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Abstract 

This study investigates whether the relationships with banks moderate the relationship of innovation investment and 

firm growth. Using panel data of Chinese-listed firms from 1999 to 2008, this study examines the effect of banking 

relationships on innovation investment and the influence of such investment on firm growth opportunities. After em-

ploying a two-stage least squares simultaneous equation model, find a non-linear relationship between banking rela-

tionships and innovation investment, which in turn has a positive and significant effect on firm growth opportunities. 

Results suggest that maintaining relationships with one or two banks is optimal for firms to maximize their innovation 

capacity and achieve significant growth. When firms borrow from five banks or more, their innovation investment 

starts to decline. Our findings provide evidence in support of the relationships with banks affect innovative investment 

and facilitate firm growth opportunities. 

Keywords: R&D, innovation, banking relationships, growth opportunity. 

JEL Classification: G32, L33, O31, O43.  

Introduction  

Innovation has been viewed as one of the key fac-

tors for firms to keep sustainable growth, profits, 

and survival. Innovation can be new products, 

processes, or markets to meet customers’ new needs 

(Brouwer, 1991).   

Prior studies indicated that innovation is the core 

factor behind the intensification of firm growth and 

the relationship between innovation and firm growth 

have been investigated over the past decades. Schum-

peter (1934) claimed that innovation positively affects 

firm profitability. This view has been considered true 

for the last few decades. Sirelli (2000) suggested that 

firms are encouraged to innovate because doing so 

leads to higher growth rates. Klette and Griliches 

(2000) presented the model of endogenous firm 

growth with innovation as an engine of growth. 

Bottazzi et al. (2001) analyzed the world’s largest 

pharmaceutical companies and provided evidence 

that innovative chemical entity or patent products 

have a significant effect on firm growth. The 

present work attempts to fill the gap in the literature 

on the relationship between innovation and firm 

growth in the context of China.  

China is a typical example of an economy that has 

undergone considerable growth. Since the mid-

1990s, the Chinese government has nurtured tech-

nology-based industries and encouraged firms to 

innovate products and processes. Wu (2011) ex-

plored the force behind China’s economic growth 

using provincial statistics and found innovation as 

the decisive factor for China’s rapid economic 

growth.
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However, innovation investment is uncertain and 

involves greater asymmetric information than phy- 

sical investments. These features hinder investors 

from easily measuring the effect of innovation on 

firm growth. Despite the mixed empirical results, 

the topic still draws the interest of researchers. Chan 

et al. (1990) and Zantout and Tsetsekos (1994) 

identified a positive (negative) market response to 

innovation among firms in high-tech (low-tech) 

industries. Acs and Isberg (1996) indicated that the 

effect of innovation on Tobin’s Q varied with firm 

size. Many researchers suggested a significant rela-

tionship between innovation and firm growth
1
. By 

contrast, Link (1981) and Sassenou (1988) claimed 

that innovation has a limited or even a negative 

effect on corporate performance.  

Due to innovation is the core of firm growth, many 

scholars have been exploring the financing of inno-

vation. Innovation entails high-risk and uncertainty 

that internal sources such as free cash flow are not 

favorable because of the agency problem. Share-

holders prefer to stable dividends instead of uncer-

tain investments. Equity is also an obstacle for fi-

nancing innovation because of the costly process 

and the possible dilution of ownership. Therefore, 

firms may need external funding from private len- 

ders such as banks to finance their innovation. Bila-

teral contracts between banks and firms require 

firms to attach the details of their innovation in-

vestments. In this case, banks, as insiders, may re-

duce the asymmetric information on the firms. The 

banking relationships are obviously crucial for the 

innovation capability of firms. Our issue is whether 

endogenous innovation via banking relationships 

indirectly influences firm growth.  

                                                     
1 See, for example, Nelson and Winter (1982), Aghion and Howitt 

(1992), Klette and Griliches (2000), and Klette and Kortum (2004).  
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Theoretically, banks are information producers and 

processors (see, for example, Leland and Pyle, 

1977; Diamond, 1984; Fama, 1985). Firms with 

good relationships with banks may reduce asymme-

tric information from investors. Due to the informa-

tion of innovative projects is confidential, fewer 

banks to be dealing with may keep the advantage 

for innovation. The extant research demonstrates 

that in addition to innovation, banking relationships 

are known to influence firm growth. The extant 

research addressed a close banking relationships to 

facilitate firm growth via established reputation and 

less asymmetric information (Diamond, 1984), or 

less information leaking (Campbell, 1979). Firms 

may also lower costs through easy loans and prefe-

rential interest rates (Peterson and Rajan, 1995). On 

the other side, some certain risks may emerge. Dass 

and Massa (2006) indicated that banks do not prefer 

high-risk projects and novel innovations. Moreover, 

the lock-in problems may appear when banks hold 

private information. Castelli et al. (2006) revealed 

that firm profitability decreases as the number of 

banking relationships increases. Fok (2004) indi-

cated a negative correlation between firm perfor-

mance and domestic bank relationships, whereas a 

positive correlation between firm performance and 

foreign bank relationships. Therefore, the idea of 

this study is to expand the literature by examining 

whether banking relationships influence firm 

growth via innovation.  

