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Objectives: As the world’s largest tobacco producer and seller, China’s rapid development of the 

tobacco industry is inextricably linked to the promotion and support of the manufacturing 

industry. The optimization and adjustment of the manufacturing structure (MS) is critical in 

determining the competitiveness of the manufacturing industry. This study examines the impact 

of technological innovation and market size on MS optimization in China using provincial data 

from 2001 to 2016. We obtain the following main results. First, market size and technological 

innovation are important drivers in optimizing MS. Technological innovation increases 

productivity and results in the redistribution of production factors across industrial sectors, 

altering the industrial structure. The market size facilitates labor division, which boosts 

productivity. Second, institutional innovation is critical for optimizing MS. It strengthens the 

impact of technological innovation and market size on MS rationalization. Furthermore, the 

study’s findings are robust to a variety of estimation techniques, several alternative proxies for 

core explanatory variables, and a long list of control variables. An important implication of the 

study's findings is that the Chinese government should implement effective institutional reforms 

to accelerate China's manufacturing industry's development. China's tobacco industry, in 

particular, will achieve higher quality development based on the transformation and upgrading 

of the overall manufacturing industry. 
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China is the world's largest producer and seller of 

tobacco, accounting for nearly 45 percent of 

combustible cigarette sticks produced in 2019, totaling 

2.36 trillion sticks. With over 300 million smokers, 

China accounts for nearly one-third of the world's 1.3 

billion tobacco users.1 The Chinese tobacco industry, 

which has the highest tax payer proportion in the 

country—China National Tobacco Corporation 

(CNTC), which contributes between 7% and 11% of 

annual tax revenue and is the fourth largest Chinese 

company 

in terms of profit—has largely laid the financial 

groundwork for promoting China's economy and 

society's stable and rapid development.2 What is more, 

the development of the tobacco industry has strong 

dependence on other related manufacturing industries, 

as industry competition forces the industry to improve 

processing quality, and the high-margin tobacco 

products industry has access to cutting-edge production 

equipment, manufacturing systems, and software 

technology.3 Simultaneously, the material industry, 

electronic information industry, and intelligent 



2423 Tob Regul Sci.™ 2021;7(5-1): 2422-2444 

machinery manufacturing play an important role in 

promoting the development of the tobacco products 

industry. By and large, China's manufacturing industry 

has played an important role in promoting the growth 

of the country's tobacco industry.4 

China's manufacturing sector has made significant 

progress in recent decades. Its manufacturing 

enterprises have consistently accelerated technological 

innovation and transformation, aided by supportive 

government policies, and the industry's overall 

technological level has continued to improve. Despite 

the fact that China's economy is adjusting to a new 

normal, its manufacturing industry's industrial 

structure has been further optimized, and firms' 

technical innovation capability has been continuously 

enhanced. However, Chinese manufacturing 

enterprises remain at the middle and low end of the 

industrial chain, relying on the import of technologies 

and equipment. Since the early 2000s, industry sources 

have emphasized the importance of restructuring the 

Chinese tobacco sector for CNTC's global 

competitiveness.1 Thus, in a country like China, 

industrial policy is regarded as critical during the 

structural change process, as it entails a variety of 

actions aimed at resolving market failure and 

promoting the redistribution of productive factors from 

low- to high-productivity activities. Additionally, such 

policies would aid the Chinese tobacco industry in 

establishing new competitive advantages in the 

international market for new innovative tobacco 

products. In this light, it is critical to strengthen 

manufacturing enterprises' innovation capacity and 

optimize the structure of China's manufacturing 

industry in order to ensure the country's manufacturing 

industry's long-term development in general and 

tobacco industry in particular, and to achieve sustained 

regional development. Additionally, China's large 

market size, coupled with significant regional 

disparities in manufacturing development, makes it an 

ideal sample for empirical testing. 

We pursue three objectives in this study. First, 

we will probe whether technological innovation 

drives manufacturing structure (MS) upgrading 

and rationalization in China. Second, to what 

extent market size impacts the MS optimization in 

China. Third, how does institutional innovation 

affect technological innovation and market size in 

China, thereby affecting the rationalization and 

advancement of MS? 

Innovation and productivity have been 

recognized as the primary drivers of sustained 

economic growth, as well as the survival and 

success of individual businesses.5,6 At the same 

time, sustainable economic growth requires the 

continued healthy industrial development and the 

upgrading of industrial structures.6 The 

restructuring nature of innovation dates all the way 

back to Schumpeter's famous economic 

development theory, and the relationship has been 

studied extensively for a long period of time and 

can be classified into three categories. First, as 

supported by endogenous growth theory and 

creative destruction theory, technological progress 

aids in improving labor productivity, promoting 

the flow of production factors among industries, 

and optimizing production factors and resource 

allocation, which is referred to as rationalization of 

manufacturing.7 Second, industrial structure 

upgrading refers to the continual transfer of input 

elements from low- to high-productivity sectors, 

which needs technological innovation in order to 

boost overall society's productivity which in turns 

supports long-term economic growth while 

optimizing industrial spatial structure and resource 

usage. Such transformations are inextricably 

linked to market size, which leads to market 

expansion and serves as the primary motivator for 

cultivating enterprises and industries to engage in 

technological innovation. The third type involves 

the interaction of technological innovation and 

industrial structure, that is they are highly 

correlated and have a multiplicative effect on 

economic growth.8,9 

A large number of studies have been conducted 

in the context of China to examine the effect of 

technological change on productivity growth,10 

while others have shed light on China's industry 

structure. Several studies have been conducted to 

investigate the effect of technological 

advancements and industrial structure on carbon 

intensity. While some studies indicate that 

upgrading and optimizing industrial structures can 

help reduce carbon intensity in China, and 

technological advancement is the primary factor. 

Additionally, a small number of studies concluded 

that outsourcing plays a critical role in the 

development of China's manufacturing industry. 
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However, little attention has been paid in this 

diverse literature to the role of technological 

innovation and market size in MS optimization in 

China. To this end, we aim to fill the gap by 

making an inquiry about the impact of 

technological innovation and market size on MS 

optimization. In doing so, we developed a multiple 

regression model to empirically test the impact of 

technological innovation and market size on MS in 

China using Chinese provincial data from 2001 to 

2016. Furthermore, we quantify the mediating 

effect of institutional innovation on the impact of 

technological innovation and market size on MS 

rationalization and advancement from two 

perspectives: the gradual establishment of the 

market institution and industry policy support. 

Our study's findings indicate that technological 

innovation and market size both influence MS 

changes and facilitate MS advancement and 

rationalization. The technological innovation 

boosts productivity and causes the redistribution of 

production factors across industrial sectors, 

altering the industrial structure. The market size 

facilitates labor division, which increases 

productivity. In addition, we discovered that 

institutional innovation enhances both the effect of 

technological innovation on MS rationalization 

and the effect of market size on structural 

advancement and rationalization. However, 

institutional innovation does not enhance the role 

of technological innovation in advancing MS. A 

significant implication of the study's findings is 

that the Chinese government should accelerate the 

development of China's manufacturing industry 

through effective institutional reforms. 

This study has a three-fold contribution to the 

existing literature. First, it proposes and explains 

that market size and technological innovation are 

important factors affecting MS changes. Second, it 

performed a comparative analysis to empirically 

ascertain the impact of technological innovation 

and market size on the MS. Finally, the difference 

in the influence of technological innovation and 

market size on the MS was further examined in the 

context of institutional innovation from two 

perspectives: the gradual establishment of the 

market institution and industry policy support. 

