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Abstract

This paper examines the impacts of corporate social network on innovation
activities (both R&D inputs and patent outputs) and explores the potential
influence path of social networks driving corporate innovation. Using Chi-
nese share markets’ listed companies in the period from 2009 to 2016 as the
sample, we establish a new type of social network based on the connections of
the core management team (including directors, supervisors and executives)
and find that a corporate social network based on the core management team
has a positive causal effect on enhancing R&D investments and patent per-
formance. Empirical results are robust after controlling for endogeneity and
the causal relationship between social networks and corporate innovation is
robustly monotonic. We perform a mediation analysis following the boot-
strapping procedures, and find that alleviating financial constraints plays a
mediating role in the process of a social network of this new type improving
corporate innovation, while mitigating agency conflicts does not. Our con-
clusions demonstrate that, in the promotion of corporate innovation by the
corporate social network, financial constraints have a more profound impact
than agency costs.

Keywords

Corporate Innovation, Social Network, R&D Investment, Patent
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1. Introduction

Corporate innovation ability is an important factor affecting a firm’s value and
economic performance. An active innovation strategy can provide a continuous

driving force for the sustainable development of the company. Under the back-
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ground of networking of corporate social relations, the influence of corporate
innovation activities has broken through simple stakeholder boundaries. Corpo-
rate innovation-related decision-making and innovation behavior will spread
widely throughout the social network. The social network theory indicates that a
company’s decision-making behavior is not only constrained by its own corpo-
rate characteristics but also affected by its social network relationships. Our sur-
vey finds that companies with rich social connections usually invest more money
in research and development (R&D) and exhibit better patent output perfor-
mance. Considering the example of Chinese listed companies in 2016, the aver-
age R&D input intensity (defined as the ratio of R&D expenditures to operating
income) was 3.73%. Each company applied for 28.50 new patents, on average, of
which 15.19 patents were successfully granted. At the end of 2016, each company
held an average of 116.02 valid patents. Among companies with abundant social
network connections, TTANMA (Stock ID: 000050) had 25 core management
members (including directors, supervisors and executives) serving in other listed
companies at the same time. In 2016, TTANMA’s R&D investment intensity was
10.04%; the company applied for 1017 new patents (311 were granted) and held
697 valid patents. TRUKING (Stock ID: 300358) had 22 core managers working
in other companies, and its R&D investment intensity, the number of new patent
applications and the number of valid patents were 10.35%, 141 and 1104, respec-
tively. A total of 118 of TRUKING’s new patents had been granted. In addition
to TTANMA and TRUKING, there are many other similar examples. The more
social network connections a company has, the better the company’s R&D in-
vestment and patent performance. Therefore, we infer that there may be some
internal relationship between the corporate social network based on the core
management team and innovation activities (both R&D inputs and patent out-
puts), which is the core of the research questions of this paper.

Because R&D decisions involve information asymmetry between the firm’s
owners and its management team, R&D activities face significant adverse selec-
tion and moral hazard problems. Managers” adverse selection and moral hazard
would cause serious agency conflicts [1] [2] [3]. Agency problems make manag-
ers tend to abandon R&D projects with uncertain and long-term payoffs, and
managers fear the costs associated with R&D and favor relatively safe projects
with short-term payoffs. Additionally, information asymmetry also occurs be-
tween external providers of funds and internal managers. It is difficult for a firm
with a high degree of information asymmetry to finance R&D from external
sources [3] [4] [5]. Information asymmetry limits firms’ access to external finance
and leads to severe financial constraints in R&D activities. We argue that infor-
mation asymmetry is the primary cause of agency conflicts and financial con-
straints. Existing studies show that social networks can boost the sharing of in-
formation and reduce information asymmetry within a network. Freeman (1979)
indicates that social networks help the network members obtain social capital

and act as an information transmission channel [6]. Cohen et al (2008) suggest
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that social network is an important mechanism for information flows that shape
asset prices in the mutual fund industry [7]. Cai and Sevilir (2012) observe that
social connections improve information flow between a target and an acquirer
[8]. Feng et al (2019) argue that director networks help facilitate information
exchange with prospective investors in an IPO, and director connections help
the IPO firm to reduce information asymmetry [9]. Jin and Yu (2018) show that
executive network may speed up information acquisition and transmission so
that managers can make decisions timely and effectively, which enhance the ef-
fectiveness of corporate governance and firm value [10]. Ferris et al (2017) in-
dicate that the cost of information acquisition within a social network is low be-
cause information can be acquired passively during social interactions [11]. We
believe that social networks can effectively promote information exchange and
resource sharing between the firms in the same network, and lead to better in-
formation flows, and then relieve information asymmetry. Therefore, social
networks can reduce agency costs and mitigate financial constraints by reducing
information asymmetry. In summary, by integrating the logical chain, we antic-
ipate that social networks drive corporate innovation by alleviating agency con-
flicts and optimizing the financing environment.

From the perspectives of the director network, the CEO network and CEO-
director ties, many studies have explored the effects of social networks on cor-
porate governance and corporate finance [8] [9] [11]-[18]. However, in these
studies the social network carrier is singular, i.e. they consider of directors’ con-
nections or CEOs’ connections. In other words, social networks are limited to a
single specific group of managers (directors or CEOs). Few studies have ex-
amined the impact of decision makers’ social networks on corporate perfor-
mance from the perspective of the corporate core management team (including
directors, supervisors and executives). The upper echelons theory points out that
the background characteristics of the top management team can predict the or-
ganization’s strategic choices and performance [19]. According to the social cap-
ital theory, both the social relations and the social structure of the corporate
management team could play a decisive role in corporate behavior [20]. There-
fore, whether directors, supervisors or executives are being considered, their so-
cial network relationships and connections could all influence corporate deci-
sion-making and behavior. This paper includes all the social connections be-
tween directors, supervisors and executives among different companies in the
construction of the social network and extends the “director/CEO network”
commonly analyzed in the existing studies to the “core management team net-
work”, builds a denser social network with companies as nodes, and performs a
deeper network structure analysis for Chinese listed companies’ activities. An
important observation is that the innovation strategy is one of the most impor-
tant strategic decisions of a company. Studying the relationship between the
corporate social network based on the core management team and corporate

innovation has great theoretical value and practical significance. Based on the
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framework of social network analysis, we show that a corporate social network
based on the core management team has a positive causal effect on enhancing
innovation investment and innovation performance, and the conclusion is ro-
bust after controlling for endogeneity (including reverse causality and correlated
omitted variables). The mediation analyses show that financial constraints play a
mediating function in the process of a social network of this new type enhancing
corporate innovation, while the mediating effects of agency costs are not robust-
ly significant. Alleviating corporate financial constraints is an important influ-
ence path of the social network in improving corporate innovation. In the pro-
motion of corporate innovation by a social network of this new type, financial
constraints have a stronger and more profound impact than do agency costs,
and the external financing environment, financing convenience and financial
support are more important than the internal principal-agent efficiency. For brev-
ity, our newly constructed core management team network (Ze. the corporate
social network based on the core management team) is also referred to simply as
the corporate social network in the following sections.

The remainder of the article is organized as follows: Section 2 presents a lite-
rature review and development of our hypotheses. Section 3 describes our sam-
ple, social network, and variables. Section 4 presents the empirical results. Con-

clusions and implications are in Section 5.

2. Literature Review and Hypotheses

2.1. Relationship between the Social Network and Corporate
Innovation

Wellman and Berkowitz (1988) believe that the social network is a relatively sta-
ble network composed of social relations among specific groups (e.g. persons,
firms or organizations) [21]. The central argument of the social network analysis
is that actors are embedded in networks of interconnected social relationships
that offer opportunities for and constraints on behavior [22]. Social network
analysis focuses on the relationship between the actors (e.g. persons, firms or
organizations) and the social network embedded by the actors. It is no longer
limited to the individual-, firm-, and organization-level characteristics. The so-
cial network’s characteristics and social relationships influence the actors’ deci-
sion-making, behavior and performance jointly. The linkages between modern
companies have become increasingly closer, which is the basis of a corporate so-
cial network. The managers’ social network relationship provides the company
with important social capital, which has a profound impact on corporate devel-
opment. Relevant studies show that interlocking directorships and directors’ so-
cial network embeddedness can significantly improve corporate performance
[13] [23] [24], and social network centrality, the number of structural holes and
network size are positively associated with corporate investment efficiency [10]
[25] [26]. Good operating performance enables a company to invest more re-

sources in R&D and innovation activities, and then the company has a good chance
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of achieving higher patent outputs and stronger innovation performance with
guaranteed funding.

