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Abstract

An enterprise’s ownership structure is crucial for factor allocation efficiency. We used Chi-

nese firm-level data to investigate whether changes in state-owned enterprise ownership

structure contribute to resource misallocation, leading to high-quality economic develop-

ment. We found a U-shaped relationship between non-state shareholding and state-owned

enterprises’ resource allocation efficiency. An optimal range exists for non-state sharehold-

ing. When the shareholding of non-state shareholders reaches 10%–20%, the efficiency of

resource allocation is at its highest. Additional research has revealed that mixed sharehold-

ing has varying impacts on resource allocation, displaying substantial heterogeneity. These

insights offer valuable guidance for future mixed-ownership reforms and serve as a practical

reference for economic reforms in other nations, particularly developing countries.

Introduction

Some countries are wealthy, whereas others are relatively poor [1]. The reasons for this dispar-

ity are many, of which a critical one is the large difference in countries’ total factor productivity

(TFP) [2]. Researchers have identified various factors that lead to these differences, and their

misallocation has hindered the development of productive forces, particularly in developing

countries. Since market reforms began in 1979, China has undergone tremendous economic

transformation [3]. The China Report on the Work of the Government 2023 reports that the

gross domestic product (GDP) increased to 121 trillion yuan in 2022, with an average annual

growth rate of 5.2% in five years. According to the World Bank, China has become the second-

largest economy in the world since 2010 [4]. As Linnenluecke et al. (2020) [5]note, topics

related to China have received considerable attention in the practical field and in the academic

community. After years of economic reform and development, China has developed a unique

market system. Research based on the Chinese system can provide perspectives on market

development issues and solutions from a different angle than the relevant experiences of other

countries—especially developed, Western ones [6]. An important reason for TFP loss is the

misallocation of factor markets, which affects economic development. Tu and Xiao (2005) [7]

found that enterprises’ resource allocation efficiency has little effect on TFP growth; however,

many researchers believe that it is the main contributing factor [8–10]. Regions with developed
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market economies have higher resource allocation efficiency [11]. According to the aggregate

production function (Y = AF(K,L)), the capital market (K) and labor market (L) are directly

related to GDP and bring about economic growth; therefore, attention should be paid to misal-

location in these two markets [12]. Total factor productivity is positively correlated with labor

quality and human capital investment, as well as with high-quality products and market

demand. The impact of income gap on the inverted U-shaped total factor productivity and its

mechanisms: Evidence from transnational-level analysis [13]. Systems such as household regis-

tration and rural land property rights lead to the segmentation of the labor factor market,

which leads to a serious mismatch between urban and rural labor [14, 15]. At the same time,

capital misallocation among industries has occurred due to financial market constraints and

monopoly [16, 17]. The resource allocation between heterogeneous enterprises is a key deter-

minant of significant productivity differences among countries [18]. The process of China’s

economic growth and development is essentially uneven [19–21], and resource allocation effi-

ciency in the Chinese economy could be improved [22]. An effective way to achieve high-qual-

ity economic development in China is to improve the efficiency of factor resource allocation.

The mixed-ownership reform of state-owned enterprises (SOEs) is a special SOE reform

method proposed to adapt to China’s gradual economic system reform and a micro-imple-

mentation form of the latter [23]. Whether the mixed-ownership reform of SOEs can improve

resource allocation efficiency has become a topic of concern in the academic community.

Research has found that the proportion of non-state-owned capital has a positive promoting

effect on enterprise performance, driving the development of downstream private economy,

achieving “national progress”, and becoming a way of industrial layout [24, 25]. Moreover,

government intervention tends to deviate SOEs from their efficiency goals, and mixed-owner-

ship reforms can reduce efficiency losses caused by biased policies and promote TFP [26, 27].

However, few studies have examined the impact of ownership on resource misallocation at the

enterprise level. The existing literature has generally argued that the resource allocation effi-

ciency of mixed-ownership reform in SOEs is mainly improved to reduce the impact of biased

policies and increase the level of profitability and other economic performance. Few studies

have directly examined the relationship between the equity depth of mixed-ownership reform

and SOEs’ misallocation of resources. This study directly measures resource misallocation at

the firm level based on the HK model by considering SOEs in the A-share market of Shanghai

and Shenzhen listed companies in 2008–2018 and drawing on Zhang and Deng’s (2020) [28]

improved methods. It examines the sum of the shareholding ratios of private and foreign capi-

tal among the top 10 shareholders as a proxy index for the depth of SOEs’ mixed-ownership

reform. Further, it examines the impact of mixed-ownership reform on SOEs’ misallocation of

resources and tests the effectiveness of mixed-ownership reform from an empirical perspec-

tive. The contributions of this study are as follows. First, the existing literature has focused on

the macro level and used indirect substitution perspectives to study the degree of resource mis-

allocation between enterprises, such as the degree of TFP dispersion [11, 29, 30], TFP decom-

position to obtain the industry’s resource allocation efficiency [31], and the HK model using

TFPR variance [32]. In contrast, this study directly uses resource misallocation as the entry

point; it explores the impact of SOEs’ resource misallocation from the perspective of mixed-

ownership reform, enriching the related literature. Second, it explores how non-state-owned

shareholders, which reflect market power, play a role in resource misallocation, and it is a use-

ful supplement to the literature on the factors affecting corporate resource misallocation.

Third, it discovers a U-shaped relationship between the depth of mixed ownership and degree

of resource misallocation in SOEs, thus expanding the research field of mixed-ownership

reform. It explores the economic consequences of mixed-ownership reform, advancing the

empirical study of non-state shareholders’ shareholding and resource misallocation.

PLOS ONE Mixed-ownership reform and factor misallocation: Evidence from China

PLOS ONE | https://doi.org/10.1371/journal.pone.0301034 April 16, 2024 2 / 23

https://doi.org/10.1371/journal.pone.0301034


Additionally, this study serves as an important decision-making reference for further deepen-

ing the reform of SOEs. Studying the laws of the socialist market economy not only deepens

our understanding but also fosters the development and innovation of state-owned enter-

prises. It optimizes resource allocation, enhances economic and social benefits, and facilitates

the adjustment and transformation of China’s economic structure. Other developing countries

can learn from the problems and solutions in the Chinese market and develop their own mar-

kets accordingly.

Literature review

Resource allocation efficiency and misallocation

Under the assumption of an efficient market, factors can flow freely to achieve Pareto optimal-

ity. In reality, due to factors such as unsound market mechanisms, the Pareto optimal state

cannot be achieved: this is called resource misallocation or low resource allocation efficiency,

and it manifests in the misallocation of resources within and among enterprises. In Portugal,

the misallocation within the industry nearly doubled between 1996 and 2011. Deteriorating

allocative efficiency can reduce annual GDP growth by approximately 1.3 percentage points.

This may have led to poor economic performance in some southern and peripheral European

countries and to a crisis in the eurozone [33]. Oberfield (2013) [34] found that the decrease in

capital utilization rate accounts for approximately 25–50% of TFP decline using establishment

data from the Chilean manufacturing census.

Property rights structure and resource allocation efficiency

The average marginal return on capital product differs significantly among firms with different

types of ownership; this is typical of China’s economic development [35–37]. Market distor-

tions restrict the free flow of factors of production, resulting in a serious misallocation of capi-

tal and labor, which ultimately reduces the output level of China’s manufacturing industry

[38]. SOEs are the key to improving the efficiency of resource allocation in China [39]. A

mixed-ownership economy can promote the efficiency of SOEs’ resource allocation [40]. With

the advancement of reform, the entry of non-state-owned capital into SOEs has brought about

changes in the structure of property rights and in operating and management methods [41].

