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The rapid development of China’s digital economy has enabled China to lead the world
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and assistance to different types of enterprises in their R&D financing decision-making
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L. Introduction

In recent years, financial technology (fintech) has developed rapidly around the
world. Many studies have shown that fintech serves the real economy. For example,
Fintech can expand corporate financing channels (Bollaert et al., 2021), reduce
corporate financing constraints (Guo et al., 2023; Lai et al., 2023), and improve
corporate investment efficiency (Huang, 2022; Lin et al., 2022; Lv and Xiong, 2022),
promote corporate innovation (Chen et al., 2019; Tan et al., 2023), promote corporate
transformation and sustainable development (Luo et al., 2022), etc. Compared with
other countries, the development of fintech in China is unique and representative. To
the best of our knowledge, few rigorous studies link macro-Fintech development with
micro-level corporate R&D funding. Therefore, this article aims to reveal the evidence
that Fintech development affects the R&D financing of Chinese listed companies.

Our study is divided into the following steps. First, based on the model developed
by Brown and Petersen (2011), using the financial data of A-share listed companies
on the main board of China’s Shenzhen Stock Exchange and Shanghai Stock
Exchange from 2011 to 2020, we validate the sources of R&D financing and R&D
smoothing of Chinese listed companies. We use OLS, FE, and system GMM
estimation methods to conduct regression analysis to control the endogeneity problem
to the greatest extent. The study found that operating cash flow, equity financing and
debt financing have a significant positive impact on R&D, verifying that all three are
sources of funding for the R&D of Chinese listed companies and that changes in cash
holdings have a significant negative impact on R&D. This shows that companies use
cash holdings for R&D smoothing.

Second, based on the data of A-share listed companies on the main board of China’s
Shenzhen Stock Exchange and Shanghai Stock Exchange from 2011 to 2020, we
matched the Fintech Development Index data of the cities where the listed companies
are located, which is used to measure the degree of Fintech development of listed
companies’ cities, based on the above model, the interaction term between key
variables and fintech was added, and OLS, FE, and system GMM estimation methods
were also used for regression analysis. The study found that fintech has a significant
positive impact on external financing sources for R&D, indicating that fintech can
promote external R&D financing. Still, there is little evidence that fintech impacts
R&D internal financing. At the same time, there is also little evidence that fintech
affects R&D smoothing.
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Third, we group the sample, first by firm size, by considering the fraction of firms
whose natural logarithms of sales are located at 70% and above of the total sample as
large firms and the fraction of firms located at 30% and below of the total sample as
small and medium-sized enterprises (SMEs). Then, grouped by firm age, firms with
less than or equal to 15 years of listing are categorized as young firms, and firms with
more than 15 years are categorized as mature firms. Finally, the sample is grouped by
the ownership structure and categorized into two groups, state-owned enterprises
(SOEs) and non-state-owned enterprises (non-SOESs), representing the sample groups
with low and high financing constraints, respectively. Regression analysis using
systematic GMM estimation was conducted to test the above question again. The study
found no significant difference between large firms and SMEs, but fintech facilitated
R&D financing more for young and non-state firms compared to mature and state-
owned firms. We use alternative estimation strategies for the robustness test, including
two-step systematic GMM estimation, changing the lag order of instrumental variables,
and orthogonal transformation. The tested results do not change much, indicating that
our findings are robust.

Our study contains the following contributions: first, it adds to the stream of
literature on the impact of Fintech on R&D financing, which is rarely mentioned in
prior studies, and we validate the role of Fintech for R&D financing in China. Second,
it complements the stream of literature on the sources of funding for R&D. We test
internal financing, external financing, and R&D smoothing separately and confirm the
sources of R&D funding for listed companies in China. Third, it is of practical
guidance, utilizing our findings to guide and assist different types of firms in their
financing decision-making process.

The following section is the research background, deriving the hypotheses based on
prior research. The third section is the methodology, including data, model, and
descriptive statistics. Section IV is the empirical analysis and results. Section 5 is the
conclusion and policy recommendations.

II. Literature Review
1. Background

Fintech, an abbreviation for financial technology, is commonly regarded as
combining financial services and information technology (Arner et al., 2015). Fintech
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is considered one of the biggest innovations in the financial industry, and the Fintech
revolution has emerged (Lee and Shin, 2018). The foundation of the Fintech revolution
in finance consists of three independent pillars of innovation: the accumulation of
significant capital, the development of new services, and the alteration of business
models (Gomber et al., 2018). With the advancement of fintech, much research has
been accumulated. Some studies have argued that fintech has become part of the
financial industry and that banks have begun to face competition from non-financial
institutions such as those providing payment services (Romanova and Kudinska,
2016). Another study argues that the rapid growth of fintech is changing the
traditional financial system (Boot et al., 2021). The advantages of fintech are
reflected in the fact that digital technologies automate a wide range of financial
activities, which financial institutions can use as a basis to offer new and more cost-
effective products (Navaretti et al., 2018). Financial analytics can extract valuable
information and mitigate information asymmetry (Grennan and Michaely, 2021). The
development of digital finance can promote sustainable development, fill financing
gaps, and prevent market failures (Macchiavello, 2023).

Since 2008, fintech has emerged in developed and developing countries (Arner et
al., 2015). In 2013, Alipay, a subsidiary of Ant Group, opened a balance transfer
business. In the next ten years, fintech has exploded in China, with the industry calling
this the first year of Fintech development in China. H2Ventures and KPMG (2016)
show that in just three years, from 2014 to 2016, the number of Chinese tech
companies has changed from one Chinese company among the top 50 global tech
companies to four among the top 5. In addition, in the payments sector, a sub-sector of
Fintech, JuniperResearch (2022) reports that Alipay is the leader in QR code payments,
with three of the world’s top five QR code payment providers being Chinese
companies. On May 23, 2023, the Cyberspace Administration of China released the
“Digital China Development Report (2022)”, which stated that the size of China’s
digital economy reached 50.2 trillion yuan in 2022, ranking second in the world with
ayear-on-year growth of 10.3% and accounting for 41.5% of GDP (Cac.gov.cn, 2023).
As aresult, China’s Fintech is highly representative and valuable to study.

2. Determinants of R&D Investment

There are three important streams of literature on the factors influencing R&D. The
first stream is summarized in a study by Barge-Gil and Lopez (2014), which further
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divides the prior studies into those based on the Schumpeterian hypothesis and those
based on specific industries. Earlier studies tested the Schumpeterian hypothesis that
R&D increases with firm size and market concentration. Unfortunately, however,
there is no agreement on the conclusions of the pioneer studies. On the size side, some
studies concluded that size and R&D are positively correlated (Cohen and Levin, 1989;
Rammer et al., 2009), while others reached the opposite conclusion (Holmstrom,
1989). On the market side, some studies verified the positive impact of the market on
R&D (Crépon et al., 1998; Blundell et al., 1999), while others found a negative impact
(Geroski, 1990; Harris et al., 2003). On the other hand, some studies have criticized
studies based on Schumpeter’s hypothesis, arguing that attention should be paid to
industry-specific influences such as demand-pull (Schmookler, 1966; Cohen et al.,
1987), technological opportunity (Griliches et al., 1991) and appropriability (Mansfield
et al., 1981; Mansfield, 1986).

The second stream of literature focuses on the impact of internal factors on R&D.
Lai et al. (2015) categorized the internal factors affecting R&D investment activities,
taking into account the characteristics of East Asian countries and relying on Del Canto
and Gonzalez (1999). The internal factors are further categorized into three parts:
financial resources, physical resources, and intangible resources. Financial resources
include financial autonomy (Kim et al., 2008; Kim and Park, 2012) and profitability
(Coad and Rao, 2010), material resources include firm size (Tsai and Wang, 2004;
Park et al., 2010) and tangible assets (Del Canto and Gonzalez, 1999), and intangible
resources include intangible assets (Weerawardena et al., 2006; Arora et al., 2008),
human resources (Dalziel et al., 2011) and export business (Tomiura, 2007).

The third stream of literature focuses on the institutional determinants of R&D
investment. With emerging markets in the foreground, Alam et al. (2019) suggest the
importance of the external environment for R&D investment, particularly the
institutional environment for R&D investment in emerging markets. He proposes
government efficiency (Mahmood and Rufin, 2005; Szczygielski et al., 2017), rule of
law (Acharya and Subramanian, 2009; Seitz and Watzinger, 2017), corruption (Anokhin
and Schulze, 2009; Javorcik and Wei, 2009), political instability (Julio and Yook, 2012;
Masino, 2015; Atanassov et al., 2024), and regulatory quality (Zuhdi et al., 2015; Blind
et al., 2017) five institutional factors, where government efficiency, rule of law, and
regulatory quality have a positive impact on R&D investment, while corruption and
political instability have a negative impact.
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3. Fintech Affects R&D Financing Channels

R&D activities are long-cycle, high-risk, and irreversible, so firms often face
financing problems when carrying out these activities. When funds are insufficient to
support R&D investment, it can lead to R&D failure. FinTech can alleviate the R&D
financing problems of enterprises in the following three aspects:

First, fintech can reduce transaction costs and accelerate payment recovery (Ding et
al., 2022; Shim and Shin, 2016). Fintech drastically reduces transaction costs by
providing convenient payment methods. While traditional payment methods often
involve cumbersome procedures and higher fees, fintech applications such as mobile
payments, e-wallets, and blockchain payments make transactions easier and faster.
This not only reduces the time and capital costs for businesses in the transaction
process but also accelerates the recovery of payment and improves liquidity. For
enterprises relying on rapid capital turnover, such convenient payment methods can
significantly improve their operational efficiency and market competitiveness.

