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+e upper echelons theory is utilized to establish how CEO’s attributes affect firm’s technological innovation decisions.+e extant
literature has largely ignored the impacts of CEOmedia exposure. An unbalanced panel data analysis is used to examine the effects
of CEO media exposure on Chinese polluting firm’s green technological innovation. It is illustrated that CEO media exposure
generally enhances Chinese polluting firms’ green technological innovation decisions. In addition, we find that firms with state
ownership and environmental regulations all moderate positively the relationship between CEO media exposure and green
technological innovation. +e research suggests that CEO media exposure appears to be a stimulus to firm’s green technological
innovation decisions.

1. Introduction

From an upper echelons perspective, chief executive officers’
(CEOs) behaviors influence corporate policy and play an
important role in driving firm’s behaviors [1]. Prior studies
have examined that corporate governance (i.e., board of
directors and independent directors) or external normative
values (i.e., institutional environment) affect green tech-
nological innovation decision [2–6]. Although some studies
have investigated CEO media exposure impacts on firm’s
performance [7–9], few studies explore that CEO media
exposure is another important factor on green innovation
decision behavior. In fact, under the hierarchical organi-
zational structure of modern enterprises, the investment
decision-making behavior of enterprises is greatly influ-
enced by CEO’s will [10] and the firm’s green technological
innovation decision-making behavior is pronounced to a
great extent by top management, especially CEO [11]. It is
CEO who embeds his will into the enterprises that makes the
enterprise show distinctive characteristics. To fill the gap in
the literature, this study sheds light on how CEO media
exposure affects green technological innovation decision.

By disclosing the relevant information and imposing
public pressure on firm behaviors [8], CEO media exposure
may influence firm’s green technological innovation deci-
sions. +is is typically the case especially in Chinese firms,
which are under unsound financial and legal environment
and with more governmental interventions. In recent de-
cades, China’s environmental situation has been deterio-
rating because of its rapid economic growth [12]. Air
pollution, water pollution, soil salinization, and man-made
natural disasters do not only bring serious economic losses
to China, but also aggravate social conflicts and endanger
public health [13]. Will Chinese polluting enterprises con-
sider green technological innovation while pursuing firm
value? +e relatively more complicated market environment
in these economies also provides us with valuable oppor-
tunity to examine fully the relationship of CEO media
coverage and the green technological innovation of the
polluting firms. +e exploration of the effects of the CEO
media exposure on the firms’ green technological innovation
decisions will enrich the relevant literatures.

Besides, we also explore the previous researches by
identifying the boundary conditions of institutional factors,
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such as the company’s ownership structure and legal en-
vironments. We are curious to see if the significance and
strength of impact between CEO media exposure and green
technological innovation for Chinese firms are universally
valid or subject to certain institutional environmental fac-
tors. Additionally, as for their special status in the Chinese
economic system, state-owned enterprises (SOEs) attract
much more attention. In February 2016, Information Office
of the State Council held a press conference with Chinese
and foreign media which were aimed at promoting air
pollution control and the implementation of the Environ-
mental Protection Law of the People’s Republic of China.
During the conference, some reporters expressed whether
the special characteristic of SOEs hindered the enforcement
of laws by the China Ministry of Environmental Protection,
which led to the environmental control of SOEs lag behind
that of non-SOEs. +us, is it true that SOEs, which play a
leading role in the national economic system, lag behind
non-SOEs in fulfilling their environmental protection re-
sponsibilities because of government protection?

And considering the pressure of CEOmedia exposure on
firm’s green technological innovation, the current situation
of environmental regulation in the formal system should not
be ignored. At present, China is improving various legal
systems gradually, and the external environment for en-
terprises to fulfill their environmental protection respon-
sibilities is being established step by step. Particularly, the
exposure of Chinese media increases the possibility for
administrative agencies to intervene in illegal enterprises.
Media supervision should be an effective supplement to the
legal supervision system. +e effect of environmental reg-
ulation is full of uncertainty. Its solution to environmental
pollution problem is not exogenous and is restricted by other
rules, laws, regulations, customs, and other systems.
+erefore, it is meaningful to explore the role of environ-
mental governance by combining the interaction between
environmental regulation and CEO media exposure.

Our finding contributes in the following aspects. First, a
thorough empirical investigation has been conducted by
using 2597 firm-year observations; we find that CEO media
exposure indeed has promoted firm’s green technological
innovation. Second, in order to identify the influence of
specific institutional factors on the relationship of CEO
media exposure and the firm’s green technological inno-
vation, we divide the full sample into subsamples according
to a firms’ ownership structure and the local legal envi-
ronment of the firms. +e subsample analysis allows us to
examine the main research questions under different in-
stitutional conditions. Finally, our empirical findings pro-
vide more insight into the emerging Chinese polluting firms,
which are closely related to economy and ecology. Such
information is important for investors diversifying their
portfolios and also for policy makers in China when reg-
ulating the balance between economic development and
ecological protection. Findings from our empirical tests have
the following implications. Considering long-term sus-
tainable development of Chinese firms, well-known firms
with more media exposure are expected to have more
motivation and pressure for green technological innovation.

And this impact is largely strengthened for firms which are
SOEs and with a better legal environment.

+e remainder of the paper is organized as follows. We
introduce the background and develop hypotheses in Sec-
tion 2. +e data and methodology are described in Section 3.
Empirical results are presented in Section 4. And Section 5
concludes the paper.

2. Literature Review and
Hypothesis Development

2.1. CEOMediaExposure andGreenTechnological Innovation
Decision. CEO media exposure has an important impact on
business activities, environmental governance, and corpo-
rate value [8, 14, 15]. CEO media exposure has a positive
effect on firm’s green technological innovation decision in
the following ways.