The remainder of this study is organized as 

follows: Section 2 contains review of literature, 

and Section 3 outlines the study’s hypothesis, 

which is based on theoretical analysis. Section 4 

describes the research design, determines the 

model index variables and data sources, and 

develops a multiple regression model. Section 5 

presents the main empirical results, and further 

goes into greater detail about the impact of 

technological innovation and market size on the 

structure of manufacturing in the context of 

institutional innovation. Finally, Section 6 

concludes the study. 

 
LITERATURE REVIEWE 

Schumpeter pioneered the theoretical concept of 

technological innovation in his famous 

Schumpeter's economic development theory, 

arguing that the pattern of innovative activity is 

characterized by 'creative destruction' ,with 

technological ease of entry and a major role played 

by entrepreneurs and new firms in innovative 

activities.The creative destruction theory asserts 

that innovation is frequently accompanied by the 

renewal of old industries—that is, the optimization 

of industrial structure—demonstrating that there is 

a link between technological innovation and 

industrial structure. Besides, the labor division 

theory asserts that market size has an effect on the 

division of labor because market expansion leads 

to a deeper division of labor.As the market’s size 

(i.e. the social division of labor) expands, the 

original industry fragments into more specialized 

new industries that continue to emerge in the 

production process, ultimately affecting the 

evolution of the industrial structure.11,12 

There is a substantial amount of research 

available on the role of technological innovation 

and market size in the evolution of manufacturing 

structure. For example, a varied and diverse 

empirical attempt have been made to inquire the 

effect of technological innovation on industrial 

structure. Scholars have inquired the relationship 

between these two variables from different 

perspective, such as, Production cost,13,14 leading 

industry,15 innovation effect, 16 industrial form, 
17technological progress, 18,19 technology 
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spillovers20, and so forth. Kuznets13 demonstrated 

that technological progress has a supply-side effect 

on the industrial structure. The underlying reason 

is that technological advancement reduces 

producers' production costs and enables resources 

to be allocated to more rationally, resulting in 

changes to the industrial structure. Arthur14 

believes that technology is critical to the industrial 

evolution process. Technological innovation has 

the potential to reduce business costs, improve 

product quality, expand the economic effects of 

the business, and generate increasing returns. 

Furthermore, Antonnelli17 documented that 

technological change affects the industrial form, 

which has then a strong impact on the economic 

structure system. It is primarily due to the fact that 

the economic sector’s production progress rate 

varies, resulting in disproportional changes in 

production costs, which results in fluctuations in 

output, and ultimately, changes in the industrial 

structure.18-20 Ngai and Pissarides21 investigated 

the rate of technological progress and discovered 

that while technological advancement promotes 

industrial upgrading, difference in the rate of 

technological advancement results in an imbalance 

in the industrial structure. Luchese22 found that 

differences in innovation opportunities and 

technological characteristics between industries 

account for differences in the changes in the 

industrial structure of various countries. What is 

more, other studies investigated the spillover 

effects of corporate technology innovation and 

found that the increasing corporate technology 

level not only promotes corporate transformation 

and upgrading, but also drives industry upgrading 

in which it is located.20 In a recent study, Ningwu 

et al23 discovered that higher levels of education 

and technological innovation would have a clear 

technology spillover effect on manufacturing 

structure optimization. 

Besides, changes in industrial structure occur as 

a result of changes in the relative returns of 

production factors caused by differences in the 

efficiency of various industries, resulting in the 

flow and transfer of production factors within and 

between industries, thereby causing the expansion 

or contraction of different industrial sectors. 

Changes in industrial production efficiency are 

inextricably linked to social division of labor, 

which is determined by market size. In his book 

"The Wealth of Nations," Adam Smith proposed 

that the fineness of the social division of labor is 

determined by market size; the finer the social 

division of labor, the greater the economy of scale 

and the higher the production efficiency. This is 

known as the well-known "market scope". The 

market size expansion results in the deepening of 

the division of labor, which results in further 

market size expansion. According to Murphy et 

al.,24 the size of market demand and the role of the 

backward economy in the process of escaping the 

"poverty trap" are critical due to the increasing 

return characteristics of modern industry. 

In this light, the market size contributes to the 

industry's competitiveness by encouraging 

companies to invest heavily in large-scale 

production equipment, technology development, 

and productivity enhancement.25The market size, 

particularly the high-end market size, is the 

primary incentive for cultivating enterprises and 

industries to engage in technological innovation. 

Furthermore, the market size has a variety of 

"gravitational" effects on different production 

links along the manufacturing value chain, altering 

a country's position in the global value chain, and 

as a result, causing the value chain to rise. 

According to a UNCTAD survey and research on 

global value chains, market demand is the second 

most important factor (after factor endowment) 

affecting a country's participation in global value 

chains.26Likewise, relevant case studies revealed 

that numerous multinational companies are 

adjusting their global value chain layout strategies, 

relocating higher-end activities such as innovation 

to emerging market economies, and implementing 

a global strategy known as "reverse innovation".27 

In summary, concerning the impact of 

technological innovation and market size on MS, 

existing research has focused on technological 

innovation as the core driving force that affects the 

changes in the MS. Relatively few studies have 

been conducted on structural impact, whereas 

more research has focused on market size. Market 

size is one of the many factors affecting the 
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structural changes of the manufacturing industry, 

from an indirect perspective. At the same time, a 

few scholars tried attempted to link technological 

innovation and technological diffusion in order to 

study the common impact of the two on the 

industrial structure. There is a degree of 

correlation exists between technological diffusion 

and market size. However, technological diffusion 

is not proportional to market size and is difficult to 

quantify. Based on a review of the existing 

research, this study hypothesizes that 

technological innovation and market size are 

important factors affecting the MS evolution. 

Moreover, this study introduces the elements of 

institutional innovation through the development 

of a unified theoretical framework, and it examines 

the comparative influence of technological 

innovation and market size on the evolution of 

China’s MS. 

 
REAEARCH HYPOTHESIS 

We begin by discussing the impact of 

technological innovation on the manufacturing 

industry's structure. Technological innovation 

encompasses the entire process of developing new 

product and process, from concept to research and 

development to initial commercialization.28 The 

industrialization process in various countries 

demonstrates that enterprise technological 

innovation is the primary motivation and 

prerequisite for upgrading industrial structure, and 

it is critical for enterprise innovation institution to 

function effectively. As a micro-organization of 

the industry, the enterprise’s technological 

innovation has a cascading effect on the industrial 

structure’s upgrading. The industry's technological 

innovation is formed by the effective aggregation 

of enterprise technological innovation, which in 

turn promotes the industry’s development and 

structural optimization.29 

In terms of direct impact, technological 

innovation results in the transformation and 

innovation of traditional industries by facilitating 

the flow of production factors between them, 

resulting in the expansion or contraction of various 

industrial sectors and promoting the orderly 

development of the industrial structure. The 

indirect impact on MS upgrading is that 

technological innovation creates new market 

demand, and the new industries that meet the 

potential and higher-level needs in production and 

life, resulting in the expansion of new industries.30 

Thus, technological innovation has the potential to 

influence the demand, supply and trade structures 

by upgrading existing products, compensating for 

insufficient supply in bottleneck sectors, and 

catching up with developed countries in terms of 

technology.31,32 Therefore, it indirectly affects 

changes in the industrial structure and promote 

industrial structure rationalization. 

