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Abstract. The policy of extra deduction of R&D expenses is not new
under the innovation based development plan. Since the first pilot program
up to the full adoption of 100 percent additional deduction, this preferential
treatment has significantly made the enterprises result in greater
investment in their R&D. The research sample visited by this paper is A-
share listed companies, and the research analyzes the effect of changes in
the additional deduction policy on the corporate R&D expenses by using a
two-way fixed effect, and it also examines the effects of the financing
constraints in this process. The research concludes that, the supplementary
tax deduction encourages investment in corporate R&D, yet varying
companies will be influenced by the alteration of policy within the same
framework. Financing constraints act as moderating variables; the
preferential policy facilitates the promotion of R&D costs among the
companies with less financing constraints. On these findings, this paper
explains the moderating effect of financing constraint on the policy
incentive effect, and in addition to this, why differentiated firms are
influenced differently by the same policy.

1 Introduction
The main driving force of developing core competitiveness of enterprises and high quality
development of the national economy are innovations [1]. To promote the innovation spirit
of companies, the tax incentive policy on supplementary deduction of R&D costs in China
has been repeated and refined [2]. At the moment when the policy framework was formed
in 2008, the additional deduction ratio was later expanded numerous times, and the sphere
of its use was expanded. Raised from 2023 onward, the extra deduction of 100%
manufacturing and technology based small and medium enterprises have been implemented
and normalized completely. The force and coverage of the policy incentive has been
constantly enhanced.

Theoretically, the policy could lower the cost of R&D of enterprises and ease the strains
of innovation investment with deduction of taxes on the tax basis, thus making the
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enterprises increase the size of R & D [3]. But, practically, the reaction of various
enterprises to the policy is quite different. SMEs usually lack reimbursement of the benefits
of the policies and sluggish increase in the investment of the research and development [4].
The current studies indicate that one of the reasons, which cause this disparity, is financing
constraints [5].

According to this, the research object in this paper is A-share listed companies, the
additional deduction policy and its effects are studied on R&D expenditures of corporations
and the moderating effect of financing constrainor. These are the research hypotheses: H1
The additional deduction tax incentive policy on the R&D costs will be of a significant
effect in promoting the corporate R&D investment; H2 The different levels of corporate
financing constraints will have a significant effect of moderating the relationship between
the additional deduction policy and the corporate R&D expenses.

The paper uses the continuous difficulty-in-differences regression analysis method to
uncover the boundary moderating impact to the incentive impact to policies, describe the
reasons behind the varied impact on the various business when pursuing the same policy,
advance the theoretical explanation of the transmission approach of the R&D expense
deduction policy, deepen the conceptual framework of the regulatory influence of financing
constraints to tax policies, and offer pragmatic sources to optimize the execution of the
policies, alleviate corporate financing constraints in a targeted way and to boost the impact
of the policy to SMEs. This will assist the policies to stem up the corporate R&D
investment and national economic development of high quality.

2 Research design

2.1 Variable definition

2.1.1 Explanatory variables

The intensity of additional tax deduction of the tax incentives is the explanatory variable in
this paper. To prevent the issue of time such that the initial single policy ratio coincides
with the year, in reference to the methodology of Lu Yan and Li Xin, the extra deduction
intensity index is built with a mixture of the deduction ratio required in the policy and the
actual scale of R&D investment of industries [6]. The calculation equation is as below:

Tax_intensity=Tax_rate×R&D/Size (1)

Tax rate is the policy deduction rate, R&D is the natural logarithm of enterprise
research and development expenditures and Size is the natural logarithm of the total assets.
According to the policy, the incremental deduction ratio is: 50 percent (0.5) is available to
all manufacturing enterprises between 2013 and 2017; 75 percent (0.75) between 2018 and
2020; and 100 percent (1.0) between 2021 and 2025 [7].

2.1.2 Explained Variable

The explanatory variable of this paper is the investment on corporate R&D, where the
measure is the natural logarithm of the R&D expenditure in the annual profit statements of
the listed corporations in the CSMAR database. To minimize the effect of the extreme
values that can interfere with the regression outcomes, the 1% level two-tailing is reduced
on this variable.
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2.1.3 Regulation variables

The degree of financing constraints is the moderate variable in this paper and the degree of
financing constraints is measured using the SA index created by Hadlock and Pierce. This
can be calculated using the formula below:

SA=-0.737×Size+0.043×Size2-0.040×Age (2)

Size is the measure of size of the firm, which uses the logarithm of the total assets of the
firm. The data source will consist of the natural logarithm of the balance sheet item of listed
companies Annual Reports on the balance sheet in the CSMAR database under the category
of Total Assets. Age is a factor that shows the age of a company, as based on the years of
operation of a company. The method to be used in the calculation is observation year-year
of company establishment. The observation year is that of the respective disclosure year to
which Size data was gathered and the company establishment year is shown as the
establishment date in the company profile.

