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Abstract

This study explores the role of financial support in the digital transformation of Chi-
nese A-share-listed companies from 2001 to 2020. By utilizing the moderating effect
model and threshold regression model, this study finds the following results: (1) Digital
transformation positively impacts innovation, and the support of banking and capi-

tal markets further strengthens this impact. (2) With the development of banking

and capital markets, the impact of digital transformation on innovation changes

from negative to positive, which is also reflected in the subsamples of Eastern compa-
nies, small and medium-sized companies (SMEs), and non-SMEs. (3) The study reveals
that only the capital market in the non-Eastern region has no threshold, and capital
market support is effective only for non-SMEs when it reaches a higher level. These
findings have important implications for policymakers in promoting digital transforma-
tion through financial support and help companies understand how to use financial
support to improve competitiveness.

Keywords: Digital transformation, Banking sector, Capital market, Moderating effect
model, Threshold regression model

Introduction

The twenty-first century is an age of digitalization. Currently, data resources are the
core production factors. The United States,' Japan,> Germany,® and other countries
have successively promulgated plans to promote digital transformation, compete to
build a digital innovation ecosystem, and want to occupy the digital high ground. The
Chinese government has repeatedly pointed out that China should firmly grasp the
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strategic opportunity of a scientific and technological revolution in digitalization and
taken “accelerating digital development and building a digital China” as one of the goals
and tasks of the “14th Five-Year Plan” period. Research on digital transformation is also
becoming a hot topic, especially in digital innovation micro-companies. In recent years,
Chinese companies have shown impressive performance in digital transformation; for
example, Alibaba Cloud, the core technological carrier of Alibaba, has expanded from
the initial Information Technology (IT) infrastructure to hardware fields such as chips,
servers, and databases. In addition, it has integrated cutting-edge IT technologies such
as big data, Artificial Intelligence (AI), Internet of Things (IoT), blockchain, and quan-
tum computing. Alibaba Cloud has achieved breadth and depth in the IT industry and
is at its forefront. Huawei regards digital transformation as a strategic focus for future
development; invests in research and development in fifth-generation (5G) technology,
IoT, and cloud computing; and promotes commercializing mobile devices and applica-
tion scenarios. Investigating the impact of digital transformation on innovation and the
role of digital transformation provides evidence for policymakers due to the vital role of
innovation in economic development (Kamalaldin et al. 2021). China has been one of
the countries with the fastest digital development in recent years,* and its financial mar-
ket has remained stable during COVID-19 (Liu et al. 2020). Using China as a research
object has important reference significance for other countries and regions to under-
stand the digital impact trend and carry out financial reform.

Previous academic discussions on digital transformation have focused on defining it
and its impact on industries or companies, with little discussion on how digital transfor-
mation is affected by the external financial environment. For example, some studies dis-
cuss the differences between intelligentisation and digitalization (Dengler and Matthes
2018) or the evolution process and different stages of digital transformation (Verhoef
et al. 2021). Building on this foundation, the literature has further explored the impact
of digital transformation on industries and companies from various perspectives, such
as strategy, competitive pressure, intelligent technology, human resources, and market-
ing (Nasiri et al. 2020; Singh et al. 2021; Blanka et al. 2022). Specifically, current research
indicates that digital transformation is becoming increasingly important in various
industries, bringing challenges, such as the need to adapt to new technologies and digital
talent, as well as opportunities, such as the emergence of new digital industries (Parida
et al. 2019) and improved operational efficiency for businesses (Mourtzis 2020).

Research on the impact of digital transformation on innovation has yielded several
key findings. Zhuo and Chen (2023) argued that digitalization can overcome the effec-
tive boundaries of innovation and enhance absorption and transformation capabilities to
promote innovation, owing to the powerful cost-cutting and efficiency-boosting poten-
tial of digitalization (Bresciani et al. 2021; Peng and Tao 2022). However, scholars have
different views. Corvello et al. (2023) believe that the effectiveness of digital innovation
largely depends on the personal characteristics of managers, while Liu et al. (2023) sug-
gest that, although digital transformation can achieve the integration of internal and
external innovation elements, it only has innovation incentive effects during the lag
period of 2 years. There are no such effects in the current year, next year, or lag period of
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3 years. Although the existing literature has extensively discussed the positive or nega-
tive impacts and scope of the impact of digital transformation, most studies only focus
on the internal impact of digital transformation on companies. It is unclear whether
micro-companies are affected by external financial environments in the process of digital
innovation and whether this effect varies under different levels of financial development.
Furthermore, it is uncertain whether banks, capital markets, and their channels affect
different companies differently. To fill this research gap, this study examines how finan-
cial development moderates the impact of a firm’s digital transformation on innovation.
Changes in financial function are inevitable in the digital economy. Companies that
rely on digital technologies as key production assets often exhibit asset-light operations
(Bertani et al. 2021). However, digital assets pose challenges regarding their use as collat-
eral for loans, as they are difficult to pledge (Brown et al. 2009; Czarnitzki and Hottenrott
2011). Moreover, equity financing can lead to crowding-out effects because of increased
disclosure costs and agency problems (Gigler et al. 2014), which put forward higher
requirements for the inclusiveness and efficiency of financial institutions. The prevailing
view among most scholars is that financial development enhances loan opportunities for
digital projects and reduces overall risk (Shan et al. 2023), thereby generating a posi-
tive impact on innovation. However, Iddrisu and Chen (2022) suggest that digitalization,
conditional on financial sector development, does not necessarily promote economic
growth in Africa, indicating that the impact of financial development could be negative.
Ha et al. (2022) pointed out that companies can directly engage in online financial trans-
actions, bypassing intermediary markets such as financial institutions, thereby poten-
tially weakening the roles of banks and capital markets. Therefore, this study examined
whether Chinese financial development can play a moderating role in the impact of digi-
talization on innovation. If so, does it enhance or diminish the impact of digitalization?
This study also examines the threshold effect of digitalization on innovation across vari-
ous levels of financial development. Furthermore, this study explored the differences in
financial support across different regions and scales. Given China’s vast land area and
numerous companies, there are significant differences in investment styles, stock liquid-
ity, market value, and other aspects among companies listed in different regions and on
different stock exchange boards. For example, economically developed coastal regions in
eastern China have higher market fairness and may experience different levels of finan-
cial support effectiveness than non-eastern regions (Wu et al. 2019). The People’s Bank
of China: The China Regional Financial Operations Report (2022) shows that in 2021,
the proportion of new direct financing in China’s eastern region accounted for 76.5%
of the national total, and the balance of domestic and foreign currency loans exceeded
the national average by 1.5%.* Huge regional differences in financial development make
research in different regions significant. Companies listed on different boards have dif-
ferent entry thresholds and regulatory requirements, which may lead to differences in
financing difficulty and preferential interest rates received. For companies of different
sizes listed on the Science and Technology Innovation Board, the average price-to-earn-
ings ratio of IPOs in the first year set a record in the Chinese stock market, reaching
71.05 times (Dong et al. 2022b). Based on this, tests are conducted by grouping compa-
nies according to their location and scale. The aim is to provide more detailed reference
points for governments and companies in different regions. An important issue that
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academics and policymakers need to pay attention to is understanding the moderating
effect of finance on the impact of digital transformation and promoting the construction
of a financial system that supports innovation so that the financial industry can better
serve the digital economy.

Examining digital transformation in the external financial environment is crucial for
governments and companies. As mentioned previously, internal financing cannot meet
the massive funding needs of digital transformation (Nylund et al. 2019). Examining the
effectiveness of external financial institutions in supporting digital transformation can
help companies incorporate this easily overlooked external factor into their digital strat-
egies, thereby avoiding discrepancies between actual outcomes and company decision
expectations due to omitted factors (Wang and Du 2022). For the government, the coun-
try’s scientific and technological development level is closely linked to the corporate
technical level. Clarifying the support effect of financing on micro-subjects in digital
transformation has important reference value for government policy guidance, prefer-
ential interest rate settings, and other aspects. This will help China to fully implement its
strong digital country strategy and innovative development strategies.