Second, applying fintech has driven the transformation and upgrading of financial
markets (Gomber et al., 2017; Kauffman et al., 2015). Through smartphone applications,
tablets, and other terminal devices, users can easily trade securities and obtain the latest
data from financial markets in real-time. These trading platforms provide convenient
operation interfaces and powerful data analysis functions, enabling investors to trade
at any time and place, freeing them from the time and space constraints of traditional
financial transactions. This transformation has increased the market’s liquidity and
attracted more individuals and institutions to participate in the financial market, further
promoting the market’s prosperity.

Third, fintech can alleviate information asymmetry with simplified approval
procedures (Buchak et al., 2018; Chen et al., 2019; Tan et al., 2023). Fintech plays an
important role in alleviating information asymmetry. Through big data analytics and
artificial intelligence technologies, fintech can more comprehensively and accurately
assess customers’ credit risk, thereby lowering the barrier to entry for customers. In
addition, fintech has simplified many traditional approval procedures, utilizing automated
processes and online approval systems, making it easier for customers to access
financial services. This transformation not only improves the operational efficiency of
financial institutions but also enables more small and medium-sized enterprises (SMEs)
and individuals to enjoy financial services, promoting financial inclusion and sustainable
socio-economic development.
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III. Hypothesis Development
1. R&D Internal Financing

Schumpeter (1942) pioneering research on innovation theory, the difficulty of
financing innovation has been confirmed by existing literature (Nelson, 1959; Arrow,
1972). The special attributes of R&D investment make it different from ordinary
investment. The research of Hall and Lerner (2010) found that, first, more than half of
R&D expenditures are spent on the salaries of R&D personnel, who are highly
specialized, and thus termination and rehiring of R&D personnel imposes large
adjustment costs on R&D activities (Hall et al., 1986). Second, the uncertainty of the
output of R&D investments is much greater than that of other investments, as revenues
can only be generated when R&D results are transformed into commodities, and
interruptions, suspensions, and failures of R&D activities incur substantial sunk costs
(Stiglitz et al., 1987; Manez et al., 2009).

Pecking order theory holds that due to information asymmetry and transaction costs,
companies prioritize using internal funds when financing new projects (Myers and
Majluf, 1984; Hall, 2002). Researchers have recognized internal financing as a major
source of R&D inputs for SMEs and young firms, but there is no consistent evidence
from existing studies for large and mature firms. For example, Hall (1992) found a
positive elasticity between R&D investment and cash flow for manufacturing firms in
the U.S. Himmelberg and Petersen (1994) also confirmed that internal funding is the
main source of financing R&D for small high-tech firms. Brown et al. (2009)
confirmed that cash flow significantly impacts R&D in young US firms, while no
similar findings were found for mature firms. Brown and Petersen (2011) confirm that
firms hold more cash for precautionary motives and use cash reserves to smooth R&D
expenditures. He and Ciccone (2020) find that the sensitivity of R&D expenditures to
cash holdings increased significantly between 1971 and 2012 for US industrial firms.
Excess cash enabled innovative firms to afford more R&D expenditures despite financing
constraints.

It has been established that fintech helps to increase corporate cash flow. For
example, Shim and Shin (2016) pointed out that Chinese customers prefer cash and
third-party payments over credit cards and that third-party payments provide a simple
and secure way to save on transaction costs. Ding et al. (2022) pointed out that instant
fintech payment can reduce consumers’ transaction costs and promote their purchase
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of goods. Customer payments are more convenient, which can reduce the company’s
accounts receivable and increase sales cash inflow, giving Companies more cash to
invest in research and development activities. Fan et al. (2024) found that fintech can
alleviate the negative impact of financing constraints on corporate liquidity, allowing
companies to have more funds to invest in research and development. Based on the
above analysis, we propose the first research hypothesis:

HI: Fintech can promote internal financing of R&D.

2. R&D External Financing

The cost of internal financing is the lowest, but when internal funds are insufficient,
or cash flow is restricted, companies are bound to use the issuance of new shares to
finance R&D (Brown et al., 2009). It has been confirmed that the stock market is an
important source of R&D financing for firms. For example, Carpenter and Petersen
(2002) found that small technology firms fully use IPO financing. Still, due to the high
cost of equity financing, most firms utilize their funds to sustain their R&D after going
public. A small number of firms will continue to use equity financing. Hence, equity
financing is not a perfect substitute for internal financing. Brown et al. (2009) used
data on US high-tech companies from 1990 to 2004. They confirmed that equity
financing of young companies significantly impacts R&D expenditures, but this
impact is not significant for mature companies. Martinsson (2010) compared the
European market with the United States and pointed out that the United Kingdom and
the United States are similar. The reason why British companies have higher R&D
intensity is that they have obtained external equity. At the same time, most European
countries lack R&D equity financing because their stock markets are not as good as
The United States and the United Kingdom are developed. Zhang et al. (2019) are
based on a cross-national sample of 35 developed countries from 1996 to 2015. Equity
financing has a more positive impact on innovation than debt financing. Even in
economic downturns, equity financing can well support technology innovation.

Technology-based financial innovations have led to the transformation of financial
markets (Kauffman et al., 2015). Established studies have confirmed that fintech is
changing the securities trading market, which is summarized in the study of Gomber
et al. (2017), including the following aspects: Mobile trading, using applications on
mobile phones, tablets, and other terminal devices for securities trading, the trading
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platform provides real-time data on the financial market, getting rid of the limitations
of time and space. Social trading uses social software such as Facebook and Twitter to
conduct real-time securities trading, realizing the combination of social media networks
and investment activities, which is more conducive to spreading information. High-
frequency trading (HFT) uses computers and mathematical models in software to
execute trading decisions in extremely short periods without human intervention. To
sum up, the development of fintech is conducive to companies using equity financing
to support innovative activities better. From this, our second hypothesis is derived:

H2: Fintech can promote R&D equity financing.

On the other hand, it has been shown that debt financing for R&D is not as favored
by firms as equity financing. Szewczyk et al. (1996) confirm that debt financing for
R&D requires a higher rate of return due to information asymmetry problems.
Carpenter and Petersen (2002) also argue that it is difficult for small technology
companies to obtain debt financing due to information asymmetry and lack of
collateral. Hall (2002) provides evidence that debt is not a favorable funding source
for R&D investments, with R&D-intensive firms generally having much lower
leverage than other firms. Brown et al. (2009) also confirmed this conclusion, arguing
that young high-tech companies rarely obtain debt financing. Brown et al. (2012)
further confirm that cash holdings and equity financing significantly affect R&D for
firms facing financing constraints. Still, there is no evidence that debt financing
significantly affects R&D. The above studies negate the role of debt financing for
R&D to varying degrees. Still, it does not mean that debt financing is useless because
these studies are all based on the mature financial systems of developed countries. At
the same time, China is a developing country in transition with an imperfect financial
market. Bank credit is still an important source of corporate financing.

Evidence that fintech helps debt financing is abundant. First, fintech can alleviate
the information asymmetry between banks and enterprises, reduce corporate financing
constraints, and promote corporate innovation (Chen et al., 2019; Guo et al., 2023; Tan
et al., 2023). Second, unlike traditional financial services, fintech does not need to
establish branches and can provide financial services by only utilizing terminal
equipment, which greatly reduces service costs; it also relies on the big data of Fintech
companies, which lowers the threshold of customer access and expands the breadth of
financial services (Buchak et al., 2018; Ding et al., 2022). Third, fintech development
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can also simplify the process of credit approval and speed it up, and this fast approval
does not increase the risk of loan default (Fuster et al., 2019). It can be seen that fintech
can better serve R&D debt financing. Based on the above evidence, we propose a third
hypothesis:

H3: Fintech can promote R&D debt financing.

IV. Research Design

1. Data

The Fintech data in our study is sourced from the “Peking University Digital
Inclusive Finance Index (2011-2020)” (PKU-DFIIC) released by the Digital Finance
Research Center of Peking University. The index was compiled by the research team
from Peking University’s Digital Finance Research Center and Ant Group Research
Institute, utilizing massive data from Ant Group (Guo et al., 2020). The index
includes three dimensions: breadth of coverage, depth of use and degree of
digitization of fintech in each region, and the depth of use further includes six aspects:
payment, insurance, money fund, credit service, investment and credit, in order to
comprehensively portray the development level of fintech in each region. The
distribution of the 2020 Fintech Index by province is shown in Figure 1, which shows
that the Fintech Index of Shanghai, Beijing, and Zhejiang is significantly higher than
that of other provinces and are in the first echelon, while the provinces with an index
after Tibet are located in the western or northeastern regions, and have a significantly
lower level of development of Fintech and are in the third echelon; and the other
eastern and central provinces are in the middle of the two echelons mentioned above.

Financial and other data are sourced from the China Stock Market & Accounting
Research (CSMAR) database. The sample used in this study comprises data from A-
share listed companies on the Shenzhen Stock Exchange and Shanghai Stock
Exchange from 2011 to 2020. To ensure representativeness, the following data
processing steps were applied to the sample: 1) exclusion of listed companies in the
financial industry, 2) exclusion of listed companies with three consecutive years of
ST status, and 3) exclusion of samples with missing data for key variables.
Additionally, to mitigate the influence of extreme values, a Winsorization procedure
was performed on data points below the 1st percentile and above the 99th percentile
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for the main continuous variables. An unbalanced panel dataset of 20442 observations

was constructed.

