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The development of manufacturing industry affects the operation of Chinese economy, and it is necessary to study the possible
configuration paths of servitization transformation to support sustainable development. Based on previous studies of
manufacturing servitization transformation, it is extended to explore multifactor combinations which affects servitization
transformation performance. This paper constructs technology-organization-environment (TOE) framework of servitization
transformation performance evaluation and uses fuzzy-set Qualitative Comparative Analysis (fSQCA) method to analyze the key
factors and mechanism of servitization transformation with the data of 28 Chinese manufacturing enterprises. The results reveal
that the six major factors are not the necessary conditions, and single-factor cannot effectively promote servitization trans-
formation of Chinese manufacturing enterprises. There are four configurations which can be divided into three paths to improve
servitization transformation performance. Based on the results of analysis, it proposes strategies to promote the development of
Chinese manufacturing enterprises, such as developing targeted servitization strategies, enhancing technology development, and
improving technology applications. The findings reveal the mechanism of multiple factors behind the evolution of manufacturing
servitization transformation and take useful suggestions for the high-level development of Chinese manufacturing enterprises.

1. Introduction

The concept of “servitization” was first proposed by Van-
dermerwe and Jada [1]. The main idea is that manufacturing
enterprises adopt to create additional value by taking
“product-service package” model. Manufacturing enter-
prises not only provide products to customers but also make
service “packages” as the core of products. Manufacturing
enterprises was redefined as “service providers® [2].
Manufacturing enterprises are gradually adopting a servi-
tization strategy to incorporate services into their products
[3, 4]. Servitization brings new forms of competition, as
servitization enterprises offer a combination of products and
services to get additional value [5, 6]; influence product sales
through servitization strategies [7]; build capabilities and
barriers to achieve a competitive advantage [8]; and gain
higher profit for firms [9-13]. Neely’s research based on a

large international database of manufacturing industry
showed that the number of manufacturing enterprises
implementing service strategy has reached 30% globally [2],
and the rate is gradually becoming higher [14]. The servi-
tization transformation of manufacturing has become the
key direction of global manufacturing development.
Meanwhile, lots of research on the initiatives of
manufacturing enterprises to achieve high servitization
transformation performance has been conducted. For ex-
ample, manufacturing enterprises can apply digital tech-
nology to promote the servitization transformation process
[15-19]; redesign business model [20, 21]; customization
strategies [22-25]; innovation [26-28]. These studies show
that there are various measures to achieve servitization
transformation, but most of them mainly analyze individual
factor, which is not consistent with the fact that
manufacturing servitization transformation influenced by
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multiple factors in theory and practice. This point is very
important and is reflected in this study. Some factors af-
fecting servitization transformation performance are iden-
tified from previous studies, such as the role of digital
technology [29]; technology innovation capability [30, 31];
organizational change [32, 33]; market competition [34] and
organizational strategy [35, 36]. The factors are important
for achieving servitization transformation performance and
provide the basis for the analysis in this paper.

According to the abovementioned research, the servi-
tization of manufacturing enterprises is to provide high
value-added productive services to customers based on
advanced manufacturing, and manufacturing enterprises
should change from simply providing “products” to pro-
viding “products + services” [1], which is the upgrade of
manufacturing industry and one of the main trends of future
manufacturing development. The existing studies have
mainly been conducted from the perspective of the linear
relationship between a single factor and the outcome, ex-
ploring the impact of a single factor on servitization
transformation, but servitization transformation is influ-
enced by a combination of multiple factors. The studies
found that green technology innovation affects the trans-
formation of China’s manufacturing industry and puts
forward policy guidance and practical guidance to accelerate
the development of manufacturing industry [37, 38]. It can
be found that the existing studies are mostly conducted with
a certain factor affecting the transformation of
manufacturing and present their conclusions. But this paper
combines the characteristics of the development of servi-
tization transformation in Chinese manufacturing industry
and proposes six factors in terms of technology, organiza-
tion, and environment to analyze the impact on servitization
transformation.

The fsQCA method is used to analyze the configuration
path of a servitization transformation. As a new sociological
research method, fsQCA adopts a holistic perspective and
configurational thinking, considers the research object as a
configuration of different combinations of condition vari-
ables, and discovers the aggregated relationships between
configurations of condition variables through ensemble
analysis, which helps to solve problems such as causal
asymmetry and equivalence of multiple scenarios of causal
complexity [39-41]. Therefore, the fsQCA method is applied
to explore the joint effects of six influencing factors in three
dimensions: technology, organization, and environment,
and how their interactions affect servitization transforma-
tion performance from a systematic and comprehensive
perspective.

This paper makes several principal contributions: (1) this
paper finds four possible configurations leading to serviti-
zation transformation in Chinese manufacturing enter-
prises. The fsSQCA method is used to analyze servitization
transformation of Chinese manufacturing enterprises, sin-
gle-factor necessity analysis and multifactor adequacy
analysis are conducted, and four configurations are ob-
tained. (2) This paper remains other factors when analyzing
single factor considering the causal complexity of serviti-
zation transformation. The existing quantitative or
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qualitative analyses mainly reveal the influence of single
factor, but this paper is conducted on the comprehensive
impact of different combinations of factors on servitization
transformation. (3) This paper provides practical guidance
for the servitization transformation development of Chinese
manufacturing enterprises. Three paths are proposed for the
servitization transformation based on the four configura-

tions, which provides practical help for Chinese
manufacturing enterprises to achieve servitization
transformation.