The main contributions of this study are as follows: First, it extends the research on
the impact of digital transformation on innovation by providing a new perspective. The
macro financial environment heavily influences micro level corporate behavior, and this
study creatively considers the influence of digital transformation on corporate innova-
tion under the trend of financial development, making the effect of digital transforma-
tion more closely reflect real-world situations. Second, it clarifies the positive impacts of
banking and capital markets on innovation promotion through digital transformation.
The roles of the banking and capital markets in driving innovation have been debated.
This study empirically examines the moderating effect of financial development on the
impact of digital transformation on innovation, addressing these debates and providing
directions for further reform and development of the financial industry. Third, this study
overcomes the limitations of previous studies that overemphasize the positive effects
of digital transformation and highlight the possibility of negative effects on innovation
when financial development is imperfect. This finding reinforces the importance of con-
sidering the macro financial environment in research.

The rest of the paper is based on the research question of whether the develop-
ment of banks and capital markets enhances or weakens the impact of digital
transformation on innovation and what role it plays in different stages of financial
development and types of companies. The second part discusses the mechanisms
and hypothesis, theoretically explaining financial development’s moderating and
nonlinear effects in the digital transformation and innovation nexus. The third sec-
tion comprises the model construction and data description. Using sample data
from Chinese listed companies from 2001 to 2020, moderating effect and thresh-
old regression models were constructed to examine the relationship between digi-
tal transformation, financial development, and innovation. The empirical results are
presented in Section, along with a heterogeneity analysis of the companies. The fifth

part is the conclusion.
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Mechanisms and hypotheses

The impact of digital transformation on corporate innovation

Digital transformation involves the application of digital technologies, such as cloud
computing and big data, to transform production, operations, and management pro-
cesses (Frynas et al. 2018). This involves a shift in management paradigms from tradi-
tional analog or manual methods to digital systems and processes. Decisions made by
the board of directors or top management mainly aim to leverage technology to improve
efficiency, increase productivity, and drive intellectual and managerial innovations. First,
digital transformation helps companies eliminate the ink “island phenomenon” in intel-
lectual and technological innovation (Senyo et al. 2019). The “island phenomenon” refers
to the information asymmetry and isolation phenomenon that exists in some market or
economic systems (Mundell 1963). For example, a company may be isolated from other
companies owing to geographical, political, and cultural factors, which makes it only
able to trade in the local market and unable to obtain information elsewhere. This leads
to a lack of effective price-discovery mechanisms in the market, causing companies to
miss investment opportunities for innovative projects. Digitalization helps eliminate
the barriers to information sharing and the “island phenomenon” among different busi-
ness departments and different companies, establishes an information flow mechanism
between companies and industries through interconnection means, promotes inter-
industry technology spillovers, and promotes more open and collaborative innovation
among companies (Pershina et al. 2019; Bresciani et al. 2021). Second, digital transfor-
mation significantly impacts managerial innovation. Efficient production management is
achieved through data collection, analysis, and decision-making, which reduces market
transaction costs, including search, transportation, and transmission costs (Peng and Tao
2022). This, in turn, enables greater capital investment in innovation activities. Moreo-
ver, in the digital era, most corporate production, operations, and customer-oriented
operating systems are online, resulting in labor substitution and reduced human capital
expenditure (Shakina et al. 2021). Third, big data and data analysis accelerate corporate
business innovation decision-making processes (Li et al. 2022). Automated algorithmic
decision-making facilitated by intelligent products and services improves operational
efficiency and process management, thereby shortening the production cycle and sup-
porting intellectual and managerial innovation (Newell and Marabelli 2015). In sum-
mary, the measures adopted in digital transformation lead to intellectual and managerial
innovations, such as the board of directors or top management leveraging technology to
improve efficiency, increase productivity, and drive innovation in both the intellectual
and managerial domains. Accordingly, this study proposes the following hypothesis:

Hypothesis 1 Digital transformation has a positive impact on corporate innovation.

The impact of digital transformation on corporate innovation at different levels of financial
development

The moderating effect of financial development

Internal and external environmental factors influence the impact of digital transforma-
tion on innovation. Previous literature has discussed internal factors mainly driven by
the decision-making of the board of directors and strategic governance bodies, such as
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top management, which play a crucial role in promoting digital transformation decisions
(Chen and Hao 2022). As the formulators and implementers of corporate strategic deci-
sions, their understanding and attitude toward digital transformation largely determine
the effectiveness of the corporate digital transformation (Pan and Xu 2023). However, a
research gap exists in exploring external macro-financial moderating effects.

According to Pecking Order Theory, companies first use internal financing to fund
innovative investments, and when their funds become insufficient, they seek external
financing channels (Myers and Majluf 1984). China’s main external financing chan-
nels currently obtain credit funds from banks and financing capital markets (Backman
and Wallin 2018). The extent to which banks and capital markets support the impact
of digitization is a key question that must be examined in the digital age. Digital trans-
formation is a high-risk project with a long return period. The development of digital
transformation depends on a large amount of financial support, in which financial insti-
tutions play an important role. For example, Ullah et al. (2021) used the digitalization of
intelligent real estate in Australia to point out that digital transformation involves high
investment costs in software and hardware as well as the high complexity of digital tech-
nology, which together create risk and become an obstacle to innovation, and a lack of
investment willingness is emphasized as the main reason for the failure of digital innova-
tion. Digital technology requires a large amount of funding support for early research,
product development, and later commercialization, but 80 percent of start-up compa-
nies fail to raise Series A financing (Hor et al. 2021). Therefore, how entrepreneurs can
legally organize network relationships and find funding sources has been taken seriously
by many scholars (Nigam et al. 2020). Maintaining good bank-company relationships
and obtaining capital market financing support have become important factors in cor-
porate digital transformation. First, financial development reduces financing constraints
in digital transformation. The expansion of the financial scale means that financial insti-
tutions are more competitive, which is conducive to reducing loan interest rates, broad-
ening loan channels (Leon 2015; Love and Martinez Peria 2015), and providing more
financial support for corporate digital transformation. Since the twenty-first century,
China has greatly improved the level of specialization and diversification of services by
restructuring the financial services of large state-owned banks and completing share-
holding transformation (Liu and Zhang 2020), which is conducive to providing more
efficient financial services for digital transformation, thus promoting innovation. Third,
the development of finance makes it easier for financial institutions to identify high-
quality projects with investment value and facilitates their supervision and management.
Financial technology provides intelligent support to financial institutions. Banks meas-
ure the default probability of customers through big data risk-control technology (He
et al. 2023), and capital markets use big data to aggregate market information (Lee and
Shin 2018), improving resource allocation efficiency and facilitating capital flow to digi-
tal transformation projects. Fourth, financial institutions and companies have become
more closely connected with finance development. Banks and capital markets began
to expand their business boundaries, and business links were constantly subdivided
and outsourced to third-party institutions through a certain degree of standardization.
Through this business link, banks became closer to companies (Boot 2000) and could
provide a stable source of funds for digital projects.
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Hypothesis 2 'The development of banking and capital markets enhances the positive

impact of digital transformation on innovation.

The threshold effect of financial development

The theory of financial development has been formed through constant exploration
and development, from the study of financial functions to the proposal of the financial
repression theory and then to the theory of financial deepening (Grubel and McKinnon
1974). According to the theory of financial deepening, Cole and Shaw (1974) believes
that a sound financial system can accelerate economic growth in relatively poor areas. In
contrast, distorted finance hinders technological progress and economic development.
Digital transformation has different effects on innovation at different financial develop-
ment levels. Trinugroho et al. (2021) believe that the financial development level has a
strong threshold effect on regional technology catch-up, and only those regions with
financial development levels beyond the threshold can have outstanding performance
in technological innovation and technology catch-up. Some other scholars believe that
the excessive expansion of the financial sector may produce a “financial curse” (Zhu
et al. 2020). Frequent interbank lending activities, shadow banking, and securitization
and regulatory arbitrage of bank assets increase the possibility of rent-seeking and mar-
ket speculation and compress the living space of real high-quality digital transformation
projects, thus hindering innovation. Therefore, at different stages of financial develop-
ment, the impact of digital transformation on innovation may be nonlinear. In addition,
the moderating effects of banks and capital markets differ and are mainly reflected in
risk management and information processing (Liu et al. 2022a). Most studies believe
that the capital market is significantly higher than traditional financial institutions, such
as banks, in terms of risk tolerance and diversification ability (Purewal and Haini 2022).
Regarding information processing, the centralized display of capital market information
and the agility of information processing are also more advantageous than banks in sup-
porting digital innovation (Hsu et al. 2014; Didier et al. 2021). Accordingly, this study
proposes the following hypothesis:

Hypothesis 3 'The impact of digital transformation on innovation changes from nega-
tive to positive under the moderating of financial development, which is more sensitive
to the capital market.