Bouwman (2011) indicates that corporate governance practices can be disse-
minated across companies through interlocking directors [27]. Interlocking di-
rectors can transfer incremental knowledge to the company from the outside
and can help the company absorb external knowledge. The external knowledge
of directors is complementary to the internal knowledge of the company. This
collision of internal and external knowledge is more likely to inspire innovation.
Therefore, the sharing of directors among companies is an important factor in
promoting corporate innovation. Helmers et al (2017) focus on the Indian
market and observe that the number of interlocking directors on the board can
improve R&D investment and patent outputs, but the channels of influence of
interlocking directors on R&D and patent activities are different [28]. The re-
searchers document that information transmission through interlocking direc-
tors can enhance short-term R&D expenditures, which is an innovation effect; in
contrast, the impact of board interlocks on patent activities is mainly reflected in
the process of filing for patents abroad for inventions that have already been pa-
tented domestically, which is a strategic effect. In addition to social relationships
of directors, those of CEOs also have great value in terms of corporate innova-
tion. The social connections between the CEO and other companies are impor-
tant sources of information used by the company to make R&D investment de-
cisions, and the CEO’s social ties are an important factor in determining the
firms’ innovation-seeking behaviors. Oh and Barker (2018) provide evidence
that the CEO imitates the R&D intensity of tied-to firms (Ze. a firm in which the
CEO serves as an outside board member) in their own firm’s R&D decisions,
and imitating relationships are stronger if the CEO has a longer tenure as a di-
rector of a tied-to firm and the tied-to firm is performing well [29]. Faleye et al
(2014) point out that the CEO’s personal connections increase access to relevant
network information, which encourages innovation by helping CEOs identify,
evaluate and exploit innovative ideas [30]. As a result, firms with better-connected
CEO invest more in R&D and receive more and higher-quality patents. Adams
and Ferreira (2007) define a CEO-friendly board as one that is socially connected
with the CEO [31]. Kang et al. (2018) observe that firms with friendly boards are
awarded more patents, their patents are cited more often, and this positive rela-
tion between a friendly board and innovation is more pronounced if the firm’s
advisory needs are greater [32]. In other words, directors serve as valuable advi-
sors to the CEO. The above studies show that regardless of whether a director
network, a CEO network or a friendly board is being considered, the corporate
social network relationship can significantly enhance corporate innovation. The
more connections a company has in its social network, the greater its power and
influence in its social network. The stronger a firm’s ability to grasp external
valuable information from tied-to firms is, the greater its chance to optimize its

own innovation-related decision-making by using the information on tied-to
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firms’ innovation. According to the upper echelons theory, besides directors and
CEOs, other executives and supervisors in the company have decisive effects on
corporate decision-making and behavior. Under the trend of networking of
corporate social relations, this paper integrates the social connections among di-
rectors, supervisors and executives from the overall perspective of the corporate
core management team, includes all directors, supervisors and executives in the
social network construction, extends the “director/CEO network” to the “core
management team network”, and attempts to explore the impact of a larger and
wider social network on corporate innovation (both R&D inputs and patent
outputs). Because R&D investment is the material base of innovation activities,
we first examine the relationship between social networks and R&D intensity.
Patent outputs are the direct results of R&D investment, so we further study the
effects of social networks on patent performance. Social network centrality is the
most important proxy used to measure the characteristics of a corporate social
network. The greater the company’s social network centrality is, the more nu-
merous the company’s social connections, the greater the network power, and
the stronger the ability to benefit from the network. Therefore, we expect that
companies with high social network centrality will have more active innovation
practices, such as higher R&D investment and better patent performance. We
hypothesize the following:

HL1: The corporate social network based on the core management team en-
hances corporate innovation.

Hl a: Social network centrality is positively associated with R&D investment.

H1b: Social network centrality is positively associated with patent perfor-

mance.

2.2. Influence Path between the Social Network and Corporate
Innovation

Corporate innovation is a long-term process and is filled with uncertainty. High
R&D costs, continued risk-taking and uncertain future returns are the three
pressures that companies must bear while trying to innovate. Compared with the
other corporate practices, indeed, innovation activities need a great deal of
money, have long development cycles and result in benefits after a few years. Liu
et al. (2015) also emphasize that innovation practices are restricted by internal
agency costs and external financial constraints [33].

2.2.1. Mediating Effects of Agency Costs

Due to the uncertainty of innovation results, R&D investment may cause agency
problems between company owners and managers [1]. Holmstrom (1989) ar-
gues that larger firms are at a comparative disadvantage in conducting highly
innovative research [34]. When venture capitalists eventually withdraw, their
monitoring services are no longer as valuable and the company needs to bear its
own monitoring costs, which is not good for corporate innovation. Jensen and

Meckling (1976) define agency costs as the sum of monitoring costs, bonding costs
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and residual loss; to a certain extent [35], Holmstrom’s (1989) research can be
understood to imply that agency costs impede corporate innovation [34]. Using
engineering employee data of high-technology companies, Zenger (1994) ob-
serves that small firms more efficiently offer performance contracts to attract
and retain engineers with higher abilities and skills and that small firms more ef-
ficiently resolve severe agency problems in R&D, thus encouraging R&D activi-
ties [36]. Hall (2002) argues that in the principal-agent relationship, managers
pay more attention to short-term benefits than do shareholders and avoid in-
vesting more resources in R&D projects [37]. Consequently, a firm with signifi-
cant agency conflicts would invest less in R&D activities. Other studies also show
that management ownership, concentrated ownership and effective monitoring
can reduce the agency costs associated with innovative activities, and alleviating
agency conflicts is beneficial to improving R&D inputs and patent outputs [1]
[38]. Therefore, we argue that solving agency problems and reducing agency
costs are effective channels of promoting corporate innovation.

A company’s social network relationship has the effect of optimizing corpo-
rate governance. Ferris et al. (2017) note that the social network provides me-
chanisms for information sharing and punishment for reputation loss, and these
mechanisms alleviate information asymmetry and agency problems [11]. Be-
cause managers fear the threat of reputation loss, social ties weaken managerial
incentives to expropriate, and reduce agency costs. Chen (2012) focuses on the
social network of independent directors and observes that network characteris-
tics alleviate the type-I agency conflicts between executives and shareholders and
the type-II agency conflicts between large shareholders and minority sharehold-
ers [39]. The phenomenon is that the higher the social network centrality is, the
lower the two types of agency costs.

In summary, a corporate social network can help mitigate agency conflicts,
and solving agency problems can effectively enhance corporate innovation. There-
fore, we hypothesize that reducing agency costs is the influence path of the social
network affecting corporate innovation, and agency costs play a mediating role
between social network centrality and corporate innovation. Thus, we propose
the following hypothesis:

H2: The corporate social network based on the core management team en-
hances corporate innovation by means of the mediating effect of agency costs.

H2a: Agency costs mediate the relationship between social network centrality
and R&D investment.

H2b: Agency costs mediate the relationship between social network centrality

and patent performance.

2.2.2. Mediating Effects of Financial Constraints
Corporate innovation needs a great deal of financial support. Although internal
finance is the main determinant of R&D expenditures, innovative companies should

not solely rely on it. External financing is very important for controlling the risk
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of R&D investment [40]. Due to the lack of collateral value, asymmetric infor-
mation problems, the uncertainty of innovation outcomes and executives’ ad-
verse selection and moral hazard, it is difficult to obtain sufficient financial sup-
port from external financing channels for corporate R&D investment [2] [5] [37]
[41] [42]. Consequently, firms’ innovative practices often face severe financial
constraints that cause a lack of R&D expenditures and impede innovation and its
outputs. Guariglia and Liu (2014) indicate that in transition economies (e.g.
China), financial constraints have long been regarded as the major obstacle for
corporate innovation [43]. Zhang et al (2017) empirically confirm that financial
constraints significantly impede R&D investments by Chinese companies and
that credit rent-seeking aggravates the restrictions of financial constraints on
R&D investment [44]. The negative effect of financial constraints on R&D in-
vestment is especially prominent in smaller, younger, and low-payout firms. Li
(2011) suggests that R&D-intensive firms are subject to more financial con-
straints because information asymmetry and agency problems are more severe
for these firms, and the author confirms that a financially constrained R&D-
intensive firm is more likely to suspend or discontinue R&D projects [4]. Finan-
cial market development would increase R&D investment by mitigating financial
constraints in growing firms, which should spur innovation and lead to higher
overall economic growth [2] [5]. Hsu et al (2014) claim that a well-developed
financial market contributes to reducing the financing costs, improving resource
allocation efficiency, and then enhancing patent outputs [45]. In a capital mar-
ket, equity financing and debt financing are the two main financing channels for
companies. Based on this, Hsu et al (2014) further examine the different im-
pacts of equity market development and credit market development on innova-
tion [45]. The researchers observe that companies that are more dependent on
external finance exhibit a higher innovation level in countries with more devel-
oped equity markets. However, development of the credit market appears to
discourage corporate innovation.

