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ABSTRACT
The study investigates the relationship between digital transformation (Dt) and breakthrough innovation
(Bi) in Chinese A-share listed companies. Specifically, the subject of the study is the influence of Dt on Bi,
focusing on comparing its effects during normal periods and the global health crisis, with an emphasis on
the differing impacts across state-owned enterprises (SOEs) and non-state-owned enterprises (non-SOEs).
The purpose of the research is to explore how digitalization can enhance innovation under both stable con-
ditions and during external disruptions, while examining the variations in its effects on different types of
firms. The relevance lies in the increasing role of Dt in driving innovation in today’s rapidly evolving global
landscape, especially in light of the challenges posed by the COVID-19 crisis. This study provides important
insights into how firms can adapt their digital strategies to maintain or accelerate innovation during periods
of disruption. The scientific novelty lies in the analysis of the heterogeneous impact of Dt on innovation
across firm types and external contexts, particularly the comparison between normal and crisis periods. The
authors used the methods of machine learning-based text-mining techniques to construct indicators for Dt
and fixed-effects regression models to estimate its impact on Bi. As part of the study, the author used panel
data from Chinese listed companies spanning from 2014 to 2024, applying these advanced methods to un-
cover the effects of Dt on Bi under different periods and firm conditions. Based on the results, it was found
that Dt significantly boosts Bi under normal circumstances but that this positive relationship is disrupted
during crisis periods, especially in SOEs. Non-SOEs showed no significant impact from Dt in either normal or
crisis periods. The author concluded that while digital transformation is a key driver of innovation, its effec-
tiveness is contingent upon firm type and the external context, with global disruptions potentially limiting
its full potential, particularly for SOEs.
Keywords: digital transformation; breakthrough innovation; machine learning; global health crisis; state-
owned enterprises; non-state-owned enterprises; China
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OPUTUHANBHASA CTATbA

U3MeHeHue BnuaHusa uudposou TpaHcpopmaumum
Ha NpopbiBHble HHHOBaUuu B Kutae
T. Ny*, A.X. 3ynkacpnn?

1 KomMepueckuit yuusepcutet [yinuxoy, lyiaH, Kutai;
2 Yuueepcutet CaitHc Manaisus, MNeHaHr, Manaiizus

AHHOTALIMA
B naHHOM uccnenoBaHWM M3yYaeTcs B3aMMOCBA3b Mexay undposoi TpaHchopmMaument (LLT) n npopbiBHbIMK
nHHoBaumsaMu (M) B KUTaNCKMX KOMNAHUAX, A-aKLMK KOTOPbIX KOTUPYHOTCS Ha 6upxe. MpeameTom mccneno-
BaHua aBnsetcs BamaHue LT Ha M. NpoBoanTCS CpaBHEHME 3TOr0 BAUSHUS B 0OblYHbIE MEPUOAbI U B YC/IO-
BMAX r106anbHOro KpM3Mca 34paBOOXPAHEHUS C Y4ETOM PA3/IMYHOIO BO3AENCTBMSA HA rOCYAApPCTBEHHbIE
M HerocyaapcTBeHHble npeanpuatua. Llenb nccnepoBaHus — n3yymThb, Kak LMGPOBM3aLMa MOXET CNOCo6-
CTBOBATb MHHOBALMSIM B CTAaOU/bHbIX YCIOBUSIX M BO BPEMS BHELWHMX NOTPSCEHUI, @ TaKKe UCCNenoBaThb
pasnnyuns B ee BAUSHUKM Ha pPa3Hble TUMbl GUPM. AKTYasIbHOCTb MCCIe00BAHMS 3aK/THYAETCS B BO3pacTatoLwen
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ponu umudpoBoi TpaHcHopMaLmm B CTUMYIUPOBAHUN UHHOBALLMIA B COBPEMEHHOM BbICTPO MeHsoWeMca
rnobanbHoM naHgwadTe, 0cO6EHHO B CBETE BbI30BOB, CBA3aHHbIX C Kpu3ncom COVID-19. laHHoe uccneno-
BaHWe NpefoCTaBsieT BaXHble CBEAEHMS O TOM, Kak GUPMbl MOTYT afanTMpoBaTb CBOM LMpOBbIe CcTpaTe-
MW ANS NOALEPXKAHUS UM YCKOPEHUS MHHOBALMIA B Mepuoabl NOTPsiCEHUI. HayuHas HOBM3HA 3aK/louaeTcs
B aHaNM3e HeO4HOPOAHOrO BAMAHUA LMGDPOBOM TpaHCHOPMALMM HA MHHOBALMKM B Pa3HbIX TUMAX KOMMAHWUM
M BHELIHWX YCII0BMI, B YaCTHOCTM, NPU CPAaBHEHUM NEPUOLOB HOPMAJIbHBIX U KPU3UCHbIX CUTYyaLMiA. ABTOpPbI
MCMNONb30BaNN METOAbl MALIMHHOIO 00yyYeHMs AN aHann3a TeKCTa C Lenbl NOCTPOEHUS MHAMKATOPOB LUNd-
poBOM TpaHChOpMaLMM U perpeccMoHHble MOAEeNM C GUKCUMPOBAHHbIMM b deKTaMu A5l OLLEHKU ee BAUSIHUS
Ha MpopbIBHblE MHHOBALMKU. B paMkax nccnenoBaHms aBTOpPbl MPUMEHSAN NAHENbHbIE JaHHbIE KUTAMCKUX
KOMMaHUI, KOTUpYOWKMXCca Ha bupxe, 3a nepuog 2014-2024 rr., peann3ya 3T nepenosble MeTOAbl AN
BbISIBIEHUS BAUSHUS LMDPOBOW TpaHCPOPMaLMM HA NPOPbIBHbIE MHHOBALMM B pa3Hble Mepuoabl U Npu pas-
NIMYHBIX YCNOBUAX OEeATeNbHOCTM KOMMNaHMIA. Ha 0CHOBE MOyYeHHbIX pe3ynbTaToB Oblj0 YCTAHOBIEHO, YTO
LT 3HauuTenbHo nosbiwaeT MM B HOpManbHbIX YCI0BUSIX, HO 3Ta NOJIOXMTE/IbHAS B3aMMOCBA3b HapyLlaeTcs
B KPM3UCHbIE Nepuoabl, 0COBEHHO B rocnpeanpuatusax. B HerocyaapCcTBeHHbIX NpeanpuaTUaX 3HaUYUMTENbHOMO
BAMAHMS LIT HM B HOpManbHble, HM B KPU3UCHbIE MepUoAabl He 3aMKCUMPOBaHO. ABTOPbI MPULLIM K BbIBOAY, UTO,
X0Ts uMdpoBas TpaHCchOpMaLMa IBNFETCS KOYEBbIM (GAKTOPOM MHHOBALMM, ee 3DdEKTUBHOCTb 3aBUCHT OT
TUMA KOMNaHUWU U BHELLHEro KOHTEKCTa, a rMobabHble MOTPACEHUS OrPaHUYMBAIOT ee NoTeHLMan, 0CobeHHo
[N rOCYAApCTBEHHbIX NPeAnpuUATUIA.

