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Independent director network, agency costs and stock
price crash risk

Xiao-Li Gong, Yi-Wei Li, Jin-Yan Lu and Yong-Kang Feng

School of Economics, Qingdao University, Qingdao, China

ABSTRACT
It is of great significance to improve the corporate governance struc-
ture to study whether independent directors play the role of ‘vase’ in
the governance of listed companies. Based on the social network
theory, this article constructs the social network formed by interlock-
ing independent directors and examines the influence of independ-
ent director network on stock price crash risk. The mechanism test
analyses the mediating effect of principal–agent problem and large
shareholder’s tunnelling on stock price crash risk. The empirical
research shows that the higher the network centrality of the com-
pany’s independent directors, the lower the stock price crash risk.
The independent director network can restrain the company’s stock
price crash risk by reducing two types of agency costs. Further
research finds that the influence of independent director network on
stock price crash risk is more pronounced in companies with unrea-
sonable ownership structure, poor internal governance and weak
external supervision. The research conclusions have important impli-
cations for listed companies to reduce the risk of stock price crash
and maintain the stability of the capital market.
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1. Introduction

Finance is the blood of real economy, and the capital market is an important hub to
promote the high-level development of the real economy. The capital market plays an
important role in the financial system, and the listed companies are the cornerstone
of the capital market. With the establishment of the science and technology innov-
ation board and the steady progress of the registration system reform, the number of
listed companies has grown rapidly. Taking China as an example, there were more
than 4,000 companies by the end of 2020, and more than 1,000 companies were in
the state of registration. However, in recent years, the phenomenon of ‘surge and
crash’ in the stock price of the listed companies is not uncommon. In particular, the
stock price crash caused by the ‘slump’ seriously damaged the interests of investors
and weakened the functions of the capital market in reducing macro leverage and
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resource allocation (Wang et al., 2022). Therefore, investigating how to reduce the
crash risk of stock price has become hot research topics in practice.

As the ‘gatekeeper’ of small and medium investors, independent directors are the
important part of the governance system of the listed companies. The introduction of
the independent director system is to alleviate the company’s principal–agent problem
and to protect the interests of investors. But whether it can really play the role in the
corporate governance has always been controversial. In 2019, China Kangmei phar-
maceutical’s stock price plummeted due to financial fraud, and the independent dir-
ector was sentenced to a huge amount of joint liability for the absence of supervision.
The media and the public generally believe that independent directors are ‘not inde-
pendent’ and only play the ‘vase’ role in the corporate governance. Although a large
number of studies have shown that independent directors have supervisory and advis-
ory functions, there are still scholars who believe that independent directors have not
played their due role in the corporate governance (Wu & Dong, 2021). Nguyen and
Nielsen (2010) believe that the reason for the above problems is that the independent
directors’ characteristic variables commonly used in previous studies cannot accur-
ately distinguish the roles of independent directors in the corporate governance.
However, studying the governance behaviour of independent directors from the per-
spective of social network can effectively solve this issue. According to the relevant
regulations of the association of the listed companies, one person may concurrently
serve as independent directors of five listed companies at most. With the common
existence of independent directors concurrently, the network of independent directors
has been formed among the listed companies, which generates significant impact on
the governance behaviour of independent directors in the company.

Fracassi and Tate (2012) and Berkman et al. (2020) examined the directors’ gov-
ernance behaviours in companies from the perspective of social networks, and veri-
fied the influence of director networks on management oversight. Further, Shaw et al.
(2016) found that the existence of director networks can improve the firm perform-
ance. Specifically, independent directors can obtain more social resources through the
director network, so as to better play the supervisory role and to reduce agency costs.
Liao and Chen (2021) found that the existence of independent director networks can
improve the supervision ability and the motivation of independent directors, thereby
improving the internal control of enterprises and enhancing the sustainability of prof-
itability. Guo and Lv (2018) studied the influence of independent directors on cross-
border M&A from the perspective of social networks, and found that the independent
directors at the centre of the network can more effectively supervise cross-border
M&A decisions and provide key information, resources and experience. It can be
seen that the social capital in the social network brings about certain promotion effect
on the supervision function of the independent directors, which can more effectively
restrain the self-interested behaviour of manager and the tunnelling behaviour of
major shareholders (Gong et al., 2021), hence reducing the two class agency costs.
Seen from the existing research literature on stock price crash risk, agency cost acts
as one of the drivers of stock price crash risk. Managers will deliberately hide the
negative news of the company out of their own interests, causing the company’s stock
price to be seriously overstated by the market. Eventually, when the negative news
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accumulates to certain degree where managers could no longer hide it, the bubble
may burst and the stock price crashes. Hence, this article argues that the network of
independent directors may act on the stock price crash risk by affecting the agency
cost of the company.

This article puts forward and examines the following questions. What is the rela-
tionship among independent director social network, agency costs and stock price
crash risk? Will this relationship be affected by other macro and micro governance
factors, such as ownership structure, internal governance, and external oversight?
Under different ownership structures of ‘less tunnelling effect’ and ‘more tunnelling
effect’, what is the effect of independent director network characteristics on the het-
erogeneity of stock price crash risk? For companies with different internal governance
efficiencies, what is the heterogeneous impact of independent director network char-
acteristics on stock price crash risk? And how will the external oversight environment
of analysts and research reports influence it?

The main contributions of this article mainly include the following aspects.
Primarily, different with previous studies that mostly analysed the impact of inde-
pendent directors’ personal attributes on stock price crash risk, this article innova-
tively studies the impact of independent directors’ social networks on stock price
crash risk from the perspective of social resources. It not only enriches the relevant
research on stock price crash risk, but also provides new evidence for how the inde-
pendent directors play the role in the corporate governance. Secondly, we compre-
hensively studied independent directors’ social capital, agency costs and stock price
crash risk into the unified framework. Therefore, this article will clarify the relation-
ship among independent directors’ social networks, agency cost and stock price crash
risk, and explore the mediating effect of principal–agent problem and major share-
holder tunnelling behaviour in the process of independent director network affecting
stock price crash risk. The research conclusions will provide decision-making refer-
ence for improving the corporate governance and restraining the crash risk of stock
price.

2. Literature review and research hypothesis

2.1. Social networks of independent directors

Before 2001, the Chinese listed companies could decide whether to hire external inde-
pendent directors at their own discretion. Most listed companies lacked effective
supervision mechanism due to imperfect internal control system and governance
structure. In order to further promote the standardised operation of the listed compa-
nies, the China Securities Regulatory Commission issued the ‘Guiding Instruction’
based on the experience of other countries, and began to require the listed companies
to establish an independent director system. It instructs that the members of the dir-
ector board of the listed companies should include at least 1/3 of independent direc-
tors. The introduction of independent director system aims to improve the
governance structure of the listed companies, and restrains major shareholders so as
to protect the interests of investors. Most of the existing studies start from the back-
ground of independent directors (Jin et al., 2022; Pang et al., 2020; Zhang & Truong,
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2019), director independence (Nguyen & Nielsen, 2010), gender (Ararat & Yurtoglu,
2021) and other personal attributes to examine the influence of independent director
on the stock price of listed companies. However, with the stricter corporate govern-
ance, various variables (especially independent directors’ characteristic variables) in
the previous corporate governance researches have gradually converged, which cannot
well capture the differences in the internal governance of different companies. It is
difficult to obtain unified answer based on researches on the personal attributes of
independent directors (Nguyen & Nielsen, 2010). In addition, the governance behav-
iour of independent directors is also affected by various social network and social
resources. As a consequence, rather than directly analysing the impact of independent
directors on the company’s stock price crash risk, it is more meaningful to examine
the independent director social network and stock price crash risk.