Therefore, this study proposes the first 

hypothesis: 

Hypothesis 1: Technological innovation can 

simultaneously promote the advancement and the 

rationalization of the manufacturing structure. 

Second, through industrial agglomeration and 

vertical specialization, market size has a 

significant indirect effect on the manufacturing 

industry’s structure. The manufacturing industry 

benefits the most from economies of scale, and 

industrial agglomeration is triggered by the effect 

of market size.33 Thus, industrial clusters promote 

complementary and related industries by 

deepening the division of labor and fostering inter- 

and intra-industry collaboration. At the same time, 

the technology diffusion effect generated by 

industrial agglomeration’s technological relevance 

plays a key role in industrial upgrading.34 Market 

size also serves as a catalyst for enterprises to 

specialize vertically. Moreover, vertical division 

of labor contributes to the improvement of 

industrial chain efficiency. This is beneficial for 

upgrading MS in developed countries, however, in 

case of developing countries it is likely to have a 

limited impact on the upgrading of MS. The 

underlying reason is that developed countries take 

the lead in occupying the high value-added links 

of the global value chain and mastering their 

production, effectively ‘locking in’ developing 

countries in low value-added industrial links, 

resulting in the sluggish technological progress 

and development in developing countries. 

Participation in vertical specialization of industries 

enables the country to achieve MS rationalization, 
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but at the risk of losing the opportunity to establish 

its own MS. 

Therefore, we propose the second hypothesis: 

Hypothesis 2: Market size can promote the 

rationalization but not the advancement of the 

manufacturing structure. 
 

The Role of Institutional Innovation on the Impact 

of Market Size 

The growth of market size has boosted the 

demand for new institutional arrangements, and 

the combination of specific market sizes and 

specific institutional arrangements results in a 

variety of profits and costs associated with 

institutional adoption. As market size expands, 

new institutional arrangements are established 

more quickly, and market size exerts a greater 

influence on the manufacturing industry's structure. 

From the perspective of new institutional 

economics, both institutional and technological 

innovation are forms of innovation process that 

differ from one another. Institutional innovation 

focuses on lowering production transaction costs, 

whereas technological innovation focuses on 

lowering direct production costs. Institutional in-

novation benefits by lowering market transaction 

costs and industry entry costs, thereby increasing 

the proportion of enterprises that outsourced 

intermediate products. Thus, it improves vertical 

specialization level of enterprises, thereby 

promoting further market size expansion. 

 
The Mediating Role of Institutional Innovation on 

Technological Innovation Effect 

Davis and North35 asserts that existing laws and 

institutional arrangements influence both the 

formation and ‘pregnancy’ of innovation. That is, 

if laws are amended or basic institutional 

arrangements are made prior to the adoption of 

innovation, the innovation ‘pregnancy period’ will 

be extended. There is manifestation that 

institutional innovation influences technological 

innovation, that advanced institutional choices 

promote technological innovation, and that 

lagging institutional design limits technological 

innovation or hinders the improvement of 

innovation efficiency.36 The neo-classical school 

of technological innovation believes that 

technological innovation is similar to other 

commodities in that it involves public goods, 

innovation gains and non-exclusiveness, 

externalities and other market failures. Thus, both 

appropriate government and institutional 

innovation will have a significant impact on 

technological innovation.37 

Technological innovation requires the support 

and assurance of institutional innovation during 

the course of industrial evolution. This is reflected 

in the following two aspects: First, an effective 

institutional arrangement can direct and stimulate 

technological innovation, effectively promotes 

technological innovation, application, and 

popularization; second, institutional innovation 

can define the scope of an enterprise’s resources 

and environment choices, thereby reducing 

uncertainty associated with technological 

innovation.38 In addition, technological innovation 

is a primary driver of industrial evolution, while 

institutional innovation lags behind but it is critical 

to industrial development. This shows that, at 

different stages of industrial development, 

technological and institutional innovation have 

different requirements, and may involve different 

modes of interaction and collaboration. In terms of 

their interaction, as the level of enterprise 

production technology improves, so does the 

enterprise production management system, and 

technological innovation also triggers institutional 

innovation. The advanced enterprise management 

institution ensures institutional innovation, and 

their interaction accelerates industrial structure 

upgrading.39 

Therefore, this study puts forward the third 

hypothesis: 

Hypothesis 3: The impact of technological 

innovation on the MS is related to institutional 

innovation. 

The greater the degree of institutional innovation, 

the greater the impact of technological innovation 

on the MS. Moreover, the impact of market size on 

the MS is related to institutional innovation: the 

higher the institutional innovation, the more 

obvious the influence of market size on the 

structure of the manufacturing industry. 
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REAEARCH DESIGN AND DATA SOURCE 

Model Setting 

This study conducts regression analysis on the 

impact of technological innovation and market 

size on the rationalization and advancement of MS, 

as well as compares and analyses the difference in 

the impact of technological innovation and market 

size on MS optimization. We constructed an 

empirical regression model based on the existing 

analysis to test the impact of technological 

innovation and market size on the MS, as well as 

the factors that affect the optimization of the MS, 

including urbanization level, transportation 

infrastructure, and FDI. The advanced and 

rationalized MS represents distinct dimensions in 

the evolution of the MS; consequently, the 

corresponding influencing factors are distinct. As 

a result of the two terms' dissimilar connotations, 

this study selects the level of urbanization, 

transportation infrastructure, FDI and market. 

Moreover, the degree of openness is used as the 

control variable to analyze the influence of the 

advanced MS. Other control variables to analyze 

the MS rationalization includes the level of 

urbanization, transportation infrastructure, FDI, 

the development of the tertiary industry and the 

population size. The econometric model is 

constructed as follows, with models (1) and (2) 

investigating the impact of technological 

innovation on the advancement and rationalization 

of the MS, respectively, and models (3) and (4) 

investigating the impact of market size on the 

advancement and rationalization of the MS. 
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(4) 

j is the jth province, and t represents time in Year, α, 

β , ω  and λ is the estimated parameter, cj  is the 

individual effect, vt  is the time effect and μjt is the 

error term. 

Given that the impact of technological innovation 

and market size on the MS may be subject to 

institutional innovation, this study introduces the 

interaction between institutional innovation and 

technological innovation, as well as interaction 

between institutional innovation and market size.  

The item examines the regulatory effect of 

institutional innovation on technological innovation 

and market size in relation to MS. The institutional 

environment influences both the driving effect of 

technological innovation and the pulling effect of 

market size on the MS. To compare the influence of 

technological innovation and market size on the MS 

under the condition of institutional innovation, we 

introduce the interaction term of institutional 

innovation and technological innovation （ tecjt ·

instijt）in model (1) and model (2) to derive model (5) 

and model (6). Likewise, the interaction term of the 

institutional innovation and market size （ scalejt ·

instijt）are introduced in models (3) and (4) to derive 

models (7) and (8). 

