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Abstract: Under the background of the initial completion of Chinese interest rate marketization
process, this paper aims to test the actual impact of interest rate marketization on micro-enterprise
research and development (R&D) investments financing. Based on the current situation, we put
forward the assumption that Chinese enterprises are generally facing financing constraints in R&D
investment. The interest rate marketization, which reduced government intervention in fund
pricing, helps alleviate financing constraints, especially for non-state-owned enterprises. This paper
focuses on the moderating effect of interest rate marketization on financing constraints and R&D
investments. The interest rate marketization index is constructed from three indicators: interest
rate determination ways, interest rate fluctuation restrictions, and real interest rate level. We use
the Euler-equation investment model to test the financing constraints of R&D investment. Based
on panel data of listed firms for 2007–2016, we find that R&D investment faces wide financing
constraints, and interest rate marketization alleviates financing constraints. More specifically,
financing constraints are more significant for non-state-owned firms than for state-owned enterprises,
and the deepening marketization of interest rates can effectively alleviate the financing constraints of
non-state-owned enterprises.

Keywords: interest rate marketization; research and development investments; financing constraints;
listed company

1. Introduction

This study focuses on the moderating effect of interest rate marketization on the relationship
between financial constraints and research and development (R&D) investment. The study tests how
the macro-monetary policy of China influences micro-level listed enterprises. Few studies have tested
the impact of interest rate marketization in China.

Marketization of interest rate, corresponding to the concept of interest rate regulation (the interest
rate of developing countries is not determined by market supply and demand, but by the government)
under the “financial suppression” proposed by McKinnon [1], means that the interest rate is determined
by market supply and demand, so that the market mechanism can play a leading role in the allocation
of financial resources. The core of interest rate marketization reform is to change the pricing mechanism
of government intervention in the past, so that the pricing of funds follows the market law, and interest
rates become the price signals reflecting the supply and demand of the market, and become the
benchmark for resource allocation. To promote and achieve the healthy and sustainable development
of the economy, since 1996, China has gradually undertaken market-oriented interest rate reforms.
By the end of 2015, China’s RMB interest rate regulation was liberalized. In the current critical period
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of China’s economic development, liberalizing the interest rate controls can provide more space for
financial institutions to screen and support industries and enterprises in accordance with the principle
of marketization, which is conducive to stabilizing growth, restructuring, and benefiting people’s
livelihoods, thereby achieving sustainable economic development.

The existing research mainly focuses on financial liberalization or financial development, which is
a broader topic than interest rate marketization. Martinez et al. [2] found that financial liberalization
could lead to more frequent boom-bust cycles and higher GDP growth. Carlson et al. [3] showed that
financial liberalization is associated with higher output changes. Yang and Liu [4] found that financial
development could better stabilize the economy when combined with interest rate liberalization, and
there was a significant positive influence in emerging and developing countries. Love [5] shows
that financial development impacts growth by reducing financing. Love and Zicchino [6] emphasize
the role of financial development in improving capital allocation and growth. More specifically,
financial liberalization can increase the total financial size of an individual start-up entrepreneurial
project [7], reduce liquidity constraints [8], relax financial constraints [9], and improve investment
efficiency [10,11] and access to external capital [12], which reduce a firm’s reliance on internally
generated funds. Even housing price shocks increased along with the advancement of financial
liberalization [13]. Some research has shown that financial liberalization is less positive. Financial
liberalization may in practice increase fragility and inequality and lead to political backlash against
reforms [14]. In addition, financial liberalization resulted in an increase in industrial concentration and
a decrease in net firm entry, especially in more finance-dependent sectors [15]. Moreover, some of the
financial developments that lead to the expansion of credit may have decreased welfare, rather than
increase it [16]. Other research showed that the impacts of financial liberalization are, for instance,
two-sided, conflictive, time varying [17–20]. The effect of financial depth on economic growth has a
threshold [21] and an inverted U-shaped relationship between financial development and companies’
investment [22].

We can see only a small number of direct studies on interest rate marketization, and it is even
rarer to study China’s interest rate marketization after 2015. Since China’s economy is transitioning
from a planned economy, interest rates have been subject to government intervention, and there are
various credit programs for state-owned enterprises and large enterprises, which make it difficult
to study corporate financing constraints. The current market-based interest rate reforms are aimed
at gradually reducing such interventions in order to improve the efficiency of capital allocation and
promote sustainable market development [23]. However, it is not clear whether the impact is positive
and whether firms with different ownership structures would benefit from interest rate marketization.

