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Abstract: Using a new systematic method based on text mining and econometric analysis, this
paper performs an empirical analysis on the text data and panel data of 195 enterprises in China’s
23 manufacturing sub-sectors from 2011 to 2020, constructs the evaluation index system of sustainable
development ability (SDA) of manufacturing enterprises and then uses the non-parametric Mann—
Whitney-Wilcoxon tests of inter-group means and the polynomial Logit regression clustering to
comparatively analyze the impacts of pure manufacturing (P-), servitization (S-), digitalization (D-)
and digital servitization (DS-) paths on the SDA of manufacturing enterprises. The results show that,
in terms of profitability as well as each social and environmental dimension, the S-, D- and DS-paths
are better choices than the P-path, while, in terms of production ability, debt-paying ability and
development ability, there may be “digitalization paradox” or “digital servitization paradox”, but no
evidence of “servitization paradox” is found. According to the research results, enterprises should
comprehensively evaluate their internal and external conditions, deeply understand the prerequisites
and requirements of each development path, actively predict and respond to the risks and challenges
they face, be fully prepared and maintain a cautious attitude.
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1. Introduction

With the increasing trend of global product homogenization and the rapid rise of
service economy and digital economy, traditional product manufacturing enterprises’ eco-
nomic value creation space has been constantly compressed. Meanwhile, the increasingly
prominent social and environmental pressures faced by manufacturing enterprises also
pose serious challenges to their sustainable development ability (SDA). Empathic service
provision and emerging digital technology application are increasingly becoming path
choices for the transformation and upgrading of more and more manufacturing enterprises
because they can effectively meet the diverse demands of customers, significantly en-
hance flexibility, create new profit growth points and bring more social and environmental
benefits [1]. Currently, facing fierce competition and a rapidly changing market environ-
ment brought about by the new technological revolution, as well as the profound impacts
of the COVID-19 on the global manufacturing industry, it is urgent to encourage Chinese
manufacturing enterprises to optimize and upgrade through servitization and digitaliza-
tion, improve SDA and further leap from the low- and middle-end to the high-end of the
global value chain. Most existing research shows that servitization, digitalization and their
integration, namely, digital servitization, all have brought positive impacts on the SDA of
manufacturing enterprises [2—4]. However, extensive research shows that manufacturing
enterprises under the servitization (S-), digitalization (D-) and digital servitization (DS-)
paths may face a “paradox” [5,6]. At present, research on the relationship between the pure
manufacturing (P-), S-, D- and DS-paths and the SDA of manufacturing enterprises—along
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with the causes and solutions of this “paradox”—still needs to be further deepened. In
particular, there is no comparative research on the impacts of the above four paths on
the SDA of manufacturing enterprises. The main reason is the lack of empirical methods
that can completely separate the impacts of the four paths. This paper proposes and
adopts a new systematic method based on text mining and econometric analysis, so as to
make up for this research gap to a certain extent. The method is mainly an improvement
and expansion based on the quantitative research of Neely (2008) and Benedettini et al.
(2015) [7,8], so that it is both replicable and extensible and can be extended and applied
to other industries and situations, as well as web-based analysis systems. Accordingly,
this paper further fills the research gap pointed out by Baines et al. (2009) in providing a
method to overcome some of the challenges faced by adopting servitization strategy [9]
and responds to the initiative of Kolagar et al. (2022) on using different data and methods
to conduct quantitative research on digital servitization [10]. On this basis, this paper
builds an evaluation index system of the SDA of manufacturing enterprises from three
aspects: economic, social and environmental, including ten dimensions: production ability,
profitability, debt-paying ability, development ability, responsibility to employees, responsi-
bility to customers, responsibility to society, raw material utilization, energy utilization and
environmental protection intensity. Furthermore, it conducts an empirical analysis based
on the text data and panel data of 195 enterprises in China’s 23 manufacturing sub-sectors
from 2011 to 2020, in order to find and compare the impacts of the P-, S-, D- and DS-paths
on the SDA of manufacturing enterprises. Therefore, the research results of this paper
may have a certain practical significance for the transformation, upgrading and sustainable
development of Chinese manufacturing enterprises.

2. Literature Review and Research Hypotheses
2.1. Servitization Path and SDA of Manufacturing Enterprises

The research on “Servitization” started relatively early. Scholars have defined its
concept from different perspectives [11-13]. It is generally believed that servitization is a
transformation strategy for manufacturing enterprises to create added value by providing
services or comprehensive solutions [14]. Nowadays, servitization research is developing in
the direction of understanding the complex relationship between enterprise core products
and customer-oriented services, along with how they jointly generate added value [15,16].
As for the concept of sustainable development of enterprises, academia has not yet reached
a consensus [17,18]. It is generally believed that it contains three pillars: economy, society
and environment, known as the Triple Bottom Line (TBL) [18,19]. Currently, “the relation-
ship between servitization and the SDA of manufacturing enterprises” is still a problem that
has attracted much attention but remains unsolved [20]. Most scholars believe that serviti-
zation can help to realize product differentiation and diversification, improve customer
satisfaction and loyalty, form barriers to entry and eliminate competitors, thus creating
better and more stable sources of economic income for manufacturing enterprises, improv-
ing their social performance by improving employee and customer satisfaction [21] and
improving their environmental performance by improving resources, optimizing energy
utilization and reducing emissions [20,22], further enhancing their SDA [23-26]. However,
there is still a lot of research proving the existence of the “servitization paradox”, that is,
servitization does not always have positive impacts on the development of manufacturing
enterprises [27,28]. This makes some servitized enterprises (S-enterprises) return to the
P-path in reality and indicates that more knowledge is still needed to further understand
the impacts of servitization [14]. According to most research results related to servitization,
it seems that S-enterprises should have higher SDA than pure manufacturing enterprises
(P-enterprises) [20,29,30], and Benedettini et al. (2015) believe that the “servitization para-
dox” mainly occurs when servitization increases the risks of enterprise demand chain [8].
Therefore, the initial expectation of this paper is that servitization will usually have positive
impacts on the SDA (production ability, profitability, debt-paying ability, development
ability, responsibility to employees, responsibility to customers, responsibility to society,
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raw material utilization, energy utilization and environmental protection intensity) of
manufacturing enterprises. Thus, the following research hypotheses are proposed:
Hi1(la/1b/1c/1d/1e/1f/1g/1h/1i/1j): S-enterprises have higher SDA (production
ability /profitability / debt-paying ability / development ability /responsibility to employ-
ees/responsibility to customers/responsibility to society /raw material utilization/energy
utilization/environmental protection intensity) than P-enterprises.