Models (5) and (6) examine the impact of 

technological innovation under the conditions of 

institutional innovation on the advancement and 

rationalization of MS. 
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(6) 

Models (7) and (8) examine the impact of market size 

under the condition of institutional innovation on the 

advancement and rationalization of MS. 
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Explained Variable 

Advanced indicators of industrial structure 

Industrial structure advancement can be measured by 

(1) intercepting different time points for vertical 

comparison and (2) selecting reference countries or 

regions for horizontal comparison. The main methods 

include the standard structure method, the similarity 

coefficient method, the high-tech industry proportion 

method, the softening degree judgement method, and 

the high-processing proportion method. This study 

chooses the high-tech industry proportion method 

based on data availability and the research 

characteristics to measure the evolution of the 

industrial structure. This study combines high-end and 

mid-to high-end technology industries based on the 

Organization for Economic Cooperation and 

Development’s classification of manufacturing 

industries and R&D intensity data published by the 

National Bureau of Statistics of China.  

Moreover, we categorize manufacturing industries as 

high-end, mid-end and low-end technology industries 

(see Table 1). Transportation, general equipment, 

special equipment, electrical machinery, electronic 

communications, instrumentation, chemical fiber and 

pharmaceutical manufacturing are all considered high-

tech industries to measure the advanced structure of 

China’s manufacturing industry. The advanced 

industrial structure is typically quantified using output 

value or value-added data. Due to insufficient output 

value and value-added data, industrial sales output 

value, to some extent, reflect the level of added value 

of industry products and the industry’s status in the 

entire MS. This study replaces industrial sales output 

value with the output value to measure the advanced 

changes in the MS, which is calculated as follows: 

strh = Industrial sales output value of high-end technology 

industries/Manufacturing industry sales output value (9) 

where, strh represents the advancement of the 

industrial structure. 

Table 1. Manufacturing industry classification. 

High-end technology industry 

General equipment, special equipment, transportation, electrical 

machinery and equipment, communication electronics 

 

Instruments and metres, cultural office machinery, chemical and 

pharmaceutical industries 

Mid- and low-end technology industry 

Petrochemical, coking and nuclear fuel processing industries, 
rubber, plastics, non-metal products, 

Ferrous metal smelting, non-ferrous metal smelting and metal 
products industries 

Food processing and manufacturing, beverages, tobacco, textiles, 
clothing, leather, wood, furniture, study, 

Printing and sports supplies and other manufacturing 

Source: Compiled by the authors. 

Indicators for rationalization of industrial structure 

Different methods for measuring the rationalization 

of industrial structure have their own set of advantages 

and disadvantages. From the perspective of the 

connotation of industrial structure rationalization, it is 

more appropriate to measure industrial structure 

rationalization using the degree of industrial structure 

deviation, more specifically the Theil index. The term 

“rationalization of industrial structure” refers to an 

industrial structure that maintains the dynamic balance 

of each industry’s ecological scale while maintaining a 

high degree of industrial coordination, structural 

aggregation quality and resource allocation. Therefore, 

the degree of structural deviation is used in this study 

to assess the level of industrial structure rationalization. 
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strc =    (10) 

where, Strc measures the degree of deviation of the 

MS, Q represents the industrial sales output value of 

the manufacturing industry, L represents the number of 

employees in the manufacturing industry, i represents 

the i-th industry and n represents the number of 

manufacturing industries. There is a negative 

correlation between the rationalization level of MS and 

the value of manufacturing deviation. What is more, 

when the economy is in a state of equilibrium, the 

production factors such as labor and capital have no 

essential difference and other production factors can 

flow freely. Moreover, there is no difference in labor 

productivity between industries; that is, the ratio of 

industry output value is equal to the industry 

employment ratio. The degree is 0, and the production 

factors among manufacturing industries are optimally 

allocated. However, due to the unique characteristics of 

capital and the long-term characteristics of labor skills, 

labor and capital cannot be completely exchanged, and 

thus the value cannot be zero; for countries with a low 

degree of marketization, factor mobility is low. Its 

value may be larger, and the problem of economic 

deviation from equilibrium will be more visible. 

Explanatory Variables 

Technical innovation indicators 

The level of technological innovation can be 

measured from both input and output perspectives. 

R&D and patent data are commonly used metrics. 

R&D data measures enterprise innovation activities 

from the input side and its primary advantage is that 

data from enterprises is easy to obtain, and data is 

additive.40However, different industries and enterprises 

define and classify R&D activities differently. It is 

difficult to compare R&D data horizontally. Second, 

R&D data only records clearly defined formal R&D 

activities; it does not consider informal R&D and 

innovation. In contrast, patent data is a measure of 

technological innovation capability from the output 

side. Despite the possibility of errors, patent data can 

provide a relatively stable, objective and easy 

comparable metric for technological innovation 

activities.41As Griliches pointed out, ‘patent statistics 

provide the only source in the process of technological 

change’. No other data can compare to patents in terms 

of data quality, availability and detailed industry 

organizational and technical details.42 In this light, this 

study selects the number of domestic patent 

applications granted to measure the level of 

technological innovation. 

Market size indicators 

The local market size in economics refers to the 

market capacity of a country or region. One of its 

fundamental characteristics is the country's (region's) 

population size and GDP scale.43 The total population 

is frequently used in transnational empirical studies to 

represent the domestic market size, but this variable is 

not suitable for describing the regional market size of 

each province. The degree of urbanization and 

marketisation varies greatly across provinces due to 

significant differences in per capita income. Therefore, 

the total income (expressed in terms of gross regional 

product) is more reasonable to measure the market size. 

Institutional innovation indicators 

The foundation of industrial innovation and the 

premise of enterprise innovation is institutional 

innovation. A good institution can effectively stimulate 

the vitality of enterprise innovation. The most visible 

manifestation of institutional innovation is market 

performance, and it serves as a guarantee of 

technological innovation. Institutional innovation is a 

spontaneous activity undertaken by parties in economic 

activities in response to profit opportunities. The most 

intuitive manifestation of a region’s institutional 

innovation’s effectiveness is the region’s non-profit 

activity. The degree of activity in a country’s state-

owned and non-state-owned economy is the primary 

driver of innovation. To some extent, the proportion of 

non-state-owned economy in a region’s total economic 

volume reflects regional difference in institutional 

innovation. In general, the greater the region's 

ownership of non-state economy, the greater the 

region's institutional innovation. In addition, during the 

transition period, the diversification of the property 

rights institution is mainly manifested in 

denationalization of macroeconomic components. The 

denationalization reform of the economic component is 

concentrated in the industrial field; therefore, this study 

measures institutional innovation using the proportion 

of non-state-owned industrial enterprises' main 

business income relative to all industrial enterprises in 

the region. The specific calculation method is as 

follows: 

Institutional Innovation Index = 1 − (main business income 
of state-owned and state-controlled industrial 
enterprises/main business income of all industrial 
enterprises)    (11) 
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As, there is no item of "main business income" in the 

statistical yearbook from 2000 to 2004, and therefore 

"product sales income" is used instead. 

Sample Indicators and Data Sources 

Table 2 lists the variables used in this paper, 

including their names and explanations. While a 

detailed description of control; variables is given in 

Appendix A. The third column of Table 2 details the 

numerical calculation of the variables. 

Table 2. Index selection and numerical calculation. 