There are many types of network relationships among the independent directors,
such as the fellowship relationship, employment relationship, and kinship relation-
ship. The network of independent directors defined in this article is the collection of
connections established between independent directors due to serving on the same
board (Liao & Chen, 2021). The reason why the independent directors are selected
for analysis is that they have more obvious social network characteristics than the
non-independent directors, who are generally full-time directors with fewer external
concurrent positions. On the other hand, non-independent directors are mostly
internal directors, and most of them will participate in the daily operation and man-
agement of the company. As external directors, independent directors are generally
partners of law firms, partners of accounting firms, university professors, etc. They
mainly participate in the corporate governance through the director board and vari-
ous special committees, which have weak relationship with other members of the
director board. According to the weak tie advantage theory, weak ties can transmit
non-repetitive high-quality information between different groups, and play more
important role in social structure than strong ties. As a result, this article proposes
that the social network formed by concurrently serving as independent directors gen-
erates greater impact on the corporate governance.

2.2. Social networks of independent directors and stock price crash risk

As the most important measure in social network, network centrality is mainly
employed to measure the degree to which the particular nodes in social network are
located in the network centre so as to quantify its importance (Jackson et al., 2017).
According to the social network theory, independent directors at the network centre
have more social resources and wider information access channels, which in turn
affects their roles in the corporate governance. The more the independent directors
are in the centre of network, the more obvious their governance effect will be.
Specifically, independent directors with more network ties are more likely to obtain
social resources about the corporate governance, and obtain higher reputation in the
field. Meanwhile, when the listed company encounters governance crisis due to lack
of oversight, the independent directors with important network positions will face
accusations from investors and penalties from regulators, and their reputation will be
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damaged more than other independent directors (Liao & Chen, 2021). In this case,
the independent directors at network centre will be more motivated to monitor the
self-interested behaviour of manager and the tunnelling behaviour of major share-
holders. Moreover, independent directors with more social capital are more likely to
regain their seats in other companies, and will not be afraid to supervise and restrain
management. In this way, such independent directors have stronger ‘bargaining’
power in participating in the corporate governance, and are more likely to express
objective and independent opinions, thereby enhancing the effect of their supervision
(Sila et al., 2017). Therefore, independent directors at the core of the network have
stronger motivation and ability to supervise the self-interested behaviour of manager
and the tunnelling behaviour of major shareholders (Masulis & Mobbs, 2014), thus
reducing agency costs.

Independent directors need to possess certain expertise in order to participate in
the corporate governance effectively. The more important position in the social net-
works of independent directors, the more they can directly or indirectly connect with
others, and the social resources they get will help them gain more experience (Liao &
Chen, 2021). Hence, compared with the independent directors at the edge of the net-
work, the independent directors with network importance are more likely to identify
various agency problems, and are more likely to reduce the speculative behaviour of
manager and the tunnelling behaviour of major shareholders, thereby inhibiting the
stock price crash risk. To sum up, the higher the network centrality of independent
directors, the better capability to restrain the company’s stock price crash risk. Based
on the above analysis, this article proposes the hypothesis H1:

H1: The higher the network centrality of company’s independent director, the lower the
crash risk of stock price.

2.3. Social networks of independent directors, agency costs and stock price
crash risk

The highly dispersed ownership structure makes the shareholders lack the motivation
to supervise the management, and it is difficult to prevent the speculative behaviours
of the management from seeking personal interests, resulting in the conflict of inter-
ests between the shareholders and the management. This conflict has become the
main contradiction in corporate governance, forming the principal–agent problem
(Kang & Liu, 2010), which we call the first class agency problem. In the capital mar-
ket with insufficient legal protection for investors, ownership concentration makes
major shareholders more motivated to encroach on the interests of small and
medium shareholders, that is, ‘large shareholder tunnelling behaviour’ (Jiang et al.,
2010, 2015), which we call the second category agency problem. Among the listed
companies represented by China, the above two types of agency problems are com-
mon and produce significant impact on the company’s stock price crash risk. Jin and
Myers (2006) studied the causes of stock price crash risk from the perspective of
agency problem. Due to self-interest such as option incentives (Kim et al., 2011b),
on-the-job consumption (Xu et al., 2014) and business empire building (Cao et al.,
2019; Li & Guo, 2021), managers will deliberately hide the negative news of the
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company, which makes the stock price of the company seriously overvalued by the
market. Eventually, when the negative news accumulates to a point where managers
can no longer hide it, the bubble bursts and the stock price crashes. In addition, Sun
et al. (2017) and Yang et al. (2021) found that the agency problem between large
shareholders and small shareholders caused by the ‘tunnelling’ behaviour of large
shareholders will also affect the company’s stock price crash risk. When the major
shareholders carry out the hollowing behaviour and hide negative news, it will
increase the crash risk of stock price.

The management often deliberately hides the negative news of the company out of
personal interests, such as option incentives, building a business empire, and on-the-
job consumption, which increases the crash risk of listed company’s stock price.
While oversight mechanisms inside and outside the company will increase the cost of
the management to hide bad news. Depending on the constraints it faces, manage-
ment decides whether to hide bad news to maximise its own interests. As an import-
ant governance system within the company, the independent director system can
more effectively reduce the behaviour of the management to seek personal interests
and to hide bad news. In particular, independent directors at the centre of social net-
works have stronger supervisory ability and motivation, thereby reducing the accu-
mulation of bad news within the company and suppressing the risk of stock price
crash. Based on the above analysis, this article proposes the hypothesis H2:

H2: Principal–agent costs play intermediary roles in independent director social
networks affecting stock price crash risk.

For the agency problem between the large shareholders and the small shareholders.
In the Chinese market, most managers of listed companies are directly appointed by
the major shareholders. Large shareholders strengthen their control over listed com-
panies through management, and thus have a strong incentive to encroach on the
interests of small shareholders through capital occupation, related transactions,
internal loans and other means. In order to cover up the bad performance impact of
the ‘tunnelling’ behaviour on the company, major shareholders will hide the corre-
sponding negative information. It leads to the accumulation of bad news within the
company and the increase on crash risk of stock price. For different companies, the
degree of difficulty for major shareholders to carry out ‘tunnelling’ behaviour and to
hide related bad news varies, which largely depends on the supervision effectiveness
of the company’s independent directors. One of the important responsibilities of
independent directors to safeguard the interests of small shareholders is to prevent
large shareholders from ‘tunnelling’ the company. The more central the independent
directors are in the social network, the stronger their oversight ability and motivation,
and the more difficult it is for major shareholders to carry out ‘tunnelling’ behaviour.
It decreases the accumulation of bad news within the company and reduces the crash
risk of company’s stock price. Based on the above analysis, this article proposes the
hypothesis H3:

H3: The agency costs formed by the tunnelling behaviour of major shareholders play
intermediary roles in independent director social networks affecting stock price crash
risk.
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3. Research design

3.1. Independent director network topology indicators

In order to measure the relationship between individuals in social networks, accord-
ing to Kuang and Lee (2017), three centrality indicators including degree, between-
ness and closeness centrality are used to measure the importance of independent
directors in the social networks. At the same time, in order to measure the network
centrality of independent directors at the company level more comprehensively, the
comprehensive network centrality indicator is calculated after eliminating the dimen-
sional differences (Larcker et al., 2010) as follows.

Primarily, according to the concurrent positions of the independent directors of
the listed companies, three network centrality indicators of each independent dir-
ector are calculated. Then, for each listed company, the arithmetic mean of all inde-
pendent directors’ network centrality indicators is calculated to obtain the firm-level
network centrality index. Finally, in order to eliminate the difference in the dimen-
sions of degree centrality, betweenness centrality and closeness centrality indicators,
the obtained firm-level network centrality indicators are divided into ten groups
from small to large with assigned values from 0 to 9. And we calculate the arith-
metic average of the three indicators to obtain the comprehensive independent dir-
ector network centrality (CENMEAN). Similarly, taking the maximum value when
calculating the three network centrality indicators at the firm level, the comprehen-
sive company independent director network centrality (CENMAX) can also be
obtained.