Knioyeswie cnosa: undpposas TpaHchopMaLms; NpopbIBHbIE MHHOBALMK; MAaLLMHHOE 0byyeHue; robanbHbIi
KPW3MC 34 paBOOXPAHEHNS; TOCYAaPCTBEHHbIE NPEeANpPUATUS; HEerocyaapcTBeHHble npeanpuatus; Kutan
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Introduction

The rapid advancement of technologies such
as artificial intelligence, blockchain, cloud
computing, and big data has led to a broad
shift toward digital transformation (Dt)
across multiple sectors [1-3]. Businesses in-
creasingly recognize the transformative pow-
er of digitalization, which not only reshapes
traditional business models but also redefines
innovation processes [4-5]. Dt is widely re-
garded as a crucial force in enhancing opera-
tional efficiency and improving overall eco-
nomic outcomes [6-9]. Given its broad impact,
it is essential to deeply understand the rela-
tionship between Dt and breakthrough inno-
vation (Bi).

Academic discussions on Dt often emphasize
its potential to enhance innovation capabilities
by facilitating more effective knowledge absorp-
tion and promoting value creation [10]. Addi-
tionally, the role of the internet in improving
information access and dissemination has been
shown to significantly influence product inno-
vation, enabling firms to better meet customer
needs through internet-based business models
[11-15]. However, during the global COVID-19
pandemic (2020-2021), many firms experienced
varying degrees of disruption to their innova-
tion activities, particularly in the early stages
[16]. As the pandemic persisted, it remained

unclear whether companies, through acceler-
ated Dt, were able to uncover new pathways and
opportunities for Bi.

This study aims to fill the gap in the litera-
ture by examining the impact of Dt on Bi, with
a particular focus on comparing its effects dur-
ing normal periods and crisis periods. By utiliz-
ing panel data from Chinese A-share listed firms
spanning 2014 to 2024, this study constructs
a Dt index using machine learning-based text-
mining techniques. The analysis reveals that
while Dt generally enhances Bi, this positive
effect is significantly interrupted during crisis
periods, highlighting the disruptive impact of
external shocks on the relationship between Dt
and innovation.

In addition, the study examines the heteroge-
neous effects of Dt on Bi across different types
of firms. The results show that state-owned
enterprises (SOEs) experience a stronger posi-
tive impact of Dt on Bi during normal periods
compared to non-state-owned enterprises (non-
SOEs). However, this effect is reversed for SOEs
during crisis periods, while non-SOEs show no
significant impact from Dt in either normal or
crisis periods. These findings suggest that the
relationship between Dt and Bi is not uniform
across firm types, with SOEs benefiting more
from Dt under normal conditions but facing
greater challenges during crises, whereas non-

38

rbes.fa.ru



The Shifting Influence of Digital Transformation on Breakthrough Innovation in China

SOEs struggle to leverage Dt effectively in both
contexts.

This research contributes in several ways.
First, by comparing the effects of Dt on Bi during
normal periods and crisis periods, it fills a gap in
the existing literature on the dynamic relation-
ship between digital transformation and inno-
vation under external shocks. Second, the study
employs machine learning-based text-mining
techniques to construct a Dt index, providing
an innovative methodological approach for re-
searching corporate Dt and its impact on in-
novation. Third, it uncovers the heterogeneous
effects of Dt on Bi under different firm types,
offering new theoretical insights into the role
of Dt during periods of economic and social tur-
moil.

The organization of this paper is structured
as follows: Section 2 delves into the theoreti-
cal framework, providing a comprehensive dis-
cussion on the derivation and development of
the research hypotheses. Section 3 outlines
the methodological approach adopted in this
study, detailing the techniques and processes
employed. Section 4 presents the empirical
findings and conducts a thorough analysis of
their reliability and validity. Section 5 presents
the heterogeneity analysis, focusing on the dif-
ferences between state-owned and non-state-
owned enterprises in the relationship between
Dt and Bi. Lastly, Section 6 concludes by summa-
rizing the key insights and implications derived
from the study.

Theoretical foundations and hypothesis
development

Agency theory

Agency theory (AT) serves as a potential theo-
retical framework for explaining the impact of
Dt on Bi. At the heart of this theory is the in-
herent conflict of interests and the information
asymmetry that exists between the owners, or
shareholders, of the company and the manag-
ers tasked with its day-to-day operations [17].
These discrepancies can often result in mana-
gerial behaviors that prioritize personal goals
over the long-term success of the company. The
theory provides a lens through which the re-
lationship between Dt and Bi can be dissected
and understood, particularly through the fol-
lowing three key aspects:

First, reduction of information asymmetry.
One of the most significant contributions of Dt
is its ability to reduce information asymme-
try, which has long been a barrier to effective
governance in corporations. By integrating ad-
vanced information technologies, such as big
data analytics, blockchain, and cloud comput-
ing, firms are now able to gather, process, and
analyze massive datasets in real time [18]. This
collection and processing of data substantially
diminish the information gaps between manag-
ers and owners, making the flow of information
far more transparent and accessible. For owners,
this increased visibility into managerial actions
enables enhanced monitoring of decisions, lead-
ing to more informed oversight. As a result, the
typical risks associated with moral hazard and
adverse selection — common in situations of
incomplete information — are notably reduced.
With these risks mitigated, owners are more
capable of ensuring that managerial activities
align with the firm’s innovation agenda. Further-
more, the transparency introduced by Dt makes
it harder for managers to pursue self-serving
projects, as they are now held accountable for
their actions in a more transparent environment.
This shift encourages a more innovation-driven
approach, with managers increasingly directed
to invest in projects that foster corporate growth
and competitiveness.

Second, innovation incentives. Dt also plays
a pivotal role in the enhancement of innova-
tion incentives within the firm. Advanced data
analytics, made possible by Dt, allow companies
to monitor the progress of innovation projects
more accurately and in real time, ensuring that
managers remain accountable for meeting both
short-term milestones and long-term strategic
objectives [19]. This capability creates a dynamic
feedback loop, where managers are continuously
assessed based on performance metrics linked
directly to innovation outcomes. Transparent
and precise reward systems, supported by da-
ta-driven insights, are designed to ensure that
managerial behavior is aligned with the com-
pany’s broader innovation goals. These incentive
structures motivate managers to focus on pro-
jects that will have lasting impacts on the firm’s
innovative capabilities, rather than prioritizing
short-term gains or personal interests. Further-
more, Dt enables more efficient performance

39



Review of Business and Economics Studies

evaluations, thus refining the overall manage-
rial incentive system, which, in turn, enhances
a firm’s ability to sustain and scale its innova-
tion efforts [20].

