intercept, «; is the estimated parameter of the core explanatory variable, and ¢it is the
random disturbance term.

We drew on the methodologies of Baron and Kenny [60] and Wen et al. [61] to analyze
the mediating impacts of capital and labor in the context of the digital economy’s role in
supporting the transformation and upgrading of industrial structures. We used capital
allocation and labor allocation levels to investigate the mediating role of the digital economy
on industrial structure. The stepwise regression method consists of three primary steps.
First, it is imperative to assess the relationship between the independent variable and the
dependent variable, as represented by Equation (1). Second, the association between the
independent variable and the mediating variable should be examined, as indicated in
Equation (2). Third, include the explanatory variable, mediating variable, and dependent
variable in the model and test them together, as represented by Equation (3). The specific
equations are as follows:

laborjs / capitalyy = Bo + Padigitalys + B Xir + € 2)
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Indust;y = yo + 11digi + Yyacapitaly /laboryy + AcXir + €54 3)

where capital;; is the level of capital allocation and labor; is the level of labor allocation.
These were our mediating variables in this study. X is other control variables; By and g
are intercepts; 81, y1, and -y, are estimated parameters of variables; and i is the random
disturbance term.

3.2. Indicator Selection and Data Sources

Dependent Variable: Indust refers to the continuous adjustment of industrial structure
and coordinated development of the industries” aim to meet the growing diversified needs
of people’s lives and can act as a key catalyst for economic progress. Generally, the
transformation and upgrading of the industrial structure imply achieving both a more
advanced and rational industrial structure [62]. This study elaborates on metrics for
these two aspects. Industrial Structure Advancement (Indust;): This paper adopted the
measurement methodology from research by Xu Deyun et al. [63] to gauge the advancement
of industrial structures. The transformation of industrial structures is a continual process of
moving from lower to higher levels as primarily measured by the proportional relationship
among primary, secondary, and tertiary industries as well as labor productivity across these
industries. Here, y; is the proportion of income for the j industry.

Industy; = 2 Y'f; .L'ff i=123 4)
1 1,7,

The rationalization of the industrial structure (Indust,) is an important part of industrial
structure transformation and upgrading, forming the foundation for the advancement of
the industrial structure. A reasonable industrial structure can reflect the effective allocation
of various factor resources, achieve balanced development among various industries, and
thereby maximize the utilization efficiency of labor factors. Such an industrial structure not
only promotes coordination and balance among industries but also avoids over-reliance
on a specific resource or industry, reflecting the health and sustainability of a country or
region’s economic development. The measurement of the rationalization of the industrial
structure mainly refers to the method of Gan Chunhui [64], which serves as an indicator
of the extent to which the industrial structure deviates. As the magnitude of the value
increases, the industrial structure becomes increasingly irrational. The specific equation is

as follows:

Yije Lijt, .

Sty g =1,2,3 5
v, L., ) J ®)

3, Vi
Industy; = -In(
j=1 Yi,t

where Yj;; refers to the industrial added value of the j industry in the i region in year £, and

Ljj; refers to the number of employees in the j industry in the i region in year ¢. Since the L‘Ji
14,

term has dimensions, we used the normalization method to make this term dimensionless.
Independent Variable: Level of Digital Economy Development (digital): This study
utilized methodologies from the CITIC Research Institute, Zhao Tao [65], Zhang Yun-
ping [66], and other scholars to construct an assessment system for the digital economy’s
development. Factors included the number of broadband internet users per 100 people,
the proportion of computer services and software industry employees among urban unit
employees, the per capita telecommunication service volume, mobile phone users per
100 people, and the China Digital Financial Inclusion Index. These factors were weighted
through entropy methods to construct an index of digital economy development level.
Mediating Variables: Capital Level (capital) is a crucial factor in production that can
influence production efficiency. The allocation and utilization of capital are directly related
to the transformation and optimization of industrial structures. To quantify the effective
allocation and utilization of capital, this study selected the ratio of outstanding loans to
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deposits in financial institutions as a proxy variable for the capital level. The size of this
number reflects the capital utilization efficiency of financial institutions. Labor Quality
Level (labor): Considering the digital economy, highly skilled and quality labor is crucial
and irreplaceable. Despite the growing importance of high-skilled labor in the digital
economy, such talent remains a scarce resource. Therefore, the level of higher education
becomes an important indicator for measuring labor quality. In this context, we chose the
proportion of students in higher education institutions relative to the total population as an
indicator to measure labor quality.