2.2. Digitalization Path and SDA of Manufacturing Enterprises

“Digitalization” is a relatively new concept, which defines the transformation strat-
egy for enterprises to use digital technologies to carry out business activities and create
value, so as to maintain competitiveness in the environment of rapid innovation [31,32].
Chen et al. (2020) point out that the current market environment is characterized by high
volatility, uncertainty, complexity and ambiguity (VUCA); the COVID-19 pandemic has put
forward higher requirements for manufacturing enterprises’ dynamic ability to adapt to the
rapid changes in the external market and technological environment [33]. Luo and Jiang
(2020) believe that the internal resource and capacity constraints, as well as the external
market uncertainty and technological dynamics, jointly drive manufacturing enterprises
to accelerate the process of digitalization [1]. The advantages of digitalization seem to be
obvious. The continuous development of digital technologies has created opportunities
for manufacturing enterprises to improve efficiency at a lower cost [34]. Kamaladin et al.
(2020) point out that digitalization has the functions of value acquisition, transmission
and creation [35]. Cenamor et al. (2017) stress that digital technologies have dredged the
communication channels of manufacturing enterprises and multiple entities can create
greater value through network cooperation [36]. Zhang and Yu (2020) believe that digital
technologies have become a new power source for manufacturing enterprises to obtain new
value growth points and leap to the high-end of the global value chain [37]. Ghobakhloo
(2020) finds that digital technology has a direct impact on the economic sustainability of
enterprises, which brings opportunities to achieve social (such as improving social welfare)
and environmental (such as improving energy utilization and reducing harmful emissions)
sustainability [38]. Broccardo et al. (2023) find that, when digital technologies achieve posi-
tive results from a social and environmental perspective, they also improve the economic
performance of enterprises [39]. However, in reality, many manufacturing enterprises con-
tinually invest in remote diagnosis, data warehouse and various data visualization methods
in order to optimize decision-making and operation mode [40], but the evidence that these
investments bring about performance growth and SDA improvement is still very limited,
which makes people worry about the impacts of digitalization [41,42]. Sjodin et al. (2020)
point out that manufacturing enterprises may fall into a “digitalization paradox” due to
the spiraling cost, that is, digital technology investments cannot bring higher performance
and SDA [43]. Grybauskas et al. (2022) point out that there are still conflicting views in
academia when explaining the social impacts of digital technologies [44]. Chen et al. (2021)
find that digitalization improves resource and information efficiency, but the increase in
resource and energy use, as well as the waste and emissions generated from hardware
manufacturing, use and disposal, may impose a burden on the environment [45]. Since
most digitalization research shows that digital resources have important strategic value for
manufacturing enterprises and the application of digital technologies has brought them the
opportunity to improve SDA at a lower cost [46,47], the initial expectation of this paper
is that digitalization will usually have positive impacts on the SDA (production ability,
profitability, debt-paying ability, development ability, responsibility to employees, responsi-
bility to customers, responsibility to society, raw material utilization, energy utilization and
environmental protection intensity) of manufacturing enterprises. Therefore, the following
hypotheses are proposed:

H2(2a/2b/2c/2d/2e/2f/2g/2h/2i/2j): Digitalized enterprises (D-enterprises) have
higher SDA (production ability / profitability / debt-paying ability /development ability /
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responsibility to employees/responsibility to customers/responsibility to society /raw ma-
terial utilization/energy utilization/environmental protection intensity) than P-enterprises.