In this work, we consider a large panel of Chinese 

firms with data covering the period 1999-2008. The 

unique characteristics of bank-firm relations in Chi-

na are quite different from those in other emerging 

economies: large firms favor multiple banking rela-

tionships; small and medium firms maintain a single 

banking relationship (Yin and Matthews, 2014). 

Although the single banking relationship allows 

firms to reduce the monitoring costs and collateral 

requirements (Farinha and Santos, 2002), it is likely 

to be locked-in that a high switching cost may face. 

By contrast, multiple banking relationships reduce 

information lock-in and liquidity risks, high moni-

toring costs may be combined (Yin and Matthews, 

2014). Based on the large variation in banking rela-

tionships, this study examines the investment in 

innovation by taking into account the number of 

banking relationships and explore whether different 

relationships with banks significantly influence the 

relationship of innovation investment and firm 

growth.  

This study differs from prior research in some 

points. First, we use Tobin’s Q to measure firm 

growth, which is usually based on sales growth or 

profitability growth. Second, we employ two-stage 

least squares (2SLS) regression to examine the ef-

fect of innovation on firm growth through a number 

of banking relationships. In other words, we use 

banking relationships as an instrumental variable for 

innovation investment to determine the relation 

between innovation and firm growth. 

The remainder of the study is organized as follows. 

Section 1 summarizes the theories on the relation-

ship among the three dimensions. Section 2 de-

scribes the data and methodology used in this study. 

The third section reports the estimation and the 

expected results. The final section presents the re-

sults and suggestions.  

1. Literature review 

The idea to link innovation and banking relation-

ships is discussed in theoretical literature. Banks 

directly affect the quantity of R&D and investment 

spending. They affect the nature of selected 

projects, the quality of internal inputs, and their 

effectiveness in generating innovation. First, when 

firms launch innovative products, banking relation-

ships may assist them in selecting appropriate dis-

tribution channels. Second, firms can improve the 

quality of internal inputs by disclosing information 

to the relationship bank without worrying about 

unauthorized disclosure to competitors. Finally, the 

bank can offer firms multi-period contracts, which 

are more effective (saving transaction costs) and 

safe (extracting information) than one-shot con-

tracts. Thus, the arrangement allows firms to com-

mit resources to innovative activities. Giannetti 

(2009) suggests a higher share and a longer rela-

tionship with a main lending bank having a positive 

impact on the innovation capacity of high-tech 

rms. Herrera and Minetti (2007) test the correla-

tion of the information of firms’ main bank  meas-

ured by the duration of credit relationship and inno-

vation and state that it fosters the probability of the 

firm’s innovation. Also, using Italian SMEs data 

during the period 2004-2009, Frazzoni et al. (2014) 

show that the strength of banking relationships sig-

nificantly affects the probability of innovation in 

introducing product. Lagaras (2014) sheds light on 

the banking relationships stimulating firm innova-

tion in the US. Atanassov (2014) then uses a large 

US panel data and finds firms borrowing from mul-

tiple banks having more citations per patent.  

Companies that innovate successfully have superior 

performance to that of their less able competitors. 

To survive, a firm must not only produce a given set 

of goods or employ a given set of inputs and 

process technologies, but also develop the ability to 

innovate and profit from that innovation (Nelson, 

1991). Roper (1997) emphasizes on SMEs and indi-

cates that innovative products significantly contri-

bute to the sales growth of SMEs, which grow faster 
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than non-innovative SMEs. This topic has been 

observed largely in European countries. The re-

searches of Italian firm-level data of Cainelli et al. 

(2006) suggest that the growth of innovative firms 

is higher than non-innovative firms. Engel et al. 

(2004) analyze German SMEs and conclude that the 

sales turnover of innovative SMEs grows faster than 

that of non-innovative firms. Yang and Huang 

(2005) examine the effect of R&D on firm growth 

and find that firms with intensive R&D are asso-

ciated with high growth rates. Niefert (2005) also 

finds evidence on the positive effects of innovation 

on firm growth. Using micro data from Brazilian 

manufacturing firms, Goedhuys (2007) reports that 

innovation activities are important to explain firm’s 

productivity and ultimately sales growth. Consis-

tently, Lee, Choi and Choe (2007) confirm the sig-

nificant impact of innovation as Korean innovative 

firms show better growth in sales, employment and 

labor productivity than non-innovative firms. How-

ever, the empirical evidence from Stam and Wenn-

berg (2009) addresses that innovation activities only 

have positive effect on the growth for fast-growing 

firms while it does not help foster the growth for 

average firms. Freel and Robson (2004) implement 

a survey of 1,347 respondents of enterprise in Scot-

land and Northern England, and hypothesize that, at 

least in the short term, a negative relationship be-

tween product innovation and growth in sales. Con-

versely, process innovation is positively related to 

sales growth for service firms. Goedhuys et al. 

(2006) investigate Tanzanian firms but find out a 

significant association between innovation output as 

well as R&D and firm growth.  

Coad and Rao (2008) also relate innovation to sales 
growth for high-tech firms using quantile regression 
approach. They addressed that innovation is crucial 
for “superstar” fast-growing firms. Demirel and 
Mazzucato (2012) contribute to the emerging litera-
ture by exploring how innovation affects firm 
growth of small and large US pharmaceutical firms. 
The results divulge that R&D boosts firm growth 
for a subset of small firms that have patents persis-
tently for a minimum of five years; while R&D has 
a negative impact on firm growth for large firms. 
More recent, Segarra and Teruel (2014) also indi-
cate that innovation is the key factor for driving a 
firm to become a highly growing firm using 
Spanish firms.  

