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Abstract

Drawing on resource dependence and social network theories, we explore the rela-
tionship between social networks, financial constraints, and corporate innovation.
We employ a two-way fixed-effect panel model based on Chinese A-share listed cor-
porations from 2008 to 2020. We find that financial constraints have a negative rela-
tionship with corporate innovation, social networks promote corporate innovation,
and financial constraints mediate this relationship. In addition, our findings suggest
that social networks have a significantly positive effect on exploratory innovation
and a negative effect on exploitative innovation; financial constraints mediate these
relationships. Moreover, our findings are heterogeneous for different regions (west,
central, and east) and corporate sizes (large and small). Therefore, our findings
improve the understanding of the impact of social networks and funds on corporate
innovation, shed light on the approach to enhancing corporate innovation, and fur-
ther expand resource dependence and social network theories.
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1 Introduction

Corporate innovation is a crucial output for corporations (Liao & Wu, 2010) and
a source of value creation (Merofio-Cerdan & Loépez-Nicolas, 2013). Previous
studies explore the influence factors of corporate innovation from the perspec-
tives of the environment (Bibi et al., 2020), corporate characteristics (Khan et al.,
2020), manager characteristics (Khan et al., 2020; Xie et al., 2021; Yuan & Wen,
2018), internal management (Bibi et al., 2022; Sierra, 2019), organizational rela-
tionships (Qi et al., 2020), and resource availability (Ferreira et al., 2013; Hewitt-
Dundas, 2006). Scholars also explore the relationship between influence factors
and innovation through different methods, such as multivariate analysis (Fom-
bang & Adjasi, 2018; Su et al., 2019; Toivanen & Hyytinen, 2005), different-
in-different model (Helmers et al., 2017), structural model (Li, 2011), bivariate
probit model (Garcia-Quevedo et al., 2018), and dynamic binary discrete random
process (Giraudo et al., 2019). They find that funds and information are widely
accepted as the most important external resources and director social networks
affect the flow of information. Resource dependence theory (hereafter cited as
RDT) developed by Pfeffer (1978) suggest that access to external resources is
crucial for innovation activities (Mina et al., 2013), especially in developing
countries like China, where prevails high uncertainty, information asymmetry,
and lack of collateral (Bolton et al., 2006; Li et al., 2009; Toivanen & Hyytinen,
2005).

Along this stream, financial constraint refers to the difference between inter-
nal and external financing costs and is argued to inhibit corporate innovation
activities (Acharya & Xu, 2017; Li, 2011) by suppressing initiative and intensity
(Nanda & Nicholas, 2014; Pang & Wang, 2020). Information transmission refers
to the informal exchange of information between individuals working for differ-
ent and sometimes competing corporations and reduces uncertainty surrounding
innovation by increasing the diversity and quality of information (Chuluun et al.,
2017; Dahl & Pedersen, 2005). Meanwhile, social networks refer to the associa-
tion between individuals or organizations and are the resource brought by peo-
ple’s position in the social structure (Schuchter & Levi, 2016, 2019). It can help
corporations access more information (Drees & Heugens, 2013; Helmers et al.,
2017), reduce transaction costs (Doh & Acs, 2010), obtain essential resources
(Zona et al., 2018), and minimize various external uncertainties (Hillman et al.,
2009), thereby increasing innovation funding. Interestingly, few studies relate the
above-mentioned requirements and source of resources to corporate innovation
and leave questions insufficiently addressed: whether and how social network pro-
motes corporate innovation activities (such as, solely by alleviating financial con-
straints, or simultaneously by other channels).

To answer these questions, we focus on the relationship between interlock-
ing directors’ social networks, financial constraints, and corporate innovation
constructing a two-way fixed effects model. To explore the impact mechanism
on innovation, we further constructed a mediation effect model and a modera-
tion effect model, following the local studies of He et al. (2019b) and Sun et al.
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(2019). This study utilized the comprehensive value of four dimensions of inter-
locking directors’ social networks—betweenness centrality, closeness centrality,
degree centrality, and structural holes—as measures of social networks to discuss
the problem mentioned above. We found a negative relationship between financial
constraints and corporate innovation. Social networks promote corporate innova-
tion. Further, financial constraints mediate the relationship between social net-
works and corporate innovation, and financial constraints play a partial mediating
role.

Furthermore, because different types of innovation may require various resources,
we explore the impact of social networks on different innovation strategies (exploratory
and exploitative innovation). From the perspective of resource dependence, we find that
financial constraints have a negative relationship with exploratory innovation. Social
networks have a positive relationship with exploratory innovation, which is mediated
by financial constraints. Financial constraints play a partial mediating role in this rela-
tionship. However, exploitative innovation has different impacts. Financial constraints
are positively related to exploitative innovation. Social networks have a negative rela-
tionship with exploitative innovation, which is mediated by financial constraints. Our
results differ from those of Yan and Guan (2018), who emphasize how individual social
capital affects exploratory and exploitative innovation from the perspective of network
dynamics.

In addition, analyzing the impact of different regions (west, central, and east) and
corporate sizes (large and small), we found that (1) regional development will signifi-
cantly impact the relationship between social networks, financial constraints, and cor-
porate innovation. (2) large corporations have sufficient resources to promote innova-
tion, and resources brought by social networks have no significant impact on corporate
innovation, while small corporations are more influenced by financing constraints and
need the support of social networks. In addition, we discuss the impact of heterogeneity.

This study extends social network theory to financial constraints and corporate
innovation (El-Khatib et al., 2015; Tao et al., 2019). This study contributes to the lit-
erature by exploring the various economic factors that drive corporate innovation by
combining organizational behavior theory, RDT, and social network theory in corpo-
rate innovation. In addition, this study emphasizes the influence of different regions
and corporate sizes on the relationship between social networks, financial constraints,
and corporate innovation in China. Furthermore, this study supplements the literature
on corporate governance and funding behavior in different environments and provides
financial strategies for corporate innovation.

