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Abstract
This study analyzes the relationship among technology spillovers, R&D investment and firms’ cash holdings. We find that technology spillovers and
R&D investment have a significant positive impact on the firms’ cash holdings; and R&D investment plays an intermediary role in technology spillovers’
influence on firms’ cash holdings.
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1. Introduction
In recent years, firms increase their emphasis on technological innovation, For
innovations are usually nonexclusive and unable to be monopolized by firms [1],
there are considerable technology spillovers which could be generated through
involuntary leakage and voluntary transmission [e.g., technological licensing].
So firms need to prepare adequate liquid cash to absorb knowledge diffusion as
it arises and react to the threats from technology spillovers.
In this paper, we investigate the relationship among technology spillovers,
R&D investment and firms’ cash holdings. This study takes the A-share listed
companies in China as the research object, and 767 sample firms’ relevant financial data and patent data in the 2010-2015 periods are collected. We find that
technology spillovers and R&D investment have a significant positive impact on
the firms’ cash holdings; and R&D investment plays an intermediary role in
technology spillovers’ influence on firms’ cash holdings.
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The reminder of the paper proceeds as follows. In the next section, we develop
the research model and propose hypotheses. Then, we describe the identification
of technology spillovers and the data used for our study, and report the results of
the data analysis. Finally, we discuss the major findings and their implications
for research and practice.

2. Hypothesis Development
2.1. Technology Spillovers and Cash Holdings
According to the relevant research on technology spillovers, it can be found that
external technology spillovers can help firms to improve their performance and
productivity, thus helping firms to increase their profits. Firms can use their
funds to absorb external knowledge diffusion. Existing literature provides strong
evidence that technology spillovers enhance R&D productivity [2] [3]. Jaffe [4]
argues that technology spillovers have favorable externalities that can help companies acquire technology at a lower price than their own inventions, which can
enhance their innovation and productivity. The more external technology spillovers, the more internal cash support companies need to absorb external knowledge. In addition, due to the instability of innovation activities, information
asymmetry and the external financing constraints, companies also need more
internal cash support.
At the same time, innovation will increase the inventor’s competitive advantage and lead to market share competition, leading to the threat of product market. Firms’ innovation will not only bring non-competitive technology spillovers,
but also bring market competition. A large number of external technology spillovers will allow firms to feel a sense of crisis. Competitive threats from competitors’ aggressive R&D behavior will make firms more focused on R&D. In the
face of huge external technology spillovers, companies are worried about whether their technology is out of date, fearing whether they are eliminated, companies have cash-held motivations to prevent themselves from cash shortages,
which can lead to missed good investment opportunities and investment
projects.
So the internal funds on the one hand can help firms to absorb knowledge
diffusion, on the other hand to help companies deal with the threat of competition caused by technology spillovers. Qiu et al. [5] found that firms’ cash holdings provided liquidity support for companies to absorb external technology
spillovers, and technology spillover is one of the main factors influencing firms’
cash holdings.
In summary, the greater the external technology spillover, companies will
hold more cash. Therefore, this study makes the following hypothesis:
H1: Technology spillovers have a positive impact on firms’ cash holdings.

2.2. R&D Investment and Cash Holdings
R&D investment activities are an important way for firms’ strategic investment.
R&D activities of firms can help firms to gain more competitive advantage and
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market share in the product market by creating knowledge and innovating
technology. Guth et al. [6] found that R&D investment in the firm would help it
capture new markets and bring new profit growth points.
Transforming R&D investment motivation into real action requires the support of firms’ funds. However, the high risk of R&D investment activities itself
will bring high income uncertainty, that making it more difficult to obtain effective funding support from the external financing channels.
Himmelberg et al. [7] found that firms’ R&D investment would have some financial constraints, which would be more difficult to finance from corporate
finance than other investments. They found that because of external financing
constraints, companies will focus on taking into account the internal funds to
carry out R&D projects. Therefore, this study makes the following Hypothesis:
H2: R&D investment has a positive impact on firms’ cash holdings. The
greater the R&D investment, firms’ cash holdings will be more.

2.3. The Mediating Role of R&D Investment
The greater the spillover of technology outside the firm, the greater the R&D investment the firm will provide to absorb the spillover. Spence [8] and Jaffe et al.
[4] have found that technology spillovers affect R&D investment. In the face of
external technology spillovers, companies will increase their R&D investment to
absorb external knowledge diffusion. The technology spillovers will have a significant positive impact on R&D investment. Technology spillovers can influence the R&D investment of the firm and indirectly affect the cash holdings of
the firm. Therefore, this study makes the following Hypothesis:
H3: The impact of technology spillovers on firms’ cash holdings is mediated
by firms’ R&D investment
Based on the above, this study presents the following research model, as
shown in Figure 1.