As the proportion of non-state-owned economy increases, non-state-owned shareholders pay

more attention to improving the profitability and operating efficiency of SOEs than state-

owned shareholders; thus, the efficiency of social labor and capital production is improved

[42, 43].

Effects of mixed-ownership reform in state-owned enterprises

Mixed-ownership reform is a special way of reforming SOEs proposed to adapt to China’s pro-

gressive economic system reform and a micro-realization form of the latter. Mixed-ownership

enterprises are superior and should be vigorously developed as new growth points for eco-

nomic development [44]. Government intervention can cause SOEs to deviate from their effi-

ciency goals, and firms with reformed property ownership are more efficient [27]. It is only

when the non-state economy enters SOEs, which assume the role of “shareholders”, that pri-

vate property rights form an effective incentive mechanism of interest and operator selection.

The problem of SOEs’ inefficiency can only be solved fundamentally [45]. China’s economic

growth is partly explained when resources are shifted from inefficient state-owned sectors to

efficient, non-state-owned sectors [8]. With the reform development and opening up, mixed-
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ownership reform has become an important means to SOE reform, while private enterprises

develop and grow.

Shareholding of non-state-owned shares and performance of mixed-

ownership reform

Owing to SOEs’ special nature and status, it is necessary to comprehensively consider the

effects of mixed-ownership reform on corporate performance and social responsibility. The

entry of non-state-owned capital affects policy decisions and behaviors to a certain extent. In

theory, if private and state-owned shares’ shareholding ratio can reach the optimal mixing

ratio, welfare may be maximized [46]. An inverted U relationship exists between ownership

concentration, ownership balance of SOEs, and corporate performance and between the pro-

portion of non-state-owned shareholders and performance of SOEs [47]. Biased policies lead

to distortions in the input of production factors in SOEs; however, mixed-ownership reform

can reduce the efficiency loss of SOEs, and some additional factors will affect the optimal

shareholding ratio of mixed-ownership reform [48]. Affected by the negative externalities of

production, the cost of SOEs, product differentiation, and the number of private enterprises in

the industry will reduce the optimal equity ratio of mixed-ownership reform. A literature

review revealed several documents on the impact of mixed-ownership reform on SOEs, and

studies that have examined the role of mixed-ownership reform from the perspective of pro-

duction efficiency (business performance) and technical efficiency. The literature on the

impact of mixied-ownership reform from the factors of production’s input efficiency is still

scarce and mostly concentrated at the industry level [47, 49]. Even fewer studies have quanti-

fied SOEs’ resource allocation efficiency from the perspective of micro-enterprises and studied

the impact of blending. Therefore, the existing literature has mainly addressed the impact of

blending reform on resource mismatch in SOEs. This study begins with the degree of resource

mismatch and establishes a research framework to examine the effect of blending on resource

allocation efficiency.

Theoretical analysis and hypothesis

Modern property rights theory posits that the property rights system is key to promoting eco-

nomic development, and social resources allocation and economic efficiency vary under differ-

ent property rights systems. Governments should promote economic growth and social

welfare by reforming and improving the existing property rights system. A critical aspect of

the mixed-ownership reform of SOEs is property rights reform, which involves the introduc-

tion of non-state-owned equity into SOEs. Improving the efficiency of factor resource alloca-

tion is an effective way to improve China’s TFP and achieve high-quality economic

development. Does the change in ownership structure brought about by the mixed-ownership

reform impact SOEs’ resource allocation efficiency, and what is the logic behind it? This study

proposes a research framework for mixed-ownership reform: ownership structure—goal and

behavior—resource mismatch (Fig 1).

Research design

Model setting

To test H1 and verify the U-shaped relationship between the depth of mixed shareholding

reform and the degree of resource mismatch among SOEs, we establish the following
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measurement models:

MAit ¼ b0 þ b1 � nonshrit þ b2 � nonshr2
it þ b3 � Zit þ

P
iþ
P

t þ εit ð1Þ

In model (1), the explained variable MAit is the enterprise’s degree of resource mismatch in

the first year, calculated by referring to Zhang and Deng (2020) [28]. MAit denotes the degree

of deviation between the actual output scale and the optimal output scale due to the distortion

of factor allocation. The larger the deviation, the more serious the distortion, the lower the effi-

ciency of resource allocation, and the higher the degree of mismatch. The core explanatory

variables include nonshrit and nonshr2
it, which represent the equity depth of enterprise i in year

t and the square term of equity depth. Equity penetration refers to the proportion of non-state-

owned shares held, which is measured by the sum of the proportion of private and foreign

shares held by the top 10 shareholders. Zit is the model’s control variable. Definition of the var-

iables and description of the indicators can be found in Table 1.

Data source

With market-oriented reforms in China, the reform of non-tradable shares was officially

launched in 2005 and completed by the end of 2007 for listed companies. Before then, it had

been more difficult for non-state capital firms to enter state-owned listed companies [50].

Thus, the reform of non-tradable shares has had an important impact on SOEs’ equity struc-

ture. Therefore, our main analysis focuses on A-share listed SOEs in Shanghai and Shenzhen

from 2008 to 2018. To facilitate the observation of the mixed-ownership reform’s effect, data

from at least 2 years after the implementation of the mixed-ownership reform were retained,

and companies listed in 2016 and before were selected. According to the actual control stan-

dard, enterprises were classified into SOEs, private enterprises, foreign-funded enterprises,

and other enterprises. To maintain the robustness and reliability of the empirical results, this

study selected samples that have been SOEs from 2008 or whose year of listing is 2018 and

made the following screening treatments: (1) excluding the samples of financial enterprises;

(2) excluding the samples with missing or abnormal data; and (3) excluding the samples of ST

listed companies during the period. At the same time, extreme values were also treated as fol-

lows: (1) excluding 1% of observations before and after the key variables to eliminate the influ-

ence of extreme values; and (2) excluding 1% of observations before and after the first

Fig 1. Logical framework diagram.

https://doi.org/10.1371/journal.pone.0301034.g001
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calculation of capital factor input distortion and labor factor input distortion, and then per-

forming subsequent calculations. Finally, 6759 annual observation samples from 732 compa-

nies were obtained.

Definition of variables

Dependent variable: Level of resource misallocation. As one of the driving forces of economic

growth, resource allocation efficiency refers to how to promote the flow of resources from

areas with low marginal productivity to areas with high marginal productivity, based on estab-

lished resources and technology, to more effectively and reasonably utilize resources and maxi-

mize total social value. A single-factor input, as reflected at the micro-enterprise level, refers to

the connection between a factor input’s marginal return and marginal cost. When the factors

are assigned optimally, marginal revenue equals marginal cost. When marginal income

exceeds marginal cost, the factor input is distorted to be positive and insufficient; when mar-

ginal income is less than marginal cost, the factor input is distorted to be negative, resulting in

excessive factor input. Drawing on the framework for measuring the degree of resource misal-

location at the firm level proposed by Zhang and Deng (2020) [28], we innovatively measure

the distortion of factor inputs and the degree of resource misallocation of listed SOEs. The

greater the degree of resource mismatch, the lower the efficiency of resource allocation. The

specific calculation formula and model are as follows. Assuming that each differentiated prod-

uct is produced by two production factors, capital and labor, invested by a monopolistic enter-

prise, the production function is in the C-D form:

Ysi ¼ AsiK
as
si L

bs
si ð2Þ

Table 1. Definition of the variables and description of the indicators.

