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Abstract 
This paper focuses on how the capital structure of enterprises affects their 
R&D intensity, introduces the asset-liability ratio to compare the capital struc-
ture of China and the United States, and introduces the tradable shares to 
compare the capital structure of state-owned enterprises and non-state-owned 
enterprises. The final result is that the asset-liability ratio and R&D intensity 
are negatively correlated in both China and America, and this negative rela-
tionship will be weakened in China. The existence of tradable shares increases 
the R&D intensity, ceteris paribus, in SOEs, the negative correlation between 
capital structure and R&D intensity is far greater than that of private enter-
prises. Based on the fact that under the modern business era, an enterprise’s 
innovation capability is closely related to its core competitiveness, and at the 
same time, the promotion speed of innovation ability depends on the scale of 
R&D investment, and the relationship between capital structure and enter-
prise R&D investment can be deduced from this paper. 
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1. Introduction 

Does capital structure matter for firms’ R&D investment? In 1958, the uncon-
nected theory put forward by Modigliani and Miller appeared in their pioneer-
ing paper. Their view was that enterprise investment and financing were com-
pletely independent decisions in a perfect capital market. However, R&D is a 
long-term sizeable investment that does not immediately generate cash flows but 
does provide opportunities for future growth. It is characterized by uncertainty, 
irreversibility and long investment horizons. Undoubtedly, R&D investment and 
financing activities are mutually reinforcing and inseparable, which has been 
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confirmed in subsequent documents. 
One view is that low leverage determines R&D investment, and equity fi-

nancing is better for firm innovation (Bradley et al., 1984; Titman & Wessels, 
1988). Two reasons justify this view. The first reason considers the supply side of 
credit to firms. As debt holders receive fixed payment, unless there are issues of 
insolvency, the risk of R&D investment is basically not bored to debt holders. By 
contrast, shareholders receive variable returns, which depend on whether R&D 
investment is successful and profitable. The differences in risk-sharing between 
debt and equity financing thus lead to different incentives for R&D decisions. 
Debt holders are less motivated for R&D, because of the huge risk of R&D in-
vestment, tangible assets as collateral will not be generated, and firms generally 
find it difficult to raise external debt to finance their R&D investment (Wang & 
Thornhill, 2010).  

The second reason considers the demand side of credit from firms. Ardalan 
(2017) proposed that debt financing could benefit from the interest tax shield, 
while the cost of financial difficulties would increase. The sum of the tax shield 
and the value of the non-leveraged company, and the value obtained by remov-
ing the cost of financial distress is the value of the leveraged company (Ross et 
al., 2015). This means that highly leveraged companies face higher financial 
hardship costs. Because the risk of R&D and its long-term property is extremely 
high, the increase in R&D investment will inevitably put firms in front of larger 
risk of uncertainty and financial distress. Therefore, due to excessive debt, en-
terprises usually choose equity instead of debt to finance R&D investment when 
they are in excessive debt. 

On the other hand, however, others hold the view that equity financing may 
also impede firm innovation. There are also two main reasons. First, as pointed 
out by Stein (1988), information asymmetry is a challenge that managers and 
investors must face. Based on this, managers are likely to be forced by acquisi-
tion pressure to exchange for current profits at the same time, and will sacrifice 
long-term gains (such as innovative investment) to avoid underestimating the 
stock value. On the other hand, the incentive managers for innovative invest-
ment failed to give more, the main reason is that the managers of shareholders’ 
power have little control, and at the same time, they are threatened by hostile 
takeover. Second, short-term gains may be what institutional investors seek, so 
they are more willing to choose to invest in enterprises with larger short-term 
gains (Bushee, 2001). It is proven that the main reason for data managers to re-
duce R&D management income is that they are under great pressure (Bushee, 
1998). Short-sightedness is a common feature of managers. This view is obtained 
by Graham et al. (2005) after investigation and research. 