2.3. Digital Servitization Path and SDA of Manufacturing Enterprises

With the continuous deepening of the research on “servitization” and “digitalization”,
their integration, namely, “digital servitization”, has become a new research direction [36]
and is currently in the early research stage [48]. Sjodin et al. (2020) define “digital servi-
tization” as the transformation strategy of business processes, abilities and products of
manufacturing enterprises and their ecosystem to gradually create, deliver and acquire
service value-added brought by a series of digital technologies (such as the Internet of
Things, big data, artificial intelligence and cloud computing) [43]. Kohtamaéki et al. (2019)
point out that digitalization is essentially embedded in servitization, which is transitioning
from “products + services” to an integrated system of “products + services + software” [31].
Khin and Ho (2019) believe that “digital servitization” may become an effective way to
solve the “servitization paradox” and “digitalization paradox”, and the emergence of digi-
tal technologies can effectively alleviate various problems in the process of servitization,
especially the provision of digital integrated solutions of “products + services + software”,
will effectively promote the process of servitization [49]. Coreynen et al. (2017) point out
that servitization is facing the risk of falling into the “servitization paradox” due to the high
cost of service innovation, and using digital technologies can collect and analyze customer
demand information, optimize product and service delivery process and improve efficiency,
thereby expanding profit space and reducing innovation risks [50]. Cenamor et al. (2017)
stress that digital technology is a key driver of providing advanced services [36]. Paiola
and Gebauer (2020) believe that service innovation based on Internet of Things technology
can reduce operating costs, create additional revenue, maintain long-term business rela-
tions with customers, improve resource utilization and effectively assess current service
delivery risks [51]. Zhang et al. (2020) point out that, with the continuous improvement of
servitization level, in-depth customer interaction can enhance customer trust and loyalty
and generate a large amount of unstructured tacit knowledge, which is heterogeneous and
difficult to imitate, which is the key for enterprises to gain competitive advantage [52].
Therefore, many manufacturing enterprises use big data analysis and other technical means
to track and analyze customer behaviors (such as records of purchase, return of goods and
brand interactions) [1]. Luo and Jiang (2020) find that digital technologies can enhance
the coupling effect between product innovation and service innovation of manufacturing
enterprises, avoiding the blindness of service innovation to a certain extent, thus promoting
servitization processes [1]. Kohtamdki et al. (2020) point out from the impacts of serviti-
zation on digitalization that, according to the logic of digital servitization, servitization
is indispensable to create positive performance through digitalization; the adoption of a
digitalization strategy by manufacturing enterprises without serviceability is likely to lead
to negative returns, namely, the “digitalization paradox” [53]. Jankovic-Zugic et al. (2023)
find that the combination of digital technologies and product-related services strengthens
the relationships between enterprises in the manufacturing ecosystem and enables them
to survive in different environments [54]. However, Parida et al. (2019) believe that the
growth opportunities brought by digital technologies are uncertain, even for S-enterprises;
many manufacturing enterprises find that there are problems in “switching from selling
equipment and services to selling digital solutions” [32]. Kohtamaéki et al. (2020) point
out that the transition to digital servitization is not easy and the implementation of rele-
vant technologies, practices and business models greatly increases complexity [31]. Sjodin
et al. (2020) emphasize that digital servitization brings opportunities and challenges to
enterprises; while digital technologies improve quality and efficiency, more advanced
solutions and abilities also increase service costs, which require higher entry investments
and maintenance costs [43]. In fact, manufacturing enterprises under the DS-path may still
find themselves facing a “paradox”, that is, because of the sharp rise in costs, the revenue
growth brought by digital services cannot bring higher profits and, thus, cannot enhance
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SDA. Considering that most digital servitization research believes the interaction and inte-
gration of digitalization and servitization has brought positive results to enterprises and
may effectively solve “servitization paradox” and “digitalization paradox” [49,50,55,56],
the initial expectation of this paper is that, comparing with the P-, S- and D-paths, the
DS-path is more conducive to the improvement of SDA (production ability, profitability,
debt-paying ability and development ability, responsibility to employees, responsibility
to customers, responsibility to society, raw material utilization, energy utilization and
environmental protection intensity) of manufacturing enterprises. Therefore, the following
research hypotheses are proposed:

H3(3a/3b/3c/3d/3e/3f/3g/3h/3i/3j): Digital servitized enterprises (DS-enterprises)
have higher SDA (production ability /profitability /debt-paying ability /development abil-
ity /responsibility to employees/responsibility to customers/responsibility to society/raw
material utilization/energy utilization/environmental protection intensity) than P-enterprises.

H4(4a/4b/4c/4d/4e/4f/4g/4h/4i/4j): DS-enterprises have higher SDA (production
ability / profitability / debt-paying ability /development ability /responsibility to employ-
ees/responsibility to customers/responsibility to society /raw material utilization/energy
utilization/environmental protection intensity) than S-enterprises.

H5(5a/5b/5c/5d/5e/5f/5g/5h/5i/5j): DS-enterprises have higher SDA (production
ability / profitability / debt-paying ability /development ability /responsibility to employ-
ees/responsibility to customers/responsibility to society /raw material utilization/energy
utilization/environmental protection intensity) than D-enterprises.

3. Methods

Based on the research of Neely (2008) and Benedettini et al. (2015) [7,8], this paper
improved and expanded their research methods.

Firstly, Neely’s (2008) classification of “P-enterprises” or “S-enterprises” was expanded
to include “P-enterprises”, “S-enterprises”, “D-enterprises” and “DS-enterprises” [7], and
the scale effect of enterprises was considered. Neely’s (2008) process of coding company
descriptors was also replaced by text mining based on a keyword list [7]. Text mining tech-
nology enabled this paper to divide the development paths of manufacturing enterprises
into four types: P-path, S-path, D-path and DS-path, laying the foundation for subsequent
comparative analysis.

Secondly, a series of non-parametric Mann-Whitney-Wilcoxon (MWW) tests of inter-
group means at the enterprise level were used to test the research hypotheses. A commonly
used parameter method for comparing and analyzing two independent samples is the t-test.
The t-test requires that the data come from the observations of normal distributions with
equal variance and that they at least are interval scale measurements. In practical research,
it is often difficult to meet the conditions of the t-test. At this point, the non-parametric
Mann-Whitney-Wilcoxon (MWW) test of inter-group means is a simple and robust method.
It can deal with situations where the measurement of data is not interval scale, when there
is no way to know the overall distribution or when the overall distribution is not normal; it
does not require strict assumptions to make research conclusions more universal.

