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Abstract

The article evaluates the stimulating impact of government policy on digital transformation
in China's industrial sector, focusing on quantitative identification of causal relationships between
support instruments and enterprise digitalization dynamics. The empirical base comprises panel
data from 1500 industrial companies across 15 subsectors for 2016-2023. At the micro-level, a
composite Digital Transformation Index was calculated, aggregating digital asset investment
intensity, technology implementation level, and operational efficiency. Policy intensity was
operationalized through dummy variables for participation in “smart manufacturing” pilot zones,
volume of R&D tax incentives, and direct subsidies. Results show sustained growth in
investments and technology penetration among pilot zone residents. All policy instruments show
significant effects in regression analysis: participation in pilot zones correlates with a 0.214-point
index increase, tax incentives with 0.158 points per percentage point of revenue, and subsidies
with 0.095 points. Substantial sectoral heterogeneity is observed, with maximum digitalization
returns in electronics and precision engineering.
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Introduction

The global economic landscape is currently undergoing fundamental changes, driven by the Fourth
Industrial Revolution, with digital transformation at its core. The industrial sector, as the basis of the
real economy, is at the epicenter of these transformations. For the People's Republic of China, which
is striving for high-quality economic growth and strengthening its position in global value chains,
accelerating the digitalization of industry is a strategic priority at the national level. According to
official data from the State Statistical Office of the People's Republic of China, the volume of China's
digital economy in 2023 reached 54.8 trillion yuan, which is more than 42% of the country's GDP,
while the contribution of the industrial sector to this indicator is steadily growing. The penetration rate
of industrial Internet platforms in key industries, such as mechanical engineering and electronics,
exceeded 49.5% [Kalinin, 2022], which indicates the scale of ongoing processes. However, this process
is characterized by significant heterogeneity both at the sectoral and regional levels, which raises the
question of the effectiveness of state support measures.

The Chinese government is implementing a comprehensive policy aimed at stimulating the digital
transformation of industry. This policy includes a wide range of tools: from direct financial subsidies
and tax incentives for research and development (R & D) to the creation of pilot zones of “"smart
production” and the development of industry standards for the industrial Internet of Things (11oT). Only
within the framework of the "Made in China 2025" program and subsequent initiatives, hundreds of
projects were launched across the country aimed at introducing big data, artificial intelligence and cloud
computing technologies into production processes [Wang, 2020]. Despite the scale of these efforts, the
empirical assessment of the real incentive impact of these policies at the micro and macro levels
remains a subject of scientific debate. Existing research often focuses either on the qualitative
description of policy measures or on the analysis of individual cases [Dyachenko, Garmatin, 2018],
leaving open the question of quantifying their combined effect and the comparative effectiveness of
various tools.

This study aims to fill this gap by conducting a comprehensive econometric analysis aimed at
assessing the stimulating impact of government policies on the dynamics of digital transformation in
China's industrial sector. The key research objective is to identify and quantify the causal relationship
between the intensity and nature of political support and specific indicators of enterprise digitalization,
such as investment in digital assets, the level of adoption of advanced technologies, and productivity
growth. Analysis of statistical data shows that the average annual growth rate of investment in fixed
assets related to information technology in Chinese industry over the past five years was 16.3%, which
is significantly faster than the overall growth of investment (5.8%). However, the variance of this
indicator for regions under varying degrees of political patronage is extremely high [Baynev, Bin,
2020]. This highlights the need for a detailed study of the mechanisms through which political impulses
are transformed into real investment and technological decisions at the enterprise level, and for
determining the most effective configurations of state support.

Materials and methods of research

The empirical basis of this study is a comprehensive set of panel data covering the period from
2016 to 2023. The main sources of information were official statistical compilations of the State
Statistical Administration of the People's Republic of China, annual reports of the Ministry of Industry
and Informatization of the People's Republic of China, as well as data from the database of the Chinese
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Center for Economic Research (CCER). For micro-level analysis, a sample of 1,500 industrial
enterprises representing 15 key sub-sectors of the manufacturing industry was formed, whose financial
statements are available in open sources, such as the Wind and CSMAR databases. This sample was
stratified by the size of enterprises (small, medium, large) and their geographical location in order to
ensure representativeness [Abramchikova, Shi, 2022]. Special attention was paid to the inclusion in the
sample of both enterprises that are residents of pilot zones of digital transformation and receive targeted
state support, and the control group of enterprises operating in standard conditions.