Chief Investment Officers (CFOs) said in the survey that they can even aban-
don long-term sustainability in order to achieve short-term profit targets. Rea-
lizing the stability of the company’s stock price is its ultimate goal, hence im-
peding firm innovation that affects long-run return. 
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Given the theoretical debate discussed above, Experience is actually the es-
sence of the relationship between R&D investment and capital structure. This 
paper uses China and the U.S. firm level data as studying sample and addresses 
this question. In particular, we ask 1) What is the relationship between capital 
structure and R&D intensity in China and America? 2) Are there significant dif-
ferences between the two countries and why? 3) How does the existence of trad-
able shares (or the so-called share split reform) affect R&D investment? And 4) 
Is the intensity of capital structure and R&D investment consistent with that of 
state-owned enterprises and non-state-owned enterprises? 

The reason we choose China and the U.S. as the research samples is because 
the financial market in these two countries differs significantly. In China, firm 
financing is dominated by indirect financing, i.e., borrowing from commercial 
banks. In the U.S., by contrast, firm financing is dominated by direct financing, 
i.e., raising equity or corporate debt. We compare the results obtained in these 
two distinct markets and see whether the empirical predictions are consistent.  

In addition, we study the effect of the share split reform in China to test the 
hypothesis by Bushee (2001), who argues that institutional investors may go af-
ter short-term performance. This mechanism works only if shares are tradeable. 
The share split reform in China provides a natural experiment for this study, as 
before the reform, a large fraction of shares of the listed company are not trade-
able or have to wait for at least years to be tradeable. Moreover, State-owned en-
terprises account for a large proportion in China, we are also interested in the 
impact of ownerships on the choice of financial structure and the R&D invest-
ment decisions of firms. By researching we found that there is a negative corre-
lation between the asset-liability ratio and R&D intensity of the two countries, 
showing that the increase of debt would reduce the willingness of a company to 
innovate. Such relationship is weaker in China compared to that in the U.S., and 
is weaker in private firms compared to SOE. Regarding the tradable shares, our 
empirical finding shows that the share split reform increases the R&D intensity, 
contrary to the view by Bushee (2001).  

2. Data and Methodology 
2.1. Data and Variables 

We collected the data of Chinese companies listed on the domestic securities 
market and Chinese companies listed on the US securities market and firms 
listed in Nasdaq stock market. The data is obtained from WIND and CSMAR 
database. Sample period is 2011 to 2018. We use 2011 as the beginning year be-
cause R&D expenditure data is not available for many listed firms before this 
year. We use 2018 as the ending year to avoid the unusual period such as 
COVID-19 pandemic. In addition, we drop the financial industry due to their 
unique accounting standard and their sensitivity to macroeconomic policy (Ag-
hion et al., 2013). 

The key variable that we are interested in is the R&D investment. In our orig-
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inal sample, some companies didn’t report this data. Other control variables are 
relatively standard balance-sheet variables. After dropping the firms that have 
missing R&D data, the first sample we use for estimation includes 339 American 
listed companies from 2012-2017 and the second sample includes 1047 Chinese 
listed companies from 2011-2017 covering 23 different industries. The two sam-
ples are converted into panel data respectively. A brief discussion about the key 
variables we use in this study is given below. 

In this paper, the result variable is R&D intensity, which represents the mea-
surement of the degree of R&D investment of a company. This variable is de-
fined in three main ways according to literature: R&D expenditure of an enter-
prise exceeds total assets, R&D expenditure exceeds sales and R&D expenditure 
exceeds market value (Chai, 2010). Some papers also directly choose the value of 
R&D expenditure to measure the investment degree, which is not a suitable way 
because it ignores the possibility that large companies usually have more funds 
to put into research program (Lee & Sung, 2005). In this paper, R&D intensity is 
calculated by the method commonly used in literature, that is, R&D expenditure 
divided by sales.  

The main explanatory variable is the asset-liability ratio measured as total 
debt divided by total asset based on the book value reported in balance sheet. 
Most papers related to capital structure choose this calculation method (e.g., 
Bragoli et al., 2016; Davidson & Brooks, 2004; Huang et al., 2016). The merit of 
this method is that the definition of asset-liability is clear, and the data is of high 
availability. A dummy variable indicating tradable shares is also included in one 
of the models. 