The moderating effect of financial development in different companies

For various types of companies, the positive effects of digital transformation and the
moderating effects of financial development exist; however, when considering the char-
acteristics of different companies, the impacts of digital transformation and financial
development are different.

China is a vast country with various natural resources in different regions and
serious economic imbalances (Liang et al. 2021). The moderating effect of financial
development has different manifestations. The “Aihui-Tengchong Line” is the divid-
ing line of China’s population development level and economic and social patterns.
Digitalization in the eastern region has a more positive impact on innovation than in
non-eastern regions because of the better development environment (Zhang and Zou
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2012; Zheng et al. 2013; Xu et al. 2022a). Eastern cities have a better economic base,
talent pool, complete infrastructure (Zheng et al. 2013) and innovation climate (Xu
et al. 2022a, b), which can provide a better environment for digitalization. Moreo-
ver, non-Eastern regions depend more on the banking industry (Liu and Zhang 2020).
Therefore, with the development of banking, the impact of digital transformation on
innovation undergoes significant changes. As most of China’s capital markets are dis-
tributed in the eastern region, there may be no threshold value for non-eastern capi-
tal markets. Based on this, we propose the following hypothesis:

Hypothesis 4 Digital transformation has a greater positive impact on innovation than
in the eastern region, and the impact of change is higher in the non-eastern region.

In contrast, digitalization has provided unprecedented opportunities for small- and
medium-sized entrepreneurial companies (SMEs) (Cenamor et al. 2019). Digital net-
works have enabled SMEs to compete with large-scale companies with lightweight
assets; therefore, digital transformation has a greater impact on innovation. In addi-
tion, with the development of finance, banking competition is conducive to the
adjustment of the credit structure and deregulation of credit, which helps alleviate
the discrimination of financial ownership (Du et al. 2023), thereby reducing the cost
of corporate loans, easing the financing constraints of SMEs, and improving the inno-
vation quality of SMEs. Non-SMEs have abundant cash flow. When the capital market
is imperfect, non-SMEs usually choose internal financing to fund innovative projects
(Zhang et al. 2020). Therefore, digital transformation is not moderated if the capital
market is underdeveloped. Accordingly, this study proposes the following hypothesis:

Hypothesis 5 For non-SMEs, the impact of digital transformation on innovation is
smaller, and the capital market can only have a moderating effect when it develops to a
higher level.

Methodology

Model specification

Moderating effect model

This study first constructs a moderation effect model to examine how financial develop-
ment moderates the impact of digitalization on innovation. The moderation effect model
proposes that when a third variable influences the relationship between the independ-
ent and dependent variables, it is referred to as the moderator variable. The moderator
variable can affect both the direction and strength of the relationship between the inde-
pendent and dependent variables (Baron and Kenny 1986; Toothaker 1994). Changes in
the moderating variable can alter the marginal effect of the independent variable on the
dependent variable. According to Eq. (2), 0PG/0DT = f3; + 55FD, the coeflicient of 3, rep-
resents that with an increase of one unit in financial development, the marginal effect of
digital transformation on innovation increases by S5 units. Therefore, the moderation
effect model measures whether the external financial environment alters the impact of
digital transformation on innovation.
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PG = ap + o1 DTyt + aaXip + & (1)

PG = Bo + p1DTit + BoFDjs + B3DTiy x FDjy + BaXir + €t (2)

where PG, represents the level of innovation in i, corporation in year ¢, DT}, represents
the level of digital transformation in i, corporation in year ¢, FD,, represents the level
of financial development in province i in year ¢ and includes both banking (FD,) and
capital market dimensions (FD,). DT;, x FD,, represents the interaction variable of dig-
ital transformation and financial development, and X, represents the control variable,
which includes five variables: the asset-liability ratio (ALR), the growth rate of operating
income (OI), equity balance (EB), cash flow ratio (CFR), and whether the firm is audited
by one of the four major accounting firms (FA).g;, is the residual. If the DT}, in Eq. (1) and
DT, x FD,, in Eq. (2) are significant, it indicates that the impact of digital transformation
on innovation is moderated by banking or the capital market. If the sign of DT}, in Egs.
(1) and DT, x FD,, in Eq. (2) are the same: financial development enhances the effect
of digital transformation on innovation, while the opposite sign indicates a weakened
effect.

Threshold regression model

After estimating the moderating effect of financial development, we explored whether there
is a turning point between the explanatory and explained variables when the level of finan-
cial development is at different stages. Some studies have adopted higher-order or dummy
variable regression to deal with structural changes between the explanatory and explained
variables (Brown 1968; Du and Lin 2022). However, this method may lead to high collin-
earity and difficulty determining grouping points, causing significant estimation errors.
The threshold effect model proposed by Hansen (1999) can better avoid these issues and is
widely used to estimate structural changes (Trinugroho et al. 2021; Shen and He 2022). This
model is designed for non-dynamic panels with individual fixed effects, and the threshold
value can be determined using a fixed-effect transformation. The regression slope can be
obtained through least-squares estimation, and an unconventional asymptotic theory can
be used for inference, allowing the construction of confidence intervals for hypothesis test-
ing. This model has been widely applied in many research fields (Trinugroho et al. 2021).
The threshold regression model was as follows:

PGj = 89 + 61DTitl(FDjr < y1) + 82DTil(y1 < FDjt < y»)

3
oot 8y DTl (7w < EDig) + 8saXis + e ®)

where DT, is the regime-dependent variable, FD,, is the threshold variable, and y is the
threshold to be estimated. y divides the studied provincial sample into different inter-
vals, and the regression coefficients have different values for different sample intervals.
I(+) is an indicator function with a value of one when the condition is met; otherwise, it
is zero.

The interaction mechanism between digital transformation and innovation, with finan-

cial development as the moderator, is shown in Fig. 1.
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Fig. 1 The moderating effect of financial development

Variable selection

Dependent variable

Compared to non-invention patent innovation, invention patent innovation implies a
higher level of technology, represents breakthrough creation (Gao and Yuan 2022), and
is a concentrated expression of the quality of corporate innovation. Therefore, the loga-
rithm of the number of invention patents granted was used as a proxy for the dependent
variable.

Independent variable

Currently, the annual reports of listed companies in China do not include the degree of
digital transformation. This has led some scholars to consider the proportion of network
technology and software assets in intangible assets as the degree of digital transforma-
tion of companies (Jiang et al. 2022). However, this missing index data makes it prone to
sample selection problems. Some studies use the number of robots as a measurement
index of corporate digital transformation (Wang and Du 2022). Still, digitalization is a
complex system, and artificial intelligence can only represent one aspect. Other scholars
use questionnaire surveys to investigate the level of corporate digital development (Li
2022), but the data are significantly affected by interviewees’ subjectivity.

The words managers use convey decision-making information (Jiang et al. 2019). By
analyzing the documents issued by the company, it can be inferred whether the com-
pany is in the digital transformation process. Text analysis is widely used in top financial,
accounting, and management journals (Ertugrul et al. 2017; Loughran and McDonald
2020). Based on the text analysis method, this study calculates the digitalization degree
(DIG) of a listed company by dividing the total frequency of digital-related words by the
length of the MD&A paragraph in its annual report of the listed company. The specific
calculation method is as follows:

The first step is to build a digital glossary. By searching the websites of the Central Peo-
ple’s Government of China and the Ministry of Industry and Information Technology,

Page 10 of 34
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31 important national digital economy-related policy documents released during
2012-2020 were manually screened to extract keywords related to company digitaliza-
tion. After Python word segmentation and manual recognition, words related to com-
pany digitalization with a frequency greater than or equal to five times were selected.
Words with a frequency greater than or equal to five were selected because they have a
relatively high occurrence rate, indicating that they are more important and significant
in corporate digitalization. This approach helps focus on the most relevant words and
eliminates noise from less important words. Additionally, this ensures that the selected
words are adequately represented in the data, increasing the analysis’s accuracy. After
manual comparison, a frequency of less than five makes some keywords unrepresenta-
tive, whereas selecting keywords with a frequency higher than five may miss important
keywords. Based on these words, supplemented by the word frequency of digital trans-
formation in Liu et al. (2022a, b), 239 digital transformation keywords were obtained,
constituting this study’s dictionary of digital terms. The second step was to import the
digital dictionary into the Wingo database for word frequency statistics.” After extract-
ing the word frequency of digitalization-related keywords, they were added, divided by
the text length of the MD&A part of the corporate annual report (excluding numbers),
and multiplied by 100 as the proxy variable for corporate digital transformation.