First, CEO media exposure corrects managers’ agency
behavior and promotes green technological innovation by
playing the role of external governor [16, 17]. China’s
corporate governance and legal framework are not perfect
enough to provide good guiding principles for companies,
while CEO media coverage is shown to be effective in
monitoring CEOs’ behaviors [7]. Within the enterprise, the
characteristic of managers’ concentration on short-term
benefit makes them more tend to avoid risks than share-
holders. +us, they are more likely to invest in projects with
low risk, quick results but low returns [18]. High risk and
lagging return, which are the characteristics of green
technological innovation, cause managers to worry about
the investment and result in their unwillingness to promote
green technological innovation. CEO media exposure can
expose the problems of investment decision-making and
improve the probability of being discovered by investors and
regulatory authorities, thus arousing investors’ high atten-
tion, and even the involvement of administrative and reg-
ulatory authorities, avoiding manager’s investment decision
deviation from the track of maximizing enterprise value [17].
+e strong market pressure brought by media supervision
compels executives to make rational decision on environ-
mental protection innovation.

Second, CEO media exposure promotes enterprises’
green technological innovation by diminishing harmful
information asymmetries between enterprises and the
outside, reducing the financial constraints of investment in
green technological innovation. +e media exposure is the
intermediary which disseminates enterprise information to
the public, reduces the information asymmetries between
enterprises and stakeholders [19], and helps the public to
collect and access enterprise information, hence improving
information transparency [20]. Media may act as sort of
governance control mechanism because media coverage
plays the role of a watchdog to reduce information asym-
metry between management and external constituents [21].
Information dissemination mechanism holds that, because
information asymmetry, banks, and other financial insti-
tutions cannot grasp fully the true information of enter-
prises. However, media reporters can improve the
information transparency to diminish information
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asymmetry between enterprise and stakeholders [22].
+rough CEO media coverage, firms might become more
credible, more familiar to investors, and thus more valuable
[23]. +is can help enterprises reduce the cost of debt fi-
nancing and the difficulty of raising capital for innovative
investments. +e monitoring effect of media coverage is
likely to reduce hidden news at the firm, forcing CEOs to
take corrective action to reduce default risk [7]. +us, media
exposure has positive effect on promoting green techno-
logical innovation.

+ird, CEO media also plays a significant part in social
constructions, which affects the public how to evaluate the
enterprises concerned and how their behavior meets the
public’s expectations [24]. In the context of increasingly
transparent information disclosure and increasingly devel-
oped social media, companies with environmental accidents
are more likely to receive media attention and then suffer
from customer boycott, social condemnation, and govern-
ment punishment, which seriously threaten the survival and
development of enterprises [25]. A study indicates that
CEOs who engage in social media are perceived to be more
transparent and trustworthy [26]. According to legitimacy
theory, legitimacy is a generalized perception or assumption
that the actions of an entity are desirable, proper, or ap-
propriate within some socially constructed system of norms,
values, beliefs, and definitions [27]. +e media’s attention is
not only the way for enterprises to obtain legitimacy, but also
the source of crisis for enterprises’ legitimacy [21]. With the
attention of society to environmental issues, the investment
of enterprises in green technological innovation has become
an important aspect of the legitimacy of enterprises. In order
to establish a good image, enterprises will carry out the
legitimacy management of green technological innovation,
so as to influence the public’s understanding of environ-
mental pollution and improve their level of environmental
legitimacy.

Meanwhile, investors begin to focus on the environ-
mental information of listed companies, especially when the
enterprises carry out significant green technological inno-
vation. It enhances not only the image and reputation of
enterprises but also the capital market which will quickly
respond positively to enterprises. +us, with the enhance-
ment of public awareness of environmental protection, CEO
media exposure will force enterprises to consider the rep-
utation effect of environmental protection innovation,
which will further affect the profitability of enterprises. In
this case, enterprises have the motivation to carry out green
technological innovation.

Based on the above analysis, we propose the following
hypothesis:

H1: CEO media exposure can enhance firm green
technological innovation decision.

2.2. Moderating Effect of State Ownership. Ownership
structure affects significantly corporate cognitive logic,
leading to firms’ heterogeneous responses via green tech-
nological innovation [5, 28]. According to whether the ul-
timate controller is a government or other agency, Chinese

enterprises are divided into SOEs and non-SOEs. +ere are
great differences in responsibility burden, corporate gov-
ernance, and market function between SOEs and non-SOEs
in China [4]. Since the launch of the reform and the opening
up policy in 1978, Chinese industrialization has simulta-
neously led to fast economic growth and increasing envi-
ronmental pollution [28]. In the aspect of environmental
governance, SOEs, as the pillar of national economy, play an
essential role in the development of national economy. +e
public pays close attention to the image of these SOEs and
has high expectations for their environmental responsibility
performance. And the government’s influence is critical
environmental governance and environmental protection
investment in China.

Moreover, reputation can stimulate and restrain the
behavior of management. Media research has emphasized
that positive press coverage can act as a valuable firm
resource, in large part because it reduces the inherent
uncertainty about firm and leader quality [29]. +erefore,
the companies whose CEOs receive more positive media
sentiment will have stronger firm performance [4]. One
popular explanation for China’s environmental problems
is that political promotion mainly relies on GDP growth
assessment and hence prompts local officials to engage in
fierce competition over economic growth or the so-called
political promotion tournament [30]. Fiscal decentral-
ization provided sufficient incentives to local officials
[31]. +e good environmental reputation of enterprise
improves the environmental performance of
government.