Following the literature of Bragoli and others, we choose the following control 
variables such as profitability, growth capacity, company size, non-debt tax 
shield, etc., collateral as the control variables. Firm size is usually measured by 
the firm’s market value or the amount of sales income (Bragoli et al., 2016; Chai, 
2010). This paper defines firm size as sales in the form of natural logarithm fol-
lowing Wang and Thornhill (2010). The reason why the form of natural loga-
rithm is used is that it can omit the impact from heteroscedasticity and multicol-
linearity and it is also the method that many literatures have employed (Fang, 
Tian, & Tice, 2014). The difference in firm size between small and large compa-
nies results in different advantages. Generally speaking, small companies have 
more flexibility in the aspect of innovation while big firms own more resources 
which can be employed for them. There are two streams of theory about the re-
lationship between firm size and R&D spending: one group argues that large 
companies have the better external condition so that they would make the best 
use of this point to engage innovation. Another group thinks that the increase in 
R&D costs seems to be proportional to the size of the company (Wang & 
Thornhill, 2010). Anyway, the size of the firm is widely believed to be related 
with R & D investment. 

Profitability is the capability of an enterprise to create income. This element is 
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calculated from the rate of return on assets (ROA) or the rate of return on equity 
(ROE). In this paper, the indicator we use to measure profitability is ROA. R&D 
activities need the support of larger funds and are motivated by excess profits. In 
this sense, the higher profit rate and sufficient funds are of great help to carry 
out innovation activities. 

Growth is another important variable for R&D investment spending. We use 
the annual net income growth rate to measure the growth potential. The calcula-
tion process is to use the difference in net income in two years over the last 
year’s net income. A high growth rate would push up the confidence of the 
company’s stockholders. In order to maintain the sustained growth of business, 
listed companies in the growing period may need to increase R&D investment to 
maintain their competitiveness. High-growth companies have the incentive to 
increase investment in R&D to create more profit growth points (Liu, 2017). 

Following Bragoli et al. (2016), we also control for the collateral, which is 
measured by net fixed asset over total asset. R&D is an investment program with 
the characteristics of long-term, high risk, high uncertainty and large funding 
(Brown et al., 2009). R&D projects with high risk will increase the possibility of 
bankruptcy, especially for small businesses. The collateral is thus important for 
the firm to raise external finance. 

Finally, non-debt tax shield is measured according to the sum of depreciation 
and amortization and total assets (Bragoli et al., 2016). This indicator represents 
other expenses, such as depreciation and deferred tax losses, excluding interest 
on liabilities. Non-debt tax shield is negatively correlated with debt level. This 
non-debt tax shield does not pose a risk of debt maturity. As a result, companies 
that have a large number of non-debt tax shields use fewer debts than those that 
do not, which can replace debt. The decrease in the level of liability reduces the 
financial distress cost and bankrupt cost, which would motivate enterprise to 
invest more in R&D.  

Table 1 shows the variables and their abbreviations. Table 2 shows the sum-
mary statistics of main variables. 

 
Table 1. Summary of variables. 

Variables Label Definition 

R&D intensity R&D R&D spending/total sales 

Capital structure DA Debt/asset 

Profitability ROA Net income/asset 

Growth Grow Net income(t)-NI(t − 1)/NI(t − 1) 

Firm size Lnsale Ln(sale) 

Non-debt tax shield Shield Depreciation + amortization /total asset 

Collateral Collateral Net fixed asset/total asset 

Tradable shares Tra Tradable: D = 1, otherwise, D = 0 
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Table 2. Summary statistics. 