Mediator

Two main types of financial institutions exist in China’s current financial market: the
banking sector, which provides indirect financing, and the capital market, which pro-
vides direct financing. Financial development is reflected in both the level of develop-
ment of the banking sector and the capital market. Referring to Hsu et al. (2014) and
Brown et al. (2017), this study uses the ratio of loan balance to GDP of each province in
the current year to measure the development level of the banking industry in China. It
uses the ratio of stock market total value traded to GDP to represent the development
level of China’s capital market (Yue et al. 2019).

Control variables for innovation

To estimate the impact of digital transformation on innovation, other driving factors for
innovation were controlled for, and all control variable indicators were based on a sam-
ple of Chinese A-share listed companies. (1) Capital structure: The asset-liability ratio
can measure whether a company can innovate and the possibility of taking action (Myers
and Majluf 1984). This study uses the asset-liability ratio to represent a company’s capital
structure. (2) Profitability capability: Profitability is positively related to corporate future
innovation potential (Pham et al. 2021). This study uses operating profit margin to rep-
resent corporate profitability. (3) Equity balance: Equity checks and balances can reduce
the self-interested behavior of major shareholders to a certain extent. In companies with
a high degree of equity checks and balances, the decision-making of innovation activi-
ties is jointly decided by major shareholders and small and medium shareholders, which
avoids the “short-sighted” behaviors of major shareholders to a certain extent and thus

% Wingo database provides analysis of exact word frequency, extended word frequency, exact sentence frequency and
extended sentence frequency, as well as the total word count and total word count of the segment text of "Management
Discussion and Analysis" (MD&A) in annual reports of listed companies.



Du and Wang Financial Innovation (2024) 10:76 Page 12 of 34

has a positive impact on innovation (Li et al. 2018). The sum of the shareholding ratios of
the second to fifth major shareholders/shareholding ratio of the first major shareholder
is used to represent the equity balance. (4) Cash flow ratio: As a buffer against uncer-
tainty, internal cash provides greater flexibility and error space for corporate innovation
experiments (Atanassov and Liu 2020). This study uses net operating cash flow/current
liabilities to represent the cash flow ratio. (5) Big4: If the audit institution is one of the
four major accounting firms, we take 1; otherwise, we take 0. Lang and Maffett (2010)
argue that while the use of the Big Four accounting firms does not necessarily indicate
higher financial reporting quality, companies’ choice to engage with these global provid-
ers can signify a certain willingness to commit to providing truthful and comprehensible
accounting information, which can, in turn, attract more investors, provide more fund-
ing for innovation, and establish a foundation of trust.

Table 1 lists the variables used in this study. All the Abbreviations and their meanings
are listed in Table 17 in “Appendix”.

Research sample

The research sample consists of all A-share listed companies on the Shanghai and Shen-
zhen stock exchanges from 2001 to 2020. The rationale for the sample selection is as
follows: First, China’s digitalization has developed rapidly in recent years, making Chi-
nese companies a representative and valuable sample for study and reference. Second,
the choice of listed companies for the research sample was based on data availability and
effectiveness. Non-listed companies do not annually disclose information related to digi-
tal investments. Even if data for individual non-listed companies are available, they are
not statistically significant because of the small sample size. Therefore, following Kong
et al. (2021) and Yu et al. (2023), we selected a sample of listed Chinese companies from
2001 to 2020. This period coincides with the deepening of financial reforms in China
(Petry 2021), making the discussion of different thresholds in finance more meaningful.

Company-level data were merged based on stock codes and years. The patent data of
the companies were obtained from the China Research Data Services (CNRDS) data-
base, and the digital word frequency data were obtained from the WinGo database. A
combination of Python word segmentation and manual recognition was used to ensure
the accuracy of the digitized word-frequency selection. Following manual checks, 239
keywords were obtained for digital transformation. The control variable data were
obtained from the China Stock Market and Accounting Research (CSMAR) database.
The sample excludes delisted companies and companies in the financial industry. Special
treatment stocks (ST, 'ST) and special transfer stocks (PT) are also excluded. The final
sample consisted of 4035 companies with 39,982 observations.

Macroeconomic and company-level data are merged based on the year and province
in which the listed companies are located. To obtain financial development indicators,
the year-end loan balance and GDP data are collected from the “China Statistical Year-
book,” and the stock trading volume data are obtained from the “China Securities and
Futures Statistical Yearbook” No observations were made during the process. There-
fore, an unbalanced panel dataset combining micro-level listed companies with macro-
level financial development variables was obtained for the regression analysis. In the
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Table 1 Variables description and selection

Variable type Variable name Symbol Variable description Indicator unit
Explained variable Innovation output PG Ln (the number of invention patents -

granted + 1)
Independent variable Digital transformation DT Digital related word frequency in %

annual reports of listed companies

Moderating variables  Banking sector FD, Loan balance of financial institutions %
at the end of the year/GDP

Capital market FD, Stock market total value traded/GDP %
Control variables Capital structure (&) Asset-liability ratio %
Profitability capability PC operating profit margin %
Equity balance EB The sum of the shareholding ratio of %
the second to fifth major sharehold-
ers/the shareholding ratio of the first
major shareholder
Cash flow ratio CF net operating cash flow/current %
liabilities
Big4 Big4 audit institution is one of the four Oor1

major accounting firms

regression analysis, individual and year-fixed effects were controlled for to ensure con-
sistent and effective estimators.

Descriptive statistics

The descriptive statistics of the variables are shown in Table 2. According to the cor-
relation coefficient test shown in Table 16 in the “Appendix”, DT, FD,, and FD, were all
positively correlated with PG, and FD, and FD, were also positively correlated with DT.
According to the skewness characteristics in Table 2, the skewness of PG, DT, FD,, and
FD, are all less than 3. Based on the kurtosis results, PG and FD, exhibit a relatively
flat data distribution. At the same time, DT and FD, have a peak distribution, indicat-
ing that the value distribution of digital transformation and capital markets is mostly
concentrated in the middle and less on both sides. The development levels of innovation,
digitization, banking, and capital markets in the eastern regions are higher than those in
the non-eastern regions, and the development levels of innovation, digitization, banking,
and capital markets in non-SMEs are higher than those in SMEs.

Results

The estimated results of the moderating effect

To control for factors that do not change with time or individuals, the time and individ-
ual bidirectional fixed effects model was selected to eliminate the endogeneity problems
caused by the correlation between the error term and the explanatory variables (Flan-
nery and Rangan 2006). At the same time, before adding the interaction, the independ-
ent variables DT and the moderator FD are centralized to ensure the reliability of the
coefficient results.

Table 3 presents the estimated results of the moderating effect. First, consistent with
most existing studies (Pagani and Pardo 2017; Niu et al. 2023), this study found that digi-
tal transformation positively affects corporate innovation. In Model (1), the coefficient
of digital transformation on innovation is positive and statistically significant at the 1%

Page 13 of 34
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Variables (1) (2) (3)

PG PG PG
DT 0.1655%** 0.1424%** 0.1642%**

(18.4967) (15.2868) (18.3307)
FD, —0.2259%**

(—8.8129)
FD, x DT 0.1199%**
(7.6811)
FD, 0.0116%**
(3.9010)
FD, x DT 0.0068***
(3.2260)

Control Yes Yes Yes
Constant —0.0470* 0.2137%** —0.0599**

(—1.7945) (5.2919) (—2.2755)
Year Yes Yes Yes
Id Yes Yes Yes
Observations 39,982 39,982 39,982
Number of id 4035 4035 4035
R-squared 0.254 0.257 0.254

**%p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

level. This result is consistent with the findings in intellectual innovation and organiza-
tional change. Through the adoption of advanced technologies and digital tools, digi-
tal transformation has revolutionized organizations’ business models and processes. It
enhances the efficiency of information acquisition and processing (Senyo et al. 2019),
fostering intellectual innovation. During this process, organizational change can break
traditional hierarchies and rigid structures (Chen and Hao 2022), foster the development
of employees’ digital skills, and ultimately positively influence innovation. Second, the
higher the level of bank and capital market development, the greater the positive effect
of digital transformation on innovation. As an important macro-financial variable, finan-
cial institutions play a significant financing role in companies’ technological innovation.
According to the coefficient estimation results of FD, x DT in Model (2) and FD, x DT
in Model (3), both the banking and capital markets strengthened the positive impact of
digital transformation on innovation, and the coefficients were statistically significant
at the 1% level. This study again confirms the positive financial support effect, indicat-
ing that expanding the financial scale can reduce loan costs, broaden financing chan-
nels (Love and Martinez Peria 2012; Leon 2015), and provide more financial support for
corporate digital transformation. Banks have a greater moderating effect than the capital
market, which is related to the fact that China’s financing structure is dominated by indi-
rect financing provided by large state-owned banks (Allen et al. 2017; Nolke et al. 2019).