Third, reduction of agency costs. Another
critical aspect of AT is the reduction of agency
costs, which represent the expenses incurred
due to the conflict of interest between manag-
ers and owners. Dt significantly improves the
efficiency of monitoring and controlling the
execution of innovation projects. For example,
cloud computing and blockchain technologies
allow for a more transparent and verifiable docu-
mentation process regarding the progression of
innovation initiatives [21]. This increased trans-
parency not only accelerates the reporting pro-
cess but also minimizes the need for extensive
manual oversight, thereby cutting down on the
traditional costs associated with supervisory
efforts. As a result, firms can free up resources
that would otherwise be used for monitoring and
direct these resources toward higher-potential
innovation projects. Ultimately, lower agency
costs enable firms the flexibility to invest more
aggressively in breakthrough innovations, which
in turn can improve their competitive standing
in an increasingly digitized economy. By stream-
lining project management and accountability,
Dt empowers companies to achieve higher levels
of innovation output with fewer internal inef-
ficiencies.

Resource dependence theory

Resource dependence theory (RDT) provides
a comprehensive and insightful framework for
analyzing the relationship between Dt and in-
novation. According to RDT, organizations are
inherently dependent on external resources for
their long-term survival and success [22]. This
external reliance not only influences an organ-
ization’s operational behaviors and strategies
but also affects its capacity to innovate. The
interaction between Dt and Bi can be better
understood through the following key perspec-
tives:

First, expanding access to essential resourc-
es. Digital transformation significantly impacts
innovation by broadening firms’ ability to ac-
quire vital external resources. In highly com-
petitive markets, the capability to effectively
gather, integrate, and utilize these resources

provides a substantial competitive edge. Lev-
eraging cutting-edge technologies, including
big data analytics, cloud computing, and block-
chain, firms can systematically extract valuable
insights from diverse external sources such as
suppliers, markets, and business partners [23].
This improved capacity to process extensive
datasets facilitates access to critical knowledge,
technological innovations, and financial assets,
which serve as fundamental drivers of innova-
tion. By alleviating resource constraints, firms
are better equipped to pursue groundbreaking
innovations, advancing both technological and
commercial frontiers.

Second, enhancing resource interdependen-
cies. Dt also plays a fundamental role in foster-
ing and strengthening the interdependencies
between organizations and their external envi-
ronment. Through the implementation of digital
platforms, firms can build stronger, more inter-
active relationships with external stakeholders,
including customers, suppliers, and strategic
partners [24]. These digital platforms create op-
portunities for co-creation of value, where firms
and their partners can collaboratively develop
new products or services. Such interdependen-
cies drive continuous innovation, as firms must
keep up with or surpass the expectations of their
external stakeholders to maintain their competi-
tive edge. The collaborative nature of these in-
terdependencies also facilitates faster and more
efficient innovation cycles, enhancing a firm’s
overall innovation capability.

Third, reducing environmental uncertainty.
A central tenet of RDT is the notion that firms
innovate not just for growth but also to manage
and mitigate the uncertainties present in their
external environment. Environmental uncer-
tainty, particularly concerning the availability
and reliability of critical resources, can pose
significant risks to a firm’s innovation endeav-
ors [25]. Dt, with its ability to process real-time
data and deploy advanced predictive analytics,
enables firms to monitor external conditions
and anticipate potential challenges with greater
accuracy. By reducing uncertainty about external
factors, such as market demand or supply chain
disruptions, firms are in a stronger position to
make well-informed decisions regarding their
innovation investments. This risk mitigation
leads to more strategic and calculated inno-
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vation activities, minimizing the potential for
failure.

Fourth, strategic resource reconfiguration.
Another way in which Dt impacts innovation
is by empowering firms to reconfigure their re-
source base more effectively. Dt tools allow com-
panies to optimize how they allocate resources
across different innovation projects, making it
easier to shift focus to high-potential opportu-
nities while reducing investments in underper-
forming or obsolete initiatives [26]. This ability
to adapt and reallocate resources in response
to new digital opportunities enables firms to
enhance their innovation outcomes. By continu-
ally reconfiguring resources to meet emerging
challenges, firms ensure that they remain at the
forefront of innovation, effectively navigating
a rapidly changing digital landscape. This dy-
namic reallocation of resources is essential not
only for maintaining operational efficiency but
also for sustaining long-term innovation success.

Black swan theory

Black swan theory (BST), popularized by Nas-
sim Nicholas Taleb, describes rare and unpre-
dictable events with profound consequences
[27]. These events are characterized by three
main features: first, they are outliers. Black
Swan events fall outside regular expectations
and are not anticipated by historical data. They
are so rare and unprecedented that past experi-
ences do not indicate their likelihood or impact.
Second, they have a massive impact. When
such events occur, they have extensive and of-
ten transformative effects, disrupting normal
processes and systems. The consequences are
significant and can lead to systemic changes.
Third, retrospective predictability is evident.
After the event occurs, there is a tendency to
create explanations that make it seem predict-
able or understandable, even though it was un-
foreseeable before it happened. This hindsight
often overlooks the inherent unpredictability of
the event.

The global COVID-19 pandemic can be con-
sidered a Black swan event. On the one hand,
the pandemic emerged as an anomaly, far ex-
ceeding typical expectations and preparedness
plans. Previous experiences and historical data
on infectious diseases did not anticipate the
scale and rapid spread of COVID-19, rendering

it an unforeseeable and unprecedented event.
On the other hand, the pandemic had a massive
impact globally, disrupting economies, health-
care systems, and daily life. The shockwaves af-
fected virtually every sector, including Dt and
innovation processes [28]. The scale of the crisis
surpassed the anticipations and preparations of
most organizations and governments.

Subsequently, there has been a trend to ra-
tionalize the pandemic by citing various fac-
tors and warning signals that were supposedly
evident but previously overlooked. This retro-
spective reasoning often disregards the inherent
unpredictability and magnitude of the crisis. In
the context of Dt and innovation, the COVID-19
pandemic underscores how Black swan events
can undermine expected outcomes. Initially,
it was anticipated that Dt would continuously
drive innovation. However, the sudden outbreak
and profound impact of the pandemic created
conditions that disrupted these anticipated ben-
efits.