The methodological framework of the study is based on the use of modern econometric methods
for analyzing panel data. To assess the cumulative effect of the policy, we used the Fixed Effects Model,
which allows us to control unobservable heterogeneous characteristics of enterprises that remain
unchanged over time (for example, corporate culture, quality of management). As a dependent variable,
a composite Digital Transformation Index (ICT) was constructed, calculated on the basis of three sub-
indices: the intensity of investment in digital assets (the share of costs for software, automation and
communications equipment in total capital investment), the level of digital technology implementation
(estimated by the availability and scale of use of ERP systems, cloud services,etc.). 10T technologies
and big data analysis) and the impact on operational efficiency (measured through the dynamics of
labor productivity and resource intensity).

The key independent variable is the intensity of political incentives, which was operationalized
through several proxy variables. First, a dummy variable was created, which takes the value 1 if the
enterprise is located in one of the state-approved pilot zones of "smart production” or industrial Internet
demonstration zones [14], and O otherwise. Secondly, quantitative indicators were used, such as the
amount of government subsidies received and the amount of tax deductions for R & D expenditures,
normalized in relation to the company's revenue. The model also included anumber of control variables
that, according to theoretical assumptions [Golovenchik, Gospodarik, Wang, 2020] and previous
studies, can influence the digitalization process: the size of the enterprise (the logarithm of total assets),
its profitability (ROA), the level of debt burden (the ratio of borrowed capital to own), the age of the
firm and industry affiliation. To check the robustness of the results and more accurately assess the
causal effect, the Difference-in-Differences method was also used, comparing the dynamics of
indicators in the "experimental” group (enterprises that were affected by new policies) and the control
group before and after the implementation of these policies [Babkin, 2017]. The total volume of sources
analyzed, including scientific publications, regulatory acts and statistical reports, exceeded 200 units.

Results and discussion

The central task of empirical analysis is to decompose the factors that determine the dynamics of
digital transformation and quantify the contribution of public policy instruments. To do this, it is
necessary to consider specific metrics that reflect both the investment activity of enterprises in the field
of digitalization, and the real level of penetration of advanced technologies into production processes.
The choice of indicators for analysis is determined by the need to move from general declarations to
measurable results. Investments in R & D and digital assets are the primary indicator of companies '
readiness for transformation, while technology penetration rates show how much these investments are
converted into real changes on the production site.

The conducted analysis makes it possible to identify a clear differentiation in investment activity
between enterprises that are in the focus of state support (pilot zones) and other companies in the
industrial sector. This difference is not static, but tends to increase over time, which indicates the
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cumulative effect of implementing incentive measures. The choice of these indicators allows us to
assess both the direct financial impulse and its long-term impact on the company's development
strategy.

Analysis of the data presented in Table 1 reveals significant differences in the growth rate of
investment activity. The average annual growth rate (CAGR) of R & D investment for enterprises in
the pilot zones for the period 2019-2023 was approximately 18.8%, while for the control group this
indicator was at the level of 8.8%. Even more pronounced divergence is observed in the segment of
investments in digital assets: 23.1% for enterprises in pilot zones versus 7.7% for the control group.
This indicates that government policies not only encourage general research and development, but also
purposefully shift the focus of investment towards the acquisition and implementation of digital
technologies. The disparity in growth rates leads to a significant increase in the gap: if in 2019
investments in digital assets in pilot zones accounted for 44.1% of the level of the control group for
this indicator, then by 2023 this ratio has grown to 75.4%. This dynamic confirms the multiplicative
effect of policy measures, when the initial impulse in the form of subsidies or benefits starts a self-
sustaining cycle of technological re-equipment.

It is also important to analyze not only the amount of funding, but also the effectiveness of these
investments, expressed in the degree of development of specific technologies. To assess this aspect,
enterprises were classified according to the level of intensity of state support received, which includes
both direct and indirect measures. Comparing this intensity with the penetration rates of key digital
technologies allows us to identify a non-linear relationship and determine the threshold beyond which
support begins to give the maximum return [Rastyannikova, 2019].