In this paper, we construct an interest rate marketization index measured using three indicators:
interest rate determination ways, interest rate fluctuation restrictions and real interest rate level. Based
on panel data of Chinese A-share listed companies from 2007–2016, we find that R&D investment
faces wide financing constraints, and interest rate liberalization will alleviate financing constraints.
This conclusion is consistent with most research findings for other developing and emerging-market
countries. More specifically, financing constraints are more significant for non-state-owned firms than
state-owned enterprises, and the deepening marketization of interest rates can effectively alleviate the
financing constraints of non-state-owned enterprises.

Section 2 provides a brief literature review and the research hypotheses. Section 3 presents the
research design, and the empirical results are shown in Section 4. The study’s conclusions are presented
in Section 5.

2. Literature Review and Research Hypothesis

2.1. Financing Constraints and R&D Investment

Innovation theory, proposed by Schumpeter [24], note that innovation activities could promote
the development of enterprises, and generally, technological innovations and corporate performance
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are closely related. Innovation activities enable the company to increase the impact area, with the
achievement of strategic and financial objectives, so modern enterprises that care about their own
development systematically engage in the innovation process [25]. Scholars have conducted various
kinds of research on innovations, such as innovation in sustainable development from the European
approach [26], effects of innovation activity in eastern Poland from a regional approach [25] and
innovation activity in transport-related enterprises from a sectoral approach [27]. They proved
that innovations are the key to achieving economic growth and an important factor for sustainable
global improvement [26–28]. In recent years, the Chinese government has taken various measures to
ensure sustainable development of the economy. Moreover, the report of the 18th National Congress
of Communist Party of China proposed to implement an innovation-driven development strategy.
The innovations driving economic development are multi-dimensional, including technological
innovation, institutional innovation and business model innovation, among which technological
innovation is the core of overall development. R&D investment, which measures innovation inputs, is
crucial to the success and quality of enterprise innovation. The classic financial theory proposed by
Modigliani and Miller [29] states that in a perfect and frictionless capital market, corporate investment
is not affected by external financing conditions. However, in real capital markets, the existence of
information asymmetry [30,31] and transaction costs often make external financing costs higher than
internal ones, thereby resulting in corporate investment being affected by external financing conditions
and relying on internal cash flows.

Compared to other investments, R&D investment has the characteristics of slow effect, high risk,
and great uncertainty [32]. Besides the risks and uncertainties inherent to R&D activities, strategic
considerations are another factor that may influence R&D investment. Inventors may indeed be
reluctant to fully or partly disclose information to the outside world as regards the contents and the
objectives of their technological activities since this knowledge could leak out to rivals [33]. Another
essential characteristic of R&D that makes it different from ordinary investment is the presence of
high adjustment costs and sunk costs [34]. Therefore, we can see that investments in intangible R&D
are riskier by essence than ordinary investment [33]. Furthermore, R&D provides less collateral to
outsiders since they cannot make accurate appraisals of the values [35]. In general, when corporate
resources are limited, R&D investment is more likely to face financing constraints, which could hamper
innovation activities [36].

There have been many studies and there is a general agreement that R&D investment is subject
to financing constraints. More specifically, R&D investment faces more serious financing constraints
than ordinary investment. There is a positive relationship between R&D activities and cash flows for
US and German firms [35,37]. By conducting empirical tests using Irish and Chinese manufacturing
firms’ respective data, it was found that financing constraints for R&D existed [38,39]. Bond et al. [40]
used firm-level panel data from Britain and Germany between 1985 and 1994 and found that, for
Britain firms, cash flows determine whether firms engage in R&D, but for Germany this relationship
does not exist. Czarnitzki [41] suggested that West German small-and-medium-sized firms are
financially constrained in their R&D activities. Studies about Portuguese enterprises proved the
existence of financing constraints on their R&D [42]. In addition, many other studies have reached
similar conclusions. For example, other studies have found that internal financial constraints are more
decisive for R&D [43], financing constraints strongly matter for R&D [44], firms that face financial
constraints will have more risk as the strength of R&D increases [45], and financing constraints lead to
R&D underinvestment [46], etc.

According to the above analysis, we can see that R&D investment has greater risks and greater
information asymmetry than general investment. Therefore, enterprise R&D investment is strongly
dependent on internal funding and faces certain financing constraints. Based on that, this paper
proposes the following hypothesis:

Hypotheses 1a (H1a): The R&D investment of Chinese listed companies faces certain financing constraints.