2.1.4 control variables

This paper builds on the prior study [8], takes into consideration that the size of firms, their
age, Ministry of debt to equity, profitability (ROA), growth prospect, cash flow, and equity
type (Soe) can influence the R&D behavior of firms. Hence, the factors mentioned above
are employed as control variables. Table 1 explains the type, names, and the ways of all the
variables representation.

Table 1. Variable Definitions and Explanations

Variable type Variable
symbol Variable name Calculation method

Explained
variable R&D Corporate R&D

expenses

The R&D expenses disclosed in the annual
reports of listed companies are taken as the

natural logarithm.

Explanatory
variables Tax_intensity

Strength of
Additional Deduction

Policy
Tax_intensity= Tax_rate × R&D / Size

Regulation
variables SA Financing constraints SA index = −0.737×Size + 0.043×Size² −

0.040×Age

control
variables

Size Enterprise size Natural logarithm of total assets at year-end

Age Company Age Observation year - Year of company
establishment

Lev Debt-to-asset ratio Total liabilities at year-end / Total assets at year-
end

ROA Return on assets Net profit at year-end / Total assets at year-end

Growth Growth potential Revenue growth rate = (Current year's revenue -
Previous year's revenue) / Previous year's revenue

Cashflow Cash flow level Net cash flow from operating activities / Total
assets at year-end

Soe Nature of equity State-owned enterprises take 1, non-state-owned
enterprises take 0.
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2.2 Data sources and processing

This paper has chosen 2014 to 2025 as the first sample of A-share listed manufacturing
companies in China. The data provided on financial and corporate management are
obtained with CSMAR database, and the policy ratio of deductions in the R&D expenses is
gathered and contrasted with annual reports and with papers of the State Taxation
Administration. On the one hand, the sample used was to be valid and reliable, and, on the
other hand, to eliminate non-core variable data like R&D expenses, total assets and
operating revenue, and under one-year companies were restricted. Once the above
screening has been done, final sample data is obtained and all the continuous variables are
then tailored down by 1% in each direction to reduce the effect of extreme values on the
regression findings.

2.3 Model design

The empirical test in this paper is based on a two-way fixed effects model which is
effective in controlling the fixed effects at both the firm level and the year level to
determine the effect of the additional tax deduction intensity on firm innovation and the
moderating impact of financing constraints. This model is set up as below:

R&Dit=β0+β1Tax_intensityit+β2SAit+β3Tax_intensityit×SAit+β4Controlsit+μi+λt+εit (3)

Where i is the company, and t is the year; R&Dit is logarithm R&D cost of the firm i in
year t; Tax_intensityit is the intensity of the R&D cost tax credit of the firm i in year t; SAit
is the index of financing constraint of the firm i in year t; Tax_intensityit×SAit is the term of
core interaction; Controlsit is the set of the control variables; μi is the firm fixed effect
correcting the effect of firm-specific heterogeneity which does not change over time; λt is
the year fixed effect correcting the effect of the macroeconomic factors, the action of policy
selections and other.

When β1 is significant, H1 is true, implying that the policy effect is prominently
positive, that is, the policy significantly promotes the corporate R&D expenditure; when
β3 is significant, H2 is true, implying that financing constraints do moderate the policy
effect; when β3 is significant, H3 is true, and this implies that the policy prominently affects
the corporate R&D expenditure due to the negative effect of the financing constraints.