Thirdly, the polynomial Logit regression clustering was used to further validate the
differences in the SDA of manufacturing enterprises under the P-, S-, D- and DS-paths.
There are many existing clustering methods, including K-means algorithm and Gaussian
Mixture Model (GMM), and related methods also include Community Detection algorithm.
K-means algorithm has the characteristics of reliable theory, simple algorithm and fast rate
of convergence, but it is only suitable for clustering numerical data sets with spherical
clustering results and cannot cluster two classes with the same mean value (the same cluster
center). The GMM is proposed to solve this defect, but its premise is that the data set obeys
the Gaussian mixture distribution. The Community Detection algorithm is based on a
crucial assumption that the edges in the network are sparse, and there is only one type of
node, while the nodes in the clustering analysis network can have multiple attributes and
categories. In addition, Community Detection is applied in weakly connected networks,
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while clustering analysis can be implemented in dense datasets. Therefore, after comparing
multiple methods, this paper used the polynomial Logit regression clustering to complete
the test. The polynomial Logit regression clustering is an extension of the Logit regression
model, which involves changing the loss function to cross entropy loss, and predicting the
probability distribution to a multinomial probability distribution to natively support the
multi class classification problem.

Fourthly, this paper evaluated the SDA of manufacturing enterprises from three as-
pects: economic, social and environmental, including ten dimensions: production ability,
profitability, debt-paying ability, development ability, responsibility to employees, responsi-
bility to customers, responsibility to society, raw material utilization, energy utilization and
environmental protection intensity, so as to evaluate the impacts of the four paths more
comprehensively.

Finally, the analysis objects focused on a large number of enterprises in multiple
manufacturing sub-sectors in China. Many enterprises in these sub-sectors have shifted
from pure manufacturing to providing services or integrated digital solutions. In addition,
compared with the cross-sectional data analysis, this paper extracted the text data and
panel data of the sample enterprises in 2011-2020, so as to capture the dynamic changes
and characteristics of enterprises’ businesses and abilities. In particular, compared with
the methods of Neely (2008) and Benedettini et al. (2015) [7,8], the methods of this paper
were replicable and extensible and can be extended and applied to other industries and
situations, as well as web-based analysis systems.

3.1. Construction of Evaluation Index System of SDA of Manufacturing Enterprises

In order to test the research hypotheses more comprehensively, this paper evaluated
the SDA of manufacturing enterprises from three aspects: economic, social and environ-
mental, including ten dimensions: production ability, profitability, debt-paying ability,
development ability, responsibility to employees, responsibility to customers, responsibility
to society, raw material utilization, energy utilization and environmental protection inten-
sity. It used the per capita operating income of employees, return on equity and profit rate,
asset-liability ratio, sustainable growth rate, employee satisfaction, product qualification
rate, social contribution rate, raw material input—output rate, energy input-output rate and
“three-wastes” treatment compliance rate as the second-level evaluation indicators of the
ten dimensions. Thus, the evaluation index system of the SDA of manufacturing enter-
prises was established (see Table 1). Using ratio indicators in the analysis can standardize
the value and make it comparable among enterprises with significantly different scales,
without requiring additional control measures.

Table 1. Evaluation index system of SDA of manufacturing enterprises.

First-Level Indicators Second-Level Indicators

Production ability Per capita operating income of employees
E - indicat Profitability Return on equity and profit rate

conomic ndicators Debt-paying ability Asset-liability ratio

Development ability Sustainable growth rate

Responsibility to employees Employee satisfaction
Social indicators Responsibility to customers Product qualification rate

Responsibility to society Social contribution rate

Raw material utilization Raw material input-output rate
Environmental indicators Energy utilization Energy input-output rate

Environmental protection intensity “Three-wastes” treatment compliance rate

3.2. Data Collection and Sample Distribution

The enterprise data are mainly from the CSMAR database. Using the industry classifi-
cation by the China Securities Regulatory Commission (CSRC) in 2012, the basic informa-



Sustainability 2023, 15, 10644

7 of 17

tion (company name, industry code, business scope and company history) and financial
data (number of employees, operating income, per capita operating income of employ-
ees, return on equity, profit rate, asset-liability ratio and sustainable growth rate over the
years), social contribution data (employee satisfaction, product qualification rate and social
contribution rate over the years) and environmental data (raw material input-output rate,
energy input—output rate and “three-wastes” treatment compliance rate over the years)
of enterprises in all the manufacturing sub-sectors from 2011 to 2020 were extracted to
build the data set required, including variables that Neely (2008) did not consider before [7].
The original sample included 2845 enterprises, of which 195 enterprises had complete
economic, financial, employee, social, environmental and other data for the years 2011 to
2020. The industry distribution is shown in Figure 1. Compared with the analysis of the
cross-sectional data of sample enterprises in a certain year, this paper extracted the text
data and panel data of the sample enterprises over 10 years, so as to make the data more
representative and comprehensive, capturing the dynamic changes and characteristics of
the enterprises’ business and abilities.