3. Variable Construction and Data Collection
3.1. Dependent Variable
In this study, the dependent variable is the cash holdings of the firm, denoted as
Cash. We use cash and cash equivalents over the total assets to measure the cash
holdings [9] [10]. The value of the cash and cash equivalents is calculated using
the sum of the monetary funds and the transactional financial assets in the balance sheet at the end of the year. The total assets are calculated using the total
assets in the balance sheet at the end of the year.
Technology spillovers
Cash holdings
R&D investment

Figure 1. Research model.
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3.2. Independent Variable
1) Measuring technology spillovers
This study uses Jaffe [4] method to calculate the technology proximity between firms, and then use the technology proximity and the corresponding R&D
investment multiplication to calculate the firm’s external technology spillovers.
First, by obtaining the application data of the firm under all the patent categories, construct the technical position vector of each firm:

Tei = (Tei1 , Tei 2，
Tein ) ;
Secondly, calculating the technology proximity between firms:
=
ωij TeiTe′j

TeiTei′ × Te j Te′j

(4-1)

Thirdly, calculating the technological spill of firm i, which is equal to the sum
of all other firms’ R&D inputs r multiplied by the adjacent values of the corresponding technology;
spilltech = ∑ j ≠ i ωij rj

(4-2)

Finally, we takes spilltech's natural logarithm as the measure of technology
spillovers in the study, denoted as ln(Spill_Tech).
2) R&D investment
In this study, R&D investments are measured by the ratio of R&D expenses to
total assets, denoted as R&D-Invest.

3.3. Control Variable
Following the literature on the construction of other explanatory variables of
cash holdings, we added control variables such as the scale of firms, asset-liability ratio, net working capital and ROA (Return On Assets) in this study.
1) The scale of firms: This study measures the scale of firms by taking the natural logarithm of the total assets of the firm, denoted as ln(Total-Asset).
2) Asset-liability ratio: This study uses the ratio of total liabilities to total assets to calculate the asset-liability ratio, denoted as Asset-Liability-Ratio.
3) Net working capital: This study measures the net operating capital by subtracting current liabilities from current assets minus the ratio of cash and cash
equivalents to total assets, denoted as Net-Capital.
4) ROA: ROA is equal to the ratio of after-tax income (plus interest) to total
assets.

3.4. Samples and Data Sources
Based on the data of A-share listed companies from 2010 to 2015 in China, the
original samples are screened according to following principles:
1) Due to the particularity of financial firms, this study does not consider the
financial firms, to remove the samples;
2) Excluding the financial situation or other conditions of the abnormal ST
firms;
3) Excluding the firms whose financial data related to major variables are
DOI: 10.4236/me.2017.812107
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missing;
4) Due to the technical spillover variables in this study need to use the patent
data, the 2010-2015 no patent-related data companies to be removed.
After the above method of screening, finally, we get the related financial and
patent data of 767 listed companies in 2010-2016. Relevant data sources are
mainly Csmar database and National Patent and Intellectual Property Office database.

4. Data Analysis and Results
4.1. Descriptive Statistics
Table 1 reports the mean, standard deviation, minimum and maximum values
for each variable in this paper.
In this study, the correlation between the study variables was analyzed by
Pearson correlation analysis. The correlation coefficients between the study variables are shown in Table 2.
The results of the analysis in Table 2 show that the technology spillover is positively correlated with the cash holding at a level of 1%. There is a significant
positive correlation between the R&D investment and the cash holding at 1%
level, and the technology spillover and R&D investment were significantly positively correlated at 1% level. This suggests that the relationship between variables
is consistent with the assumptions presented in this study.

4.2. Regression Analysis
In order to verify the impact of technology spillovers and firms’ R&D investment
on firms’ cash holdings, this study is divided into two stages. In the first stage,
the relationship between technology spillovers, firms’ R&D investment and
firms’ cash holdings is first examined , then the hypothesis 1 and the hypothesis
2 to verify. In the second stage, Baron and Kenny’s stepwise method is used to
test hypothesis 3, that is, the mediating role of R&D investment in the impact of
technology spillovers on cash holdings (Table 3). Our regression model is specified as:
Table 1. The descriptive statistics of variables.
Variable type

Variable

Mean

SD

Min

Max

Dependent variable

Cash

0.227

0.132

0.01

0.825

ln(Spill_Tech)

13.345

0.787

8.89

14.533

R&D-Invest

0.017

0.016

0.0001

0.205

ln(Total-Asset)

12.659

1.086

10.079

17.741

Asset-Liability-Ratio

0.394

0.196

0.036

1.04

Net-Capital

0.048

0.165

−0.578

0.469

ROA

0.044

0.044

−0.214

0.252

Independent variable

Control variable
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Table 2. The correlation analysis of variables.
1
1) Cash

2

3

4

5

6

7

1

2) ln(Spill_Tech)

0.111***

1

3) R&D-Invest

0.25***

0.238***

1

4) ln(Total-Asset)

−0.321***

0.044

−0.186***

1

5) Asset-Liability-Ratio

−0.621***

−0.023

−0.255***

0.57***

6) Net-Capital

0.301***

0.133***

7) ROA

0.363***

0.038

1

0.256*** −0.415*** −0.709***
0.27***

−0.017

1

−0.481*** 0.394***

1

Notes. **p < 0.1; **p < 0.05; ***p < 0.01.