In sum, the prior studies relate to how banking rela-
tionship affects R&D investment and growth is still 
lacking. Our study fills this gap.  

2. Data and methodology 

2.1. Data. Data are collected from four sources, 
namely, (a) the China Stock Market and Accounting 
Research (CSMAR) database, (b) the Ju-Chao web-

site on Listed Firms Information Release Panel, (c) 
the Shanghai Stock Exchange, and (d) the Shenzhen 
Stock Exchange. We obtained 10,929 observations 
from approximately 1400 firms listed on the Shang-
hai and Shenzhen exchanges of financial data and 
6,407 observations of banking relationship data 
from 1999 to 2008. 

2.2. Methodology. Because the two equations are 
estimated using the same data, their error terms may 
be correlated. To address this problem, we use a 
2SLS regression model, an extension of the linear 
regression model, to solve correlated errors between 
equations. 

This study investigates the nature of the relation 
between innovation and firm growth as measured 
by Tobin’s Q using a 2SLS regression for Chinese 
listed firms. The study also examines the difference 
of innovation and growth between stated-owned 
firms (SOEs) and private-owned firms (POEs). We 
use the percentage of shares owned by the state as a 
proxy for state owner diverse. Firms with more than 
50% public ownership are defined as state-owned, 
whereas firms with less than 50% public ownership 
are considered private firms.  

Our simultaneous equations are expressed as Equa-
tions (1) and (2). 

GROWTH = 0 + 1 INNOVATIONt-1 + 2 AGE + 3 

SIZE + 4 DEBT_TA + 5 CAPEX_TA + 6 FCF_TA 

+ 7-12 INN_D + 13 POETs + t.                                           (1) 

INNIVATION = 0 + 1BR + 2SIZE + 3AGE + 

+ 4FCFTA + 5POES + 6-11 INND+ t                     (2) 

2.2.1. Description of variables in Equation (1). We 
use Tobin’s Q as a proxy for growth opportunities 
GROWTH. Tobin’s Q is measured by the market 
value of assets (the market value of equity plus the 
book value of debt) divided by the book value of 
assets. For a given year, growth companies are 
firms with Tobin’s Q greater than the median for 
that year.  

One determinant of GROWTH is INNOVATION, as 
measured above. We use the ratio of expenditure on 
intangible assets to total assets, the R&D expendi-
ture ratio and property rights, to present INNOVA-

TION. The data on the R&D expenditure ratio are 
incomplete before 2005, it is more complete after 
that. Roper (1997) and Engel et al. (2004) find a 
strong relationship between firm innovation and 
growth opportunity. Yasuda (2005) shows a signifi-
cant correlation between R&D expenditure per em-
ployee and firm growth. We expect the significant 
and positive effect of INNOVATION on GROWTH. 

Firm age and size are the two most common inde-

pendent variables that affect firm growth. The SIZE 

logarithm of total assets and AGE, which pertains to 
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the age or maturity of the company, are labeled as 

firm size and firm age. Almus and Nerlinger (1999) 

find that firm age affects growth negatively, imply-

ing that old firms grow more slowly than young 

firms. Hall (1987) analyzes US manufacturing firms 

and indicates that large firms are associated with 

low growth. Becchetti and Trovato (2002) also find 

an inverse relationship between growth and size. 

Following the most recent findings, we expect that 

the size and age of firms negatively affect the 

growth of firms. 

The capital expenditure ratio (CAPEX_TA) is the 

ratio of capital investment expenditure to total as-

sets. The evidence from Houston and James (1996) 

documents that market value (Tobin’s Q) definitely 

relies on firm growth opportunities, which are im-

pacted by capital expenditure. We control the firm 

liquidity by cash ratio (CASH_RT). It is calculated 

by the ratio of total cash and cash equivalents to 

total liabilities. This determinant suggests that com-

panies grow faster if they hold a sustained level of 

current assets to pay off their short-term liabilities. 

An increase in the cash ratio reinforces the liquidity 

position of the firm. Gill and Mathur (2011) suggest 

that maintaining a high liquidity level helps firms 

face less severe financing constraints. We expect 

that liquidity positively affects firm growth. The 

debt ratio (DEBT_TA) is the ratio of short-term debt 

to total assets. According to Majumdar and Chhib-

ber (1999), it is found to have significantly negative 

impact on firm performance for the sample of Ital-

ian firms. Conversly, Abor (2005) reveals the evi-

dence to support that short-term debt to total assets 

is significantly positively correlated with firm pro- 

fitability (measured by ROE).  

We also add different industry dummies (IND_D) to 

control for industry-specific differences in growth 

rates. Firms in different industries exhibit different 

growth. Harhoff (1998) suggests that the effects of 

different growth factors are slightly different in 

four selected industries, namely, the manufactur-

ing, construction, trade, and service industries. 

Dunne and Hughes (1994) include 19 industry 

dummies in their investigation. We investigate 

the possibility that the effect of the independent 

variables varies with the industry. Furthermore, 

we run the model including six industries, name-

ly, public utilities, real estate (property) deve- 

lopment, general, industrial (manufacturing), 

commercial and other industries 

We include POEs as a dummy variable to measure 

the growth difference of two types of owners’ diverse. 