Heterogeneity analysis

Heterogeneity of eastern and non-eastern region

The regression results in Table 4 show that digital transformation in the eastern region
has a greater impact on innovation. In Model (4), the coefficient of DT is 0.1789, which is
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Table 4 Regression results of the eastern and non-eastern region

Variables Eastern Non-eastern

(4) (5) (6) (7) (8) (9)

PG PG PG PG PG PG
DT 0.1789*** 0.1643%** 0.1781%*** 0.1197%** 0.0926*** 0.1190***

(16.7752) (14.8572) (16.6832) (7.1723) (5.4360) (7.1322)
FD, —0.2651%% —0.2805%**

(—7.4453) (—7.0678)
FD, x DT 0.09971*** 0.2310%**
(5.0008) (5.3903)
FD, 0.0108*** 0.0054
(3.1656) (0.6359)
FD.x DT 0.0050** 0.0296***
(2.2600) (3.0875)

Control Yes Yes Yes Yes Yes Yes
Constant —0.1004*** 0.2174%** —0.1129*** 0.0017 0.2807*** —0.0039

(—2.8606) (3.8283) (—3.2046) (0.0438) (5.0999) (—0.0985)
Year Yes Yes Yes Yes Yes Yes
Id Yes Yes Yes Yes Yes Yes
Observations 27,011 27,011 27,011 12,971 12,971 12,971
Number of id 2920 2920 2920 1115 1115 1115
R-squared 0.255 0.258 0.256 0.256 0.261 0.256

***p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

significant at the 1% level and greater than 0.1197 in the non-eastern regions. The deeper
the digital transformation, the higher the requirement for a long-term research and
development atmosphere and highly skilled talent. As confirmed in previous studies, the
eastern region has greater advantages (Kamble et al. 2018). Therefore, digital transfor-
mation in the Eastern region has a greater positive impact on innovation. Second, the
moderating effects of banking and capital markets are greater in non-eastern regions
than in eastern regions. FD, x DT of Model (5) was 0.0991, which was smaller than
0.2310 of Model (8). FD, x DT of Model (6) is 0.0050, smaller than 0.0296 in Model (9).
The reason is that, on the one hand, financial development can provide better services
for corporate financing, so the moderating effects of banking and capital markets in both
regions are positive. However, the non-eastern regions of China started their economic
development later, and their growth potential has not yet been fully realized. Financial
development in these regions gives companies better opportunities to expand their mar-
kets. In contrast, the eastern region, although well-developed (Dong et al. 2022a), may
experience diminishing returns from further financial development. While financial
development remains important, according to the law of diminishing marginal returns,
its incremental effect on supporting digital transformation and innovation may be less

pronounced than in non-eastern regions.

Heterogeneity of SMEs and non-SMEs
According to Table 5, first, the digital transformation of both SMEs and non-SMEs has
a positive effect on innovation, and the effect of the digital transformation of SMEs is
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Table 5 Regression results of the SMEs and Non-SMEs
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Variables SMEs Non-SMEs

(10) (11) (12) (13) (14) (15)

PG PG PG PG PG PG
DT 0.2230%** 0.1903%*** 0.2210%** 0.0643*** 0.0534%*** 0.0647***

(19.2880) (15.7027) (19.0834) (4.6146) (3.7169) (4.6406)
FD, —0.2164%%* —0.2287***

(—6.8261) (—5.2909)
FD,x DT 0.16371*** 0.0563**
(8.1223) (2.2973)
FD, 0.0093** 0.0176***
(2.5319) (3.4847)
FD.x DT 0.0069%** 0.0053
(2.6727) (1.4622)

Control Yes Yes Yes Yes Yes Yes
Constant —0.0980%** 0.1512%** —0.1084*** 0.2724%%% 0.5428%** 0.2524%**

(—33115) (3.1569) (—3.6377) (4.2693) (6.5784) (3.9441)
Year Yes Yes Yes Yes Yes Yes
Id Yes Yes Yes Yes Yes Yes
Observations 25,265 25,265 25,265 14,717 14,717 14,717
Number of id 1993 1993 1993 2042 2042 2042
R-squared 0.294 0.298 0.294 0173 0.176 0.174

***p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

greater than that of non-SMEs. In Model (10), the coefficient of DT is 0.2230, which is
significant at the 1% significance level and greater than 0.0643 in non-SMEs. Unlike pre-
vious studies that emphasized the inherent weaknesses of SMEs and had a negative view
of their digital transformation (Giotopoulos et al. 2017; Zhang et al. 2022), this study
shows that, compared to non-SMEs, digital transformation has a more positive impact
on innovation for SMEs because a large number of high-tech companies and new start-
ups are concentrated on Small and Medium-sized Board and the Growth Enterprise
Board. These companies place greater emphasis on digital investment and transforma-
tion. Second, developing both banking and capital markets positively moderates SMEs.
In contrast, the capital market has no significant moderating effect on non-SMEs, and
the moderating effect of banking on SME:s is greater than that on non-SMEs. FD;, x DT
of Model (11) is 0.1631, which is smaller than 0.0563 of Model (14). FD,x DT of Model
(12) was 0.0069. The positive moderating effect of banks may be related to the mar-
ket competition mechanism in the process of bank development. The higher the level
of banking development, the more intense the market competition, and the lower the
credit threshold and credit interest rate. Financial discrimination is reduced to gain
more market share (Beck et al. 2005; Du et al. 2023). Therefore, SMEs benefit more from
bank development. As for the insignificant results for the capital market, the reason may
be that the capital market has an impact only under certain circumstances. This is due
to the inadequate development of China’s capital market in the initial stage (Li 2017),
which has been subject to strict regulations (Hu et al. 2021). More positive financial
functions were achieved until several capital market reforms were implemented (Petry
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2021). Combined with the threshold regression results in Table 11, the capital market
can moderate the impact of digital transformation on innovation only when it develops
at a higher level.

The estimated results of the threshold regression model

This study uses the threshold model to test for the existence of the threshold effects of
banking and capital markets and to determine the threshold value. This approach pro-
vides a more comprehensive understanding of the impact of financial development on
the relationship between digitization, transformation, and innovation. Therefore, this
study considers the development level of the banking and capital markets as a thresh-
old variable and determines whether there is a structural breakpoint in the impact of
digital transformation on innovation. Table 6 shows the F-values obtained by analyzing
the threshold effect and the p values obtained by repeated sampling 300 times using the
bootstrap method under Hypothesis 3. Both the banking and capital markets passed
the significance test of the double threshold. The two thresholds are 0.8857 and 1.0478
for banking and 0.2297 and 1.4559 for the capital market, all within the 95% confidence
interval.

Figure 2 shows the likelihood ratio function graphs of the estimated threshold values
in the 95% confidence intervals of FD,, and FD,. In the figure, the lowest point of the
LR statistic is the true threshold, and the dotted line represents the critical value corre-
sponding to the 95% confidence interval. Because the critical value of 7.35 is significantly
larger than the threshold, the threshold can be considered true and effective.