Degree centrality can measure the number of connections between independent
directors and others in the social network, reflecting the independent director’s ability
to obtain social capital in the social network. The greater the network degree central-
ity of independent directors, the more important they are in the network.

Degreei ¼
P

j Xji

g � 1
(1)

where j represents the independent director, and i represents other independent
directors; when director i and director j serve on the same board, Xj,i takes the value
of 1, otherwise 0. g denotes the total number of independent directors, and uses g-1
to eliminate the scale effect.

Betweenness centrality measures the degree of control that the independent dir-
ector has over the connections between other directors in the network, that is, the
number of times the independent director acts as an intermediary between any two
other directors with the shortest connection route. The greater the betweenness cen-
trality, the more important the role of independent directors in the network.

Betweennessi ¼
P

j<k gjkðniÞ=gjk
ðg � 1Þðg � 2Þ (2)

where gjk represents the number of shortest connection paths between independ-
ent directors j and k, and gjk(ni) represents the number of paths in which director
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i acts as medium among the shortest connection paths of independent directors j
and k.

Closeness centrality is employed to measure the distance between independent dir-
ector and others in the network, which reflects the proximity between independent
directors and other network members. The greater the closeness centrality, the closer
the independent directors are to other members in the network, and the more net-
work importance they have.

Closenessi ¼
Xg

j¼1

dði, jÞ=g � 1

2
4

3
5
�1

(3)

where d(i,j) represents the distance from director i to director j. g denotes the num-
ber of directors, and g-1 is used to eliminate scale differences.

3.2. Stock price crash risk

Following the stock price crash risk model of Kim et al. (2011a, 2011b), this article
employs the negative returns skewness coefficient (NCSKEW) and the stock return
volatility ratio (DUVOL) to measure the stock price crash risk. Firstly, the following
regression using the weekly return data of stock i by year is performed.

ri, t ¼ ai þ b1rm, t�2 þ b2rm, t�1 þ b3rm, t þ b4rm, tþ1 þ b5rm, tþ2 þ ei, t (4)

where rm,t is the average returns of all stocks weighted by the market value in week t;
and ri,t is the returns of stock i considering the reinvestment of cash dividends in
week t. At the same time, the market returns of two periods ahead and two periods
behind are added to Equation (4) to reduce the possible bias caused by transaction
asynchrony.

The residual value ei,t can be obtained using Equation (4), and then the company-
specific returns wi,t¼ln(1þei,t) of stock i in week t can be calculated. Then, the nega-
tive returns skewness coefficient and the stock returns volatility ratio are calculated,
which can be expressed as follows.

NCSKEWi, t ¼
ð�nÞðn� 1Þ32 Pw3

i, t

ðn� 2Þðn� 1Þ P
w2

i, t

� �3
2

(5)

where n is the number of trading weeks for stock i per year. The higher the
NCSKEW value, the higher the crash risk of stock price.

DUVOLi, t ¼ log
ðnu � 1ÞPdownw

2
i, t

ðnd � 1ÞPupw
2
i, t

(6)

All the weeks of stock i in certain year are divided into two categories according
to whether the weekly unique returns wi,t is higher than the average weekly unique

8 X.-L. GONG ET AL.



returns of the year. That is, it is divided into two types: weeks (‘up weeks’) that is
higher than the average weekly returns of the whole year and weeks (‘down weeks’)
that are lower than the average weekly returns of the year. In Equation (6), nu(nd) is
the number of weeks in which the weekly returns wi,t of stock i is greater than (less
than) the annual average returns. The higher the DUVOL value, the higher the crash
risk of stock price.

3.3. Agency cost

The agency problem involved in this article includes both the first type of agency
problem between the shareholders and the management, and the second type of
agency problem between large shareholders and small shareholders. Following Ang
et al. (2000), the management expense ratio (the ratio of management expenses to
operating income in year t) is employed to measure the first type of agency cost
(AC1). The higher the overhead rate, the higher the cost of the first type of agency.
Following Jiang et al. (2010), the second type of agency cost (AC2) is measured by
the capital occupation of large shareholders (the proportion of other receivables of
the company in the total assets at the end of year t). The larger the proportion of
other receivables, the more serious the behaviour of large shareholders encroaching
on the interests of small shareholders.

4. Model specification

To test the hypothesis 1, this article constructs the following model in Equation (7).
Following the existing researches on stock price crash risk (Cao et al., 2022; Luo &
Zhang, 2020), the control variables in the model include the following: (1) the nega-
tive returns skew coefficient (NCSKEW) in year t; (2) the average weekly returns
(RET), which is the average of the unique weekly returns in year t; (3) the returns
volatility (SIGMA) is the standard deviation of the weekly unique returns in year t;
(4) average monthly excess turnover ratio (TURNOVER) is the difference between the
average monthly turnover rate of stocks in year t and the average monthly turnover
rate of the previous year; (5) the management shareholding ratio (EXEHOLD), which
is the number of shares held by executives in year t divided by the total share capital
of the company in year t; (6) returns on total assets (ROA), which is the net profit in
year t divided by total assets at the end of year t; (7) asset–liability ratio (LEV), which
is the liabilities divided by total assets at the end of year t; (8) market-to-book ratio
(M.B.), which is the total market value of the company at the end of year t divided
by the company’s shareholders’ equity; (9) the scale of the company (SIZE), which is
the natural logarithm of the company’s market value at the end of year t; (10) the
scale of director board (BOARD), which is the number of board members; (11) the
proportion of independent directors (OUT), which is the ratio of independent direc-
tors to the total number of directors; (12) DUALITY, if the chairman and the general
manager are the same person, the value is 1, otherwise 0. In addition, year and indus-
try effects are also controlled. According to the hypothesis 1, the coefficient b1 of
CENMEAN in model (7) should be significantly negative.
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CRASHi, tþ1 ¼ aþ b1 � CENMEANi, tðCENMAXi, tÞ þ c1 �
X

Controlsi, t þ Year

þ Ind þ ei, tþ1

(7)

where CRASH represents the stock price crash risk of company i in year tþ 1, which
is measured by the negative returns skewness coefficient (NCSKEW) and the stock
returns volatility ratio (DUVOL), respectively. And CENMEAN and CENMAX repre-
sent the independent director network centrality of company i in year t calculated
using different methods, respectively, and Controls denotes the control variable.

To test the hypotheses 2 and 3, the following model is constructed using the medi-
ation test procedure.

ACi, t ¼ aþ b2 � CENMEANi, tðCENMAXi, tÞ þ c2 �
X

Controlsi, t þ Year þ Ind þ ei, t

(8)

where Controls include asset–liability ratio (LEV), fixed asset ratio (TANGIBLE), man-
agement shareholding ratio (EXEHOLD), duality (DUALITY), proportion of inde-
pendent directors (OUT), equity balance degree (BALANCE), and listing period
(LISTAGE).

CRASHi, tþ1 ¼ aþ b31 � CENMEANi, tðCENMAXi, tÞ þ b32 � AC1, t þ b33 � AC2, t

þc3 �
P

Controlsi, t þ Year þ Ind þ ei, tþ1

(9)

Models (7)–(9) are adopted to examine the mediating effect of agency costs for the
impact of independent directors’ network centrality on stock price crash risk. In
model 7, the coefficient b1 represents the total effect of CENMEAN(CENMAX) on
CRASH. In model 8, the coefficient b2 represents the effect of CENMEAN(CENMAX)
on AC. In model 9, the coefficients b32 and b33 represent the effect of AC on
CRASH, and b31 is the direct effect of CENMEAN(CENMAX) on CRASH after AC is
controlled. The mediating effect can be described in the schematic diagram shown in
Figure 1.