Figure 1. Distribution of FinTech Index by Province in 2020
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2. Model

Our study builds on the Brown and Petersen (2011) model and uses a two-step
process to construct an econometric model of the impact of fintech on R&D financing.
First, drawing on Brown and Petersen (2011), we examine the sources of financing for
R&D expenditures in a model that incorporates cash flows, equity, and debt financing
and also includes changes in cash holdings to explore the use of cash reserves for R&D
smoothing directly. That is, firms use cash reserves to ensure the stability of R&D
investment, leading to cash holdings fluctuations. The model is as follows:

rdiy = Bo + P1rdit—1 + IBZTdiz,t—l + Bscfit + Bacfit—1 + Bsstock;, +
Pestock; 4 + p,debt; . + Bgdebt; .4 + foAcash;, +
Biodcashii_q + B11mb;c_1 + Pragrow;: + u; + Ar + € ¢ ()

In the model, rd;; represents the R&D expenditure of company i in year t. R&D
is highly persistent, so the coefficient on lagged R&D (rd; ;) should be close to I,
while the coefficient on the squared term (rdﬁt_l) is expected to be negative. The key
variables include current and lagged cash flow (cf), equity financing (stock), and debt
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financing (debt), which are used to measure the sources of financing for R&D. The
expected coefficients are positive. The expected coefficient on the change in current
and lagged cash holdings (Acash) is negative, indicating the presence of R&D
smoothing behavior by firms. Market-to-book ratio (mb) and sales growth (grow)
control investment demand variables. The model includes firm effects (u;) and time
effects (4;) to control for overall changes that may affect R&D demand.

Second, to test hypotheses 1-3, we introduce the fintech variable (dif) and the
interaction variables of fintech with other variables to construct a model (2) based on
model (1), which is as follows:

rdis = Bo + Pirdit—q + ﬁzrdiz,t—1 + Bscfit + Pacfit—1 + Psstock;, +
Pestock; 4 + f,debt; . + Bgdebt; ., + foAcash;, +
BiroAcash;s_q + Braymbie—q + Bragrow; + Pisdifie +
BracfieXdifie + Biscfic—1xdifi e + PreStock;  xdif; +
Bi7stock; .y xdif; o + frgdebt;  xdif; ¢ + frodebt; 1 xdif; +
BaoAcash; ¢ xdif; ¢ + Po1Acash; ¢_q xdif; o + Brymb; g xdif; ¢ +
Bazgrow; xdifie + U + Ap + €t (2)

The Fintech variable (dif) represents the Fintech development index of the city
where the company is located, with a higher value indicating a higher level of Fintech
development in that city (Guo et al., 2020). The expected coefficients of the current
and lagged cash flow interaction term (cf x dif), the equity financing interaction term
(stock x dif), and the debt financing interaction term (debt x dif), which are used to
measure the sources of R&D financing from different channels, are positive, indicating
the facilitating effect of Fintech on R&D financing. The expected coefficients of the
current and lagged change in cash holdings interaction term (Acashxdif) are negative
further to test fintech’s mitigating effect on firms” R&D smoothing behavior. The
variables are defined in Table 1.

Due to the presence of lagged variables as explanatory variables, the model may
suffer from heteroscedasticity or autocorrelation issues. Therefore, we employ the
Generalized Method of Moments (GMM) estimator specifically designed for dynamic
panel models (Arellano and Bover, 1995; Blundell and Bond, 1998). System GMM is
based on the principle of GMM estimation of difference and level equations as a
system of equations to improve estimation efficiency and estimate the coefficients of
variables that do not vary over time. This approach combines the advantages of
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Table 1. Variable Definitions

Variable Definitions

rd Indicator of R&D intensity, R&D expenditures for the period divided by the book value
of operating revenues. Unit: yuan/yuan

cf Net cash flow from operating activities for the period divided by the book value of total
assets at the beginning of the period. Unit: yuan/yuan

stock Cash received from the absorption of equity investments during the period is divided by
the book value of total assets at the beginning. Unit: yuan/yuan

debt The sum of cash received from bond issuance and cash received from borrowings, less
cash paid for debt repayment, divided by the carrying value of total assets at the
beginning of the period. Unit: yuan/yuan

Acash  The net increase in cash and cash equivalents during the period is divided by the
carrying value of total assets at the beginning of the period. Unit: yuan/yuan

mb The market value of total assets at the end of the period is divided by the book value of
total assets at the end. Unit: yuan/yuan

grow Difference between the operating income of the current period and the operating income
of the previous period divided by the book value of the operating income of the previous
period. Unit: %

dif Natural logarithm of the city’s digital finance development index. Unit: none

pgdp Natural logarithm of regional GDP per capita. Unit: none

ins Percentage of secondary and tertiary industries in the region. Unit: %

techedu Natural logarithm of regional expenditure on education, science, and technology. Unit: none
eduyear Average number of years of education of the inhabitants of the region. Unit: year
progrow The GDP growth rate of the region. Unit: %

difference GMM and level GMM to improve the efficiency and accuracy of estimation
by forming an integrated system. Specifically, the system GMM can process the data
more efficiently by using information from the difference and level equations while
allowing for the estimation of coefficients on variables that do not vary over time. It is
common practice to use lagged variables of endogenous explanatory variables as
instrumental variables. In our model, on the one hand, the endogenous explanatory
variables on the right-hand side of the equation are correlated with their lagged
variables. On the other hand, the lagged variable indicates that it has already occurred
and is uncorrelated with the current period’s disturbance term. Thus, the assumption
condition of instrumental variables is satisfied, which ensures the reliability and
validity of the system GMM estimation results.

As a comparison, we also employed Ordinary Least Squares (OLS) estimation with
firm effects, time effects, additional firm-specific clustered robust standard errors, and
a Fixed Effects (FE) model incorporating firm and time effects. We consider all
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financial variables as potentially endogenous. We used the lagged level at time t-3 as
an instrument for the difference equation and the lagged difference at time t-2 as an

instrument for the level equation.

To assess the effectiveness of the GMM estimator, we report a series of test results.
In the presence of second-order autocorrelation issues, GMM estimation may be
inconsistent, so we present the results of the m2 test for second-order autocorrelation.
To address the concern of overidentification, we also report the results of the Hansen
J-test. Additionally, we report the difference-in-Hansen test, which evaluates the

validity of the instruments.

3. Descriptive Statistics

Tables 2 and 3 show the sample distribution at the industry and regional levels,

Table 2. Distribution of Sample by Industry

Industry No. %
A Agriculture, forestry, animal husbandry and fisheries 250 1.22
B Mining 463 2.26
C Manufacturing 15243 74.57
D Electricity, heat, gas and water production and supply 373 1.82
E Construction 562 2.75
F Wholesale and retail trade 448 2.19
G Transportation, storage and postal services 309 1.51
H Accommodation and food services 25 0.12
I Information transmission, software and information technology services 1585 7.75
K Real estate 212 1.04
L Leasing and business services 185 0.90
M Scientific research and technical services 239 1.17
N Water, Environment and Public Facilities Management Industry 183 0.90
O Residential Services, Repair and Other Services 5 0.02
P Education 22 0.11
Q Health and social work 41 0.20
R Culture, Sports and Recreation 200 0.98
S General 97 0.47
Total 20442 100

Note: The study further divides the manufacturing industry into 30 subcategories, which are no longer

listed in the table.
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Table 3. Distribution of Sample by Regions

Province No. %
Beijing 1838 8.99
Tianjin 303 1.48
Hebei 377 1.84
Shanxi 237 1.16
Inner Mongolia 142 0.69
Liaoning 408 2.00
Jilin 211 1.03
Heilongjiang 190 0.93
Shanghai 1407 6.88
Jiangsu 2285 11.18
Zhejiang 2564 12.54
Anhui 641 3.14
Fujian 725 3.55
Jiangxi 280 1.37
Shandong 1237 6.05
Henan 558 2.73
Hubei 596 2.92
Hunan 611 2.99
Guangdong 3324 16.26
Guangxi 182 0.89
Hainan 141 0.69
Chongqing 250 1.22
Sichuan 655 3.20
Guizhou 174 0.85
Yunnan 182 0.89
Tibet 66 0.32
Shaanxi 292 1.43
Gansu 168 0.82
Qinghai 77 0.38
Ningxia 67 0.33
Xinjiang 254 1.24
Total 20442 100
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Table 4. Summary Statistics

Variable N Mean SD Min p50 Max
rd 20442 0.047 0.046 0.000 0.036 0.266
cf 20442 0.057 0.079 -0.164 0.053 0.318
stock 20442 0.042 0.128 0.000 0.000 0.814
debt 20442 0.024 0.084 -0.179 0.001 0.364
Acash 20442 0.013 0.112 -0.271 0.003 0.544
mb 20442 2.070 1.287 0.864 1.656 8.320
grow 20442 0.160 0.374 -0.514 0.103 2.300
dif 20442 5.380 0.347 3.250 5.480 5.813

Notes: The regression sample is constructed from A-share listed companies on the main board of China’s
Shenzhen Stock Exchange and Shanghai Stock Exchange covered in the China Stock Market &
Accounting Research (CSMAR) database from 2011 to 2020. Fintech data comes from the
“Peking University Digital Financial Inclusion Index” (2011-2020) (PKU-DFIIC). We excluded
firms in the financial industry with ST for three consecutive years and with missing data on major
variables before they entered the sample. All variables are winsorized at the 1% level. See table
1 for the detailed definitions of the variables.

respectively. Table 4 presents the descriptive statistics for the main variables. As shown
in Table 4, there are significant differences in the R&D investment of the listed
companies, with a maximum value of 0.266 and a minimum value of 0.001. The mean
values for both external financing methods are similar, indicating that debt and equity
financing play equally important roles for Chinese companies. For some firms, cash
flows can be negative, suggesting that cash flow is not a sustainable funding source for
R&D activities. The mean change in cash holdings is relatively small, indicating that
companies’ cash holdings exhibit minimal fluctuations and remain relatively stable.
Regarding control variables, the market-to-book ratio and the variance of sales growth
are large, indicating significant differences among the listed companies.