The paper is organized as follows. Firstly, Section 2
describes the design of this study, including analytical
framework, research method, variable design, case selection,
and data calibration. Then, Section 3 describes data analysis.
The main results are present in Section 4. Finally, Section 5
draws some conclusion of the study and presents some
implications and limitations as well.

2. Materials and Methods

2.1. TOE Framework. The TOE framework proposed by
Tornatizky and Fleischer is to understand the adoption of
emerging technologies [42]. It is subject to a combination of
technological, organizational, and environmental factors in
the process of application. Firstly, the framework empha-
sizes technological factors, such as technological availability
[43], technological resources, and technological capabilities
[44, 45]. Then, organizational factors include organizational
profile characteristics and organizational resources [46].
Finally, environmental factors emphasize the influence of
the external environment, such as policy environment [43],
competitive intensity, and demand pressures [45].

The existing studies of TOE framework are distributed
not only by firms but also by governments, such as sus-
tainable smart cities governance [47]; customer relationship
management (CRM) [48]; enterprise resource planning
(ERP) [49, 50]; driving paths of Chinese digital economy
[51]. There are also some studies applied the TOE framework
to analyze the servitization transformation of Chinese in-
dustry [52-55]. Previous research has been conducted from
several fields, which has contributed to the development of
TOE framework and made it an important research
framework [56, 57]. However, there is little research on TOE
combined with servitization transformation performance in
manufacturing, so in-depth research is needed in this area.
As discussed above, the TOE framework can be used to study
the behavior of servitization transformation.

2.2. FSQCA Method. The fsQCA method proposed by Ragin
and Rihoux can be used to identify sufficient or necessary
subset relationship [42]. This paper uses fsSQCA method to
explore the factors affecting the servitization performance of
Chinese manufacturing enterprises. This paper uses the
£sQCA 3.0 software to analyze the data.

The fsQCA is based on Boolean algebra and set theory
and focuses on the analytical method to solve the config-
uration perspective problems, and the core idea is to analyze
the causal relationships between results and variables to
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explore the typical paths affecting the results. Compared
with PLS structural equation method, the PLS structural
equation is a quantitative method which studies the effect of
single factor on the outcomes, so it cannot propose a
configuration path with the combination of multiple factors.
The fsQCA has both qualitative and quantitative advantages,
which facilitates the analysis of special problems such as
complex antecedent conditions, asymmetric causality, and
cross-level variables, and can reduce the complexity of the
sample objects, thus providing a deeper interpretation of the
sample cases.

The previous studies on manufacturing servitization
transformation are conducted from variables methods, the
main reasons using fsSQCA method are as follows: (1) the
traditional linear relationship is mainly used to explain the
problems with symmetry, but there are so many nonlinear
relationships in life, the traditional linear relationship is
difficult to analyze this complex situation. The fsQCA
method considers that it is the set of conditional factors
rather than individual factors that play a key role in the
results, which is more theoretically logical and realistic. (2)
The fsQCA method mainly considers different influencing
factors as “concurrent causality,” and different influencing
factors may produce the same result through reasonable
combination, ie., XY— A and XZ— A. It is the same
result in two different paths, which is different from the
traditional statistical methods that analyze the influence of
individual factors on the results.

It is the calculation formulas of consistency and
coverage:

in(X,Y,
Consistency (X;<Y;) = M
Y minX;
(1)
in(X,;,Y;
Coverage (X;<Y;) = M
Y minY,

In the formula, X; is the membership of case i in con-
figuration set X and Y; is the membership of case in outcome
Y. The value range of Consistency (X;<Y;) is 0-1, and
consistency is an indicator of whether the conditional
configuration constitutes a subject of the outcome, which is
generally not less than 0.8. The value range of Coverage
(X;<Y;) is also 0-1. Coverage represents the interpretation
degree of outcome Y caused by the combination of X [58].

The process of fSQCA method can be demonstrated
briefly in Figure 1.

2.3. Variable Design. Based on the TOE framework and
existing research results, the technology conditions em-
phasize attention on how the attributes of the technology can
influence its adoption decision. The organization conditions
are related to the company’s resources and the environment
conditions consist of “the stage” in which an organization
conducts its activity. These conditions constitute the internal
and external factors that influence the servitization trans-
formation of manufacturing enterprises.

Technology updating is mainly manifested in two as-
pects: product technology updating [31] and digital platform

building [29]. Product technology updating refers to the
comprehensive use of digital technology, big data, artificial
intelligence, and other technologies. Digital platform
building refers to the digital infrastructure construction and
industrial Internet supporting facilities construction to
enhance the level of digital hardware.

Organization management is mainly manifested in two
aspects of enterprise strategic transformation [35] and talent
system building [59]. Enterprises should actively make
strategic adjustments, and need to guarantee the effective
implementation of the strategy. Talent system building refers
to efficient personnel management and scientific con-
struction, and workers management is the basic guarantee
for servitization strategy to be effective.

Environment changes are mainly in two aspects: the
pressure of enterprise competition [34] and changes in
customer demand [60]. The pressure of enterprise compe-
tition refers to the pressure of survival brought by the
lowering of industry profitability and market scrambling
among enterprises. Changes in customer demand refer to
changes in the functional attributes and new design of the
product, so that the product can meet customer needs.