The remainder of this paper is organized as follows. The literature and hypotheses
are presented in Sect. 2. Section 3 presents the data sample and research design. Sec-
tion 4 presents the empirical results and Sect. 5 concludes the study.
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2 Literature review and research hypotheses
2.1 Resource dependence theory

Pfeffer (1978) initially developed the RDT, which suggests that firms rely on exter-
nal organizations to obtain their key resources. This theory points out the interde-
pendence between organizations to explain why independent organizations still
engage in inter-organizational arrangements (Drees & Heugens, 2013). RDT shows
that firms can minimize environmental dependence and deter environmental uncer-
tainty through five actions: mergers (Deng & Yang, 2015), joint ventures (Sun &
Lee, 2013), interlocks (Zona et al., 2018), alliances (Pangarkar & Wu, 2013), and
in-sourcing (Nguyen et al., 2021).

The use of interlocking directors to reduce environmental uncertainty and
resource dependence is a major approach employed by many corporations (Au et al.,
2000). Prior research on boards of directors shows that RDT is the most influential
theory than other board perspectives (Hillman et al., 2009). RDT addresses the abil-
ity of board interlocks to bring resources to corporations (Zona et al., 2018). Inter-
locking directors are usually linked to the external environment through their social
networks. Such networks are valuable for information transfer across corporations,
fostering communication, and obtaining resources for corporate operations (Shaw
et al., 2016). Thus, board social networks are an important channel for connecting
corporations with key information and resources (such as external budgets, funds,
and other social capital) in the external environment (Au et al., 2000; Chen et al.,
2013; Zona et al., 2018).

In the context of Chinese culture, people prefer to rely on their relationships to
solve various problems. Therefore, RDT is more suitable for studying interlocking
directors in China. More outside directors, especially those with social networks,
have greater corporate value when firms suffer financial uncertainty or distress
(Joh & Jung, 2018). Furthermore, the resources acquired by interlocking directors
through experience and connections increase research and development (R&D)
intensity (Bravo & Reguera-Alvarado, 2017).

2.2 Hypotheses development
2.2.1 Financial constraints and corporate innovation

Innovation is the process of recombination of various elements (Bibi et al., 2020;
Xie et al., 2021). Research shows that corporate innovation is a high-risk investment
that is resource-consuming and relies on strong funding resources (Acharya & Xu,
2017). According to RDT, external resources (such as funds and budget) are impor-
tant sources of corporate R&D (Czarnitzki & Hottenrott, 2011). Lack or malfunc-
tioning external sources of funding will impact corporate innovation (Sierra, 2019).
However, corporations encounter various financial difficulties in their innovation
activities (Mina et al., 2013).
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On the one hand, many corporations and investors are reluctant to finance inno-
vation activities because of uncertainty, a large amount of capital investment, and
the long periodicity of innovation (Landry et al., 2002; Zhang & Zheng, 2020).
Innovation activities require a long period, are more sensitive to internal funding in
the design phase, and are more sensitive to external funding in the execution stage
(Garcia-Quevedo et al., 2018). In addition, the unequal time between the input and
output of innovation activities limits the persistence of investments by corporations
with financial constraints. Generally, when corporations consider optimal invest-
ment, they choose to minimize the long-run cost of investment (Efthyvoulou &
Vahter, 2016).

On the other hand, due to high uncertainty, information asymmetry, and a lack
of collateral, it is difficult for corporations to obtain sufficient funds for innovation
(Acharya & Xu, 2017; Pang & Wang, 2020; Toivanen & Hyytinen, 2005). In China,
because innovation activities are associated with high information asymmetry and
risk, lenders prefer to ask for a higher rate of return or more collateral, which further
increases the financial cost of innovation and induces underinvestment in innova-
tion activities (Garcia-Quevedo et al., 2018). Moreover, the uncertainty and distribu-
tion of innovation investment returns make investors more cautious when choosing
investments in innovation activities.

Overall, due to the externality, information asymmetry, long periodicity, and dis-
tribution of R&D investment returns, financial constraints have become one of the
most significant factors corporate innovation faces (Garcia-Quevedo et al., 2018).
Following the RDT, corporations are less likely to undertake innovation activities
without financial support (Elking et al., 2017). Therefore, alleviating financial con-
straints may facilitate innovation activities (Cao & Zhang, 2021; Howell, 2016).
Thus, we propose the following hypothesis:

Hypothesis 1 Financial constraints have a negative impact on corporate innovation.

2.2.2 Social network, financial constraints, and corporate innovation

Corporations can alleviate resource dependence by connecting them to external
sources. Based on the analysis above, financing resources are essential in the process
of corporate innovation. In China, interlocking directors’ social network is one of
the most important external resources that could provide various resources, such as
information, funds, and capital (Au et al., 2000; Zona et al., 2018). Therefore, social
networks may alleviate the relationship between financial constraints and corporate
innovation.

In Chinese, social networks, called guanxi, also refer to connections or connected-
ness (Cohen et al., 2008; Khanna et al., 2015; Kuang & Lee, 2017). It refers to the
association between individuals or organizations and is the resource brought by peo-
ple’s position in the social structure (Schuchter & Levi, 2016, 2019). Therefore, social
networks are important external resource channels in China, where exist financial
repression and weak corporate governance (Cao & Zhang, 2021; Lin & Lin, 2016).
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Social networks can alleviate some critical resources (such as finance, knowledge,
and information) concerning corporate innovation, mainly through information shar-
ing (Chuluun et al., 2017; He et al., 2019a), trust (Nguyen et al., 2021; Shaw et al.,
2016), and resource acquisition (Tsai et al., 2019).