V. Empirical Results

1. Correlations

The Pearson correlation coefficients for the main variables are presented in Table 5.
Equity financing (stock) correlates significantly positively with R&D investment (rd).
At the same time, the change in cash holdings (Acash) is significantly negatively
correlated with R&D investment (rd), in line with findings from Brown and Petersen
(2011). However, operating cash flow (cf) and debt financing (debt) are significantly
negatively correlated with R&D investment (rd), contrary to our expectations,
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warranting further investigation. The level of Fintech development in the city where
the company operates (dif) is significantly positively correlated with R&D investment
(rd), aligning with our expectations and indicating that the level of Fintech
development in a company’s operating city promotes its R&D activities. In terms of
control variables, the market-to-book ratio (mb) is significantly positively correlated
with R&D investment (rd), while sales growth (grow) is significantly negatively
correlated with R&D investment (rd).

Table 5. Correlation Matrix

rd cf stock debt Acash mb grow dif
rd 1
cf -0.025%** 1
stock 0.037*** 0.065%** 1
debt -0.027*%* -0.210%** -0.036%** 1
Acash -0.019%** 0.260%** (.551%** (.117%** 1
mb 0.257*%% 0.127*%** 0.024*** -0.050%** (.047*** 1
grow -0.033%** (.128%%* (.231*** (.183*** (0.190%** 0.040*** 1
dif 0.115%** 0.074*** -0.046*** -0.018** 0.085*** (0.034*** -0.011 1

Notes: This table presents the Pearson correlation among all the variables used in multiple regressions.
Coefficients marked with *, ** and *** indicate significance at the 10%, 5% and 1% levels,
respectively. See table 1 for the detailed definitions of the variables.

2. Baseline Regression

Columns (1)-(3) of Table 6 provide evidence of R&D financing in listed companies.
The coefficient for the lagged R&D variable (rd.;) is close to 1, and the coefficient
estimated using GMM lies between OLS and fixed effects (FE), indicating no model
fitting issues. As expected, the coefficient on the quadratic term (rd’.;) is negative but
insignificant (-0.555).

The joint significance of the three variables of current and lagged operating cash
flow (cf), equity financing (stock), and debt financing (debt) are all significantly
positive (0.006, 0.020, 0.015, and the p-values of the ¥ test are 0.059, 0.000, 0.000),
indicating that all three are the main sources of financing for R&D. Additionally, we
can also observe from the regression results that the influence of equity financing
(stock) on R&D (0.020) is slightly greater than the influence of debt financing (debt)
on R&D (0.015). This indicates that among external financing methods, Chinese
publicly listed companies rely more on equity financing for R&D, followed by debt
financing. In contrast, the impact of the current and lagged operating cash flow (cf) on
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R&D is much smaller (0.006). The joint significance of the change in current and
lagged cash holdings (Acash) is significantly negative (-0.010, the p-value of the y>
test is 0.006), indicating that Chinese companies also hold cash to smooth R&D
expenditures. These are the same as the findings of Brown and Petersen (2011).

In terms of economic significance, according to Mitton (2024), variable cf, stock,
debt is economically significant at 0.007, 0.012, 0.011 as a one standard deviation
increase in operating cash flow, equity financing, and debt financing is associated with
an increase in the R&D intensity of 0.06, 0.15, 0.09 percentage points, which translates
toa 1.20%, 3.34%, 2.01% increase in R&D intensity relative to the standard deviation.
Variable Acash is economically significant at -0.010 as a one standard deviation
increase in the change in cash holdings is associated with a decrease in the R&D
intensity of 0.11 percentage points, which translates to a 2.43% decrease in the R&D
intensity relative to the standard deviation.

Additional test results are provided at the end of column (3) of Table 6. The values
of the m2 test (0.232) indicate the absence of autocorrelation issues, the J-test (0.185)
indicates the absence of overidentification problems, and the value of the Diff-Hansen
test (0.247) indicates the effectiveness of the instrumental variables. Taken together,
these results demonstrate the effectiveness of the GMM estimator.

To test our hypothesis, we built model (2) based on model (1) by introducing the
Fintech variable (dif;) and the interaction variables between fintech and other variables.
The results of the regression analysis are shown in columns (4)-(6) of Table 6, and as
above, the coefticient of the lagged R&D (rd..) is close to 1 (0.975) and the coefficients
estimated by the systematic GMM are located between the OLS and the FE, which
suggests that there is no model fitting problem. The coefficient on the quadratic term
(rd*.1) remains negative but insignificant (-0.565), and these are consistent with
expectations.

In terms of external financing, the joint significance of the two variables of the
current period and lagged equity financing interaction term (stockxdif) and debt
financing interaction term (debtxdif) are both significantly positive (0.028, 0.034, the
p values of y? test respectively (0.003, 0.001), indicating that fintech can promote
equity and debt R&D financing. Hypotheses 2 and 3 have been verified. In addition,
we can also see from the regression results that fintech promotes R&D debt financing
more than equity financing. In terms of internal financing, the joint significance of the
interaction term between current period and lagged operating cash flow (cfxdif) is
positive but not significant (0.012, the p-value of y” test is 0.294), and no evidence can

(© Korea Institute for International Economic Policy



Fintech and R&D financing: Evidence from China 333

be obtained that fintech promotes internal R&D financing, hypothesis 1 cannot be
verified. In terms of R&D smoothing, the joint significance of the interaction term
(Acashxdif) between the current period and lagged cash holdings is negative but not
significant (-0.010, the p-value of the > test is 0.415). The relationship between
Fintech and R&D smoothing cannot be proven.

As for the control variables, the interaction between firm growth and fintech
(growxdif) is significantly negative, indicating that fintech reinforces the negative
relationship between firm growth and R&D intensity. There are two main reasons for
this: fintech development makes it more diverse and convenient for enterprises to
obtain financing. For example, the popularity of crowdfunding, P2P lending, and
online financial platforms has made it easier for firms to obtain funding during periods
of revenue growth. This may lead to a greater tendency for firms to invest in short-
term return projects rather than long-term research and development. Second, in cities
with high levels of fintech development, capital markets are more active, and investors
and financial institutions are more concerned about the short-term performance of
firms. This may prompt firm management to prioritize short-term revenue growth at
the expense of long-term R&D investment.

Additional test results are presented at the end of column (6) of Table 6. The value
of the m2 test (0.241) indicates the absence of autocorrelation issues. The value of the
J-test (0.197) suggests no overidentification problems. The value of Diff-Hansen test
(0.270) indicates the effectiveness of the instrumental variables. Taken together, these
results affirm the effectiveness of the system GMM estimator.

Table 6. Baseline Regression

(1 (2 (3) 4) ) (6)
OLS FE GMM OLS FE GMM
rdui 1.002%*%  0.618%%*%  0.971%%% (.999%** () 618%** (.975%**
0.017)  (0.038)  (0.104)  (0.017)  (0.038)  (0.104)
rd%e 0489 _0.515%% 0555  -0476%F* 0511 0,565
0.086)  (0.176)  (0.448)  (0.086)  (0.174)  (0.448)
of; 0.005 20,001  0.007**  0.005%  -0001  0.007**
0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)
cfir 0.001 20.005%  -0.001 0.000  -0.005*  -0.002
(0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)
stock: 0.012%%% 0008  0.012%%*  0.011%%* 0007%%* 0.0]]%**
0.002)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)
stocke 1 0.009%%%  0.005%*%*  0.008%**  0.008***  0.,005%*%* 0.008***

0.002)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)
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(1) 5 3) @) ) ©)
OLS FE GMM OLS FE GMM

debt; 0.010%%%  0.006%*  0.011*% 0.010%**  0.006**  0.012%%*
0.002)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)

debtii 0.004* 0.000 0.004 0.002 0.000 0.002
0.002)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)

Acash 0.000%%% _0.010%** .0.010%** -0.008%** -0.009%** 0,009%**
0.002)  (0.002)  (0.003)  (0.002)  (0.002)  (0.003)

Acashci 0.002 -0.001 -0.000 0.002 -0.001 0.001
0.002)  (0.002)  (0.003)  (0.002)  (0.002)  (0.003)

mb1 0.001%%% 0000  0.001*** 0001*** 0000  0.001%**
0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

growie! 001755 0.015%%% -0.018%%*% -0.016*%** -0.014%%* 0,0]7***
0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)

dif; 0.002 0.011 0.004
0.001)  (0.007)  (0.003)

cfixdif; -0.003 0.015 0.004
0.009)  (0.010)  (0.010)

cfiixdif; 0.009 0.003 0.008
0.009)  (0.009)  (0.009)

stockexdif; 0017+ 0014  0.018%*
0.007)  (0.009)  (0.007)

stocke.1<dif; 0.010 0.008 0.010
0.007)  (0.006)  (0.007)

debtoxdif; 0.005 0.008 0.006
0.008)  (0.009)  (0.009)

debe.1xdif; 0.025%%% 0017+  0.028%%*
0.007)  (0.007)  (0.008)