Figure 1. Schematic diagram of the mediating effect.
Source: The authors.

10 X.-L. GONG ET AL.



5. Empirical analysis

5.1. Data and descriptive statistics

Based on the Chinese listed companies from 2010 to 2021, this article screened the
sample data as follows: (1) exclude companies with missing values; (2) exclude ST
companies; (3) exclude listed companies in the financial industry; and (4) exclude
companies with less than 30 weekly returns observations per year so as to better cal-
culate crash risk. Finally, a total of 16,656 sample data from 1388 listed companies
were obtained. In addition, we winsorise all continuous variables at the 1% and 99%
quantiles, with the data mainly from Wind and C.S.M.A.R. databases.

Table 1 displays the descriptive statistics of the variables. It can be found that the
mean values of the negative returns skewness coefficient (N.C.S.K.E.W.) and the stock
returns volatility ratio (D.U.V.O.L.) that measure the crash risk of stock price are
�0.344 and �0.225, respectively. And from the perspective of the change trend cover-
ing the 25%�75% quantile, the crash risk of stock price gradually increases. Under
the 90% quantile, the corresponding values are 0.482 and 0.394, respectively, indicat-
ing that there exists common stock price crash risk in China’s listed companies.
Besides, the corresponding standard deviations are 0.760 and 0.498, respectively, indi-
cating that there are large differences in the crash risk of different companies. The
mean values of the company’s independent directors’ network centrality (CENMEAN
and CENMAX) are 4.448 and 4.456, respectively. The descriptive statistical results of
control variables are basically consistent with the relevant literature. Among them,
the values of the 25% quantile, median and 75% quantile of the proportion of inde-
pendent directors are 0.333, 0.333 and 0.400, respectively, indicating that the propor-
tion of independent directors in the director board in most companies ranges from
30% to 40%.

5.2. Independent director networks and stock price crash risk

Table 2 shows the relationship between network centrality of independent directors
and stock price crash risk. It can be seen that when employing the negative returns

Table 1. Descriptive statistics.
Variable N MEAN SD P25 P50 P75 P90

NCSKEW 13,622 �0.344 0.760 �0.748 �0.291 0.094 0.482
DUVOL 13,622 �0.225 0.498 �0.549 �0.219 0.095 0.394
CENMEAN 13,622 4.448 2.613 2.333 4.333 6.667 8.000
CENMAX 13,622 4.456 2.612 2.333 4.667 6.667 8.000
RET 13,622 0.002 0.009 �0.004 0.001 0.007 0.013
SIGMA 13,622 0.059 0.023 0.044 0.055 0.068 0.088
TURNOVER 13,622 �0.049 0.336 �0.197 �0.026 0.098 0.304
EXEHOLD 13,622 0.037 0.110 0.000 0.000 0.003 0.120
ROA 13,622 0.037 0.085 0.012 0.032 0.062 0.103
LEV 13,622 0.498 0.280 0.341 0.501 0.645 0.756
MB 13,622 2.428 20.620 1.194 1.622 2.455 3.860
SIZE 13,622 23.100 1.175 22.270 22.950 23.770 24.640
BOARD 13,622 8.938 1.814 8.000 9.000 9.000 11.000
OUT 13,622 0.372 0.057 0.333 0.333 0.400 0.429
DUALITY 13,622 0.176 0.381 0.000 0.000 0.000 1.000

Source: calculated by the authors.
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skewness coefficient (NCSKEW) to measure crash risk, the regression coefficients
between the network centrality of independent directors and crash risk are both sig-
nificantly negatively correlated at the 1% level. When employing the stock returns
volatility ratio (DUVOL) to measure crash risk, the regression coefficients of inde-
pendent directors’ network centrality and stock price crash risk are significantly nega-
tively correlated at 5% levels. This shows that the higher the network centrality of
independent directors of listed companies, the lower the crash risk of stock price,
which verifies the hypothesis 1.

Seen from the control variables, the stock price crash risk, average weekly returns,
and market-to-book ratio in year t are significantly positively correlated with the
stock price crash risk in year tþ 1, and the returns volatility is significantly negatively
correlated with stock price crash risk. The conclusions found in this article are con-
sistent with the existing research findings (Cao et al., 2022; Kim et al., 2011a, 2011b).
There are no significant correlations between the director board scale and crash risk,
as well as the relationship between the proportion of independent directors and crash

Table 2. Independent directors’ network centrality and stock price crash risk.

Variable
(1) (2) (3) (4)

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0069��� �0.0039��
(�2.74) (�2.37)

CENMAXt �0.0076��� �0.0040��
(�3.02) (�2.35)

NCSKEWt 0.0891��� 0.0601��� 0.0892��� 0.0602���
(10.07) (10.19) (10.08) (10.20)

RETt 14.2911��� 9.3489��� 14.3084��� 9.3607���
(12.17) (11.95) (12.19) (11.96)

SIGMAt �0.1012 �0.2836 �0.1035 �0.2856
(�0.22) (�0.92) (�0.22) (�0.93)

TURNOVERt �0.0562�� �0.0407�� �0.0559�� �0.0406��
(�2.00) (�2.18) (�1.99) (�2.17)

EXEHOLDt 0.1018 0.0170 0.1024 0.0173
(1.62) (0.41) (1.63) (0.41)

ROAt 0.2300� 0.1390 0.2282� 0.1374
(1.79) (1.62) (1.77) (1.60)

LEVt 0.0457 0.0372 0.0452 0.0368
(1.21) (1.47) (1.19) (1.46)

MBt 0.0009��� 0.0005�� 0.0009��� 0.0005��
(3.07) (2.35) (3.07) (2.36)

SIZEt 0.0064 �0.0033 0.0066 �0.0033
(0.93) (�0.72) (0.95) (�0.72)

BOARDt �0.0053 �0.0046� �0.0048 �0.0044
(�1.33) (�1.73) (�1.18) (�1.64)

OUTt 0.0277 0.0235 0.0459 0.0331
(0.22) (0.28) (0.37) (0.39)

DUALITYt �0.0228 �0.0192� �0.0228 �0.0193�
(�1.39) (�1.76) (�1.39) (�1.77)

Time Y Y Y Y
Industry Y Y Y Y
_cons �0.4239��� �0.1049 �0.4365��� �0.1095

(�2.66) (�0.99) (�2.74) (�1.03)
N 13,622 13,622 13,622 13,622
R2 0.0519 0.0531 0.0520 0.0531

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: calculated by the authors.
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risk. It indicates that the expansion of the board scale and the increase of the propor-
tion of independent directors will not generate impact on stock price crash risk.

5.3. The mediating effect of agency costs

Tables 3 and 4 report the regression results for the hypotheses 2 and 3. As described
above, the mediation effect test is used to determine whether the independent dir-
ector network has an impact on stock price crash risk through two types of agency
costs. The principal–agent cost and the tunnelling behaviour by large shareholders
constitute the two types of agency cost in this article.

Firstly, the results in 5.2 presented a negative and significant correlation between
the network centrality of independent directors and stock price crash risk. Secondly,
Table 3 shows the relationship between the two types of agency costs and the import-
ance of the independent director network. The results show that the coefficient of the
principal–agent cost is significantly negative at the 1% confidence level, and the coef-
ficient of the agency cost of the large shareholder’s tunnelling behaviour is signifi-
cantly negative at the 5% confidence level. The network centrality of independent
directors has a significant negative effect on two types of agency costs. Finally,
Table 4 examines the impact of two types of agency costs on the relationship between
independent director network importance and stock price crash risk. It can be seen
that whether NCSKEW or DUVOL is used as a measure of stock price crash risk, the
coefficients of two kinds of principal–agent cost are significantly positive at the 1%

Table 3. Two types of agency costs and network centrality of independent directors.