These studies document that alleviating the financial constraints of the equity
market and optimizing the financing environment have significant positive ef-
fects on corporate innovation. In addition, Howell (2017) points out that receiv-
ing early-stage government R&D grants has a signaling effect that could ease a
firm’s financial constraints through a certification mechanism and have a posi-
tive impact on patenting [46]. Therefore, we believe that alleviating financial
constraints is another effective channel of promoting corporate innovation.

The social network studies show that corporate social connections not only
optimize corporate governance but also improve the corporate financing envi-
ronment. A social network constructed by executives is a type of informal insti-
tutional arrangement and can effectively promote information exchange and re-
source sharing between the firms in the same network. Jin and Yu (2018) ob-
serve that the size of an executive network is negatively associated with financial

constraints, and the executive network plays an important role in mitigating ex-
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ternal financial constraints [10]. The authors suggest that the executive network
can effectively alleviate financial constraints because executives can promote the
sharing of resources by communicating and coordinating with members of the
network, which reduces the transaction costs of financing and provides a guar-
antee for loans. Xu and Cao (2016) indicate that an independent director net-
work helps firms obtain more external environment information, and directors
with central network positions play better advisory roles; thus, social networks
loosen the firms’ financial constraints [47]. It is clear that whether a social net-
work is an executive network or a director network, both rich social ties and
central network position are beneficial to optimizing the corporate financing en-
vironment. Following the logic that the social network alleviates financial con-
straints and the notion that financial constraints impede corporate innovation,
we hypothesize that alleviating financial constraints is an important influence
path of social networks enhancing corporate innovation, and financial constraints
play a mediating role between social network centrality and corporate innova-
tion. Thus, we hypothesize the following:

H3: The corporate social network based on the core management team en-
hances corporate innovation by means of the mediating effect of financial con-
straints.

H3a: Financial constraints mediate the relationship between social network
centrality and R&D investment.

H3b: Financial constraints mediate the relationship between social network
centrality and patent performance.

Our conceptual framework is shown in Figure 1.

3. Research Design

3.1. Data Sample

We use all Chinese share markets’ listed companies in the period from 2009 to
2016 as our sample, and establish a social network based on the core manage-
ment team’s connections, which covers the whole share market in China. To ad-
dress the question of whether the core management team network affects cor-
porate innovation, we need the following four types of data: corporate manage-
ment team data, corporate financial data, corporate patent data and corporate
social network data. We collect data of the first three types from the China Stock
Market and Accounting Research (CSMAR) database. If management team data
is missing from the CSMAR database, we supplement it by using the CNINF

website (http://www.cninfo.com.cn/) and the SINA Finance website

(https://finance.sina.com.cn). Our sample consists of 19,757 firm-year observa-

tions, and we collect a total of 378,540 items of core management members’ oc-
cupational information. The corporate social network data are calculated on the
basis of corporate management team data. We manually match, collate and code
the corporate management team data and then calculate the corporate social

network data (Z.e. network centrality) using the Ucinet 6 software.
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Figure 1. Conceptual framework.

3.2. Social Network Construction

In this paper, we define the core management members as all directors, supervi-
sors and executives in the company. The social network connections are based
on multiple appointments of corporate core management members. If a core
management’s member serves in two companies at the same time, we conclude
that there is a social connection (also called a social tie or a social interlock) be-
tween the two companies [13] [28] [48]. The social network is composed of
many unique social connections. Cai and Sevilir (2012) classify board connec-
tions into “first-degree connections” and “second-degree connections” [8]. The
researchers indicate that a first-degree connection occurs if two firms share a
common director, and a second-degree connection is present if one director of
a firm and one director of another firm have been serving on the board of a
third firm. Therefore, all social connections in this paper refer specifically to
“first-degree connections”. We extend the “director/CEO network” commonly
considered in the existing literature to the “core management team network”,
which integrates all the social connections between directors, supervisors and
executives among different companies and includes them in one network; thus,
we can provide a wider social network analysis for Chinese listed companies’ ac-

tivities.

3.3. Variable Definitions

3.3.1. Dependent Variables: Corporate Innovation Measures

The prior studies of corporate innovation mainly develop two types of proxies:
innovation input and innovation output. The former measures the firms’ sup-
port for research and development, and R&D expenditure is a representative va-
riable [30]. Innovation output is a measure of the research and development
achievements, and captures the quality of innovation more accurately. The main
proxy of innovation output is patenting activities, including patent applications
and patent citations [49]. Because companies need to go through a strict review
process to apply for and receive patents, the number of patent applications and
citations are more effective variables for measuring the success of corporate in-
novation. Pakes (1985) emphasizes that patents are an output of R&D invest-
ments and R&D activities, and there is a high correlation between R&D inputs

and patent outputs [50]. Much empirical evidence proves that R&D intensity is
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positively associated with the quantity and quality of patents, and continuous
R&D investments enhance innovation [30] [49] [51] [52] [53]. In summary, we
construct two measures of corporate innovation (/nnovation) from the perspec-
tive of R&D investment and patent performance.

The first proxy is the investment intensity of research and development (R&D),
which captures the level of innovation input. We define R&D as the ratio of
R&D expenditures to operating income and set R&D to 0 if the CSMAR data-
base reports R&D expenditures as missing. The second proxy is patent perfor-
mance (Patent), which captures the level of innovation output. The State Intel-
lectual Property Office (SIPO) of China does not require references when appli-
cations for patents are submitted; in contrast, the United States Patent and Trade-
mark Office (USPTO) requires all patent applications to provide references.
Therefore, we cannot collect patent citation data in China; in other words, we
cannot calculate the number of citations per patent. However, SIPO computes
the number of patent applications (Apply), the number of granted patents
(Grant) and the number of valid patents (Valid). Hence, we use Apply, Grant
and Valid to capture patent performance. Fang et al (2014) emphasize that the
number of patents has a right-skewed distribution [49]; therefore, we use a nat-
ural logarithm of the sum of the patent count and 1 (/n(1 + Patent)) as the main
patent performance variable in the ordinary least squares (OLS) model. Above
and below, we add 1 to the actual values before calculating the natural logarithm
to avoid losing firm-year observations with no patents. Finally, our innovation
performance variables are /n(1 + Apply), In(1 + Grant) and In(1 + Valid). Varia-
ble /n(1 + Apply) is used for benchmark regression, and /n(1 + Gran?) and /n(1 +
Valid) are used for robustness checks.

3.3.2. Independent Variables: Social Network Centrality

Social network centralities (SocialNetwork) are important proxies used to meas-
ure the characteristics of a corporate social network, and mainly include degree
centrality (Degree), closeness centrality (Closeness), betweenness centrality (Bet-
weenness) and eigenvector centrality (Eigenvector). These four variables com-
prehensively measure the embeddedness characteristics of firms’ nodes in a so-
cial network, and can better capture the firms’ network status, power and im-
portance. Degree is the number of links of each company divided by the number
of companies in the network. Betweenness is the number of shortest paths link-
ing any two companies in the network that pass through the firm’s node. Close-
ness is the inverse of the average distance between the firm and all other firms in
the network. Ejgenvector is a measure of the relative importance of a firm’s node
in the network; this variable is the dominant eigenvector of the sociomatrix and
is used in the network literature to measure the prestige of a company [17]. To
calculate social network centralities, we manually match the corporate core
management team data year-by-year and construct the annual “firm-firm” adja-
cency matrix (Ze. an element in the adjacency matrix equals to 1 if there is a so-

cial network connection between two firms, and equals to 0 otherwise) accord-
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ing to core management members’ multiple overlapping appointments (multi-
overlap employment), and then import the adjacency matrix into the Ucinet 6
software to calculate Degree, Closeness, Betweenness and Eigenvector. In this
paper, all network centrality variables are standardized. We use Degree for the
benchmark regression and use the other three network centralities for robust-
ness checks.