Measurement of Other Control Variables. (1) Economic Development Level (pergdp):
The economic development levels vary among different provinces, and economic advan-
tages are significant drivers for the transformation and upgrading of industrial structures.
This study used the logarithm of per capita GDP to measure the economic development
level. (2) Marketization Level (market): Economies with a higher degree of marketization
typically rely more on market mechanisms for resource allocation. Such methods of allo-
cation usually better reflect the real demand-supply relationships and thus influence the
formation and transformation of industrial structures. This study used a marketization
index as the metric for measurement. (3) Population Density (population): The population
size and density in different regions influence the region’s industrial structure. High-end
industries are developed based on the provision for people’s regular life needs. This study
measured population density as the total population of the area divided by the urban
area size. (4) Foreign Direct Investment Level (fdi): Foreign direct investment can bring
new technologies and management experiences, but it tends to concentrate in higher-yield
industries, which might exacerbate the imbalance in the industrial structure. This study
measured this by taking the ratio of foreign direct investment to GDP. Fiscal Intervention
Level (fiscal): The government is a crucial component of national economic development.
The scale and structure of the government will impact the transformation and upgrading
of the industrial structure. The fiscal scale in this study is represented by the ratio of fiscal
expenditure to GDP.

Relevant data came from the China Statistical Yearbook, China Financial Yearbook, China
Provincial Statistical Yearbook, and China Provincial Marketization Index Report, and some
missing data were supplemented with statistical annual reports of some cities or the
calculation of the average annual growth rate.

3.3. Evaluation Methodology

In comprehensive evaluations, both subjective weighting methods and objective
weighting methods are commonly utilized. To ensure the authenticity of data calcula-
tions and minimize human errors, this study adopted the objective weighting method.
Within this approach, the entropy method, rooted in the principles of information theory, is
not constrained by the data type and distribution. It is adaptable to various data sets and is
capable of handling vast amounts of data [67,68]. Hence, we opted for the entropy method
as our evaluation tool. The evaluation model comprised a set of distinct steps, which are
outlined in this order:

vary — 0aryin

Positive indicator : Var), = ——— """
0¥ max — 0T yin

(6)
VAT yax — VAT

Negative indicators :Var}, = ——————"
VAT gy — V¥ in

@)

In Equation (6), it was primarily used to calculate positive indicators, where a higher
value was more favorable for the development of the digital economy. Equation (7) was
primarily for negative indicators, where a lower value was more desirable. Var/, represents
the standardized data for indicator 7 in year ¢, while Var; denotes the original data. Var,,;,
and Vary,.y are the minimum and maximum values of the selected indicator, respectively.
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L . varj,
Determine indicator weights : y;; = ——— (8)
Y var),
t=1
m
Calculate the entropy value of the indexi :¢; = sz (yir x Iny;) 9)
t=1
The information utility value of the indicatori : d; =1 —¢; (10)
. o di
The weight of each indicator : w; = —; (11)
Y di
t=1
Calculate the composite score of the indicator : index; = Y _ (wy x var},) (12)

t

3.4. Descriptive Statistics

Table 1 shows the descriptive statistics of the key variables for regression analysis.
It can be observed that since 2013, China’s industrial development has shown a dual
trend of becoming more advanced and rational, marking a gradual transformation and
upgrade of the industrial structure. Specifically, the mean value of the index for industrial
structure advancement increased from 2.350 in 2013 to 2.435 in 2021. This indicates that
China has been gradually moving toward industries with higher added value during
this period. Meanwhile, the index for the rationalization of the industrial structure also
gradually declined from 0.216 to 0.109. Simultaneously, the level of digital economic
development also improved, rising from 0.243 in 2013 to 0.255 in 2021. This observation
implies that China’s industrial structure has become more balanced and aligns more closely
with the long-term goals of economic development. Furthermore, the digital economy has
demonstrated a robust growth trend, with its development index increasing from 0.243
in 2013 to 0.255 in 2021, reflecting the increasingly important role of digital technology in
economic development. Based on this data, a tentative conclusion can be made regarding
the possible positive association between the process of upgrading and transforming the
industrial structure and the expansion of the digital economy.