Social networks can provide new ways to circulate information (Chai et al., 2019;
Dahl & Pedersen, 2005; Lai et al., 2019). The information channel implies that social
networks are economically meaningful information-sharing processes (Javakhadze
et al., 2016). Information asymmetry in the financial markets leads to failed finan-
cial connections and high search costs. Therefore, social networks increase the avail-
ability of capital and knowledge diffusion in innovation activities. Moreover, social
networks provide information for innovative corporations and facilitate information
diffusion in their innovation (Chuluun et al., 2017).

Social networks are social ties with high trust and independence from third par-
ties (Burt & Burzynska, 2017). This leads corporations to strengthen their connec-
tions with the external environment and increase resource acquisition and opera-
tional efficiency to facilitate their innovation activities (Shaw et al., 2016). Based on
mutual trust, social networks also serve as insurance to mitigate the ex-post risk of
innovation failure, as friends may provide reemployment as a backup (Faleye et al.,
2014). These relationships decrease penalties for failure and create a moderate envi-
ronment for innovative corporations.

Therefore, we propose the following hypothesis:

Hypothesis 2 Social network has a positive impact on corporate innovation.

Social networks also promote inter-organizational resource acquisition and facilitate
resource allocation, which can help corporations obtain funds from more sources or at a
lower cost (Dahl & Pedersen, 2005; Lu et al., 2012). The higher the network centrality of
a private corporation, the more it alleviates financial constraints (Peng et al., 2019). The
relationship between corporations and banks helps corporations obtain more loans or
longer durations (Engelberg et al., 2012; Pham & Talavera, 2018) and provides sufficient
financial support for innovation activities. Furthermore, social networks increase the
availability of capital and credit, which are vital resources for implementing innovation
activities. Therefore, corporations have access to larger financial resources from social
networks and boost innovation activities. Thus, we propose the following hypothesis:

Hypothesis 3 Financial constraints mediate the relationship between social networks
and corporate innovation.

The research framework is presented in Fig. 1

Financial Constraints

H1

H2- r‘ Corporate Innovation

Social Network

Fig. 1 Research framework
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3 Research design
3.1 Variables and measures
3.1.1 Dependent variable: innovation

There are three primary measures of corporate innovation: (1) number of patent
applications, (2) number of patent grants, and (3) number of patent citations. Instead
of the number of patent grants applied by some researchers (Mirvis et al., 2016;
Phelps et al., 2012), we chose the number of patent applications as a measure of
corporate innovation, following Acharya and Xu (2017), Yuan and Wen (2018), and
Pang and Wang (2020). Corporate innovation is measured by the logarithm of the
number of patent applications plus one (InApply;,).

This measure was chosen because of the time lag. On the one hand, the grant-
ing duration depends on the efficiency of the government, which often lasts several
years, thus making the patent-grant measure less precise (Yan & Guan, 2018), espe-
cially considering the rapid economic development and underdevelopment of patent
censorship in China. On the other hand, the number of patent citations is mostly
used in developed countries where intelligent infrastructure is well constructed,
whereas less data on patent citations are available in China (Pang & Wang, 2020).

3.1.2 Independent variable: social network

As many scholars have recognized strength as a critical and considerable factor
influencing relationships (El-Khatib et al., 2015; Kuang & Lee, 2017), the strength
of connectedness was considered and measured as network centrality. Four dimen-
sions of network centrality are introduced: betweenness, closeness, degree, and
structural holes.

We choose the data of interlocking directors’ social networks and construct a
comprehensive connectedness strength index in two steps:

(1) Four annual percentile centrality indices were generated by calculating four
dimensions of centrality based on the four different network centralities of each
chief executive officer (CEO) and director every year. These four percentile indi-
ces denoted 1 being the least central and 100 being the most central. This percen-
tile transformation preserves the rank order of the network centrality importance
of each CEO and director, making the size of the network irrelevant and thus
comparable across years (El-Khatib et al., 2015). Moreover, according to El-
Khatib et al. (2015), it is assumed that once formed, connections persist until one
party of the pair dies, which means that the network grows monotonically larger
over time.

(2) Corporation-level network centrality indices were generated based on the four
annual percentile centrality indices. We calculated the comprehensive corpora-
tion-level centrality index by averaging the four annual percentile indices each
year (Tao et al., 2019).
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Thus, considering this perspective, we choose the average of each corporation’s
four annual percentile indices as our measure of the social network. The following
equation represents this.

Mean P;, = meaniei(PoDegreej,, PoBetweenness;,, PoCloseness PoStructuralHolesj,),

>
where i denotes the corporation, ¢ denotes the year, and j denotes the interlock-
ing directors employed by the corporation i. Po denotes the percentile of the net-
work centrality; Degree, Betweenness, Closeness, and StructuralHoles denote
degree centrality, betweenness centrality, closeness centrality, and structural holes,
respectively.

3.1.3 Mediating and moderating variable: financial constraints

The WW index is a comprehensive value of six variables: cash flow, firm size, lever-
age, industry sales growth, firm sales growth, and dividend payer dummy (Hadlock
& Pierce, 2010). The WW index was applied and calculated according to the meas-
urement process of Whited and Wu (2006) to measure the severity of the financial
constraints. Corporations with a higher WW index are more financially constrained
than those with a lower index.

3.1.4 Control variables

Four types of control variables were considered in this study: corporate characteris-
tics, corporate finance, corporate governance, and financial market. Fixed effects are
also introduced. The details of the control variables are as follows:

First, we examine corporate characteristics. In this study, the duration and own-
ership of corporations were controlled for individual differences between corpora-
tions. Recent literature argues that the competitive and innovation strategies adopted
by corporations in different development stages are different (Giraudo et al., 2019;
Lin et al., 2017; Su et al., 2019; Zheng et al., 2018); and the duration is measured by
years of establishment, represented by EstbDuration;,. Furthermore, ownership was
controlled by adding state-owned dummies (SOE,;,, state-owned equals 1, otherwise
equals 0) and institutional holding dummies (InstOwn,,, equals 1 for institutional
holdings; otherwise equals 0), following Czarnitzki and Hottenrott (2011). The cor-
porate social network range was controlled by adding supplier concentration, meas-
ured by the supplier’s Herfindahl index of the supplier ((PCHHI;,). Regional factors
were controlled by adding categorical variables of region (region, if the corporation
is headquartered in western China, it equals 1; if it is headquartered in central China,
it equals 2; if it is headquartered in eastern China, it equals 3).