Acashexdif; -0.009 -0.005 -0.006
0.008)  (0.010)  (0.010)

Acasheixdif; -0.006 -0.004 -0.004
0.008)  (0.007)  (0.009)

mb1xdif -0.000 -0.001 -0.000
0.001)  (0.001)  (0.001)

growye1xdif; 0.015%%%  0.019%*%  _0,0]8%***
0.003)  (0.003)  (0.003)

Constants 0.002**  0.006 0.001 -0.005 0059  -0.022*
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Table 6. Continued

1) @ 3 “ () (6)

OLS FE GMM OLS FE GMM
Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Sum cf (p-value) 0.059
Sum stock (p-value) 0.000
Sum debt (p-value) 0.000
Sum Acash (p-value) 0.006
Sum cfxdif (p-value) 0.294
Sum stockxdif (p-value) 0.003
Sum debtxdif (p-value) 0.001
Sum Acashxdif (p-value) 0.415
m2 0.232 0.241
J-test (p-value) 0.185 0.197
Diff-Hansen (p-value) 0.247 0.270
N 16626 16626 16626 16626 16626 16626

Notes: This table estimates R&D funding sources and the impact of Fintech on R&D financing. Estimation
is by one-step systems GMM with lagged levels dated t-3 used as instruments for the equation in
differences and lagged differences dated t-2 used as instruments for the equation in levels. Fixed
firm and time effects are included in all regressions. Standard errors are robust to heteroskedasticity
and within firm serial correlation. All variables are winsorized at the 1% level. See table 1 for the
detailed definitions of the variables. Coefficients marked with *, ** and *** indicate significance
at the 10%, 5%, and 1% levels, respectively. The statistics m2 test the null of no second-order
autocorrelation in the first-differenced residuals. Sum is a chi-square test of the joint significance
of the current variable and the lagged variable. Hansen J-test is a test of the null that the
overidentifying restrictions are valid. Diff-Hansen identifies the validity of instrumental variables.

VI. Alternative Tests and Robustness

In this section, we have examined a range of alternative measures and different
estimation methods. The conclusions drawn remain consistent with those presented in
the previous section, confirming the robustness of our findings.

1. Alternative Sample Splits
Prior research has confirmed the existence of varying degrees of financing
constraints among firms (Fazzari et al., 1988; Almeida et al., 2004). We adopted two

commonly used indicators to differentiate financing constraints: firm size and age.
Following the approach of Brown and Petersen (2011), we categorized firms based on
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firm size and age. As highlighted by (Gertler and Gilchrist, 1994), during economic
downturns, monetary tightening leads to a greater influx of credit funds into large firms,
resulting in higher cash flow sensitivity for small firms. We grouped firms based on
firm size, considering firms with sales above the 70th percentile of the entire sample
as large firms, and those below the 30th percentile as SMEs.

Drawing from Devereux and Schiantarelli (1990) findings, different firm ages also
lead to varying financing constraints, with younger firms being more susceptible to
information asymmetry and thus more sensitive to cash flows. We classified firms
aged 15 years or less as young firms and those older as mature firms. Furthermore,
considering the unique characteristics of China’s socialist market economy, ownership
structure serves as a third indicator for classifying firms’ financing constraints. Liu et
al. (2021) pointed out that due to implicit government guarantees, financial institutions
prefer SOEs when extending credit, making them more likely to access bank loans and
thus having lower financing constraints than private enterprises. Building upon this
insight, we divided the sample into SOEs and non-SOEs, representing low and high
financing constraints.

The results of grouping by firm size are shown in Table 7. Columns (1) and (3) are
the regression results for the large firm sample; it can be seen that only the joint
significance of the current and lagged equity financing (stock) is significantly positive
(0.015, the p-value of the y? test is 0.001), while the joint significance of the current
and lagged equity financing interaction term (stockxdif) is also significantly positive
(0.038, p-value of 0.015 for y* test), but unfortunately, our test does not pass, so we
change the lagged order of the instrumental variables to 3 to 4 periods, at which point
the test passes in its entirety (test results are omitted) and the results are unchanged. It
suggests that for large firms, equity financing is the main source of R&D and that
fintech can facilitate R&D equity financing.

Columns (2) and (4) show the regression results for the sample of SMEs. It can be
seen that, unlike large enterprises, the joint significance of the current and lagged
equity financing (stock) and debt financing (debt) of SMEs are significantly positive
(-0.027, -0.028, the p-value of the * test is 0.000, 0.004, respectively), which indicates
that for SMEs, equity and debt financing are the main sources of R&D; the joint
significance of change in cash holdings (Acash) is significantly negative (-0.016, p-
value of 0.034 for the y* test), indicating that SMEs engage in R&D smoothing
behavior. On the other hand, the joint significance of the interaction term of current
and lagged equity financing only (stockxdif) is significantly positive (0.032, the p-
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value of 0.096 for the y? test), suggesting that for SMEs, fintech promotes R&D equity
financing, which is the same as that of large firms. The test results at the end of columns
(2) and (4) of Table 7 show no autocorrelation or over-identification problem and the
instrumental variables are valid.

Table 7. Large Firms versus SMEs

M 5 3) @
LargeFirms SMEs LargeFirms SMEs
rde1 0.728%** 0.975%** 0.734%** 0.980%**
(0.221) (0.237) (0.217) (0.235)
rd? 2.158 -0.655 2.056 -0.661
(2.115) (0.812) (1.998) (0.810)
cfi 0.002 0.012 0.002 0.011
(0.003) (0.010) (0.003) (0.010)
cfei -0.003 -0.000 -0.000 -0.000
(0.003) (0.008) (0.003) (0.008)
stockt 0.010%* 0.016%** 0.007*** 0.017***
(0.004) (0.005) (0.003) (0.005)
stock-1 0.005* 0.011%** 0.004* 0.010%*
(0.003) (0.004) (0.002) (0.004)
debt: 0.002 0.026%** 0.002 0.027***
(0.003) (0.008) (0.003) (0.008)
debt1 -0.003 0.002 -0.003 0.001
(0.003) (0.006) (0.003) (0.006)
Acasht -0.008 -0.017%** -0.003 -0.017%**
(0.007) (0.005) (0.004) (0.005)
Acashe 0.000 0.001 0.000 0.002
(0.004) (0.005) (0.003) (0.005)
mby-1 0.001 0.000 0.001** 0.000
(0.001) (0.000) (0.000) (0.000)
Srowi | -0.007*** -0.035%** -0.007*** -0.034***
(0.001) (0.003) (0.001) (0.003)
difi 0.004* 0.009
(0.002) (0.008)
cfixdifi -0.001 -0.027
(0.012) (0.026)
cfiixdifi -0.020* 0.018
(0.012) (0.025)
stockexdift 0.027 0.025*
(0.018) (0.014)
stock.1xdify 0.011 0.007
(0.010) (0.015)
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M @ (€) 4
LargeFirms SMEs LargeFirms SMEs
debtexdifi 0.008 0.004
(0.016) (0.023)
debr1xdifi 0.002 0.023
(0.009) (0.020)
Acashexdif -0.054 0.002
(0.035) (0.018)
Acashy. xdift 0.006 -0.005
(0.015) (0.016)
mbeixdif; -0.001 -0.003*
(0.003) (0.002)
growy.1xdify -0.003 -0.033%**
(0.004) (0.008)
Constants 0.002 0.005 -0.021* -0.048
(0.002) (0.008) (0.013) (0.040)
Firm FE YES YES YES YES
Year FE YES YES YES YES
Sum cf (p-value) 0.855 0.267
Sum stock (p-value) 0.001 0.000
Sum debt (p-value) 0.905 0.004
Sum Acash (p-value) 0.248 0.034
Sum cfxdif (p-value) 0.129 0.766
Sum stockxdif (p-value) 0.015 0.096
Sum debtxdif (p-value) 0.462 0.309
Sum Acashxdif (p-value) 0.109 0.888
Chow test: cf (p-value) 0.000
Chow test: stock (p-value) 0.000
Chow test: debt (p-value) 0.000
Chow test: Acash (p-value) 0.000
m2 0.675 0.305 0.673 0.334
J-test (p-value) 0.039 0.774 0.036 0.732
Diff-Hansen (p-value) 0.027 0.925 0.021 0.886
N 5316 4512 5316 4512

Notes: This table estimates dynamic R&D regressions using alternative sample splits of large firms and
SME:s. Estimation is by one-step systems GMM with lagged levels dated t-3 used as instruments
for the equation in differences and lagged differences dated t-2 used as instruments for the equation
in levels. Fixed firm and time effects are included in all regressions. Standard errors are robust to
heteroskedasticity and within firm serial correlation. All variables are winsorized at the 1% level.
See table 1 for the detailed definitions of the variables. Coefficients marked with *, ** and ***
indicate significance at the 10%, 5%, and 1% levels, respectively. The statistics m2 test the null of
no second-order autocorrelation in the first-differenced residuals. Sum is a chi-square test of the
joint significance of the current variable and the lagged variable. Hansen J-test is a test of the null
that the overidentifying restrictions are valid. Diff-Hansen identifies the validity of instrumental

variables.
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The results of grouping by firm age are shown in Table 8. Columns (1) and (3) are
the regression results for the sample of young firms; it can be seen that the joint
significance of current and lagged operating cash flow (cf), equity financing (stock),
and debt financing (debt) for young firms are all significantly positive (0.008, 0.020,
0.021, and the p-value of % test (0.093, 0.000, 0.000), indicating that for young firms,
internal financing, equity financing, and debt financing are the main sources of R&D,
and enterprises rely on external financing more than internal financing; the joint
significance of the change in cash holdings (Acash) is significantly negative (-0.008,
the p-value of the y? test is 0.055), suggesting that young firms have R&D smoothing
behavior. On the other hand, the joint significance of the current and lagged equity
financing interaction term (stockxdif) and the debt financing interaction term (debtxdif)
are significantly positive (0.028, 0.027, and the p-value of the x> testis 0.011 and 0.026,
respectively), suggesting that, for young firms, fintech promotes external financing of
R&D. The test results presented at the end of columns (1) and (3) of Table 8 show that
there is no autocorrelation problem, there is no over-identification problem, and the
instrumental variables are valid.