Main effect hypothesis
Based on prior literature, this study predicts
that Dt enhances Bi among Chinese listed firms.
From the perspective of AT, Dt alleviates in-
formation asymmetry between shareholders and
managers, a critical issue in innovation activi-
ties. Due to the long-term and risky nature of
innovation, managers responsible for the daily
operations and financial disclosures related to
R&D may prioritize their own short-term inter-
ests over those of shareholders. This misalign-
ment can lead to agency conflicts and increased
costs. Dt improves the transparency of inno-
vation information, enhancing the timeliness
and openness of R&D investment disclosures
[29]. By reducing the risk of misinformation and
lowering agency costs, Dt aligns managerial ac-
tions with shareholder interests. Furthermore,
the automation of financial data processing
through digital technologies further limits hu-
man intervention, thereby reducing agency costs
associated with R&D investments [18, 30].
From the perspective of RDT, Dt substantially
enhances innovation efficiency by transforming
the allocation of internal resources and mini-
mizing reliance on external entities. Advanced
digital technologies, including artificial intel-
ligence, blockchain, cloud computing, and big
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data, diminish dependence on conventional and
less effective systems, thereby improving the
overall efficiency of innovation processes [31].
Additionally, these technologies facilitate better
management of interactions within the innova-
tion network, bridging knowledge gaps between
firms and external partners [32]. This improved
access and integration support the generation of
innovative outcomes. Dt also enhances decision-
making efficiency in innovation strategies and
enables firms to establish strategic partnerships
and alliances [1, 16]. By reducing dependence
on single suppliers and fostering knowledge ex-
change and resource pooling, Dt contributes to
more efficient innovation processes. Based on
these considerations, we propose the following
hypothesis:

H1: Under otherwise similar conditions, Dt
has a positive impact on Bi.

Contextual effect hypothesis

From the perspective of the BST, Dt’s typically
positive influence on Bi may be disrupted dur-
ing global health crises due to the extraordi-
nary nature of such events. Black Swan events
are characterized by their rarity, extreme im-
pact, and the tendency for individuals to con-
struct post hoc explanations that make these
events appear predictable. The COVID-19 pan-
demic exemplifies a Black Swan event, rep-
resenting an unprecedented disruption that
exceeds the normal scope of organizational
risk management and strategic planning [33].
During such crises, the traditional benefits of
Dt — such as enhanced transparency, stream-
lined processes, and increased operational ef-
ficiency — can be severely compromised. The
pandemic imposes substantial external shocks
and operational constraints, leading organiza-
tions to prioritize immediate crisis response
over long-term innovation efforts.

In this context, the usual mechanisms
through which Dt supports Bi — such as im-
proved data accessibility and resource optimi-
zation — may be undermined by the urgent need
to adapt to rapidly changing and highly uncer-
tain conditions. The crisis introduces a level of
unpredictability and instability that disrupts
normal innovation workflows and resource allo-
cations. As organizations are forced to reallocate
resources and shift focus to short-term survival,

the positive impact of Dt on Bi may be signifi-
cantly attenuated. Thus, while Dt generally en-
hances innovation under stable conditions, its
effectiveness in driving Bi is likely diminished
during global health crises due to the amplified
and unprecedented challenges posed by such
events. In this way, Hypothesis 2 is presented.

H2: The positive impact of Dt on Bi is dis-
rupted during global health crises.

Heterogeneity hypothesis

Building on the theoretical foundations of AT
and RDT, we hypothesize that the impact of Dt
on Bi will exhibit heterogeneity between SOEs
and non-SOEs. Specifically, we propose that the
positive impact of digital transformation on
breakthrough innovation is stronger in SOEs
during normal periods compared to non-SOEs,
but this effect is likely to be disrupted during
crises for SOEs.

From the perspective of AT, SOEs are typi-
cally characterized by a more structured govern-
ance framework with stronger oversight from
government stakeholders [25]. This enhanced
governance structure means that Dt can more
effectively reduce information asymmetry and
agency costs in SOEs, aligning managerial in-
centives with long-term innovation goals [27].
During normal periods, this alignment enables
SOEs to leverage digital transformation to en-
hance their breakthrough innovation efforts.
The availability of resources and government
support further strengthens their capacity to im-
plement digital technologies, which ultimately
drives more significant innovation outcomes.
However, during crises, SOEs are often subject
to more rigid, government-driven constraints,
which may lead to a more conservative approach
that prioritizes stability over innovation [11].
In such circumstances, the impact of Dt on in-
novation is likely to be weaker or even reversed,
as SOEs may focus more on risk mitigation and
short-term survival, rather than leveraging Dt
for long-term innovation.

In contrast, non-SOEs may not experience the
same level of benefit from Dt during either nor-
mal or crisis periods. While they may face fewer
government-imposed constraints compared to
SOEs, their limited resources and less formal-
ized governance structures may restrict their
ability to adopt and implement digital technolo-
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gies effectively [31]. This resource constraint,
combined with potential organizational inertia,
could lead to weaker or insignificant effects of
Dt on innovation, regardless of the period. The
negative relationship between Dt and break-
through innovation for non-SOEs in crisis peri-
ods further supports this argument, indicating
that these firms may not possess the resilience
or adaptability to capitalize on digital transfor-
mation, even in times of uncertainty. Therefore,
we hypothesize:

H3: Compared to non-SOEs, the positive
impact of Dt on Bi is stronger in SOEs during
normal periods, but this effect is likely to be
disrupted during crises for SOEs.

Methodology

Sample and data
This study utilized a comprehensive and unique
dataset covering all A-share listed firms in Chi-
na from 2014 to 2024. Financial information
for the analysis was derived from the reputable
China Stock Market and Accounting Research
Database, known for its detailed and reliable fi-
nancial and accounting data on Chinese enter-
prises. Simultaneously, Dt-related terms were
meticulously identified from corporate annual
reports through text mining methodologies,
enabling an in-depth assessment of Dt activi-
ties across firms. To measure innovation output,
patent data were sourced from the Chinese Re-
search Data Services Database, ensuring precise
evaluation of firms’ innovation capabilities.

Several rigorous preprocessing steps were
applied to enhance the quality and robustness
of the dataset. First, financial institutions were
excluded from the sample. These firms oper-
ate under distinct governance structures and
financial performance frameworks compared to
non-financial companies, which could introduce
bias into the analysis. By excluding financial
firms, the study focuses on non-financial enter-
prises, where Dt and innovation dynamics are
more comparable. Second, firms placed under
“Special Treatment” (ST) status, meaning they
experienced consecutive losses over two years
and faced the risk of delisting, were removed.
These companies tend to have abnormal finan-
cial behaviors, which could skew the results and
lead to misinterpretation of the general trends
observed in healthier firms.