The data show a strong positive correlation between the intensity of state support and the level of
technological equipment of enterprises. The transition from low to medium support intensity is
associated with an almost twofold increase in penetration rates for all the technologies under
consideration. For example, for 1loT, the indicator increases by 21.74 percentage points, which
indicates a high elasticity of implementation of these technologies in relation to support measures. The
most significant increase is observed in the transition from medium to high support levels, especially
in the artificial intelligence segment, where the penetration rate increases by 14.64 percentage points.
This may be due to the higher capital intensity and complexity of implementing Al solutions, which
require not only financial injections, but also access to specialized competencies and infrastructure [4],
which are often provided within the framework of targeted government programs. Interestingly, the
gap in penetration between lloT and big data analytics is narrowing as the intensity of support increases,
which may indicate a synergistic effect when the introduction of one technology encourages the use of
another.

To formalize the identified dependencies and assess the statistical significance of the influence of
individual political instruments, a regression analysis was performed, the results of which are presented
below. This model allows us to clear the effect of policy measures from the influence of other
fundamental characteristics of the enterprise [11], such as size or industry affiliation, and to quantify
the contribution of each tool to the final level of digitalization.

The results of the regression analysis confirm the statistically significant positive impact of all the
considered policy instruments on the Digital Transformation Index. The coefficient for the dummy
variable "Pilot Zone" is 0.214, which means that, all other things being equal, the presence of an
enterprise in the pilot zone is associated with an increase in ICT by an average of 0.214 points. This
confirms the effectiveness of the integrated approach applied in such zones. Tax incentives for R & D
demonstrate the highest efficiency among direct financial instruments: an increase in the share of
benefits by 1 percentage point of revenue leads to an increase in ICT by 0.158 points [Golovenchik,
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Wang, 2020]. Direct subsidies also have a positive impact (coefficient 0.095), but their effect is almost
1.7 times weaker than that of tax incentives, which may indicate a more efficient allocation of resources
by enterprises themselves under tax incentives compared to targeted subsidies. A high R-squared value
(0.673) indicates that the variables included in the model explain more than 67% of the variation in the
Digital Transformation Index.

Finally, to complete the picture, it is necessary to evaluate not only the process, but also the result
of digitalization in terms of economic efficiency. The ultimate goal of transformation is to increase
competitiveness and productivity, which can be measured through the return on investment [Konoply,
2021]. A comparative analysis of cost effectiveness across different sub-sectors of industry reveals
significant industry heterogeneity in policy impact.

An analysis of the data in Table 4 shows that the effectiveness of investments in digitalization
varies greatly depending on the industry. The highest return is shown by the electronics and
telecommunications equipment manufacturing sector, where each yuan invested in digitalization brings
1.48 yuan of added value. This sector also receives the highest level of government support. It is
followed by precision engineering (1.27) and automotive (1.15). At the same time, in more traditional
and capital-intensive industries, such as the chemical industry and metallurgy, the return on investment
does not yet exceed one (0.93 and 0.78, respectively). This may be due to a longer investment cycle
[Vasiliev, 2021], high inertia of production processes, and the need for deeper and more costly
modernization of underlying assets to get the effect of digital add-ons. There is a clear positive
correlation between the average level of state support and the efficiency ratio, which may indicate that
the government purposefully supports industries with the greatest potential for return on digitalization,
or the support itself helps to overcome barriers and increase investment efficiency.

Complex mathematical processing of the obtained data allows us to draw a conclusion about the
complex, multi-factorial nature of the stimulating effect of public policy. Synthesis of the results of
Tables 1-4 shows that the effect is not linear and homogeneous. The analysis of variance confirms that
the difference in digitalization dynamics between the enterprises in the pilot zones and the control group
is statistically significant at the level of 99%. Correlation and regression analysis (Table 3) not only
confirms the existence of alink, but also makes it possible to rank tools by their effectiveness, revealing
the superiority of indirect tax incentives over direct subsidies. Econometric modeling using panel data
allowed us to establish that the cumulative effect of being in the pilot zone for three or more years is
30-35% higher than the effect in the first year, which indicates the presence of lags and increasing
impact. Moreover, factor analysis has shown that about 40% of the total effect of the "pilot zone" is
mediated not by direct financial injections, but by institutional factors: access to new infrastructure
[Epikhina, 2021], reduction of administrative barriers, and the effects of knowledge agglomeration.
Industry heterogeneity emphasizes the need for a differentiated approach to policy development, taking
into account the specifics of production cycles and the potential for digitalization in each specific sector.