Instrument manufact‘uring I 3

Computer, communication and other electronic equipment manuifacturirg /5 34

Electrical machinery and equipment manufacturing I ()

Railway, ship, aerospace and other transportation equipment manufacturing —m— 3

Automobile manufacturing EE————————— 3
Special equipment manufacturing I ||
General equipment manufacturing —E———— ¢

Metal products industry — m—— 4

Non-ferrous metal smelting and rolling processing industry T 7

Ferrous metal smelting and rolling processing industry — n——— 5

Non-metallic mineral products industry —E————————— |5
Rubber and plastic products industry —E————— 0
Chemical fiber manufacturing = 1

Pharmaceutical manufacturing S 03

Chemical raw materials and chemical products manufacturing e 08

Petroleum processing, coking and nuclear fuel processing industry —m— 3

Printing and recording media reproduction industry = 1|

Paper making and paper products industry —mm— 3

Wood processing and wood, bamboo, rattan, palm and grass products industry = 1

Textile industry = 1

Alcoholic drink, beverage and refined tea manufacturing w2

Food manufacturing s 4

Agricultural and sideline food processing industry —m— 3

Figure 1. Industry distribution of sample enterprises.

3.3. Division of Development Paths of Sample Enterprises

The text mining technology was applied to the descriptive text data, such as “the
company’s business scope” and “company history” provided in the CSMAR database,
so as to divide the development paths of the sample enterprises into P-, S-, D- and DS-.
Based on semantics and word families centered on “service” and “digit”, a group of
keywords was extracted for manufacturing enterprises under each path (see Table 2). If a
keyword was mentioned in the descriptive field related to the enterprise, it was considered
as the path feature of the enterprise. Then, based on the hypotheses that manufacturing
enterprises under the S- and D-paths have higher SDA than manufacturing enterprises
under the P-path, that manufacturing enterprises under the DS-path have higher SDA
than manufacturing enterprises under the P-path and that they may have higher SDA
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than manufacturing enterprises under the S- and D-path, a series of non-parametric Mann—
Whitney—-Wilcoxon (MWW) tests of inter-group means and polynomial Logit regression
clustering at the enterprise level were adopted to reveal the differences among SDA values
of manufacturing enterprises under the P-, S-, D- and DS-paths.

Table 2. Keywords and their frequency.

Servitization Digitalization

Keywords Frequency Keywords Frequency  Keywords Frequency Keywords Frequency

Service 119 Test/Detection 16 Electronics 95 Telecom 4

Development 101 After sales 12 Communication 63 New energy 3

Research/R&D 90 Training 10 Software 29 Digital 2
. . High-end

Consulting 80 Recycling 7 Technology 25 o r%trol 1

Transportation/Freight/Logistics 56 Maintenance 6 Automatic 21

Leasing/Rental 55 Support 4 Information 18

Management 53 Procurement 4 Intelligence 17

Design 53 Advertising 3 Network 15

Agent 42 Planning 2 Data 9

Installation 35 Intermediary 1 Digit 8

Repair 31 Outsourcing 1 High-tech 8

Warehousing/Storage 19 Internet 6

Since most of the sample enterprises provide sales (167 enterprises) and import and export (129 enterprises) ser-
vices, “Sales/Retail /Supply and marketing /Import and export” is not included in the servitization keywords; for
keywords “Electronics/Communication”, if only the production or sales of electronic products or communication
equipment are mentioned in the corresponding descriptive fields but are not related to the application of digital
technologies, the corresponding enterprises are not included in the D-path; for the keyword “information”, if
only “information consultation” is mentioned in the corresponding descriptive fields, it is included in the S-path
according to “consultation”, rather than in the D-path according to “information”.

4. Empirical Analysis
4.1. Descriptive Statistics

The results of development path division show that the most selected path of the
sample enterprises is S- (86), followed by DS- (70), P- (33) and D- (6). This result shows that
(1) a large number of Chinese manufacturing enterprises have gradually realized the signif-
icance of providing “products + services” for the SDA and have embarked on the S-path;
(2) most enterprises that adopt a digitalization strategy choose to provide relevant services
simultaneously, that is, they have embarked on the DS-path, which to some extent proves
the interdependence between digitalization and servitization: digitalization provides tech-
nical support for providing advanced services, while servitization brings broader space for
the application of digital technologies; (3) only a few enterprises choose the D-path; these
enterprises mostly apply digital technologies and equipment in the production process, but
do not provide services based on digital technologies; (4) some enterprises still adhere to
the P-path; most of these enterprises are manufacturing enterprises of traditional products
or low-technology products, or are still unable to carry out servitization and digitalization
transformation due to capital and cost constraints. Figure 2 shows the distribution of the
sample enterprises’ scales (expressed in operating income in CNY) under the four paths
in 2020.
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Figure 2. Scale and development path of manufacturing enterprises in 2020.