POEs is 1 for private-owned firms or 0 otherwise. 

Because each firm has different characteristics, we 

expect different rates of growth. 

2.2.2. Description variables in Equation (2). Our 

dependent variables are presented by INNOVA-

TION. Consistent with Equation (1), we use the 

ratio of expenditure on intangible assets to total 

assets, including the expenditure on R&D expendi-

ture and property rights, to represent innovation. 

We add the number of the banking contacts of firms 

to this model as a control variable. We use BR to 

measure the closeness of the bank-borrower rela-

tionship. BR is the number of banks the firm bor-

rows from, that is, borrowing concentration. Benfra-

tello et al. (2008) indicate that banking relationships 

significantly affect process innovation but weakly 

affect product innovation. Bhattacharya and Chiesa 

(1995) point out that an inverse relationship exists 

between firm innovation and the number of banking 

relationships because of information dissemination 

problems. 

The variables that describe the internal structure of 

the company include variable SIZE, which shows 

the size of the business; the natural logarithm of 

total assets; and AGE, which shows the age or ma-

turity of the company. Fernández (1996) claims that 

large companies have advantages to innovate, such 

as economy of scale, low risk, large market, and 

great opportunities for appropriation. Thus, we find 

a report on the positive relationship between size 

and innovation. On the age variable, an old firm 

indicates that the experience and knowledge it ac-

cumulated throughout its history are advantageous 

to the creativity and communication necessary to 

innovate (Galende and De la Fuente, 2003). There-

fore, the expected sign for the age variable is posi-

tive, consistent with literature. 

The free cash flow ratio (FCF_TA), which pertains 

to the availability of the internal cash of the firm, is 

one key determinant of innovation. It is measured 

by taking free cash flow divided by total assets. The 

variable is considered such a determinant and the 

main form of financing innovation because of its 

lower cost and risk than external finance. Pinkowitz 

et al. (2012) indicate that if firms have insufficient 

internal funds, innovations may be suspended. 

Therefore, we hypothesize that firms with higher 

free cash flow invest more in innovation activities 

and are thus more innovative. 

We also include ownership, which may significant-

ly affect firm innovation. POEs is the owner-types 

dummy variable. POEs is given a “1” or a “0” for 

private-owned or others. According to prior re-

search, inefficient and unprofitable firms are not 

forced into bankruptcy because of state interven-

tion. Policies reduce the incentive of SOEs to de-

velop new methods and products and thereby re-

duce innovation. By contrast, POEs face the threat 
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of bankruptcy and the constraints of financing. They 

are constantly under pressure to meet their target 

profits. POEs have strong incentive to adopt new 

practices and introduce innovative products that 

would further increase their innovation capacity 

because of the pressure. 

The last determinant of innovation is industry-

specific characteristics, which, in the form of know-

ledge externalities, may determine innovation acti- 

vity (Cohen et al., 1987). We cluster the sample 

firms into six groups according to firm type as in 

Equation 1, namely, public utilities, real estate 

(property) development, general, industrial (manu-

facturing), commercial and other industries. We 

employ firm diversification as the dummy variable. 

For example, 1 denotes the public utility industry, 

and 0 denotes others; 1 denotes the general industry, 

and 0 denotes others.  

3. Empirical results 

Panel A of Table 1 shows the results of the sum-

mary statistics on the endogenous and exogenous 

variables for full sample. For the endogenous vari- 

able GROWTH, the highest value of Tobin’s Q is 

40774.68, whereas the lowest is 0.6. All sample 

firms grow, but significant differences are observed 

in growth among them. The mean of GROWTH is 

6.59 (with a median of 1.82) which is high com-

pared to U.S. firms that have an average of 2.89 

(Cui and Mak, 2002). The second endogenous vari-

able is INNOVATION, which has a mean of 0.04, 

which is low compared to American firms that have 

average of 0.1 to 0.16 (Ho et al., 2006; Cui and 

Mak, 2002). The minimum is 0 and reveals that 

some firms even do not spend expenditure on any 

innovation projects.  

The average banking relationships are 2.63 (with a 

median of 2), which imply that Chinese firms tend 

to deal with fewer banks compared with other 

emerging market firms. And this number is close to 

U.S. of 2. The 1th quartile of BR is 0, implying that 

almost 25% sample do not borrow from any banks. 

By contrast, some firms even deal with as many as 

15 banks. SIZE represents the size/scale of the firm 

and has an average value of 21.12, which significant 

is higher in comparison of U.S. firms that have the 

mean of 17.89 (Cui and Mak, 2002), implying that 

the difference in firm size may exist. The average 

age of firms is 26, the youngest firms are 3, and the 

oldest is 107 years old. The DEBT_TA mean is 0.67 

while the average value of CAPEX_TA is -0.19. 

Free cash flow to total assets ratio (FCF_TA) has 

the value approximately equal to cash ratio 

(CASH_RT) with the mean and median equal to 

0.14 and 0.12 respectivly. 