Variable

Principal–agent cost Large shareholder’s tunnelling behaviour

AC1 AC1 AC2 AC2
CENMEAN �0.0011��� �0.0002��

(�3.67) (�2.10)
CENMAX �0.0010��� �0.0002��

(�3.54) (�2.48)
LEV �0.0083� �0.0082� 0.0215��� 0.0215���

(�1.80) (�1.78) (15.26) (15.28)
TANGIBLE �0.0241��� �0.0240��� �0.0204��� �0.0204���

(�3.98) (�3.98) (�11.22) (�11.22)
EXEHOLD �0.0440��� �0.0439��� �0.0005 �0.0005

(�4.05) (�4.03) (�0.16) (�0.16)
DUALITY 0.0103��� 0.0103��� 0.0004 0.0004

(5.40) (5.40) (0.72) (0.72)
OUT 0.0230 0.0246� 0.0023 0.0026

(1.56) (1.68) (0.51) (0.58)
BALANCE �0.0007 �0.0008 0.0015��� 0.0015���

(�0.44) (�0.46) (2.95) (2.95)
LISTAGE 0.0071� 0.0071� 0.0025�� 0.0025��

(1.87) (1.86) (2.26) (2.25)
Time Y Y Y Y
Industry Y Y Y Y
_cons �0.9596��� �0.9603��� 0.0107��� 0.0106���

(�81.78) (�81.93) (3.09) (3.09)
N 15,835 15,835 15,829 15,829
R2 0.9290 0.9290 0.1090 0.1092

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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confidence level and the absolute value of the coefficient of the network centrality of
independent directors in model 9 is smaller than that in model 7. The above results
indicate that the two types of agency cost play an intermediary effect. After adding
the mediating variable, the coefficient of the network centrality of independent direc-
tors is still significant, indicating that the two kinds of principal–agent cost play par-
tial mediating roles.

5.4. Robustness test

The possible endogeneity problems between independent director network and the
crash risk of stock price mainly include two aspects: one is the problem of two-way
causality. Independent directors in the centre of network can reduce the crash risk of

Table 4. Network centrality of independent directors, two types of agency costs and stock price
crash risk.

Variable
(1) (2) (3) (4)

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0065��� �0.0037��
(�2.60) (�2.25)

CENMAXt �0.0073��� �0.0038��
(�2.90) (�2.25)

AC1,t 0.2717��� 0.1714��� 0.2724��� 0.1720���
(3.71) (3.51) (3.72) (3.52)

AC2,t 0.7066��� 0.4227��� 0.7044��� 0.4223���
(3.04) (2.73) (3.03) (2.72)

NCSKEWt 0.0872��� 0.0588��� 0.0872��� 0.0589���
(9.84) (9.97) (9.85) (9.98)

RETt 14.2242��� 9.3060��� 14.2398��� 9.3169���
(12.12) (11.90) (12.14) (11.91)

SIGMAt �0.2934 �0.4017 �0.2954 �0.4038
(�0.64) (�1.31) (�0.64) (�1.31)

TURNOVERt �0.0523� �0.0379�� �0.0520� �0.0378��
(�1.86) (�2.03) (�1.85) (�2.02)

EXEHOLDt 0.1038� 0.0193 0.1043� 0.0196
(1.66) (0.46) (1.66) (0.47)

ROAt 0.3238�� 0.1986�� 0.3224�� 0.1973��
(2.48) (2.28) (2.47) (2.27)

LEVt 0.0564 0.0447� 0.0560 0.0444�
(1.46) (1.73) (1.45) (1.72)

MBt 0.0007�� 0.0004� 0.0007�� 0.0004�
(2.45) (1.78) (2.45) (1.78)

SIZEt 0.0099 �0.0011 0.0101 �0.0011
(1.43) (�0.23) (1.46) (�0.23)

BOARDt �0.0054 �0.0047� �0.0048 �0.0044�
(�1.34) (�1.74) (�1.19) (�1.65)

OUTt 0.0086 0.0131 0.0260 0.0222
(0.07) (0.16) (0.21) (0.27)

DUALITYt �0.0256 �0.0209� �0.0257 �0.0209�
(�1.56) (�1.91) (�1.56) (�1.92)

Time Y Y Y Y
Industry Y Y Y Y
_cons �0.2485 0.0052 �0.2605 0.0011

(�1.48) (0.05) (�1.55) (0.01)
N 13,616 13,616 13,616 13,616
R2 0.0536 0.0546 0.0537 0.0546

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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stock price, but there is also the possibility that the firm’s shareholders or manage-
ment have the will to reduce crash risk, so they are more willing to hire those who
are in the centre of social network with abundant social resources. The second is the
problem of missing variables. Companies are affected by firm characteristics in select-
ing independent directors, and these firm characteristics can also affect stock price
crash risk, leading to the problem of missing variables.

In order to solve the causality problem that may exist between the explanatory var-
iables and the explained variables, the explanatory variables and the control variables
in models (7) and (9) are treated with one-period lag. For possible missing variables,
the two-stage regression of proxy variables is used to further control the effect of
endogeneity on the results. Following Usman et al. (2019), the independent director
network centrality is regressed on corporate governance variables and corporate char-
acteristic variables in the first-stage, in which corporate governance factors contain
management’s shareholding, company size, board size, independent director ratio,
duality, and corporate characteristic factors contain returns on total assets, asset–
liability ratio, market-to-book ratio, etc. Then, the regression residuals of the first
stage are used as instrumental variables of network centrality of independent directors
to conduct regression tests. The test results are shown in columns (1) to (4) of
Table 5, which indicate that the network centrality of firm independent directors is
still significantly negatively correlated with stock price crash risk.

Subsequently, the robustness tests are performed through changing the firm’s inde-
pendent director network centrality and changing the stock price crash risk. The
results are shown in columns (5) and (6) of Table 5, where the independent director
network centrality calculated using the median is still significantly negatively corre-
lated with crash risk. The probability of stock slump (Crash) is further employed to
measure the crash risk. If the weekly unique returns of stocks in a certain year satis-
fies Equation (10) at least once, the Crash value is 1, otherwise 0. And the corre-
sponding regression results are shown in columns (7) and (8) of Table 5, which show
that the network centrality is still significantly negatively correlated with crash risk.

wi, t � Averageðwi, tÞ � 3:09r3
i (10)

where ri is the standard deviation of the weekly unique returns of stock i, and
Average(wi,t) denotes the annual average of the weekly unique returns of stock i.

In addition, the robustness tests are carried out by replacing the control variables,
excluding special samples and changing parameter estimation methods. And the
results still support the above conclusions.

6. Extended analysis

In order to more comprehensively investigate the internal mechanism of independent
director network affecting stock price crash risk through agency cost, further tests are
conducted from the perspectives of ownership structure, internal governance and
external supervision.
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6.1. Shareholding structure effect

The motivation of large shareholders to tunnel the company is related to their share-
holding ratio. The relationship between shareholding ratio of large shareholders and
the tunnelling behaviour is not simply linear. On the one hand, the higher the share-
holding ratio of shareholders, the greater the speaking right. The increase in share-
holding ratio makes it easier for large shareholders to control the firm, and it is easy
to increase the tunnelling of the company. On the other hand, as the shareholding
ratio of large shareholders increases, more company’s wealth attributes to large share-
holders, and less interest gains through tunnelling. When the shareholding ratio
increases to a certain extent, the unfavourable consequences caused by the large
shareholders tunnelling will also cause them to incur huge losses, and the large share-
holders’ willingness to tunnel will decrease accordingly. Therefore, when the share-
holding ratio of large shareholders is low or high, there is less tunnelling effect, and
vice versa, the tunnelling effect will be greater. Following Jiang et al. (2018), the

Table 5. Endogeneity test and robustness test.