3 Empirical analysis

3.1 Descriptive analysis

The present paper performed descriptive statistical analysis of the core variables of the
research sample and shown in Table 2. The discussion reveals that 19, 808 observations of the
enterprise R&D expenses (RD) were valid with a mean of 18.20 and standard deviation of
1.334 and a range of 14.77 to 21.95. This means that, although there exist limited individual
grounds in the investments of R&D among the sample enterprises, the general variation is
moderate. The values of the tax intensity are also balanced with the values on the R&D
expense with the mean value of 0.754 and a standard deviation of 0.106, which indicates that
the overall tax intensity of the sample enterprises is rather high, and the differences among
enterprises are insignificant. Other variables used included financing constraints (SA), and
firm size (Size) and these variables had a number of valid observations of 19, 809. The SA
mean and standard deviations among them were 3.954 and 1.403 respectively and the values
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included between 1.404 to 8.651 and the difference in the degree of financing constraints
among companies was significant. The median of Size was 22.11 and SD of 1.193 (Sage of
the measure ranged between 19.79-25.80) and in this case the distribution of firm size in the
sample was more or less equal. Out there, the sample was comprised of 20.9% state-owned
enterprises, where non-state-owned enterprises were the body. The proportion of ownership
of the sample was based on the nature of the composition of enterprises in the capital market
of my country [9]. In this study, a total of 3, 523 enterprises were used as the sample of the
study. On the whole, the issue of the values of all core variables was distributed fairly,
without any obviosity of the outliers, and the sample size was adequate.

Table 2. Descriptive Statistics

VARIABLES N mean sd min max
RD 19,808 18.20 1.334 14.77 21.95

Tax_intensity 19,808 0.754 0.106 0.528 0.896
SA 19,809 3.954 1.403 1.404 8.651

Size 19,809 22.11 1.193 19.79 25.80
Age 19,809 20.72 5.923 8 38

ROA 19,809 0.0393 0.0675 -0.245 0.217
Lev 19,809 0.379 0.188 0.0551 0.858

Growth 19,809 0.185 0.478 -0.613 2.842
Cashflow 19,809 0.0548 0.0657 -0.132 0.252

Soe 19,809 0.209 0.407 0 1

3.2 Regression benchmark analysis

The research hypothesis first developed in this paper concurs that H1 (the additional tax
deduction intensity significantly and positively promotes corporate R&D investment) will
first be tested because the paper aims to identify the research problem by constructing a
two-way fixed effects model to test the impact of the additional tax deduction intensity on
corporate R&D investment. The regression of the baseline, as indicated in column (1) of
Table 3 indicates that core explanatory variable which is additional tax deduction intensity
(Tax intensity) has a coefficient of 19.486 and this is significantly positive. This means that
once all other aspects like personal corporate traits and annual macroeconomic condition
are held constant then with a one unit increase in the intensity of increasing the additional
tax deduction, on average, increase in corporate R&D investment will be 19.486 units. This
finding confirms the hypothesis H1, that is, the policy of additional tax deduction can
actually encourage the enterprises to invest more in R&D, indicating the positive guiding
job of the tax incentive on company innovation.

Financing constraint (SA) is 0.274 and it is very positive at the level of 5 percent. As an
oppositition to the traditional theoretical prediction of the constraint of funding inhibiting
the investment in R&D, this finding could be attributed to the behavioral rationality of
financing constraint compels innovation among the sample businesses. Firms that struggle
to fund projects have greater chances of going around operational bottleneck with R&D
innovation to secure additional external funding or gains a competitive edge in the market
[10]. Considering the control variables, the size of the enterprise is significantly positively
and the age of the enterprise is significantly positively and other control variables failed the
significance test and as such, after adjustment of the fixed effect, the influence of factors
like profitability and capital structure on R&D investment is not very high.
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Table 3. Regression analysis data

variable Benchmark
Regression

State-owned enterprise
group

Non-state-owned
enterprises group

(1) RD (2) RD (3) RD

Tax_intensity 19.486*** 20.968*** 18.962***

(0.000) (0.000) (0.000)

SA 0.274** 0.320 0.345***

(0.038) (0.465) (0.002)

Tax_SA 0.018 0.001 -0.044

(0.512) (0.980) (0.161)

Size 0.392*** 0.345 0.370***

(0.005) (0.477) (0.001)

Yes 0.012* 0.032*** 0.008

(0.080) (0.001) (0.125)

ROA 0.004 -0.012 0.006

(0.934) (0.890) (0.885)

Lev -0.029 -0.045 -0.022

(0.502) (0.610) (0.580)

Growth 0.001 0.002 0.001

(0.915) (0.880) (0.900)

Cashflow 0.044 0.052 0.038

(0.198) (0.220) (0.210)

Soe 0.027 - -

(0.198) - -

Annual fixed
effects control control control

Firm fixed effects control control control

N 19808 4140 15668

R² (within) 0.340 0.320 0.350
Note: ***p<0.01, **p<0.05, *p<0.1; p-values are in parentheses; the regression controlled for

firm and annual fixed effects; the sample size of the state-owned enterprise group was 20.9% of the
total sample, and that of the non-state-owned enterprise group was 79.1%.