Sustainability 2019, 11, 2311 4 of 17

2.2. Interest Rate Marketization and Financial Constraints

The reform practice of interest rate marketization comes from McKinnon [1] and Shaw’s [47]
“financial suppression theory” and “financial deepening theory”. Interest rate regulation is the core
measure of financial suppression, and interest rate liberalization is the core measure of financial
deepening. Under interest rate controls in China, small and medium-sized, private enterprises find
it difficult to obtain loans [48] and are nearly squeezed out of formal financial markets, long-term
marginalization in the securitization market [49,50]. The core issue here is that, in the case of incomplete
markets and given interest rate, the fundamental factor affecting bank credit decision is the bank’s risk
rating to enterprises. For banks, private enterprises are relatively new, and there is no independent
credit rating agency in the society. Therefore, banks are very cautious about the credit of private
enterprise [51–53]. State-owned enterprises that obtain loans at low costs [53] often invest low-efficiently
under government intervention [54–57] and have low innovation motivation [58] due to problems such
as soft budget constraints. Therefore, the implementation of interest rate marketization reforms, which
is undertaken to ensure that the actual interest rate is determined by the demand and supply of market
funds, is an important basis for ensuring investment, improving resource allocation efficiency, and
promoting economic growth. After interest rate marketization, the unbalanced credit rationing caused
by interest rate regulation can be alleviated, and small and medium-sized private innovation enterprises
obtain the opportunity to raise funds in the formal financial market, which lowers external financing
constraints. Obstfeld [59] believed that after interest rate liberalization, enterprises would share the
risks with financial institutions; therefore, the credit increase for risky projects would effectively solve
the problem of financial constraints and improve the efficiency of fund allocation.

Many scholars have researched the analysis of financial liberalization (or interest rate marketization)
and financing constraints using various methods, including production functions, the classical
accelerator models, and the Euler Equation. Most research suggested that financial development or
interest rate liberalization could alleviate corporate financing constraints [5,60–62]. Some research
found that financial liberalization eases financing constraints for small firms, but has adverse effects
for large ones [60,63]. In addition, some studies have reached the opposite conclusion. For example,
financial reforms raised financing constraints for large firms, and there was no significant change for
smaller firms [23].

According to the above analysis, under the environment of interest rate marketization, available
external funds will increase, which will alleviate financing constraints, and then R&D investments will
increase. Therefore, this paper proposes the following hypothesis:

Hypotheses 1b (H1b): Interest rate liberalization can alleviate R&D investments financing constraints.

2.3. Ownership Structure

Based on China’s special national conditions, there are state-owned and non-state-owned
enterprises. In the current development situation, state-owned enterprises often bear more social
responsibility and play a powerful role in stabilizing the economy, promoting development and
ensuring employment. Therefore, state-owned enterprises often represent local or central government,
and they can always obtain more resources and assistance. Enterprises with different ownership face
different financing constraints and, more specifically, non-state-owned enterprises’ R&D investments
face more significant financing constraints [64]. Due to China’s imperfect market environment,
private enterprises are subject to more institutional discrimination in terms of equity financing and
debt financing [65]. Studies have shown that most Chinese financial resources flow to state-owned
enterprises. For example, bank loans are mostly loaned to state-owned enterprises, which illustrate
the financing difficulties of private enterprises [48,56]. Meantime, the government’s impacts on
state-owned enterprises are both direct and indirect. A direct impact is that the government can directly
intervene in the allocation of resources so that state-owned enterprises can obtain more and lower-cost
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financial support. Indirectly, the government provides information security for the operations of
state-owned enterprises. When state-owned enterprises face financial problems, they are more likely
to receive government assistance [51,53].

With the advancement of interest rate marketization reform, the government’s intervention
has reduced, banks’ pricing power is improved, loan interest rate ceiling is liberalized, and banks
comprehensively consider income risks in order to provide reasonable pricing. Private enterprises
have been progressing towards becoming an important part of China’s economy since 1990s [51].
When the interest rate controls are released, government intervention is reduced and banks are able
to pricing the fund according to the demand and supply. Then banks may also provide credit for
some non-state-owned enterprises with better prospects and better profit for their own performance
considerations. For non-state-owned enterprises, interest rate marketization may alleviate their
financing constraints.

Based on the above analysis, we propose the following two hypotheses:

Hypotheses 2a (H2a): Compared with state-owned firms, non-state-owned enterprises face greater R&D
investment financing constraints.

Hypotheses 2b (H2b): Compared with state-owned firms, interest rate marketization has a greater effect on
non-state-owned enterprises’ R&D investment financing constraints.

3. Research Design

3.1. Variable Definitions

3.1.1. Dependent Variable—Enterprise R&D Investment

Enterprise innovation investment is an input for creating and innovating activities, including
human resources and financial resources. This paper selects the total R&D investment to measure
innovation investment. Generally, there are four methods that measure innovation input intensity: the
ratio of R&D investment to revenue, the ratio of R&D investment to total assets, the logarithm of R&D
investment, and the ratio of R&D investment to market value. This paper will use the Euler equation
investment model for its analysis, which makes it necessary to standardize the data. Therefore, this
paper chooses the ratio of R&D investment to total initial assets as the innovation input intensity
variable. The strength of R&D investment is the dependent variable of this paper.

