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Abstract. Digital technology serves as a pivotal bridge for manufacturing en-
terprises to achieve servitization upgrades; however, this process is contingent
upon internal capabilities and external environmental factors. Using a dataset of
139 Chinese A-share listed pharmaceutical firms from 2014 to 2024, this study
investigates the mechanism linking digital transformation to servitization per-
formance through the lens of the corporate lifecycle. The results demonstrate
that digital transformation significantly enhances both input and output serviti-
zation performance, with these effects being most pronounced in mature enter-
prises. Mechanism tests reveal that digital transformation facilitates servitiza-
tion by bolstering innovation capability, absorptive capacity, and overall dy-
namic capability. Conversely, environmental uncertainty exerts a significant
negative moderating effect on the relationship between digital transformation
and servitization performance. Further heterogeneity analysis indicates that the
promotional impact is stronger for firms located in the eastern region and
large-scale enterprises compared to those in central or western regions and
small and medium-sized enterprises. These findings offer theoretical contribu-
tions and practical guidance for manufacturing firms seeking to align digital
strategies with service-oriented transformation.

Keywords: Digital Transformation; Servitization Performance; Corporate
Lifecycle; Dynamic Capabilities; Environmental Uncertainty

1 Introduction

In the context of global industrial chain restructuring, the "dual circulation" develop-
ment pattern, and consumption upgrading, profit margins for enterprises relying sole-
ly on low-cost manufacturing are increasingly compressed. Consequently, personal-
ized, full-lifecycle services have emerged as a critical competitive frontier. Driven by
advanced production factors—knowledge, information, and technology—servitization
fundamentally alters operational mechanisms and business models, reconstructing
value chains to enhance product value and competitive advantagel'l. However, many
Chinese manufacturers retain a "product-dominant" logic, prioritizing hardware over
software, and often lack service innovation awareness. Furthermore, weak digital
foundations for process optimization and customer demand analysis result in insuffi-

© The Author(s) 2026

T. Benazzouz et al. (eds.), Proceedings of the 2025 7th International Conterence on Economic Management and
Model Engineering (ICEMME 2025), Advances in Economics, Business and Management Research 375,
https://doi.org/10.2991/978-94-6239-602-9_39


https://doi.org/10.2991/978-94-6239-602-9_39
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6239-602-9_39&domain=pdf

438 F.Yuand Y. Xu

cient competitiveness in data analysis and technological absorption. Therefore, im-
proving servitization performance to propel manufacturers up the value chain is a
critical challenge.

Digital transformation has brought new research perspectives and possibilities for
manufacturing enterprises to improve their servitization performance. Existing studies
have found that the rapid development of the underlying technologies of the digital
economy, led by artificial intelligence, blockchain, cloud computing and big data, can
ease the financing constraints of enterprises, optimize human capital, increase R&D
investment!?! and improve innovation efficiency®!, and provide enterprises with an
operating environment of stable cash flow, high-quality talents, advanced technolo-
gies and platforms. To a certain extent, this also implies that the digital transformation
of enterprises can help to continuously promote industrial upgrading and value chain
extension, thus promoting the transformation of the industrial form of traditional
manufacturing servitization transformation. Inspired by this, some scholars have ex-
plored the relationship between digital transformation and manufacturing enterprise
servitization, and found that digital transformation can provide important technical
support¥ to improve the performance of enterprise servitization, promote enterprise
service innovation'™, and is the key pathl® to promote enterprise servitization trans-
formation. However, the research on the influence mechanism between the two is not
deep enough. Most of the research regards servitization as a whole and measures it
from the perspective of micro input-output, and especially pays insufficient attention
to the performance of enterprise servitization in different life cycle stages. On the
other hand, the existing research shows that enterprise activities will be affected” ! by
the external environment, and the complexity and dynamics of the external market
make enterprises have to face the uncertainty?®! of the environment. Therefore, we
infer that the external environment may be an important boundary condition for digi-
tal transformation to affect the servitization of manufacturing enterprises.