2.4. Research Model. Previous studies have showed that
various factors can affecting servitization transformation,
but almost all factors can be categorized as technology,
organization, or environment conditions. The influencing
factors can be integrated with TOE framework to form a
research model. The similar model has been used in a lot of
studies, such as the factors driving digital economy [57],
complex adoption behavior of cloud services [61], and the
configuration of firm innovation ability [62]. Thereby, based
on the compilation and analysis of existing servitization
research results, this study integrates the main influencing
factors in the dimensions of technology, organization, and
environment as a set of variables to construct a grouping
model of the advantages of servitization transformation of
manufacturing enterprises, as shown in Figure 2.

2.5. Case Selection and Data Collection. The process of case
selection is as follows. Firstly, the basic principles of sample
selection are determined. Under the premise of considering
the adequacy and accessibility of the sample quantity, we
ensure that the sample enterprises meet the requirements of
implementing service transformation. Secondly, it investi-
gated the basic situation of 187 large, medium, and small
manufacturing enterprises, and established a database of
basic enterprise information. At the same time,
manufacturing enterprises that implement servitization
transformation strategies are marked out. Finally, it is en-
sured that the cases come from different technology levels
and different concentrations. The cases not only meet the
principles of representativeness, richness, and accessibility
but also conform to the relevant studies of the fsQCA
standard. In this paper, 28 cases were finally selected for
analysis in the context of actual situation of the study. The
basic information of the main technical fields of the case is
shown in Table 1.
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FiGURE 1: Process of fsQCA method.

Conditional variables

Technical dimensions Organizational dimensions

| Product technology updating | | Enterprises strategic transformation |

| Digital platform building | | Talent system building |

Environmental dimensions

| Enterprise competitive pressure |

| Customer demand change |

Result variables

Servitization transformation performance

FIGURE 2: Research model of manufacturing servitization transformation configuration.

The data were collected using the PAPI method from
November 2019 through December 2020. A total of 28
questionnaires were returned, and 28 were properly com-
pleted and then analyzed.

2.6. Reliability and Validity Measures. The data were ana-
lyzed with a partial least square by using Smart PLS 3.0
software. Reliability shows the internal consistency by
Cronbach’s « (CA) and composite reliability (CR). The CA
and CR values of each variable are greater than 0.7 and 0.8,
indicating that the internal consistency of each variable
and the reliability of measurement model are good.
Validity can be reflected using construct validity, which is
measured by convergent validity and discriminant val-
idity. The average variance extracted (AVE) of the latent
variable and the factor loading of the construct are greater
than 0.5 and 0.7 through the calculation, indicating that
the convergent validity is good. Discriminant validity was
used to check whether there were significant differences
between the latent variables. The calculated results

indicate that the measurement model has high discrim-
inant validity.

2.7. Data Calibration. The results and discussion may be
presented separately, or in one combined section, and may
optionally be divided into headed subsections. Referring to
CODURAS [63] and DU [39], the three anchor points of the
6 conditions and 1 outcome were set as 3 limit values for
calibration: 0.05 as a nonbelonging threshold, 0.50 as a
turning point of maximum ambiguity, and 0.95 as the
threshold of fully belonging to the set [64]. This selection of
anchor points is not only in compliance with the charac-
teristics of manufacturing service transformation factors,
but also with the criteria for the operation of the fsQCA
method [65, 66]. Many previous studies have taken this
approach to data calibration, making the data consistent
with fsQCA analysis [62, 67]. After determining the com-
pletely unaffiliated anchor points, the intersection anchor
points and the completely affiliated anchor points, the
fsQCA software was used to calibrate them, so that the
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TaBLE 1: The codes and fields of sample enterprises.

Company code

Technical areas

TTC

Electronics, communication equipment, network technology

DJK] Drone, aerial camera

SHWL Smart car

MDC Consumer appliances, HVAC

JLZG CNC lathe, steel smelting

HX]JT Intelligent home devices, security cameras and surveillance

HL]T Smart meters, chemical fiber materials

ZJJL Automotive manufacturing, smart mobility

LXJT Electronic computers, computer systems services

MJC Smart home products

STK] Robot vacuum

MZGS Acoustic equipment

SHSL Elevators, escalators

WTK]J ToT devices, electronic special materials

SZJY Face recognition equipment, computer software

PNDC Intelligent security, IoT technology

HCKG Construction machinery, high-power engines

SGGS Intelligent translation devices

ZGGT Steel smelting, logistics-supply chain integration

LNGS Sports product R&D, production and logistics-supply chain integration

ZGDZ Electronic devices, semiconductor lighting, photovoltaic cells

XMGS Communications equipment manufacturing, software services

HRG Robotics and automation equipment

GLDQ Medical devices, laboratory equipment

MDJT Electrical manufacturing, intelligent supply chain, automated systems

TLKG New energy vehicle batteries, urban smart microgrid construction

JSYD New energy vehicle manufacturing, Internet information services

SHDZ Electronic devices, integrated circuits, intelligent imaging
TaBLE 2: Calibration anchor points of the variables.

Variable Full affiliation point Intersection point Completely unaffiliated points

MEST 34.55 25.50 7.25

PTU 42.55 30.00 10.95

DPB 37.20 26.00 9.50

EST 38.55 27.50 13.80

TSB 29.10 22.50 6.35

ECP 57.55 37.50 7.45

CDC 42.55 32.50 7.80

converted set affiliation was between 0 and 1. If the inter-
section data is 0.5 after calibration, it cannot be directly put
into the truth table for analysis. The anchor data needs to be
adjusted to 0.499 or 0.501 and calibrated again before it can
be included in the truth table for analysis. The calibration
anchor points of the variables are shown in Table 2.