Type of variable Variable

Symbol

Variable Name Formula for variables

Explained

variables

MA Level of resource misallocation Overall level of resource misallocation, as measured by the authors [8, 28]

Explanatory

variables

nonshr Shareholding of non-state shareholders Sum of private and foreign shareholdings among the top 10 shareholders

nonshr2 Squared term of shareholding of non-state

shareholders

Squared term of shareholding of non-state shareholders

Mechanism

variables

τK Capital input distortion Degree of distortion of capital factor inputs, as measured by the authors [8, 28]

τL Labor input distortion Degree of distortion of labor factor inputs, as measured by the authors [8, 28]

Re Cost of Capital Required rate of return on capital, calculated according to the capital asset

pricing model (CAPM)

Control variables age Firm age Logarithm after subtracting the year of listing plus 1 from the observation year

apc Assets per capita Logarithm of fixed assets per capita at the end of the year

lev Capital structure Total liabilities / total assets

growth Revenue growth rate (Yearend revenue—previous year’s yearend revenue)/ previous year’s yearend

revenue

gshr Shareholding of financial shareholders Shareholding of financial shareholders among the top 10 shareholders

excushr Shareholding of executive shareholders Number of shares held by executives divided by the total number of common

shares multiplied by 1000

hhi Ownership concentration Herfindahl index of top 10 shareholders’ shareholdings

gdp_per City-level controls for city GDP per capita Logarithm of the per capita GDP level of the city where the enterprise is located

pop City population Logarithm of the population of the city where the enterprise is located in the

current year

https://doi.org/10.1371/journal.pone.0301034.t001
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Among them, Asi is the TFP level of enterprise. αs represents the capital elasticity of industry

s. βs represents the labor elasticity of industry s, and as þ bs ¼ 1:tKsi
and tLsi represent capital

distortion and labor distortion, respectively. The profit function of monopolistic competitors

is expressed as Eq 3:

psi ¼ PsiYsi � ð1þ tLsiÞoLsi � ð1þ tKsi
ÞRKsi ð3Þ

where P denotes the product price. R is the capital price of the enterprise, and ω is the labor

price for the enterprise. According to the first-order condition for maximizing profit, we

obtain Eq 4:

Ksi

Lsi
¼
ð1þ tLsiÞoas

ð1þ tKsi
ÞRbs

ð4Þ

According to marginal revenue equal to marginal cost,

MRPKsi � as
s � 1

s

PsiYsi

Ksi
¼ ð1þ tKsi

ÞR ð5Þ

MRPLsi � bs
s � 1

s

PsiYsi

Lsi
¼ ð1þ tLsiÞo ð6Þ

Therefore, it is possible to determine the distortion of capital and labor input factors faced

by enterprises:

tKsi
¼ as

s � 1

s

PsiYsi

RKsi
� 1 ð7Þ

tLsi ¼ bs
s � 1

s

PsiYsi

oLsi
� 1 ð8Þ

Among them, σ representing the elasticity of substitution between products. The substitu-

tion elasticity in competitive manufacturing (σ) is generally 3–10 [51, 52]. This study draws

inspiration from Zhang and Deng (2020) [28] and conservatively estimates that σ is 3. The

enterprise’s actual output scale and optimal output scale when distortion is considered are

shown in Eqs 9 and 10, respectively.

YKsi
¼ Ysi � ð1þ tKsi

Þ
sas ð9Þ

YLsi
¼ Ysi � ð1þ tLsiÞ

sbs ð10Þ

YEsi
¼ YLsi

� ð1þ tKsi
Þ
sas � ð1þ tLsiÞ

sbs ð11Þ

The formula for resource misallocation at the enterprise level (MAsi) is

MAsi ¼
YEsi

Ysi
� 1 ¼ ð1þ tKsi

Þ
sa
ð1þ tLsiÞ

sb
� 1 ð12Þ

MAsi represents the degree to which a company’s actual output scale deviates from the opti-

mal output scale due to distorted factor allocation. When the degree of deviation is greater, the

distortion faced by the enterprise is more severe; the efficiency of the enterprise’s factor

resource allocation is lower, and the degree of resource mismatch is higher. The measurement
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process requires the enterprise’s industrial value added in the current year. In 2008, the

National Bureau of Statistics (NBS) reformed the measurement method for industrial value

added; however, obtaining industrial value-added data directly at the enterprise level has not

been possible. The methods for calculating industrial value added are two: the production

method, which is the total industrial output—industrial intermediate inputs + value-added tax

payable; and the income method, which is calculated from the perspective of income, based on

the share of income due to production factors in the production process, with specific compo-

nent items such as depreciation of fixed assets, labor compensation, net production tax, and

operating surplus. In this study, the income method is used to manually compile and calculate

the sample enterprises’ industrial value added and perform subsequent index calculations and

empirical analysis.

Industrial added value = depreciation of fixed assets + employee compensation + net pro-

duction tax + operating surplus. Existing literature and statistical methods have shown a con-

sensus regarding the depreciation of fixed assets and employee compensation. Depreciation of

fixed assets refers to the depreciation amount of the enterprise’s fixed assets for the current

year. Employee compensation refers to the cash paid to and for employees in the current year.

The net production tax and operating surplus are calculated using the statistical methods pub-

lished by the local statistical bureau and obtained from the WIND database. Net production

tax = taxes payable—government subsidies. Operating surplus = operating profit + union

expenses * 0.4 + management fees paid in management expenses—interest income * 0.06

+ interest expenses * 0.06—fair value change benefits—investment income—asset disposal

income.

Furthermore, the degrees of enterprises’ capital input distortion, labor input distortion, and

resource misallocation are compared with those measured by Zhang and Deng (2020) [28]

using a database of Chinese industrial enterprises in 1997–2007 (Table 2, with the results of

Zhang and Deng (2020) [28] in parentheses). By comparison, the degrees of factor distortion

and resource misallocation measured in this study are in the same direction, and the overall

degree of distortion or misallocation is smaller. To a certain extent, this corroborates the accu-

racy of the previous manual calculation of the industrial value added. The calculation of defla-

tion is illustrated by setting 2008 as the base period and using the fixed asset investment price

index for each year to deflate net fixed assets, the industrial ex-factory price index to deflate

industrial value added, and the consumer price index to deflate total wages, with data obtained

from the official website of the National Bureau of Statistics (http://www.stats.gov.cn).

Independent variable: Shareholding of non-state shareholders. Referring to Hao and Gong

(2017) [53] on the division of the nature of shareholding, the company’s top 10 shareholders

were classified into four categories: “state-owned shareholders”, “private shareholders”, “for-

eign shareholders”, and “financial shareholders”. We used documents of the top 10 sharehold-

ers of the Guotai An database (CSMAR) to obtain information on the top 10 shareholders of

the sample enterprises from 2008 to 2018. When the shareholders are marked as H-shares—

shareholders of overseas legal persons—the actual controller may be state-owned. When the

Table 2. Definition of the variables and description of the indicators.