This study systematically analyzes the impact of DT on both input and output ser-
vitization performance, exploring situational differences across lifecycle stages and
the roles of dynamic capabilities and environmental uncertainty. The marginal con-
tributions are threefold: Firstly, by distinguishing between input and output servitiza-
tion and integrating lifecycle theory, this study moves beyond static analysis to ex-
plore the dynamic evolution of the DT-servitization relationship. Secondly, it reveals
the "black box" mechanism where DT enhances servitization by enabling dynamic
capabilities (innovation, absorption, and adaptation), filling a gap in intermediate
mechanism research. Thirdly, grounded in contingency theory, it clarifies how envi-
ronmental uncertainty negatively moderates these relationships, offering insights for
strategy formulation in volatile environments.

2 Theoretical Basis and Research Hypotheses

2.1  Digital Transformation and Enterprise Servitization Performance

With the rapid iteration of digital technology and the rise of service economy, the
synergistic effect between the two has gradually become the key path for enterprises to
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enhance their competitiveness and sustainable development ability. Digital transfor-
mation optimizes the servitization path of enterprises through technology embedding
and data empowerment, provides a digital platform for enterprises to improve serviti-
zation performance, enhances data integration, data analysis and digital productization
capabilities to fully release the value of datal'!l, analyzes and integrates production
factors and organizational management structure by using digital technology. It can
improve enterprise innovation ability[®! and total factor productivity, optimize human
capital structure!!”, and enhance the potential function of artificial intelligence and
blockchain in supporting accounting information system to enhance servitization, so as
to better establish complex service system['? for enterprises, improve the operation
mechanism, management mode and information structure!'! of enterprises with inno-
vative technological and economic paradigm, and constantly optimize the internal
resource allocation of enterprises. Increase the proportion of investment in service
business.From the perspective of strategy and marketing, additional services provided
by enterprises with core products can provide personalized solutions for consumers!'3].
Product and customer-oriented service process management can also have a positive
impact on the servitization of enterprises!*l. To realize the transformation of enterprise
production, sales mode and service process, directly meet the needs of users'®, and
improve the participation of value co-creation!'l. The in-depth application of digital
technology can realize the effective sharing of data in the information platform and
system, improve the ability of enterprises to collect and process data, reduce data risks
and information costs, provide comprehensive data support for the transformation of
enterprises into services, so that enterprises can constantly shift the core to increase the
added value of products, and increase the proportion of enterprise service business
income.

Based on the above analysis, the following hypotheses are put forward:

Hla: Digital transformation positively affects the performance of enterprise output
servitization.

H1b: Digital transformation positively affects the performance of enterprise input
servitization.

2.2 Enterprise Life Cycle, Digital Transformation and Servitization
Performance

According to lifecycle theory, enterprises face distinct resource structures and risks at
different stages. Focusing on manufacturing, this study examines the mature and de-
cline stages!!'>1°l. Mature enterprises possess stable market shares, abundant cash flow,
and established systems!'”). They can sustain R&D investment and optimize customer
management, providing a solid foundation for digital integration. Consequently, DT
strongly drives servitization performance during maturity. Conversely, declining en-
terprises face resource scarcity and weakened competitiveness. Organizational rigidity
may hinder DT, and investments may fail to yield returns, potentially accelerating
“resource exhaustion”. From the above analysis, it can be concluded that although
digital transformation may have an overall positive impact on the service performance
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of enterprises, it may also vary for enterprises at different stages of the life cycle.
Therefore, this paper proposes the following hypotheses:

H2a: Digital transformation will promote the output service performance of
enterprises in both the mature and declining stages.

H2b: Digital transformation will promote the input service performance of
enterprises in both the mature and declining stages.

H2c: Digital transformation has a greater promoting effect on the input and output
service performance of enterprises in the mature stage than those in the declining stage.

2.3  Mechanism Analysis: The Mediating Effect of Dynamic Capabilities

Dynamic capability theory emphasizes that enterprises achieve adaptive innovation
through the cycle of "perception-capture-reconstruction". Wang et all'¥ define dynamic
capability as the behavior orientation of enterprises to continuously integrate, configure
and update reengineering resources and capabilities, and the ability to obtain or main-
tain competitive advantages by constantly upgrading and reconstructing their core
capabilities to adapt to the turbulent market environment changes, and divide them into
innovation ability, absorptive ability and adaptive ability. Dynamic capabilities enable
enterprises to create, deploy and protect intangible assets to achieve the perception,
capture and reconfiguration, continuous innovation expectations and knowledge
management required by the optimal enterprise structure, thus supporting superior
long-term business performance!!?).