Columns (2) and (4) show the regression results for the sample of mature firms. It
can be seen that the joint significance of current and lagged equity financing (stock) is
significantly positive (0.019, the p-value of 0.000 for the ¥ test), suggesting that for
mature firms only equity financing is the main source of R&D; the joint significance
of change in cash holdings (Acash) is significantly negative (-0.017, the p-value of
0.011 for the 7 test), suggesting that R&D smoothing behavior is also present for
mature firms. On the other hand, while the joint significance of the interaction term of
current and lagged debt financing only (debt x dif) is significantly positive (0.035, the
p-value of 0.087 for the % test), the joint significance of the current and lagged debt
financing (debt) is not significant (0.004, p-value of 0.430 for the ¥ test), suggesting
that for mature firms, no evidence of fintech facilitating R&D financing can be found.
To ensure the robustness of the results, we further tested the marginal effect of debt.
Upon testing, we find that the marginal effect of debt on rd is insignificant at low,
medium, and high levels of dif (t-values of 1.96, 0.55, and -0.99, respectively). This
indicates that our results are robust. The results of the tests presented at the end of
columns (2) and (4) of Table 8 show that all the tests are passed, and it is clear that the
results of the system GMM estimator are valid.
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Table 8. Young Firms versus Mature Firms

B

Young

rde 1.147%%*
(0.128)

rd’u1 -1.469%**
(0.528)

cfi 0.008*
(0.004)

cfi-1 -0.000
(0.003)

stock 0.01 1***
(0.002)

stocki-1 0.009%**
(0.002)

debt; 0.015%**
(0.004)

debti.1 0.006**
(0.003)

Acash -0.007***
(0.003)

Acasht.| -0.001
(0.003)

mby.| 0.001**
(0.000)

Srowt,t-1 -0.022%%*%*
(0.001)

dif;

cfxdift

cfiixdifi

stockexdify

stocke-1xdift

debtxdif

deby.1xdift

Acashexdift

(© Korea Institute for International Economic Policy

2)
Mature
0.820%**
(0.155)
0.414
(0.531)
0.004
(0.005)
-0.002
(0.004)
0.012%**
(0.004)
0.007**
(0.004)
0.005
(0.005)
-0.001
(0.005)
-0.018%**
(0.006)
0.001
(0.005)
0.001
(0.000)
-0.011%%*
(0.001)

©)
Young
1.152%**
(0.128)
-1.501%**
(0.528)
0.008*
(0.005)
-0.002
(0.004)
0.010%**
(0.002)
0.008***
(0.002)
0.015%**
(0.004)
0.004
(0.003)
-0.006%*
(0.003)
0.000
(0.003)
0.001***
(0.000)
-0.021%**
(0.001)
0.008**
(0.003)
0.002
(0.013)
0.009
(0.012)
0.015*
(0.008)
0.013*
(0.007)
0.005
(0.011)
0.022%*
(0.009)
-0.004
(0.010)

“)
Mature
0.828%***
(0.153)
0.410
(0.525)
0.004
(0.005)
-0.001
(0.004)
0.013%**
(0.005)
0.007**
(0.004)
0.006
(0.005)
-0.001
(0.005)
-0.018***
(0.006)
0.001
(0.006)
0.001
(0.000)
-0.011%**
(0.001)
-0.001
(0.003)
-0.000
(0.021)
0.004
(0.015)
0.028
(0.021)
0.002
(0.023)
0.005
(0.017)
0.030*
(0.016)
-0.021
(0.019)
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Table 8. Continued
(1) @) 3) 4)
Young Mature Young Mature
Acash1xdift -0.003 -0.011
(0.009) (0.029)
mbe.1xdift -0.001 -0.001
(0.001) (0.001)
growye1xdify -0.011%*%** -0.02 ] *%*
(0.004) (0.006)
Constants 0.000 0.003 -0.044*** 0.008
(0.003) (0.003) (0.016) (0.014)
Firm FE YES YES YES YES
Year FE YES YES YES YES
Sum cf (p-value) 0.093 0.697
Sum stock (p-value) 0.000 0.000
Sum debt (p-value) 0.000 0.430
Sum Acash (p-value) 0.055 0.011
Sum cfxdif (p-value) 0.435 0.861
Sum stockxdif (p-value) 0.011 0.224
Sum debtxdif (p-value) 0.026 0.087
Sum Acashxdif (p-value) 0.619 0.235
Chow test: cf (p-value) 0.023
Chow test: stock (p-value) 0.000
Chow test: debt (p-value) 0.000
Chow test: Acash (p-value) 0.000
m2 0.833 0.131 0.865 0.125
J-test (p-value) 0.276 0.762 0.286 0.726
Diff-Hansen (p-value) 0.149 0.713 0.136 0.631
N 10660 5966 10660 5966

Notes: This table estimates dynamic R&D regressions using alternative sample splits of young and mature
firms. Estimation is by one-step systems GMM with lagged levels dated t-3 used as instruments
for the equation in differences and lagged differences dated t-2 used as instruments for the equation
in levels. Fixed firm and time effects are included in all regressions. Standard errors are robust to
heteroskedasticity and within firm serial correlation. All variables are winsorized at the 1% level.
See table 1 for the detailed definitions of the variables. Coefficients marked with *, ** and ***
indicate significance at the 10%, 5%, and 1% levels, respectively. The statistics m2 test the null of
no second-order autocorrelation in the first-differenced residuals. Sum is a chi-square test of the
joint significance of the current variable and the lagged variable. Hansen J-test is a test of the null
that the overidentifying restrictions are valid. Diff-Hansen identifies the validity of instrumental

variables.
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The results grouped by firm ownership structure are shown in Table 9. Columns (1)
and (3) show the regression results for the SOE sample. It can be seen that the joint
significance of the current and lagged equity financing (stock) for SOE:s is significantly
positive (0.015, and p-value of 0.016 for the y? test), which suggests that for SOEs,
equity financing is the R&D main funding source. On the other hand, while the joint
significance of the current and lagged debt financing interaction term (debt x dif) is
significantly positive (0.042, the p-value of 0.014 for the * test), the joint significance
of the current and lagged debt financing (debt) is not significant (0.006, p-value of
0.281 for the * test), suggesting that for SOEs, no evidence can be found that fintech
promotes R&D financing. To ensure the robustness of the results, we further tested the
marginal effect of debt. Upon testing, we find that the marginal effect of debt on rd is
insignificant at low, medium, and high levels of dif (t-values of -1.31, -0.52, and 0.37,
respectively). This indicates that our results are robust. The results of the tests
presented at the end of columns (1) and (3) of Table 9 show no autocorrelation
problem or over-identification problem, and the instrumental variables are valid.

Columns (2) and (4) show the regression results for the sample of non-state
enterprises. It can be seen that the joint significance of current and lagged equity
financing (stock) and debt financing (debt) of non-state enterprises are significantly
positive (0.021, 0.017, the p-value of the ¥ test is 0.000, 0.000, respectively), which
indicates that for non-state enterprises, external financing is the main source of R&D;
the joint significance of the change in cash holdings (Acash) are significantly negative
(-0.008, the p-value of 0.041 for the y* test), suggesting that R&D smoothing behavior
also exists for non-SOEs. On the other hand, the joint significance of the current and
lagged equity financing interaction term (stock x dif) and the debt financing interaction
term (debt x dif) are significantly positive (0.029, 0.026, the p-value of the ¥ test is
0.008 and 0.036, respectively), suggesting that, for non-state firms, fintech facilitates
external financing of R&D. The test results presented at the end of columns (2) and (4)
of Table 9 show that all the tests pass at the 5% significance level. We change the lag
order of the instrumental variables to 3 to 4 periods, at which point the tests all pass
(test results omitted), and the results are unchanged. It can be seen that the results of
the system GMM estimator are valid.
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Table 9. SOEs versus non-SOEs

343

rde-1

rd%.1

cfi

cfi1

stock

stock-1

debt;

debt

Acash;

Acashi.1

mb-1

Zrowt,t-1

dift

cfixdify

cfiixdifi

stockexdifi

stocke.1xdift

debtexdift

debe.1xdif;