Table 7 presents the threshold regression results. First, the impact of digital trans-

formation on innovation changed from negative to positive at various financial

Table 6 Financial development threshold value test

Threshold Threshold number F-statistics Prob Threshold value Critical value (F test)
variable [Confidence interval]

10% 5% 1%

FD, Single 297.68*** 0000 0.8857[0.88130.8924] 12009 13.785 17.780
Double 54.13%** 0000 1.0478[1.03931.0504] 12314 14337 18700
FD. Single 370.69%** 0.000 02297[0221702418] 10889 12706 17.150
Double 16.79%* 0.030 1.4559[1.43461.4850] 11.821 14229 18.129

Note: ***p < 0.01, **p < 0.05, *p < 0.1

15 5
1st Threshold Parameter 1st Threshold Parameter

Likelihood Ratio
10 15 20

5

5 1 1.5 2 25 0 5 10
2nd Threshold Parameter 2nd Threshold Parameter

Fig. 2 Likelihood ratio function of the threshold regression model (Left: FD,; Right: FD,)
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Table 7 Financial development threshold regression results

Variables (16) (17)
PG PG
DTI(FD, it<y;) —0.3608***
(—11.0865)
DTy, <FD,it<y,) 0.2306***
(10.4761)
DT Iy, <FDyit) 0.5281%**
(54.9052)
DTI(FD,it<y) —0.54371%*
(—14.7498)
DTlfy,<FD,it<y,) 0.5144%%%
(48.7860)
DTI(y<FD.it) 0.5388***
(45.7158)
Control Yes Yes
Constant 0.3288*** 0.3015***
(17.6055) (16.2936)
Observations 33,950 33,950
Number of id 3119 3119
R-squared 0.131 0.133

**%p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

development levels. In Model (16), the coefficient of DT is —0.3608 before the bank-
ing crosses the first threshold, while all coefficients are positive after the first thresh-
old and significant at the 1% level. It indicates that with the improvement of banking
development, the marginal impact of digital transformation on innovation increases.
Similarly, at different levels of capital market development, the impact of digital
transformation on innovation changes from negative to positive, and the marginal
impact of digital transformation on innovation increases. Developing countries are
prone to cost-related obstacles in the process of digital transformation (Bogoviz et al.
2019). When the development levels of banking and capital markets are low, there
is insufficient financial support for digital transformation. Digital transformation
without adequate external financing is almost impossible, considering the high cost
of digitalization. Moreover, because of the long investment return cycle (Ullah et al.
2021), the positive impact of digitalization on cost reduction and efficiency increase
cannot be fully exerted at the initial stage of digital investment, which has a nega-
tive impact on corporate production, operations, and innovation. Second, compared
with banking, when the capital market is the threshold variable, the impact of digital
transformation on innovation changes over a larger range. In Model (16), with the
development of banking, the impact of digital transformation on innovation gradually
increases from — 0.3608 to 0.5281. In Model (17), with the development of the capital
market, the impact of digital transformation on innovation gradually increases from
a smaller value of —0.5431 to a larger value of 0.5388. Over the past 10 years, Chi-
na’s capital markets have developed rapidly (Petry 2021), and its financial system has
gradually transitioned to market-oriented finance (Gabor 2018; Petry 2020). Recent
studies confirm that, compared to banks, capital markets are becoming increasingly
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important for the real economy (Liu and Zhang 2020; Wen et al. 2021). Therefore,
with the increasing influence of the capital market, the impact of digital transforma-
tion on innovation is broader than that of banking development.

Heterogeneity of eastern and non-eastern region

Banking and capital markets in the eastern and non-eastern regions were tested using
triple, double, and single thresholds. According to the test results in Table 8, the banking
and capital markets in the eastern region passed the double-threshold test. In contrast,
only the banking industry in the non-eastern region passed the double-threshold test,
and there was no threshold in the capital market.

Figure 3 shows the likelihood ratio function graphs of the estimated threshold values
in the 95% confidence intervals of FD, and FD, in the eastern region. Figure 4 shows the
likelihood ratio function graphs of the threshold-estimated FD, value of the FD, in the
non-eastern region. Because the critical value of 7.35 is significantly larger than these
thresholds, the thresholds can be considered true and effective.

According to the regression results in Table 9, the impact of digital transforma-
tion on innovation in the Eastern and Non-Eastern regions is negative before bank-
ing crosses the second threshold. With the development of banking, in Model (18), the

Table 8 Financial development threshold value test of eastern and non-eastern region

Sample Threshold Threshold F-statistics Prob Threshold value Critical value (F test)
variable number [Confidence
interval] 10% 5% 1%
Eastern FD, Single 39.52*** 0,000 0.7834[0.7763 12449 13709 17419
0.7857]
Double 335971 0.000 0.9202[0.9157 11819 13269 17.924
0.9313]
FD, Single 464.98*** 0.000 0.2297[0.2248 11612 14954 21474
0.2419]
Double 18.90*** 0.003 1.4850([1.4414 11915 13966 17.109
1.5002]
Non-eastern  fD, Single 8.35% 0.060 0.73461[0.7292 7503 8576 13.682
0.7612]
Double 22.76%%* 0.000 0.85821[0.8158 9.201 11.283 13.900
0.8857]
FD, -

c

Note: ***p < 0.01, **p < 0.05, *p < 0.1
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Fig. 3 Likelihood ratio function of eastern region (Left: FD,, in the eastern region; Right: FD, in the eastern
region)
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Table 9 Financial development threshold regression results of eastern and non-eastern regions

Variables Eastern Non-Eastern
(18) (19) (20)
PG PG PG
DTI(FD, it<y;) —04714%% —1.4568**
(—9.7293) (—2.5204)
DT Iy, <FDyit<y,) —0.1054%** — 3.3469%**
(—3.3951) (—4.5181)
DTy, < FD, it) 0.5164%* 0.5526%**
(52.9095) (5.0776)
DTI(FD it<y) —0.5522%%
(— 14.6606)
DTy, <FD,it<y,) 0.5105%**
(47.6832)
DTI(y<FD.it) 0.5357%**
(44.7272)
Control Yes Yes Yes
Constant 0.3243%** 0.3167%** 0.8701%**
(16.9272) (16.6300) (4.7139)
Observations 32,394 32,394 511
Number of new id 3004 3004 84
R-squared 0.130 0.134 0.152

**%p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

impact of digital transformation on innovation in the eastern region gradually changes

from —0.4714 to 0.5164. In the non-eastern region, it gradually changes from —1.4568

to 0.5526 in Model (20), which is larger than that in the eastern region, reflecting the

deeper dependence of enterprises in the non-eastern region on the banking industry

(Liu and Zhang 2020). Second, the estimated results of the eastern region subsample are

the same as those of the national sample; that is, the impact coefficient of digital trans-

formation on innovation is negative before the capital market crosses the first thresh-

old, and then the marginal impact increases. There is no threshold value in the capital

market of the non-eastern region, indicating that the impact of digital transformation
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on innovation remains unchanged under the moderating effect of the capital market.
The uneven development of China’s regional economies indirectly leads to imbalances in
capital market development. Some studies have shown that the capital markets in eco-
nomically developed regions along the eastern region are significantly more mature than
those in non-eastern regions (Hu et al. 2021). This is reflected in the fact that the impact
of digitalization on innovation changes from negative to positive with the development
of the capital market in the eastern regions. However, capital markets in non-eastern
regions cannot provide the same support for digitalization. The descriptive statistics in
Table 2 also show that the average development of capital markets in the eastern region
is much higher than in non-eastern regions.

Heterogeneity of SMEs and non-SMEs
According to the test results in Table 10, the banking and capital markets of SMEs and
non-SMEs passed the double-threshold test.

Figures 5 and 6 show the likelihood-ratio function graphs of the threshold esti-
mated values for SMEs and non-SMEs, respectively. Because the critical value of 7.35

Table 10 Financial development threshold value test of SMEs and non-SMEs

Sample  Threshold Threshold F-statistics Prob Threshold value Critical value (F test)
variable number [Confidence
interval] 10% 5% 1%
SMEs FD, Single 294.74%** 0,000 0.8858 [0.8846 13.044 15307 19.724
0.8924]
Double 5462* 0000 1.0478[1.0386 12288 14.183 18489
1.0504]
FD, Single 15.78%* 0.023 0.1499 [0.1469 11.718 13.647 17.501
0.1552]
Double 55968 0000 0.2331[0.2277 14014 17.051 20503
0.2418]
Non-SMEs  FD, Single 93.26** 0000 09057 [0.9005 11592 14421 17.886
0.9113]
Double 26.86%** 0.000 2.0874 [2.0681 11.197 12895 17.199
2.1018]
FD, Single 38.73%* 0.000 1.6585 [1.5436 10.550 12.087 16.495
1.6719]
Double 15.51%* 0.013 0.2418[0.2046 9914 10984 18632
0.2554]

Note: ***p < 0.01, **p < 0.05, *p < 0.1
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Fig. 5 Likelihood ratio function of SMEs (Left: FDP; Right: FD9)
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Table 11 Financial development threshold regression results for SMEs and non-SMEs

Variables SMEs Non-SMEs
(21) (22) (23) (24)
PG PG PG PG
DTI(FD, it<y,) —0.3269*** —0.2299***
(—8.1826) (—4.4714)
DT Iy, <FDyit<y,) 0.2852%** 0.3526%**
(10.2364) (22.4891)
DT Ify,<FD, it) 0.6243%*** 0.3196***
(49.9548) (13.3133)
DTI(FD it<y) —0.6634%** —0.0442
(—11.8398) (—04715)
DTlfy,<FD,it<y,) —0.4068*** 0.3640%**
(—7.4945) (22.5858)
DT Iy <FD,it) 0.6131%** 0.3235%**
(49.6211) (17.6410)
Control Yes Yes Yes Yes
Constant 0.24712%** 0.23071%*** 0.5329%** 0.5092%***
(10.2126) (9.8603) (17.4958) (16.7261)
Observations 21,463 21,463 12,487 12,487
Number of new id 1627 1627 1492 1492
R-squared 0.160 0.170 0.084 0.074

**%p<0.01, **p <0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

is significantly larger than the thresholds, the thresholds can be considered true and
effective.