It is a dynamic process for manufacturing enterprises to realize servitization up-
grading, and dynamic capabilities provide necessary environment?’! for manufacturing
enterprises to implement servitization and help promote the improvement of manu-
facturing enterprises' servitization performance, which is mainly reflected in the fol-
lowing three aspects: (1) Alleviating financing constraints to boost innovation capa-
bility'¥; (2) Broadening knowledge sources to improve absorptive capacity®'l; and (3)
Utilizing big data for real-time market sensing to enhance adaptive capacity??!. Strong
dynamic capabilities facilitate servitization by allowing firms to capture service op-
portunities, transform external knowledge into innovation, and efficiently allocate
resources .

Based on the above analysis, the following hypotheses are proposed:

H3a: Digital transformation enhances enterprise servitization performance by im-
proving enterprise innovation capability.

H3b: Digital transformation enhances enterprise servitization performance by im-
proving enterprise absorptive capacity.

H3c: Digital transformation enhances enterprise servitization performance by im-
proving enterprise adaptability.

H3d: Digital transformation enhances enterprise servitization performance by im-
proving enterprise dynamic capability.
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2.4  Analysis on the Moderating Effect of Environmental Uncertainty

Otley!” once pointed out that environmental uncertainty is the most concerned variable
in the research variables of the contingency theory of organizational structure, and
explained that the success of organizational management not only depends on internal
goals and management, but also is affected by the external environment beyond the
control of the organization. Environmental uncertainty (EU) refers to unpredictable
changes in the external environment!?*), High EU intensifies information asymmetry
and risk®*?¢. To mitigate risk, managers may adopt conservative strategies, reducing
investment in servitization, which typically entails long cycles and uncertain returns?”,
Even with digital tools, high unpredictability hampers accurate planning, inhibiting
service output?®],

Based on the above analysis, the following hypotheses are put forward:

H4a: Environmental uncertainty negatively moderates the relationship between
digital transformation and enterprise output servitization performance.

H4b: Environment uncertainty negatively moderates the relationship between digital
transformation and enterprise input servitization performance.

absorblng ability Service- orlented

Service-oriented Investment
dynamic Capablhty innovation ablllty

transformation performance Servitization of
adaptlve capacity Output

digital

environmental
uncertainty
Fig. 1. Theoretical model

The theoretical model and research hypotheses of this paper are shown in Figure 1.

3 Research Design

3.1 Sample Selection and Data Sources

The study analyzes 139 pharmaceutical manufacturers listed on China's A-share mar-
ket (2014-2024). Data were sourced from annual reports and the CSMAR database .
The final dataset comprises 1,408 observations after excluding ST/*ST firms and
applying 1% winsorization.After screening, a total of 1408 sample observations were
obtained for the benchmark regression (excluding the observations with missing data
on digital transformation and service performance); 1015 sample observations were
selected for the lifecycle-based test (remove the samples of enterprises in the growth
stage); and 1267 and 1271 sample observations were chosen for the mechanism and
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moderation tests(due to the partial missing data of the mediating and moderating var-
iables).

3.2 Variable Design

Explained Variable. Servitization performance of manufacturing enterprises (Se-
rout/Serin). Referring to the research of Zhao Chenyu et all®, Liu Tingli et al®,
Measured via text analysis and financial ratios. The main steps are as follows: (1)
According to the classification of the national economy industry (GB/T4754-2017)
for the service sector, select the keywords related to service business, mainly includ-
ing installation, maintenance, repair, professional services, training, finance, leasing
finance, consultation, insurance, etc., totaling 49. (2) Search for the detailed data of
the sample enterprises' operating income and operating costs, and classify the busi-
ness income and expenditure containing the keywords as service income and service
expenditure. (3) Measure the output serviceization performance by the proportion of
service income in total operating income, and measure the input serviceization per-
formance by the proportion of service cost in total operating cost. (4) If during the
observation period, the operating income and expenditure of the enterprise do not
contain keywords related to service business, then approximate the output serviceiza-
tion and input serviceization performance of the enterprise with other business income
and costs.