When counting the number of firms’ social connections, we should distin-
guish between person-level and firm-level connections. For example, suppose
that Manager-m and Manager-n are serving in Firm-A and Firm-B, and Manag-
er-k is serving in Firm-A and Firm-C. Because Firm-A has three core employees
tied with other firms (such as A-m-B, A-n-B and A-k-C), the number of
Firm-A’s person-level connections is 3. Because Firm-A is tied with two firms
(such as A-B and A-C), the number of Firm-A’s firm-level connections is 2.
Fracassi and Tate (2012) and Cai ef al (2016) argue that the number and scale of
social network connections can also be a good measure to capture the characte-
ristics of a corporate social network [12] [54]. Therefore, we count the number
of person-level connections (PLink) and that of firm-level connections (FLink)
first, and then define the connection size as the number of connections plus 1 to
take the natural logarithm (e.g. /n(1 + PLink) and /n(1 + FLink)). Finally, we also
use [n(1 + PLink) and In(1 + FLink) for the robustness checks.

3.3.3. Mediator Variables

Ang et al. (2000), Singh and Davidson (2003), Li (2007), and Xu and Xu (2015)
measure agency costs with the management expenses ratio (MER) that reflects
the perquisite consumption and abnormal expenses of executives [55] [56] [57]
[58]. The management expenses ratio is positively associated with agency costs.
Following prior studies, we define MER as the ratio of management expenses to
operating income.

Hadlock and Pierce (2010) construct a measure of financial constraints that is
based solely on firm size and age, and is called the SA index [59]. This SA index
is calculated as (—0.737 x Size) + (0.043 x Size’) — (0.04 x Age), where Size
equals the natural logarithm of total assets, and Age is the number of years the
firm has been listed. Hao and Li (2016) consider the SA index to arguably be the
most exogenous financial constraints measure [42], as both the KZ index (Kap-
lan and Zingales, 1997) and WW index (Whited and Wu, 2006) are constructed
partly from endogenous variables [60] [61]. Ju ef al (2013) explore the relation-
ship between financial constraints and corporate innovation based on Chinese
market data, and find that the SA index can also capture Chinese companies’ fi-
nancial constraints very well [62]. Hence, we also use the SA index (SA4 Index) to
measure corporate financial constraints. It is important to note that the SA /n-
dex is always a negative number. A larger SA Index (in absolute value is smaller)
indicates that a firm is faced with looser financial constraints and has a better fi-
nancing environment. In contrast, a smaller SA /ndex (in absolute value is larg-

er) indicates that a firm is faced with more stringent financial constraints and
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has a worse financing environment.

3.3.4. Control Variables

Our selection of control variables follows the prior literature [30] [49] [63]. We
introduce the following control variables: 1) Size is defined as the natural loga-
rithm of total assets; 2) Levis defined as the ratio of total liabilities to total assets;
3) ROE is defined as return on equity; 4) CapitalExp is defined as the ratio of
capital expenditures to total assets; 5) TAR is defined as the ratio of tangible as-
sets to total assets; 6) FCF is defined as free cash flow per share; 7) Sales is de-
fined as operating income per share; 8) SGR is defined as the growth rate of op-
erating income; 9) Ageis defined as the number of years the firm has been listed,
and we use /n(1 + Age) as the control variable. Following the method of Fang et
al. (2014) [49], we add lagged R&D (defined as the ratio of R& D expenditures to
operating income) to control the firm’s innovation input when we regress inno-
vation performance. All continuous variables in the regression are winsorized at

Ist and 99th percentiles to mitigate the effect of outliers.

3.4. Empirical Models

To address the impact of the corporate social network on corporate innovation,

we estimate the following:

Innovation; , , = &, + e, SocialNetwork, , , + > ¢,Ctrls;; , +v, +u +&,, (1)

where 7 denotes firm, k denotes industry, and ¢ denotes time. The dependent va-
riable (/nnovation,; ) represents firm 7s corporate innovation in industry & in
year t. We use the investment intensity of R&D (R&D) and patent performance
(/n(1 + Patend), which consists of In(1 + Apply), In(1 + Grant) and In(1 + Valid))
as proxies for corporate innovation. The independent variable (SocialNetwor-
k;,,) denotes firm /s network centrality in year ¢ — 1, which includes Degree,
Closeness, Betweenness, Eigenvector, In(1 + PLink) and /n(1 + FLink). Control
variables (Ctrls;, ;) contain firm characteristics that could affect a firm’s innova-
tion, as discussed in Section 3.3.4, and all control variables are lagged by one
year. v,and g, represent year fixed effects and industry fixed effects, respectively,
and ¢;;, is the random error term. Following common practices [10] [26] [39],
we adopt the industry classification standard of China Securities Regulatory Com-
mission (CSRC) of 2012. Specifically, we use the first two codes to classify indus-
tries within the manufacturing industry, and the first single code to classify other
industries. In addition, 7-statistics in all regressions are computed using robust

standard errors adjusted for heteroscedasticity.

4. Empirical Results
4.1. Summary Statistics
Table 1 reports the descriptive statistics for all variables used in our regression

models. On average, the sample firms” R&D investment intensity is 2.61%, ie.

R&D expenditures are 2.61% of operating income. In each fiscal year, the firms
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Table 1. Variable descriptive statistics.

Variable N Mean S.D. Minimum Maximum
R&D 19,757 0.0261 0.0376 0 0.2136
Apply 19,757 25.5747 187.3450 0 7071
Grant 19,757 18.3041 117.1661 0 3808
Valid 19,757 74.6269 500.3424 0 20791

In(1 + Apply) 19,757 1.3977 1.5716 0 5.9349
In(1 + Gran®) 19,757 1.2793 1.4617 0 5.6168
In(1 + Valid) 19,757 2.1673 1.9507 0 6.9027
Degree 19,757 0.1953 0.1400 0 0.6461
Closeness 19,757 0.4380 0.1610 0 0.5876
Betweenness 19,757 0.1432 0.1985 0 1.0567
Eigenvector 19,757 0.8732 1.9562 0 13.1216
PLink 19,757 5.4428 4.2418 0 39
FLink 19,757 4.9640 3.6911 0 35
In(1 + PLink) 19,757 1.6283 0.7271 0 2.9957
In(1 + FLink) 19,757 1.5724 0.6940 0 2.8332
MER 19,757 0.1062 0.1067 0 0.7654
SA Index 19,757 —3.4662 0.2607 -4.0116 —2.9455
Size 19,757 21.9514 1.4208 19.0456 26.9609
Lev 19,757 0.4458 0.2296 0.0447 1.0188
ROE 19,757 0.0735 0.1371 -0.7010 0.4360
CapitalExp 19,757 0.0522 0.0508 0.0001 0.2460
TAR 19,757 0.9354 0.0816 0.5271 1
FCF 19,757 -0.2709 1.1087 —4.8921 2.7842
Sales 19,757 5.9346 7.0652 0.0793 44.2238
SGR 19,757 0.1945 0.5877 -0.6167 4.3699
In(1 + Age) 19,757 1.9848 0.9323 0 3.1781

apply for 25.5747 patents, 18.3041 patents are granted, and the firms hold 74.6269
valid patents. The mean values of patent performance measures /n(1 + Apply),
In(1 + Grant) and In(1 + Valid) are 1.3977, 1.2793 and 2.1673, respectively. In
our sample, only 1468 of 19,757 firm-year observations do not have any social
connections. That is, approximately 92.57% of all listed companies have at least
one connection to other companies, and social networks between companies
have become increasingly common. On average, each firm has social ties with
4.9640 other firms (the mean of FLink is 4.9640), and each firm has 5.4428 core
managers simultaneously serving in other firms (the mean of PLink is 5.4428).
The mean value of Degreeis 0.1953, suggesting that each firm has social connec-
tions with 0.1953% of the total number of listed companies in the same year. The
mean value of Closeness is 0.4380, which indicates that each firm could reach

every other firms in the whole network in an average of 228.31 steps (since the
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inverse of 0.4380% is 228.31). The mean value of Betweenness at 0.1432 means
that the average probability of each firm being on the shortest path of any other
two firms is 0.1432%. Because Eigenvector is calculated by the eigenvalue equa-
tion, we cannot explain its network meaning directly. Eigenvector measures the
importance of a single firm’s node in the whole network, which reflects the ex-
tent to which a firm is connected with other highly connected firms. The average
management expenses of each firm are 10.62% of the operating income (since
the mean value of MER is 0.1026). The mean value of SA Index is —3.4662, and
its quantile distribution is shown in Table 2. Compared with the SA index of
Chinese companies from 1998 to 2008 calculated by Ju et al (2013) [62], Chi-
nese companies’ financial constraints show a trend of weakening polarization
from 2009 to 2016. For brevity, we omit a detailed discussion of control va-

riables.