US firms 

Variable Obs Mean Std. Dev. Min Max 

R&D 1938 0.4851 2.3334 0.0006 41.0818 

DA 1938 0.4146 0.2052 0.0113 0.9603 

Lnsale 1938 20.4025 2.5268 12.4655 27.6082 

ROA 1938 −0.0131 0.2234 −1.8208 3.2676 

growth 1938 0.2097 21.8489 −427.883 486.6667 

shield 1938 0.0400 0.0294 0.0006 0.5330 

collateral 1938 0.1548 0.1814 9.95E−05 1.1618 

China 

Variable Obs Mean Std. Dev. Min Max 

R&D 6282 0.0459 0.0445 1.36E-05 1.6943 

DA 6282 0.3926 19.8248 0.0080 0.8548 

Lnsale 6282 21.3410 1.3373 16.3643 25.1338 

ROA 6282 0.0432 5.6749 −0.7765 0.2144 

growth 6282 −0.3655 579.499 −195.114 8.6592 

shield 6282 0.0050 0.0035 1.41E−05 0.0200 

collateral 6282 0.2155 0.1364 0.0005 0.6162 

2.2. Empirical Models 

The first objective is to test whether there is a negative correlation between as-
set-liability ratio and R&D investment intensity, and whether the degree of this 
negative relationship differs in China and US (hypothesis 1). Our second objec-
tive is to study the impact of tradable shares (hypothesis 2), and our third objec-
tive is to test whether the relationship between capital structure and R&D in-
vestment intensity is different between SOEs and non-SOEs, and whether non-SOEs 
have higher R&D investment intensity (hypothesis 3).  

Our methodology for comparison of groups (China versus the US, or SOE 
versus non-SOE) is to introduce a dummy variable and an interaction term. We 
take hypothesis 3 for example. First, introduce a dummy variable Di. If the firm 
is non-SOE, D = 0, otherwise, D = 1. Thus, we estimate the following model:  

1 1 non-SOE 1

non-SOE

R&Dintensity DA Dummy DA
Dummy Controls

it i it it

it

α β δ
γ γ ε

= + + ×

+ + +
        (1) 

It is obvious that when D = 0 which represents non-SOE, the equation be-
comes:  

1 1R&Dintensity DA Controlsit i it itα β γ ε= + + +           (2) 

When D = 1 which represents SOE, the equation becomes: 

( ) ( )1 1R&Dintensity DA Controlsit i it itα γ β δ γ ε= + + + + +       (3) 
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Comparing Equations (2) and (3), it is obvious that the coefficient δ reflects 
the coefficients difference of asset-liability ratio variable in these two subsam-
ples. Therefore, we transform this comparison into testing whether the coeffi-
cient δ equals 0. The rest part is that we integrate two subsample and run regres-
sion using Equation (1) to check whether the coefficient δ is significant. If it is 
significant, we argue that the two sub-samples have significant different coeffi-
cient for DA, otherwise, there is no statistically significant difference.  

The main regression model (for hypothesis 1) is proposed below, where con-
trol variables are selected according to literature introduced above. 

1 1 1 2 2 3 3 4 4

5 5 6 6

R&D intensity DA Size ROA Growth
Nondebtaxshield Colleteral

it i it it it it

it it i

α β β β β
β β ε

= + + + +

+ + +
 

The Chinese and US samples would be respectively employed in this equation 
to obtain the coefficients of independent variables. We expect that 1β  is nega-
tive and significant. The method for comparison of coefficients of Chinese and 
US listed companies would be illustrated in the following methodology part. 

As to study the impact of tradable shares, we estimate the following model: 

1 1 1 2 2 3 3 4 4

5 5 6 6

7 tradable

R&D intensity DA Size ROA Growth
Nondebtaxshield Colleteral
Dummy

it i it it it it

it it

i

α β β β β
β β
β ε

= + + + +

+ +

+ +

 

where the dummy for the tradable share is employed. The estimation of the role 
of SOE has been introduced above. 

3. Empirical Results 
3.1. The Main Model and Comparison between China and U.S. 

The regression results of our main model and the comparison of Chinese and 
American listed companies are presented in Table 3. The first and second col-
umns of Table 3 show the results of FEM regression. We can conclude that the 
asset-liability ratio of the core independent variable is significantly and nega-
tively related with R&D intensity in both countries, which is consistent with the 
hypothesis 1. This coefficient means that the increase of debt level would reduce 
a company’s innovation incentive and investment. High debt will cause enter-
prises to bear excessive interest burden and face greater debt repayment pres-
sure. And enterprises need to maintain a stable cash flow to support the payment 
of debt interest. Once enterprises invest more cash in high-risk and long-term 
R&D projects, the capital chain may face the risk of breaking, and then lead to 
financial and operational risks and bankruptcy risks, threatening the survival 
and development of enterprises. Therefore, debt financing is not conducive to 
promoting R&D investment. There is no difference between the results and the 
literature (Jia, 2016; Nam, Ottoo, & Thornton Jr., 2003).  