Variable name Number of samples mean value Standard deviation

Capital input distortion 6759(1099000) 1.943(3.426) 3.906(4.061)

Labor input distortion 6759(1099000) -0.060(-0.181) 0.614(0.816)

Level of resource misallocation 6759(1099000) 7.663(13.91) 25.244(35.11)

Data from authors’ calculations [28]

https://doi.org/10.1371/journal.pone.0301034.t002
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shareholder is a domestic legal person, the actual controller may be state-owned, private, or

foreign-owned. Therefore, in accordance with the principle of actual controller and control-

ling shareholding, the nature of legal person shareholders among the top 10 shareholders was

manually verified one by one through the enterprise’s annual report and the websites of Tia-

nyancha and Enterprise Inspection. For enterprises whose nature is unclear, the authenticity

and availability of data are guaranteed by means of the enterprise’s official website, govern-

ment news information, the official website of the local State-owned Assets Supervision and

Administration Commission, and the directory of local SOEs. Due to the significant difference

between the nature of financial shareholders and other shareholders, referring to the practice

of Hao and Gong (2017) [53], “financial shareholders” were separated from “state-owned

shareholders” and “private shareholders”, and the top 10 shareholders in the sample of SOEs

screened by listed companies in 2008–2018 totaled 81766 (including duplicate shareholders in

different years). Table 3 presents the shareholders’ specific groupings.

Mixed-ownership reform is measured by the presence of private or foreign shareholders

among a company’s top 10 shareholders. Specifically, the shareholdings of non-state share-

holders (nonshrit) and shareholding balance (morit) are used to represent the degree of equity

mix reform; equity depth is used as benchmark regression, and equity balance is used as

robustness test. The shareholding of non-state shareholders (nonshrit) is the sum of private

and foreign shareholdings among the top 10 shareholders, and the greater the equity depth,

the deeper the hybridization. Shareholding balance (morit) is the difference between the sum

of private and foreign shareholdings among the top 10 shareholders minus the proportion of

state-owned shares; the greater the degree of shareholding balance, the greater the degree of

mixed-ownership reform [47].

Control variable. The following variables are used as control variables, together with firm

and year taken as control variables: firm age (age), assets per capita (apc), capital structure

(lev), sales revenue growth rate (growth), shareholding of financial shareholders (gshr), share-

holding of executive shareholders (excushr), and ownership concentration (hhi) at the firm

level. City-level controls for city GDP per capita (gdp_per) and population (pop). Individual

fixed effects (∑i) and year fixed effects (∑t) are also included to reflect the effect of individual

and time-unobservable characteristics on the degree of resource misallocation. The random

disturbance term (σit) contains factors that are not controlled for in the model but impact the

degree of resource mismatch. Table 1 lists the specific variable names, meanings, and calcula-

tion methods.

Descriptive statistics of variables

The study period is 2008–2018, which provides a good data-analysis basis for SOEs’ mixed-

ownership reform structure in listed companies. The overall number and proportion of

Table 3. Overview of shareholder groups in state-owned enterprises.

Nature of

shareholders

Definition Average

shareholding

Subtotal

State-owned

shareholders

All levels of government departments (such as the Ministry of Finance and the State-owned Assets Supervision

and Administration Commission), state-owned enterprises, and the four major asset management companies

and their wholly owned subsidiaries, excluding financial shareholders

14.548% 25801

Private shareholders Non-state corporate entities and domestic natural persons Excluding financial shareholders 1.595% 25000

Financial

shareholders

National social security fund, securities investment fund, insurance investment account, trust account, bank

fund account, etc.

1.197% 27916

Foreign shareholders H shares, foreign corporate entities, and foreign natural persons 7.225% 3049

https://doi.org/10.1371/journal.pone.0301034.t003
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enterprises in the SOE sample that underwent mixed-ownership reform show an upward

trend. Among these, 79% of the SOEs in the sample implemented mixed-ownership reform in

2008. Overall, the average depth of mixed-ownership reform among SOEs shows an annual

upward trend not exceeding 8%. With the promotion of such reform, equity depth gradually

increases, and the degree of resource mismatch of SOEs shows a decreasing trend followed by

an increasing trend (Table 4). When the depth of the mixed-ownership reform is between 10%

and 20%, the degree of resource mismatch reaches its lowest value, and the resource allocation

efficiency of SOEs is the highest. The sample size of equity depth below 10% reaches 5289,

accounting for 78.25% of the total sample of SOEs. This indicates that, from the perspective of

optimizing resource allocation efficiency, most SOEs have room to further deepen mixed-

ownership reform. Ma et al. (2015) [47] highlight an inverted U relationship between the

depth of SOEs’ mixed-ownership reform and firm performance. When resource allocation

efficiency is high, business performance is good; therefore, some rationality exists between the

two.

Table 5 presents the descriptive statistical analysis of the main variables. The mean value of

equity depth is 6.7%, which is lower than the 10% of Cai et al. (2018) [50]; this may be because

the non-state shareholder holdings in this study are the top 10 shareholders and do not include

Table 4. Comparison of resource misallocation of companies with different shareholdings of non-state shareholders.

Shareholding of non-state shareholders Capital input distortion Labor input distortion Level of resource misallocation Number of samples

Less than 10% 1.98278 -0.0856466 7.697366 5289

10%–20% 1.64104 -0.0616972 3.980407 743

20%–30% 1.90773 0.1374892 10.04432 390

30%–40% 1.574067 0.1256903 12.04493 249

40%–50% 3.096299 0.1387299 13.67933 49

Greater than 50% 3.643394 0.0285849 13.73347 39

Total 1.943481 -0.0600674 7.66255 6759

Data from empirical results.

https://doi.org/10.1371/journal.pone.0301034.t004

Table 5. Descriptive statistics of main variables.

Main variables N Mean Sd Min Max

τK 6759 1.943 3.906 -0.974 35.692

τL 6759 -0.06 0.614 -0.975 3.142

MA 6759 7.663 25.244 0.001 305.983

nonshr 6759 0.067 0.1 0 0.738

nonshr2 6759 0.014 0.039 0 0.544

age 6759 2.413 0.678 0 3.367

apc 6759 14.477 0.997 11.788 19.712

lev 6759 0.49 0.191 0.01 0.964

growth 6759 0.181 0.978 -0.862 56.174

gshr 6759 0.041 0.047 0 0.503

excushr 6759 0.003 0.015 0 0.328

hhi 6759 0.2 0.13 0.003 0.76

gdp_per 1809 10.771 1.018 1.656 13.321

pop 1809 5.702 1.022 2.066 8.133

mkt 341 6.091 2.052 -0.23 10

https://doi.org/10.1371/journal.pone.0301034.t005
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financial shareholder holdings. From the perspective of enterprises’ factor input distortion, the

mean value of capital distortion is 1.943, and that of labor distortion is -0.06. The mean value

of capital input distortion is greater than 0, which means that the marginal return of the enter-

prise’s capital input is much higher than the marginal cost of capital, and the quantity of capital

input is seriously insufficient. The mean value of labor input distortion is less than 0, which

means that the marginal return of the enterprise’s labor input is lower than the marginal cost

of labor, and the labor factor input is excessive.