Table 1. Descriptive statistics of the variables.

Variable N Mean Std. Dev Min Max
Industy 270 1.410 0.745 0.665 5.244
2013 30 2.350 0.122 2.132 2.788
2021 30 2.435 0.114 2.259 2.814
Indust, 270 0.170 0.115 0.008 0.565
2013 30 0.216 0.141 0.021 0.565
2021 30 0.109 0.076 0.008 0.283
Digital 270 0.170 0.115 0.008 0.565
2013 30 0.216 0.141 0.021 0.565
2021 30 0.109 0.076 0.008 0.283
Capital 270 0.816 0.152 0.446 1.192
Labor 270 0.021 0.005 0.009 0.042
pergdp 270 9.324 0.465 8.647 10.780
market 270 8.239 1.848 3.580 12.390
population 270 5.476 1.292 2.068 8.275
fdi 270 1.780 1.396 0.010 7.960
fiscal 270 0.252 0.102 0.106 0.643

Next, we used a scatter plot to more intuitively explore the correlation between the dig-
ital economy and industrial structure. Figure 1 demonstrates a positive correlation between
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the level of digital economic development and the progression toward more sophisticated
industrial structures. This is consistent with our earlier statistical descriptions, further
confirming the positive role of the digital economy in promoting the transformation of
China’s industries toward higher added value. Similarly, the negative association between
the level of digital economic development and the rationalization of the industrial structure
suggests that an increase in digital economic development will reduce the deviation in
the industrial structure, promoting its rational development. The scatter plot lays the
foundation for our empirical analysis, and we will explore their connection further.

w
=

.
0.4

0.8 1 0 0.2 0.4  digial 0.6 0.8

Fitted values
® Indust! Fitted values J

Figure 1. Scatter diagram.

4. Empirical Results Analysis
4.1. Result of Baseline Regression

The panel regression findings for the 30 provinces in China from 2013 to 2021 are
displayed in Table 2. Models (1) and (2) in Table 2, when employing bilateral fixed ef-
fects without incorporating control variables, a noteworthy positive association was seen
between the degree of digital economic growth and the progress of industrial structure.
Specifically, for every one-unit increase in the level of digital economic development, the
index for industrial structure advancement improved by 0.077 units (3 = 0.077, p < 0.1).
Digital economic development significantly reduced the deviation index for industrial
structure, promoting rationalization. For every one-unit increase in the level of digital
economic development, the index for the rationalization of industrial structure decreased
by 0.356 units ( = —0.356, p < 0.01). Models (3) and (4) in Table 2, we included control
variables such as the economic development level, marketization level, population density,
foreign direct investment level, and government intervention level, which are relevant to
the transformation of industrial structure. The regression results obtained through the
bilateral fixed-effects model revealed that even after including these control variables,
the correlation between digital economic development and industrial structural transfor-
mation remained significant. That is, for every one-unit increase in the level of digital
economic development, the index for industrial structure advancement rose by 0.1 units
(B =0.010, p < 0.05), while the index for the rationalization of industrial structure declined by
0.011 units ( = —0.011, p < 0.1).

4.2. Endogeneity Bias and Two-Stage Regression

The analysis of the models presented in Table 2 demonstrates that a notable disparity
exists in the regression coefficients both prior to and after the incorporation of control
variables. The coefficient in Model (3) differed from that in Model (1) by nearly 0.07, while
the coefficient in Model (4) differed from that in Model (2) by almost 0.34. This indicates
that although we applied bilateral fixed-effects estimation and controlled for a range of
variables to mitigate the impact of omitted variables that did not change over time, the
regression results were still subject to endogeneity biases arising from omitted variables
and other factors.
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Table 2. Benchmark regression results.