Panel B of Table 1 presents the comparison on sta-
tistics of variables for firms with multiple and single 
banking relationships. Firm that maintain single 
banking relationships have extremely larger 
GROWTH than those with multiple banking rela-
tionship (21.4 compared to 2.77) even the R&D 
expenditure of two type firms are almost equivalent 
(0.04). Firms that deal with single bank have the 
average size and age of 21.1 and 24.88; whereas those 
values of multiple-bank lending firms are 21.22 and 
26.49, indicating that small and young firms tend to 
deal with single bank while large and old firms are in 
favor of multiple banks. These results are consistent 
with the study of Yin and Matthews (2014).  

Panel C of Table 1 reports the different statistics 
which is classified by owner diverse. The mean (me-
dian) of Tobin’s Q for POEs is 14.24 (1.71) and range 
from 0.6 to 40774.68, which implies the far different 
growth opportunity among private firms. SOEs even 
have lower Tobin’s Q on average (2.38) but it substan-
tially changes from 0.65 to 52.91, which is significant-
ly different to the range of POEs. The mean of BR (3 
vs 2) and cash ratio (0.14) of two type firms are close 
similar. Not surprisingly, POEs show higher growth 
opportunity (14.24 vs 2.38), higher innovation ex-
penditure (0.046 vs 0.038), extremely higher debt ratio 
(0.91 vs 0.14) and larger size (21.43 vs 21.06). How-
ever, it shows a lower median capital expenditure ratio 
(0.02 vs 0.03) and free cash flow ratio (0.12 vs 0.48) 
compared to SOEs. It implies that POEs are lager, 
spend more on innovation projects, have higher liquid-
ity capability and higher growth opportunity. How- 
ever, these firms have lower capital expenditure and 
free cash flow. 

Panel D summarizes the selective statistics on dif-
ferent industries. Commercial industry shows the 
highest innovation expenditure of 5% associated 
with the highest growth opportunity of 9.16 and the 
highest banking relationship of 2.9, followed by 
general and other industries. Public utilities remain 
the lowest innovation expenditure of 3.7% asso-
ciated with 1.56 growth opportunity and 0.69 num-
ber of banking relationships. The results in panel D 
and chart 2 demonstrate the correlation of innova-
tion expenditure and growth opportunity within an 
industry.  

Table 2 shows the sample distribution and the To-
bin’s Q and innovation across different years, indus-
tries, ownership types. First, the growth opportunity 
of Chinese enterprises decreased from 2000 to 2005 
and then increased from 2006 to 2008. Innovation 
rose twice from 0.032 to 0.065 during the decade 
(panel A). Panel B implies different firm opportuni-
ties and innovations across the five industries. 
Commercial has the highest firm opportunity inno-
vation, whereas public utilities have the lowest value. 
Panel C measures the change in innovation and ban- 
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king relationship based on the number of banking 
relationships. Firms obtain the highest innovation 
expenditure at three banking relationships for both full 
sample and two ownership types. We also note that 
innovation is increasing with an increasing of banking 
relationship when banking relationships are less than 
three. When banking relationships are greater than 
three, innovation turns out to be decreasing with an 
increasing of banking relationships. These are the 
evidenced to expect the significant effect of banking 
relationship on innovation. 

Table 3 shows the results of the simultaneous equation 

model, implying that growth opportunity and innova-

tion are endogenous variables. Column (1) shows the 

results of the full sample. It reports an insignificant 

impact of number of banking relationships on innova-

tion expenditure. However, when we divide the full 

sample in to three sub-samples by the number of 

banking relationships, the results are different. For the 

first sub-sample (0 < BR < 3), banking relationships 

significantly affect innovation expenditure with posi-

tive coefficient of 0.003. It suggests dealing with one 

or two banks, which is optimal for firm to innovate 

since firms may access to abundant capital but the cost 

paid not too high. Firm size and free cash flow are 

decreasing with innovation coefficients equal to -0.01 

and -0.082, respectively which means small firms are 

more likely spend much more on innovation and firms 

with high free cash flow are not interested in investing 

in innovation projects. Firm owner diverse is positivel 

related to innovation with a coefficient of 0.009, indi-

cates that POEs have higher innovation expenditure 

compared to SOEs. The second regression on firm 

growth opportunity in column (6) reports the signifi-

cant positive relationship between innovation and 

growth opportunity. Innovation is increasing with 

growth opportunity with the coefficient of 350.8 

which reflects that innovation is the powerful determi-

nant of firm growth opportunity. However, owner 

diverse is negatively correlated with growth opportu-

nity suggesting that even POEs invest much more in 

innovation than SOEs but they have lower growth 

opportunity compared to SOEs. The other variables 

also have significant impacts on growth opportunity as 

we expected. 

For the second sub-sample (3  BR < 5), we do not 

find the significant effect of banking relationship on 

innovation, which implies that dealing with three or 

four banks does not help to explain the expenditure on 

(5  BR  15) innovation. The results of the last sam-

ple are reported in columns (4) and (8). Column (4) 

provides the significant and negative coefficient of 

banking relationships on innovation expenditure  

(-0.002), and points out that borrowing from numer-

ous of banks (from five to fifteen banks) leads to low 

innovation. It is converse to the positive relationship 

between those variables in the first sub-sample which 

demonstrates that banking relationships effect is non-

linear rather than linear. This finding sounds reaso- 

nable: main banking relationships with one or two 

banks help reduce asymmetric information problem 

and save costs so firms, having great advantages and 

resources to innovate. In contrast, innovation invest-

ment is destroyed for those firms which maintain more 

than five banking relationships. Dealing with too 

many banks put firms in the pressure of information 

leakage and exstremely high transactional costs, thus 

innovation expenditure declines compared to other 

firms.  