Acashexdifi

1)
SOEs
1.052%**
(0.252)
-1.011
(0.941)
0.007
(0.006)
-0.006
(0.005)
0.011**
(0.005)
0.004
(0.004)
0.007
(0.006)
-0.001
(0.005)
-0.014%*
(0.006)
0.003
(0.006)
0.001
(0.001)
-0.014%**
(0.002)

2
Non-SOEs
0.983%**
(0.114)
-0.625
(0.495)
0.007*
(0.004)
-0.001
(0.003)
0.012%%**
(0.002)
0.009%%**
(0.002)
0.013%%**
(0.003)
0.004*
(0.002)
-0.008***
(0.003)
-0.000
(0.003)
0.001%**
(0.000)
-0.020%**
(0.001)

3)
SOEs
1.041%**
(0.245)
-0.954
(0.912)
0.006
(0.005)
-0.006
(0.005)
0.012**
(0.005)
0.003
(0.004)
0.009
(0.006)
-0.002
(0.005)
-0.015%*
(0.006)
0.004
(0.006)
0.001
(0.001)
-0.013%%*
(0.002)
-0.001
(0.003)
0.009
(0.017)
-0.001
(0.014)
-0.014
(0.020)
0.030
(0.018)
-0.003
(0.016)
0.045%**
(0.016)
0.001
(0.019)

)
Non-SOEs
0.993***
(0.114)
-0.670
(0.498)
0.008*
(0.004)
-0.002
(0.004)
0.010%**
(0.002)
0.009%%**
(0.002)
0.013%%**
(0.004)
0.003
(0.003)
-0.007**
(0.003)
-0.000
(0.003)
0.001 ***
(0.000)
-0.019%**
(0.001)
0.007%*
(0.003)
-0.001
(0.013)
0.015
(0.012)
0.026%**
(0.008)
0.003
(0.008)
0.006
(0.011)
0.020%**
(0.009)
-0.008
(0.011)
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Table 9. Continued

) 2 3 “
SOEs Non-SOEs SOEs Non-SOEs
Acash.1xdift -0.033 0.004
(0.024) (0.009)
mbe.1xdife 0.001 -0.001
(0.001) (0.001)
growt 1 xdifi -0.020%** -0.015%%*
(0.006) (0.004)
Constants -0.001 0.002 0.004 -0.038%*
(0.005) (0.002) (0.017) (0.018)
Firm FE YES YES YES YES
Year FE YES YES YES YES
Sum cf (p-value) 0.826 0.128
Sum stock (p-value) 0.016 0.000
Sum debt (p-value) 0.281 0.000
Sum Acash (p-value) 0.158 0.041
Sum cfxdif (p-value) 0.669 0.292
Sum stockxdif (p-value) 0.462 0.008
Sum debtxdif (p-value) 0.014 0.036
Sum Acashxdif (p-value) 0.165 0.777
Chow test: cf (p-value) 0.000
Chow test: stock (p-value) 0.000
Chow test: debt (p-value) 0.000
Chow test: Acash (p-value) 0.036
m2 0.483 0.289 0.505 0.294
J-test (p-value) 0.339 0.179 0.304 0.153
Diff-Hansen (p-value) 0.523 0.098 0.520 0.080
N 5704 10922 5704 10922

Notes: This table estimates dynamic R&D regressions using alternative sample splits of SOEs and non-
SOEs. Estimation is by one-step systems GMM with lagged levels dated t-3 used as instruments
for the equation in differences and lagged differences dated t-2 used as instruments for the
equation in levels. Fixed firm and time effects are included in all regressions. Standard errors are
robust to heteroskedasticity and within firm serial correlation. All variables are winsorized at the
1% level. See table 1 for the detailed definitions of the variables. Coefficients marked with *, **,
and *** indicate significance at the 10%, 5%, and 1% levels, respectively. The statistics m2 test
the null of no second-order autocorrelation in the first-differenced residuals. Sum is a chi-square
test of the joint significance of the current variable and the lagged variable. Hansen J-test is a test
of the null that the overidentifying restrictions are valid. Diff-Hansen identifies the validity of
instrumental variables.
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2. Alternative Instruments and Estimation Methods

In this section, we have conducted robustness tests on the research findings
previously proposed using alternative instruments and estimation methods, and we
have found that the results remain robust. Firstly, we re-estimated Equations (1) and
(2) using the two-step GMM approach. While the two-step GMM is more efficient
than the one-step GMM, the standard errors of the two-step GMM tend to be
downward biased in small samples (Arellano and Bond, 1991). The results of the two-
step GMM estimation are presented in Columns (1) and (2) of Table 10, and they
closely resemble the results in Tables 6.

Secondly, we adjusted the lag order of instrumental variables, using lagged levels
dated t-4 or deeper as instruments in the difference equation and lagged differences
dated t-3 or deeper as instruments in the level equation. The results in Columns (3) and
(4) of Table 10 yield similar conclusions.

Thirdly, we employed orthogonal transformation as a substitute for first-order
differencing to eliminate firm-specific effects. Unbalanced panel datasets suffer data
loss during first-order differencing. Using forward orthogonal transformation, which
involves subtracting the mean of all observations in preceding periods from the current
value, can mitigate data loss and enhance estimation accuracy (Arellano and Bover,
1995). The results of this alternative approach are presented in Columns (5) and (6) of
Table 10, and they also yield similar conclusions. Taken together, these findings
demonstrate the robustness of our conclusions.

Finally, we were also concerned about the possible impact of macroeconomic
factors, so based on prior research, we selected five macroeconomic level control
variables: regional GDP per capita, industrial structure, education and technology
expenditures, years of education per capita, and the growth rate of regional GDP,
which were added to the model and shown in Table 11, with no substantial change in
the findings. In addition, we were also concerned about the possible impact of industry
factors, so we added industry-fixed effects. Again, we did not find substantial changes
in the conclusions (the results were not reported due to space constraints).
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Table 10. Alternative Instruments and Estimation Methods

(D @) 3) 4 ®) (6)
g;’%%ﬁ ST;’S"éiR’[ SysGMM  SysGMM Orthogonal Orthogonal

rdir 0.955%F% (0.955%%% (.864%%* (.866*** 0.964*%* 0.956%**
0.095)  (0.095  (0.168)  (0.167)  (0.096)  (0.096)

rd2 0522 -0.513  -0410  -0396  -0.506  -0.486
0425)  (0.426)  (0.760)  (0.759)  (0.397)  (0.396)

of; 0.008 0007  0.007** 0.007%*  0.005%  0.005*
(0.005)  (0.004)  (0.003)  (0.003)  (0.003)  (0.003)

o 0000 -0.001  -0.001  -0.002  0.000  -0.001
(0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)

stocks 0.010%%%  0.010%%% 0.011%¥% 0.011%%% 0.011%%* 0.010%**
0.002)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)

stocke1 0.006¥*  0.006%*  0.009%** (.008%%* 0.008%** 0.008%**
(0.003)  (0.003)  (0.002)  (0.002)  (0.002)  (0.002)

debts 0.000%%%  0.009%%% 0.010%*% 0.011%%% 0.010%%* 0.010%**
(0.003)  (0.003)  (0.003)  (0.003)  (0.003)  (0.003)

debtir 0.004* 0002 0003 0002 0003  0.002
0.002)  (0.002)  (0.002)  (0.002)  (0.002)  (0.002)

Acashy 20.007%%  -0.007%%* -0.011%%% _0.010%** -0.010%** -0.009%**
(0.003)  (0.003)  (0.003)  (0.003)  (0.002)  (0.002)

Acashi 0000 -0.000  -0.002  -0.001  0.001  0.002
(0.003)  (0.003)  (0.002)  (0.003)  (0.002)  (0.003)

mbe 0.001%%  0.001%* 0.001%%* 0.001%%* 0.001*** 0.001%**
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

growe L0.016%% -0.016%%* -0.017%%*% -0.016%¥%* -0.017%*% -0.016***
0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)

dif 0.002 0.007%* 0.004*
(0.004) (0.003) (0.002)

cfixdifs 0.010 0.002 0.004
(0.017) 0.011) (0.009)

ofiixdify 0.006 0.006 0.007
(0.009) (0.009) (0.009)

stockexdif; 0.015% 0.018%* 0.017%*
(0.008) (0.007) (0.007)

stocke 1 dif; 0.006 0.010 0.009
(0.012) (0.007) (0.007)

debto<difi 0.006 0.006 0.008
(0.008) (0.009) (0.008)

debyixdif; 0.027%%* 0.027%%* 0.025%**
(0.007) (0.008) (0.007)
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Table 10. Continued

(M 2 3) “4) ) (6)

Tow-step Tow-step
SysGMM  SysGMM SysGMM SysGMM Orthogonal Orthogonal

Acashexdif -0.001 -0.004 -0.008
(0.013) (0.009) (0.008)
Acasht.1 xdift -0.004 -0.003 -0.005
(0.010) (0.009) (0.008)
mbe.1xdife -0.001 -0.000 -0.000
(0.001) (0.001) (0.001)
growt-1xdift -0.016%** -0.018%** -0.016%**
(0.003) (0.003) (0.003)
Constants -0.011 -0.019 0.003 -0.037%* 0.001 -0.021*
(0.015) (0.014) (0.003) (0.018) (0.002) (0.012)
Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Sum cf (p-value) 0.148 0.107 0.071
Sum stock (p-value) 0.000 0.000 0.000
Sum debt (p-value) 0.000 0.000 0.000
Sum Acash (p-value) 0.105 0.002 0.020
Sum cfxdif (p-value) 0.388 0.472 0.283
Sum stockxdif (p-value) 0.210 0.003 0.005
Sum debtxdif (p-value) 0.001 0.001 0.000
Sum Acashxdif (p-value) 0.780 0.539 0.271
m2 0.229 0.236 0.203 0.213 0.229 0.240
J-test (p-value) 0.185 0.197 0.459 0.522 0.547 0.575
Diff-Hansen (p-value) 0.238 0.270 0.894 0.918 0.855 0.876
N 16626 16626 16626 16626 16626 16626