Conclusions

The conducted research allows us to conclude that the state policy of China has a significant and
statistically significant stimulating effect on the processes of digital transformation in the industrial
sector. Empirical analysis has confirmed that enterprises that are in the focus of state support, in
particular, residents of pilot zones of "smart production”, show significantly higher rates of investment
growth in both R & D and directly in digital assets. The average annual growth rate of these indicators
for the target group of enterprises is 2-3 times faster than similar indicators for the control group, which
indicates a high efficiency of resource concentration and the creation of favorable institutional
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conditions. It is quantitatively confirmed that the intensity of state support directly correlates with the
level of penetration of key digital technologies, such as the industrial Internet of Things, big data
analysis and artificial intelligence.

An analysis of the comparative effectiveness of various policy instruments revealed important
patterns. It was found that indirect incentive measures, in particular tax incentives for R & D, have a
stronger impact on the final digital transformation index compared to direct financial subsidies. This
suggests that giving businesses more autonomy in the allocation of savings contributes to more effic ie nt
and market-oriented investments in digitalization. At the same time, the complex impact within the
pilot zones, combining financial, infrastructure and administrative measures, creates a synergistic effect
that exceeds the sum of the effects from individual, disparate instruments.

At the same time, the study revealed significant heterogeneity of policy impact depending on
industry specifics. High-tech industries such as electronics manufacturing and precision engineering
show the greatest return on investment in digitalization, while in traditional capital-intensive sectors,
this process is slower and requires more long-term and integrated support strategies. This indicates the
need to fine-tune policy measures to reflect the industry's life cycle, technological structure, and
potential for digital modernization.

The prospects for applying the results obtained are multifaceted. For government agencies, they
can serve as a basis for optimizing the allocation of resources, shifting the focus towards the most
effective incentive tools, and developing differentiated sectoral strategies. For the management of
industrial enterprises, the results of the study highlight the importance of active interaction with
government programs and strategic investment planning to maximize the return on digital
transformation. Further research may focus on a deeper study of the long-term effects of digitalization
on the competitiveness of enterprises in global markets, as well as on the analysis of the impact of
digital transformation on the labor market and personnel qualification requirements in the Chinese
industrial sector.
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OuneHka CTUMYJHPYIOIIET0 BO31€HCTBUS COOTBETCTBYIOLIE M MOJIUTHKH HA
ur¢poByI0 TPaHC(POPMALMIO B IPOMBILLIEHHOM cekTope Kurast

dyn Xaoau

Acnupasr,
Poccuiickuit yHuBepcUTET IPY:KOBI HAPOJIOB,
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AHHOTaAIUA

CraThst OLIEHHUBAET CTUMYIUPYIOIIEE BO3/ICHCTBHE rOCYIapCTBEHHOM MOJMTUKY Ha U (PPOBYIO
TpaHchopMaIMIo TPOMBILTIEHHOTO cekropa Kuras, pokycupysach Ha KOJUYECTBEHHOM BBISIBIICHUN
NPUYMHHO-CIEICTBEHHBIX CBSI3€M MEXIy MHCTPyMEHTaMH MOMJEPKKA U JAUHAMHKOU
U (dpoBU3aLMY TPEeIIpUITUNA. DMIupryeckas 6a3a mnpeacTaBiseT coboil maHenb maHHbIX 1500
MPOMBIIUIEHHBIX KoMITaHU# u3 15 cyOcekropoB 3a 20162023 rr. Ha MuUkpoypoBHE paccuuTaH
KOMITO3UTHBIN MHeKe 1 ppoBoii TpaHchopMaLnK, arperupyOMi HHTEHCUBHOCTh UHBECTULINIA B
nu(poBbIe aKTUBBI, YPOBEHb BHEIPEHUSI TEXHOJOTMH U ONEpalMOHHYI 3(PPEKTUBHOCTD.
VHTEeHCHBHOCTh MOJUTHKHA OINEPAllMOHANIU3UPOBAHA Yyepe3 (UKTHUBHYIO IEPEMEHHYIO yJacTHs B
NUJIOTHBIX 30HAaX «YMHOIO IPOM3BOJACTBa», 00beM HanoroBbix Jbror Ha HHUOKP u npsimeie
cyocuauu. Pe3ynbTaThl MOKa3bIBAlOT YCTOMYMBBIA MPUPOCT MHBECTULIMI U TEXHOJOTHYECKOTO
MIPOHUKHOBEHUS y PE3UICHTOB IMUJIOTHBIX 30H. B perpeccun Ha MHEKC TpaHChOpMalMU 3H a4 MBI
BCE MHCTPYMEHTBI: y4acTH€ B NMIOTHOM 30HE CBA3aHO C IpUpOCTOM HHuekca Ha 0,214 1.,
HajoroBsle J6roThl — Ha 0,158 1. Ha KaXKAbIi 11.11. K BeIpyuKe, cyocuanu — Ha 0,095 . OtpacneBas
TeTepOreHHOCTh CYIECTBEHHA: MAaKCUMallbHas oTJada OT LU(pOBHU3ALMM HaOII0JaeTcs B
3JIEKTPOHHUKE U TOYHOM MAIlMHOCTPOEHHUH.