Although banking relationships shows different im-

pact on innovation in each sub-sample, the correlation 

between innovation and growth opportunity is consis-

tent. Innovation adds value to Tobin’s Q with a coeffi-

cient of 33.447. The significant coefficients of AGE, 

DEBT_TA and CASH_RT are -0.018, 1.303 and 3.995 

respectively, and show that small firms, high debt ratio 

and cash ratio have higher growth opportunity. The 

effect of SIZE and POEs are insignificant while the 

effect of CAPEX_TA is significantly negative. This 

finding differs from most of the extant literature.  

The coefficients on the industry dummies (IND_D1 – 

IND_D6) in models (1)-(4) show that there is no effect 

of industry type on innovation expenditure. For 

growth opportunity regression, just only IND_D1 is 

correlated with Tobin’s Q suggesting that firm growth 

opportunity is increasing in public utilities industry. 

Conclusion 

Using 2SLS SEM approach of the Chinese firm-level 

data, our findings have implications for the under-

standing of the effect of innovation on firm growth 

opportunity through the number of banking relation-

ships. First, we find that innovation investment signi- 

ficantly and positively influences a firm’s Tobin’s Q. 

Secondly, a non-linear relationship between banking 

relationships and innovation was found. Banking rela-

tionships add value to firms via innovation investment 

when firms deal with one or two banks; whereas it 

destroys innovation investment and the reflective To-

bin’s Q when firms maintain more than five banking 

relationships. Additionally, we hypothesize that POEs 

spend more innovation investments compared to 

SOEs; however, these investments may not be effi-

cient enough than lower Tobin’s Q on POEs was 

found. Besides, we find significant industry effects on 

growth opportunities, while it is insignificant on 

innovation expenditure, implying that innovation 

investments do not differ significantly across 

various industries. 

Enterprises, especially some special industries, should 

make more efforts to create the comparative advantage 

via created close rather than fragmented banking rela-

tionships and innovation investment.  
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Appendix 

Table 1. Summary statistics 

This Table shows the results of a two-stage least squares SEM. The first model is based on firm innovation (INNOVATION), and the 

second model is based on firm growth (GROWTH). 

GROWTH is the firm growth opportunity; measured by Tobin’s Q. Tobin’s Q is given by the market value of assets (the market 

value of equity plus the book value of debt) divided by the book value of assets. INNOVATION refers to R&D expenditure, deter-

mined by the ratio of R&D expense to the total assets of the firm. BR is the number of banks the firm has to access loans. SIZE 

shows the size of the business, the natural logarithm of total assets, and the variable AGE shows the age or maturity of the company. 

CAPEX_TA is the capital expenditure ratio, which is captured by the ratio of capital expenditure and total assets. FCF_TA is the free 

cash flow ratio, which is free cash flow divided by total assets. DEBT_TA is the debt ratio, measured as short-term debt divided by 

total assets. CASH_RATIO is the ratio of cash and cash equivalent and total liabilities. 

 

Panel A: Full sample 

Variables Obs Mean Median Max Min 25% 75% Std 

Endogenous 

GROWTH 10.894 6.59 1.82 40774.68 0.60 1.32 2.78 391.87 

INNOVATION 10.885 0.04 0.02 0.84 0 0 0.05 0.06 

Exogenous 

BR 6407 2.85 2 15 0 1 4 2.35 

SIZE 10928 21.12 21.10 28.08 10.84 20.525 21.79 1.09 

AGE 10928 26.16 22 107 3 13 31 16.3 

CAPEX_TA 10912 -0.19 0.03 0.81 -1386.05 0 0.08 17.31 

DEBT_TA 10927 0.67 0.5 877.25 0 0.36 0.62 8.7 

FCF_TA 10909 0.14 0.12 1 0 0.07 0.19 0.11 

CASH_RT 10910 0.14 0.12 1 0 0.06 0.19 0.11 

Panel B: Single banking relationship vs. multiple banking relationships 

Multiple BR 

Single BR 

Variables Obs Mean Median Max Min 25% 75% Std 

Endogenous 

GROWTH 2235 21.4 1.89 40774.68 0.68 1.37 2.87 862.72 

INNOVATION 2230 0.04 0.019 0.63 0 0 0.04 0.06 

Exogenous 

BR 2245 0.72 1 1 0 0 1 0.45 

SIZE 2244 21.1 20.98 28.08 10.84 20.37 21.69 1.26 

AGE 2245 24.88 20 107 3 12 31 15.45 

CAPEX_TA 2240 -0.52 0.02 0.78 -1159.75 0 0.07 24.55 

DEBT_TA 2244 0.6 0.43 142.71 0 0.25 0.59 40.4 

FCF_TA 2227 0.18 0.14 1 0 0.08 0.25 0.14 

CASH_RT 2227 0.18 0.14 1 0 0.08 0.25 0.14 

Variables Obs Mean Median Max Min 25% 75% Std 

Endogenous 

GROWTH 8659 2.77 1.81 3001.08 0.60 1.31 2.76 33.05 

INNOVATION 8655 0.04 0.0213 0.84 -0.027 0 0.05 0.06 

Exogenous 

BR 4162 4.01 3 15 2 2 5 2.15 

SIZE 8683 21.22 21.12 27.68 12.31 20.55 21.81 1.05 

AGE 8683 26.49 23 107 4 13 31 16.48 

CAPEX_TA 8672 -0.11 0.02 0.81 -1386.05 0 0.08 14.88 

DEBT_TA 8683 0.68 0.51 877.25 0.01 0.38 0.63 9.53 

FCT_TA 8682 0.13 0.11 0.85 0 0.06 0.18 0.1 

CASH_RT 8682 0.13 0.11 0.85 0 0.06 0.18 0.09 
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Table 1 (cont.). Summary statistics 