In addition, firm size has significantly negative coefficient for both China and 
U.S firms. This supports the argument that small firms have stronger innovation 
incentives. The difference between the two countries’ regression is that the U.S. 
ROA and its growth strength are largely unrelated to R&D strength. 
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Table 3. Main model regression result. 

 
China US China and US 

intensity intensity intensity 

DA −0.0002*** −0.8419** −0.0032** 

 (−2.64) (−1.98) (1.96) 

ROA −0.0007*** −1.6338 0.0058*** 

 (−5.62) (−1.32) (2.41) 

Grow 0.0000** 0.0102 0.0000** 

 (1.98) (1.13) (2.18) 

Lnsale −0.0065*** −1.0520*** −0.2944*** 

 (−4.49) (−3.11) (−2.82) 

collateral 0.0015 −0.3568 −0.3012* 

 (0.17) (−0.51) (−1.76) 

shield 0.2526 −0.9172 −0.3580 

 (0.90) (−0.33) (−0.58) 

D*Da   0.0019** 

   (2.01) 

country   0.0000 

   (.) 

cons 0.1942*** 22.3681*** 6.2580*** 

 (6.42) (3.22) (2.89) 

N 6282 1938 8220 
 

As is illustrated in the methodology part, I introduce an interaction term to 
test whether there is significant difference in the coefficients of independent va-
riable between the two countries. The regression results are shown in the third 
column in Table 3. As is shown in the table, this coefficient is significant at 95% 
confidence level with the value of 0.019. The result shows that ceteris paribus, 
the change of R&D intensity generated by capital structure in US would be 
greater than that in China. This may be resulted from the existence of SOEs 
which can finance from banks without bearing as much risk as private enter-
prises. Consequently, the negative relationship in China is relatively weaker 
(Wang, 2013).  

3.2. The Role of Tradable Share 

Hypothesis 2 aims to study the effect of equity based on the relationship between 
capital structure and R&D intensity. Table 4 shows the final regression results. 
Compared with the main regression model in Table 3, a new dummy variable 
representing tradable shares is added. As can be seen in Table 4, Virtual va-
riables are significantly positively correlated with R&D intensity at 95% confi-
dence level. The positive sign means that the existence of tradable shares in-
creases the R&D intensity. Theoretically speaking, there are two offsetting forces  
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Table 4. The impact of tradable shares. 

 
China 

intensity 

DA 
−0.0001** 

(−2.50) 

ROA 
0.0001*** 

(5.15) 

Grow 
1.86e−06** 

(2.43) 

Lnsale 
−0.0055*** 

(−4.77) 

collateral 
0.0071 
(0.98) 

shield 
0.5591* 
(1.92) 

D_tra 
0.0070** 

(2.07) 

cons 
0.149*** 

(6.28) 

N 7329 

 
regarding the impact of tradable share on R&D intensity. The negative force is 
that investors may be myopic and they have incentives to improve firms’ short-term 
performance by sacrificing long-term R&D investment, if their shares are trada-
ble. The positive force is that the increase of equity liquidity would attract insti-
tutional investors to be the shareholders, and if the managers only focus on the 
short-term merit instead of long-term development, they would encounter the 
withdrawal menace, which would force executives to concentrate on the future 
development, such as increasing R&D intensity (Hui & Jian, 2012). Some re-
searchers hold similar arguments that the liquidity of listed companies’ stocks in 
the secondary market is strong, which is conducive to the formation of large 
shareholders who actively supervise the governance of listed companies. The ex-
istence of large shareholders will effectively curb the management’s short-term 
behavior of reducing R&D investment (Admati, 2017). Our result shows that, 
when putting these two forces together, the positive force dominates. 