]_I.]'Iﬂ HUTHPOBAHUA B HAYYHBIX HCCJIE€A0BAHUAX
Nyu Xaomu. Assessment of Policy Stimulus Effects on Digital Transformation in China's
Industrial Sector. DxoHomuka: Buepa, ceroans, 3aBtpa. 2025. Tom 15. Ne 8A. C. 342-349. DOI:
10.34670/AR.2025.14.35.036

Dong Haodi



Regional and sectoral economy 349

KuaroueBble cj1ioBa

[udpoBas TpancopMmalus, MOPOMBIIUIEHHOCT, KwuTas, rocymapcTBeHHas MOAJEPIKKa,
IINJIOTHBIE 30HBI, 3KOHOM€TpPI‘IGCKHfI aHaJIN3, HpOMI)IH]J'IeHHaSI IIOJIMTHKA, HWHHOBAINH,
TEXHOJIOTHYECKOE Pa3BUTHE.

bubauorpapus

. AopamuunkoBa H.B.,, Illu X. [Tudposas tpaHchopManus rocyJapCTBEHHOTO CEKTopa YKOHOMUKH Ha mpuMepe Kutas //
B c6opuuke: [udposas tpanchopmaims SKOHOMHICCKHX CUCTEM: MpoOieMbl 1 mepenektusbl (DKOIMPOM -2022).
cooprauk TpynmoB VI Bcepoccuiickodl Hay4HO-TIPaKTHUECKOH KOH(pEpeHIUH ¢ 3apyOexHbIM ydacTaeM. CaHKT-
IetepOypr, 2022. C. 169-172.

. babxun A.B. Iludposas sxonomuka, Manyctpust 4.0 1 ¢popMHpOBaHHE TOCY IAPCTBEHHOI POMBIIUICHHON TTOJMTHKY //
B cOopuuke: Crparermdeckoe IUTAHHpPOBaHWE | pa3BHTHE mpemipuiathii. Matepuanel  BocemHamaToro
Bcepoccuiickoro cumno3uyma. [lox pemakumeit I'.b. Kneftnepa. 2017. C. 580-585.

. batines B.®., bunp Y. IIpombimuieHHass mosmtiuka Kurtas kak TIABHBIA (akTop €ro COMHAILHO-2KOHOMHYECKOTO
pasButas // JxoHOMUYecKas Hayka ceromus. 2020. Ne 12. C. 100-114.

. Ban 10, Kosanes M.M. INomxoms! ¥ MpUHOUIE! DG POBHU3ANY IPOMBIIIICHHBIX Ipeaupusatuil B Kutae // B cOopHuke:
Tengennnn 3xoHOMUYeckoro pa3suths B XXI| Bexe. Matepuans! II MexayHapoaHoit HaydHOH KoH(epeHun. MUHCK,
2020. C. 510-513.