Variables Industy Indust, Industy Indust,
D 2 3) @)
Digital 0.077* —0.356 *** 0.010 ** —0.011*
(1.71) (—3.03) (0.004) (0.006)
Inpergdp 0.011 0.017
(0.39) (0.25)
Market 0.002 —0.016 **
(0.81) (—2.08)
Population 0.057 0.131
(0.88) (0.65)
fdi —0.003 * —0.011 ***
(—1.83) (v3.04)
Scale 0.197 ** 0.388
(2.28) (1.46)
Time/region effect NO NO YES YES
Constant 2.683 *** 0.404 *** 2.080 *** —0.682
(62.82) (3.59) (4.87) (—0.45)
Observations 270 270 270 270
R-squared 0.979 0.888 0.980 0.900

Note: The robustness standard error is included in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1. “YES” means the
variable was regulated by the model. This also applies to the following tables.

The digital economy is an extension of information technology, meaning its devel-
opment stems from the growth and widespread application of the information industry,
which generally refers to productivity in areas such as communication, networking, and
databases [69]. During the Republic of China period, China’s telecommunications devel-
opment lagged due to technical limitations compared to more advanced countries. By
1978, the telephone penetration rate in China was less than 0.5%, much less than the global
average, hindering economic and social development. Since the opening-up and reform
policy, China has vigorously promoted information technology construction, especially in
basic telecommunications infrastructure [70]. Areas with historically high telephone pene-
tration rates have deep-rooted foundations in information technology development. This
background forms the foundation for the use of phone count as an instrumental variable
connected to the degree of development of the digital economy. However, our estimation
method used a bilateral fixed-effects model. If we used the number of landlines per million
people in 1984 as an instrumental variable [71,72], these data lacked a temporal dimension
and ran the risk of instrumental variable failure. To address this, we adopted the method-
ology of researchers like Nunn [73], using the interaction term between the 1984 count of
landlines per million people and the previous year’s national IT service income (IV) as an
instrumental variable for digital economic development. Lastly, as smart communication
methods become more widespread, traditional landline phones are gradually exiting the
historical stage. Their geographical distribution is a product of a specific historical period
and is not expected to impact the current state of excellent economic progress. Additionally,
the national information technology service revenue from the previous year does not cause
significant changes in provincial economic development, thus satisfying the exclusionary
assumption for the instrumental variable.

The results of the two-stage regression with this instrumental variable are displayed
in Table 3. For Model (1), we present the first-stage regression results of the number of land-
lines correlated with the digital economy. The F-statistic was 50.98, significantly larger than
10, indicating that the problem of weak instrumental variables was not present. Models (2)
and (3) demonstrated that the influence of the digital economy on the advancement and ra-
tionalization of industrial structure is significant. This means that even after accounting for
endogeneity issues, the conclusion that the development of the digital economy positively
influences the transformation and upgrading of the industrial structure still holds.
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Table 3. IV-2SLS regressions results.

Stage I Stage II Stage II
Variables Digital Indest; Indust,
(V)] (2) 3)
Digital 0.574 *** —2.310 **
(0.191) (1.159)
v —2.925*
(—1.90)
Constant 20.471 *** 2.250 *** —1.407
(2.81) (0.593) (2.420)
Control
variable/time/region YES YES YES
effect
Observations 270 270 270
R-squared 0.889 0.968 0.676

Note: The robustness standard error is included in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1. The control
variables included pergdp, market, population, fdi, and scale. This also applies to the table below.

4.3. Heterogeneity Test Based on Different Levels of Development

China’s expansive geography leads to significant regional variations in resource distri-
bution and economic development levels. These regional disparities can in turn affect the
development of the digital economy and its impact on the transformation and upgrading of
the industrial structure. Two main factors contribute to this. First, areas with higher levels
of economic development often have richer resources and more mature market environ-
ments, which can be conducive to developing the digital economy and its transformative
impact on industrial structures. Conversely, areas with lower economic development may
suffer from an imperfect market environment and a lack of digital technology infrastructure,
which can hinder the development of the digital economy and its potential effect on the
industrial structure. To explore these nuances, we segmented China’s provinces into three
categories—high, medium, and low economic development levels—based on their per
capita GDP in 2013. Separate regression analyses were conducted for these categories
to more accurately understand the specific impacts of digital economy development on
industrial structural transformation.