3. Data Analysis

3.1. Single-Factor Necessity Analysis. The necessity of indi-
vidual factors must be analyzed before using the fuzzy-set
truth table procedure. This is necessary to test whether a
conditional variable is an outcome variable. The criterion
for the necessity test is usually measured using consistency
and coverage. Consistency is usually used to determine the
extent to which the antecedent condition is necessary for
the outcome. It is the extent to which the outcome is
covered by the range of antecedent conditions. Coverage

reflects the number of cases that can explain the existence of
the necessity of the antecedent condition. The baseline is
generally set to 0.9, and when the consistency of the
condition variable necessity is greater than 0.9, the con-
dition variable can be identified as necessary for the out-
come and satisfies the testing criteria related to the
necessity condition.

The results of the single-factor necessity analysis of the data
using the Necessary Conditions module in the fsSQCA 3.0
software are shown in Table 3. The results show that the con-
sistency index of each condition variable is below the baseline of
0.9 and the condition variable is not a necessary condition.

3.2. Multi-factor Combination Analysis. The outcome of
manufacturing service transformation is multiple and
complex concurrent causation, so it is necessary to further
carry out the sufficiency analysis of the grouping under
different conditions based on the single-factor necessity
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TABLE 4: Servitization transformation configuration paths.

Variable name Consistency Coverage
PTU 0.8757 0.8265
~PTU 0.4326 0.4658
DPB 0.7381 0.6869
~DPB 0.5869 0.6232
EST 0.7794 0.6111
~EST 0.4821 0.6828
TSC 0.6707 0.6937
~TSC 0.5184 0.6101
ECP 0.8341 0.8030
~ECP 0.4837 0.5012
CDC 0.8770 0.8568
~CDC 0.5203 0.5173

analysis. The sufficiency test is to assess whether the set of a
certain conditional configuration is a subset of the set of
outcomes, which is usually measured using the consistency
indicator. The consistency is set to 0.8 and the PRI (pro-
portional reduction in inconsistency) consistency threshold
is set to 0.75. The number of cases is 28, which is a medium
sample size, so the frequency threshold is set to 1.

Based on the output of the fsQCA 3.0, four configu-
rations affecting servitization transformation perfor-
mance in Chinese manufacturing enterprises are listed in
Table 4.

A longitudinal comparison of the four configurations reveals
that the unique coverage of configuration 3 (PTU # EST
* TSB # ECP » CDC) is the highest (0.1892). Enterprise strategy
transformation, talent system building, and enterprise com-
petitive pressure play a core role, while product technology
updating and customer demand change play a secondary role.
Configuration 1 (PTU % DPB * EST %« TSB % ECP) has the
second highest unique coverage index (0.0554). Product tech-
nology updating, talent system building, and enterprise com-
petitive pressure are the core driving condition. Digital platform
building and enterprise strategy transformation are auxiliary
conditions. The unique coverage index of configuration 2a
(PTU * DPB * EST % ECP + CDC) ranks third (0.0389), the
core conditions of this configuration are product technology
updating, digital platform building, and customer demand
change, and enterprise strategy transformation and enterprise
competitive pressure are the auxiliary conditions. Configuration
2b (PTU = DPB * EST % TSB % CDC) has the lowest unique
coverage (0.0291), which takes product technology updating,
digital platform building, and customer demand changes as the
core driving conditions, and enterprise strategy transformation
and talent system building are auxiliary conditions.

3.3. Robustness Tests. Two methods are adopted to ensure
the credibility of the above results.

Firstly, the consistency level index is adjusted, and the
consistency index is adjusted from 0.8 to 0.81, and the other
treatments are unchanged. It is found that the configuration
results of servitization transformation do not change sig-
nificantly; then according to the principle of asymmetric
causality it can be known that the hypothesis X1 + X2 +
---+ Xn — Y does not necessarily lead to ~ X1+ ~ X2

Condition variables Configuration

1 2a 2b 3
PTU [ ] ® ® .
DPB . ( (
EST . . . )
TSB [ ] . ®
ECP [ o ®
CDC ® ® .
Consistency 0.9734 0.9746 0.9730 0.9281
Raw coverage 0.4887 0.4721 0.4624 0.6225
Unique coverage 0.0554 0.0389 0.0291 0.1892
Opverall solution consistency 0.9375
Overall solution coverage 0.7459

+--++ ~ Xn — ~Y. Comparing the results of the group
path of nonservitization transformation and the configu-
ration path of servitization transformation, we find that they
are not the same. It can validate the robustness of serviti-
zation transformation.

The robustness of manufacturing servitization trans-
formation is verified by the above two methods, and both
methods pass the test, indicating that the research results
have good robustness.

4. Results

The traditional research on manufacturing servitization
transformation holds that servitization transformation is
influenced by multiple factors but mostly considers the
linear influence of single-factor on the results, and does not
integrate multifactor analysis on the impact of servitization
transformation, such as employees’ attitude [68] and supply
chain integration technology [69] on the impact of realizing
servitization transformation. Therefore, this paper combines
the fsQCA method and TOE framework to analyze the
impact of six factors on the servitization transformation, in
order to provide some help for the development of
manufacturing servitization.

Firstly, this paper summarizes the main factors influ-
encing servitization transformation based on TOE frame-
work, which include product technology updating, digital
platform building, enterprise strategy transformation, talent
system building, enterprise competitive pressure, and cus-
tomer demand change. Analyzing the servitization trans-
formation from several aspects will help to solve the
singleness of the analysis results in the existing research.