The power of state-owned capital does not lie in the current capital stock but in how much

capital it can control [54]. The maximum value of equity depth is 73.8%, which indicates that

in the process of SOEs’ mixed-ownership reform, state-owned capital, as the actual controller,

reflects that the control of state-owned capital has become stronger, although private and for-

eign shareholdings, among the top 10 shareholders, show absolute dominance. The proportion

of enterprises that have undergone mixed-ownership reform in the sample time period of

listed companies in the SOE reform process reaches more than 80%. Existing studies on the

efficiency of SOEs’ mixed-ownership reform have focused on economic performance (return

on assets and net market ratio). Conversely, this study starts with the concept of resource mis-

match, focuses on micro subjects, and manually measures the degree of resource mismatch

among SOEs. The relationship between actual and optimal output size is compared when the

inputs are given. This is more directly indicative of the extent to which firms exploit the poten-

tial productivity of resources than of economic performance.

Empirical results

Basic regression analysis

To test the hypotheses, Model (1) is regressed using the data of SOEs listed in Shanghai and

Shenzhen in 2008–2018. The results are shown in Column (1) of Table 6, where the coefficient

of the non-state shareholding ratio’s quadratic term is significantly positive and that of the pri-

mary term is significantly negative; this indicates a U-shaped relationship between the non-

state shareholding ratio and SOEs’ resource allocation efficiency.

The critical value is calculated to be near 17.95% and passes the U-shaped relationship test

at the 5% level. The extreme value point 17.95% is within the data range, and the slope in the

result is first negative and then positive in the interval. Combined with the coefficients in the

benchmark regression model, this study suggests a U-shaped relationship between the degree

of equity depth and that of resource misallocation among SOEs. That is, when equity depth

increases from 0 to 17.95%, SOEs’ resource mismatch is alleviated with the increase of non-

state shares’ shareholding. When equity depth is 17.95%, SOEs’ resource mismatch is mitigated

to the greatest extent. When equity depth exceeds 17.95%, the increase of non-state sharehold-

ing leads to the deterioration of resource mismatch in SOEs. In other words, the optimal range

of equity depth is 10%–20%, which is consistent with the data above. The regressions show

that, overall, a U-shaped relationship exists between equity depth in mixed-ownership reform

and the degree of resource mismatch in SOEs. Non-state shareholders’ shareholding (i.e., the

proportion of non-state shares introduced) is not necessarily better, and complete nationaliza-

tion does not necessarily result in the highest efficiency of SOEs’ resource allocation. The best

approach is to reduce state-owned shares and introduce non-state-owned shareholders, form-

ing a balanced structure between state-owned and non-state-owned shareholders, which is

conducive to improving enterprises’ resource allocation efficiency. With an increase in non-

state shareholding, the degree of SOEs’ resource misallocation is mitigated; however, when

non-state shareholding reaches a critical value, the degree of SOEs’ resource misallocation

worsens due to the increase in non-state shareholding.
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Mechanism analysis

As capital input distortion and labor input distortion are used as factors to calculate the degree

of resource misallocation, the explanatory variables are replaced with capital input distortion

and labor input distortion, respectively, and regression is applied to Model (1). The results, as

shown in Columns (2) and (3) of Table 6, show a significant U-shaped relationship between

shareholding by non-state shareholders and capital input distortion, which passes the subse-

quent U test. SOEs’ capital input distortion reaches the minimum when non-state sharehold-

ers’ shareholding is 18%; that is, the optimal interval of non-state shareholders’ shareholding is

10%–20%. The inverse U-shaped relationship between non-state shareholders’ shareholding

and labor input distortion is not significant.

This study argues that the formation of the U-shaped relationship also stems from the com-

bined effect of reduction in the cost of financing (the cost of capital input) and the loss of labor

input. First, the capital asset pricing model (CAPM) is used to calculate the cost of capital (Re)

Table 6. Basic regression results and formation mechanisms.

Variables (1) (2) (3) (4) (5)

MA τK τL Re τL
nonshr -14.51* -3.214*** 0.269 -0.0115*** 0.243**

-8.421 -1.208 -0.199 -0.00393 -0.102

nonshr2 43.40** 8.890*** -0.0681

-19.29 -2.703 -0.445

age -3.965*** -1.333*** -0.101*** -0.00206** -0.101***
-0.803 -0.14 -0.023 -0.000886 -0.023

apc 4.580*** 0.130* 0.153*** -7.41E-05 0.153***
-0.464 -0.0725 -0.0119 -0.00046 -0.0119

lev 0.0847 -0.0963 -0.595*** -0.00196 -0.595***
-2.257 -0.343 -0.0565 -0.00217 -0.0565

growth 0.785*** 0.118*** 0.0592*** 0.000406** 0.0593***
-0.214 -0.0289 -0.00477 -0.000184 -0.00477

gshr 14.49** 2.029** 0.843*** -0.0344*** 0.841***
-5.729 -0.791 -0.13 -0.00499 -0.13

excushr 88.06*** 13.73*** -0.601 -0.0731** -0.609

-29.03 -4.749 -0.783 -0.0301 -0.782

hhi -1.091 1.715** 0.301*** -0.00269 0.299***
-4.098 -0.671 -0.111 -0.00422 -0.11

gdp_per 0.0522 -0.400*** -0.0414* 0.000861 -0.0414*
-0.702 -0.137 -0.0227 -0.000872 -0.0227

pop 0.761 1.303*** 0.0244 -0.00351* 0.0243

-0.857 -0.324 -0.0534 -0.00206 -0.0534

Year Controlled Controlled Controlled Controlled Controlled

Firm Controlled Controlled Controlled Controlled Controlled

_cons -58.164*** -2.428 -1.594*** 0.141*** -1.592***
-10.035 -2.255 -0.372 -0.0143 -0.371

Adj − R2 0.034 0.071 0.101 0.462 0.101

N 6759 6759 6759 6758 6758

T-values are in parentheses;

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

https://doi.org/10.1371/journal.pone.0301034.t006
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for the sample SOEs from 2008 to 2018 using data from annual reports of listed companies

(WIND). The cost of capital, as the intrinsic rate of return on capital required by external

investors, is used to measure the ease of financing; a higher value indicates that raising capital

is more difficult. The CAPM model is used in the calculation process. Based on the principle

of risk compensation, the cost of capital is equal to the risk-free reward plus the risk premium.

Re ¼ Rf þ bðRm � Rf Þ ð13Þ

Among them, the risk-free payoff rate Rf selected from the compound interest rate of trea-

sury bonds issued annually for more than 5 years; the market risk premium (Rm-Rf) is substi-

tuted using Damodaran’s estimation data on the risk premium of the Chinese stock market,

and β is the market risk coefficient, which is sourced from the RESET database. The mean cost

of capital is 12.49%; the median is 12.38%; the minimum is 2.25%, and the maximum is

33.14%.

A comparative analysis of the impact of non-state shareholders’ shareholding of on capital

cost and labor input distortion shows that as the depth of mixed-ownership reform—that is,

the proportion of non-state-owned shares—increases, capital cost significantly decreases, and

labor input distortion is significantly positive, as shown in Columns (4) and (5) of Table 6.