Some research has shown that enterprises affiliated with
higher levels of the government have initiated more in-
novation programs and received more public funding and
policy support [32]. +us, the goal and decision of en-
terprises’ green technological innovation investment are
also different. CEO will consciously arouse public praise
through various actions and disseminate the correctness of
enterprise decision-making to the society. With the en-
hancement of environmental control in various places,
SOEs have shownmore prominent performance in terms of
environmental control constraints [33]. Due to the gov-
ernment’s greater intervention and protection to SOEs
[34], the cost of investment in green technological inno-
vation will be guaranteed by the government’s “umbrella.”
Under the premise of guaranteeing economic benefits, the
managers of SOEs will not pay too much attention to
environmental cost. In economic, social, and environ-
mental benefits, more consideration should be given to
environmental benefits and more green technological in-
novation should be made in enterprises. +is can not only
improve their reputation in the competitive market, but
also meet their own political needs. However, private
enterprises will pay more attention to the cost and benefit
of environmental protection investment and their own
interests [28]. +erefore, under the same production effi-
ciency, CEOs have different awareness of environmental
protection and make different decisions. It can be expected
that SOEs have stronger motivation for environmental
protection innovation than non-SOEs.
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Hence, we propose the following hypothesis:

H2: state ownership positively moderates the rela-
tionship between CEO media exposure and green
technological innovation.

2.3. Moderating Effect of Environmental Regulations.
Legitimacy theory holds that an organization cannot succeed
or even survive unless it believes in the goals, methods, and
results recognized by society [27]. Environmental legitimacy
refers to the public’s overall recognition and evaluation of
enterprises’ environmental performance which is satisfac-
tory and appropriate [35]. Environmental regulation is a
rigid legitimacy requirement for enterprises, which plays a
role in guiding enterprises’ environmental behavior and is
dominated by government administrative departments. It
can reduce the probability of enterprises’ illegal emission by
improving the intensity of environmental pollution [6].
With the increase of intensity, the probability of punishment
for illegal discharge will be increased, and the expected
income of polluters will be reduced, forcing enterprises to
increase investment in environmental facilities and tech-
nologies. In order to gain legitimacy recognition, enterprises
can only increase investment in environmental protection
innovation [36].

“Potter Hypothesis” holds that proper government
management of the environment will stimulate enterprises
to break the inherent mode of production and operation and
product structure. Government’s environmental supervision
is the biggest source of pressure faced by enterprises when
considering environmental problems. Enterprises will be
forced to take certain measures to avoid punishment caused
by noncompliance with environmental laws and regulations.
On the one hand, enterprises should choose energy saving,
emission reduction, and cleaner production; on the other
hand, enterprises should accumulate business experiences
through product innovation and process change and seek
new and unique core competitiveness from them [37]. +e
goal of the government’s environmental regulation policy is
to limit the polluting production and operation of enter-
prises, so as to reduce pollution emissions and play a part in
environmental protection. However, for the regulated target
enterprises, environmental regulation will inevitably in-
crease the cost of environmental compliance. To offset the
“extra expenditure,” enterprises usually choose environ-
mental and technological innovation. +e former solves the
environmental pollution problem of enterprises from pol-
lution sources and reduces the environmental cost of en-
terprises, while the latter expects to offset the environmental
cost by improving the competitiveness of enterprises’
products and their performance. +e results show that the
stricter environmental regulation is what the more capital
enterprises will invest in cleaner production and techno-
logical innovation [2, 38, 39].

+us, we propose the following hypothesis:

H3: environmental regulations positively moderate the
relationship between CEO media exposure and green
technological innovation.

3. Methodology and Data

3.1. Methodology. We use an unbalanced panel data re-
gression analysis to analyze the effects of CEO media ex-
posure on the green technological innovation decision. Our
model is expressed as follows:

Green Innit � β0 + β1CEOmediait + 

10

k�2
βkCVit

+ 
16

m�1
φmIndustryikt + 

10

n�1
δnYearnit + εit.

(1)

In previous studies, green technological innovation has
been measured by indicators, such as green R&D [40]
ecolabelling in environmental product certification [26], and
green patents [41]. Considering the availability of data in
China, green patents were employed as the indicator of green
technological innovation [42]. Because there are three types
of patents, actual invention refers to new products or im-
provement from the proposed new technical solutions, and
utility patent refers to the practical new technology solutions
of the product’s shape, structure, or their combination.
Design appearance is a new design for a product’s shape,
pattern, or the combination of color and shape, which create
a richer aesthetic experience. It seems that the technical
content of actual invention is higher and the technical
content of utility model and design appearance are relatively
lower. +us, the dependent variable, Green_Innit, is repre-
sented by two variables: green inventions, and green utility
applications. First, we explicitly use green invention (Green
Invention), which is the number of applications for green
inventions. Second, we use green utility (Green Utility) to
measure enterprise’s applications for green utility patents.
Our measure is more accurate than those used in the extant
literature. Patents containing the keywords “green,” “low-
carbon,” “environmental,” “energy-saving,” “emissions re-
duction,” “clean,” “cycling,” “saving,” “sustainable,” “ecol-
ogy,” “environmental pollution,” and “environmental
protection” are regarded as green patents [4, 43]. We have
searched the applications for green patents and transformed
the data in logarithm.

+e independent variable CEO mediait measures the
extent of CEO media exposure. Following prior studies,
CEO media is computed by using the natural log of one plus
the number of CEOs news reports (i.e., [7, 8]). Moreover, we
included control variables (CVit) at four levels: character-
istics of individual top manager, firm, industry, and year.
First, we included some firm characteristics: firm size is
measured as the natural logarithm of total assets at the end of
the year. Leverage, a proxy for firm risk, is total liabilities
over total assets. ROA (return on assets) is the net income
over total assets. Cash holding is the ending balance of cash
and cash equivalents over sales. R&D is the natural loga-
rithm of enterprise investment in research and development
(R&D), which affects patents. Subsidy is the natural loga-
rithm of government green subsidies, which is the gov-
ernment subsidies for enterprises’ green technological
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innovation. Top hold is the proportion of shares held by the
largest shareholder. Second, TMT size is measured by the
number of top management team (TMT) members. Duality
equals 1 if the CEO also serves as chairman and 0 otherwise.
Finally, dummies for the industry and year are included in
the regressions.