Table 4 shows that although the digital economy had a notable positive impact on
the industrial structure in all economic development levels, the effect differed among the
low-, medium-, and high-development areas. Specifically, based on the results of Model
(1) to Model (3) in Panel A, it was observed that as the level of economic development in-
creased, the role of the digital economy in promoting the upgrading of industrial structure
gradually weakened. The regression coefficients for low-, medium-, and high-level areas
were 0.393 (3 = 0.393, p < 0.01), 0.313 ( = 0.313, p < 0.05), and 0.236 ( = 0.236, p < 0.01),
respectively. This trend implies that the digital economy has a stronger role in driving a
more advanced industrial structure in areas characterized by comparatively lower levels
of economic development. Based on Panel B’s regression results, we further found that
the digital economy had a significant impact on the rationalization of the industrial struc-
ture in low- and medium-level economic development areas, with coefficients of —0.445
(B =—-0.445,p <0.1) and —1.049 (p = —1.049, p < 0.01). In contrast, in high-level areas,
the impact was not significant, indicating a more robust connection between the digital
economy and industrial structure optimization in low- and medium-development regions.
Table 4’s Models (4)—(6) present estimates after excluding the data from the four municipal-
ities. These estimates remained consistent with the prior results based on the full sample.
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Table 4. Regression results under different levels of economic development.
Plan: A
Low Medium High Low Medium High
(6] @ 3) @ (5) 6
Variables Indust;
Digital 0.393 *** 0.313 ** 0.236 *** 0.233 ** 0.313 ** 0.186 ***
(4.33) (2.16) (3.60) (2.14) (2.16) (3.52)
Constant —0.361 1.728 *** 1.223 *** 1.230 * 1.728 *** 1.252 ***
(—1.10) (3.01) (3.30) (1.67) (3.01) (4.01)
R-squared 0.759 0.544 0.952 0.724 0.544 0.937
Plan: B
Variables Indust,
Digital —0.445* —1.049 *** 0.079 —0.415* —1.049 *** 0.252 **
(—1.76) (—2.82) (1.16) (—1.74) (—2.82) (2.64)
Constant —3.802 —5.250 * 4.018 *** —2.878 —5.250* 3.570 ***
(—0.62) (—1.74) (5.31) (—0.48) (—1.74) (5.60)
Controlivanable/hme/ Yes Yes Yes Yes Yes Yes
regional effect
Observed 90 90 90 81 90 63
R-squared 0.928 0.898 0.963 0.936 0.898 0.963

Note: The robustness standard error is included in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1.

Based on the analysis above, it is evident that the digital economy holds unique
significance for the transformation and upgrading of the industrial structure in regions
with varying levels of economic development. This is particularly true for economically
underdeveloped areas, where the growth of the digital economy has the potential to signifi-
cantly accelerate industrial changes and facilitate the transformation and upgrading of the
industrial structure. These underdeveloped regions often face a “poverty trap” due to the
limitations of capital and labor that is characterized by a vicious cycle of low productivity,
poor labor quality, and capital scarcity. However, with the rise of the digital economy, these
areas have the opportunity to break out of this stalemate by improving capital efficiency,
upgrading labor skills, and capitalizing on new market opportunities. The adoption of
digital technologies has the potential to facilitate the transition and enhancement of the
industrial structure, shifting it from conventional to modern and from low-value-added to
high-value-added. Additionally, it can optimize the existing industrial structure, making
it more rational. Consequently, this can help these areas escape the “poverty trap” and
achieve more sustainable and balanced economic development.

4.4. Mediation Effect Test

The empirical findings presented above consistently show that the digital economy
has a significant influence on the industrial structure. As elaborated in the section that
discusses mechanisms, the influence of the digital economy on industrial structure is mainly
manifested through its effects on capital and labor levels. Let us examine these in detail.

Firstly, let us consider the impact of the digital economy on capital levels. Models
(1)—(3) in Table 5 demonstrate how the growth of the digital economy has improved capital
investment efficiency, thereby propelling industries toward sectors with higher techno-
logical content and added value and thus promoting the advancement of the industrial
structure. Furthermore, digital technologies like intelligent supply chain management and
big data analytics have redefined the way capital is utilized. This has allowed for more
flexible and precise alignment with industrial needs, leading to rational structural adjust-
ments across various sectors. Such transformations have enhanced inter-industry linkages,
thereby contributing to the rationalization of the overall industrial structure. In conclusion,



Sustainability 2023, 15, 15125

15 of 20

the digital economy provides solid support for contemporary industrial upgrades and
structural adjustments through the reconfiguration and optimization of capital.