Notes: This table estimates the robustness of dynamic R&D regressions using a two-step system GMM
(columns 1-2), increasing the lag order of instrumental variables (columns 3-4) and an orthogonal
transformation (columns 5-6), respectively. Fixed firm and time effects are included in all
regressions. Standard errors are robust to heteroskedasticity and within firm serial correlation. All
variables are winsorized at the 1% level. See table 1 for the detailed definitions of the variables.
Coefficients marked with *, ** and *** indicate significance at the 10%, 5%, and 1% levels,
respectively. Sum is a chi-square test of the joint significance of the current variable and the lagged
variable. The statistics m2 test the null of no second-order autocorrelation in the first-differenced
residuals. Hansen J-test is a test of the null that the overidentifying restrictions are valid. Diff-
Hansen identifies the validity of instrumental variables.
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Table 11. Regression with Macro Control Variables

“4) ) (6)
OLS FE GMM
rde1 0.998*** 0.614*** 0.947%%*
(0.017) (0.038) (0.106)
rd% -0.464%** -0.480%** -0.431
(0.085) (0.174) (0.453)
cfi 0.005%* -0.001 0.008**
(0.003) (0.003) (0.003)
cfii -0.000 -0.005 -0.002
(0.003) (0.003) (0.003)
stockt 0.012%** 0.008*** 0.01 [***
(0.002) (0.002) (0.002)
stock1 0.008%** 0.005%** 0.007%**
(0.002) (0.002) (0.002)
debt: 0.010%** 0.007** 0.012%**
(0.003) (0.003) (0.003)
debtt-1 0.002 0.000 0.001
(0.002) (0.002) (0.002)
Acasht -0.009%*** -0.010%*** -0.009%**
(0.002) (0.003) (0.003)
Acashi-1 0.002 -0.001 0.001
(0.002) (0.002) (0.003)
mbe.1 0.001#** -0.000 0.001***
(0.000) (0.000) (0.000)
rOWt,t-1 -0.016%** -0.014%*** -0.017%**
(0.001) (0.001) (0.001)
pedpt -0.001%* -0.002 -0.001**
(0.001) (0.001) (0.001)
inst -0.016%** 0.112%** -0.016**
(0.005) (0.043) (0.007)
techedut 0.000 0.001 0.000
(0.000) (0.003) (0.000)
eduyeart 0.001%* -0.001 0.001
(0.000) (0.001) (0.000)
progrowt 0.014 -0.009 0.011
(0.013) (0.017) (0.015)
dift 0.007%** 0.008 0.009%**
(0.002) (0.010) (0.003)
cfixdify -0.003 0.013 0.003
(0.010) (0.010) (0.011)
cfiixdif; 0.012 0.004 0.011
(0.009) (0.009) (0.009)
stockexdifi 0.016** 0.013 0.018**
(0.007) (0.009) (0.007)
stock.1xdifi 0.012%* 0.007 0.012
(0.007) (0.007) (0.008)
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“4) (5 (6)
OLS FE GMM
debtexdifi 0.007 0.010 0.007
(0.008) (0.009) (0.009)
debe1xdifi 0.026%** 0.017%* 0.030%**
(0.007) (0.007) (0.008)
Acashexdif -0.008 -0.004 -0.005
(0.008) (0.010) (0.010)
Acasht.1 xdift -0.008 -0.004 -0.006
(0.008) (0.007) (0.009)
mbe.1xdife -0.000 -0.001 -0.001
(0.001) (0.001) (0.001)
grow 1 xdift -0.015%** -0.019%** -0.018%**
(0.003) (0.003) (0.004)
pgdpexdifi -0.001 -0.001 0.001
(0.001) (0.002) (0.001)
insexdift 0.005 0.056** 0.009
(0.020) (0.029) (0.019)
techeduxdifi 0.000 -0.002 -0.001
(0.001) (0.002) (0.001)
eduyeartxdif 0.001 -0.000 0.001
(0.001) (0.002) (0.001)
progrowxdift -0.003 0.015 0.013
(0.042) (0.058) (0.051)
Constants -0.033%* -0.105 -0.042%*
(0.016) (0.078) (0.021)
Firm FE YES YES YES
Year FE YES YES YES
Sum cfxdif (p-value) 0.204
Sum stockxdif (p-value) 0.003
Sum debtxdif (p-value) 0.001
Sum Acashxdif (p-value) 0.414
m2 0.192
J-test (p-value) 0.237
Diff-Hansen (p-value) 0.276
N 16236 16236 16236

Notes: This table estimates the impact of FinTech on R&D financing after adding macro control variables.
Estimation is by one-step systems GMM with lagged levels dated t-3 used as instruments for the
equation in differences and lagged differences dated t-2 used as instruments for the equation in
levels. For comparison, we include the results of OLS and FE estimation. Fixed firm and time
effects are included in all regressions. Standard errors are robust to heteroskedasticity and within
firm serial correlation. All variables are winsorized at the 1% level. See table 1 for the detailed
definitions of the variables. Coefficients marked with *, ** and *** indicate significance at the
10%, 5%, and 1% levels, respectively. The statistics m2 test the null of no second-order
autocorrelation in the first-differenced residuals. Sum is a chi-square test of the joint significance
of the current variable and the lagged variable. Hansen J-test is a test of the null that the
overidentifying restrictions are valid. Diff-Hansen identifies the validity of instrumental variables.
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VII. Conclusions and Policy Recommendations

The specificity of R&D leads to uncertainty regarding R&D financing, and the lack
of a continuous and stable funding source cannot guarantee the normal conduct of
R&D. It may even lead to R&D failure and increase the risk of bankruptcy. In this
study, we try to find evidence that fintech affects R&D financing, and it is found that
fintech promotes R&D external financing. Still, no evidence is found on the impact of
fintech on R&D internal financing and R&D smoothing. After subgroup regressions,
we find no significant heterogeneity between large firms and SMEs regarding R&D
external financing. Still, the effect of fintech on R&D external financing is significant
for young and non-state-owned firms, and no similar evidence is found for mature and
state-owned firms.

Our research provides the following policy recommendations: first, fintech can
facilitate external financing for firms, promoting business innovation and economic
growth. The government should increase investment in fintech infrastructure to ensure
an efficient, stable, and secure fintech service network covers the whole country,
especially remote and economically relatively backward areas. In addition, it should
encourage fintech enterprises to make technological innovations in areas such as
payment, lending, and credit collection, and it should support the development of
fintech enterprises by setting up special funds and providing tax incentives.

Second, fintechs should optimize their products and provide financial services in a
targeted manner. The government should formulate special fintech support policies for
young and non-state-owned enterprises, such as setting up special fintech loans and
subsidies and providing relevant education and training to enhance their fintech
literacy. Mature and state-owned enterprises should optimize traditional financing
channels, promote the deep integration of fintech and traditional finance, and develop
new financial products and services to enhance their financing efficiency.

Third, to promote the common development of fintech in East Asia, countries can
learn from China’s successful experience in mobile payment, blockchain technology,
big data risk control, etc. By establishing a cross-border cooperation mechanism,
promoting regional fintech standardization, strengthening the exchange of technology
and talents, and supporting cross-border fintech projects, we can enhance the overall
level of fintech and its innovation capacity in the region and thus optimize the countries’
R&D financing environment and enhance the competitiveness of the East Asian region
in the global fintech sector.
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It is important to note that our study also has limitations. First, other sources include
informal sources of finance (Xiao, 2011), government support (Chen et al., 2020), and
venture capital (Hall and Lerner, 2010). These are not the focus of this article, so they
are not mentioned, and they will also be the direction of further research in the future.

Second, although this study controls for city-level macro variables, there may still
be omitted variables that are not fully captured, such as the policy environment, social
capital, and other economic factors that may affect firms’ R&D investment. In addition,
firms may choose to locate in fintech-developed cities based on their own needs and
strategies, and this selection bias may lead to an overestimation of the impact on
fintech development. To mitigate the effects of these biases, we tried to use various
estimation methods, but these methods do not completely eliminate all potential biases,
so the study results need to be interpreted with caution.

Third, we used the index published by the Digital Finance Research Centre of
Peking University to measure urban fintech variables. Although this index has a certain
degree of scientific validity and has been widely used in scientific research, it may still
suffer from the inability to objectively and comprehensively measure the state of urban
fintech development. In the future, we should explore better metrics to make the study
results more convincing.

Future research could capture the long-term impact of FinTech development
through longer periods and broader city-data. Meanwhile, combining qualitative
research methods, such as interviews and case studies, to better understand firms’
R&D decision-making processes in the FinTech environment could provide richer
insights. In addition, a cross-country comparative study to analyze the impact of
fintech development on firms’ R&D intensity in different countries or regions can help
test the generalizability of the results and extend the applicability of the findings.
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