Explanatory variables. Degree of enterprise digital transformation (DT). Referring to
the research of Wu Fei et al®%, Zhao Chenyu et alP®'l, this paper uses the text analysis
method to construct the enterprise digital transformation index. The specific process is
as follows: First, construct a digital keyword dictionary covering five dimensions:
artificial intelligence technology, big data technology, cloud computing technology,
blockchain technology, and digital technology application (The details are as shown in
Table 1). Second, perform word segmentation on the annual report text and count the
frequency of occurrence of keywords belonging to the above dictionary. Finally, to
mitigate the impact of differences in the length of annual reports, add 1 to the word
frequency and take the natural logarithm to obtain the measurement index of the degree
of digital transformation of the enterprise.

Table 1. Enterprise Digital Transformation Keyword Dictionary (Partial Examples)

Artificial Intelligence, Al, Machine Learning, Deep Learning, Natural Language

Artificial intelli- Processing, Intelligent Speech, Image Recognition, Intelligent Robots, Neural Net-

gence technology

work
Big data technol- | Big data, data mining, data analysis, data visualization, data warehouse, data platform,
ogy data center, business intelligence, BI
Cloud computing Cloud computing, cloud services, cloud platform, public cloud, private cloud, hybrid
technology cloud, cloud storage, SaaS, PaaS, [aaS
Blocl;((:)}llzjgr;tech- Blockchain, distributed ledger, smart contract, consensus mechanism, digital currency
Application of Digital transformation, digitalization, intelligent manufacturing, industrial internet,

Internet of Things, mobile internet, smart factory, digital marketing, cross-border
e-commerce

digital technology
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Life Cycle. Drawing on the methodological approach established by Li Yunhe et al®®?],
enterprises were classified into three distinct life cycle stages—growth, maturity, and
decline—based on a composite score derived from sales revenue growth rate, retained
earnings ratio, capital expenditure ratio, and firm age. In light of the unique charac-
teristics associated with the servitization transformation in manufacturing enterprises,
this study restricts its empirical examination exclusively to firms in the maturity and
decline stages.

Mediating Variables. Dynamic capability (DC). Drawing on the research of Teece et
all', Wang Juan et al™®, Yang Lin et al?®, this paper uses three indicators of innova-
tion capacity, absorptive capacity and adaptive capacity to measure the dynamic ca-
pacity of enterprises. First, the innovation capability (inn) is obtained by aggregating
the standardized values of the annual R&D investment intensity of the enterprise and
the proportion of technical personnel. The specific formula is as follows:
(xpp —min,,) N (x,; —min,; ) , Absorption capacity (abs) is measured by the ratio
max , —min,, (max,Tf min,r)

of an enterprise's annual research and development expenditure to its operating in-
come, and Adaptability (ada) is measured by using the coefficient of variation of three
main expenditures of the enterprise each year, namely research and development,
capital, and advertising. The coefficient of variation is then converted into a positive
indicator by taking its negative value. Finally, referring to the practice of Li
Guangrong et al®®*, the coupling and coordination degree of the three kinds of capa-
bilities is used to measure the overall dynamic capability of enterprises. The specific
calculation formula is as follows:

inn =

DC=~4TxC

C= %/(ada x abs xinn)/[(ada + abs +inn /3]
T =axada+ fxabs+yxinn

Among them, the values of «, g and , areall 1/3.

Moderating Variables. Environmental uncertainty (EU). Referring to the practice of
Shen Huihui et al®®®, the coefficient of variation of the enterprise's operating income in
the past five years adjusted by the industry is used to measure it. Since calculating this
indicator requires five years of sales revenue, and typically the company's sales revenue
in the current year should be no less than 0, therefore, in this paper, data samples with
sales revenue less than 5 years or less than 0 are excluded.

Control Variables. Firm Age, Growth, ROA, Fixed Assets Ratio, Leverage, Cash
Flow, Independent Director Ratio, and Ownership Concentration.
For specific variable information, please refer to Table 2.
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Table 2. Variables and descriptions