Ten yearly dummies (I� 10) and 16 industry dummies
(K� 16) are included in (1); β0 is the intercept, εit is residuals,
βk represents the regression coefficients of the control
variables, and φm and δn represent the regression coefficients
of the industry and year dummy variables, respectively; i
represents the enterprises listed.

State ownership may moderate the relationship, which is
important to see how effective they are in promoting in-
novations. And environmental regulations are targets set by
the government with which firms must comply. +us, we
attempt to examine the impacts of state ownership and
environmental regulations on innovations at the most highly
polluting firms. Following Javorcik and Wei [44], envi-
ronmental regulation (rule) variable is the number of en-
vironmental regulations issued by the national government.
Variable definitions are shown in Table 1. To this end, we
construct the following two regressions:

Green_innit � β0 + β1CEOmediait + β2Stateit + β3Stateit ∗CEOmediait

+ 
10

k�2
βkCVit + 

16

m�1
φmIndustryikt + 

10

n�1
δnYearnit + εit.

(2)

Green_innit � β0 + β1CEOmediait + β2Rule + β3Ruleit ∗CEOmediait

+ 
10

k�2
βkCVit + 

16

m�1
φmIndustryikt + 

10

n�1
δnYearnit + εit.

(3)

3.2. Data and Sample. Our initial dataset includes all Chi-
nese firms listed on Shanghai and Shenzhen Stock Exchanges
over the period of 2010–2016. Zhang et al. [42] defined
highly polluting industries as industries that discharge large-
scale industrial waste. We follow the definition of highly
polluting industries used by the Guidelines on Environ-
mental Information Disclosure of Listed Companies, pub-
lished by the Ministry of Ecology and Environment of
People’s Republic of China in 2010.

Our final sample consists of 2,597 firm-year observa-
tions, covering 16 highly polluting industries at the two-
digit SIC level: nonmetallic mineral products; power,
thermal production and supply; metal products; petroleum
processing, coking, and nuclear fuel processing; nonferrous
metal smelting and calendaring processing; pharmaceutical
manufacturing; chemical raw materials and chemical
products manufacturing; rubber and plastic products;
ferrous metal mining; chemical fiber manufacturing; gas
production and supply; paper and paper products; coal
mining and washing; ferrous metal smelting and rolling;
nonferrous metals mine mining; ecological protection and
environmental governance; and petroleum and natural gas
mining.

Firms listed for less than one year are excluded. To
minimize the impact of outliers, we follow common practice
in the literature and winsorize all variables at the 1st and
99th percentiles (i.e., [1, 23]). Our final sample consists of
2,597 firm-year observations.

+e CEO media exposure information is extracted from
Baidu, which is the leading online search engine in China.
Following the method in Nguyen [23], we use the CEO’s
name and his firm’s name to quantify CEO media exposure.
We wrote a Python-based application to collect the number

of news reports on CEOs from the Baidu news website
(http://www.news.baidu.com).

Data on R&D, government subsidies, age, the size of the
TMT, duality, firm size, leverage, ownership, ROA, cash
holdings, and others in highly polluting industries come
from the China Stock Market and Accounting Research
(CSMAR) database for the Chinese firms listed on the
Shanghai and Shenzhen Stock Exchanges from 2010 to 2016.
Prior studies have defined highly polluting industries as
industries that discharge large-scale industrial waste [42].
We follow the definition of highly polluting industries used
by the Ministry of Environmental Information Disclosure of
Listed Companies in 2010.

We collected manually personal profiles of chairs and
CEOs for each company. +e data come primarily from the
relevant securities financial websites (e.g., eastmoney.com,
which is part of the stock exchanges’ official website), the
companies’ annual reports for 2010–2016, and Baidu.com,
Google, and related search engines. We also manually
collected data on the ownership structure of each company
from the CSMAR. +e patent data on enterprises comes
from the NIPA (National Intellectual Property Adminis-
tration). +e rule data come from the China Statistical
Yearbook on the Environment.

We excluded “special treatment” companies (i.e., firms
classified as failing by the stock exchanges) and companies
listed on the exchange for less than two years.

4. Analysis and Results

4.1. Descriptive Statistics. Table 2 presents descriptive sta-
tistics for the characteristics of CEO media exposure and
green technological innovation decision. +e mean of CEO
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media exposure fluctuates between 2.995 in 2010 and 3.206
in 2016, which implies that the growth of CEO media ex-
posure is not significant. +e mean of environmental in-
vention increases from 0.765 in 2010 to 1.140 in 2016, and
the mean of environmental utility increases from 0.615 in
2010 to 1.089 in 2016, which signifies that the enterprises pay
more and more attention to environmental protection.

Table 3 presents the summary statistics for the variables
used in our analysis. Several points are worth noting here.
First, the mean is 0.97 for green invention and 0.76 for green
utility. And the standard deviation is 3.02 for environmental
invention and 2.96 for environmental utility, indicating that
there are great differences in green technological innovation
among enterprises. Second, the mean value for media ex-
posure is 3.01 and the 50th percentile is 2.77, that is, less than
50% companies with the extent of CEO media exposure
above average, which shows that CEOmedia exposure is not
a universal phenomenon. +ird, 25% of state is 1, showing
that 25% of the sample companies are SOEs. R&D shows the
investment in research and development. +e 10th per-
centile is 15.66 and the mean is 17.48, which indicate that the
investment in R&D of most sample companies is above
average.

Table 4 presents descriptive correlations for all the
variables. To ensure no strong bivariate correlation be-
tween these variables, we computed the variance inflation
factor (VIF). +e VIF is below 10 for all regression models,
the cut-off point. +e result indicates that no serious
multicollinearity issues are present in our regression an-
alyses. As expected, CEO media exposure is significantly
related to the green technological innovation variables
(green invention and green utility), a result consistent with
H1.