In addition, data reliability was a key con-
sideration. Therefore, firms with incomplete
or missing financial, patent, or Dt-related data
were systematically excluded from the analysis.
This step ensured that the dataset used for em-
pirical testing was as complete as possible, mini-
mizing the impact of data gaps that could distort
the findings. Moreover, to deal with potential
biases arising from outliers in the financial data,
all continuous variables were winsorized at the
1st and 99th percentiles.

Variable measurement and estimations
techniques

Dependent variable

The dependent variable in this study is break-
through innovation, which is measured using
patent-related activities. Consistent with the
approach of [34], Bi is quantified as the natu-
ral logarithm of one plus the total number of
invention patents applied for by the firm each
year. This method of measurement captures
a firm’s efforts to engage in innovative activi-
ties, particularly those aimed at developing
new, groundbreaking technologies. Invention
patents, as opposed to utility or design patents,
provide a more stringent measure of innova-
tion because they reflect higher levels of nov-
elty and technological advancement. By taking
the natural logarithm, we address potential
skewness in the patent count data, ensuring
that firms with very high or very low numbers
of patent applications do not disproportionate-
ly influence the results.

Independent variable

The independent variable in this research is
digital transformation (Dt). Since the text in
annual reports reflects a firm’s strategic orien-
tation, examining these reports provides valu-
able insights into the firm’s emphasis on digital
transformation [35]. Following the method-
ology of Tu and He (2022) [36, 37], this study
employs a Python-based crawler to develop the
digital transformation metric. The process in-
volves several stages: first, seed terms associ-
ated with Dt, such as “digital technology,” “in-
formation technology,” “big data,” and “cloud
computing,” are selected. Python’s Jieba and
Re modules are then used to extract relevant
text, which is subsequently cleaned, matched,
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and analyzed for frequency. The corpus for this
study is generated through word segmentation
and the removal of stop words. Machine learn-
ing, specifically the word2vec model, is applied
to this corpus to generate word vectors and
calculate similarities between terms, thereby
identifying semantically related words. Using
a seed word dictionary, the frequency of these
keywords is determined. Due to the typical
right-skewed nature of this data, the keyword
frequencies are log-transformed (LN) with an
addition of one (LN (keyword frequency +1))
to evaluate the degree of Dt among Chinese A-
share listed companies.

Control variables

To address potential confounding factors in-
fluencing breakthrough innovation, this study
incorporates a comprehensive set of control
variables. These variables are selected based
on their relevance to innovation performance
in prior literature. Firm Size (Fs), measured as
the logarithm of total assets, accounts for the
scale of a company and its potential to sup-
port innovation activities. Firm Age (Fa), cal-
culated as the natural logarithm of the number
of years since establishment plus one, reflects
the maturity and experience of the firm. Fi-
nancial Leverage (Lev), defined as the ratio of
total debts to total assets, captures the firm’s
financial structure and risk profile. Return
on Assets (Roa), represented by net income
divided by total assets, provides insight into
the firm’s profitability and efficiency in utiliz-
ing resources. Sales Growth (Gr), measured by
the year-over-year change in operating income,
indicates the firm’s market performance and
growth trajectory. Board Size (Bs), expressed
as the logarithm of the number of board di-
rectors, serves as a proxy for governance and
decision-making capacity. Ownership Con-
centration (To), represented by the percent-
age of shares held by the largest shareholder,
reflects the degree of control exerted by ma-
jor stakeholders, which may influence strate-
gic innovation decisions. Finally, Institutional
Ownership (In), represented by the percentage
of shares held by institutional investors, is in-
cluded to account for the influence of institu-
tional investors on a firm’s innovation strategy
and decision-making process.

Estimations techniques
The following equation is used to estimate H1
and H3:

Bi,, =0, +o, Dt + o, Fs;  +osFa;, +
+oyLev,, +0sRoa; , +0,,Gr., + 01, Bs; , +

+agTo;, + 04 ln;  + Year + Firm+e. (1)
In the model specification, o, represents the
intercept term, while o, —a, denote the coef-
ficients associated with the respective inde-
pendent and control variables, which are to be
estimated through regression analysis. This
study incorporates dummy variables to control
for both year and firm fixed effects, represented
by Year and Firm, respectively. These fixed ef-
fects account for time-invariant characteristics
specific to each firm and temporal factors that
could influence the results across different years.
The error term, €, captures unobserved factors
that may affect the dependent variable. The sub-
script iii refers to the cross-sectional dimension,
indicating individual firms, while t denotes the
time-series dimension, representing different
periods over which the data are observed.

Findings

Descriptive statistics
and correlation matrix
The descriptive statistics presented in Table 1
provide a comprehensive overview of the key
variables utilized in this study. The dataset
comprises 39,440 observations, offering a broad
range of data points across different variables.

Starting with the dependent variables, break-
through innovation (Bi and Bia) both exhibit
considerable variability. Bi, representing the
natural logarithm of one plus the total number
of invention patent applications, has a mean of
1.198, with a standard deviation of 1.353. The
range of values for Bi spans from 0 to 5.609, re-
flecting substantial differences in patenting ac-
tivities across firms. A similar pattern is seen for
Bia, which represents the natural logarithm of
one plus the total number of granted invention
patents. The mean value of Bia is 0.851, with
a standard deviation of 1.110, further illustrat-
ing the varied innovation outputs among firms.
The discrepancy between Bi and Bia highlights
the gap between innovation efforts (applica-
tions) and realized outcomes (grants), reinforc-
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Table 1
Descriptive statistics
Variables Count Mean Sd Min Max
Bi 39440 1.198 1.353 0.000 5.609
Bia 39440 0.851 1.110 0.000 4.970
Dt 39440 1.724 1.412 0.000 5.056
Fs 39440 22.259 1.309 19.630 26.452
Fa 39440 2.065 0.957 0.000 3.466
Lev 39440 0.410 0.205 0.049 0.935
Roa 39440 0.037 0.069 -0.375 0.255
Gr 39440 0.133 0.375 -0.654 3.808
Bs 39440 2.099 0.197 1.609 2.708
To 39440 0.332 0.147 0.074 0.757
In 39440 0.419 0.249 0.001 0.920
Source: Calculated by authors.
Table 2
Pearson correlation
umber @) @) © *) (5) ©® | @] ® | O |0
Variables Bi Dt Fs Fa Lev Roa Gr Bs To In
(1) 1.000
(2) 0.165™* 1.000
(3) 0.077** 0.026™* 1.000
4) -0.172* -0.039" | 0.465"* | 1.000
(5) -0.054™* -0.036™" | 0.489*** | 0.379*** | 1.000
(6) 0.128™ -0.048™* | 0.005 |-0.254"**|-0.369"**| 1.000
(7) 0.027** -0.002 | 0.038** |-0.071***| 0.026™* | 0.266™* | 1.000
(8) 0.016™* -0.056™ | 0.271** | 0.162*** | 0.139*** | 0.014™ | 0.006 | 1.000
9) -0.015" -0.117*** | 0.171*** | -0.083*** | 0.015*** | 0.171*** | 0.004 | 0.010** | 1.000

Source: Calculated by authors.