The second factor is corporate finances. Corporations with better financial per-
formance often have more resources and are less financially constrained; thus, they
can bear more innovation costs and risks (Giraudo et al., 2019; Hottenrott & Rich-
stein, 2020). Following Giebel and Kraft (2019), Su et al. (2019), Fang et al. (2018),
and Chuluun et al. (2017), two sets of control variables relating to corporate finance
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were considered: leverage and profitability. Leverage was measured by dividing total
liabilities by total assets (Leverage;,). Profitability is denoted by ROA (ROA,,).

Third, corporate governance also exists. Corporations with a high level of cor-
porate governance are usually faced with less information asymmetry, fewer finan-
cial constraints, and higher operational efficiency and innovation efficiency (Giraudo
et al., 2019; Hottenrott & Richstein, 2020). Three groups of variables were used
(Chuluun et al., 2017; Fang et al., 2018; Peng et al., 2019), including those relat-
ing to CEOs, directors, and auditors. Variables about the CEO include the CEO’s
age (Age;,) and duality (Duality,,). Variables relating to the director include director
size (InDBSize;,) and director independence (IndDrctRatio,,). Variables relating to
auditors include the number of auditors (AuditNo,,) and the dummy variable Big4,
(equals 1 if auditors belong to the Big Four audit corporations; otherwise, it equals
0).

Fourth, considering the financial market, the TobinQ (TobinQ,) value was
employed as the corporate replacement cost (Fang et al., 2018). The market-to-book
ratio (BM,,) was used in our models (Chuluun et al., 2017) as the market recogni-
tion of listed companies was also considered. The number of analysts (Analysist;,) is
used to observe the level of market attention.

Lastly, fixed effect. Corporation, year, and industry are used as control vari-
ables to control for fixed effects. Year and industry were used as dummy variables,
recorded as yr;, and ind;;. Industrial fixed effects were considered because different
industries usually require different scales of initial and continuing investments, incu-
bation duration, and payback duration, thus demanding external finance and facing
different trade-offs between costs and benefits toward innovation (Acharya & Xu,
2017).

3.2 Sample and data

Corporations listed on the Chinese A-share from 2008 to 2020 were chosen as
the sample. The data were obtained from the China Stock Market and Accounting
Research (CSMAR) database. After collection, a two-tailed 1% winsorization was
applied to avoid abnormal data, and data that could not be filled or had obvious
mistakes were deleted. After cleaning the data, there were 21,305 year-corporation
observations. It is noteworthy that the main observations are 15,871, owing to the
one-lagged period of the variables to avoid endogeneity. Table 1 provides a sum-
mary of the statistics.

3.3 Model and method

3.3.1 Baseline model setting and estimating method

Based on the year-corporation panel data, a semi-logarithmic model with a two-way
fixed effect was constructed as in Model (1), where Control,, denotes the vector of the

control variables, including the abovementioned control variables and fixed effects.
Fixed effects were included across all the regressions (Faleye et al., 2014; Fang et al.,
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Table 1 Statistical summary N Mean Std. Dev min max
InApply 15,871 0.5444  1.4032 0 7.2834
FC 15,871 0.4118 0.2589 0.0054  0.92
ww 15,871 —1.0288 0.0726 —1.2463 — 0.8606
MeanP 15,871 0.5632  0.1493 0.2163 0.8539
EstbDuration 15,871  16.1827  5.7661 1 52
SOE 15,871 0.4833  0.4997 0 1
PCHHI 15,871 2.3831 5.8906 0 39.4364
InstOwn 15,871 50.4846 23.0107 0.5228 91.5711
ROA 15,871 0.0426  0.0488 —0.1883 0.1958
Leverage 15,871 04718 0.1942 0.0685 0.8853
TobinQ 15,871 1.7621  1.5738 0.1496  9.0216
Analyst 15,871 9.2308 10.1211 0 75
BM 15,871 1.142 1.1148 0.1108  6.6833
CEOAge 15,871 49.1214 6.3940 24 75
Duality 15,871 0.2076  0.4056 0 1

InDBSize 15,871 2.1725 0.1983 1.6094 2.7081
IndDrctRatio 15,871  37.0755 52721  31.25 57.14
Big4 15,871 0.0788 0.2694 0 1
AuditNum 15,871 2.0304 0.1716 2 3

2018). Moreover, one-year lagged right-hand-side variables were introduced to avoid
the potential problem of endogeneity (Faleye et al., 2014; Fang et al., 2018).

InApply,, = ay + a;MeanP;,_; + a, WW,,_; + A,Control;,_, + ¢,,. (1)

3.3.2 Mediation test method

According to Baron and Kenny (1986), Guo et al. (2014), and Hongdao et al. (2019), a
standard testing process was followed to investigate mediation effects. Models (1) and
(2) are employed, and their results are compared with those of Model (1).

The mediation effect test can be divided into three steps: first, checking whether the
social network can promote corporate innovation, that is, whether the coefficient f; in
Model (2) is statistically significant; second, exploring whether social networks can
alleviate the financial constraints of corporations, that is, the coefficient ¢, in Model
(3) is statistically significant; and third, we test whether social networks and financial
constraints affect corporate innovation simultaneously, that is, the coefficients & and a,
in model (1).

InApply;, = py + pMeanP;, + B,Control, + ¢;,, )

WW,, = ¢y + c,MeanP;, + C,Control; + ¢;,. 3)
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According to the method of the mediation effects test, the coefficients g, ¢,
and a,, all being statistically significant, are the conditions for the existence of the
mediation effect of financial constraints. Furthermore, if @, is significant, finan-
cial constraints are partial mediators. If @, is not, financial constraints are complete
mediators.