According to the threshold regression results in Table 11, first, with the develop-
ment of banking, the impact of the digital transformation of SMEs and non-SMEs
on innovation changes from negative to positive. According to Model (21), SMEs’
changing scope of impact is larger, from —0.3269 to 0.6243, while the non-SMEs in
Model (23) change from — 0.2299 to 0.3196. This means there is enormous potential
for SMEs; as long as the global problem of difficulty in SME financing can be resolved
(Liang and Qi 2013; Harrison et al. 2022), innovation output can be more effectively
improved. Second, in model (22), with the development of the capital market, the
impact of SMEs’ digital transformation on innovation changes from negative to posi-
tive, from — 0.6634 to — 0.4068 and then to 0.6131. In model (24), before the capital

Page 23 of 34
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market crosses the first threshold, the negative impact of digital transformation on
innovation is insignificant. After crossing the first threshold, the significant impact
of digital transformation was always positive. This result further explores why Model
(15) in Table 5 is not significant. It is not that there is no moderating effect in the cap-
ital market but that the digital transformation of non-SMEs has only a positive impact
on innovation when capital markets develop to a specific stage.

Robustness test

Robustness test of moderating effect

To ensure the robustness of the results, we tested the robustness of the moderating effect
model. In robustness test 1, the loans/GDP of prefecture-level cities is used to replace
provincial loans/GDP as an indicator of banking development, and the stock turnover/
GDP of prefecture-level cities is used to replace provincial stock turnover/GDP as an
indicator of the development level of the capital market. Robustness test 2 replaces the
explained variable from the logarithm of invention patents granted to the logarithm of
invention patent applications by replacing the moderators. Robustness Test 3 replaces
the digital word frequency ratio with the ratio of intangible assets to total assets, as the
proportion of intangible assets to total assets may increase when a company undergoes
digital transformation, reflecting corporate core competitiveness and value-creation
ability in the knowledge-based economy. Table 12 presents the results. Digital transfor-
mation has a positive impact on innovation, and the development of banking and capital
markets has a positive moderating effect on the impact of digital transformation. The

conclusions of this study are robust.

Table 12 Robustness test of moderating effect

Variables Robustness test 1 Robustness test 2 Robustness test 3
(25) (26) (27) (28) (29) (30) (31) (32)
PG PG PG PG PG PG PG PG
DT 0.1442%%% 0.1559%** 0.2128%**  0.1992%** 0.1999%** 0.4086***  0.4395%** 0.4372%%%
(15.0049) (16.5144) (19.9086) (17.4056) (17.7939) (4.5065) (4.8186) (4.8090)
FD, —0.05971%** — 0.0646*** —0.2657***
(—3.4496) (—3.1650) (—10.3470)
FD, x DT 0.0725%** 0.0279** 0.4007**
(6.3238) (2.0417) (2.4939)
FD, —0.0007*** —0.0003*** —0.0057
(—3.6843) (—6.1933) (—1.3122)
FD.x DT 0.00071*** 0.00071%** 0.2080***
(3.0789) (3.2261) (3.9617)
Control Yes Yes Yes Yes Yes Yes Yes Yes
Constant 0.0242 —0.0595** 0.1181***  0.2330*** 0.1422%%* 0.0285 0.3404*** 0.0308
(0.6760) (—2.1769) (3.7728) (5.4591) (4.3736) (1.0981) (8.5265) (1.1798)
Year Yes Yes Yes Yes Yes Yes Yes Yes
Id Yes Yes Yes Yes Yes Yes Yes Yes
Observa- 39,982 39,982 39,982 39,982 39,982 39,982 39,982 39,982
tions
Number 4035 4035 4035 4035 4035 4035 4035 4035
of id
R-squared 0.246 0.245 0.286 0.274 0.275 0.247 0.249 0.247

**%p<0.01, **p < 0.05, *p <0.1.To save space, we do not list the regression results for the controls separately
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Robustness test of threshold regression model
As with the moderating effect model, the threshold regression tests were conducted
again by replacing the explained variable with the number of invention patents applied
for that year and replacing the independent variable with the proportion of intangible
assets. The test results are presented in Robustness Test 1 in Table 13. Robustness test
2 in Table 13 uses the financial development index (FD,) as the threshold variable for
regression, uses the entropy weight method to assign weights to the two indicators of
the bank and the capital market, and obtains the FD, according to the weighted sum. The
results of this study are robust, with a double threshold for both the banking and capital
markets. Figure 7 shows that the thresholds can be considered true and effective.
According to the results of robustness test 1 in Table 14, with the development of the
banking and capital markets, the impact of digital transformation on innovation changes
from negative to positive. Before crossing the first threshold, the impact of digital trans-
formation on innovation was negative. Between the first and second thresholds and after
crossing the second threshold, the impact of digital transformation on innovation is
positive, and the impact range of capital markets is broader. According to the results of
robustness test 2 in Table 14, with an increase in FD,, the impact of digital transforma-

tion on innovation changes from negative to positive, and the marginal impact increases.

Table 13 Financial development threshold value robustness test

Threshold Threshold F-statistics Prob Threshold Critical value (F test)
variable number value
[Confidence 10% 5% 1%
interval]
Robustness FD, Single 47744 0.000 0.9238[09119 9.030 10508 15672
test 1 0.9313]
Double 232.32*** 0000 1.9479[2.9294 8675 10.779 13.700
2.9492]
FD, Single 478.70**  0.000 0.2402[0.2297 11965 14341 22.998
0.2419]
Double 4550*** 0,000 0.7003[0.6845 10.204 11.852 14.086
0.7173]
Robustness FD, Single 380.13*** 0000 0.0447[0.0444 11597 13.286 16.080
test 2 0.0449]
Double 114.43% 0.000 0.2127[0.2116 11102 12.845 18987
0.2162]

Note: “"p<0.01, "p<0.05, "p<0.1

Fig. 7 Likelihood ratio function of robustness test (Left: FD,; Middle: FD,; Right: FD,)
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Table 14 Financial development threshold regression results of the robustness test

Variables Robustness test 1 Robustness test 2
(33) (34) (35)
PG PG PG
DTI(FDyit<y,) —4.1830%**
(—14.7483)
DTlfy,<FD,it<y,) 3.1920%*
(17.8163)
DT I(y,<FDyit) 7.7840%**
(27.2326)
DTI(FD,it<y) — 5.8466%**
(—16.8952)
DT Iy, <FD,it<y,) 1.5487%%
(7.9571)
DTIy<FD.it) 2.6868***
(183217)
DTI(FD,it<y) —0.5180***
(—12.2459)
DTlfy, < FD,it<y,) 0.6219%**
(51.9724)
DT Iy <FD;it) 0.6335%**
(39.8033)
Control Yes Yes Yes
Constant 0.6726*** 0.8742%** 0.6363***
(28.0040) (39.9384) (29.6786)
Observations 33,950 33,950 33,950
Number of id 3119 3119 3119
R-squared 0.072 0.050 0.131

**%p<0.01, **p < 0.05, *p <0.1. To save space, we do not list the regression results for the controls separately

Endogenous test

To solve the possible reverse causality between digital transformation and innovation,
this study uses the lag of the independent variable as an instrumental variable in the
endogenous test. The results in Table 15 show that the instrumental variables (/VDT)
and independent variables (DT) are significantly positively correlated. The second-stage
regression results showed that the coefficients of the interaction variables (/VDT x FD,
and IVDT x FD,) were positive and significant at the 1% level. The p value of the LM and
Wald-F statistics passed the test. This shows that digital transformation has a positive
effect on innovation, and banking and capital markets enhanced the positive impact of

digital transformation on innovation.