* *%

Note: significance levels are represented by asterisks: %,
respectively.

ing the need to analyze both dimensions of in-
novation.

Turning to the key independent variable, Dt,
the data show significant heterogeneity in the
adoption of digital technologies across firms.
The mean value of Dt is 1.724, with a standard
deviation of 1.412, indicating that while some
firms have embraced digital technologies more
extensively, others are still in the early stages
of transformation. The values of Dt range from

,and *** correspond to p-values less than 0.1,0.05,and 0.01,

0 to 5.056, suggesting varied digital strategies
and capabilities among firms.

For the control variables, the firms in the
sample exhibit an average firm size (Fs) of
22.259, measured as the natural logarithm of to-
tal assets, and an average firm age (Fa) of 2.065
years. The financial leverage (Lev) has a mean
value of 0.410. The return on assets (Roa) shows
a mean of 0.037, indicating relatively modest
profitability across the sample. The growth rate
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(Gr) has a mean of 0.133, suggesting that firms
experience moderate growth. The board size (Bs)
has an average value of 2.099, while ownership
concentration (To) is on average 0.332. Addi-
tionally, the institutional ownership (In) vari-
able, which represents the proportion of shares
owned by institutional investors, has a mean of
0.419 and a standard deviation of 0.249.

The correlation matrix in Table 2 shows the
relationships between the key variables in this
study. Notably, Bi and Dt are positively correlat-
ed (0.165***), suggesting that firms with higher
digital transformation levels tend to engage in
more breakthrough innovation. The correlation
between Bi and Fs is also positive (0.077%**),
indicating that larger firms are more likely to
engage in innovation activities. There is a nega-
tive relationship between Bi and Lev (-0.054***),
implying that firms with higher leverage may in-
vest less in breakthrough innovation. Dt is nega-
tively correlated with Fa (-0.039***), suggesting
that older firms might be slower to adopt digital
transformation strategies. Moreover, the correla-
tion between Dt and To is negative (-0.117%**),
suggesting that firms with higher ownership
concentration may be less likely to embrace
digital transformation. Overall, the coefficient
values are all less than 0.5, indicating no con-
cerns about multicollinearity in the model.

Analysis of benchmark regression

We begin our analysis by exploring the impact
of Dt on Bi using a panel data model that incor-
porates two-way fixed effects. This methodo-
logical approach allows us to control for both
firm-specific unobservable heterogeneity and
time-specific macroeconomic shocks, thereby
providing more reliable estimates of the re-
lationship between Dt and Bi. The regression
outcomes are summarized in Table 3.

In columns (1) and (2) of Table 3, we present
models where Bi serves as the dependent varia-
ble. These columns reveal a significantly positive
effect of Dt on Bi, regardless of whether control
variables are included. Specifically, Dt has a co-
efficient of 0.019 in the model without control
variables (column 1) and 0.012 in the model with
control variables (column 2), both significant at
the 1% and 5% levels, respectively.

From a theoretical perspective, these find-
ings are consistent with the resource-based

view, which suggests that Dt enhances firms’
ability to acquire, process, and utilize informa-
tion resources, thereby improving innovation
efficiency and supporting complex knowledge
recombination processes required for Bi [38].
Digital technologies can reduce information
asymmetry, enhance cross-functional collabo-
ration, and improve the quality of R&D deci-
sions, ultimately strengthening firms’ long-
term innovation capacity [39]. Therefore, the
results provide empirical support for Hypoth-
esis 1.

In columns (3) and (4), we extend our in-
vestigation to the non-crisis period to evalu-
ate whether the positive influence of Dt on Bi
persists under relatively stable external condi-
tions. The results continue to show positive and
statistically significant coefficients for Dt, with
a coefficient of 0.016 in column (3) and 0.013 in
column (4), both significant at the 5% and 10%
levels, respectively.

These results further reinforce the theoreti-
cal argument that Dt serves as a strategic capa-
bility that enhances firms’ ability to sense and
exploit innovation opportunities when external
environments are relatively stable. Under such
conditions, firms are more willing to allocate
digital resources toward exploratory innovation
activities, which is consistent with the long-
term innovation investment logic suggested by
the innovation incentive [40].

However, when we shift focus to the sample
period encompassing the global health crisis
of 2020-2021 (In-Crisis, columns 5 and 6), the
effect of Dt on Bi becomes statistically insignifi-
cant. The coefficients for Dt in columns (5) and
(6) are —0.020 and -0.022, respectively, neither
of which is statistically significant.

Importantly, these crisis-period results can
also be interpreted within the theoretical frame-
work of AT and RDT when combined with the
logic of BST, rather than contradicting these
core theoretical predictions. BST suggests that
rare, extreme, and highly unpredictable events
can fundamentally disrupt existing organiza-
tional decision-making patterns and resource
allocation structures.

From an AT perspective, Black Swan-type
crisis events significantly intensify short-term
performance pressure and managerial risk aver-
sion. Under such extreme uncertainty, managers
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Table 3
Benchmark results
Column 1) (2) () ) () (6)
number
Type Full Full No-Crisis No-Crisis In-Crisis In-Crisis
Variables Bi Bi Bi Bi Bi Bi
Dt 0.019™ 0.012* 0.016™ 0.013* -0.020 -0.022
(0.01) (0.01) (0.01) (0.01) (0.02) (0.02)
Fs 0.112** 0.114** 0.205*
(0.01) (0.01) (0.06)
Fa -0.010 -0.025 0.064
(0.01) (0.02) (0.07)
Lev -0.126" -0.132% -0.129
(0.04) (0.05) (0.16)
Roa 0.263*** 0.312** -0.031
(0.08) (0.09) (0.20)
Gr -0.015 -0.015 -0.060*
(0.01) (0.01) (0.02)
Bs -0.061 -0.077* 0.043
(0.04) (0.05) (0.11)
To 0.223* 0.252** 0.738*
(0.08) (0.09) (0.33)
In -0.098* -0.130* -0.092
(0.05) (0.06) (0.20)
_cons 1.165* -1.154* 1.110* -1.161* 1.336™* -3.617*
(0.01) (0.28) (0.01) (0.30) (0.04) (1.34)
Year-FE v v v v v v
Firm-FE v v v v v v
N 39370 39370 26189 31237 7432 7432
adj. R? 0.752 0.752 0.732 0.739 0.870 0.870
Source: Calculated by authors.
Note: robustness standard errors are displayed within brackets. Significance levels are denoted by ***, **,and * for 1%, 5%, and