4.2. Preliminary Results. Table 5 provides a univariate
analysis of green invention and green utility for firms with
different levels of CEO media exposure and environmental
regulations. And we also divide the sample into SOEs and
non-SOEs. Among sample firms, firms with high level CEO
exposure have a higher number of green inventions than
low level peers (0.431 vs. 0.35; p< 0.05 for the difference);
firms with high level rule have more green inventions than
firms with low level (0.666 vs. 0.338; p< 0.01); non-SOEs
have fewer green inventions than SOEs (0.587 vs. 0.283;
p< 0.01). +e results of green utility models are similar to

Table 1: Variable definitions.

Dependent variables: green technological innovation decision
Green invention +e number of applications for environmental inventions
Green utility +e number of applications for environmental utility patents
Independent variables: CEO media
exposure
CEO media +e natural log of one plus the number of CEOs news reports
Moderating variables

State If the firm is an SOE, which is controlled by the government or its various entities, it equals 1 and 0
otherwise

Rule +e number of environmental regulations issued by the national government
Control variables
Firm size +e natural logarithm of total assets at the end of the year
Leverage Total liabilities over total assets
ROA Net income over total assets
Cash holding +e ending balance of cash and cash equivalents over sales

R&D +e natural logarithm of enterprise investment in research and development, which affects
patents

Subsidy +e natural logarithm of government subsidies
TMT +e number of top management team members
Duality Equals 1 if the CEO also serves as chairman and 0 otherwise

Table 2: Characteristics of CEO media and green technological innovation.

Year
CEO media exposure Green invention Green utility
Mean Std. dev. Mean Std. dev. % Mean Std. dev. %

2010 2.995 1.471 0.765 3.133 22.41 0.615 2.968 15.91
2011 2.981 1.442 0.776 2.174 28.83 0.625 1.922 23.71
2012 2.894 1.466 0.908 2.596 29.92 0.693 2.557 20.84
2013 3.035 1.544 0.960 2.436 32.86 0.679 2.037 21.33
2014 3.029 1.569 1.197 3.922 32.14 0.825 2.980 22.92
2015 2.919 1.475 1.043 3.204 32.33 0.803 2.852 20.51
2016 3.206 1.590 1.140 3.280 32.64 1.089 4.576 22.44
2010–2016 3.008 1.510 0.970 3.015 30.15 0.761 2.956 21.06
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those of green invention, which are consistent with our
hypothesis.

4.3. Regression Analysis and Results. We have examined the
effect of CEO media exposure on green technological in-
novation (green invention and green utility). As we know,
the dependent variable is counted data with zero entries,
and the typical approach is to use the negative binomial
(NB) model. +e distribution of green invention (mean
value � 0.97 and sd � 3.02) and green utility counts (mean
value � 0.76 and sd � 2.96) shows a large dispersion in
Table 3 with large standard deviation as compared to the
mean [45]. NB model might not be able to handle the
presence of excess zero counts in green technological in-
novation data.+us, following Fung et al. [46], we adopt the
zero-inflated negative binomial (ZINB) method for our
analysis by Stata 15.0 and choosing option vce (robust)
which produces robust standard error estimates for our
linear panel models.

Table 6 presents ZINB regression results of CEO media
exposure on green innovation variables in different insti-
tutional situations using (1)–(3). In models 1 and 4 for the
full sample, the coefficient of CEO media is significantly and
positively correlated with green invention and green utility
(p< 0.01), suggesting that firms with high level CEO ex-
posure are able to increase firms green innovation ability,
supporting H1.

Model 2 and model 5 show, respectively, the interaction
effect of CEO media exposure and state on green invention
and green utility, with the inclusion of the dummy variables
industry and year as control variables. CEO media exposure
has a positive and significant coefficient (β� 0.165, p< 0.01);
state does not have a significant coefficient (β� −0.271,
p> 0.1). +e coefficient of the interaction of CEO media
exposure and state is also positive and significant (β� 0.128,
p< 0.01). An average marginal effect (AME) of state on
green invention is 0.212. Model 5 examines the interaction
effect of CEO media exposure and state on green utility.
CEO media exposure also has a positive and significant
coefficient (β� 0.203, p< 0.01), the coefficient of CEO
media× state on green utility is also positive and significant
(β� 0.267, p< 0.1), and an average marginal effect (AME) of

state on green utility is 0.302, which indicates that state
enhances the positive effect of CEOmedia exposure on green
innovation; H2 is thus supported.

Model 3 tests the moderating effect of environmental
regulations on the relationship between CEO media expo-
sure and green invention. +e effect of CEO media exposure
on green invention is insignificant (β� 0.094, p> 0.1); the
effect of rule is negative and significant (β� −1.406, p< 0.01).
+e moderating effect of the interaction term is positive and
significant (β� 0.085, p< 0.05). An average marginal effect
(AME) of rule on green invention is 0.213. +e results in-
dicate that environmental regulation can increase the in-
vestment in environmental innovation. Similarly, model 6
presents the moderating effect of environmental regulation
on the relationship between CEO media exposure and green
utility. +e effect of CEO media exposure on green utility is
positive and significant (β� 0.159, p< 0.1); the effect of rule
is negative and insignificant (β� −0.433, p> 0.1); and the
effect of the interaction term CEO media× rule is also
positive and significant (β� 0.098, p< 0.05); an average
marginal effect (AME) of rule on green utility is 0.296,
implying results similar to those for model 3. +e results of
models 3 and model 4 clearly show that the effect of CEO
media on green innovation is more pronounced at firms
with high environmental regulation than that at firms with
low environmental regulation, further supporting H3.

4.4. Robustness Check. First, the positive relation between
CEO media exposure and green technological innovation
may be driven by the current patents of the firm. Conse-
quently, the direction of causality may run from green
technological innovation to CEO media exposure. To ad-
dress this potential endogeneity, we modify our CEO media
exposure by using dependent variable forward two periods.
+is has the effect of ensuring that the measure of CEO
media exposure is unrelated to the period in which green
invention or green utility is released or measured.