3.1.2. Independent Variable—Cash Flow and Sale

Scholars have made many attempts to measure financial constraints, and currently, there are three
major categories, including univariate measurement methods [66,67], comprehensive multivariate
measurement methods [45,68–71] and model measurement methods [44,72–74]. This paper will use
the third method. Learning from investment-cash flow sensitive models and expanding to the R&D
investment-cash flow sensitive model in order to measure the financing constraints on R&D, the net
cash flow from operating activities is chosen to represent the enterprise cash flow variable.

In the Euler investment equation, the ratio of output to the capital is an essential part [75] if the
capital market is imperfect. This paper uses sale, measured by the ratio of revenue to the beginning
assets, to represent the variable, ratio of output to the capital.

3.1.3. Moderating Variable—Interest Rate Marketization and Soe

Interest rate marketization means that the generation mechanism, the transmission mechanism
and the management of interest rates are all carried out by the market. This paper measured interest
rate marketization using three indicators: the interest rate determination ways, the interest rate
fluctuation restrictions and the real interest rate level [76], shown in Table 1. Among these indicators,
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the interest determination ways mainly measures the dynamic changes of the types of interest rates
that are controlled by the government or the monetary authorities [77]. The interest rate fluctuation
restriction is the extent to which the government or monetary authorities allow the interest rates to
fluctuate. It also reflects the control of interest rates, which is measured by constructing the Euler
index function [78]. Whether the real interest rate level is negative is an important indicator reflecting
the interest rate regulations. The deepening of marketization deregulates interest rates and avoids
negative real interest rates, and its measurement calculates the real interest rate and then normalizes it
to the range of 0 to 1 [78]. The interest rate marketization index takes the average of the interest rate
determination ways index, the interest rate fluctuation restriction index, and the real interest index.

The final calculation in Figure 1 shows the trend of the marketization degree of interest rates from
1993 to 2016. It shows that the interest rate marketization reforms are a gradual process, and there are
repetitions during the period. China’s interest rate marketization reform and development are divided
into three stages: steady progress, acceleration stage, and basic marketization. This is also consistent
with the corresponding policy implementation. The details are as follows.
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Figure 1. Trend of interest rate marketization from 1993 to 2016.

From 1993 to 2006, it was in a steady advancement stage, and the basic idea of interest rate
marketization reform was established. The interbank offered the rates and the bond interest rate
marketization developed.

2012–2014 was the acceleration stage. The lower limit of the loan interest rate was cancelled in
2013, and the bill discount rate regulation was cancelled.

From 2015 to the present, the market has been fully market-oriented. The central bank has cut
the interest rates continuously and the deposit interest rate ceiling has been changed from 1.2 times,
1.3 times and 1.5 times the benchmark, which means that the marketization of interest rates has largely
been completed.

Meanwhile, to test whether interest rate marketization has different alleviation effects on financing
constraints between different ownership enterprises, this paper uses Soe as another moderating variable.
Moreover, we control for the industry and the year (time). All of the variables and their symbols are
shown in Table 2.
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Table 1. Evaluation index of interest rate marketization.

Primary Index Secondary Index Three-Level Index Four-Level Index Assignment or Calculation Description
Name Weight Name Weight Name Weight

Interest rate
Marketization (Im)

Rate
determination

ways (Im1)
0.3333

Deposit and loan rate
(Im11) 0.6340

RMB loan (Im111) 0.4375

0 complete suppression
0–0.25 very weak marketization
0.25–0.50 weak marketization

0.50 semi-marketization
0.50–0.75 strong marketization

1 full marketization

RMB deposit (Im112) 0.4375

Foreign currency loan (Im113) 0.0625

Foreign currency
deposit (Im114) 0.0625

Money market interest
rate (Im12) 0.1747

Interbank borrowing (Im121) 0.7500

Discounted bills (Im122) 0.2500

Bond market interest
rate (Im13) 0.1074

Bond issuance rate (Im131) 0.6000

Bond repo rate (Im132) 0.2000

Current coupon transaction rate
(Im133) 0.2000

Wealth product yield
(Im14) 0.0839

Banking (Im141) 0.5370

Monetary fund (Im142) 0.2047

Trust product (Im143) 0.2583

Rate fluctuation
restriction (Im2) 0.3333

Deposit interest rate
floating index (Im21) 0.5000

Deposit up-floating limit (Dup)
-

Construct Euler exponential function
1
2

(
e

1
Dup + e

1
Ddown

)
Deposit down-floating limit

(Ddown)

Loan interest rate
floating index (Im22) 0.5000

Loan up-floating limit (Lup) -
Construct Euler exponential function

1
2

(
e

1
Lup + e

1
Ldown

)
Loan down-floating limit

(Ldown)

Real rate level
(Im3) 0.3333

RMB one-year deposit
benchmark rate (BR)

- - -
Use (BR-IR) to obtain the real interest rate,

and then use the fuzzy comprehensive
evaluation method to construct the

membership function and calculate the
value between 0 and 1 as the real interest

rate index
Inflation rate (IR) - - -
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Table 2. Variables and their symbols.