TyPeS of Variable name Symbols Definition
variables
Enterprise output ser- Serout Service business revenue as a percentage of total
Variable vitization performance operating revenue
. Enterprise input ser- . Service business costs as a percentage of total
explained s Serin .
vitization performance operating costs
Explanatory Enterprise digital DT Ln (Frequency of digital keywords in enterprise
variables transformation annual report +1)
The sum of the two indicators of enterprise R&D
Innovation capability inn investment and the proportion of technical per-
sonnel after standardization
Absorptive capacity abs Ratio of corporate R&D expenditure to operating
income
ed}atmg Adaptability ada Inverse coefficients qf yarlatlon fgr R&D, capital,
variable and advertising expenditures
Dynamic capabilities DC The d§gree of cogphng COOI‘dlI:lathl’l of innova-
tion, absorptive and adaptive capacity
Moderating Environmental uncer- EU Coefficient of variation of firm operating income
variables tainty over the past 5 years, adjusted by industry
Age of business Age Natural logarithm of the year a business was listed
Growth of enterprises Gro Annual growth rate of corporate operating income
Return on total assets Roa Net profit to total assets
Ratio of fixed assets Stru Ratio of net fixed assets to total assets
Control Asset-liability ratio Lev Total liabilities to total assets
variables . i i ivi-
Cash flow ratio Cash The ratio of net f:ash flow from operating activi
ties to total assets
Percentage of inde- Boa The ratio of the total number of independent
pendent directors directors to the total number of board members
Shareholding ratio of . .
the largest sharcholder Top Shareholding ratio of the largest shareholder

4 Model Setting

In order to verify Hypothesis H1, this paper constructs Model (1) and Model (2) as
benchmark regression models:

Ser,, =a, +a, DT, + Z Controls+ g, +Y, +¢,, 1)

Among them, "Ser" is the variable to be explained in this article. In the following
regression analysis, it is respectively referred to as "input service performance" and
"output service performance". Where the ;subscript represents the enterprise, ¢rep-
resents the year, and Serout,, represents the performance of output servitization and

input servitization respectively Serin, , » and Controls represents a series of enter-
prise-level control variables. a And a,are the coefficients to be estimated; ﬂ, And Y,
represent the firm fixed effect and year fixed effect, and . represent the error term.

All the standard errors of the regressions were clustered-adjusted at the individual level
to address potential within-group autocorrelation and heteroscedasticity issues.
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In order to further verify the hypothesis of the mediating effect of dynamic capa-
bility between enterprise digital transformation and servitization performance, this
paper constructs the mediating effect model by referring to the two-step method pro-
posed by Jiang Tingl"! as follows:

Mid,, = 8, + BDT,, + Y Controls+ 4, +Y, +¢,, )

"Mid" is the mechanism variable in this article. In the following regression analy-
sis, it is respectively referred to as innovation ability, absorption ability and adaptabil-
ity.

Finally, to test the moderating effect hypothesis H3, this paper constructs the mod-
el as follows:

Ser,, =7, +7DT,, +7,EU,, +7,DT, xEU,, + Y_Controls+ 4, +Y, +¢,, 3

5 Empirical Results and Analysis

5.1 Descriptive Statistics

The results of descriptive statistics are shown in Table 3. The mean values for output
servitization (0.17) and input servitization (0.14) indicate that the degree of servitiza-
tion in China's pharmaceutical manufacturing sector remains low. The mean DT score
is 4.00, suggesting many firms are still in the cultivation stage of digitalization. No
multicollinearity issues were detected (VIF < 4).

Table 3. Descriptive statistics

Variable names Obs Mean SD Min Max
Serout 1417 0.165 0.230 0 0.948
Serin 1417 0.140 0.213 0 0.920
Dt 1408 3.929 1.147 1.609 6.601
Roa 1417 0.058 0.064 -0.157 0.217
Age 1417 7.143 1.414 2.197 7.610
Boa 1417 0.514 0.498 0 2.398
Top 1417 0.320 0.134 0.080 0.683
Gro 1417 0.123 0.284 -0.459 1.162
Cash 1417 0.072 0.059 -0.087 0.241
Lev 1417 0.323 0.167 0.053 0.759

5.2  Benchmark Regression Analysis

Benchmark results (Table 4) show that DT has a significantly positive impact on both
output and input servitization. Even after adding control variables and fixed effects, the
coefficients remain significant, confirming Hla and H1b.



446 F.Yuand Y. Xu

Table 4. Benchmark regression

1) 2) 3) 4)
Serout Serout Serin Serin
Dt 0.018* 0.016* 0.017%* 0.015*
(1.89) (1.75) (2.00) (1.77)
Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 1408 1408 1408 1408
Adj. R2 0.64 0.65 0.66 0.67

5.3 Robustness Test

Results remain robust after: (1) Replacing the DT metric with the CSMAR index?%; (2)
Removing control variables; (3) Excluding the COVID-19 period (2020-2023). The
specific results of the robustness tests are presented in Table 5.