Table 7 reports parameters estimates after controlling for
endogeneity. +ese results largely are consistent with results
reported in Table 6. +e coefficient of CEO media is positive
and significant. +e coefficients of CEO media× state and
CEO media× rule are only significant on green utility,

Table 3: Descriptive statistics per firm.

Variable Mean Std. dev. Min P10 p25 p50 p75 P90 Max
Green invention 0.97 3.02 0 0 0 0 1 3 59
Green utility 0.76 2.96 0 0 0 0 0 2 55
Media exposure 3.01 1.51 0 1.10 1.95 2.77 4.29 4.98 7.21
State 0.37 0.48 0 0 0 0 1 1 1
Rule 1.40 0.70 0 0 0.69 1.79 1.79 2.08 2.20
Firm size 22.17 1.22 19.06 20.82 21.31 21.95 22.88 23.9 26.43
Leverage 0.44 0.22 0.04 0.14 0.25 0.43 0.61 0.73 1.21
ROA 0.04 0.06 −0.26 0 0.01 0.04 0.07 0.1 0.23
Cash holding 0.31 0.40 0.01 0.05 0.09 0.17 0.36 0.73 2.67
R&D 17.48 1.54 0 15.66 16.65 17.58 18.37 19.3 22.08
Subsidy 16.27 1.85 0 14.4 15.4 16.3 17.31 18.25 21.79
Top hold 0.36 0.15 0.04 0.18 0.24 0.34 0.47 0.56 0.89
TMT size 7.37 2.40 3 5 6 7 9 10 15
CEO duality 0.23 0.42 0 0 0 0 0 1 1
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indicating that the moderating effect of state ownership and
environmental regulation mainly acts on green utility. +ese
results support our hypotheses.

Second, in an attempt to strictly control for observed
selection bias, a propensity score matching (PSM) iden-
tification strategy is conducted. In the first stage of this
estimation strategy, if firms with high level CEO media
exposure are fundamentally different from those with low
level, then the control variables employed in the main
specification that capture linear relations may be

inadequate. To alleviate concerns over such functional form
misspecification biases, we use the methodology of https://
onlinelibrary.wiley.com/doi/full/10.1111/j.1540-6288.2011.
00305.x [47]; we implement a commonly used matching
algorithm: nearest neighbor matching. And we create two
data samples that are comparable across all the control
variables but differ only on the level of media exposure. For
the PSM analysis, we match a firm with low CEO media
exposure to the firm with high CEO media exposure using
the closest propensity score estimated from the first stage.

Table 5: +e univariate analysis of green invention and green utility.

Type Level Number of
observations

Green
invention

Green
utility

t-test for green
invention t-test for green utility

CEO media
exposure

High 1554 0.431 0.308 0.081∗∗ 0.068∗∗∗Low 1421 0.35 0.239

State With 1067 0.587 0.391 0.304∗∗∗ 0.181∗∗∗Without 1908 0.283 0.21

Rule High 490 0.666 0.418 0.328∗∗∗ 0.171∗∗∗Low 2485 0.338 0.247
∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01.

Table 6: Zero-inflated negative binomial regression of CEO media exposure on green invention and green utility.

Variables
Green inventiont Green utilityt

(1) (2) (3) (4) (5) (6)

CEO media 0.222∗∗∗ 0.165∗∗∗ 0.094 0.309∗∗∗ 0.203∗∗∗ 0.159∗
(0.033) (0.044) (0.070) (0.043) (0.056) (0.096)

State −0.271 0.139
(0.209) (0.269)

CEO media× state 0.128∗∗ 0.267∗∗∗
(0.063) (0.078)

Rule −1.406∗∗∗ −0.433
(0.386) (0.279)

CEO media× rule 0.085∗∗ 0.098∗
(0.042) (0.057)

Firm size −0.263∗∗∗ −0.263∗∗∗ −0.222∗∗∗ −0.260∗∗∗ −0.282∗∗∗ −0.238∗∗∗
(0.042) (0.043) (0.044) (0.047) (0.048) (0.048)

Leverage 0.328 0.379 0.264 0.955∗∗ 0.792∗ 0.871∗∗
(0.309) (0.308) (0.308) (0.421) (0.410) (0.424)

ROA −0.513 −0.237 −0.538 0.575 0.468 0.379
(1.099) (1.108) (1.091) (1.482) (1.481) (1.487)

Cash holding −0.423∗∗∗ −0.362∗∗ −0.348∗∗ −0.371∗∗ −0.049 −0.342∗
(0.162) (0.164) (0.162) (0.189) (0.189) (0.190)

R&D 0.227∗∗∗ 0.230∗∗∗ 0.232∗∗∗ 0.203∗∗∗ 0.196∗∗∗ 0.205∗∗∗
(0.039) (0.039) (0.039) (0.047) (0.046) (0.047)

Subsidy 0.121∗∗∗ 0.121∗∗∗ 0.124∗∗∗ 0.065∗∗ 0.084∗∗∗ 0.065∗∗
(0.031) (0.031) (0.031) (0.031) (0.032) (0.031)

Top hold −0.227 −0.273 −0.167 −0.120 0.008 −0.133
(0.335) (0.337) (0.335) (0.439) (0.430) (0.441)

TMT size 0.073∗∗∗ 0.070∗∗∗ 0.074∗∗∗ 0.073∗∗∗ 0.067∗∗∗ 0.075∗∗∗
(0.020) (0.020) (0.020) (0.025) (0.024) (0.025)

Duality −0.601∗∗∗ −0.547∗∗∗ −0.578∗∗∗ −0.542∗∗∗ −0.403∗∗ −0.519∗∗∗
(0.121) (0.123) (0.121) (0.161) (0.158) (0.161)

Constant 1.095∗∗∗ 1.135∗∗∗ 1.095∗∗∗ 1.729∗∗∗ 1.632∗∗∗ 1.723∗∗∗
(0.239) (0.250) (0.247) (0.066) (0.068) (0.066)

Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
N 2597 2597 2597 2597 2597 2597
Chi2 366.274 366.062 379.864 332.946 391.544 337.586
Note that standard errors are in parentheses: ∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01.
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Table 7: Dependent variable forward two periods.