Variable  Variable name and 

explanation 

Numeral calculations 

Explained 

variable 

Advancement of MS

（strh） 

The sales output value of high-tech industry 

accounts for the proportion of the total sales output 

value of the manufacturing industry 

Rationalization of MS

（strc） 

The sum of the absolute value of the deviation 

between the per capita industrial sales output value 

of each industry and the whole industry 

Explanatory 

variables 

Technological innovation

（tech） 

Number of domestic patent applications granted 

(items) 

Market size（scale） Regional gross national product (yuan) 

Institutional innovation

（insti） 

The proportion of the main business income of 

non-state-owned industrial enterprises in the main 

business income of all industrial enterprises 

Control 

variable 

Urbanisation level（urban） The proportion of urban population in total 

population 

Transport infrastructure

（trans） 

Road mileage per square kilometre (km/km2) 

Foreign direct investment

（fdi） 

Foreign capital of industrial enterprises above 

designated size (100 million yuan) 

Market openness（open） The proportion of total import and export in GDP 

The level of economic 

development（pgdp） 

Regional GDP per capita (100 million yuan) 

The development of the 

tertiary industry（ser） 

The proportion of tertiary industry in GDP 

Population size（pop） 

 

Total area population (person) 

Source: Compiled by the authors. 

The data sample of this study cover 26 provinces 

(cities) of Mainland China from 2001 to 2016, 

excluding Ningxia, Qinghai, Hainan, Tibet and 

Xinjiang. The original data is sourced from following 

databases: the National Bureau of Statistics of China, 

Historical ‘China Industrial Statistical Yearbook’, 

‘China 

Statistical Yearbook’, and ‘China Demographic 

Yearbook’. As Ningxia, Qinghai, Hainan, and Tibet 

accounted for a negligible portion of the national 

industrial output value. While the data for Xinjiang 

Autonomous Region were incomplete in the majority 

of years. Therefore, these regions were excluded from 

the sample consideration.  
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EMPIRICAL ANALYSIS 

Descriptive Analysis 

Statistical analysis of indicator variables 

Table 3. Descriptive analysis of main variables. 

Var 

Name 
Obs Mean SD Min Median Max 

strh 364 0.360 0.158 0.060 0.350 0.750 

strc 364 28.020 47.838 3.280 13.640 454.900 

lntech 364 9.070 1.436 5.984 8.975 12.465 

lnscale 364 9.240 0.897 7.026 9.303 11.300 

insti 364 0.580 0.201 0.153 0.597 0.904 

urban 364 0.490 0.174 0.149 0.476 0.896 

trans 364 0.850 0.506 0.066 0.801 2.524 

fdi 364 0.040 0.039 0.006 0.024 0.183 

open 364 0.360 0.413 0.032 0.131 1.721 

lnpgdp 364 0.870 0.800 1.204 0.959 2.469 

ser 364 0.440 0.088 0.298 0.421 0.823 

lnpop 364 2.120 0.065 1.933 2.125 2.231 

Source: Calculated by the authors. 

Table 3 reports the descriptive statistics for the 

study’s main variables. The average and median values 

of the MS advancement index (strh) are 0.360, and 

0.350, respectively, indicating a relatively stable level 

of MS advancement in each province. The standard 

deviation is 0.16, indicating that MS advancement 

varies significantly across provinces and time periods. 

The average value of the MS rationalization index 

(strc) is 28.02, the median is 13.64 and the standard 

deviation is 47.84, indicating that the level of MS 

rationalization varies significantly across provinces. 

The result could be attributed to the large fluctuation in 

the output of individual industries (most notably 

petroleum processing, coking and nuclear fuel 

processing industries) in individual years caused by 

local government policies. However, the proportion of 

corresponding data is very small and has no effect on 

the overall analysis. In addition, the mean and median 

of technological innovation (lntech) and market size 

(lnscale) are close, their standard deviations are quite 

different. The standard deviation of technological 

innovation (lntech) is 1.436, whereas the standard 

deviation of market size (lnscale) is 0.897, indicating 

that market size fluctuation in each province is more 

significant than technological innovation fluctuation. 

The mean value of institutional innovation (insti) is 

0.580, the median is 0.597 and the standard deviation 

is 0.201, indicating institutional innovation varies 

significantly across provinces.  

MS advancement and rationalization across Chinese 
provinces (cities) 

Figure 1 shows the manufacturing industry’s 

structural advancement index the by province. The 

comparison in the figure shows that the higher the 

manufacturing advanced index, the higher the 

economic aggregate and the faster the economic 

development of the provinces and cities. With few 

exceptions, the MS's high-level index has been 

increasing throughout the study period. This is closely 

related to Beijing’s—which serves as the country's 

political, economic, and technological hub—recent 

vigorous development of intelligent manufacturing and 

elimination of backward industries; Chongqing is an 

important growth engine in western China. In the case 

of Chongqing, continuous industrial structure 
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optimization has steadily increased the proportion of 

high-end technology manufacturing in total 

manufacturing volume in recent years, which has 

contributed significantly to regional economic growth. 

Meanwhile, Guangdong and Jiangsu are China’s 

economic powerhouses, ranked first and second 

respectively. Moreover, Jiangsu’s economic aggregate 

has grown faster than Guangdong in recent years; 

indicating a trend of outpacing. Jiangsu's high-level 

MS is steadily rising while Guangdong recorded a 

downward trend this year. Furthermore, the MS of 

Yunnan, Inner Mongolia, Gansu, Shanxi, Hebei, and 

other regions has been low in high-level China's 

economic growth, which highlights the regions' lack of 

economic growth to some extent. Notably, the 

manufacturing structural advancement index for 

Fujian, Shaanxi, Tianjin and Heilongjiang has declined 

significantly, reflecting the enormous differences in the 

industrial structure adjustment of various provinces in 

China. 

 

Fig 1. Advancement of the manufacturing structure at the provincial level in China. 

Note: Abbreviations in figure, AH- Anhui, BJ- Beijing, CQ- Chongqing, FJ- Fujian, GD- Guangdong, GS- Gansu, GX- Guangxi, GZ- 
Guizhou, HLJ- Heilongjiang, HEB - Hebei, HEN - Henan, HUB - Hubei, HUN - Hunan, JL- Jilin, JS- Jiangsu, JX- Jiangxi, LN- Liaoning, NMG- 
Inner Mongolia, SC- Sichuan, SD- Shandong, SH- Shanghai, SX- Shanxi, SXB- Shaanxi, TJ- Tianjin, YN- Yunnan, ZJ- Zhejiang

 

The MS rationalization index for each Chinese 

province is depicted in Figure 2, which is calculated as 

the sum of each industry's deviations from the average 

manufacturing level. The deviation index of industrial 

structure varies greatly due to the distribution of 

manufacturing in different provinces. Overall, the 

degree of MS rationalization in each province 

decreased after 2010. That is, the internal adjustment of 

each province’s MS began to speed up. Among them, 

Guangdong’s MS adjustment is relatively modest, 

whereas Jiangsu’s economic aggregate is second only 

to Guangdong’s in terms of industrial structure 

differentiation. This also highlights the greater 

intensity of internal adjustment of Jiangsu’s MS, 

followed by Chongqing, Beijing, Guizhou, Shandong 

and Tianjin. Since 2010, Zhejiang’s MS has had 

significant internal differentiation, resulting in a 

significant increase in the MS deviation index. 
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Fig 2. The rationalization of the manufacturing structure at the provincial level in China. 

Estimation Results and Analysis 

This study makes use of balanced short-panel data. 