3.3.3 Moderation test method

According to the local study of Sun et al. (2019), we introduce the interaction of
social networks and financial constraints based on the baseline model to test the
moderation effect of social networks and financial constraints on corporate innova-
tion. The following model is employed:

InApply;, = dy + d\MeanP;, + d,WW,, + dsMeanP; Xx WW,, + D,Control, + ¢,.
“

4 Results and analysis
4.1 Mainresults

Table 2 presents the results of social networks and financial constraints on corpo-
rate innovation. Models (1), (2), and (3) present the results of the three-step media-
tion test without the moderating effect of financial constraints. Model (4) is a full
model and includes the moderating effect of financial constraints. The main results
are shown in Fig. 2.

InApply ww InApply InApply
MeanP 0.2576*%*  —0.0225%**  0.2669%* 0.1293
(2.474) (—7.164) (2.440) (0.107)
ww —0.9972%**  —0.9218
(—3.565) (- 1.315)
MeanPWW —0.1338
(=0.111)
Controls Yes Yes Yes Yes
FE &Cons  Yes Yes Yes Yes
N 17,219 19,161 15,871 15,871

* %% and *** denote significance at the 10%, 5%, and 1% levels,
respectively. Models (1)—(4) present the results from an OLS regres-
sion that includes individual fixed effects and the year and industry
fixed effects. The models are clustered by stock code, and t-statistics
are presented in parentheses under the coefficients
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0.2576"
‘ (2.474)
‘ Social Network }_-?-.70»%3)_.{ Financial Constraints }—'2‘;2225) Corporate Innovation

Fig.2 Main results of baseline models

First, there is a negative relationship between financial constraints and corporate
innovation, supporting Hypothesis 1. The coefficient of WW is — 0.9972, which is
statistically significant in Model (3). The larger the WW index, the more severe the
corporate financial constraints. This result indicates that less severe financial con-
straints can promote corporate innovation. This study also provides evidence that
financial resources are essential for corporate innovation.

Second, social networks promote corporate innovation, supporting Hypothesis 2.
In Model (1) of Table 2, the coefficient of MeanP is 0.2576 and statistically sig-
nificant, suggesting that the total effect of social networks on corporate innovation
is positive. Meanwhile, the coefficient of MeanP is 0.2669 and statistically signifi-
cant, suggesting that the direct effect of social networks on corporate innovation is
positive in Model (3). Therefore, these results partially verify the local research of
He et al. (2019b) suggesting the successful promotion of corporate innovation by
CEOs’ rich experiences.

Finally, social networks promote corporate innovation, and financial constraints
mediate this relationship, supporting Hypothesis 3. Furthermore, financial con-
straints partially mediate this relationship. Models (1), (2), and (3) in Table 2 show
the results of the three-step method, which is used to judge the mediation effect. The
significance of all the coefficients in Models (1)—(3) shows that financial constraints
partially mediate the relationship between social networks and corporate innovation.
These results also indicate that social networks promote corporate innovation by
alleviating financial constraints. In addition, the coefficient of MeanPWW in Model
(4) was not significant, showing no evidence of a moderating effect.

4.2 Further analysis
4.2.1 Different innovation strategies

Different types of innovation are necessary for corporations (Liao & Wu, 2010).
Different types of innovation may require various resources. Thus, following Yan
and Guan (2018) and Zhang and Luo (2020), we consider two types of innovation
strategies (exploratory and exploitative) in this section. Exploratory innovation
mainly attempts to combine knowledge elements and products in a novel manner to
transform a business; it involves creating and discovering. Exploitative innovation
refers to reconfiguring existing combinations to enable novel implementation, use,
and application (Fang et al., 2018).

There are three types of patents granted in China: invention, utility, and design
patents (Pang & Wang, 2020). In this study, exploratory innovation (InlApply)
is measured by the logarithm of applying invention number plus one, while
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exploitative innovation (InSApply) is measured by the logarithm of applying utility
and design number plus one.

The results of the different innovation strategies are presented in Table 3.

First, there is a positive relationship between social networks and exploratory
innovation and a negative relationship between financial constraints and exploratory
innovation. Financial constraints partially mediate this relationship. Furthermore,
financial constraints mediate the relationship between social networks and explora-
tory innovation. The coefficient of MeanP was positive and statistically significant
in Model (3) of Table 3. This indicates that social networks have a positive effect on
exploratory innovation. The coefficient of WW is negative and statistically signifi-
cant in Model (3). Given that the higher the WW index, the more severe the financial
constraints, this suggests that fewer financial constraints can promote exploratory
innovation. In addition, the results of Models (1), (2), and (3) show that financial
constraints play a partial mediating role. This suggests that social networks promote
exploratory innovation by alleviating financial constraints.

Second, a negative relationship exists between social networks and exploitative
innovation. The positive relationship between financial constraints and exploitative
innovation. Furthermore, financial constraints played a partial mediating role in the
relationship between social networks and exploitative innovation. The coefficient of
MeanP is negative and statistically significant in Model (7). This indicates that com-
plex social networks may take up too many resources and restrain corporate invest-
ment in exploitative innovation. The coefficient of WW is positive and statistically
significant in Models (6) and (7) in Table 3. This result suggests that corporations
will increase capital utilization efficiency in exploitative innovation under severe
financial constraints. The results of Models (1), (5), and (7) show that financial con-
straints play a partial mediating role. In addition, the coefficient of MeanPWW is

Table 3 Results of different innovation strategies

@) @ 3 “ (6] © )