Variables
Green inventiont + 2 Green utilityt + 2

(1) (2) (3) (4) (5) (6)

CEO media 0.223∗∗∗ 0.185∗∗∗ 0.133∗∗ 0.327∗∗∗ 0.151∗∗ 0.180∗∗
(0.036) (0.049) (0.064) (0.053) (0.068) (0.089)

State −0.105 −0.215
(0.233) (0.317)

CEO media× state 0.084 0.376∗∗∗
(0.070) (0.093)

Rule −1.136∗∗∗ −0.931∗∗
(0.404) (0.396)

CEO media× rule 0.071 0.117∗∗
(0.044) (0.059)

Firm size −0.198∗∗∗ −0.205∗∗∗ −0.163∗∗∗ −0.224∗∗∗ −0.223∗∗∗ −0.200∗∗∗
(0.045) (0.046) (0.047) (0.056) (0.056) (0.057)

Leverage 0.499 0.529 0.461 0.887∗ 0.658 0.788
(0.367) (0.366) (0.366) (0.512) (0.495) (0.515)

ROA −1.201 −0.980 −0.986 1.448 0.622 1.526
(1.269) (1.278) (1.266) (1.693) (1.712) (1.689)

Cash holding −0.117 −0.046 −0.092 −0.282 0.103 −0.238
(0.164) (0.169) (0.163) (0.235) (0.231) (0.236)

R&D 0.193∗∗∗ 0.199∗∗∗ 0.190∗∗∗ 0.172∗∗∗ 0.171∗∗∗ 0.181∗∗∗
(0.045) (0.045) (0.045) (0.055) (0.054) (0.055)

Subsidy 0.086∗∗∗ 0.088∗∗∗ 0.086∗∗∗ 0.049 0.064∗ 0.049
(0.031) (0.031) (0.031) (0.035) (0.036) (0.036)

Top hold −0.537 −0.541 −0.476 −0.352 −0.244 −0.370
(0.387) (0.387) (0.385) (0.503) (0.491) (0.505)

TMT size 0.032 0.031 0.035 0.114∗∗∗ 0.073∗∗ 0.120∗∗∗
(0.024) (0.024) (0.024) (0.031) (0.030) (0.031)

Duality −0.637∗∗∗ −0.592∗∗∗ −0.612∗∗∗ −0.781∗∗∗ −0.639∗∗∗ −0.789∗∗∗
(0.138) (0.141) (0.138) (0.192) (0.186) (0.192)

Constant 1.135∗∗∗ 1.161∗∗∗ 1.143∗∗∗ 1.767∗∗∗ 1.650∗∗∗ 1.758∗∗∗
(0.280) (0.301) (0.292) (0.074) (0.082) (0.073)

Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
N 1855 1855 1855 1855 1855 1855
Chi2 243.554 243.661 252.839 212.109 257.527 227.563
Note that standard errors are in parentheses: ∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01.

Table 8: Comparison of differences before and after variable matching.

Variable Unmatched Mean t-test
Matched Treated Control T p> t

Firm size U 22.153 22.166 −0.280 0.782
M 22.153 22.102 1.040 0.300

Leverage U 0.402 0.466 −7.480 0.000
M 0.402 0.402 −0.010 0.991

ROA U 0.049 0.032 7.720 0.000
M 0.049 0.049 0.120 0.901

Cash holding U 0.371 0.256 7.330 0.000
M 0.371 0.353 1.010 0.311

R&D U 17.670 17.325 5.720 0.000
M 17.670 17.662 0.150 0.885

Subsidy U 16.279 16.254 0.340 0.736
M 16.279 16.091 2.320 0.020

Top hold U 0.349 0.375 −4.400 0.000
M 0.349 0.338 1.830 0.068

TMT size U 7.453 7.267 1.980 0.048
M 7.453 7.387 0.670 0.500

Duality U 0.361 0.115 15.450 0.000
M 0.361 0.362 −0.040 0.967
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+e balance improvements after matching are summarized
in Table 8. Panel A of Table 9 shows the propensity score
analysis for green innovation; the results show that there is
significant and positive relation between high level CEO
exposure and green invention (p< 0.05), suggesting that
firms with high level CEO exposure are able to increase firm
innovation ability. +en, we use ZINB model to estimate
the relationship between CEO media and green innovation
on the corresponding matched sample. Panel B of Table 9
reports the results; the results remain robust reaffirming the
CEO media exposure effect.

5. Concluding Remarks

In this study, we examine with yearly data the impact of firm
CEO’s media exposure on the firm green technological
innovation. Our sample consists of 2,597 firm-year obser-
vations for Chinese companies listed on the Shanghai and
Shenzhen Stock Exchanges over the period of 2010–2016.
We apply ZINB models to test whether the CEO’s media
coverage influences the patent application data, which re-
flects the level of firm green technological innovation. Given
the specific market environment in the Chinese economy,

Table 9: Robust check for the effects of CEO media on green invention and green utility.