3.3 Moderating effect analysis

This paper further analyzes the moderating role of financing constraints to the relationship
between the intensity of the R&D tax credit and corporate R&D investment by the sample
— state-owned enterprises (column 2) and non-state-owned enterprises (column 3) based
on the ownership structure to grouped regression. This is so mainly because the state-
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owned and non-state-owned enterprises are very different in the conditions of financing,
resources of policies as well as the aims of the business. The state-owned enterprises, with
their background of the state-owned ownership, possess a favorable financing advantage,
and their soft-choice budget constraints make this business comparatively less pertinent to
the financing costs. Uncontrolled by a state, on the contrary, non-state-owned enterprises
will be more constrained in terms of their financing and subject to shifts in tax incentives
and the external financing environment. This diversity of ownership could create a great
difference in the moderating effect of the various groups [11].

The regression results indicate that the coefficient of the extra tax deduction intensity
(Tax intensity) is 20.968, which is significantly positive in the state owned enterprise (SOE)
group, which is similar to the regression at the baseline. Nevertheless, the coefficients of
financing constraints (SA) and the interaction term (Tax SA) are close to significance,
which means that the moderating effect of financing constraints is totally useless in SOEs.
The reason behind this is that the government subsidies and loans provided by state-owned
banks enable SOE to access stable financial resources, financing limitations do not limit
their investment in research and development, consequently, failing to balance the incentive
influence of the add-on tax deduction policy.

The coefficient of the additional deduction intensity (Taxintensity) in the non-state-
owned enterprise group was also found to be 18.962 where the value is significantly
positive at the 1% level and the coefficient of financing constraint (SA) was 0.345 which is
also significantly positive at the 1% level. The interaction term (Tax SA) coefficient had a
value of -0.044 (p=0.161) and even though it did not pass the 10% significance test, it still
had a definite negative value. This finding confirms the essences of hypothesis H3:
financing restriction supports the negative incentive impact of extra deduction strength on
non-state-owned enterprise investment in research and development. To be more precise,
the more the financing constraint of non-state-owned enterprises the lesser the promotion
effect on R&D investment by the addition of deduction policy-this is due to the fact that
R&D investment in non-state-owned enterprises is largely reliant on the self-funding and
the external funding-financing constraint will override the R&D funding space and hence
worn out the incentive effect of tax incentives. Even though the interaction term was not
found to be significant, the negative direction of the coefficient is in line with the
theoretical value of the hypothesis H3. The key tendency of the moderating influence
remains visible only due to the fact that the sample nature or variable measurements
procedures did not obtain the statistical significance.

4 Conclusions
The data set to be used in the given paper will be selected among the manufacturing
Chinese A-share listed companies of 2014-2025, and the relationship between the strength
of the deduction of the R&D expenses and corporate R&D investment will be empirically
tested in accordance with the presence of financing constraints, which will be discussed in
the present paper. Results indicate that: First, the strength of the deduction has a substantial
positive incentive impact on the corporate R&D investment and this confirms hypothesis
H1. Second, the moderating effect of financing constraints is characterized by strong
heterogeneity in the ownership structure: in state-owned enterprises, the moderating effect
does not hamper the theoretical framework because it is characterized by the financing
advantages and budget constraint; in the non-state-owned case, the interaction term is
characterized by the negative trend, which is not statistically significant, but validates the
theoretical hypothesis of hypothesis H3. Moreover, there is another phenomenon
demonstrated in the sample where innovation is driven by financing constraints, and the age
and size of the companies also differ in their effects on R&D investment.
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To improve the policy design in incentivizing innovation, and reduce the limitations of
financing constraints, the following recommendations are suggested: First, accurately
design the policy, keep the policy unchanged, raise the ratio of deduction of innovative
industries, simplify application procedure and make the policy benefits accurately
transmitted. Second, provide differentiated financial assistance, end discrimination of non-
state-owned businesses in terms of ownership, and launch a series of financing products
like R&D loans, intellectual property pledge loans, etc., in order to further expand their
source of financing and ease the issues of challenging and costly sources of financing.
Third, establish an integrated system between financial policy and taxation, using the
benefits of the enterprises on R&D and other deductions in place of credit to create a policy
synergy. Fourth, command the guide enterprises to the most resource distribution, more of
the policy dividends utilized in the R&D, enrich the use of funds and simultaneously
enhance the policy assessment framework, dynamically optimize the regulation direction,
and stimulate the high quality development of the manufacturing industry.
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