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

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 Crash Crash

CENMEANt �0.0068��� �0.0039�� �0.0022��
(�2.68) (�2.32) (�1.97)

CENMAXt �0.0075��� �0.0039�� �0.0025��
(�2.93) (�2.26) (�2.26)

CENMEDIANt �0.0080��� �0.0045��
(�2.97) (�2.48)

NCSKEWt 0.0749��� 0.0483��� 0.0749��� 0.0484��� 0.0892��� 0.0601��� 0.0036 0.0036
(8.40) (8.18) (8.41) (8.19) (10.07) (10.19) (0.93) (0.93)

RETt 11.2378��� 6.6423��� 11.2739��� 6.6608��� 14.2354��� 9.3190��� 0.8785� 0.8835�
(12.10) (10.57) (12.14) (10.59) (12.12) (11.90) (1.71) (1.72)

SIGMAt �0.6663� �0.4515� �0.6632� �0.4507� �0.0952 �0.2805 �0.3907� �0.3912�
(�1.83) (�1.85) (�1.82) (�1.85) (�0.21) (�0.91) (�1.93) (�1.94)

TURNOVERt �0.2255��� �0.1540��� �0.2249��� �0.1541��� �0.0558�� �0.0405�� �0.0096 �0.0095
(�9.38) (�9.50) (�9.36) (�9.50) (�1.99) (�2.17) (�0.78) (�0.77)

EXEHOLDt 0.0886 0.0055 0.0893 0.0059 0.1022 0.0172 0.0409 0.0411
(1.46) (0.13) (1.47) (0.15) (1.63) (0.41) (1.49) (1.49)

ROAt 0.2946�� 0.1451� 0.2915�� 0.1436� 0.2314� 0.1396 �0.0772 �0.0776
(2.31) (1.66) (2.29) (1.65) (1.80) (1.63) (�1.37) (�1.37)

LEVt 0.0219 0.0070 0.0213 0.0067 0.0448 0.0367 0.0208 0.0207
(0.60) (0.29) (0.59) (0.27) (1.18) (1.45) (1.25) (1.24)

MBt 0.0009��� 0.0005�� 0.0009��� 0.0005�� 0.0009��� 0.0005�� 0.0004��� 0.0004���
(3.36) (2.11) (3.36) (2.11) (3.09) (2.37) (3.23) (3.23)

SIZEt 0.0113� 0.0044 0.0115� 0.0043 0.0070 �0.0030 �0.0091��� �0.0091���
(1.83) (1.04) (1.86) (1.03) (1.01) (�0.65) (�3.02) (�2.99)

BOARDt �0.0078�� �0.0069��� �0.0072� �0.0067�� �0.0050 �0.0045� �0.0008 �0.0006
(�1.97) (�2.64) (�1.82) (�2.54) (�1.25) (�1.67) (�0.48) (�0.36)

OUTt �0.0496 �0.0365 �0.0318 �0.0269 0.0327 0.0263 0.0105 0.0164
(�0.39) (�0.44) (�0.25) (�0.32) (0.26) (0.31) (0.19) (0.30)

DUALITYt �0.0178 �0.0157 �0.0178 �0.0158 �0.0226 �0.0191� �0.0033 �0.0033
(�1.06) (�1.41) (�1.06) (�1.42) (�1.38) (�1.75) (�0.46) (�0.46)

Time Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y
_cons �0.4817��� �0.2194�� �0.4946��� �0.2236�� �0.4391��� �0.1127 0.3447��� 0.3401���

(�3.42) (�2.31) (�3.51) (�2.35) (�2.75) (�1.06) (4.94) (4.86)
N 13,622 13,622 13,622 13,622 13,622 13,622 13,622 13,622
R2 0.0220 0.0188 0.0222 0.0188 0.0520 0.0532 0.0098 0.0099

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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shareholding ratio of the largest shareholder is used to measure the shareholding situ-
ation of large shareholders, and the sample is divided into ‘less tunnelling effect’
group and ‘more tunnelling effect’ group. The empirical results in Table 6 show that
the influence of independent director network on stock price crash risk is more
reflected in the ‘more tunnelling effect’ group. The tunnelling behaviour by large
shareholders increases the firm’s second-type agency costs, making the independent
director network plays a greater role, thus curbing crash risk.

6.2. Internal governance perspective

In firms with low corporate governance efficiency, due to the lack of effective super-
vision mechanisms, the self-interested behaviour of management and the tunnelling
behaviour of large shareholders will generate more agency costs, with the crash risk
also increased. And good corporate governance can effectively alleviate the principal–
agent problem of enterprises and restrain the occurrence of stock price crashes to a

Table 6. Shareholding structure effect: shareholding ratio of the largest shareholder.

Variable

Less tunnelling effect More tunnelling effect

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0026 �0.0023 �0.0104��� �0.0051��
(�0.74) (�0.97) (�2.98) (�2.18)

CENMAXt �0.0028 �0.0017 �0.0118��� �0.0056��
(�0.78) (�0.73) (�3.32) (�2.38)

NCSKEWt 0.1043��� 0.0659��� 0.1043��� 0.0659��� 0.0702��� 0.0515��� 0.0704��� 0.0516���
(8.23) (7.85) (8.23) (7.86) (5.66) (6.19) (5.67) (6.20)

RETt 13.6319��� 8.8738��� 13.6443��� 8.8832��� 13.5023��� 8.7657��� 13.5125��� 8.7718���
(7.99) (7.85) (7.99) (7.86) (8.22) (7.96) (8.23) (7.97)

SIGMAt �0.8132 �0.6949 �0.8150 �0.6976 0.4623 0.0283 0.4608 0.0274
(�1.24) (�1.60) (�1.24) (�1.60) (0.71) (0.07) (0.71) (0.06)

TURNOVERt �0.0522 �0.0392 �0.0521 �0.0392 �0.0531 �0.0382 �0.0525 �0.0379
(�1.34) (�1.52) (�1.34) (�1.52) (�1.31) (�1.40) (�1.29) (�1.39)

EXEHOLDt 0.1011 0.0240 0.1013 0.0241 0.1054 0.0072 0.1064 0.0077
(1.08) (0.39) (1.09) (0.39) (1.24) (0.13) (1.25) (0.14)

ROAt 0.2701 0.1839 0.2697 0.1826 0.1252 0.0528 0.1212 0.0507
(1.50) (1.54) (1.50) (1.53) (0.68) (0.42) (0.65) (0.41)

LEVt 0.0669 0.0669� 0.0667 0.0665� 0.0231 0.0106 0.0220 0.0100
(1.22) (1.84) (1.22) (1.83) (0.44) (0.30) (0.42) (0.28)

MBt 0.0170��� 0.0119��� 0.0170��� 0.0119��� 0.0008��� 0.0004� 0.0008��� 0.0004�
(5.20) (5.52) (5.19) (5.52) (2.61) (1.81) (2.62) (1.82)

SIZEt 0.0136 0.0023 0.0136 0.0021 0.0060 �0.0040 0.0065 �0.0038
(1.39) (0.35) (1.39) (0.33) (0.61) (�0.60) (0.65) (�0.57)

BOARDt �0.0101� �0.0064� �0.0099� �0.0064� �0.0003 �0.0028 0.0006 �0.0024
(�1.81) (�1.73) (�1.77) (�1.72) (�0.06) (�0.73) (0.11) (�0.61)

OUTt �0.1759 �0.1675 �0.1685 �0.1624 0.1893 0.1838 0.2152 0.1961
(�0.99) (�1.43) (�0.95) (�1.38) (1.05) (1.53) (1.20) (1.63)

DUALITYt �0.0418� �0.0297� �0.0419� �0.0298� �0.0089 �0.0132 �0.0084 �0.0130
(�1.82) (�1.95) (�1.82) (�1.95) (�0.38) (�0.83) (�0.36) (�0.82)