4.2. Benchmark Regression

Table 3 provides the empirical results for corporate social network centrality’s
effect on innovation investment and innovation performance. The results of the
Hausman test indicate that the results of the fixed effects regressions should be
given credence over the results of the random effects regressions. After control-
ling for the related factors, such as firm size, leverage ratio, profitability, cash
flow and growth ability, as well as year fixed effects and industry fixed effects,
the coefficients indicating the influence of social network centrality (Degree) on
R&D investment intensity (R&D) and patent performance (/n(1 + Apply)) are
significantly positive, which suggests that a high level of social network centrality
can improve the firms’ R&D inputs and patent outputs. These findings confirm
the hypothesis A1 that a company with more network connections and higher
network centrality has more funds to invest in R&D activities and has better pa-

tent performance.

4.3. Endogenous Issues

For the regression of social network measures on corporate innovation, there
may be some endogenous issues, such as reverse causality and correlated omitted
variables. To address the causal relationship of whether the corporate social
network affects innovation investment and innovation performance, we use a
lagged variable regression and two-stage instrumental variable least squares re-

gression (IV-2SLS) to control for potential endogeneity.

Table 2. Quantile distribution of SA index.

Quantile of SA Index 1% 5% 10% 25% 50% 75% 90% 95% 99%

Quantile value

) . -4.012 -3.902 -3.833 -3.688 -3.432 -3.235 -3.154 -3.136 -2.946
in this paper

Calculation by

—-4.999 -4.639 -4.313 -3.706 -3.398 -3.199 -2.933 -2.711 -2.255
Ju et al (2013)
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Table 3. Effect of social networks on corporate innovation.

Variable R&D, In(1 + Apply),

Degree, , 0.0091*** 0.3551%**
(0.0015) (0.0754)

Size, , 0.0001 0.3041%**
(0.0002) (0.0110)

Lev, ~0.0283%%* —0.2627+**
(0.0012) (0.0525)

ROE, , 0.0007 0.6015%**
(0.0016) (0.0705)

R&D,., 5.9741%%+
(0.4041)

CapitalExp, | 0.0155*** 1.6685%**
(0.0052) (0.2119)

TAR, ~0.01654** 0.66064**
(0.0036) (0.1235)

FCF., 0.0000 0.0553+**
(0.0002) (0.0097)

Sales, , ~0.0003*** 0.0080***
(0.0000) (0.0019)

SGR, ~0.0008** —0.0616%**
(0.0003) (0.0154)

In(1 + Age),., ~0.0066*** —0.1966%**
(0.0003) (0.0141)

Year Fixed Effects YES YES
Industry Fixed Effects YES YES
F 195.581*** 209.928***
Adj. R 0.479 0.393
Hausman Test Chi-square 1125.74%%% 608.11%**
Observations 16614 16614

Notes: Robust standard errors are in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.

There is a possibility that a firm with better innovation performance can at-
tract other firms to establish social network connections with it. In other words,
there is a reverse causality issue between social network centrality and corporate
innovation. In the benchmark regression, considering the time lag of corporate
innovation, we examine the impact of the social network on R&D inputs and
patent outputs by using one year lagged network centrality. In theory, the sub-
sequent events cannot affect the previous events, and then considering a multi-
period lagged variable regression can control for potential reverse causality [28].

To further explore the multiperiod impact of social network centrality on cor-
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porate innovation, we lag Degree by two and three years and regress Equation
(1) once again. The results in Table 4 show that Degree, which is lagged by two
or three years, is still significantly positively associated with innovation invest-
ment (R&D) and innovation performance (/n(1 + Apply)), which indicates that
the impact of social network connections on corporate innovation is not changed

by reverse causality.

Table 4. Multi-period lagged variable regression.

Variable R&D, In(1 + Apply),
Degree, , 0.0089*** 0.3953***
(0.0016) (0.0822)
Degree, 3 0.0088*** 0.3302%**
(0.0018) (0.0913)
Size, 0.0001 0.0002 0.3023*** 0.3107***
(0.0002) (0.0002) (0.0122) (0.0135)
Lev,, —0.0277*** —0.0278*** —0.2088*** —0.1892***
(0.0014) (0.0016) (0.0591) (0.0674)
ROE, | 0.0015 0.0017 0.6851*** 0.7248***
(0.0018) (0.0020) (0.0816) (0.0898)
R&D,, 59119 6.1536***
(0.4439) (0.5093)
CapitalExp, , 0.0164*** 0.0217*** 1.7621%** 1.6478%**
(0.0059) (0.0069) (0.2404) (0.2762)
TAR, —0.0174*** —0.0151*** 0.7586*** 0.9151***
(0.0039) (0.0042) (0.1334) (0.1444)
FCF, , -0.0001 —0.0002 0.0584*** 0.0522%**
(0.0002) (0.0002) (0.0109) (0.0123)
Sales, | —0.0003*** —0.0003*** 0.0074*** 0.0062***
(0.0000) (0.0000) (0.0021) (0.0023)
SGR, —0.0014*** —0.0018*** —0.0646*** —0.0692***
(0.0003) (0.0004) (0.0163) (0.0180)
In(1+ Age),, —0.0074*** —0.0079*%** —0.2629*** —0.3262*%**
(0.0004) (0.0005) (0.0185) (0.0235)
Year Fixed Effects YES YES YES YES
Industry Fixed Effects YES YES YES YES
F 150.736*** 110.218%** 185.321*** 156.143*%*
Adj. R 0.487 0.494 0.397 0.399
Observations 13,774 11,134 13,774 11,134

Notes: Robust standard errors are in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.

DOI: 10.4236/jmf.2020.104033 552 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2020.104033

G.J. Feng, J. Q. Wang

The corporate social network in this paper is based on the core management
members serving in different companies at the same time. If the scale of a com-
pany’s core management team is larger, the company is more likely to connect
through a social tie with other companies. Fracassi (2017) suggests that older di-
rectors or managers have more individual social relationships; thus, a core man-
agement team with a higher average age will bring more social connections to
the company. Moreover, firms with larger management groups usually have a
long decision-making process, and these core managers could ultimately make
the best decisions for the company’s development. Active innovation decisions
need more executives and more time to repeatedly demonstrate their effective-
ness. Balsmeier et al (2017) and Kang et al (2018) observe that board size has a
positive correlation with R&D investment and patents [32] [64]. In contrast,
firms with older management groups may be more conservative in their invest-
ment decisions [17]. Older executives are primarily interested in short-term
performance instead of long-term R&D projects, and have some passive senti-
ment in their innovation strategy. Therefore, the average age of the core man-
agement team’s members may be negatively associated with corporate innova-
tion. In other words, the core management team’s characteristics could be the
omitted variables in innovation regression. We define the number of core man-
agement members (ManagerNum) as the total number of all directors, supervi-
sors and executives in the company, and define the average age of core manage-
ment members (ManagerAvgAge) as the average age of all directors, supervisors
and executives. Because the number and average age of core management mem-
bers have skewed distributions, we add the natural logarithm of ManagerNum
and ManagerAvgAge (e.g. In(ManagerNum) and [n(ManagerAvgAge)) into our
regression. Furthermore, in China each region has different industrial support
policies for local firms. These regional characteristics are difficult to observe
accurately in general. To address the potential endogeneity arising from unob-
servable regional heterogeneity, we control for region fixed effects in our
benchmark model. Regressions with region fixed effects and core management
team’s characteristics are reported in Table 5. These results show that the
coefficients indicating the influence of social network centrality (Degree) on
R&D investment intensity (R&D) and patent performance (/n(1 + Apply)) are
still positive and significant after controlling for the region fixed effects and
core management team’s characteristics. As expected, [n(ManagerNum) is posi-
tively associated with R&D and In(1 + Apply), and In(ManagerAvgAge) is ne-
gatively associated with R& D and [n(1 + Apply). Our empirical results have not
changed because of regional features and core management team’s characteris-
tics.