Variable Type Symbols Name Definition

Dependent variable Rd R&D investment R&D investment/total beginning assets

Independent variable Cf Cash flow Net operating cash flow/total beginning assets

Sale Revenue Revenue/total beginning assets

Moderating variable Im Interest rate marketization Construct interest rate marketization index

Soe ownership Dummy variable Non-state-owned, 1; otherwise 0

3.2. Sample and Data

This study selects Chinese 2007–2016 A-share listed companies as the initial research sample.
China implemented new accounting standards in 2007, which stipulate that the R&D expenditures
can be capitalized, which makes the disclosure of R&D innovation information increasingly more
standardized. Therefore, this paper chose 2007 as the starting year. This paper processed the initial
sample in the following steps: (1) Exclude the data of the financial industry; (2) exclude ST listed
companies; (3) exclude companies that did not disclose innovative investments for 5 consecutive
years in order to ensure that the results are more stable and reliable; (4) exclude listed companies
with negative total assets; and (5) conduct 1% Winsorization of the continuous variables in order to
eliminate the impacts of outliers.

The R&D investment and financial data of this research are from the CSMAR database. The macro
variables for constructing the interest rate marketization index are from the website of the People’s
Bank of China, the website of the National Bureau of Statistics, the China Statistical Yearbook and the
China Financial Yearbook. This study used Excel and Stata 13.1 for the data processing.

3.3. Model Establishment

Most of the early research used accelerator investment models [60,61,79]. Then later, most
researches used the Q-theory [80] of investment to study financing constraints [81]. However, in many
cases, the conditions required to equate marginal q to average q do not hold, or stock markets are not
strongly efficient. Moreover, several articles emphasize severe problems of this method, including
measurement error and identification problems [82,83]. Meantime, in countries where capital market
is imperfect, the q-model is likely to be specified incorrectly [63]. The Euler Investment Equation
Model proposed by Abel [84] describes the company’s optimal investment behavior, which includes
avoiding errors that may occur when using Tobin’s Q, and controlling the impacts of future expected
returns on investment expenditures. Fazzari et al. [85], Hubbard and Kashyap [86], and Bond and
Meghir [75] further developed the Euler equation investment model in order to study corporate
financing constraints.

Moreover, since the Chinese capital market is not a strong effective capital market, the Tobin’s
Q model is not strictly applicable in China. Therefore, this paper uses the Euler equation model to
research financing constraints of R&D investment. While this method also has its weakness, that is very
susceptible to misspecification problems and its small sample properties are poor [61]. Fortunately,
the problem is much less severe in this study since we are primarily interested in assessing the effect of
interest rate marketization, thereby focusing on changes in the cash flow sensitivities of investment
and meantime we construct a large sample to avoid small sample bias.

We state our model as follows:

Rdi,t = β1 + β2 ×Rdi,t−1 + β3 ×Rd2
i,t−1 + β4 ×C fi,t−1 + β5 × Salei,t−1 +

∑
Industry +

∑
Year + εi,t (1)

Rdi,t = β6 + β7 ×Rdi,t−1 + β8 ×Rd2
i,t−1 + β9 ×C fi,t−1 + β10 × Salei,t−1 + β11 × Imt +

∑
Industry +

∑
Year + εi,t (2)
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Rdi,t = β12 + β13 ×Rdi,t−1 + β14 ×Rd2
i,t−1 + β15 ×C fi,t−1 + β16 × Salei,t−1 + β17 × Imt

+β18 ×C fi,t−1 × Imt +
∑

Industry +
∑

Year + εi,t
(3)

Rdi,t = β18 + β19 ×Rdi,t−1 + β20 ×Rd2
i,t−1 + β21 ×C fi,t−1 + β22 × Salei,t−1 + β23 × Imt

+β24 × Soe + β25 ×C fi,t−1 × Soe + β26 ×C fi,t−1 × Imt + β27 × Imt × Soe
+β28 ×C fi,t−1 × Imt × Soe +

∑
Industry +

∑
Year + εi,t

(4)

Rdi,t is the innovation investment intensity of enterprise i in period t, Rdi,t−1 represents the previous
period’s R&D, and Rd2

i,t−1 is the square term. C fi,t−1 is the cash flow of enterprise i in period t − 1.
Meantime, we control the time-specific effects and industry-specific effects for fixed effects.