Mediation Exploratory Exploitative
ww InlApply  InIApply InlApply  InSApply  InSApply  [nSApply
MeanP —0.0225%**  0.1081 0.1448**%  0.0434 0.0631 0.0624 — 1.3159%*
(—17.164) (1.589) (2.002) (0.057) (0.928) (0.860) (—2.062)
ww —0.3165% —0.2611 0.3466%*  1.1014%%*
(- 1.764) (- 0.594) (2.113) (2.861)
MeanPWW —0.0987 — 1.3407%*
(= 0.131) (—2.161)
Controls Yes Yes Yes Yes Yes Yes Yes
FE & Cons  Yes Yes Yes Yes Yes Yes Yes
N 19,161 17,219 15,871 15,871 17,219 15,871 15,871

* k% and *** denote significance at the 10%, 5%, and 1% levels, respectively. Models (1)—(7) present
the results from an OLS regression that includes individual fixed effects and the year and industry fixed
effects. The models are clustered by stock code, and t-statistics are presented in parentheses under the
coefficients
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negative and statistically significant in Model (7), showing that financial constraints
also moderate the relationship between social networks and exploitative innovation.
Evidence suggests a crowding-out effect between social networks and exploitative
innovation in the context of severe financial constraints.

4.2.2 Heterogeneous analysis

(1) Different region

With accelerated economic development, Chinese social networks and cor-
porate innovations have apparent regional characteristics. To investigate the
regional correlation between social networks, financial constraints, and corporate
innovation, we divided the full sample into three regions: west, central, and east
(Li & Jin, 2021). Each region was divided according to Chinese standards. The
results are presented in Table 4.

In Panel A, the empirical results for western China show that financial con-
straints have a negative relationship with corporate innovation, and social net-
works have a significantly positive effect on corporate innovation in western
China. Furthermore, financial constraints play a partial mediating role in the
relationship between social networks and corporate innovation. The results for
western China are consistent with the leading results. These results also indicate
that both social networks and the alleviation of financial constraints can promote
corporate innovation during the relatively slow development of Western China.

In Panel B, the empirical results for central China show that social networks
have a significantly positive relationship with corporate innovation. The coef-
ficient of financial constraints is negative but not significant. The results of the
mediation effect test suggest that the mediation effect of financial constraints is
statistically insignificant in the central region. These results indicate that corpo-
rations in the central region pay more attention to developing inter-organisational
relationships.

In Panel C, only financial constraints have a negative relationship with corpo-
rate innovation in eastern China. Social networks have no significant impact on
innovation activities. This result is also realistic. The eastern region is relatively
developed and plays a leading role in China’s economic development. Corpora-
tions in the eastern region have abundant resources to promote innovation, and
resources brought by social networks have a small significant impact on corpo-
rate innovation. In contrast, financial constraints still have a significant negative
effect on innovation.

(2) The effects of corporate size

To investigate the differential effects across the size of corporations, we
divided the sample into two main groups: small and large corporations (Alvarez
& Crespi, 2015). The results for the subsample are listed in Table 5. Corpora-
tions larger than the average size are included in the group of large corporations,
whereas others are included in the group of small corporations.

We find that the results are interesting because the impact of social networks
on corporate innovation differs across corporate sizes. The results for small
corporations are consistent with those for the full sample, whereas those for
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Table 4 Impact of social networks on corporate innovation in different regions
Panel A: West
(1 (2) 3 @
InApply ww InApply InApply
MeanP 0.4777%* — 0.0206** 0.4067* -3.6129
(1.986) (—2.162) (1.685) (- 1.220)
ww — 2.3127#%* —0.0633
(—2.997) (—0.039)
MeanPWW —3.9257
(- 1.331)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 2177 2533 2065 2065
Panel B: Central
M (@) 3 (C)]
InApply ww InApply InApply
MeanP 0.3844* — 0.0301%** 0.4708%*%* — 1.4986
(1.908) (—4.277) (2.250) (—0.731)
ww —0.4334 0.6368
(- 0.862) (0.530)
MeanPWW - 19154
(—0.950)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 3450 3939 3277 3277
Mediation Test
Bootstrap Test (bias-corrected confidence interval method 95%)
Confidence Interval (— 0.0296, 0.0197)
SE 0.0113
Effect — 0.0040
Panel C: East
1 2) 3) )
InApply ww InApply InApply
MeanP 0.1880 — 0.0194#%* 0.1789 1.1793
(1.391) —5.165) (1.245) (0.741)
ww — 0.9255%** —1.4705
—2.580) (— 1.595)
MeanPWW 0.9728
(0.613)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 11,569 12,689 10,506 10,506
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Table 4 (continued)

* % and *** denote significance at the 10%, 5%, and 1% levels, respectively. Models (1)—(4) present
the results from an OLS regression that includes individual fixed effects and the year and industry fixed
effects. The models are clustered by stock code, and t-statistics are presented in parentheses under the
coefficients

Table 5 Results of different sizes of the corporations

Large size of the corporations

@ @ 3 “
InApply WwWw InApply InApply
MeanP1 0.2820 — 0.0195%%#%* 0.3152 2.5942
(1.394) — -4.666) (1.527) (1.066)
A% — 1.0432%* —23119
(—2.324) (— 1.634)
MeanPWW 2.1019
(0.918)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 7550 8981 7224 7224

Small size of the corporations

ey @) 3 “
F.InApply wWw F.InApply F.InApply
MeanP 0.1750 — 0.0130%%#%* 0.2167* —0.9069
(1.635) (—3.327) (1.873) (—0.582)
wWwW — 1.0303%** —0.4253
(—3.021) (—0.470)
MeanPWW —1.1425
(- 0.713)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 8710 10,180 7761 7761

* #% and *** denote significance at the 10%, 5%, and 1% levels, respectively. Models (1)—(4) present
the results from an OLS regression that includes individual fixed effects and the year and industry fixed
effects. The models are clustered by stock code, and t-statistics are presented in parentheses under the
coefficients

large corporations show differences. Evidence suggests that social networks on
corporate innovation mainly bind to small corporations. For large corporations,
the coefficient of social networks is positive but not significant. The coefficients
of financial constraints are negative and significant for small and large firms.
This may be because large corporations have sufficient resources to promote
innovation, and resources brought by social networks have a small significant
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impact on corporate innovation. In addition, small corporations rely on social
networks to smooth innovation, and financial resources mediate this relation-
ship (see Table 5). This result suggests that financing constraints influence small
corporations and require social network support.