Time Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y
_cons �0.5250�� �0.2015 �0.5282�� �0.2010 �0.4964�� �0.1334 �0.5203�� �0.1441

(�2.29) (�1.33) (�2.31) (�1.32) (�2.18) (�0.87) (�2.28) (�0.94)
N 6730 6730 6730 6730 6892 6892 6892 6892
R2 0.0605 0.0612 0.0605 0.0612 0.0505 0.0527 0.0508 0.0528

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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certain extent. Hence, this article argues that independent director networks can play
a greater role in firms with less efficient governance. Following Cheng et al. (2019),
the proportion of independent directors, senior management’s shareholding and the
nature of property rights are used as the basis for measuring the efficiency of corpor-
ate governance. When the enterprise belongs to non-state-owned enterprise, the pro-
portion of independent directors is higher than the median of the same industry, and
the proportion of senior executives’ shareholding is higher than the median of the
same industry in the same year, it is regarded as an enterprise with high corporate
governance efficiency. Otherwise, it is regarded as an enterprise with low governance
efficiency. The empirical results in Table 7 show that the influence of independent
director network on stock price crash risk is more obvious in firms with lower cor-
porate governance efficiency, while the relationship is not significant in firms with
higher governance efficiency, which further confirms that independent director net-
work acts on stock price crash risk through the influence of agency cost.

Table 7. Internal governance perspective: corporate governance efficiency.

Variable

Low corporate governance efficiency High corporate governance efficiency

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0087��� �0.0046��� 0.0143 0.0008
(�3.35) (�2.63) (1.41) (0.12)

CENMAXt �0.0087��� �0.0040�� 0.0055 �0.0062
(�3.33) (�2.31) (0.53) (�0.89)

NCSKEWt 0.0908��� 0.0598��� 0.0909��� 0.0600��� 0.0450 0.0521�� 0.0458 0.0510��
(9.86) (9.76) (9.88) (9.78) (1.24) (2.17) (1.26) (2.12)

RETt 14.5017��� 9.4560��� 14.5305��� 9.4744��� 14.2712��� 9.9163��� 14.5163��� 9.9811���
(11.74) (11.48) (11.76) (11.51) (3.23) (3.39) (3.28) (3.42)

SIGMAt �0.1322 �0.3107 �0.1377 �0.3153 �0.5185 �0.2217 �0.6772 �0.3406
(�0.28) (�0.97) (�0.29) (�0.99) (�0.27) (�0.18) (�0.36) (�0.27)

TURNOVERt �0.0633�� �0.0465�� �0.0631�� �0.0464�� �0.0488 �0.0227 �0.0487 �0.0217
(�2.15) (�2.37) (�2.14) (�2.36) (�0.48) (�0.34) (�0.48) (�0.32)

EXEHOLDt 0.1157 0.0253 0.1162 0.0258 �0.0072 �0.0431 �0.0088 �0.0413
(1.36) (0.44) (1.36) (0.45) (�0.05) (�0.41) (�0.06) (�0.39)

ROAt 0.1463 0.0729 0.1434 0.0706 0.3419 0.2475 0.3616 0.2524
(1.07) (0.80) (1.05) (0.77) (0.78) (0.84) (0.82) (0.86)

LEVt 0.0370 0.0348 0.0361 0.0343 �0.0338 �0.0755 �0.0198 �0.0659
(0.93) (1.32) (0.91) (1.30) (�0.21) (�0.69) (�0.12) (�0.60)

MBt 0.0009��� 0.0004�� 0.0009��� 0.0004�� 0.0019 0.0025 0.0017 0.0024
(2.96) (2.21) (2.96) (2.22) (0.28) (0.55) (0.25) (0.54)

SIZEt 0.0059 �0.0036 0.0059 �0.0038 0.0626� 0.0272 0.0610 0.0274
(0.83) (�0.76) (0.82) (�0.80) (1.68) (1.08) (1.63) (1.09)

BOARDt �0.0047 �0.0045 �0.0042 �0.0043 0.0060 �0.0006 0.0066 0.0009
(�1.13) (�1.62) (�1.01) (�1.56) (0.32) (�0.05) (0.35) (0.08)

OUTt 0.0636 0.0462 0.0852 0.0566 �0.4377 �0.2583 �0.4389 �0.2368
(0.48) (0.52) (0.64) (0.64) (�0.83) (�0.73) (�0.83) (�0.67)

DUALITYt �0.0323� �0.0242�� �0.0322� �0.0241�� 0.0121 �0.0049 0.0116 �0.0073
(�1.85) (�2.07) (�1.84) (�2.07) (0.23) (�0.14) (0.22) (�0.21)

Time Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y
_cons �0.4254��� �0.1047 �0.4347��� �0.1061 �1.4503� �0.5993 �1.3877 �0.5995

(�2.58) (�0.95) (�2.63) (�0.96) (�1.69) (�1.05) (�1.62) (�1.05)
N 12,517 12,517 12,517 12,517 838 838 838 838
R2 0.0520 0.0526 0.0520 0.0525 0.0775 0.0822 0.0755 0.0830

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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6.3. External supervision perspective

Strong external supervision increases the firm’s cost of hiding negative news, which
can effectively restrain the self-interested behaviour of management and the tunnel-
ling behaviour of large shareholders, and reduce the crash risk. For firms with insuffi-
cient external supervision, the principal–agent problem is more prominent with
higher crash risk, and the influence of independent director network on crash risk
will be more obvious. Following Kim and Zhang (2014), we employ analyst attention
and research report attention to measure the external supervision of the firm. The
higher the degree of analyst attention and research reports, the higher the degree of
external supervision. Based on the annual median of the above indicators, the results
of heterogeneity regression are shown in Tables 8 and 9. It can be seen that the influ-
ence of network position of independent directors on stock price crash risk is signifi-
cantly negative in firms with a low degree of external supervision. While in firms
with a high degree of external supervision, the relationship between the network of

Table 8. External supervision perspective: analyst attention.

Variable

Low analyst attention High analyst attention

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0098��� �0.0064��� �0.0004 0.0013
(�3.05) (�3.05) (�0.09) (0.46)

CENMAXt �0.0110��� �0.0064��� �0.0003 0.0012
(�3.38) (�3.04) (�0.07) (0.45)

NCSKEWt 0.0873��� 0.0530��� 0.0873��� 0.0530��� 0.0325�� 0.0471��� 0.0326�� 0.0470���
(7.82) (7.32) (7.81) (7.32) (2.21) (4.45) (2.22) (4.45)

RETt 14.3292��� 8.7021��� 14.3280��� 8.7099��� 9.4422��� 6.9443��� 9.4450��� 6.9371���
(8.57) (8.04) (8.57) (8.04) (5.64) (5.76) (5.64) (5.75)

SIGMAt �0.2444 �0.4657 �0.2385 �0.4623 0.4195 �0.0108 0.4175 �0.0062
(�0.41) (�1.22) (�0.40) (�1.21) (0.57) (�0.02) (0.56) (�0.01)

TURNOVERt �0.0637� �0.0396� �0.0631� �0.0393� �0.0421 �0.0347 �0.0421 �0.0347
(�1.83) (�1.75) (�1.81) (�1.74) (�0.87) (�1.00) (�0.87) (�1.00)

EXEHOLDt �0.0033 �0.0344 �0.0032 �0.0343 0.1806�� 0.0567 0.1806�� 0.0565
(�0.04) (�0.59) (�0.04) (�0.59) (2.04) (0.93) (2.04) (0.93)

ROAt �0.2126 �0.1125 �0.2174 �0.1161 0.4867�� 0.2943� 0.4865�� 0.2945�
(�1.27) (�1.04) (�1.30) (�1.07) (2.05) (1.75) (2.05) (1.76)