First, the LSDV test determines the significance of the 

majority most individual dummy variables. Therefore, 

the null hypothesis of ‘all individual dummy variables 

are ‘0’ is rejected. That is, the sample has individual 

effects and should be selected using fixed-effect or 

random-effect model. The LM test strongly rejects the 

null hypothesis that there are no individual random 

effects; that is, random effect should be chosen over 

pooled OLS. Finally, the Hausman test result shows the 

fixed-effect model outperforms the random-effect 

model. Therefore, this study uses a fixed-effect 

regression model to estimate the impact of 

technological innovation and market size on the 

advancement and rationalization of MS, and results are 

given in Table 4 columns (1) and (2).  

The results show that all scale coefficients are 

significantly positive at 1% level, implying that 

technological innovation and market size promote MS 

advancement. Subsequently, we added control 

variables, transportation infrastructure and FDI, (see 

Columns (3)–(4)) and discovered that the coefficients 

of technological innovation and market size on the 

advanced MS are still significantly positive. This 

demonstrates that technological innovation and market 

expansion are conducive to MS advancement, which is 

consistent with the assumptions in Hypothesis 1 and 2 

that technological innovation and market size promotes 

the MS advancement. For other control variables, the 

extent to which a country open to the outside world 

plays a significant role in promoting MS advancement, 

indicating the positive role of foreign trade in 

promoting MS upgrade of developing countries.  

Furthermore, the regression results show that the 

transportation infrastructure contributes to MS 

advancement as well. The comprehensive 

transportation infrastructure ensures the flow of 

production factors from middle- and low-end 

manufacturing with low production efficiency to high-

end manufacturing with higher production efficiency, 

thereby promoting MS advancement. At the same time, 

FDI brings capital, advanced technology and other 

factors of production to the host country’s 

manufacturing industry development, thereby 

contributing significantly to host country’s higher-level 

MS; however, the process of urbanization has harmed 

the host country’s higher-level MS due to the following 

reasons: (1) an increase in the labor force lowers labor 

costs, which promotes the development of low-end 

labor-intensive manufacturing, thereby reducing the 

proportion of high-end technology manufacturing in 

the entire manufacturing industry; and(2) the real estate 

industry is booming, resulting in a crowding-out effect 

on investment in high-end technology manufacturing. 
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Table 4. Basic model regression results (advancement) 

 (1) (2) (3) (4) 

 strh strh strh strh 

lntech 0.027***  0.023***  

 (4.25)  (3.73)  

lnscale  0.138***  0.196*** 

  (3.43)  (4.79) 

urban −0.118** −0.140** −0.119** −0.143** 

 (−2.08) (−2.42) (−2.09) (−2.55) 

open 0.081*** 0.092*** 0.049*** 0.061*** 

 (4.50) (4.83) (2.68) (3.29) 

lnpgdp −0.038*** −0.139*** −0.036*** −0.200*** 

 (−3.04) (−3.35) (−3.04) (−4.83) 

trans   0.032** 0.031** 

   (2.48) (2.44) 

fdi   0.812*** 1.083*** 

   (4.80) (6.14) 

cons 0.174*** −0.758** 0.153*** −1.306*** 

 (3.28) (−2.27) (2.89) (−3.81) 

Fixed effect Yes Yes Yes Yes 

Adj R-squared 0.944 0.943 0.948 0.950 

N 364 364 364 364 

Note: The numbers in parentheses are T values and ***, ** and * are significant at the levels of 1%, 5% and 
10%, respectively 

Second, this study uses fixed-effect model to 

estimates the impact of technological innovation and 

market size on the MS rationalization, as shown in 

Table 5 in columns. The results indicate that 

technological innovation and market size both have 

significant positive coefficients at 1% and 5% levels, 

respectively, implying that that technological 

innovation and market size are both factors that 

promote MS rationalization. These results are 

consistent with the assumptions in Hypothesis 1 and 2 

that technological innovation and market size promote 

the MS rationalization.  

We then added additional control variables; for 

example, when FDI is included, the MS rationalization 

coefficients remain significant. For other control 

variables, the increasing share of the tertiary industry 

in the national economy contributes significantly to MS 

rationalization. The special producer service industry is 

closely related to the manufacturing industry in 

numerous ways, including finance, logistics and 

transportations as well as technical services. The 

development of the manufacturing industry provides 

intermediary service support, which greatly facilitates 

the free flow and reallocation of production factor 

resources among various industries within the 



2436 Tob Regul Sci.™ 2021;7(5-1): 2422-2444 

manufacturing industry, and plays a key role in 

promoting MS rationalization. Simultaneously, the 

regression results show that transportation 

infrastructure constrains MS rationalization, which is 

related to the unbalanced development of industries in 

large countries' rapid economic development. The 

relatively large gap in the relative income between 

industries in the manufacturing industry results in the 

transfer of production factors and resources among 

various industries in the process of rapid economic 

development of large countries. Superior transportation 

infrastructure accelerates the transfer and redistribution 

of production factors between industries, causing 

differentiation of development and, ultimately, an 

imbalance between the manufacturing industries. 

Table 5. Basic model regression results (rationalization). 

 (1) (2) (3) (4) 

 strc strc strc strc 

lntech 18.099***  21.888***  

 (3.18)  (3.69)  

lnscale  20.699**  25.011** 

  (1.99)  (2.30) 

urban −15.375 4.750 33.055 40.935 

 (−0.30) (0.07) (0.61) (0.61) 

ser 187.450** 245.183*** 194.733** 257.131*** 

 (2.16) (2.89) (2.25) (3.01) 

lnpop −517.008 −499.165 −424.075 −420.737 

 (−1.41) (−1.33) (−1.07) (−1.05) 

trans   −37.267** −28.929* 

   (−2.32) (−1.81) 

fdi   −11.316 5.857 

   (−0.05) (0.03) 

cons 886.406 786.586 660.158 581.795 

 (1.17) (1.02) (0.80) (0.69) 

Fixed effect Yes Yes Yes Yes 

Adj R-squared 0.153 0.138 0.162 0.141 

N 364 364 364 364 

Note: The numbers in parentheses are T values, and ***, **, and * are significant at the levels of 1%, 5% and 
10%, respectively
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Robustness Test 

We conduct robustness tests on the following two 

aspects to ensure the reliability of the research findings. 

We modify the measurement of the main explanatory 

variables. To ensure the reliability of the results, we use 

the regional GDP calculated by the expenditure method 

rather than the regional GDP using production method 

to measure the regional market size. At the same time, 

we use the number of domestic utility model patent 

applications rather than the number of domestic patent 

applications to measure the level of technological 

innovation.  

The fixed-effect model is used for model estimation, 

and the regression results are listed in columns (1) and 

(2) of Table 6 and columns (1) and (2) of Table 7. The 

technological innovation and market size coefficient 

are significantly positive for advancement 

(rationalization) at the 5% (1%) and 1% (5%) 

significance level, respectively. Even after adjusting 

the methodology for calculating technological 

innovation and market size, the study’s hypothesis 

remains valid, namely that technological innovation 

and market size promote not only the MS advancement 

but also MS rationalization. This shows that the results 

of this study are robust. The explained variables were 

subjected to a 5% bilateral tailing. We discovered a 

significant difference between the maximum value and 

the minimum value of the explained variable in the 

original sample through additional observation (see 

Table 3). To avoid the impact of potential outliers, this 

study treated the explained variables with a 5% 

bilateral tailing treatment, and re-estimated them using 

a fixed-effect model. The regression results in columns 

(3) and (4) of Table 6 and columns (3) and (4) of Table 

7 show that the significance of each variable and the 

sign of the coefficient have remained relatively stable 

and have not changed substantially. This confirms the 

robustness of the study’s findings. 