4.3 Robustness test
4.3.1 Alternative measure of social network

According to resource-based theory, corporations develop favorable resources to
accumulate competitive advantages. This propensity may also exist in social capital;
corporations tend to exploit existing social capital instead of exploring new ones.
Thus, employees with higher social network centrality may matter more to corpora-
tions, and the maximum centrality of employees should better measure a corpora-
tion’s social centrality.

Thus, considering this perspective, an alternative measure of the social network
was applied. Instead of averaging the percentile of each centrality, the most impor-
tant network centrality was used for measurement. We used MaxP to express this,
which denotes the maximum percentile of each centrality.

PoBetweenness

(PoDegree its

MaxP;, = max s

i PoCloseness,, PoStructuralHolesj,)S

where i denotes the corporation, ¢ denotes the year, and j denotes the interlocking
directors employed by the corporation i. Po denotes the percentile of the network
centrality; Degree, Betweenness, Closeness, and StructuralHoles denote degree
centrality, betweenness centrality, closeness centrality, and structural holes, respec-
tively. The main results of the alternative measures of social networks are presented
in Table 6. These results are consistent with the main results of the baseline model,
suggesting the robustness of the major conclusions. In other words, financial con-
straints have a negative effect on corporate innovation, social networks have a posi-
tive effect on corporate innovation, and financial constraints mediate this relation-
ship. However, there was no evidence of a moderation effect.

4.3.2 Alternative measure of financial constraints

According to previous research, the FC index is a popular measure of financial con-
straints (Fee et al., 2009). Therefore, we choose the FC index as an alternative meas-
ure of financial constraints.

The main results of the social network alternative measures are listed in Table 7.
Models (1), (2), and (3) show the mediating effect of financial constraints on social
networks and corporate innovation. Given that the higher the FC index, the greater
the financial constraints, financial constraints still negatively affect corporate inno-
vation. These results are consistent with the main results, suggesting the robustness
of the above mentioned major conclusions. In other words, financial constraints have
a negative effect on corporate innovation, social networks have a positive effect on
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aerntive measure o soct ® o % @
network InApply ww InApply InApply
MaxP1 0.1562""  —0.0125%*%  0.1422%* -0.2015
(2.318) (—5.260) (1.980) (—0.230)
ww — 1.0189***  —0.7428
(—3.647) (—0.996)
MaxPWW —0.3401
(—0.385)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 17,219 19,161 15,871 15,871

* **% and *** denote significance at the 10%, 5%, and 1% levels,
respectively. Models (1)—(4) present the results from an OLS regres-
sion that includes individual fixed effects and the year and industry
fixed effects. The models are clustered by stock code, and t-statistics
are presented in parentheses under the coefficients

ermcive méasure of oancial m o @) *
constraints InApply FC InApply InApply
MeanP 0.2576**  — 0.0558***  0.2376** 0.2028
(2.474) (- 5.420) (2.281) (1.002)
FC —0.2485***%  —(.2921
(—3.007) (— 1.489)
MeanPFC 0.0783
(0.239)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 17,219 19,161 15,871 15,871

* %% and *** denote significance at the 10%, 5%, and 1% levels,
respectively. Models (1)—(4) present the results from an OLS regres-
sion that includes individual fixed effects and the year and industry
fixed effects. The models are clustered by stock code, and t-statistics
are presented in parentheses under the coefficients

corporate innovation, and financial constraints mediate this relationship. However,

there was no evidence of a moderation effect.

4.3.3 Endogeneity

To address the endogenous problems resulting from selection or survivor bias, we
consider corporate ownership and divide the full sample into state-owned enter-
prises (hereafter cited as SOEs) and non-state-owned enterprises (hereafter cited
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as non-SOEs) (Zhang & Luo, 2020). Corporations with state ownership have
higher credit lines and are more likely to obtain financial support at a lower cost.
Additionally, they may have stronger social networks. Their social networks and
finance may more directly impact investments in innovation for SOEs than for
non-SOEs. SOEs and non-SOEs in China provide a natural setting to investigate
this issue. Table 8 presents the results for the two groups.

Table 8 Results of different ownership
Panel A: SOEs

M @) (3) (4)
InApply ww InApply InApply
MeanP 0.3312" — 0.0247%** 0.2913 0.9355
(1.940) (—5.260) (1.645) (0.567)
ww — 1.7041%%* — 2.0597**
(—3.874) (—2.114)
MeanPWW 0.6184
(0.381)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 7881 9200 7596 7596
Panel B: Non-SOEs
1 @) (3) 4)
InApply ww InApply InApply
MeanP 0.2363* — 0.0203%** 0.2845%* 0.3866
(1.809) (—4.926) (2.035) (0.216)
ww —0.4091 —0.4642
(- 1.152) (—0.451)
MeanPWW 0.1003
(0.056)
Controls Yes Yes Yes Yes
Cons Yes Yes Yes Yes
N 9175 9961 8124 8124

Mediation Test

Bootstrap Test (bias-corrected confidence interval method 95%)

Confidence Interval (0.0068, 0.0366)
SE 0.0075
Effect 0.0205%3*

* k% and **#* denote significance at the 10%, 5%, and 1% levels, respectively. Models (1)—(4) present
the results from an OLS regression that includes individual fixed effects and the year and industry fixed
effects. The models are clustered by stock code, and t-statistics are presented in parentheses under the
coefficients
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The results are interesting because the impact of financial constraints on cor-
porate innovation differs across agents. Both SOEs and non-SOEs rely on social
networks to smooth innovation, and financial resources mediate this relationship
(Table 8). In addition, because the coefficient of MeanP is not significant in Model
(3) of Panel A, financial constraints play a complete mediating role. This result sug-
gests that social networks promote corporate innovation by alleviating SOEs’ finan-
cial constraints.