Secondly, the results generated by fsQCA demonstrate
that different combinations of factors can lead to serviti-
zation transformation. According to the core conditions
contained in the four configurations, Figure 3 summarizes
them into three paths to achieve servitization transformation
performance, namely, the collaboration-oriented path under
TOE dominant logic (configuration 1), the organization
collaboration path under technology-environment domi-
nant logic (configuration 2a and 2b), and the technology
collaboration path under organization-environment domi-
nant logic (configuration 3).
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FiGure 3: Paths for manufacturing enterprises to achieve servitization transformation performance. The blue box represents the core
elements, and the yellow box represents the peripheral elements to achieve MEST.

Finally, the conditions in the four configurations show that
product technology updating and enterprise strategy trans-
formation appear in all configurations as core or auxiliary
conditions, which are the main driving force of manufacturing
servitization transformation; digital platform building, talent
system building, enterprise competitive pressure, and customer
demand change appear in three configuration, which are
important factors of manufacturing servitization transforma-
tion. In addition, multiple variables in technology, organiza-
tion, and environment in all configurations are synergistically
matched and jointly function to promote the process of
manufacturing servitization transformation.

5. Conclusion

The servitization transformation of manufacturing enter-
prises is affected by the factors of technology, organization,
and environment. These influencing factors are diverse, and
the influence effect and mechanism are various. Therefore,
this paper studies the key factors affecting the servitization
transformation of manufacturing enterprises and the pos-
sible configuration paths. Based on the data of 28 Chinese
manufacturing enterprises, this paper obtains the following
main conclusions.

Firstly, product technology updating, digital platform
building, enterprise strategy transformation, talent system
building, enterprise competitive pressure, and customer
demand change cannot individually constitute the necessary
conditions for manufacturing servitization transformation,
indicating that individual factor cannot strongly enhance
manufacturing servitization transformation performance
and effectively promote the process of manufacturing ser-
vitization transformation.

Secondly, product technology updating and enterprise
strategy transformation show up in all paths, indicating that
these two conditions are indispensable in the process of
servitization transformation, and manufacturing enterprises
should pay attention to strengthen product technology
updating and enterprise strategy transformation [29, 35].
Digital platform building, talent system building, enterprise
competitive pressure, and customer demand change appear
in three configuration and are important driving force of
manufacturing servitization transformation. Manufacturing
enterprises should place these factors in the main strategic
position [62].

The theoretical implication of this study is the innovative
application of new research method. The fsQCA is used to
analyze the factors affecting the servitization transformation
performance of manufacturing enterprises. PLS and SEM
are used to explore the factors influencing servitization
transformation of manufacturing enterprises in the existing
studies. These methods suppose the relationship between
variables is symmetric, but the relationship can also be
asymmetric in the practice [70]. These methods also dedi-
cated to the study of the influence of independent variables
dependent variables, but ignore that the results are probably
produced by the joint action of different variables. This
situation happens when enterprises work to improve ser-
vitization transformation performance. Multiple factors
should be considered when making decisions. Based on TOE
framework, the fsSQCA method is used to analyze the joint
effects of product technology updating, digital platform
building, enterprise strategy transformation, talent system
building, enterprise competitive pressure, and customer
demand change on the servitization transformation of
manufacturing enterprises, and identifies three paths leading



to servitization transformation performance. It improves the
understanding of this method for scholars and enrich the
application field of fsQCA methods.

The practical implication is that the results of this study
have important guidance and inspiration for manufacturing
enterprise practitioners. With the development of China’s
manufacturing industry, servitization transformation has
become a major development direction for manufacturing
enterprises. In 2020, the Ministry of Industry and Infor-
mation Technology of China proposed to promote the de-
velopment of service-oriented manufacturing and accelerate
the transformation of manufacturing. The study identifies
three paths to guide the servitization transformation per-
formance of manufacturing enterprises. The results will
provide relevant practical guidance for the government and
manufacturing enterprises to improve the servitization
transformation performance, and enhancing the competi-
tiveness of China’s manufacturing enterprises.

The endeavor of this paper was to study the factors and
paths that affecting the servitization transformation of
Chinese manufacturing enterprises. We found that four
possible configurations which can be divided into three
paths to promote servitization transformation. It might be of
significance in the research of servitization transformation of
Chinese manufacturing enterprises. However, it also should
be noted that this research has limitations. Firstly, for the
influencing factors of servitization transformation, this
paper only selects six variables. Due to the complexity of
servitization transformation, there may be other influencing
factors. Secondly, since QCA is limited by cross section data,
this paper investigated the servitization transformation
performance from a static perspective. In future research,
time effects can be taken into consideration.

Data Availability

The data presented in this study are available on request
from the corresponding author. The data are not publicly
available due to privacy of study participants.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This research was supported by the National Social Science
Foundation of China (19BJY099) and the Shanghai Phi-
losophy and Social Science Planning Project (2020BJB015).
The authors are thankful for the support.

References

[1] S. Vandermerwe and J]. Rada, “Servitization of business:
adding value by adding services,” European Management
Journal, vol. 6, no. 4, pp. 314-324, 1988.

[2] N. F. Ayala, W. Gerstlberger, and A. G. Frank, “Managing
servitization in product companies: the moderating role of
service suppliers,” International Journal of Operations &
Production Management, vol. 39, no. 1, pp. 43-74, 2019.