Model (1) is the baseline specification of Euler Equation model, for verifying Hypothesis 1a.
The expected state is that previous investment will promote current investment, but this promotion
will decrease along with the increase of the previous investment. Therefore, the expected sign of β2

is positive and that of β3 is negative. β4 represents the sensitivity of R&D investment to operating
net cash flows. If the innovation investment is subject to financing constraints, then β4 should be
significantly positive. That is, in order to verify Hypothesis 1a, it is necessary to observe β4, and a
larger β4 implies more financing constraints.

Models (2) and (3) test the moderating effect of interest rate marketization on R&D financing
constraints. In these two models, the degree of interest rate marketization belongs to external
factors, such as politics, the system and natural conditions, and it is therefore exogenous variable.
When the R&D investment-cash flow sensitivity changes, it will not affect the degree of interest
rate marketization, and so the intersection term in Equation (3) represents the moderating impact.
If Hypothesis 1b is proven, β18 needs to be significantly negative, indicating that the advancement
of interest rate marketization will significantly reduce the sensitivity of R&D investment-cash flow,
alleviate corporate financing constraints, reduce the dependency of R&D investment on cash flow,
and promote R&D investment.

Model (4) tests the Hypothesis 2a and 2b, β21 represents the financing constraints for state-owned
enterprises. β21 + β25 represents the financing constraints for non-state-owned enterprises. That means
non-state-owned enterprise face more financing constraints than state-owned firms, if β21 + β25 is
significantly greater than β21. Moreover, the coefficient β28 represent the difference of moderating
effect of interest rate marketization between different ownership enterprises. The expected sign is
significantly negative.

4. Empirical Results

4.1. Descriptive Statistics

From Table 3, the total sample R&D investment has a mean value 2.890% and a standard
deviation 2.596%, indicating that there are large differences in R&D investment among different
listed companies. The operating cash inflow, which represents the companies’ internal financing
ability, 4.823% of the assets, with a large standard deviation, indicates that the ability of different
companies to generate cash flows through operating activities is also quite different. The variable sale
shows on average, revenues have reach 75.03% of the beginning assets. Moreover, this ratio is largely
different between companies and there are many companies with high growth. The average value of
ownership is 0.693, thus indicating that most sample companies listed in 2007–2016 of the sample are
non-state-owned enterprises.
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Table 3. Summary of Descriptive Statistics.

Variables Samples Mean Median Std. Dev Min Max C·V

Rd (%) 6172 2.890 2.277 2.596 0.000 38.46 89%
Cf (%) 6172 4.823 4.597 10.750 −322.400 103.000 223%
Im (%) 6172 72.350 75.92 10.740 55.590 87.660 15%

Sale (%) 6172 75.030 62.75 58.630 3.607 2206.000 78%
Soe 6172 0.693 1.000 0.461 0.000 1.000 67%

4.2. Correlation Analysis

This study conducted a correlation analysis. The results in Table 4 show that the correlation
coefficient between Rd and Cf is significantly positive at the 1% significance level, which reflects that
the R&D investments of enterprises face financing constraints. In addition, except that the correlation
between Rd and its lag term is larger than 0.7 and significant, all the correlation coefficients between
the other variables are less than 0.3, which shows that to some extent there is no multicollinearity in
the model.

Table 4. Variable Correlation Coefficient Matrix.

Rd Rdt−1 Rd2
t−1 Cft−1 Imt Salet−1 Own

Rd 1
Rdt−1 0.736 *** 1
Rd2

t−1 0.497 *** 0.832 *** 1
Cft−1 0.211 *** 0.089 *** 0.056 *** 1
Imt −0.141 *** −0.202 *** −0.139 *** −0.001 1

Salet−1 0.209 *** 0.048 *** 0.002 0.023 −0.193 *** 1
Own 0.254 *** 0.249 *** 0.129 *** 0.017 −0.098 *** −0.029 1

Note: Robust t-statistics in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1.

4.3. Regression Result

4.3.1. Regression Results Analysis

As the results show in Table 5, Model 1 and Model 3 separately test whether the enterprises face
R&D investment financing constraints and whether interest rate marketization promotion can help
alleviate the R&D financing constraints. The results show that the coefficient of the lagged term of
R&D is positive, the coefficient of the square term is negative, and both are significant at the 1% level,
which is in line with the expectation of the Euler equation investment model. The coefficient between
Cft−1 and Rdt is 0.02 and is significant at the 1% level, which indicates that, although the magnitude is
small, the R&D investments of Chinese enterprises depend on internal cash flows. In other words,
the enterprises commonly face relatively financing constraints. Therefore, Hypothesis 1a is verified.
The positive and significant coefficient of Salet−1 indicates imperfect competition in the product market,
in line with Laeven [63]. The coefficient of the cross term Cft−1 × Imt is −0.001, which is significant at
the 10% level. From Table 3, the mean of Im is 72.35, the R&D investment-cash flow sensitivity becomes
0.01765, slightly small than 0.020, equivalent to a fall of 11.75% on average. It means that along with
the promotion of interest rate marketization, the dependence of R&D investment on internal funds
reduced, and the financing constraints are alleviated to a certain extent. Therefore, Hypothesis 1b
is verified.