For non-SOEs, social networks positively affect corporate innovation and allevi-
ate financial constraints. Since the WW index is not significant in Model (3) of Panel
B and cannot directly judge the mediation effect, we choose the bootstrap test to test
the mediation effect. Panel B of Table 8 shows the bootstrapping bias-corrected 95%
confidence interval (CI) results. The results of the bootstrap test show that social
networks have a significant indirect impact on corporate innovation (CI=[0.0068,
0.0366]), and the indirect effect is positive (Effect=0.0205). This result indicates
that social networks promote corporate innovation by alleviating financial con-
straints for non-SOEs and that financial constraints play a partial mediating role.

Overall, the main results were robust. Social networks promote corporate innova-
tion by alleviating the financial constraints of both SOEs and non-SOEs. However,
financial constraints play a complete mediating role in SOEs and a partial mediat-
ing role for non-SOEs. These results suggest that social networks provide financial
resources and other related resources for the innovation of non-SOE:s.

5 Discussion and conclusion

This study explores the relationship between social networks, financial constraints,
and corporate innovation and interprets their interacting mechanisms by considering
the mediation and moderation effects. A two-way fixed effects panel model was con-
structed based on Chinese A-share listed corporations from 2008 to 2020.

Our research highlights the impact mechanism of social networks on corpo-
rate innovation and the mediating role of financial constraints. Specifically, first,
our findings show a negative relationship between financial constraints and corpo-
rate innovation. This finding confirms the dependence of innovation activities on
resources. It also indicates that a stable funds supply is needed to achieve the sus-
tainability of the corporate innovation activities. Second, we find that social net-
works have a positive effect on corporate innovation, whereas financial constraints
mediate the relationship between social networks and corporate innovation. The idea
here is that corporations can obtain more resources through social networks to alle-
viate financial constraints in innovative activities. Our findings extend the research
of Su et al. (2019) that political connections tend to enhance corporate innovation,
and the research of Li (2011) that firms with financial constraints are more likely to
suspend/discontinue their R&D projects. This finding guides corporations in access-
ing financial resources by improving their social networks to increase innovation
investment.

Considering the impact of different corporate innovation strategies, we find that
social networks have a positive effect on exploratory innovation and a negative effect
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on exploitative innovation. It can be explained that exploratory innovation is the
combination of existing elements and products, and rich social networks can provide
more resources and create a good environment for exploratory innovation. Moreo-
ver, exploitative innovation needs to spend more energy and resource to reconfigure
elements to obtain novel things, and the cost of maintaining social networks will
crowd out exploitative innovation. In addition, we also find that financial constraints
mediate the relationship between social networks and exploratory innovation; the
same result holds for social networks and exploitative innovation. Moreover, severe
financial constraints restrict exploratory innovation and promote exploitative inno-
vation. These findings suggest that the characteristics of exploratory innovation
determine that it needs more resources to support it, and social networks facilitate
exploratory innovation by providing financial support. Meanwhile, social networks
promote exploitative innovation, and further financial constraints prompt corpora-
tions to achieve efficient use of limited resources through exploitative innovation.
Our findings differ from those of Yan and Guan (2018) who emphasize how indi-
vidual social capital affects exploratory and exploitative innovation from the per-
spective of network dynamics. The reason may be that we analyze the relationship
between social networks and corporate innovation from the perspective of resource
dependence and consider the factors of financial constraints.

In addition, several corporate-level heterogeneities were considered. First,
our study suggests that different regions have different effects on the relationship
between social networks, financial constraints, and corporate innovation. The main
results of the baseline model are robust in western China. Social networks have a
significantly positive effect on corporate innovation in central China but have no
significant effect in eastern China. Financial constraints still have a negative rela-
tionship with corporate innovation in the eastern region. These findings indicate
that corporate innovation activities need financial support in all regions of China.
Furthermore, since the development of central and western regions of China is
relatively slow, the resources brought by social networks can significantly promote
corporate innovation activities; while the eastern region is relatively developed and
social networks have no significant impact on corporate innovation activities. Sec-
ond, differentiating corporations according to size, we find that the results for small
corporations are consistent with those of the full sample, while those for large cor-
porations show differences. Small corporations are influenced more by financing
constraints and require the support of social networks. Large corporations have suffi-
cient resources to promote innovation, and the resources brought by social networks
have a small significant impact on corporate innovation.

This study contributes to the literature as follows:

First, it enriches the literature on influencing factors and their mechanisms in cor-
porate innovation (Helmers et al., 2017; Li, 2011; Su et al., 2019). Our research con-
tributes to the literature by providing evidence that alleviating financial constraints
through social networks impacts corporate innovation. Further, we find that social
networks have a crowding-out effect on exploitative innovation.

Second, this study enriches the RDT and social network theory. It extends social
network theory to financial constraints and corporate innovation (El-Khatib et al.,
2015; Tao et al., 2019). This study also extends Guo et al. (2014) research on
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corporate innovation motivation by verifying different strategies’ roles and mecha-
nism differences.

Finally, this study supplements the literature on corporate governance and fund-
ing behavior in different environments and supports corporate innovation activities.
This study emphasizes the influence of different regions and corporate sizes on the
relationship between social networks, financial constraints, and corporate innovation
in China. Our empirical results guide corporations in adopting different strategies to
promote innovation in different environments.

However, some limitations of this study remain to be resolved. First, our study
focuses on the social networks of interlocking directors; therefore, the findings may
not be generalizable to all employees’ social networks. Furthermore, although we
find the impact mechanism of social networks on corporate innovation in China, this
does not mean that social networks could impact corporate innovations in a different
country through financial constraints. Future research should include these factors to
understand better how social networks affect corporate innovation.
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