Table 5. Regression results of the mediation effect test.

Variables Labor Industy Indust, Capital Industy Indust,
1 (2) (3) @) (5) (6)
Digital 0.009 *** 0.089 ** —0.191* 0.495 *** 0.083 * —0.192*
(3.00) (2.25) (—1.81) (2.94) (1.94) (—1.83)
Labor 1.152 —10.412 ***
(0.90) (—3.35)
Capital 0.035 * —0.206 ***
(1.77) (—3.40)
Constant 1.104 2.041 *** —0.454 0.132 *** 1.927 *** 0.715
(0.82) (4.84) (—0.32) (4.42) (4.34) (1.00)
Control variable/time/regional effect Yes Yes Yes Yes Yes Yes
Observations 270 270 270 270 270 270
R-squared 0.867 0.980 0.910 0.968 0.980 0.909

Note: The robustness standard error is included in parentheses: *** p < 0.01, ** p < 0.05, * p < 0.1.

Secondly, Models (4)—(6) suggest that with the extensive utilization of digital tech-
nology, the skillset demanded of laborers has fundamentally changed. This has led to
extensive re-education and training initiatives to meet the skill requirements of the new
economic landscape. Such skill upgrades not only enhance overall labor productivity but
also stimulate a shift in the economy toward high-value-added industries. Additionally,
highly skilled labor tends to concentrate on knowledge-intensive and innovation-driven
industries, enhancing the industrial structure even further. Consequently, by elevating the
skill levels of the labor force, the digital economy brings rationalization to the industrial
structure in economically underdeveloped areas, making them more adaptable to today’s
highly globalized and technology-driven economic environment.

In conclusion, the development of the digital economy not only optimizes the alloca-
tion of labor and capital, reducing the costs of information asymmetry, but also promotes
rationalization and upgrading of the industrial structure. It also facilitates cross-industry
integration and high-end development. These transformations open up new pathways for
breaking out of the “poverty trap”.

5. Conclusions

The digital economy, as a byproduct of the information revolution, symbolizes a new
wave of technological advancement and serves as a crucial catalyst for the transformation
and upgrading of industrial structures. This research employed panel data encompassing
30 provinces in China over the period of 2013 to 2021 to examine the influence of the
digital economy on the transformation and upgrading of industrial structures. The analysis
was performed with a fixed-effects model. The study found that the development of the
digital economy significantly promotes the advancement and rationalization of industrial
structures. In contrast to the current body of research, which only selected the hierarchy
coefficient of industrial structure [22] or only considered the upgrading of industrial
structure [16,23] as the measurement index, this paper categorized industrial structure into
advancement and rationalization, aiming at paying attention to the balance and rationality
of the whole industrial system. The theory of industrial structure transformation and
upgrading has been perfected, and the related research on digital economy and industrial
structure transformation and upgrading has been enriched.

Secondly, in a heterogeneity analysis divided according to varying levels of economic
development, it was found that regions with lower levels of economic development have
greater potential for transformation and upgrading of industrial structure through the
digital economy. Traditional studies on the heterogeneity of China’s economic problems
are mostly based on geographical location, such as east-middle-west [21]. However,
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considering that there are still differences in the level of economic development between
different geographical locations, this paper divided the level of economic development
according to high-medium-low, which could more accurately identify the difference in
the impact of digital economy with different levels of economic development on the
transformation and upgrading of industrial structure.

Thirdly, in the mechanism verification, it was found that the growth of the digital
economy can optimize the allocation of capital and labor, improve resource allocation capa-
bilities, and thereby promote the advancement and rationalization of industrial structures.
The existing research on the mechanism of the digital economy and industrial structure
transformation and upgrading mainly focuses on the research of innovation [74,75] and
green total factors [23,76], while this paper analyzed it based on capital factors and labor
factors, aiming at broadening the research field and deeply discussing how the digital econ-
omy affects the transformation of industrial structure. Not only does this paper provide
a perspective on industrial restructuring from the lens of the digital economy, but it also
offers insights on breaking the “poverty trap.”