. Bar IO. IIpombInmeHHsIil HHTEPHET Kak ¢akTop nudpoBoit Tpanchopmanuu npempustaii B Kutae // B c6opruke:
ComuanbHO-?)KOHOMUYECKOE Pa3BUTHE OPTAHM3AIMN U PETHOHOB B yCJIOBUAX IHU(POBU3ALUN 3KOHOMUKH. MaTepuasl
J0KIaIoB MexayHapoHOH Hay9HO-TIpakTHIeckoil koHpepernun. Butebek, 2020. C. 65-68.

. BacumseB A.H. Asuatckas mozens "Manyctpuu 4.0" // Dxonomuka. Counonorus. Ilpaso. 2021. Ne 2 (22). C. 9-17.

. F'onosenuuk I'.I"., Ban 0. Tudposas tpanchopmanus npomeinuienHoctH Kurast: onsit mst EADC. MuHsck, 2020. 41 c.

. Fonosenuunk I'.I'., Tocnogapux EI'., Ban 0. HoBast npoMpllieHHas MOJUTHKA U LUGpoBU3anus: onblT Kutas msa
EADC // HoBas sxonomuka. 2020. Ne 2 (76). C. 56-74.

. Opsiuenxo O.B., I'apmatun A.B. B3aumocBs3p npoiieccoB (G poBU3aLMU U Leed TOCyAapCTBEHHON MPOMBIIUICHHON
nosmTHkY // B kaure: KoHKypeHTOCIIOCOOHOCTD 1 pa3BUTHE COLMAIBHO -DKOHOMHUUYECKHX crcteM. COOpHMK aHHOTalUH
nokinazoB Bropoi Beepoccuiickoii Hay4dHOM koHp epeHIn namsatu akagemuka AW Tatapkuna. [lox o01mei penak e
B.W. bapxartora, /[.A. Ilnetuéra, JI.C. benu. 2018. C. 23.

10. Emmxuna P.A. TIpombllieHHAs! TOJMTHKA B 3JIEKTPOIHEPTETHYECKOM CEKTOpE KaK HHCTPYMEHT Peai3aliy CTpaTerun

robaneHoTo JMaepcTBa Kurtas // BectHuk Poccuiickoro yHuBepcuteta Apysx0bl HaposoB. Cepust: I[Tommatonorus. 2021.
T. 23. Ne 2. C. 243-253.

11. Epdopr WN.IO, 36apasckas JI.A. Ilommmuka Kutas mo passuturo SMART-mpoMbinnieHHOCTH //  BecTHHK
sKkoHOMHYecKol Hayku YkpanHsl. 2017. Ne 1 (32). C. 39-43.

12. Kammane O.B. BimmsiHue deTBepTOi MPOMBINUICHHON PEBOJIONMH HA MOJMTUKY BEIMKHX jaepxkaB // CpaBHUTEIbHAS
moymtrka. 2022, T. 13. Ne 3. C. 140-148.

13. Konommit A.C. Bmusaue nugpoBuzanum Ha 3akoHOAaTebcTBO Kutas // @unocodus npasa. 2021. Ne 4 (99). C. 119-
123.

14. Jlopenn K.O. Anam3 pomt mupoBOH 5KOHOMUKH B IIPOMBIIUICHHON MOJMTHKE Poccuy Ha HaIlMOHAJIBHOM YpOBHE //
B c6opnuke: Poccust v pernoHsI MHpa: BOIUIOIEHHE UIeH M 9KOHOMHUKA BO3MOokHOCTeH. Matepuanst X| EBpaswuiickoro
9KOHOMHYECKOTO (opyma Momonexu. B 3-x tomax. Ots. 3a Bemyck: S.II. Cmmmn, P.B. Kpacrnos, B.E. Kosanes.
Penxomnerns: EI'. Anmvuma, BJX. Jy6posckuii, A YO. Koxosmxwun [u ap.]. Exatepunbypr, 2021. C. 52-53.

15. PacmiannkoBa E.B. JloObIBaromast NpOMBIIUICHHOCTs KuTas B pelBepHH 4eTBEPTOi MPOMBIIUICHHOHN peBoromu //

B xaure: Kurtaii B MUpOBOW S5KOHOMHKE W MeXIyHapoaHoM OuzHece. MoHnorpadus. [log Hayunoi pemakiuein P.J.

Xacbynatosa, C.B. MBanosoii. Mocksa, 2019. C. 37-44.

Assessment of the Stimulating Impact of Relevant Policies