It can be seen from Figure 2 that (1) the enterprises that chose the P-path were rela-
tively small in scale, with operating income concentrated in the range of CNY 1 billion to
8.5 billion, while the P-enterprises with relatively large scale (operating income greater than
CNY 70 billion) were very few; (2) the six enterprises that chose the D-path were relatively
small in scale and their operating income was in the range of CNY 850 million to 7 billion;
(3) a large number of enterprises chose the S- or DS-path and their scale distribution was
wide. 29% of the S-enterprises had operating income of more than CNY 10 billion, of which
8% had operating income of more than CNY 70 billion, while, for the DS-enterprises, the
two figures were 18% and 4%, respectively. Figure 3 shows the SDA (per capita operating
income of employees, return on equity, profit rate, asset-liability ratio, sustainable growth
rate, employee satisfaction, product qualification rate, social contribution rate, raw material
input-output rate, energy input-output rate and “three-wastes” treatment compliance rate)
of manufacturing enterprises under the four paths.
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It can be seen from Figure 3 that (1) for production ability expressed by per capita
operating income of employees, S-enterprises were the highest, followed by P-, DS- and
D-enterprises, indicating that there seems to be “digitalization paradox” and “digital servi-
tization paradox” in terms of production ability; (2) for profitability expressed by return
on equity, D-enterprises were the highest, followed by S-enterprises, and P-enterprises
were slightly higher than DS-enterprises; (3) for profitability expressed by profit rate, D-, S-
and DS-enterprises were in the top three, higher than P-enterprises, and DS-enterprises
were close to P-enterprises; (4) for debt-paying ability expressed by asset-liability ratio,
S-enterprises were slightly higher than DS-enterprises, followed by P- and D-enterprises,
indicating that there also seems to be a “digitalization paradox” in terms of debt-paying abil-
ity; (5) for development ability expressed by sustainable growth rate, D-enterprises were the
highest, followed by S- and P-enterprises, and DS-enterprises were the lowest, indicating
that there also seems to be a “digital servitization paradox” in terms of development ability;
(6) for responsibility to employees expressed by employee satisfaction, DS-enterprises were
the highest, followed by S- and D-enterprises, all of which were higher than P-enterprises;
(7) for responsibility to customers expressed by product qualification rate, DS-enterprises
were higher than D-enterprises, followed by P-enterprises, and S-enterprises were the
lowest; (8) for responsibility to society expressed by social contribution rate, DS-enterprises
were slightly higher than S-enterprises, followed by D-enterprises, and P-enterprises were
the lowest; (9) for raw material utilization expressed by raw material input-output rate,
DS-enterprises were the highest, followed by S-enterprises, and D-enterprises were slightly
higher than P-enterprises; (10) for energy utilization expressed by energy input-output
rate, D-enterprises were the highest, followed by DS-, S- and P- enterprises; (11) for en-
vironmental protection intensity expressed by “three-wastes” treatment compliance rate,
DS-enterprises were slightly higher than S-enterprises, followed by D-enterprises, all of
which were higher than P-enterprises.

4.2. Non-Parametric Mann—-Whitney—Wilcoxon (MWW) Test

A series of non-parametric Mann—-Whitney—Wilcoxon (MWW) tests of inter-group
means were used to test the degree of difference between the data shown in Figure 3. The
test results are shown in Table 3 (a—k).

Table 3. Mann-Whitney—-Wilcoxon test results (non-parametric comparison of inter-group means).

(a) Per capita operating income of employees

P-enterprise
P-enterprise
S-enterprise
D-enterprise
DS-enterprise

S-enterprise
0.269

D-enterprise
0.000 ***
0.000 ***

DS-enterprise
0.000 ***
0.000 ***
0.007 **

(b) Return on equity

P-enterprise
P-enterprise
S-enterprise
D-enterprise
DS-enterprise

S-enterprise
0.000 ***

D-enterprise
0.074
0.715

DS-enterprise
0.037 *

0.027 *

0.472

(c) Profit rate

P-enterprise
P-enterprise
S-enterprise
D-enterprise
DS-enterprise

S-enterprise
0.031*

D-enterprise
0.000 ***
0.000 ***

DS-enterprise
0.031 %

0.986

0.000 ***
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Table 3. Cont.

(d) Asset-liability ratio

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.005 **

D-enterprise
0.000 ***
0.000 ***

DS-enterprise
0.146

0.092

0.000 ***

(e) Sustainable growth rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.000 ***

D-enterprise
0.050 *
0.308

DS-enterprise
0.000 ***
0.102

0.817

(f) Employee satisfaction

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.002 **

D-enterprise
0.049 *
0.000 ***

DS-enterprise
0.036 *

0.000 ***
0.006 **

(g) Product qualification rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.000 ***

D-enterprise
0.000 ***
0.000 ***

DS-enterprise
0.004 **

0.002 **

0.000 ***

(h) Social contribution rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.378

D-enterprise
0.007 **
0.128

DS-enterprise
0.000 ***
0.002 **

0.000 ***

(i) Raw material input-output rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.003 **

D-enterprise
0.000 ***
0.002 **

DS-enterprise
0.001 **

0.000 ***
0.000 ***

(j) Energy input-output rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.000 ***

D-enterprise
0.000 ***
0.000 ***

DS-enterprise
0.000 ***
0.003 **

0.179

(k) “Three-wastes” treatment
compliance rate

P-enterprise
S-enterprise
D-enterprise
DS-enterprise

P-enterprise

S-enterprise
0.025 *

D-enterprise
0.036 *
0.421

DS-enterprise
0.007 **

0.000 ***
0.192

*—significant at 0.05 level; **—significant at 0.01 level; ***—significant at 0.001 level.