Table 6. Robustness test (advancement). 

 (1) (2) (3) (4) 

 strh strh strh strh 

variable change the measure of 

variable  

bilateral tail reduction 5% 

lntech 0.015**  0.017***  

 (2.50)  (2.89)  

lnscale  0.178***  0.085** 

  (4.47)  (2.20) 

urban −0.122** −0.141** −0.113** −0.125** 

 (−2.13) (−2.50) (−2.14) (−2.34) 

open 0.048** 0.059*** 0.064*** 0.067*** 

 (2.57) (3.16) (3.76) (3.80) 

lnpgdp −0.025** −0.183*** −0.030*** −0.092** 

 (−2.12) (−4.51) (−2.68) (−2.35) 

trans 0.036*** 0.032** 0.032*** 0.035*** 

 (2.71) (2.50) (2.59) (2.84) 

fdi 0.852*** 1.049*** 0.673*** 0.791*** 

 (4.96) (5.97) (4.27) (4.73) 
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cons 0.228*** −1.155*** 0.204*** −0.379 

 (4.77) (−3.46) (4.14) (−1.17) 

Fixed effect Yes Yes Yes Yes 

Adj R-squared 0.947 0.949 0.952 0.952 

N 364 364 364 364 

Note: The numbers in parentheses are T values, and ***, **, and * are significant at the levels of 1%, 
5% and 10%, respectively 

 

Table 7. Robustness test (rationalization). 

 (1) (2) (3) (4) 

 strc strc strc strc 

variable change the measure of 

variable  

bilateral tail reduction 5% 

lntech 25.521***  13.120***  

 (4.44)  (5.05)  

lnscale  24.582**  21.710*** 

  (2.27)  (4.59) 

urban 13.430 42.801 22.759 −4.421 

 (0.25) (0.64) (0.95) (−0.15) 

ser 163.571* 257.918*** 151.873*** 170.561*** 

 (1.89) (3.02) (4.00) (4.59) 

lnpop −512.983 −415.697 −295.239* −319.151* 

 (−1.30) (−1.03) (−1.70) (−1.82) 

trans −40.346** −28.861* −21.265*** −18.432*** 

 (−2.54) (−1.80) (−3.03) (−2.65) 

fdi 63.484 3.708 27.290 62.859 

 (0.30) (0.02) (0.30) (0.67) 

_cons 853.334 573.955 469.892 440.325 

 (1.03) (0.68) (1.29) (1.20) 

Fixed effect Yes Yes Yes Yes 

Adj R-squared 0.176 0.141 0.314 0.305 
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N 364 364 364 364 

Note: The numbers in parentheses are T values, and ***, **, and * are significant at the levels of 1%, 5% and 10%, 
respectively 

Mediating Effects of Institutional Innovation 

The previous section looked at how technological 

innovation and market size effects on MS. Given that 

the impact of technological innovation and market size 

on the MS may be subject to institutional innovation, 

we introduce the interaction of institutional innovation 

with both technological innovation and market size. 

Columns (1) to (4) of Table 8 contain the regression 

results for the moderating effect. The interaction term 

of technological innovation and institutional 

innovation（tecjt · instijt） is added to formula (1), 

and formula (5) is constructed. The results are 

estimated using a fixed-effect model which are listed in 

column (1) of Table 8. The regression results show that 

neither the coefficient of technological innovation nor 

the coefficient of the interaction term between 

technological innovation and institutional innovation 

are significant, indicating that institutional innovation 

has had no effect on the effect of technological 

innovation on MS advancement. At the same time, 

formula (7) is constructed using formula (3), plus the 

interaction term of market size and institutional 

innovation （ tecjt · instijt ） , and the fixed-effect 

model is used for estimation. The estimated results are 

listed in column (2) of Table 8. The regression results 

show that the market size coefficient and the interaction 

term （scalejt · instijt） coefficient of the market size 

and institutional innovation are significantly positive at 

the 1% level, indicating that the institutional innovation 

has strengthened the market.  

In addition, formula (6) adds the interaction term

（tecjt · instijt）to formula (2) to construct the result, 

and estimates using the fixed-effect model to estimate. 

The estimated results are listed in column (3) of Table 

8. The regression results show that the coefficient of 

technological innovation is positive but not significant, 

whereas the coefficient of technological innovation and 

institutional innovation is significantly positive at the 

1% level, manifesting that institutional innovation has 

augmented the influence of technological innovation 

on the rational structure of the manufacturing industry. 

In formula (8), we add the interaction term（scalejt ·

instijt） of market size and institutional innovation to 

formula (4). Estimation is performed using the fixed-

effect model, and results are listed in column (4) of 

Table 8. The regression results show that the market 

size coefficient is positive but not significant, whereas 

the market size and institutional innovation coefficient 

is significantly positive at 1% level, indicating that 

institutional innovation has strengthened the influence 

of market size on MS rationalization.  

This study hypothesizes that institutional 
innovation can boost the effect of technological 
innovation on MS rationalization. There are two main 
aspects: (1) the gradual establishment of the market 
system; and (2) industry policy support. The dominant 
position of market allocation of resources has become 
increasingly prominent in China’s transition from a 
planned economy to a market economy, effectively 
promoting the technology spillover effect caused by 
technological innovation and thereby narrowing the labor 
productivity gap between different manufacturing 
industries. 

Table 8. The influence of technological innovation and market size on MS under the condition of institutional innovation. 

 (1) (3) (2) (4) 

 strh strh strc strc 

 Formula 

(5) 

Formula 

(7) 

Formula 

(6) 

Formula (8) 

lntech 0.011  6.277  

 (0.92)  (0.67)  

lnscale  0.149***  11.262 
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  (3.41)  (0.75) 

urban −0.159*** −0.191***   

 (−2.64) (−3.33)   

open 0.061*** 0.076***   

 (3.19) (4.02)   

lnpgdp −0.006 −0.152***   

 (−0.32) (−3.26)   

ser   175.972** 190.213** 

   (2.03) (2.19) 

lnpop   −284.853 −515.518 

   (−0.67) (−1.16) 

trans 0.033** 0.023* −45.367*** −41.546** 

 (2.45) (1.77) (−2.74) (−2.53) 

fdi 0.912*** 1.191*** 98.265 221.293 

 (5.15) (6.70) (0.46) (1.00) 

insti −0.166 −0.404*** −192.983** −527.927*** 

 (−1.60) (−3.17) (−2.08) (−3.33) 

lntech_insti 0.009  25.183**  

 (0.89)  (2.24)  

lnscale_insti  0.038***  56.516*** 

  (2.79)  (3.31) 

cons 0.299*** −0.869** 488.241 958.506 

 (2.89) (−2.32) (0.56) (1.06) 

Fixed effect Yes Yes Yes Yes 

Adj R-squared 0.949 0.951 0.169 0.164 

N 364 364 364 364 

Note. The numbers in parentheses are T values, and ***, **, and * are significant at the levels of 1%, 
5% and 10%, respectively. 