To address the potential endogeneity arising from other unobservable hetero-
geneity, we estimate an IV-2SLS regression. Ideally, we want instrumental va-
riables that are correlated with the firm’s social network characteristics but not

with corporate innovation. Bound et al (1995) and Angrist et al. (1996) suggest

DOI: 10.4236/jmf.2020.104033

553 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2020.104033

G.J. Feng,J. Q. Wang

Table 5. Regressions with region fixed effects and core management team characteristics.

Variable R&D, In(1 + Apply),
Degree, , 0.0089*** 0.0082%** 0.3378%** 0.1929**
(0.0016) (0.0016) (0.0759) (0.0785)
In(ManagerNum),_, 0.0026** 0.3665***
(0.0011) (0.0485)
In(ManagerAvgAge), —0.0181*** —0.3784**
(0.0040) (0.1682)
Size, —-0.0002 —-0.0001 0.3020*** 0.2875%**
(0.0002) (0.0002) (0.0110) (0.0114)
Lev, —0.0274*** —0.0279*** —0.2568*** —0.2913***
(0.0012) (0.0012) (0.0525) (0.0526)
ROE, 0.0010 0.0010 0.5718*** 0.5947**+*
(0.0016) (0.0016) (0.0702) (0.0706)
R&D, 5.8057+* 5.7031+*
(0.3983) (0.3965)
CapitalExp, 0.0161*** 0.0162*** 1.6504*** 1.6539***
(0.0052) (0.0052) (0.2100) (0.2098)
TAR,, —0.0152*** —0.0143*** 0.7233%** 0.7388***
(0.0036) (0.0036) (0.1246) (0.1251)
FCF,, -0.0000 0.0000 0.0532%** 0.0541%**
(0.0002) (0.0002) (0.0097) (0.0097)
Sales, | —0.0003*** —0.0003*** 0.0057*** 0.0056***
(0.0000) (0.0000) (0.0019) (0.0019)
SGR, , —0.0007** —0.0009*** —0.0552*** —0.0609***
(0.0003) (0.0003) (0.0153) (0.0154)
In(1+ Age),., —0.0063*** —0.0062*** —0.1667*** —0.1679***
(0.0003) (0.0003) (0.0140) (0.0142)
Year Fixed Effects YES YES YES YES
Industry Fixed Effects YES YES YES YES
Region Fixed Effects YES YES YES YES
F 182.613*** 153.608*** 184.563*** 162.721%%*
Adj. R 0.485 0.486 0.409 0.411
Observations 16,614 16,614 16,614 16,614

Notes: Robust standard errors are in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.
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that instrumental variables have no effect on the outcome except through the
endogenous variable, and the correlation between instruments and disturbances
in the standard econometric formulation is random or ignorable [65] [66]. Fol-
lowing Ferris et al (2017) and Zhang et al (2017) [11] [44], we develop our first
instrumental variable avgRegionDegree, defined as the average social network
centrality (Degree) of other listed companies (excluding the target firm) located
within the same geographic region (Ze. province or municipality in China). Be-
cause of similar environments in the same regions, the social network characte-
ristics of other firms are likely to influence the target firm’s social network cha-
racteristics. We argue that the target firm’s social network centrality is posi-
tively correlated with other firms’ average social network centrality. Normally,
the individual characteristics of other firms cannot affect the target firm’s deci-
sion-making and performance, and thus avgRegionDegree could be an effective
instrument to study R&D inputs and patent outputs. Following Chuluun et al
(2017) and Feng et al (2019) [9] [48], we develop our second instrumental vari-
able [n(FirmNumRegion), defined as the natural logarithm of the number of
listed companies located within the same geographic region as the target firm. A
target firm is more likely to network with other firms within geographic proxim-
ity due to shared experiences, both professional and other. If the number of
firms in one region is larger, the target firm has a higher likelihood of connect-
ing through a social tie with other firms. We suggest that the target firm’s social
network centrality is positively correlated with the logarithm of number of firms
in the same region. Because /n(FirmNumRegion) is an external measure that
covers a wide range of firms across industries in the entire region, the theoretical
relationship between /n(FirmNumRegion) and corporate innovation is likely
quite weak. Overall, we anticipate that the two instrumental variables are ex-
ogenous and have no significant correlation with corporate innovation, at least
in theory.

The IV-2SLS regression results of social network centrality on corporate in-
novation are shown in Table 6. Instrumental variables avgRegionDegree and
In(FirmNumRegion) have passed the underidentification test, weak identifica-
tion test and overidentification test, suggesting that our instrumental variables
are both relevant and effective. In the 1-stage regression, avgRegionDegree and
In(FirmNumRegion) are positively associated with Degree, which means that a
firm with higher other firms’ average social network centrality and a larger
number of firms in the same region has a larger social network centrality. In the
2-stage regression, the instrumented Degree has a significant positive impact on
R&D inputs (R&D) and patent outputs (/n(1 + Apply)), as before. The IV-2SLS
regression results are consistent with the benchmark regression (Table 3). There-
fore, we believe that there is a causal relationship between social networks and
corporate innovation. Specifically, a company with a central position in a so-
cial network has higher innovation investment and better innovation perfor-

mance.
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Table 6. IV-2SLS regression.

1-Stage 2-Stage 1-Stage 2-Stage
Variable
Degree, R&D, Degree, In(1 + Apply),
avgRegionDegree, 0.5230*** 0.5211°%%*
(0.0370) (0.0370)
In(FirmNumRegion), 0.0106*** 0.0104***
(0.0013) (0.0013)
Degree, 0.0460*** 1.0642**
(0.0098) (0.4663)
In(ManagerNum), 0.1567*** —-0.0026 0.1559*** 0.2128**
(0.0048) (0.0018) (0.0048) (0.0871)
In(ManagerAvgAge), 0.0822*** —0.0211*** 0.0852*** —0.6693***
(0.0172) (0.0042) (0.0172) (0.1740)
Size, 0.0145*** —0.0004* 0.0145%** 0.2807***
(0.0011) (0.0003) (0.0011) (0.0134)
Lev, , —-0.0087 —0.0283*** —0.0044 —0.2952***
(0.0055) (0.0013) (0.0057) (0.0531)
ROE, 0.0213*** —-0.0001 0.0221*** 0.6019***
(0.0077) (0.0016) (0.0077) (0.0726)
R&D, , 0.1556*** 5.6928***
(0.0349) (0.4121)
CapitalExp, , 0.0103 0.0149%** 0.0075 1.6587***
(0.0218) (0.0053) (0.0218) (0.2117)
TAR, 0.0146 —0.0160*** 0.0173 0.6805***
(0.0145) (0.0036) (0.0145) (0.1245)
FCF, 0.0022** —0.0000 0.0022** 0.0549***
(0.0011) (0.0002) (0.0011) (0.0098)
Sales, | 0.0003* —0.0003*** 0.0004** 0.0075***
(0.0002) (0.0000) (0.0002) (0.0019)
SGR, , 0.0015 —0.0010*** 0.0016 —0.0699***
(0.0018) (0.0003) (0.0018) (0.0156)
In(1+ Age),., 0.0097*** —0.0068*** 0.0107*** —0.2030***
(0.0014) (0.0003) (0.0014) (0.0151)
Year Fixed Effects YES YES YES YES
Industry Fixed Effects YES YES YES YES
Kleibergen-Paap rk LM 345.993*** 339.312%**
Kleibergen-Paap rk Wald F 187.462%%* 183.5497**
Hansen ] 0.427 1.198
F 211.837*** 156.454*** 198.697*** 182.096***
Adj. R 0.213 0.464 0.214 0.390
Observations 16,614 16,614 16,614 16,614