Discrete Dynamics in Nature and Society

[3] A. Neely, “Exploring the financial consequences of the ser-
vitization of manufacturing,” Operations Management Re-
search, vol. 1, no. 2, pp. 103-118, 2008.

[4] C. Kowalkowski, H. Gebauer, B. Kamp, and G. Parry, “Ser-
vitization and deservitization: overview, concepts, and defi-
nitions,” Industrial Marketing Management, vol. 60, pp. 4-10,
2017.

[5] B. Kamp and G. Parry, “Servitization and advanced business
services as levers for competitiveness,” Industrial Marketing
Management, vol. 60, pp. 11-16, 2017.

[6] X.Li,J. Du, and H. Long, “Mechanism for green development
behavior and performance of industrial enterprises (GDBP-
IE) using partial least squares structural equation modeling
(PLS-SEM),” International Journal of Environmental Research
and Public Health, vol. 17, no. 22, p. 8450, 2020.

[7] T. Baines, A. Z. Bigdeli, O. F. Bustinza, V. G. Shi, J. Baldwin,

and K. Ridgway, “Servitization: Revisiting the State-Of-The-

Art and Research Priorities,” International Journal of Oper-

ations & Production Management, 2017.

R. Oliva and R. Kallenberg, “Managing the Transition from

Products to Services,” International journal of service industry

management, 2003.

[9] Z. Liu, Y. Xiao, and J. Feng, “Manufacturer’s sharing servi-
tization transformation and product pricing strategy,” Sus-
tainability, vol. 13, no. 3, 2021.

[10] H. Gebauer, E. Fleisch, and T. Friedli, “Overcoming the
service paradox in manufacturing companies,” European
Management Journal, vol. 23, no. 1, pp. 14-26, 2005.

[11] M. D. Watabaji and A. Shumetie, “Political instability, cor-
ruption and enterprise performance nexus: lessons and policy
implications for some selected african countries,” Journal of
African Business, pp. 1-18, 2021.

[12] H. Zheng, X. Li, X. Zhu et al., “Impact of recycler information
sharing on supply chain performance of construction and
demolition waste resource utilization,” International Journal
of Environmental Research and Public Health, vol. 19, no. 7,
p. 3878, 2022.

[13] O. Bravo and D. Herndndez, “Measuring organizational
resilience: tracing disruptive events facing unconventional oil
and gas enterprise performance in the Americas,” Energy
Research & Social Science, vol. 80, Article ID 102187, 2021.

[14] T. Hakanen, N. Helander, and K. Valkokari, “Servitization in
global business-to-business distribution: the central activities
of manufacturers,” Industrial Marketing Management, vol. 63,
pp. 167178, 2017.

[15] W. Coreynen, P. Matthyssens, and W. Van Bockhaven,
“Boosting servitization through digitization: pathways and
dynamic resource configurations for manufacturers,” Indus-
trial Marketing Management, vol. 60, pp. 42-53, 2017.

[16] M. Paiola and H. Gebauer, “Internet of things technologies,
digital servitization and business model innovation in BtoB
manufacturing firms,” Industrial Marketing Management,
vol. 89, pp. 245-264, 2020.

[17] A. Sklyar, C. Kowalkowski, B. Tronvoll, and D. Sérhammar,
“Organizing for digital servitization: a service ecosystem
perspective,” Journal of Business Research, vol. 104, pp. 450-
460, 2019.

[18] T. Grubic, “Remote monitoring technology and servitization:
exploring the relationship,” Computers in Industry, vol. 100,
pp. 148-158, 2018.

[19] S. Forkmann, C. Ramos, S. C. Henneberg, and P. Naudg,
“Understanding the service infusion process as a business
model reconfiguration,” Industrial Marketing Management,
vol. 60, pp. 151-166, 2017.

[8



Discrete Dynamics in Nature and Society

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

R. Sousa and G. J. da Silveira, “The relationship between
servitization and product customization strategies,” Inter-
national Journal of Operations & Production Management,
vol. 39, no. 3, pp. 454-474, 2019.

C. Raddats, C. Kowalkowski, O. Benedettini, J. Burton, and
H. Gebauer, “Servitization: a contemporary thematic review
of four major research streams,” Industrial Marketing Man-
agement, vol. 83, pp. 207-223, 2019.

C. Feng, L. Jiang, R. Ma, and C. Bai, “Servitization strategy,
manufacturing organizations and firm performance: a theo-
retical framework,” Journal of Business & Industrial Mar-
keting, vol. 36, no. 10, pp. 1909-1928, 2021.

S. A. Qalati, D. Ostic, G. Shuibin, and F. Mingyue, “A
mediated-moderated model for social media adoption and
small and medium-sized enterprise performance in emerging
countries,” Managerial and Decision Economics, vol. 43, no. 3,
pp. 846-861, 2022.

S. Ekakitie-Emonena and O. S. Alagba, “Customer relation-
ship marketing & enterprise performance: empirical evidence
from leading banks in South-South Nigeria,” Linguistics and
Culture Review, vol. 6, pp. 106-120, 2021.

H. Long, H. Liu, X. Li, and L. Chen, “An evolutionary game
theory study for construction and demolition waste recycling
considering green development performance under the
Chinese government’s reward-penalty mechanism,” Inter-
national Journal of Environmental Research and Public
Health, vol. 17, no. 17, p. 6303, 2020.

A. G. Frank, G. H. Mendes, N. F. Ayala, and A. Ghezzi,
“Servitization and Industry 4.0 convergence in the digital
transformation of product firms: a business model innovation
perspective,” Technological Forecasting and Social Change,
vol. 141, pp. 341-351, 2019.