The application and diffusion of technological 

innovation are inextricably linked to the government’s 

industrial policy support. From a social welfare 

standpoint, the government has issued policies to 

support the backward industrial sectors, which helps to 

rationalize the MS. This study believes that 

institutional innovation can be explained from the 

perspective of transaction costs while strengthening the 

market size to advance and rationalize the MS. The 

expansion of the market size results in a further 
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deepening of the manufacturing industry’s labor 

division, which improves industrial production 

efficiency and strengthens industrial linkages. At the 

same time, it will also lead to an increase in transaction 

costs.  

Institutional innovation will assist in lowering 

market transaction and industry entry costs, thereby 

promoting enterprise professional development and 

advancing and rationalizing the industrial structure. 

Regarding the failure of institutional innovation to 

amplify the impact of technological innovation on MS 

advancement, this study believes that one possible 

reason is the absence of intellectual property protection 

laws and policies. On the one hand, as emerging 

countries develop the property rights institution and 

regulations gradually improve, but institutional 

innovation lags behind, making advanced 

technological innovation insufficiently stimulated. On 

the other hand, in order to maximize the social welfare 

improvement brought by technological innovation and 

to promote the technological spillover effect of new 

technologies on multiple industries, property rights and 

patents enforcement are also more relaxed in 

developing countries. 

CONCLUSIONS 

The manufacturing industry's competitiveness and 

sustainable development are becoming increasingly 

important for a country's economic development in the 

global context of a new round of technological 

revolution and industrial transformation. The key to 

sustainable development, as well as the enhancement 

and possibility of manufacturing competitiveness, is 

the optimization and adjustment of the manufacturing 

structure (MS). This study examines the impact of 

technological innovation and market size on the 

optimization of MS using Chinese provincial data from 

2001 to 2016. The findings reveal that technological 

innovation and market size are both important factors 

influencing MS changes. Technological innovation 

promotes the MS advancement and has a positive 

impact on its rationalization; market size has a similar 

effect on manufacturing. Moreover, both the 

advancement and rationalization of the industry 

structure are beneficial to promotion. This implies that 

market size and technological innovation are important 

drivers of MS optimization. The former encourages the 

division of labor in order to achieve production 

specialization, which then results in industrial changes, 

affecting the MS’s optimization while the latter 

facilitates labor division, which boosts productivity and 

the factors of production are transferred between 

industries.  

Furthermore, we discovered that institutional 

innovation boosted the effect of technological 

innovation on the rationalization but not on MS 

advancement. While, the institutional innovation 

boosted the effect of market size as well. This 

demonstrated the critical role of institutional 

innovation in optimizing MS of developing countries 

like China. In contrast to developed countries, 

developing countries will implement effective 

institutional reforms in response to economic 

development needs. This has also been the case 

throughout this century, and it has played a significant 

role in the rapid development of China’s manufacturing 

industry. In addition, we re-tests the robustness of the 

research hypothesis by changing the measurement 

method of the core explanatory variables and the 

double-tailed regression method of the explained 

variables. The robustness check results confirm the 

validity the study’s conclusions. 

As the world's largest producer and seller of tobacco, 

China should inspire enterprise through innovation and 

expand the market to promote the development of 

manufacturing industry, as well as provide industry 

support for the development of tobacco industry. At the 

same time, China should implement corresponding 

system innovation to boost manufacturing industry's 

overall competitiveness in general and tobacco industry 

in particular. 

This study contributes theoretically to the existing 

literature on the factors that influence MS optimization. 

It also serves as a theoretical reference for the 

developing countries’ manufacturing industry’s 

policies aimed at promoting development, which has 

both theoretical and practical implications. Despite its 

contributions, this study has several limitations. The 

research sample is small due to data availability, with 

only 16 years data for 26 Chinese provinces. Thus, the 

selection of typical cases in developing countries must 

be expanded in the future. More research and 

discussion in related fields, such as sample acquisition 

and changes in the manufacturing industry’s internal 

structure. 
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Appendix A 

Control variables 

The level of urbanization 

The process of global urbanization has facilitated the 

division and reorganization of global industries, 

resulting in the acceleration of industrialization, and 

particularly coordinated agglomeration of modern 

emerging industries. A specialized labor division and 

agglomeration economy have increased the level of 

production technology complexity and innovation 

capabilities, thereby forming a strong driving force for 

industrial upgrading.44 Simultaneously, urbanization 

promotes the rapid development and coordinated 

agglomeration of modern service industries, as well as 

industrial upgrading and also provide a broad space for 

industrial development. At the same time, urbanization 

requires continuous industrial support and promotion 

of organic integration, industrial structure adjustment, 

strategic emerging industry development and service 

industry upgrades. Therefore, we select the proportion 

of the urban population in the total population of the 

region to measure the amount of change in accordance 

with the practice of most literatures. 

Transportation infrastructure 

The status of industrial structure upgrading is 

dependents on whether a country’s infrastructure has 

been improved. Infrastructure plays a critical role in the 

modernization of a country's industrial structure. A 

province benefits from convenient transportation, 

attracts significant external investment, and allows for 

the easy formation of industrial clusters, all of which 

contribute to the upgrading of the local industrial 

structure. The quality of a region’s infrastructure can 

significantly reduce transportation costs, allowing 

industries with increasing returns to scale to grow more 

rapidly in the region. 

Foreign direct investment 

Foreign direct investment (FDI) improves the host 

country's investment structure by improving assets and 

resource 

governance. Simultaneously, technology spillovers and 

transfers are used to raise the technological level of the 

host country’s manufacturing industry. Moreover, FDI 

contributes to increased labor remuneration, narrowing 

the income distribution gap and increasing per capita 

income, thereby altering the consumption structure to 

some extent.Here, we choose the actual use of foreign 

investment as a percentage of regional GDP to measure 

this variable. 

Degree of opening to the outside world 

The degree of openness to the outside world affects 

the MS in two ways. One is to promote the 

transformation and upgrading of domestic 

manufacturing production processes, as well as the 

development of emerging industries, through the 

import of advanced foreign production equipment and 

technologies; moreover, the MS advancement is 

promoted. The other is to expand export demand in 

order to better allocate production factor resources 

within the manufacturing industry, thereby achieving 

the MS upgradation. Therefore, we select the 

proportion of total import and export in regional GDP 

to measure this variable in accordance with the practice 

of most literatures. 

The level of economic development 

Along with technological progress, Chenery believes 

that economic development stage has a significant 

effect on manufacturing structure, and Kuznets uses per 

capita GDP to measure the level of economic 

development when comparing economic growth 

between countries. We chose per capita GDP to 

measure the level of economic development in 

accordance with the practice of most literatures. 

The development of the tertiary industry 

With the improvement of the manufacturing 

industry’s service level, the tertiary industry, 

particularly the producer service industry, plays an 

important role in promoting the development of the 

manufacturing industry. To this end, this study uses the 

proportion of the tertiary industry in the regional GDP 

to gauge the development of the tertiary industry. 

Population size  

The optimization of the MS is a process of 

continuous replacement and development of factor-

intensive industries. Countries and regions with 

abundant supply of labor resources prioritize the 

development of labor-intensive industries. This type of 

human resource endowment advantage, to some extent, 
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promote the development of manufacturing scale. 

However, being locked in the low value-added 

industrial chain is easy, making the realization of the 

synchronized and coupled development of the industry 

difficult. Here, we choose the region’s total population 

to measure the size of the regional population. 
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