Panel C: Owner types 

Private-owned enterprises 

Variables Obs Mean Median Max Min 25% 75% Std 

GROWTH 3872 14.24 1.71 40774.68 0.60 1.25 2.65 657.3 

INNOVATION 3903 0.046 0.025 0.84 0 0 0.05 0.07 

Exogenous 

BR 2854 3.14 2 15 0 1 5 2.59 

SIZE 3904 21.43 21.36 28.08 10.84 20.66 22.11 1.25 

AGE 3905 23.22 17 107 3 12 31 15.7 

CAPEX_TA 3898 -0.64 0.02 0.81 0.77 0 0.07 28.97 

DEBT_TA 3904 0.91 0.52 877.25 0 0.38 0.65 14.5 

FCT_TA 3901 0.14 0.12 1 0 0.06 0.19 0.11 

CASH_RT 3901 0.14 0.12 1 0 0.06 0.19 0.11 

Stated-owned enterprises 

Variables Obs Mean Median Max Min 25% 75% Std 

Endogenous 

GROWTH 7022 2.38 1.89 52.91 0.65 1.37 2.83 1.75 

INNOVATION 6982 0.038 0.019 0.79 -0.02 0 0.04 0.06 

Exogenous 

BR 3553 2.63 2 14 0 1 4 2.11 

SIZE 7023 21.06 20.97 27.32 17.12 20.45 21.61 0.97 

AGE 7023 27.79 25 107 5 16 31 16.3 

CAPEX_TA 7014 0.05 0.03 0.81 -2.45 0 0.08 0.11 

DEBT_TA 7008 0.14 0.11 0.78 0 0.66 0.19 0.1 

FCT_TA 7023 0.53 0.48 43.07 0 0.34 0.61 0.72 

CASH_RT 7008 0.14 0.11 0.78 0 0.06 0.19 0.1 

Panel D: Industry diversify 

Industries GROWTH INNOVATION BR

D = 1 (Public utilities) 1.56 0.037 0.69 

D = 2 (Real estate development) 2.06 0.040 2.72 

D = 3 (General) 2.59 0.045 3.21 

D = 4 (Manufacturing) 2.38 0.042 2.86 

D = 5 (Commercial) 9.16 0.050 2.9 

D = 6 (Other industries) 2.5 0.045 2.7 

Table 2. Sample distribution analysis 

Panel B: Endogenous variables and five largest shareholder ownerships by industry 

 GROWTH INNOVATION TOP1 TOP2 TOP3 TOP4 TOP5

1999 2.88 0.032 44.924 8.199 3.241 1.827 1.235 

2000 3.93 0.037 44.413 8.116 3.182 1.736 1.156 

2001 3.00 0.035 44.019 8.206 3.251 1.724 1.097 

2002 2.38 0.029 43.696 8.608 3.365 1.813 1.131 

2003 1.91 0.025 42.869 9.114 3.506 1.867 1.153 

2004 1.63 0.020 42.386 9.539 3.734 1.965 1.240 

2005 1.47 0.017 40.584 9.732 3.859 2.066 1.320 

2006 4.39 0.042 35.920 8.966 3.570 2.003 1.397 

2007 5.16 0.045 35.390 8.496 3.383 1.976 1.359 

2008 9.87 0.053 36.130 8.488 3.434 1.957 1.360 

Public utility 
GROWTH 

OPPORTUNITY 
INNOVATION TOP1 TOP2 TOP3 TOP4 TOP5 

Real estate 
development 

1.56 0.037 22.357 6.645 4.801 3.990 2.824 

General 2.06 0.040 42.342 10.108 3.718 1.869 1.117 

Industrial 2.59 0.045 41.545 7.090 2.274 1.486 1.038 

Commercial 2.38 0.042 36.949 9.739 4.314 2.281 1.468 
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Table 2 (cont.). Sample distribution analysis 

INNOVATION 

BR Full sample SOEs POEs 

0 0.0327 0.0361 0.0294 

1 0.0523 0.0395 0.0420 

BR Full sample SOEs POEs 

2 0.0594 0.0489 0.0547 

3 0.0679 0.0639 0.0652 

4 0.0550 0.0498 0.0533 

5 0.0534 0.0478 0.515 

6 0.0523 0.0469 0.491 

7 0.0475 0.0417 0.448 

8 0.0403 0.0334 0.0416 

9 0.0342 0.0310 0.0374 

10 0.0211 0.0211  

Table 3. Results of 2SLS simultaneous equation model between banking relationships, R&D investment, 
and growth opportunity 

This table shows the results of a two-stage least squares SEM. The first model is based on firm innovation (INNOVATION), and the 
second model is based on firm growth (GROWTH). 