The results of the non-parametric test show that (1) S-enterprises have no significant
difference with P-enterprises in terms of per capita operating income of employees and
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social contribution rate and are lower than P-enterprises for product qualification rate, but
are higher than P-enterprises for the other eight indicators; (2) there is no significant differ-
ence between D-enterprises and P-enterprises in terms of return on equity; D-enterprises
are higher than P-enterprises for profit rate, sustainable growth rate and all social and
environmental indicators, but lower for per capita operating income of employees and
asset-liability ratio, indicating that there may be a “digitalization paradox” in terms of
production ability and debt-paying ability; (3) there is no significant difference between
DS-enterprises and P-enterprises in terms of asset-liability ratio; DS-enterprises are higher
than P-enterprises for profit rate and all the social and environmental indicators, but lower
for per capita operating income of employees, return on equity and sustainable growth
rate, indicating that there may be a “digital servitization paradox” in terms of production
ability, profitability and development ability; (4) there is no significant difference between
S-enterprises and D-enterprises in terms of return on equity, sustainable growth rate and
“three-wastes” treatment compliance rate; S-enterprises are higher than D-enterprises for
per capita operating income of employees, asset-liability ratio, employee satisfaction and
raw material input—output rate, but lower for profit rate, product qualification rate and en-
ergy input-output rate; (5) S-enterprises have no significant difference with DS-enterprises
for profit rate, asset-liability ratio and sustainable growth rate; S-enterprises are higher
than DS-enterprises for per capita operating income of employees and return on equity, but
lower for all the social and environmental indicators; (6) there is no significant difference
between D-enterprises and DS-enterprises in terms of return on equity, sustainable growth
rate, energy input-output rate and “three-wastes” treatment compliance rate; D-enterprises
are higher than DS-enterprises for profit rate, but lower for the other six indicators.

4.3. Polynomial Logit Regression Cluster Analysis

Among the comparative variables, profit rate is often one of the most important
indicators that can directly reflect the profitability of enterprises. Therefore, this paper
took profit rate as the dependent variable and used polynomial Logit regression clustering
to further compare and test the differences between S-, D-, DS- and P-enterprises (P- as
the benchmark category) (see Table 4). The results show that S-, D- and DS-enterprises
are better than P-enterprises in terms of profitability represented by profit rate, further
confirming the above research results.

Table 4. Polynomial Logit regression clustering at enterprise level.

Coef. Robust Std. Err. p>z
S-enterprise Profit rate 0.622 0.325 0.000 ***
P Constant 0.901 0.071 0.056
Deenterorise Profit rate 1.727 0.590 0.000 ***
P Constant ~1.903 0.163 0.003 **
DS-enterprise Profit rate 0.013 0313 0.000 ***
P Constant 0.751 0.071 0.968
Number of obs 1950
Pseudo R? 0.065

**—significant at 0.01 level; **—significant at 0.001 level.

The above analysis results generally support H1, i.e., S-enterprises have higher SDA
than P-enterprises. Specifically, H1b, Hlc, H1d, Hle, H1g, H1h, H1i and H1j are supported.
However, in terms of responsibility to customers, S-enterprises” product qualification rate
is lower than P-enterprises (H1f is not supported). In addition, there is no significant differ-
ence between S- and P-enterprises in terms of production ability (H1a is not supported).
As for the D-path, H2 is partially supported. Specifically, H2b and H2d are supported, but
there is a “digitalization paradox” in terms of production ability and debt-paying ability
(H2a and H2c are not supported). In addition, in terms of the social and environmental
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indicators, D-enterprises are superior to P-enterprises (H2e—j are supported). Moreover,
compared with S-enterprises, D-enterprises are at a disadvantage in terms of productivity,
debt-paying ability, responsibility to employees and raw material utilization, but have
stronger profitability, responsibility to customers and energy utilization. As for the DS-
path, H3, H4 and H5 are partially supported. Specifically, H3b is supported, but there is
a “digital servitization paradox” in terms of production ability and development ability
(H3a and H3d are not supported). For debt-paying ability, there is no significant difference
between DS-enterprises and P-enterprises (H3c is not supported), while, for all the social
and environmental indicators, DS-enterprises are superior to P-enterprises (H3ej are sup-
ported); The production ability and profitability of DS-enterprises are lower than those of
S-enterprises (H4a and H4b are not supported) and, in terms of debt-paying ability and
development ability, DS- and S-enterprises do not show significant differences (H4c and
H4d are not supported). In terms of the social and environmental indicators, DS-enterprises
are superior to S-enterprises (H4e—j are supported); the profitability of DS-enterprises is
lower than that of D-enterprises (H5b is not supported) and there is no significant difference
in development ability, energy utilization or environmental protection intensity between
DS-enterprises and D-enterprises (H5d, H5i and H5j are not supported). However, in the
other six evaluation dimensions, DS-enterprises are superior to D-enterprises (H5a, H5c,
Hb5e, H5f, H5g and H5h are supported).

5. Conclusions and Prospects

The empirical analysis results show that, for Chinese manufacturing enterprises,
servitization has become a mainstream development trend and is gradually becoming
mature. More manufacturing enterprises (about 44%) choose to provide related services or
comprehensive solutions while providing physical products, which is different from the
previous research results of some scholars [7]. It seems that the S-path has indeed brought
higher production ability and debt-paying ability, as well as considerable profitability and
development ability for manufacturing enterprises. S-enterprises have taken on strong
responsibilities to employees and to society, but their performance in responsibility to
customers is relatively lagging. In terms of environmental protection, S-enterprises have
also demonstrated high efficiency and intensity. Meanwhile, a large number of enter-
prises (about 36%) have begun to explore and apply digital technologies on the basis of
servitization and try to provide customers with comprehensive digital solutions, thus
initially embarking on the DS-path. These enterprises have shown advantages in terms
of the social and environmental indicators. However, in terms of the economic indicators,
the DS-path seems to have not yet been able to bring the expected results. At present,
only a few manufacturing enterprises (about 3%) choose the D-path. These enterprises
have weak production ability and debt-paying ability, but show strong profitability and
development ability. At the same time, the application of digital technologies has enabled
these enterprises to demonstrate certain advantages in terms of the social and environ-
mental indicators. In general, servitization, digitalization and digital servitization are
not simple concepts that can be rapidly adopted in different industry backgrounds and
enterprise situations, but are complex long-term processes. Enterprises are required to fully
understand the preconditions of each path in advance, actively predict and respond to the
risks and challenges they face and be fully prepared. If enterprises do not have sufficient
abilities, they should maintain a cautious attitude. This is also one of the reasons why some
enterprises (about 17%) still adhere to the P-path.