10%, respectively.

are more likely to prioritize liquidity preser- may not fully translate into increased Bi invest-

vation, operational continuity, and short-term
survival over long-term exploratory innovation

ment during systemic crisis periods.
From a RDT perspective, Black swan events

investment, even when Dt capabilities are al- drastically increase uncertainty regarding the
ready in place. In this context, although Dt en- availability, reliability, and continuity of critical
hances transparency and monitoring efficiency, external resources. Even when digital technolo-

the governance benefits of digital transparency

gies improve internal coordination and infor-
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Table 4
Robustness checks
Column 1) 2) ©) (4) () (6) 7) (8) ©)
number
Type Full No-Crisis | ™ Full | No-Crisis | ™ Full | No-Crisis | ™
Crisis Crisis Crisis
Variables Bia Bia Bia Bi Bi Bi Bi Bi Bi
Dt 0.017** 0.021** | 0.017 | 0.013* | 0.013* | -0.020| 0.012** | 0.013* | -0.017
(0.01) (0.01) (0.02) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01)
Controls v v v v v v v v v
Year-FE v v v v v v v v v
Firm-FE v v v v v v v v v
N 39370 31237 7432 39370 31237 7432 31258 24329 4918
adj.R? 0.718 0.719 0.836 0.753 0.739 0.870

Source: Calculated by authors.

Note: robustness standard errors are displayed within brackets. Significance levels are denoted by ***, **,and * for 1%, 5%, and

10%, respectively.

mation processing capabilities, firms may still
face severe constraints in accessing external fi-
nancing, technological knowledge spillovers, and
stable supply chain resources. This external re-
source disruption weakens firms’ ability to effec-
tively convert Dt investments into Bi outcomes.

Overall, our findings suggest that while Dt
generally enhances Bi under stable conditions,
its innovation effects are contingent upon ex-
ternal environmental stability. These findings
extend the existing literature by demonstrating
that Dt should be viewed as a context-dependent
strategic capability rather than a universally
innovation-enhancing factor. Consistent with
Wu et., al (2024) [41], Dt improves innovation-
related information transparency and invest-
ment disclosure efficiency, but our results
further suggest that the realization of these
benefits depends on macroeconomic and envi-
ronmental stability.

Robustness tests
To ensure the robustness and reliability of our
findings, we perform several robustness checks
using alternative specifications and methodol-
ogies. The results, presented in Table 4, confirm
the consistency of our primary findings under
different model assumptions.

First, we replace the dependent variable in
our analysis to test the robustness of the rela-

tionship between Dt and Bi. In columns (1), (2),
and (3), we use the number of granted invention
patents (Bia) instead of patent applications as
the measure of innovation. Given that granted
patents are considered a more authoritative in-
dicator of innovation due to their validation in
the patenting process, we find that the coef-
ficients for Dt remain positive and statistically
significant in columns (1) and (2). However, in
column (3), the relationship becomes statisti-
cally insignificant during crisis periods. This
variation in significance reinforces the robust-
ness of our results across different measures of
innovation.

Second, we introduce additional fixed effects
to further control for potential confounding
factors. In columns (4), (5), and (6), we include
industry, province, and city fixed effects in ad-
dition to firm and year fixed effects. This speci-
fication controls for unobserved heterogeneity
across industries, regions, and firms, and the
results remain consistent with our main findings.
The coefficients for Dt continue to demonstrate
significance, further validating our initial results.

Third, we substitute our regression method-
ology with a Poisson count model to test the
robustness of our results under a different esti-
mation method. Columns (7), (8), and (9) present
the results from this alternative approach, where
the dependent variable is modeled as a count
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E;’L;lstransformation and breakthrough innovation: SOEs vs. non-SOEs in normal and crisis periods
Ownership SOEs non-SOEs
Column number (1) (2) (3) (4)
Period No-Crisis In-Crisis No-Crisis In-Crisis
Variables Bia Bia Bia Bia
Dt 0.023*** -0.018 0.004 -0.023
(0.01) (0.03) (0.01) (0.02)
Controls v v v v
Year-FE v v v v
Firm-FE v v v v
N 20832 2270 27521 5162
adj.R? 0.769 0.907 0.747 0.849

Source: Calculated by authors.

Note: robustness standard errors are displayed within brackets. Significance levels are denoted by ***, **, and * for 1%, 5%, and

10%, respectively.

variable. Even with this different estimation
technique, the coefficients for Dt continue to
show similar patterns, confirming the stability
of the relationship between digital transforma-
tion and breakthrough innovation under varying
model specifications.

Heterogeneity analysis

We explore the differential effects of Dt on Bi
by comparing SOEs and non-SOEs. The results
presented in Table 5 reveal substantial differ-
ences in how Dt influences innovation across
these two types of firms, particularly under
normal and crisis conditions.

For SOEs, as shown in columns (1) and (2),
Dt has a significant positive effect on Bi dur-
ing normal periods (0.023***), suggesting that
digital transformation boosts the innovation
capabilities of SOEs. This positive relationship
could stem from the fact that SOEs often have
more stable access to resources and govern-
ment support, which enables them to effectively
adopt digital technologies and pursue innova-
tion. However, during crisis periods, the effect
reverses, with a negative and statistically insig-
nificant coefficient (-0.018, column 2). This may
indicate that the typical advantages of digital
transformation, such as enhanced transparency
and data-driven decision-making, are not as ef-

fectively utilized in times of crisis. One possible
explanation is that the unique characteristics of
SOEs, such as stronger government involvement
and more conservative decision-making, could
hinder their ability to adapt quickly in uncertain
conditions. In crisis situations, SOEs may pri-
oritize stability and risk-averse strategies over
the potential for innovation, thus diminishing
the positive impact of Dt on breakthrough in-
novation.

In contrast, for non-SOEs, the results in col-
umns (3) and (4) show weaker and statistically
insignificant relationships between Dt and Bi,
both during normal periods (0.004) and crisis
periods (-0.023). This suggests that non-SOEs
may not fully leverage the benefits of digital
transformation in driving innovation, regard-
less of the economic context. It is possible that
non-SOEs face more constraints in terms of re-
sources, access to advanced technologies, and
expertise, which limits their ability to adopt
and implement digital transformation effec-
tively. Furthermore, the negative effect during
the crisis suggests that non-SOEs may be more
vulnerable to external shocks, as they often lack
the financial buffers and institutional support
that SOEs benefit from. In times of crisis, these
firms may be forced to focus on short-term sur-
vival rather than long-term innovation, further
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weakening the impact of Dt on breakthrough
innovation.