GROWTH is the firm growth opportunity, measured by Tobin’s Q. Tobin’s Q is given by the market value of assets (the market value 
of equity plus the book value of debt) divided by the book value of assets. INNOVATION refers to R&D expenditure, determined by 
the ratio of R&D expense to the total assets of the firm. BR is the number of banks the firm has to access loans. SIZE shows the size 
of the business, the natural logarithm of total assets, and the variable AGE shows the age or maturity of the company. CAPEX_TA is 
the capital expenditure ratio, which is captured by the ratio of capital expenditure and total assets. FCF_R is the free cash flow ratio, 
which is free cash flow divided by total assets. DEBT_TA is the debt ratio, measured as short-term debt divided by total assets. 
CASH_RATIO is the ratio of cash and cash equivalent and total liabilities. 

Model INNOVATION GROWTH

 Full sample 0 < BR < 3 3  BR < 5 5  BR  15 Full sample 0 < BR < 3 3  BR < 5 5  BR 

Coefficients (1) (2) (3) (4) (5) (6) (7) (8) 

INNOVATION     
14882.45*** 
(2468.91) 

350.8** 
(181.664) 

354.174*** 
(168.458) 

33.447*** 
(9.745) 

BR 0 
0.004*** 
(0.001) 

-0.002 
(0.003) 

-0.002** 
(0.001) 

    

SIZE
-0.009 *** 

(0) 
-0.01(***) 

(0) 
-0.009*** 
(0.001) 

-0.007*** 
(0.001) 

118.1*** 
(23.4) 

5.924*** 
(1.934) 

3.137*** 
(1.57) 

-0.091 
(0.091) 

AGE
0.0002*** 

(0) 
0** 
(0) 

0*** 
(0) 

0*** 
(0) 

-3.676*** 
(0.652) 

-0.027 
(0.039) 

-0.092** 
(0.048) 

-0.018*** 
(0.005) 

FCF_TA 
-0.083 *** 

(0.007) 
-0.082*** 
(0.008) 

-0.069*** 
(0.017) 

-0.087*** 
(0.024) 

    

POEs
0.012 *** 
(0.001) 

0.009*** 
(0.002) 

0.014*** 
(0.003) 

0.019*** 
(0.004) 

-166.585*** 
(30.446) 

-4.972*** 
(1.938) 

-4.386** 
(2.455) 

-0.151 
(0.197) 

DEBT_TA     
-56.052*** 

(0.29) 
-5.197*** 
(0.243) 

6.33*** 
(0.076) 

1.303***
(0.014) 

CAPEX_TA     
-39.296*** 

(0.146) 
-35.747*** 

(0.399) 
1.841*** 
(0.048) 

-0.911*** 
(0.321) 

CASH_RT     
1233.043*** 

(210.13) 
29.69** 
(16.761) 

31.632*** 
(11.799) 

3.995***
(0.952) 

IND_D1
0.009 

(0.015) 
0.007 

(0.017) 
  

83.945*** 
(36.723) 

 
-16.681*** 

(7.441) 
 

IND_D2
0.01*** 
(0.005) 

0.009 
(0.007) 

-0.013 
(0.031) 

-0.017 
(0.012) 

-12.214 
(11.103) 

6.689 
(8.991) 

-8.594** 
(4.561) 

0.4** 
(0.212) 

IND_D3   
-0.039 
(0.032) 

  
11.736 
(9.241) 

 
0.326 

(0.271) 

IND_D4
0.007** 
(0.004) 

-0.001 
(0.006) 

-0.014 
(0.031) 

0 
(0.01) 

-13.357 
(10.039) 

11.808 
(8.915) 

-8.742*** 
(4.375) 

-0.172 
(0.22) 

IND_D5
0.005 

(0.004) 
0 

(0.006) 
-0.015 
(0.031) 

-0.009 
(0.009) 

-3.196 
(9.551) 

11.146 
(8.85) 

-8.204*** 
(4.048) 

0.131 
(0.164) 

IND_D6
0.001 

(0.005) 
0.007 

(0.007) 
-0.004 
(0.031) 

-0.012 
(0.012) 

-12.183 
(2469.1) 

9.183 
(9.072) 

-11.921*** 
(5.983) 
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Table 3 (cont.). Results of 2SLS simultaneous equation model between banking relationships, R&D investment, 
 and growth opportunity 

Model INNOVATION GROWTH

Residual     
-14991.27*** 

(2469.09) 
-344.312** 
(181.852) 

-352.991*** 
(168.484) 

-34.592*** 
(9.761) 

Constant 
0.241*** 
(0.016) 

0.265*** 
(0.022) 

0.257*** 
(0.046) 

0.223*** 
(0.039) 

-3123.06*** 
(606.521) 

-146.845*** 
(51.378) 

-75.003*** 
(35.746) 

1.447 
(2.222) 

 Full sample 0 < BR < 3 3  BR < 5 5  BR  15 Full sample 0 < BR < 3 3  BR < 5 5  BR 

R-squared 0.06 0.07 0.06 0.05 0.927 0.99 0.99 0.89 

Obs 6202 3361 1555 1286 6163 3340 1548 1275 

 

Fig. 1. Relationships between firm growth and innovation across years (1999-2008) 

 

Fig. 2. Relationships between firm growth and innovation across different industries 

 

Fig. 3. Relationships between innovation and banking relationships based on number of banking relationships 
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