3.3. Comparison between SOE and Non-SOE 

As for the third hypothesis, Table 5 shows the regression results of SOE and 
non-SOE. The method used in this hypothesis is the same as hypothesis 1. First, 
we use the fixed effect model to get the coefficient of asset-liability ratio. We can 
see from the first two-column that the sign of the coefficient is consistent with 
the previous test for China. The asset-liability ratio in both two styles of enter-
prises strongly correlated with R&D intensity. 
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Table 5. Regression results of SOE and non-SOE. 

 
SOE Non-SOE ALL 

intensity intensity intensity 

DA −0.0002** −0.0002** 0.0001 

 (−2.26) (−2.46) (0.77) 

ROA −0.0005*** −0.0010*** −0.0005*** 

 (−2.72) (−6.34) (−4.41) 

Grow 0.0000 0.0000 0.0000 

 (1.49) (1.61) (1.26) 

Lnsale −0.0020 −0.0048*** −0.0187*** 

 (−0.47) (−3.22) (−14.17) 

collateral 0.0666 −0.0024 0.0114 

 (1.36) (−0.33) (1.50) 

shield 0.6384 0.5316* 0.2415 

 (0.53) (1.76) (1.03) 

DA*D_SOE   −0.0002* 

   (−1.90) 

D_SOE   0.0000 

   (.) 

_cons 0.0723 0.1582*** 0.4308*** 

 (0.92) (5.24) (15.91) 

N 2156 5173 7329 

 
The third column in the table shows that the interaction term coefficient is 

significantly negative. A negative value means that when assets and liabilities in-
crease by one unit, the R&D intensity of the private enterprise is 0.0002 units 
higher than that of the state-owned enterprise. This is consistent with the litera-
ture that non-SOE has stronger motivation to engage in innovation activity 
(Hart, Shleifer, & Vishny, 1997). In state-owned enterprises, due to the serious 
problems of principal-agent and soft budget constraints, managers of SOEs tend 
to pursue the goal of maximizing personal benefits during their office. Then, the 
investment projects which can bring the profits in the short term and show the 
achievements will become the rational choice of the managers of SOE, while the 
innovation investment projects which cannot get the returns during their tenure 
will lack the investment incentives (Wu, 2012). 

4. Concluding Remark 

On the one hand, in modern business world, the innovation ability of a firm has 
been closely connected with the core competence. Meanwhile, the amount of 
R&D investment determines how fast the growth rate of innovation ability could 
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be. On the other hand, apart from internal cash flow generated from a compa-
ny’s daily operations, debt and equity financing are the primary financing re-
sources that support the engagement of innovation activity. Therefore, this pa-
per concentrates on determining how a company’s capital structure affects R&D 
strength.  

This issue has been analyzed from three perspectives. Firstly, this paper starts 
from the comparison of China and US, because the financing environment in 
these two countries significantly differ and the American capital market is one of 
the most important and mature markets in the world, which is suitable to be the 
reference object (Nadiri & Mamuneas, 1991). From the regression results, we 
found that the asset-to-liability ratio was associated with negative R&D intensity 
in two countries that met hypothesis 1 presented earlier and the dominant theory 
of the problem. In other words, the increase in debt would reduce the willing-
ness of a company to innovate. In addition, the comparison result of US and 
China suggests that this negative relationship would be weakened in China.  

Hypothesis 2 is presented under the background of share split reform. Before 
this reform, a large proportion of shares are non-tradable shares, which restricts 
the healthy development of Chinese equity market (Guo, Dai, & Lien, 2015; Liao 
et al., 2014). With the introduction of split share reform, more and more listed 
companies finish this transformation and become tradable. Additionally, trada-
ble shares generate and aggravate the short-term trade of small investors aiming 
at capital gain which is contradictory to the long-term R&D investment. Based 
on this point, a dummy variable is introduced in the previous equation. The re-
sult shows that the existence of tradable shares increases the R&D intensity, ce-
teris paribus. 

The result of hypothesis 3 is fitted with the expected conclusion. The rela-
tionship between capital structure and R&D intensity is not only negatively re-
lated but also differs between different enterprise styles. The R&D intensity of 
private enterprises is less related to the negative capital structure than that of 
state-owned enterprises. 
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