Based on this research, we offer the following policy suggestions.

First of all, strengthen digital infrastructure, particularly in economically lagging
regions: The digital economy holds more significant potential for industrial transformation
in less developed areas. However, the initial construction may require a great deal of money
and encounter technological and talent bottlenecks. Therefore, the government and relevant
institutions can set up special funds in economically backward areas to support the R&D
and deployment of digital infrastructure. Through cooperation with private enterprises and
international organizations, foreign investment can be effectively attracted, thus helping to
build and maintain the facility. Digital infrastructure can bring more potential opportunities
for local enterprises and residents, from obtaining information and knowledge to providing
various services to promoting local employment and diversified industrial development
and then upgrading the industrial structure, fundamentally breaking the “poverty trap”
and promoting the overall improvement of the social economy. In addition, government
departments should also ensure the security and stability of digital infrastructure.

Second, optimize the allocation of labor and capital to facilitate the transformation
and upgrading of industrial structures. The effects of education and training related to
digital applications have a certain lag. To encourage the transformation and upgrading of
the industrial structure, the government and relevant institutions should first invest deeply
in digital education and training to shorten this lag and ensure that a broader audience
benefits. This not only provides workers with more opportunities to enhance their abilities
and improve production efficiency but also cultivates new skills and professions to meet the
new requirements of the industrial structure. Simultaneously, by promoting the digitization
of capital markets through digital technology, capital allocation can be more effectively
conducted. This includes attracting more investments through digital platforms and using
data analysis to more accurately assess investment risks and returns, thereby optimizing
the efficiency of capital use. Therefore, the government and regulatory agencies should
also strengthen the digital transformation of the financial sector, providing investors and
institutions with more efficient data analysis tools. This not only helps reduce transaction
costs and enhance market transparency but also accelerates the decision-making process,
stimulating capital flow and innovation and promoting the transformation and upgrading
of the industrial structure.

Third, optimize the policy environment to incentivize the development of the digital
economy. The government needs to provide a proactive policy climate in order for the
digital economy to expand healthily. The crucial aspect here is how the government estab-
lishes a policy environment that is both active and equitable, balancing the relationship
between innovative stimulus policies and social fairness. Although tax reductions and
R&D subsidies can encourage more enterprises and individuals to actively participate in
the digital economy, these incentives may still favor certain social strata or regions. Simul-
taneously, while strengthening intellectual property protection can ensure fair returns for
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innovators, excessive protection may inhibit other potential innovative activities. Therefore,
establishing a balanced, fair, and innovation-encouraging policy environment requires
deep cooperation between the government, enterprises, and society in various aspects.
The government should ensure that policies not only encourage the growth of the digital
economy and the transformation and upgrading of industries but also maintain policy
fairness and stability in the advancement process, ensuring that every member of society
can benefit from the “dividends” of the digital economy.

6. Limitations and the Future Directions

While this study has made significant strides in understanding the subject, there are
certain limitations and areas for future exploration. First, this study primarily employed
quantitative analysis. While the quantitative approach provided us with clear and intuitive
results, it might have overlooked certain microlevel details pertinent to the research theme.
Future studies might consider integrating both qualitative and quantitative methods for a
more comprehensive exploration and interpretation of the research phenomenon. Secondly,
the data utilized in this study were sourced singularly from national macroeconomic
statistics. This might have confined our comprehension of certain specific contexts and
backgrounds. To enhance the depth and breadth of the research, future investigations
can delve into microlevel study results. Thirdly, the issue of omitted variable bias might
have been present in this study. Even though control variables were chosen along with
fixed-effects models combined with instrumental variables to mitigate the problem of
missing variables, there still might have been other variables that affected the results.
Future research should further explore other influential variables. Fourth, the current study
primarily focused on the analysis of developing countries. In future research, it would be
beneficial to broaden our scope to encompass various global economies. Doing so will
aid in our exploration of industrial upgrading and economic development trends across
diverse economic backgrounds.
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