To test whether enterprises of different ownership face different financing constraints and whether
interest rate marketization has different effects on these different enterprises, we regress Model 4. From
the last column of Table 5, we can see, for state-owned-enterprises the coefficient is not significant,
which means that state-owned enterprises do not face obvious R&D financing constraints. However,
for non-state-owned-enterprises, the coefficient is 0.102, significant at 5% level. That indicates that
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non-state-owned enterprises face more financing constraints. Thus, Hypothesis 2a is verified. Moreover,
from the interaction term Cft−1 × Imt, the coefficient is nearly zero, and not significant, while the
coefficient of the Cft−1 × Soe × Imt is significantly negative, although the magnitude is relatively
small. Interest rate marketization do have a certain degree of mitigation of financing constraints for
non-state-owned-enterprises, but for state-owned-enterprise, this effect is not significant. This is in line
with the expectation of Hypothesis 2b.

Table 5. Total Sample Regression Results.

Total Sample
Variables Model 1 Model 2 Model 3 Model 4

Constant 0.173 0.552 0.231 1.855 ***
(1.43) (0.84) (0.33) (2.63)

Rdi,t−1 0.828 *** 0.828 *** 0.831 *** 0.832 ***
(26.69) (26.69) (26.73) (26.19)

Rd2
i,t−1 −0.016 *** −0.016 *** −0.016 *** −0.016 ***

(−7.25) (−7.25) (−7.26) (−7.20)

Salet−1 0.004 ** 0.004 ** 0.004 ** 0.004 **
(2.07) (2.07) (1.99) (1.98)

Cft−1 0.020 *** 0.020 *** 0.090 ** −0.023
(3.06) (3.06) (2.53) (−0.67)

Imt −0.004 −0.000 −0.021 **
(−0.56) (−0.00) (−2.52)

Soe −2.297 ***
(−5.58)

Cft−1 × Imt −0.001 * 0.000
(−1.83) (0.76)

Cft−1 × Soe 0.125 **
(2.38)

Imt × Soe 0.029 ***
(5.38)

Cft−1 × Soe × Imt −0.001 *
(−1.95)

Year control control control control
Industry control control control control

Observations 5124 5124 5124 5124
Adjusted R-squared 0.628 0.628 0.630 0.632

Note: Robust t-statistics in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1.

4.3.2. Robustness Test

To assess the reliability, first the sample chooses enterprises that continuously disclose innovative
investments in order to make the results relatively stable. Second, this paper uses robust clustering
(code) to control for the companies’ sequential autocorrelation in the regressions and avoid the residual
sequential autocorrelation that is caused by missing variables. Then, we use robust variables in order
to control the heteroscedasticity and ensure that the model is stable. Finally, this paper also selects
data from 2012 to 2016, which is the accelerated interest rate marketization period, in order to conduct
robustness test, and it verifies the reliability of the results by comparing the accelerated phase regression
results with the full sample ones.

Regression results of the interest rate acceleration phase are as follows. From Table 6, the coefficient
of the Rd lag term is positive, the coefficient of the square lag term is negative, and both are significant at
the 1% level, which is in line with the expectation of the Euler equation investment model. In model 1,
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the regression coefficient of Cft−1 and Rdt is 0.012, and it is significant at the 1% level. It shows that
R&D investment depends on internal cash flows, that is, enterprises also face common financing
constraints in the accelerated interest rate marketization period. Therefore, Hypothesis 1a is verified
again. The coefficient of Cft−1 × Imt in model 3 is −0.004 and is significant at the 1% level. With the
mean of Imt 72.35, the coefficient will be 0.0106 after interest rate marketization, equivalent to a fall of
11.67% on average. This is in line with the results of total sample regression.

Table 6. 2012–2016 Sample Regression Results.