Table 3. Regression analysis results.
Model 1

Model 2

Model 3

Model 4

ln(Total-Asset)

0.000574
(0.13)

−0.000927
(−0.22)

0.00258
(0.60)

0.000796
(0.18)

Asset-Liability-Ratio

−0.528***
(−16.45)

−0.535***
(−16.92)

−0.530***
(−16.67)

−0.536***
(−17.02)

Net-Capital

−0.234***
(−7.50)

−0.260***
(−8.31)

−0.245***
(−7.89)

−0.264***
(−8.49)

ROA

0.304***
(3.04)

0.309***
(3.13)

0.226**
(2.24)

0.250**
(2.49)
0.0190***
(4.04)

0.0222***
(4.84)

ln(Spill_Tech)
R&D-Invest

_cons

0.950***

0.712***

(3.90)

(2.87)

0.425***

0.152**

0.389***

0.164**

(8.70)

(2.04)

(7.88)

(2.21)

N

767

767

767

767

R-square

0.4335

0.4504

0.4446

0.4563

Notes. **p < 0.1; **p < 0.05; ***p < 0.01.

Cash i =
β 0 + β1 ln ( Spill − Tech i ) + β 2 ( R&D − Invest i ) + ε i
In model 1, only the control variables are added as a reference model to examine the effect of each explanatory variable on firms’ cash holdings. Model 2
adds technical spillovers over the model 1 to verify that the technology spillovers
the firms’ cash. There is a positive impact on the assumption that the model 3 on
the basis of the model 1 to join the R&D investment variable to test the R&D investment has a positive impact on firms’ cash holdings of the assumption.
In model 1, there are three control variables that have a significant positive
impact on cash holdings, except for total asset.
In model 2, the regression coefficient of technology spillovers for firms’ cash is
0.0222 and significant at 1% level, and it can be seen that technological spillovers
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have a significant positive effect on firms’ cash holdings. The more the technology spillover, the more firms’ cash is held, verifying the hypothesis 1. This shows
that the greater the technology spillovers, companies will have a stronger motivation to hold more cash. Firms will increase their cash holdings in order to absorb technology spillovers outside the firm, to improve innovation performance
and productivity. In the face of greater technology spillovers, companies may
face greater competition threats, which will lead firms to increase their cash
holdings.
In model 3, the coefficient of return of firms’ R&D investment to firms’ cash is
0.950 and significant at 1% level. It can be seen that R&D investment has a significant positive impact on firms’ cash holdings. The more R&D investment, the
more firms’ cash holdings, verify the hypothesis 2. This shows that the greater
the R&D investment, companies will have motivation to hold more cash. Firms’
R&D activities itself is uncertain, so they are not certainly able to obtain effective
external financial support. Therefore, when firms have greater R&D investment,
they need more internal cash support, that will bring greater cash holdings.
In model 4, after adding the R&D input variables, the impact of R&D investment on firms’ cash holdings is significant at 1% level, and it can be seen that
R&D investment plays an intermediary role in the impact of technology spillovers on firms’ cash holdings. At the same time, the impact of technology spillovers on firms’ cash holdings is still significant, and it can be seen that the R&D
investment is the partial intermediary effect on the impact of technology spillovers on firms’ cash holdings, verify the hypothesis 3. This shows that firms face
greater external technology spillover will increase their own R&D investment,
which will affect the company’s cash holdings, so that firms hold more cash.

5. Conclusions
This study takes the Chinese A-share listed companies as the empirical research
object, and analyzes the relationship among technology spillover, R&D investment and firms’ cash holding. We find that technology spillovers and R&D investment have significant positive impacts on the firms’ cash holdings; and R&D
investment plays an intermediary role in technology spillovers’ influence on
firms’ cash holdings. The research of this paper enriches the researches on the
relationship between technology innovation and firms’ cash holdings.
The shortcomings of this study are that: the conceptual model of this study is
relatively simple; there are many factors that affect the firms’ cash holdings, such
as market competition, financing constraints, etc.; they may also have the relationship between technology spillover and cash holdings. This study did not
discuss the impact of these factors. They can be left for future research.
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