Table 5. Robustness test

M @ &) &) ®) ©
Replacing Replace Delete the Delete the . Eliminate
Eliminate .
explanatory explanatory control control special vears special
variables variables variables variables P y vintages
Dtl 0.101* 0.090*
(1.88) (1.90)
Dt 0.016* 0.015* 0.027** 0.023%*
(1.76) (1.77) (2.30) (2.07)
Control Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
N 1280 1280 1408 1408 859 859
‘;dzj' 0.65 0.67 0.65 0.67 0.66 0.64

5.4  Test for Endogeneity

The positive impact of digital transformation on the performance of enterprise ser-
vitization may have endogeneity problems.

(1) System GMM estimation method

In order to solve the potential endogeneity problem in the model, the dynamic model
is estimated based on the one-period lag of the dependent variable, and the first-order
and second-order lags of the independent variables®®®! are used as instrumental varia-
bles to mitigate the endogeneity problem!*’). Regression results in table 6 column (1)
and columns (2), as shown in the result of the test results show that with the benchmark
data regression analysis, for the performance of service output, the AR (1) the statistic
is 4.350 (P < 0.000), the AR (2) the statistic was 0.199 (P = 0.842), meet the relevant
sequence inspection; For investment performance of service, the AR (1) the statistic of
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2.803 (p <0.01), the AR (2) the statistic was 0.918 (p = 0.358), and the p-values of the
Hansen test were 0.378 (>0.1) and 0.308 (>0.1), which failed to reject the null hy-
pothesis that "all the instrumental variables are exogenous", indicating that the selec-
tion of instrumental variables was effective, support above regression result again.

(2) Propensity Score Matching (PSM)

In order to solve the problems of systematic differences and selection bias of the
samples, the experimental group and the treatment group were divided according to the
median of DT. Based on the control variables, the samples were regressed by 1:2
proximity matching method. Figure 2 shows that after matching, the standardized
deviations of each covariate have been significantly reduced to within 5%, and the
common support hypothesis test has been passed, indicating that the matching effect is
good. After matching, the main effect model is regressed, and the results in Column (3)
show that the coefficient of digital transformation still maintains a statistically signif-
icant positive effect. To sum up, the above conclusions are still valid on the basis of
considering the endogeneity problem.

age

cash-
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X
¢

Covariates
5§
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[
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DOG |- vrrreeeieen PSR FOTUOPUURUOURRRRPRRRN e Unmatched |
« Matched

40 20 0 20 20

Standardized % bias across covariates

Fig. 2. deviation control variables before and after the match

Table 6. Endogeneity test

1) (2) (3)
. GMM PSM
Variable name . .
Serout Serin Serout/Serin
L.Serin 0.473%%%
(0.006)
L.Serout 0.276%**
(0.005)
Dt 0.014%%** 0.015%%%* 0.029%**
(0.002) (0.001) (2.405)
Control Yes Yes Yes
arl -4.350 -2.803
arlp 0.000 0.005
ar2 0.199 0.918
ar2p 0.842 0.358
Hansen-p 0.378 0.308

N 976 976 1069
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5.5 Regression Analysis of Different Life Cycle Stages

Table 7 reveals distinct lifecycle effects. For mature firms, DT significantly enhances
both output and input servitization, with a stronger effect on output. This suggests
mature firms leverage accumulated resources to efficiently transform digital inputs into
revenue. Conversely, for firms in the decline stage, DT shows a significant negative
coefficient for input servitization. Blind promotion of DT during decline may acceler-
ate resource exhaustion. Thus, H2c is supported.

Table 7. Regression test of enterprise life cycle

(O] 2 3) (C)
Maturity Decline period Maturity Decline period
Serout Serout Serin Serin
Dt 0.047** -0.028** 0.032* -0.024*
(2.29) (-1.99) (1.70) (-1.67)
Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 448 567 448 567
Adj. R2 0.58 0.78 0.61 0.77

5.6 Mechanism Analysis

Mechanism tests (Table 8) indicate that DT significantly improves innovation capa-
bility and absorptive capacity, though the effect on adaptive capacity is insignificant.
However, DT positively affects overall dynamic capability. Moreover, the existing
research?>28] shows that enterprise innovation ability, absorptive capacity and dynamic
capacity can promote the service innovation behavior of manufacturing enterprises, so
as to improve the performance of output and input servitization. Hypotheses H3a, H3b
and H3d are proved.