Notes: Robust standard errors are in parentheses. *p < 0.1; **p < 0.05; ***p < 0.01.
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4.4. Mediation Analyses

To examine the mediating effects of agency costs and financial constraints in the
process of social networks promoting corporate innovation, we perform a medi-
ation analysis following the bootstrapping procedures, as elucidated by Preacher
and Hayes (2008) and Zhao et al (2010) [67] [68]. The results of the mediation
analysis and bootstrap estimate (based on 5000 bootstrap samples) are reported
in Table 7. In Row 1 of Table 7, the indirect effect of the social network (De-
gree) improving R&D investment (R&D) through agency costs (MER) is not
significant, with a point estimate of —0.0004 and two 95% confidence intervals
including 0 (both the normal distribution-based confidence interval and the bi-
as-corrected confidence interval). This indicates that agency costs do not me-
diate the relationship between the social network and R&D investment. In Row 2
of Table 7, the indirect effect of the social network (Degree) enhancing patent
performance (/n(1 + Apply)) through agency costs (MER) is not robustly signif-
icant, with a point estimate of 0.0026 and a 95% normal distribution-based con-
fidence interval including 0. Although the 95% bias-corrected confidence inter-
val excludes 0, we judge that this result is not robust and agency costs do not
play a significant mediating role between the social network and patent perfor-
mance. Therefore, our empirical tests of the hypothesis /72 have failed. Agency
costs do not mediate the relationship between the corporate social network and
corporate innovation. Alleviating agency conflicts is not an influence path of the
social network driving corporate innovation.

In Row 3 and Row 4 of Table 7, the indirect effects of social network (Degree)
promoting corporate innovation (both R&D and /n(1 + Apply)) through finan-
cial constraints (SA Index) are robustly significant, with two 95% confidence in-
tervals excluding 0 (both the normal distribution-based confidence interval and
the bias-corrected confidence interval). These results indicate that financial con-
straints mediate the relationship between the social network and corporate in-
novation (both R&D inputs and patent outputs) significantly. To summarize, fi-
nancial constraints have a real mediating effect in the process of the corporate
social network enhancing corporate innovation, and mitigation of financial con-
straints is an important influence path of the social network promoting corpo-

rate innovation. Our empirical evidence supports the hypothesis /73 completely.

Table 7. Mediation analysis of bootstrapping procedures.

95% Confidence Interval

Mediator Mediating Indirect Bootstrap
Variable Path Effect S.E. Normal-Based Bias-Corrected
Degree -» R&D —-0.000395 0.000358 [-0.001097, 0.000306] [-0.001087, 0.000318]
MER
Degree - In(1 + Apply) 0.002638 0.001561 [-0.000422, 0.005698] [0.000412, 0.006794]
Degree -» R&D 0.000240 0.000100 [0.000045, 0.000435] [0.000055, 0.000457]
SA Index
Degree -» In(1 + Apply) 0.017369 0.008286 [0.001128, 0.033610] [0.000459, 0.033208]
Notes: Based on 5000 bootstrap samples.
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4.5. Robustness Checks
4.5.1. Are the Effects of Social Networks on Corporate Innovation
Monotonic?
Fich and Shivdasani (2006) note that a busy board is formed when the majority
of outside directors hold three or more directorships [69]. Because the directors’
attention is dispersed, a busy board cannot execute the monitoring function very
well. A firm with a busy board is correlated with a weak corporate governance
and displays a lower firm value. The social network relationship in this paper is
established by the core management members’ multioverlap employment. It is
worth further discussing whether too many corporate social connections impede
corporate innovation and whether the effects of social networks on corporate
innovation are monotonic.

We examine the inverted U-shaped relationship between the social network
and corporate innovation following the method of Lind and Mehlum (2010) and
Haans et al (2016) [70] [71]. The results are reported in Table 8. First, we show
that the data range of Degree is 0 to 0.6461 in our sample. Second, we test the
significance of the direct and squared terms of Degree. Regardless of whether we
consider the R&D regression or the [n(1 + Apply) regression, Degree is signifi-
cantly positive and Degreé is significantly negative. Third, we test whether the
slope at both ends of the data range is sufficiently steep. The slope at the mini-
mum value of Degree is positive and significant in both the R& D regression and
the /In(1 + Apply) regression, but the slope at the maximum value of Degree is
negative and not significant. This indicates that the true relationship between the
social network and corporate innovation may be merely one half of an inverted
U-shape. Fourth, we test whether the extreme point (also called the turning
point) is located well within the data range. The extreme point estimates of De-
gree in the R&D regression and the /n(1 + Apply) regression are 0.4774 and
0.4587, respectively. Then, we calculate the extreme point’s confidence interval;
results show that the upper bound of the 95% confidence interval of the extreme
point based on the Fieller method, in both the R&D regression and the /n(1 +
Apply) regression, is outside the Degree range. The confidence intervals confirm
that only one half of the inverted U-shaped curve is revealed in our data range.
In summary, there is no significant inverted U-shaped relationship between the
social network and corporate innovation. In other words, we have the left half of
the inverted U-shaped curve in our data range, and the relationship between so-
cial network and corporate innovation is robustly monotonic. This means that
we indirectly capture the robust positive impact of the social network on corpo-
rate innovation. Having too many social connections will not impede corporate
innovation. The corporate social network has a monotonic positive effect in en-

hancing R&D investment and patent performance.

4.5.2. Robustness Checks of Changing Samples or Variables
We use four methods to perform robustness checks. First, we change the sample

to re-estimate the above models. Considering the different attitudes of various
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Table 8. Test of an inverted U-Shaped relationship between social networks and corpo-
rate innovation.

Dependent Variable R&D In(1 + Apply)
Data range of Degree [0, 0.6461] [0, 0.6461]
Significance of Degree 0.0196*** 0.8017*%*
(0.0042) (0.1992)
Significance of Degree* —0.0205%** —0.8737**
(0.0075) (0.3807)
Slope at minimum value of Degree 0.0196 0.8017
[0.000] [0.000]
Slope at maximum value of Degree -0.0069 -0.3275
[0.121] [0.150]
Extreme point 0.4774 0.4587
95% Confidence interval—Fieller method [0.3715, 1.0234] [0.3403, 1.7441]

Notes: Robust standard errors are in parentheses and p-values are in square brackets. *p < 0.1; **p < 0.05;
H4p < 0.01.

industries to innovation, we explore the impact of social networks on corporate
innovation in a nonfinancial industry subsample and a manufacturing industry
subsample instead of the whole sample. Second, we construct several alternative
measures of corporate innovation and re-estimate the above models. For inno-
vation input, we define R&D investment as the ratio of R&D expenditures to to-
tal assets, or the ratio of R&D expenditures to cash received from sales of goods
or rendering of services. For innovation output, we define patent performance as
the number of granted patents plus 1 to take the natural logarithm, the number
of valid patents plus 1 to take the natural logarithm, or the number of patent ap-
plications that have been granted plus 1 to take the natural logarithm. Third, we
use the other social network proxies mentioned in Section 3.3 to measure the
firm’s embeddedness characteristics and re-estimate the above models. These
substitution variables include closeness centrality, betweenness centrality, ei-
genvector centrality, person-level connection size and firm-level connection size.
Fourth, we select several alternative measures of mediator variables and re-estimate
the mediation models. For agency costs, we use the efficiency of asset utilization,
CEO duality, independence of the board, stock shares held by the core manage-
ment team and the separation between control rights and cash flow rights in-
stead of the management expense ratio [33] [55] [56] [72] [73]. For financial
constraints, we use the KZ index and the WW index instead of the SA index [60]
[61]. The results of all robustness tests remain substantially unchanged; these
results are not reported here for brevity. In summary, a firm that has more social
ties, higher network centrality, better connection quality, a shorter connection
path and a stronger ability to control the shortest path makes a greater innova-

tion investment and has a stronger innovation performance. Financial constraints
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play a mediating role in the process of corporate social network driving corpo-

rate innovation, but agency costs do not.