This verifies the U-shaped relationship between non-state shareholders’ shareholding and

SOEs’ misallocation of resources. In the early stage of mixed-ownership reform, with the entry

of non-state-owned shares, non-state shareholders’ shareholding increased; the cost of absorb-

ing capital for SOEs decreased, and their ability strengthened. At the same time, a significant

positive correlation exists between the distortion of labor investment and non-state sharehold-

ers’ shareholding, which initially alleviated the phenomenon of excessive labor investment in

SOEs and, to some extent, verified the alleviation effect of mixed-ownership reform on the

problem of redundancy in newly listed SOEs [55]. The degree of resource misallocation in

SOEs improves, forming the first half of the U-shaped relationship. When non-state share-

holders’ shareholding reaches the optimal shareholding ratio, the degree of resource misalloca-

tion in SOEs is minimized, and the efficiency of resource allocation is the highest. However,

when the optimal shareholding amount is exceeded, the reform of non-state shareholders’

shareholding continues to increase. Although the cost of capital decreases, the distortion of

labor input worsens, ultimately exacerbating the degree of resource mismatch in SOEs and

forming the second half of the U-shaped relationship.

Robustness analysis

Substitution of explanatory variables. Non-state shareholders’ shareholding is replaced

by shareholding balance, where shareholding balance = proportion of non-state shareholding

—proportion of state shareholding, and the greater the shareholding balance, the deeper the

degree of mixed-ownership reform. The regression results are shown in Column (1) of

Table 7; an inverted U relationship is observed between shareholding balance and enterprises’

resource allocation efficiency, which is significant at the 5% level and passes the U test with an

extreme value point of -39.36%. In other words, resource allocation efficiency improves when

the percentage of state-owned shares minus the percentage of non-state-owned shares is less

than 39.36%. When the difference between the two is greater than 39.36%, resource misalloca-

tion increases. This indicates that the benchmark regression results are robust.

Exclusion of enterprises’ selection bias. Firms’ production decisions and financial per-

formance may be affected by hybridization or other factors, which may further affect their exit

or listing. In other words, a potential self-selection problem in the enterprises’ entry or exit

may affect the regression results. To address this issue, a Heckman two-stage regression is used
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to examine the effect of equity depth on resource misallocation in SOEs. In the first stage,

whether mismatching occurs is estimated by taking the logarithm of the firm’s asset size, net

asset margin, gearing ratio, employment, and the marketization process of the region where

the firm is located. The obtained inverse Mills ratio is added as a control variable in the sec-

ond-stage regression, as shown in the regression results in Column (2) of Table 7; the qua-

dratic term of non-state shareholders’ shareholding is significantly positive, and the primary

term is significantly negative, passing the U test. The lambda is significant at the 1% level,

which indicates a significant U-shaped relationship between equity depth and the degree of

SOEs’ resource mismatch. Thus, the basic regression results are robust and reliable.

Interval robustness test. Given the impact of the 2008 global financial crisis on the overall

economic operations and stock market in China, the selection period starts in 2009 to examine

whether a U-shaped relationship exists between non-state shareholders’ shareholding and the

degree of SOEs’ resource misallocation. The sample period is shortened, and only the data

from 2009–2018 are selected as the sample to retest; the results are not substantially different.

The regression results and U test in Table 7 (3) indicate a U-shaped relationship between the

shareholding of non-state shareholders and the degree of SOEs’ resource misallocation. The

optimal extreme value point—that is, the optimal non-state shareholding ratio—is 16.33%,

and the baseline regression results are robust and reliable. Considering that the entry of non-

state capital may have a certain postponement-driven effect on the behavior of SOEs’ business

objectives and corporate governance, the sample is selected for regression in 2008–2016, and

the results are shown in Column (4) of Table 7, where a significant U-shaped relationship

exists between non-state shareholders’ shareholding and the degree of SOEs’ resource misallo-

cation. The optimal shareholding is 17.44% by quadratic test, which is within the optimal

interval range. The benchmark regression results are verified to be robust and reliable.

Table 7. Robustness tests.

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

Substitution of explanatory variables Heckman two-stage regression Period 2009–2018 Period 2008–2016

mor -5.631***
-2.079

mor2 -7.153**
-3.44

nonshr -17.61* -15.84* -21.48**
-9.355 -9.462 -9.436

nonshr2 45.71** 48.50** 61.59***
-20.34 -21.09 -21.19

lambda 41.82***
-3.495

Controlvariables Controlled Controlled Controlled Controlled

Year Controlled Controlled Controlled Controlled

Firm Controlled Controlled Controlled Controlled

_cons -68.38*** -68.62*** -43.81** -32.20*
-6.042 -16.97 -17.94 -17.07

Adj − R2 0.249 0.061 0.029 0.039

N 6759 5636 6225 5453

T-values are in parentheses;

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

https://doi.org/10.1371/journal.pone.0301034.t007
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Discussion

Industry competition level

Boosting resource allocation efficiency through the promotion of market-oriented reforms of

various productive factors and the gradual establishment of a rational pricing system is crucial.

This would result in substantial enhancements to China’s industrial TFP and a considerable

boost in economic growth [56]. Monopolistic industries were divided according to Aharony

et al. (2000) [57] and Zhao et al. (2017) [58]. Referring to the Report on the Economic Perfor-

mance of Central State Enterprises (2012), we divided the SOE sample into monopolistic and

competitive industries. Eight industries were selected as monopolistic industries: coal industry,

petroleum and petrochemical industry, metallurgical industry, civil engineering and construc-

tion industry (mainly referring to railroad, tunnel, port, and other engineering industries),

transportation industry (mainly referring to railroad transportation, water transportation, air

transportation), electric power industry, telecommunication industry, and other industries

(mainly referring to press and publishing industry). Enterprises were competitive industries.

As shown in Columns (1) and (2) of Table 8, the regression results indicate that the U-shaped

relationship between the shareholding of competitive SOEs’ non-state shareholders and the

degree of enterprises’ resource misallocation is significant, and the extreme value point of

equity depth lies within the optimal interval. This echoes the SOE classification reform policy

and verifies, to a certain extent, that competitive SOEs can improve their resource allocation

efficiency by deepening the mixed-ownership reform path.

Capital intensity

Introducing diversified ownership interests can resolve internal governance issues in SOEs

and improve their efficiency and competitiveness [59]. Next, this study explains why capital

input distortion in the previous evidence mechanism analysis has a significant U-shaped rela-

tionship with mixed equity depth, while labor input distortion is insignificant from the capital

intensity perspective. Capital intensity is measured in terms of fixed assets per capita. When a

firm’s fixed assets per capita is higher than the median fixed assets per capita of all firms, it is

Table 8. Expanded analysis: Enterprise nature and regional differences.

MA (1) (2) (3) (4) (5) (6) (7)

Monopoly

industry

Competitive

industry

Capital intensive

industry

Labor intensive

industry

Eastern region Central region Western region

nonshr 25.33 -22.72** -13.20* -5.887 -23.57* 1.466 -18.07

-20.97 -9.927 -7.659 -16.84 -13.99 -6.67 -20.28

nonshr2 -17.73 54.42** 28.35* 52.53 77.87** 12.62 3.635

-43.95 -22.44 -17.12 -36.69 -33.7 -14.5 -41.94

Controlvariables Controlled Controlled Controlled Controlled Controlled Controlled Controlled

Year Controlled Controlled Controlled Controlled Controlled Controlled Controlled

Firm Controlled Controlled Controlled Controlled Controlled Controlled Controlled

_cons -228.3*** -51.54*** 29.57 -111.5*** -193.0*** -11.5 -10.87

-82.36 -18.28 -26.82 -29.02 -71.04 -10.06 -126.3

Adj − R2 0.068 0.039 0.028 0.047 0.047 0.051 0.055

N 1372 5387 3380 3379 4197 1507 1055

T-values are in parentheses;

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

https://doi.org/10.1371/journal.pone.0301034.t008
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considered highly capital intensive. Otherwise, it has a low capital intensity, that is, it is a

labor-intensive enterprise. The regression results are shown in Table 8, where Columns (3)

and (4) correspond to high and low capital intensity, respectively. A significant U-shaped rela-

tionship exists between non-state shareholdings and resource misallocation in capital-inten-

sive firms’ mixed-ownership reform, whereas no such pattern exists in labor-intensive firms.