This paper does not find strong evidence of a “servitization paradox”. The test results
of H1 show that S-enterprises have no significant difference from P-enterprises in terms of
production ability and are lower than P-enterprises in terms of responsibility to customers,
while outperforming P-enterprises in the other eight dimensions of SDA. This seems to be
inconsistent with a large number of previous research results concerning the “servitization
paradox” [27,28], which to some extent indicates that Chinese manufacturing enterprises
have achieved successful exploration on the S-path and have accumulated a certain amount
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of successful experience, i.e., the servitization transformation strategy has begun to bear
fruit. The economic, social and environmental returns of the initial investment have begun
to fully manifest and the S-path is gradually becoming mature. This also further proves
the practical feasibility of the S-path in China, enabling more manufacturing enterprises to
embark on the S-path. However, this conclusion is only applicable to the sample enterprises
as a whole, which does not mean the “servitization paradox” has been effectively resolved.
For each individual enterprise, the major correction challenges and multiple risks that
servitization may bring may still make it fall into a “paradox” [57], which is another reason
why some enterprises still adhere to the P-path.

The test results of H2 show that D-enterprises are superior to P-enterprises for prof-
itability, development ability and all social and environmental indicators, but there is a
“digitalization paradox” in terms of production ability and debt-paying ability. Compared
with the S-path, the D-path is at a disadvantage in terms of production ability, debt-paying
ability, responsibility to employees and raw material utilization, but has stronger profitabil-
ity, responsibility to customers and energy utilization. For the above results, the possible
explanation is that the P- and S-paths appeared before the D-path, meaning they are rel-
atively mature for Chinese manufacturing enterprises. Most enterprises have formed a
relatively complete and stable production and service operation mode. For many manufac-
turing enterprises, the application of emerging digital technologies is still in the exploration
stage and has not yet been able to effectively integrate with the original production and
operation system. Furthermore, it may bring high organizational change costs and risks,
such as the need for employees to adapt to new office processes, which may lead to dis-
satisfaction among some employees. However, the application of these emerging digital
technologies can meet the diversified needs of customers to a large extent and bring new
consumer experiences to customers, improving product quality and energy utilization
efficiency, thus having greater profit space and sustainable development potential.

For H3, the test results show that DS-enterprises are only slightly higher than P-
enterprises in terms of profit rate, while they are faced with a “digital servitization paradox”
in terms of production ability and development ability. In terms of all the social and
environmental indicators, DS-enterprises are higher than P-enterprises. The test results of
H4 show that DS-enterprises are lower than S-enterprises in terms of production ability
and profitability, but are higher in all the social and environmental indicators. The test
results of H5 show that DS-enterprises are higher than D-enterprises in terms of produc-
tivity, debt-paying ability, responsibility to employees, responsibility to customers, raw
material utilization and energy utilization, but lower than them in terms of profitability.
For the above results, the possible explanation is that, compared with the D-path, the
interactive integration of digitalization and servitization is more conducive to the practical
application and transformation of digital technologies into real productivity [58], while also
improving organizational flexibility, making it easier to gain recognition from employees
and customers, as well as saving raw materials and energy. Compared with the P- and
S-paths, the combination of digital technologies and related services and the provision of
integrated digital solutions are more conducive to social and environmental sustainability.
However, the DS-path is still in the early stage of exploration in China. The simultaneous
implementation of digitalization and servitization—and the effective integration of the
two—have brought new requirements, unprecedented challenges and unknown risks to
manufacturing enterprises, including significantly increased initial investments, human
costs, management difficulties and additional resources. The smooth implementation of
digital servitization requires the transformation of various aspects inside and outside the
enterprise, such as organizational structure, corporate culture, resource allocation, oper-
ation mode and the relationship with internal and external stakeholders. All these lead
to multiple potential risks brought by uncertainty and complexity in the transformation
process. In addition, the success of digital servitization also depends on uncontrollable
factors, such as the industrial environment and even the global economic and financial
environment. Therefore, manufacturing enterprises that choose the DS-path should not be
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overly optimistic about the initial gain, but should remain cautious and seriously consider
the possibility of overcoming difficulties and bottlenecks through their own abilities and
potential. If enterprises do not have sufficient confidence in their own abilities, digital servi-
tization should be suspended until they obtain sufficient abilities, because digitalization
and servitization are both processes of continuous improvement of enterprise abilities.

Future research can be carried out from the following aspects: First, further studying
the interaction and integration relationship between digitalization and servitization, and
conducting empirical tests in different situations. Second, finding out the types of risks
faced by enterprises under the different paths and their countermeasures. Third, exploring
other ways to create and obtain value through digital technologies, in addition to comple-
menting production and services. Fourth, in-depth study of the impacts of scale effect on
enterprises under the different paths, to complement the conclusion of existing research
that the “servitization paradox” is mainly applicable to large manufacturing enterprises [7]
and further expand the relevant research on digitalization.
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