Table 8. Mechanism test and Analysis of Moderating Effects

1 2 3) () (5) (6) ) ®)
inn abs ada DC Serout Serout Serin Serin
Dt 0.024%**  0.005%**  0.022  0.009**  0.023** 0.024%** 0.021%* 0.022%*
(3.09) (2.76) (1.26) (2.22) (2.16) (2.25) (2.31) (2.39)

Eu 0.002 0.001 -0.003 -0.004
(0.34) (0.20) (-0.59) (-0.72)
DtxEu -0.011%%* -0.009%%**
(-2.81) (-2.60)
Control Yes Yes Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
N 1267 1267 1267 1267 1271 1271 1271 1271

Adj. R2 0.83 0.78 0.50 0.76 0.65 0.65 0.68 0.68
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5.7  Analysis on the Moderating Effect of Environmental Uncertainty

The test results are shown in columns 5 to 8 of Table 8. The interaction term (DTXEU)
is significantly negative for both input and output servitization. High environmental
uncertainty weakens the benefits of DT, confirming H4a and H4b.

5.8  Heterogeneity Analysis

The previous section discussed the impact of digital transformation on the performance
of enterprise servitization and tested its mechanism. In the following section, the het-
erogeneity of manufacturing enterprises' regions and the degree of market competition
will be considered, and the cross-sectional differences of the relationship between
digital transformation and manufacturing enterprises' servitization performance will be
investigated from the two dimensions of the eastern, western and central regions and
the high and low market competition.

(1)Analysis of regional heterogeneity

The results of the regional heterogeneity analysis are presented in Table 9. DT sig-
nificantly promotes servitization in the Eastern region but shows insignificant or neg-
ative effects in Central and Western regions, likely due to the "digital divide" and
resource constraints .

Table 9. Regional heterogeneity test

(€] 2 3) () (5) (6

East West Central East The West Central

Serout Serout Serout Serin Serin Serin

Dt 0.042%** -0.035 0.019 0.041%*** -0.042%* 0.019

(3.05) (-1.17) (1.02) (3.32) (-1.76) (1.09)
Control Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
N 741 226 304 741 226 304
Adj. R2 0.62 0.66 0.71 0.62 0.75 0.70

(2)Analysis of firm size heterogeneity

Table 10. Heterogeneity test of enterprise size

(O] (@] 3 “)
Small and medium-sized Large enter- Small and medi- Large enterpris-

enterprises prises um-sized enterprises es

Serout Serout Serin Serin

Dt 0.020 0.036** 0.016 0.036%*

(1.57) (2.30) (1.56) (2.51)
Control Yes Yes Yes Yes
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 697 711 697 711

Adj. R2 0.52 0.71 0.51 0.74
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The analysis results of firm size heterogeneity are presented in Table 10. DT sig-
nificantly benefits large enterprises, while SMEs show no significant gain, highlighting
the importance of scale and resource endowment.

6 Conclusions and Implications

6.1 Research Conclusion

(DGeneral Impact: DT significantly improves manufacturing servitization performance
by optimizing resource allocation and decision-making efficiency.@Lifecycle Dy-
namics: The positive impact is most pronounced in mature enterprises. In the decline
stage, DT exerts a suppressive effect, particularly on service inputs.3Mechanism &
Boundary: DT enhances performance by boosting innovation, absorptive, and dynamic
capabilities. However, environmental uncertainty negatively moderates this relation-
ship.Heterogeneity: The promotional effect is stronger in the Eastern region and among
large-scale enterprises.

6.2 Management Implications

(DAdopt a Lifecycle-Based Strategy: Firms must align DT with their lifecycle stage.
Growth firms should focus on internal efficiency (input servitization), while mature
firms should leverage data for new business models (output servitization). Declining
firms must exercise caution to avoid resource exhaustion.@Focus on Capability
Building: Avoid "digitalization for digitalization's sake". Firms must reorganize
structures to translate digital investments into tangible innovation and absorptive ca-
pabilities.@Focus on Capability Building: Avoid "digitalization for digitalization's
sake". Firms must reorganize structures to translate digital investments into tangible
innovation and absorptive capabilities .
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