Thus, mixed-ownership reform mainly acts on capital-intensive firms through the resource

allocation efficiency path, whereas it is more focused on alleviating the redundancy problem in

labor-intensive firms, as mentioned in the previous section.

Regional differences

Significant variation in allocative efficiency exists across regions, and certain location-specific

factors heavily impact resource allocation among firms [60]. Mixed ownership reform boosts

SOE innovation, and its impact is diverse as it investigates various industries and areas under

the influence of the macroeconomic environment. This effect is stronger in monopolistic

industries and the developed eastern region [41]. Due to the different levels of overall eco-

nomic development, industrial structure layout, and talent concentration in different regions,

the supply quantity and price marketization of local production factors differ, affecting the

resource allocation efficiency of the affiliated enterprises. The eastern, central, and western

regions face particularly prominent problems such as unbalanced economic development lev-

els, and a regression is conducted including these regions. The eastern region includes 12 prov-

inces and cities: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian,

Shandong, Guangdong, Guangxi, and Hainan; the central region includes nine provinces:

Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, and Inner Mongolia; and

the western region includes 10 provinces and autonomous regions: Chongqing, Sichuan, Gui-

zhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. We investigate the

impact of the depth of mixed-ownership reform on the efficiency of enterprises’ resource allo-

cation in different regions. Table 8 present the results. A significant U-shaped relationship is

observed between non-state shareholders’ shareholding and resource misallocation in the east-

ern region, and the extreme point is within the optimal range of 10%–20%, which passes the

subsequent quadratic type test. This relationship is not significant in the mid-west region. This

shows that it is feasible to improve the resource allocation efficiency of SOEs in the eastern

region using in-depth mixed-ownership reform, whereas the central and western regions still

need to build a modern infrastructure system and improve the local market environment. A

good market environment is the basis for improving the efficiency of enterprises’ resource

allocation through mixed-ownership reform.

Government resource inclination

Wang et al. (2021) [61] found a significant negative correlation between the intensity ratio of

mixed-ownership reform in Chinese enterprises and the degree of tax avoidance from 2003 to

2018. Liu and Shi (2010) [62] propose that the government should maintain and strengthen

the monopoly position of large- and medium-sized SOEs by reaping huge monopoly profits,

which leads to inefficient resource allocation and loss of social welfare. Improving the soft bud-

get constraint faced by SOEs is an important means of improving the efficiency of resource

allocation in China. Local SOE dependence significantly reduces resource allocation efficiency

at the city’s industry level. The more severe the local SOE dependency, the more difficult it is

for incumbent non-SOEs to obtain resources to expand their production scale, the higher the

entry barriers that new entrants face, and the less likely inefficient SOEs are to exit the market

[63]. To verify the impact of government resource tilt on SOEs’ mixed-ownership reform,
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regression analyses were conducted by considering whether the executives of SOEs have offi-

cial background and whether the enterprises enjoy high government subsidies in the current

year, respectively. As shown in Table 9, Columns (1) and (2) correspond to whether the execu-

tives of SOEs have an official background or not, respectively. When the enterprises’ executives

have an official background, a significant U-shaped relationship exists between non-state

shareholders’ shareholding and enterprises’ resource misallocation with an extreme value

point of 17.43%, which lies within the optimal interval and passes the subsequent quadratic

test. No U-shaped relationship effect is observed for firms whose executives have no official

background. This indicates that with the entry of non-state shares, government resource-lean-

ing SOEs are more likely to form goals and behavior congruence with non-state capital at the

initial stage, pursuing economic performance goals and improving resource allocation effi-

ciency based on their own social responsibility goals. However, when non-state shareholders’

shareholding exceeds the optimal shareholding, the goal conflict between state-owned and

non-state-owned capital becomes more obvious, leading to the deterioration of SOEs’ resource

allocation efficiency. If the amount of government subsidy received in the current year is

greater than the average amount of government subsidy received by all enterprises in the cur-

rent year, the enterprise is judged to be highly subsidized; otherwise, it is considered a low-sub-

sidy enterprise. As shown in Table 9, the enterprise in Column (3) is classified as a high-

subsidy treatment enterprise, and that in Column (4) is classified as a low-subsidy treatment

enterprise. The results show a significant U-shaped relationship between the non-state share-

holders’ shareholdings in the hybrid reform and the degree of resource misallocation when

enterprises enjoy high government subsidies. As hybridization progresses, the degree of

resource misallocation tends to first decrease and then worsen in highly government-subsi-

dized enterprises. However, the same pattern does not exist for enterprises with low govern-

ment subsidy. The results of the zombie enterprise governance in the SOE reform process are

validated. SOEs enjoying high subsidies tend to assume certain social responsibilities and are

thus more likely to reach a situation in which their goals and behaviors change from congruent

to conflicting with non-state capital in the hybrid reform process. This leads to a U-shaped

relationship between non-state shareholders’ shareholding and the degree of SOEs’ resource

misallocation.

Table 9. Expansive analysis: Government resource tilt and external market environment.

MA (1) (2) (3) (4) (5) (6)

With official

background

No official

background

High Subsidy

Treatment

Low Subsidy

Treatment

High level of

marketability

Low level of

marketability

nonshr -34.32** -7.064 -17.29** 3.227 -20.47* -1.612

-15.42 -11.25 -8.695 -153.3 -11.12 -14.75

nonshr2 92.22*** 31.12 47.08** 67.79 54.32** 0.654

-32.62 -27.61 -19.38 -542.4 -24.08 -38.9

Controlvariables Controlled Controlled Controlled Controlled Controlled Controlled

Year Controlled Controlled Controlled Controlled Controlled Controlled

Firm Controlled Controlled Controlled Controlled Controlled Controlled

_cons -52.52** -40.5 -41.53*** -134.8 -45.68** -130.8**
-25.54 -39.09 -16.09 -377.3 -20.27 -57.42

Adj − R2 0.045 0.037 0.033 0.16 0.039 0.047

N 2425 4334 6434 325 5248 1511

T-values are in parentheses;

***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

https://doi.org/10.1371/journal.pone.0301034.t009
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Differences in the external institutional environment

Due to the different external institutional environments, enterprises face different degrees of

marketization and differences in the prices and supply of local production factors, which affect

the efficiency of enterprises’ resource allocation. Since 2016 is used as the base period in the

China Marketization Index by Province Report (2021), the 2016–2019 marketization index

cannot be directly compared with the 2008–2016 data and scores; therefore, the China Market-

ization Index by Province Report (2018) is still used, where the 2017–2018 data are extrapo-

lated from the 2008–2016 data [64]. When the marketization index of the enterprise’s location

is greater than the median marketization index of all regions in that year, mkt takes the value

of 1, indicating that the enterprise is in a high-marketization region; otherwise, it is 0, indicat-

ing that the enterprise is in a low-marketization region. Columns (5) and (6) in Table 9 corre-

spond to the high and low marketization process regions, respectively. The regression results

show a significant U-shaped relationship between non-state shareholders’ shareholding and

resource misallocation in regions with high marketization process, whereas no such relation-

ship is observed in low marketization regions. Regions with high marketization process have

fewer resource constraints and less restrictions on the free flow of production factors, and

SOEs are better able to achieve improved resource allocation efficiency through deeper hybrid

reform. To a certain extent, the effectiveness of SOE reforms is closely related to market-ori-

ented reforms. While promoting mixed-ownership reform, attention should also be paid to

optimizing the market environment.