These findings suggest that digital transforma-
tion has heterogeneous effects on breakthrough
innovation depending on the type of firm and
the economic context. SOEs benefit more from
Dt during normal times, but their ability to in-
novate is reduced during crises, potentially due
to their more conservative strategies and reliance
on government support. In contrast, non-SOEs
show a weaker response to Dt overall, possibly
due to limited resources and adaptability, and are
particularly vulnerable during crises.

Discussion

The results of this study underscore the trans-
formative potential of Dt in promoting Bi
within Chinese listed companies. Our analysis
reveals that, under stable conditions, Dt en-
hances Bi significantly, validating the idea that
digitalization can fundamentally improve inno-
vation processes. By enabling better access to
data, more efficient resource management, and
improved decision-making processes, Dt helps
firms increase their innovation output. This is
in line with existing literature that highlights
the role of digital tools in driving operational
efficiencies and enhancing corporate innova-
tion [41-51].

That said, the study also reveals a critical in-
sight: during crisis periods, the positive relation-
ship between Dt and Bi is disrupted. This dis-
ruption is particularly evident during the global
health crisis, where the usual benefits of digital
transformation were attenuated. Firms, especial-
ly those in the most affected sectors, struggled
to effectively leverage digital technologies to
sustain or accelerate their innovation activities.
The findings suggest that while digital transfor-
mation is a crucial driver of innovation in stable
environments, its effectiveness is contingent
upon the external environment’s stability. In
times of crisis, firms often shift their priorities
to focus on short-term survival, cutting back on
innovation activities and reducing the strategic
importance of digital transformation. This result
aligns with the Black swan theory, which pos-
its that rare and unpredictable events — such as
global crises — can disrupt even the most well-
established organizational processes, including
innovation [52].

The heterogeneity analysis adds further
complexity to our understanding of the digital
transformation-innovation relationship. Our re-
sults indicate that, during normal periods, SOEs
experience a significantly stronger positive im-
pact from Dt on Bi. This can likely be attributed
to the institutional advantages of SOEs, such as
greater access to resources, stable government
support, and more formalized governance struc-
tures. These factors enable SOEs to effectively
harness digital technologies and apply them to-
ward innovation [53, 54]. Additionally, the rela-
tively rigid and bureaucratic nature of SOEs may
also contribute to their ability to systematically
implement and monitor digital strategies, ensur-
ing that these technologies contribute meaning-
fully to breakthrough innovation [55-57].

On the other hand, during crisis periods, this
advantage seems to diminish. The increased
regulatory scrutiny, government intervention,
and a more cautious decision-making approach
often found in SOEs may hinder their ability to
quickly pivot or adapt to external shocks [58-60].
In contrast, non-SOEs show no significant im-
pact from Dt on breakthrough innovation, re-
gardless of whether conditions are normal or
crisis-driven. This suggests that non-SOEs face
significant challenges in implementing digi-
tal transformation strategies effectively. Their
limited access to resources, lack of institutional
support, and lower digital adoption rates might
prevent them from capitalizing on digital tech-
nologies to foster innovation. These findings are
consistent with previous research, which argues
that SOEs, due to their institutional backing and
resource availability, are better positioned to
implement successful digital strategies, while
non-SOEs often lack the necessary infrastruc-
ture and governance to do so [60-63].

Conclusion and implications
Drawing on a comprehensive dataset of Chinese
A-share listed companies spanning from 2014 to
2024, this study provides both theoretical and em-
pirical insights into the relationship between digi-
tal transformation and breakthrough innovation.
Our analysis reveals a positive correlation be-
tween Dt and Bi, confirming our initial hypothesis
that, under normal circumstances, digital trans-
formation significantly enhances firms’ ability to
achieve breakthrough innovation. However, our
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results also indicate that this positive influence
is notably reduced during times of crisis, such as
the global health crisis. This attenuation suggests
that while digital transformation generally fosters
innovation, its effectiveness is contingent upon
the broader external environment, and its ben-
efits can be undermined by significant disruptions.
Moreover, our heterogeneity analysis high-
lights important differences in the effects of
digital transformation on breakthrough inno-
vation between SOEs and non-SOEs. The results
show that Dt has a stronger positive impact
on innovation in SOEs during normal periods
compared to non-SOEs, emphasizing the role
of governance structures and resource access
in facilitating innovation. However, this effect
is attenuated or even reversed for SOEs during
crises, underscoring the vulnerability of even
well-resourced and structured firms in the face
of unexpected disruptions. In contrast, non-
SOEs show less significant impacts from Dt in
both normal and crisis periods, suggesting that
they may face greater challenges in leveraging
digital technologies for innovation due to re-
source constraints and structural limitations.
These findings have significant implications
for both theoretical frameworks and practical
applications. From a theoretical standpoint,
the positive association between Dt and Bi sup-
ports Agency Theory and Resource Dependence
Theory, illustrating how digital transformation
can reduce information asymmetry and improve
firms’ access to and utilization of external re-
sources, thereby enhancing their innovative
capabilities. However, the diminished impact
of Dt during the global health crisis, interpret-
ed through Black Swan Theory, highlights the
vulnerability of even robust digital strategies
to unforeseen and disruptive events. The het-
erogeneity observed between SOEs and non-
SOEs further suggests that the benefits of Dt
are not uniform across different firm types, and
that ownership structure plays a critical role in

determining the extent to which Dt can drive
innovation.

On the practical front, these results under-
score the importance for firms to develop re-
silient and adaptable digital strategies. While
digital transformation should be harnessed to
drive innovation, firms must also ensure their
strategies are flexible enough to respond to un-
foreseen crises. The reduction in the effective-
ness of Dt amid external shocks indicates that
firms need to proactively anticipate potential
resource constraints and shifts in priorities.
Specifically, SOEs should focus on balancing
government influence with innovation-driven
strategies, while non-SOEs may need to address
structural limitations and resource gaps to fully
capitalize on digital transformation. By adjust-
ing digital initiatives to address these challenges,
firms can better navigate volatile environments
and maintain their competitive edge.

Future research should examine how external
shocks influence the relationship between digi-
tal transformation and innovation, and explore
strategies that firms can adopt to mitigate these
disruptions. While this study focuses on Chinese
A-share listed companies, the applicability of
the findings to other countries or regions with
different institutional settings may be limited.
The sample’s specific focus on Chinese compa-
nies, particularly the emphasis on SOEs and their
unique governance structures, may not fully cap-
ture the dynamics of digital transformation in
firms from other markets. Understanding how
companies in different countries or industries
maintain innovation through digital transforma-
tion during crises will be crucial for sustaining
a competitive edge in today’s rapidly changing
and uncertain business environment. Future
studies could also explore how variations in in-
stitutional environments, regulatory frameworks,
and market conditions might influence the ef-
fectiveness of digital transformation in fostering
innovation across different geographical settings.
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