Discussion and conclusion

This study examined the role of financial development in the impact of digital transfor-
mation on innovation. The impact of digital transformation on innovation has garnered
significant attention from scholars (Kolloch and Dellermann 2018; Nambisan et al.
2019; Kamalaldin et al. 2021). However, this study adopts a unique perspective by focus-
ing on the influence of financial development. We emphasize that the impact of digital
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Table 15 Endogenous test

Variables (36) (37) (38) (39) (40) (41)
First stage Second stage Firststage Secondstage Firststage Second stage
DIG PG DIG PG DIG PG

VDT 1.1736*** 0.5226%** 1.4850%** 0.7627*** 1.5036*** 0.4130%**
(24.8842) (9.4397) (14.4863) (7.8545) (21.1899) (6.1251)

FD, —0.0551** —0.1832%**

(—2.3268) (—6.1176)
VDT x FD, —04867***  0.2851**

(—3.7785) (22111)

FD, —0.0364***  —0.0187***
(—6.5732) (—3.2353)
VDT x FD, 0.0298 0.1125%**
(1.5023) (5.6672)
(—6.6979) (17.0751) (—6.6383) (17.3188) (—6.6041) (17.1355)
Constant 0.6610*** 0.2424*** 0.72471%%* 0.2814*** 0.6601%*** 0.3205%**
Control Yes Yes Yes Yes Yes Yes
F Value 130.55%** 54.13%** 112.98*** 45 57%** 116.04*** 47 49%**
LM statistic 602.357*** 228.251%* 415.766***
Cragg-Donald 619.224 115.262 211.806
Wald F statistic
Observations 21,649 21,649 21,649 21,649 21,649 21,649
R-squared 0.068 0.023 0.068 —0.098 0.070 —0.026

**%p <0.01, **p < 0.05, *p <0.1. The regression results of the controls are not listed separately to save space

transformation on corporate innovation changes from negative to positive at different
stages of financial development. This finding enriches the theory of digital innovation
and enhances the understanding of financial development in the digital era.

Due to the importance of digitalization in economic development and international
competitiveness, China has introduced several financial policies to increase support
for the digital economy, including, but not limited to, special subsidies, tax incentives,
and the establishment of guidance funds. This study uses a moderating effects model
to examine how support from banks and capital markets for digital strategies in China
is reflected in innovation. This study argues that the rapid development of China’s digi-
tal transformation, which has become the second largest economy in the scale of the
digital economy after the United States,® is largely attributable to the credit support of
the banking industry and the foresight investment vision of the capital market under
the guidance of the policy. China’s financial institutions have gradually increased their
support for digital projects along with their own development levels and market trends.
Therefore, this study further discusses whether different stages of financial development
limit the impact of digital transformation on innovation through constructing a thresh-
old regression model and presents a piecewise influenced trend. Based on unique data
from China’s macro finance and micro companies, this study discusses whether China’s
current financial support is conducive to digital innovation, provides an empirical refer-
ence for financial supply-side reform, and helps countries around the world understand
the nonlinear impact of digitalization and the critical role of financial support.

© China Academy of Information and Communications, White Paper on the Global Digital Economy (2022), July 29,
2022.
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Research conclusion
This study has important implications for two broader research fields, digital innovation
ecosystems, financial development, and their cross-sectoral interaction.

First, according to Model (1) in Table 3, the coefficient of digital transformation on
innovation is 0.1655. It is statistically significant at the 1% level, indicating that digital
transformation and distributed collaboration are new driving forces for innovation.
According to Models (4) and (7) in Table 4, the coefficient of digital transformation
is positive and statistically significant at the 1% level in both eastern and non-eastern
regions. Models (10) and (13) in Table 5 show that this positive impact also exists in the
subsamples of SMEs and non-SMEs. This represents that China’s digital transformation
has penetrated all regions and types of companies, forming a good cycle of further tilting
innovation and financial resources. This result is consistent with the findings of previ-
ous research, suggesting that successful digital transformation represents a decrease in
information asymmetry, an increase in intellectual capital and organizational knowledge
management (Mingaleva et al. 2020), and improvements in board policy decision-mak-
ing (Chen and Hao 2022), all of which have a positive impact on innovation.

Second, according to the moderating effect of financial development in Table 3, the
coefficients of banks and capital markets are positive and significant, indicating that
financial development enhances the positive impact of digital transformation on innova-
tion. This is also a key factor in digital transformation that existing research has over-
looked, apart from intellectual innovation and organizational change (Mingaleva et al.
2020; Pan and Xu 2023). China’s policy guidance and financial institutions’ pursuit of
high returns enhance the impact of banks and capital markets on digital transformation.

Third, according to Models (16) and (17) in Table 7, the effect of digital transformation
does not follow a static linear trend. At different financial development levels, the impact
of digital transformation on innovation is piecewise linear and changes from negative to
positive. This also means that in the company’s digital transformation process, financial
institutions are the macro variables that must be considered, as they significantly impact
digital innovation.

Managerial implications
According to the research conclusion, this paper puts forward several policy
recommendations.

First, countries should strengthen their policies that support digital transformation
and cultivate an external environment for corporate digital transformation. Based on the
significant role of digital transformation in innovation, governments worldwide should
encourage and support the development of the digital economy, seize the digital high-
land by injecting state-owned capital, set up guidance funds, seize the development
opportunities of the new generation of the digital revolution, and effectively solve the
problems of unclear strategies and inconsistent standards in the digital transformation
of enterprises.

Second, it promotes the structural reform of the financial supply side and provides
the necessary support for digitalization. The characteristics of digitalization, such as
high risk and lack of collateral, are contrary to banks’ robust business objectives. The
banking industry needs to focus on promoting “intellectual property pledge financing”
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and avoid obstacles to digital transformation caused by difficulties in evaluation, reali-
zation, and risk control. The initial stages of scientific and technological companies
require equity financing, but most developing countries have an imperfect multilevel
capital market system. Countries should promote the normalization of IPOs and refi-
nancing based on their actual financial market conditions, strengthen the supervision
of the use of raised funds, and guide long-term capital toward truly valuable digital
projects.

Finally, for small and medium-sized companies, the positive impact of digital trans-
formation is greater, but financing it is more difficult. This study suggests establishing a
special incentive policy through the initial transformation of the “pain period” In addi-
tion, to address the problem of uneven digital development among regions and avoid
the continuation and widening of the digital divide in the digital economy era, fiscal
resources should be tilted towards supporting digital projects in less-developed regions.

Limitations and further research

Although this study provides important insights into the relationship between financial
development and digital innovation, it acknowledges the need for further research to
address certain limitations. This study did not consider the spatial moderating effect of
financial development. The most significant feature of digitalization is its boundlessness;
however, it is difficult to research spatial spillover from a micro-level perspective. Future
research could discuss how to carry out cooperation or spatial spillovers between differ-

ent industries or regions.

Appendix
See Tables 16 and 17.

Table 16 Correlation coefficient between variables

PG DT FD, FD,

(4

cs PC EB CF Big4

PG 1.000
or 0.800™** 1.000
FD, 0.370*** 0.497%** 1.000

FD, 0.493%** 0.422%** 0.372%%* 1.000

S —05047*  —0.562%** —0504*** —0460***  1.000

PC ~ —0240"* —0.097 0.440%** 0.104 —0.320%**  1.000

EB 0.862%** 0.716%** 0.4647* 0454**  —0519**  —0.076 1.000

CF —0266"* —0117%  —=0267* —0.134* 0.2307* 0.118* —0.380***  1.000

Big4 ~ 0.385"** 0277 —0.127* 0.114* 0.056 —0.635**  0222%** —0.067 1.000

Note: ***p < 0.01, **p < 0.05, *p < 0.1
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Abbreviations

Meaning

SMEs Small and medium-sized companies

non-SMEs Large companies

T Information Technology

Al Artificial Intelligence

56 Fifth-generation

loT Internet-of-Things

PG Innovation output

DT Digital transformation

FD, Banking sector

FD, Capital market

FD, Financial development index

(@) Capital structure

PC Profitability capability

EB Equity balance

CF Cash flow ratio

Big4 Big4

ST'ST Special Treatment Stock

PT Particular Transfer Stock

CNRDS Chinese Research Data Services

CSMAR China Stock Market & Accounting
Research Database

SD Standard Deviation

Min Minimum value

Max Maximum value
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