5. Conclusions and Implications

Under the background of networking of corporate social relations, the influence
of corporate innovation activities has broken through simple stakeholder boun-
daries. Corporate innovation-related decision-making and innovation behavior
will spread widely throughout the social network. Corporate innovation invest-
ment and innovation performance are not only constrained by firm-level oper-
ating characteristics but are also affected by the corporate social network. We
consider all Chinese share markets’ listed companies in the period from 2009 to
2016 as our sample, and establish a new type of social network based on the core
management team’s connections (Ze. we include all the social connections be-
tween directors, supervisors and executives among different companies in the
social network construction), which covers the whole share market in China. In
this paper, we empirically analyze the impact of this new type of corporate social
network on innovation activities (both R&D inputs and patent outputs). Next,
we explore the potential influence path of this new type of social network driving
corporate innovation from the perspective of two channels of agency costs and
financial constraints.

Our empirical results suggest that the corporate social network based on the
core management team has a positive causal effect on enhancing R&D inputs
and patent outputs, and the relationship between social networks and corporate
innovation is robustly monotonic. A firm that has more social ties, higher net-
work centrality, better connection quality, a shorter connection path and a strong-
er ability to control the shortest path, makes a greater innovation investment
and has a stronger innovation performance. These results are robust after con-
trolling for endogenous issues (including reverse causality and correlated omit-
ted variables). The mediation analyses show that our newly constructed core
management team network is beneficial to loosening financial constraints, and
optimizing the financing environment is the key to improving corporate innova-
tion. Alleviating financial constraints plays a mediating role in the process of this
new type of social network driving corporate innovation, while mitigating agency
conflicts does not. In the promotion of corporate innovation by the corporate so-
cial network, financial constraints have a more profound impact than agency costs.
Our findings agree with those of Liu et al (2015) that the influence of financial
constraints is stronger than that of agency costs in the practice of corporate R&D
[33]. The above conclusions show that the influence of our newly constructed core
management team network on corporate innovation is all-encompassing, and
more importantly, such social network could drive corporate innovation jointly
from the following two different aspects: innovation input and innovation out-
put. Financial constraints, rather than agency costs, have a significant mediating

effect in the process of improving innovation investment and promoting inno-
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vation performance by the corporate social network based on the core manage-
ment team. Alleviating financial constraints and optimizing the financing envi-
ronment, which is called the financial constraints channel, is the important in-
fluence path of the social network boosting corporate innovation.

The relationship between the listed company and the corporate social network
is similar to that between an individual and a collective. Many individuals join
together to form a collective, and the collective has significant influence on both
individual decision-making and individual behavior. The embeddedness and
structural characteristics of the social network provide competitive advantages
for socially connected firms, such as promoting information sharing, improving
external monitoring, alleviating agency conflicts, optimizing the financing envi-
ronment, etc. These advantages build the foundation for enhancing corporate
innovation. Our achievements in this paper provide a new direction and think-
ing for listed companies to make innovation and corporate governance decisions
and have some practical value, as follows: 1) For corporate innovation deci-
sion-making, managers could collect valuable external information through the
social network based on the core management team and utilize socially con-
nected firms’ R&D information to optimize their own innovation decisions. The
corporate social network is beneficial to reduce decision-making costs and pro-
mote decision-making efficiency and then improve innovation performance. 2)
For corporate governance, rich social connections and central network positions
build unique information advantages for the company. A firm with higher net-
work centrality has more opportunities to obtain other firms’ internal informa-
tion. To a certain extent, constructing social network relationships reduces the
corporate information asymmetry from inside and outside, and then strengthens
the corporate competitive advantages. 3) Corporate behavior can be spread widely
in the social network. Companies with strong network influences should take the
lead to actively engage in creative practices and drive other firms to innovate to-
gether. As a result, we expect that the social multiplier effect of innovation diffu-
sion will come true. 4) The primary factor impeding corporate innovation is the
serious financial constraints faced by the firm. The government should actively
optimize the corporate financing environment by improving the operating en-
vironment and promoting marketization and enhance corporate independent
innovation. Eventually, with the support of state policies, Chinese companies
will accomplish the great mission of mass entrepreneurship and innovation.

This study contributes to the existing literature in two ways. First, in the con-
struction of the social network, we integrate all the social connections between
directors, supervisors and executives among different companies and include
them in one network, extending the “director/CEO network” to the “core man-
agement team network”, and establishing a denser social network with compa-
nies as nodes. In essence, whether it’s a director network, CEO network or core
management team network, they are all social networks. As we all known, di-

rectors and CEOs are the most important managers and decision makers in en-
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terprises. Meanwhile, the upper echelons theory emphasizes that other execu-
tives and supervisors in the company also have decisive effects on corporate de-
cision-making and behavior. Therefore, we believe that the impact of social net-
works based on other executives and supervisors on corporate activities should
not be ignored. Most of the existing researches on corporate social network are
based on a single network carrier, such as director network or CEO network.
The director network focuses on the “director-director” connections between
different companies, and the CEO network focuses on the “CEO-CEO” connec-
tions. However, the relationship between a director of one company and a CEO
of another company also contains incremental information. Oh and Barker
(2018) find that when a CEO serves as an outside director in other companies,
CEO imitates the R&D intensity of tied-to firms in their own firm’s R&D deci-
sions [29]. This indicates that the “CEO-outside director” connection provides
valuable information about corporate innovation. In other empirical studies of
social network with single carrier on corporate innovation, Helmers et al (2017)
and Chuluun et al. (2017) document that director network can promote corpo-
rate innovation [28] [48]. Nevertheless, Yu and He (2019) argue that the inde-
pendent director network and supervisor network have no significant effects on
innovation investment [74]. In our opinion, Yu and He (2019) ignore the con-
nections between independent director and executive or supervisor, or the con-
nections between supervisor and director or executive, so they do not draw a
significant empirical conclusion. Consequently, we believe that integrating all the
social connections between directors, supervisors and executives among different
companies has theoretical and practical value for researches on corporate innova-
tion from the perspective of social networks. In addition to the connections of “di-
rector-director” and “CEO-CEQ?”, the connections of “director-executive”, “di-
rector-supervisor”, “executive-executive”, “executive-supervisor” and “supervi-
sor-supervisor” among different companies can also carry lots of information
related to innovation. This paper constructs social network based on the above
six kinds of network carriers (“CEO-CEO” connection is a kind of “execu-
tive-executive” connections) and includes all connections between directors, su-
pervisors and executives among different companies. This new type of social
network can dig and exhibit more valuable information between company con-
nections, and provides a wider and deeper network structure analysis for Chi-
nese listed companies’ innovation activities.

Second, we explore two specific influence channels of how the social network
based on the core management team drives corporate innovation, and success-
fully confirm a significant mediating path. To keep competitive advantages, en-
terprises spend a lot of human resources, material resources and financial re-
sources to carry out innovation activities. Due to the opacity of R&D process
between shareholders and managers, and the information asymmetry between
inside and outside the companies, the internal agency problem and external fi-

nancial constraints impede the promotion of innovation ability and corporate
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sustainability [1] [43]. In terms of positive externalities of social networks, some
studies suggest that social networks can improve corporate governance and op-
timize financing environment [10] [11]. Therefore, we integrate social networks,
corporate innovation, agency costs and financial constraints into a unified anal-
ysis framework to empirically test whether social networks can influence corpo-
rate innovation through “agency costs channel” or “financial constraints chan-
nel”. The results show that the corporate social network based on the core man-
agement team can significantly enhance corporate innovation, and financial
constraints play a mediating role in the process of social networks driving inno-
vation. By contrast, agency costs have no significant mediating effects between
social networks and corporate innovation. Our mediation analyses identify a
clear path of social networks influencing innovation, that is, there is a “financial
constraints channel” for social networks to drive corporate innovation. Firms
with rich social network connections can alleviate the external financial con-
straints by reducing the information asymmetry between inside and outside the
companies. The financing environment with weak financial constraints is helpful
for firms to raise funds for R&D activities, thus promoting the corporate innova-
tion level. Compared with financial constraints, agency costs do not build a
bridge between social networks and corporate innovation. That is to say, the
promotion of social networks on innovation ability is not through improving
corporate governance. There is no “agency costs channel” for social network to
affect corporate innovation. In summary, for the improvement of corporate in-
novation ability, the external financing environment, financing convenience and
financial support are more important than the internal principal-agent efficien-
cy. Alleviating financial constraints through the core management team network

is an effective governance path to improving corporate innovation.
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