E. Rondi, A. De Massis, and S. Kraus, “Servitization through
open service innovation in family firms: exploring the ability-
willingness paradox,” Journal of Business Research, vol. 135,
pp. 436-444, 2021.

A. Achi, O. Adeola, and F. C. Achi, “CSR and green process
innovation as antecedents of micro, small, and medium en-
terprise performance: moderating role of perceived envi-
ronmental volatility,” Journal of Business Research, vol. 139,
pp. 771-781, 2022.

M. Ardolino, M. Rapaccini, N. Saccani, P. Gaiardelli,
G. Crespi, and C. Ruggeri, “The role of digital technologies for
the service transformation of industrial companies,” Inter-
national Journal of Production Research, vol. 56, no. 6,
pp. 2116-2132, 2018.

L. Santamaria, M. Jesus Nieto, and I. Miles, “Service inno-
vation in manufacturing firms: evidence from Spain,” Tech-
novation, vol. 32, no. 2, pp. 144-155, 2012.

U. Awan, M. G. Arnold, and I. Golgeci, “Enhancing green
product and process innovation: towards an integrative
framework of knowledge acquisition and environmental in-
vestment,” Business Strategy and the Environment, vol. 30,
no. 2, pp. 1283-1295, 2021.

T. Baines, A. Ziaee Bigdeli, R. Sousa, and A. Schroeder,
“Framing the servitization transformation process: a model to
understand and facilitate the servitization journey,” Inter-
national Journal of Production Economics, vol. 221, Article ID
107463, 2020.

T. Baines, A. Ziaee Bigdeli, O. F. Bustinza, V. G. Shi,
J. Baldwin, and K. Ridgway, “Servitization: revisiting the state-
of-the-art and research priorities,” International Journal of
Operations & Production Management, vol. 37, no. 2,
pp. 256-278, 2017.

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

J. Dmitrijeva, A. Schroeder, A. Ziaee Bigdeli, and T. Baines,
“Context matters: how internal and external factors impact
servitization,” Production Planning & Control, vol. 31, no. 13,
pp. 1077-1097, 2020.

M. M. Kamal, U. Sivarajah, A. Z. Bigdeli, F. Missi, and
Y. Koliousis, “Servitization implementation in the
manufacturing organisations: classification of strategies,
definitions, benefits and challenges,” International Journal of
Information Management, vol. 55, Article ID 102206, 2020.
S. Yin, N. Zhang, and H. Dong, “Preventing COVID-19 from
the perspective of industrial information integration: evalu-
ation and continuous improvement of information networks
for sustainable epidemic prevention,” Journal of Industrial
Information Integration, vol. 19, Article ID 100157, 2020.

S. Yin, N. Zhang, and B. Li, “Improving the effectiveness of
multi-agent cooperation for green manufacturing in China: a
theoretical framework to measure the performance of green
technology innovation,” International Journal of Environ-
mental Research and Public Health, vol. 17, no. 9, p. 3211,
2020.

S. Yin, N. Zhang, K. Ullah, and S. Gao, “Enhancing digital
innovation for the sustainable transformation of
manufacturing industry: a pressure-state-response system
framework to perceptions of digital green innovation and its
performance for green and intelligent manufacturing,” Sys-
tems, vol. 10, no. 3, p. 72, 2022.

Y. Du and P. H. Kim, “One size does not fit all: strategy
configurations, complex environments, and new venture
performance in emerging economies,” Journal of Business
Research, vol. 124, pp. 272-285, 2021.

C. C. Ragin, The comparative method: Moving beyond qual-
itative and quantitative strategies, Berkeley1987, Berkeley,
1987.

C. C. Ragin, “Redesigning social inquiry: fuzzy sets and be-
yond,” Social Forces, vol. 88, no. 4, pp. 1936-1938, 2009.

L. G. Tornatzky, M. Fleischer, and A. K. Chakrabarti, Processes
of Technological Innovation, Lexington books, Lanham, MD,
1990.

G. Chen, H. Kang, and L. F. Luna-Reyes, “Key determinants of
online fiscal transparency: a technology-organization-envi-
ronment framework,” Public Performance ¢ Management
Review, vol. 42, no. 3, pp. 606-631, 2019.

Q. Jia, Y. Guo, and S. J. Barnes, “Enterprise 2.0 post-adoption:
extending the information system continuance model based
on the technology-Organization-environment framework,”
Computers in Human Behavior, vol. 67, pp. 95-105, 2017.
H. O. Awa, O. U. Qjiabo, and L. E. Orokor, “Integrated
technology-organization-environment (TOE) taxonomies for
technology adoption,” Journal of Enterprise Information
Management, vol. 30, no. 6, pp. 893-921, 2017.

Y.-S. Wang, H.-T. Li, C.-R. Li, and D.-Z. Zhang, “Factors
affecting hotels’ adoption of mobile reservation systems: a
technology-organization-environment framework,” Tourism
Management, vol. 53, pp. 163-172, 2016.