Total Sample
Variables Model 1 Model 2 Model 3 Model 4

Constant −0.051 1.004 *** −0.334 −0.470
(−0.91) (2.69) (−0.82) (−0.66)

Rdi,t−1 0.979 *** 0.979 *** 0.980 *** 0.975 ***
(52.89) (52.89) (53.41) (52.73)

Rd2
i,t−1 −0.015 *** −0.015 *** −0.015 *** −0.015 ***

(−12.49) (−12.49) (−12.58) (−12.37)

Salet−1 0.002 *** 0.002 *** 0.002 *** 0.002 ***
(6.00) (6.00) (5.43) (5.69)

Cft−1 0.012 *** 0.012 *** 0.300 *** 0.093
(6.30) (6.30) (8.18) (1.02)

Imt −0.012 *** 0.005 0.006
(−2.66) (0.93) (0.69)

Soe 0.472
(0.57)

Cft−1 × Imt −0.004 *** −0.001
(−7.87) (−0.97)

Cft−1 × Soe 0.271 ***
(2.68)

Imt × Soe −0.005
(−0.51)

Cft−1 × Soe × Imt −0.003 **
(−2.57)

Year control control control control
Industry control control control control

Observations 3597 3597 3597 3597
Adjusted R-squared 0.735 0.735 0.739 0.740

Note: Robust t-statistics are in parentheses. *** p < 0.01, ** p < 0.05, and * p < 0.1

From the last column of Table 6, the coefficient of Cft−1 is not significant for state-owned-enterprises,
while the one for non-state-owned firms is 0.364, significant at the 1% level. This result is very similar
to the one of total sample regression, which means that non-state-owned enterprises do face more
financing constraints. Moreover, the interaction term Cft−1 × Soe × Imt has a significantly negative
coefficient 0.003, for non-state-owned-enterprises, the interest rate marketization can alleviate financing
constraints of R&D investment, which is consistent with the conclusion we get earlier.

5. Conclusions

Identifying if financial liberalization is effective has received considerable attention, but studies
have not reached an agreement. To promote the sustainable development of China’s economy and
improve the efficiency of capital allocation, China has also gradually undertaken financial reforms.
Interest rate marketization is an important part of financial reforms. However, there are relatively
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few studies on whether the interest rate marketization is effective, especially after 2012, when China
primarily completed its interest rate marketization.

There is a near consensus that the R&D investment of Chinese innovative enterprises faces
financing constraint. We also draw consistent conclusions. This paper mainly studies the moderating
effect of interest rate marketization on the financing constraints faced by enterprise R&D investment.
Through empirical tests, we find that the continuous advancement of interest rate marketization has
alleviated innovative financing constraints. Furthermore, compared with state-owned enterprises,
the resources and government assistance available to non-state-owned enterprises are limited. That
is, non-state-owned enterprises face more financing constraints. The empirical testing finds that
interest rate marketization can more effectively alleviate the financing constraints of non-state-owned
enterprises. The research results in this paper prove that China’s interest rate marketization is
effective. The research in this paper enriches the literature on the practical effects of interest rate
marketization. However, there are certain limitations in this paper, such as the construction of interest
rate marketization indicators, and the impacts of interest rate marketization on different scales and
different sector enterprises. Meantime, limited to the availability of data, we have only studied listed
companies, but the impact of interest rate liberalization on non-listed companies remain to be further
verified. In addition, we can expand the research scope of research to explore the impact of Chinese
entire financial reform on firms’ investment, further, capital market, and overall economic growth,
especially for the inconsistent relationship between financial development and investment or economic
growth. This provides a reference for future research. In future, we seek to conduct in-depth research to
consider whether financial activities under institutional differences have different effects on investment
in economic growth and to study whether there is a threshold effect in developing countries and hope
to find the scope of the threshold, carrying out financial reform within this scope, and promoting
sustainable development of the economy.

China is in a period of economic shifting, transformation, and upgradation. One of the main
objectives is to maintain economic sustainability after the 18th National Congress of Communist
Party of China. In order to achieve this goal, China’s reforms continue to deepen. The interest
rate marketization reform can promote the R&D investments of enterprises by mitigating financing
constraints, contribute to the innovation-driven economy, and have positive effects on the economy.
The contribution of innovation (mainly refer to technological innovation) to national growth has been
well established in the economic literature, both theoretically [87–90]. Cimoli and Dosi [28] indicate
that innovation is key to economy growth. Hong [91], and Li and Zhang [92] also put forward that
in China, technological innovation is the core element of economic sustainable growth in The New
Normal period.

The significance of the deepening of interest rate marketization and its role are enriched. However,
although China’s interest rate marketization has achieved quite fruitful results, the actual interest
rate indicator reflects that China’s interest rate marketization reforms are still not complete, and
China’s financial reforms still need to be improved and deepened. The research results of this paper
provide a theoretical basis for China to continue to promote interest rate marketization reforms in
the future. To continue to implement interest rate marketization reforms, the government needs to
continuously improve the corresponding supporting measures, eliminate the blockades on different
markets, complete the free flow of funds, enhance the efficiency of resource allocation, guide financial
institutions and be concerned with supporting the innovative behaviors of enterprises and promoting
sustainable economic development. Enterprises should grasp the current opportunities and challenges
brought by interest rate liberalization, actively seek financing support for innovative investments,
increase R&D investments, and promote enterprise innovation performance.
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