The counterfactual enhancement effect of resource misallocation in mixed-

ownership reform

A diverse range of mixed shareholders, higher level of mixed equity, and fewer limitations on

mixed equity have a significant positive impact on promoting green innovation among SOEs

[65]. SOEs are often more innovative than non-state-owned enterprises, and an increase in

SOE shareholding enhances the innovation capabilities of mixed-ownership enterprises, for

which the level of national shareholding inversely affects the reliance on organizational control

capabilities for innovation in corporate governance [48]. This study reveals a significant U-

shaped relationship between the shareholding of non-state shareholders and the degree of

SOEs’ resource misallocation. When mixed-ownership reform has been implemented to a cer-

tain extent, and the shareholding of non-state shareholders reaches the optimal shareholding

amount, SOEs’ resource allocation efficiency can be optimized regardless of other external fac-

tors. How much room does mixed-ownership reform leave to improve resource allocation effi-

ciency? Assuming that the non-state shareholders of all sample SOEs achieve an optimal

shareholding of 17.95%, a counterfactual prediction is made using the regression equation of

Model (1). It is found that when SOEs achieve the optimal degree of hybridization, the median

degree of resource misallocation decreases from 0.8821 to 0.0915(an improvement of 89.6%),

indicating that deepening mixed-ownership reform is an effective way to improve SOEs’

resource allocation efficiency on average.

Conclusion

To evaluate whether the reform of SOEs will achieve results, most studies have theoretically

explored the reasons for the inefficiency of SOEs and then further analyzed the changes in

reformed enterprises to verify the reasons that affect their efficiency. In the current eco-

nomic operation, due to various factors, the factor market is distorted, and resources are

misallocated. According to the Solow model and its decomposition, economic growth
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comes from the input of production factors, technological progress, and resource allocation

efficiency. Enterprises’ resource input must incur more costs, and improving resource allo-

cation efficiency is an important aspect of future economic development. This study drew

on the HK model and established a framework for measuring the impact of mixed-owner-

ship reform on SOEs’ resource allocation efficiency based on Zhang and Deng (2020) [28],

providing a microscopic research perspective on the effectiveness of SOEs’ mixed-owner-

ship reform. It calculated the industrial added value of SOEs and the degree of resource mis-

allocation according to the income method announced by the National Bureau of Statistics

using the annual report data of A-share listed companies from 2008 to 2018. Using the

CSMAR database, combined with information from Tianyancha, Qichacha, and the com-

pany’s official website, the nature of SOEs’ top 10 shareholders was manually calculated,

and the impact of mixed-ownership reform on SOEs’ resource allocation efficiency was

empirically analyzed.

It was found that the depth of mixed-ownership reform has an important impact on the

efficiency of resource allocation of SOEs, and 80% of SOEs listed as A-shares from 2008 to

2018 have introduced non-state shareholders’ shareholding to varying degrees to implement

mixed-ownership reform. The “country into the people” retreat cannot achieve the optimal

efficiency of SOEs’ resource allocation; moreover, the top 10 shareholders in the proportion of

private and foreign shares is not the more the better, nor the less the better, but an optimal

interval. With the entry of non-state-owned shareholders, the U-shaped relationship between

the degree of mixed-ownership reform and the degree of SOEs’ resource misallocation first

decreases and then increases. However, only 10% of the enterprise sample reached the optimal

range of non-state shareholding during the mixed-ownership reform process. Further analysis

revealed a significant U-shaped relationship between the shareholding of non-state sharehold-

ers and the distortion of capital factor input, which first inhibits and then worsens the distor-

tion of capital input. Nevertheless, a non-significant inverted U relationship with the

distortion of labor factor input is observed, which is consistent with the previous literature

showing that mixed-ownership reform can alleviate the policy burden of SOEs. Simulta-

neously, a significant U-shaped relationship is formed between the shareholding of non-state

shareholders and the degree of SOE resource misallocation through the combined effect of

financing cost benefits and labor input distortion constraints.

The impact of non-state shareholders’ shareholding on SOEs’ resource allocation efficiency

is highly heterogeneous. The U-shaped relationship presented has obvious differences in dif-

ferent industries (competitive industry, capital-intensive industry, etc.), the location, the

degree of government resource inclination, and different external market environment. For

eastern enterprises with competitive and high capital intensity, those enjoying a favorable

treatment of government resources, and those with a good external market environment, the

effect of the depth of mixed-ownership reform on resource allocation efficiency improves and

may deteriorate later.

SOEs implement mixed-ownership reform to optimize the allocation of resource elements,

promote a reasonable flow of elements, influence the scale of enterprises and narrow the gap

between their actual scale and their ideal scale, and give better play to the scale effect of enter-

prises. The shareholding of non-state shareholders should be kept in the optimal range to fur-

ther deepen the reform of SOEs through the introduction of non-state shareholders for mixed-

ownership reform and improve the efficiency of enterprises’ resource allocation to promote

high-quality economic development. Simultaneously, policy objectives should be moderately

adjusted to break the segmentation of factor markets into different regions and improve the

distortion of factor inputs. To enhance SOEs’ economic efficiency, non-state shareholders are

introduced to participate in enterprise decision-making and corporate governance. The
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efficiency of resource allocation under existing constraints can be improved by alleviating the

insufficient input of capital factors and the excessive input of labor factors.

Due to SOEs’ different functional positions, a classification reform is implemented. The

moderate mixed-ownership reform of competitive SOEs can improve economic efficiency. To

achieve high-quality economic development, local governments should further improve the

local business environment and promote the free flow of production factors.

In SOEs’ mixed-ownership reform, it is necessary to pay more attention to the corporate

governance capabilities and social responsibility of non-state-owned capital to improve the

consistency of goals between non-state-owned capital and state-owned capital and make better

use of mixed-ownership reform to improve the efficiency of SOEs’ resource allocation.

This article primarily focuses on the relationship between ownership structure and the effi-

ciency of resource allocation in state-owned enterprises. In future studies, the research scope

can be broadened. Digital infrastructure plays a crucial role in facilitating the digital transfor-

mation of businesses, particularly in significantly benefiting the digital transformation of pri-

vately owned enterprises [66]. Financial resources can lead to industrial prosperity,

improvements in education, and technological advancements [67]. Therefore, digital resources

and financial resources can be integrated into the resource allocation efficiency framework of

state-owned enterprises for research. In addition, future research could explore the integration

of resource allocation efficiency and innovation performance in state-owned enterprises. Wu

et al. (2023) [68] examined the knowledge performance of enterprise incubators from the per-

spective of gatekeepers. On the one hand, the innovation performance of state-owned enter-

prises is reflected in the innovation of their own products and services. On the other hand, it is

also reflected in the spillover effect of innovation, which fosters the development of more inno-

vative enterprises and enhances the overall innovation level of the region.
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