F. Ullah, S. Qayyum, M. J. Thaheem, F. Al-Turjman, and
S. M. Sepasgozar, “Risk management in sustainable smart
cities governance: a TOE framework,” Technological Fore-
casting and Social Change, vol. 167, Article ID 120743, 2021.
F. Cruz-Jesus, A. Pinheiro, and T. Oliveira, “Understanding
CRM adoption stages: empirical analysis building on the TOE
framework,” Computers in Industry, vol. 109, pp. 1-13, 2019.
W. Xu, P. Ou, and W. Fan, “Antecedents of ERP assimilation
and its impact on ERP value: a TOE-based model and



10

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

empirical test,” Information Systems Frontiers, vol. 19, no. 1,
pp. 13-30, 2017.

A. M. AlBar and M. R. Hoque, “Factors affecting cloud ERP
adoption in Saudi Arabia: an empirical study,” Information
Development, vol. 35, no. 1, pp. 150-164, 2019.

P. Ruivo, B. Johansson, S. Sarker, and T. Oliveira, “The re-
lationship between ERP capabilities, use, and value,” Com-
puters in Industry, vol. 117, Article ID 103209, 2020.

E. Vaittinen, M. Martinsuo, and R. Ortt, “Business customers’
readiness to adopt manufacturer’s new services,” Journal of
Service Theory and Practice, vol. 28, no. 1, pp. 52-78, 2017.
L. Shen, C. Sun, and M. Ali, “Path of smart servitization and
transformation in the textile industry: a case study of various
regions in China,” Sustainability, vol. 13, no. 21, Article ID
11680, 2021.

Y. Li, C. Liao, and Z. Xiang, “Research on the configuration
path of manufacturing servitization transformation under the
background of digital economy,” Forum on Science and
Technology in China, vol. 38, no. 8, pp. 68-76, 2022.

S. Chatterjee, N. P. Rana, Y. K. Dwivedi, and
A. M. Baabdullah, “Understanding AI adoption in
manufacturing and production firms using an integrated
TAM-TOE model,” Technological Forecasting and Social
Change, vol. 170, Article ID 120880, 2021.

Y. Li, Z. Xiang, and C. Liao, “Research on the configuration
path of digital transformation of advanced manufacturing:
based on the “technology-organization-environment”
framework,” Science and Technology Management Research,
vol. 42, no. 03, pp. 119-126, 2022.

S. Chen, Q. Li, B. Lei, and N. Wang, “Configurational analysis
of the driving paths of Chinese digital economy based on the
technology-organization-environment framework,” SAGE
Open, vol. 11, no. 4, Article ID 215824402110545, 2021.

Z. Gao, D. He, and S. Niu, “On what could Chinese mining
enterprises achieve high-level environmental performance?-
based on the fSQCA method,” International Journal of En-
vironmental Research and Public Health, vol. 18, no. 14,
p- 7290, 2021.

M. Opazo-Basdez, F. Vendrell-Herrero, and O. F. Bustinza,
“Talent for services: how gaining access to talent enables
successful servitization,” Research Handbook of International
Talent Management, Edward Elgar Publishing, 2019.

C. Raddats, T. Baines, J. Burton, V. M. Story, and
J. Zolkiewski, “Motivations for servitization: the impact of
product complexity,” International Journal of Operations &
Production Management, vol. 36, no. 5, pp. 572-591, 2016.
G. Zhang, W. Wang, and Y. Liang, “Understanding the
complex adoption behavior of cloud services by SMEs based
on complexity theory: a fuzzy sets qualitative comparative
analysis (fsQCA),” Complexity, vol. 2021, pp. 1-17, 2021.

Q. Lin and L. Yi, “How Digitalisation Empowering Firm
Innovation Breaks the Game? Based on Fuzzy Set Qualitative
Comparative Analysis,” Technology Analysis ¢ Strategic
Management, pp. 1-14, 2022.

A. Coduras, J. A. Clemente, and J. Ruiz, “A novel application
of fuzzy-set qualitative comparative analysis to GEM data,”
Journal of Business Research, vol. 69, no. 4, pp. 1265-1270,
2016.

R. Kusa, J. Duda, and M. Suder, “Explaining SME perfor-
mance with fsQCA: the role of entrepreneurial orientation,
entrepreneur motivation, and opportunity perception,”
Journal of Innovation & Knowledge, vol. 6, no. 4, pp. 234-245,
2021.

(65]

(6]

(67]

(68]

(69]

(70]

Discrete Dynamics in Nature and Society

U. Awan, G. Muneer, and W. Abbas, “Organizational col-
laborative culture as a source of managing innovation,” World
Applied Sciences Journal, vol. 24, no. 5, pp. 582-587, 2013.
U. Awan, “Steering for sustainable development goals: a ty-
pology of sustainable innovation,” in Industry, Innovation and
Infrastructure, pp. 1026-1036, Springer, Berlin/Heidelberg,
Germany, 2021.

D. Cao, Y. Wang, N. Berkeley, and B. Tjahjono, “Configu-
rational conditions and sustained competitive advantage: a
fsQCA approach,” Long Range Planning, vol. 55, no. 4, Article
ID 102131, 2022.

M. Pand and M. E. Kreye, “Employee reactions to servitization
as an organizational transformation,” in The Palgrave
Handbook of Servitization, pp. 327-339, Springer, Berlin/
Heidelberg, Germany, 2021.

D. Xu and Y. Long, “The role of supply chain integration in
the transformation of food manufacturers: a case study from
China,” International Journal of Logistics Research and Ap-
plications, vol. 24, no. 2, pp. 198-212, 2021.

M. Sarstedt, C. M. Ringle, and J. F. Hair, “Partial least squares
structural equation modeling,” in Handbook of Market Re-
search, pp. 587-632, Springer, Berlin/Heidelberg, Germany,
2021.