LEVt 0.1117�� 0.0739�� 0.1105�� 0.0730�� 0.0402 0.0531 0.0402 0.0531
(2.40) (2.45) (2.37) (2.42) (0.56) (1.06) (0.56) (1.06)

MBt 0.0008�� 0.0004� 0.0008�� 0.0004� 0.0252��� 0.0213��� 0.0252��� 0.0213���
(2.43) (1.84) (2.43) (1.84) (3.46) (4.15) (3.46) (4.15)

SIZEt �0.0294��� �0.0219��� �0.0289��� �0.0218��� 0.0132 0.0041 0.0131 0.0041
(�2.70) (�3.10) (�2.65) (�3.09) (1.21) (0.54) (1.21) (0.55)

BOARDt �0.0098� �0.0070�� �0.0088 �0.0066� �0.0001 �0.0016 �0.0001 �0.0017
(�1.79) (�1.98) (�1.61) (�1.85) (�0.01) (�0.40) (�0.01) (�0.40)

OUTt 0.0891 0.0890 0.1170 0.1057 �0.1105 �0.0849 �0.1099 �0.0875
(0.52) (0.80) (0.69) (0.96) (�0.60) (�0.67) (�0.60) (�0.69)

DUALITYt �0.0284 �0.0210 �0.0281 �0.0208 �0.0399 �0.0330� �0.0400 �0.0329�
(�1.32) (�1.50) (�1.30) (�1.49) (�1.60) (�1.89) (�1.61) (�1.89)

Time Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y
_cons 0.3914 0.3105� 0.3661 0.2998� �0.7085��� �0.3627�� �0.7081��� �0.3625��

(1.59) (1.94) (1.48) (1.87) (�2.77) (�2.05) (�2.77) (�2.04)
N 9047 9047 9047 9047 4575 4575 4575 4575
R2 0.0537 0.0566 0.0539 0.0566 0.0730 0.0769 0.0730 0.0769

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level, and���means significant at the 1% confidence level.
Source: Calculated by the authors.
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independent directors and stock price crash risk is not significant. The results also
confirm the mechanism by which the independent director network affects the stock
price crash risk.

7. Conclusion

This article examines the impact of independent director network on stock price
crash risk and the roles of two types of agency costs. The empirical results show that
the higher the network centrality of independent directors, the lower the crash risk of
stock price. The agency cost constituted by the principal–agent cost and the large
shareholder’s tunnelling behaviour plays significant intermediary roles in independent
director network affecting the crash risk. Further research shows that the influence of
independent director network on stock price crash risk is particularly obvious in
firms with unreasonable ownership structure, poor internal governance and weak
external supervision. This further confirms that the independent director network can

Table 9. External supervision perspective: research report attention.

Variable

Low research report attention High research report attention

NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1 NCSKWtþ1 DUVOLtþ1

CENMEANt �0.0087��� �0.0055��� �0.0020 �0.0001
(�2.77) (�2.70) (�0.51) (�0.05)

CENMAXt �0.0097��� �0.0056��� �0.0023 �0.0001
(�3.06) (�2.71) (�0.57) (�0.05)

NCSKEWt 0.0876��� 0.0548��� 0.0876��� 0.0549��� 0.0265� 0.0446��� 0.0266� 0.0446���
(8.04) (7.76) (8.04) (7.77) (1.73) (4.00) (1.74) (4.00)

RETt 14.7551��� 8.9638��� 14.7543��� 8.9693��� 8.0932��� 6.1229��� 8.1055��� 6.1237���
(9.14) (8.56) (9.14) (8.56) (4.72) (4.89) (4.72) (4.89)

SIGMAt �0.1861 �0.4031 �0.1818 �0.4005 0.1193 �0.1483 0.1139 �0.1486
(�0.32) (�1.08) (�0.32) (�1.07) (0.16) (�0.27) (0.15) (�0.27)

TURNOVERt �0.0640� �0.0408� �0.0634� �0.0405� �0.0290 �0.0229 �0.0291 �0.0229
(�1.87) (�1.84) (�1.86) (�1.83) (�0.58) (�0.63) (�0.58) (�0.63)

EXEHOLDt 0.0151 �0.0343 0.0154 �0.0343 0.1682� 0.0556 0.1684� 0.0556
(0.18) (�0.61) (0.18) (�0.61) (1.85) (0.90) (1.86) (0.90)

ROAt �0.1740 �0.1002 �0.1781 �0.1033 0.2407 0.1573 0.2408 0.1573
(�1.06) (�0.94) (�1.09) (�0.97) (0.98) (0.90) (0.98) (0.90)

LEVt 0.1069�� 0.0720�� 0.1058�� 0.0713�� 0.0339 0.0531 0.0341 0.0532
(2.34) (2.43) (2.32) (2.41) (0.45) (1.02) (0.46) (1.02)

MBt 0.0008�� 0.0004� 0.0008�� 0.0004� 0.0315��� 0.0262��� 0.0315��� 0.0262���
(2.49) (1.87) (2.49) (1.88) (4.20) (4.95) (4.20) (4.95)

SIZEt �0.0254�� �0.0200��� �0.0251�� �0.0200��� 0.0080 0.0008 0.0080 0.0008
(�2.44) (�2.97) (�2.41) (�2.96) (0.72) (0.10) (0.72) (0.10)

BOARDt �0.0085 �0.0061� �0.0077 �0.0057 �0.0006 �0.0024 �0.0005 �0.0024
(�1.61) (�1.77) (�1.45) (�1.64) (�0.10) (�0.57) (�0.08) (�0.57)

OUTt 0.0170 0.0366 0.0419 0.0512 0.0528 0.0159 0.0577 0.0162
(0.10) (0.34) (0.25) (0.48) (0.28) (0.12) (0.31) (0.13)

DUALITYt �0.0319 �0.0215 �0.0317 �0.0214 �0.0384 �0.0356�� �0.0386 �0.0357��
(�1.52) (�1.58) (�1.51) (�1.57) (�1.51) (�2.01) (�1.52) (�2.01)

Time Y Y Y Y Y Y Y Y
Industry Y Y Y Y Y Y Y Y
_cons 0.3086 0.2735� 0.2877 0.2644� �0.6033�� �0.3022� �0.6052�� �0.3023�

(1.31) (1.79) (1.22) (1.73) (�2.29) (�1.67) (�2.30) (�1.67)
N 9532 9532 9532 9532 4090 4090 4090 4090
R2 0.0532 0.0572 0.0534 0.0572 0.0735 0.0776 0.0735 0.0776

Note: �means significant at the 10% confidence level, ��means significant at the 5% confidence level and ���means
significant at the 1% confidence level.
Source: Calculated by the authors.
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reduce the risk of stock price collapse by reducing the two types of agency costs. In
addition, it shows that reasonable shareholding structure and internal governance
mechanism can help alleviate the principal–agent problem and reduce the crash risk
of stock price. Enterprises should pay attention to the evaluation of the company by
analysts and research reports, and give full play to the role of external supervision.

The conclusions of this study have important implications. From the perspective of
social network, independent directors are not ‘vases’, and their governance behaviours
will vary according to the importance of the network. Those independent directors
with network importance can play a better role in corporate governance. In addition,
in the market with weak investor protection, strengthening the construction of the
independent director system, especially guiding independent directors to improve
their social network status through various effective channels is of great importance
for preventing the risk of stock price collapse of listed companies, which helps pro-
tecting the rights and interests of investors. For listed companies, hiring independent
directors with strong social capital contributes to reducing firm agency costs.
Regulatory authorities and listed companies should take appropriate incentive meas-
ures to actively guide independent directors to improve their social network status
through various effective means, so as to prevent the crash risk of stock price, and to
maintain the smooth operation of the capital market.
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