Panel A: propensity score analysis for environmental innovation
Variable Sample Treated Controls Difference SE t-test

Green invention Unmatched 1.176 0.789 0.387 0.119 3.26∗∗∗
ATT 1.176 0.827 0.350 0.166 2.11∗∗

Green utility Unmatched 0.919 0.623 0.296 0.117 2.54∗∗
ATT 0.919 0.616 0.303 0.165 1.83∗

Panel B: zero-inflated negative binomial regression on matched CEO media exposure subsample

Variables Green inventiont Green utilityt
(1) (2) (3) (4) (5) (6)

CEO media 0.220∗∗∗ 0.080 0.092 0.369∗∗∗ 0.195∗∗ 0.147
(0.046) (0.060) (0.104) (0.065) (0.078) (0.151)

State −1.201∗∗∗ −0.463
(0.355) (0.451)

CEO media× state 0.324∗∗∗ 0.387∗∗∗
(0.091) (0.113)

Rule −1.501∗∗∗ −0.177
(0.529) (0.407)

CEO media× rule 0.082 0.147∗
(0.061) (0.088)

Firm size −0.271∗∗∗ −0.250∗∗∗ −0.224∗∗∗ −0.314∗∗∗ −0.318∗∗∗ −0.300∗∗∗
(0.055) (0.055) (0.057) (0.061) (0.061) (0.065)

Leverage 0.525 0.655∗ 0.455 0.945∗ 0.861 0.951∗
(0.401) (0.396) (0.399) (0.560) (0.540) (0.571)

ROA 0.864 1.372 1.011 1.622 1.597 1.532
(1.413) (1.423) (1.402) (1.913) (1.930) (1.913)

Cash holding −0.476∗∗ −0.385∗∗ −0.403∗∗ −0.406∗ −0.066 −0.361
(0.191) (0.194) (0.191) (0.220) (0.219) (0.222)

R&D 0.222∗∗∗ 0.221∗∗∗ 0.228∗∗∗ 0.260∗∗∗ 0.250∗∗∗ 0.264∗∗∗
(0.052) (0.052) (0.052) (0.063) (0.061) (0.063)

Subsidy 0.111∗∗∗ 0.104∗∗∗ 0.109∗∗∗ 0.053 0.067∗∗ 0.054
(0.037) (0.037) (0.037) (0.033) (0.034) (0.033)

Top hold 0.557 0.337 0.528 0.163 −0.141 0.252
(0.430) (0.435) (0.429) (0.575) (0.569) (0.584)

TMT size 0.066∗∗∗ 0.062∗∗ 0.064∗∗∗ 0.077∗∗ 0.065∗∗ 0.083∗∗∗
(0.025) (0.024) (0.024) (0.031) (0.030) (0.031)

Duality −0.720∗∗∗ −0.644∗∗∗ −0.690∗∗∗ −1.014∗∗∗ −0.819∗∗∗ −0.983∗∗∗
(0.138) (0.142) (0.138) (0.191) (0.188) (0.192)

Constant 1.048∗∗∗ 1.038∗∗∗ 1.074∗∗∗ 1.624∗∗∗ 1.509∗∗∗ 1.615∗∗∗
(0.284) (0.286) (0.236) (0.080) (0.086) (0.081)

Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
N 1568 1568 1568 1568 1568 1568
Chi2 252.846 262.193 261.407 226.921 262.613 230.509
Note that standard errors are in parentheses:∗p< 0.1; ∗∗p< 0.05; ∗∗∗p< 0.01.
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we consider the effect under different institutional situa-
tions. In particular, we investigate the moderating effect of
the firm’s ownership structure (i.e., state-owned vs. non-
state-owned) and the environmental regulations (i.e.,
stronger vs. weaker). We also conduct a thorough robustness
check for additional validity of our methodology and main
findings.

In summary, the empirical test results are generally
consistent with our hypotheses. First, CEO media coverage
has a positive influence over firm green technological in-
novation, implying that news reports facilitate the invest-
ment in green innovation. Second, the interaction term of
CEO media coverage and ownership has a positive impact
on firm green innovation for the full sample data, which
proves that if the firm is a SOE, the positive influence of CEO
media coverage on the firm green innovation will be in-
creased. And the interaction term of CEO media coverage
and environmental regulations also has the same influence
on firm green innovation, implying that firms with stronger
environmental rules will invest more on green innovation. It
is apparent that the firm green innovation is exposed to a
stronger influence of CEO media coverage when firms are
state-owned and operate in stronger environmental
regulations.

Our research also provides some important practical
implications. Firstly, more attention should be paid to
informal systems such as media, which play an important
governance role in firm’s green technological innovation.
As an important aspect of external governance, the external
regulatory pressure of media attention has a positive effect
on firm’s environmental protection innovation behavior.
+erefore, we should promote the role of media supervi-
sion and reputation mechanism, make it an important
external mechanism of corporate environmental gover-
nance, promote companies to fulfill actively their social
responsibilities, and enhance the level of environmental
innovation of enterprises.

Secondly, we ought to strengthen the level of envi-
ronmental regulation and promote information disclosure
and public participation. +e effect of CEOmedia exposure
on firm green innovation under the different intensity of
environmental regulation not only reflects the quality of
regulation and the effect of implementation, but also shows
that the strengthening of moderate environmental regu-
lation plays its supervisory part and promotes firm green
innovation decision. Media participation in environmental
governance under environmental regulation has played a
greater role, indicating that public opinion has restrictive
and supervisory function. +erefore, the future institu-
tional arrangement of environmental regulation should
also consider social regulation and improve the informa-
tion disclosure system. Join Ministry of Industry and In-
formation Technology and the various regulatory bodies of
the Securities Regulatory Commission to give full play to
the mechanism of public participation in the supervision of
firm green innovation behavior. We should promote en-
terprises to fulfill their environmental responsibility
through stakeholder environmental pressure and form
market supervision beyond government supervision.

+irdly, the support for non-SOE’s green innovation
should be increased. +e result of our study shows that
media attention has a more significant impact on firm green
innovation of SOE. +e essential reason is that the invest-
ment cost of environmental protection innovation of state-
owned enterprises is guaranteed by the government’s
“umbrella,” while the investment cost of environmental
innovation of non-SOEs is mostly borne by themselves.
+erefore, we should formulate corresponding environ-
mental regulations and encourage non-SOEs to invest in
environment. At the same time, enterprises investing in
environmental protection should be given certain tax sub-
sidies or preferential treatment to improve the motivation of
non-SOEs investing in environmental protection.

Our study still has some limitations on which further
research will be explored. First, there is no distinction be-
tween positive or negative media coverage of CEOs. We will
further explore the effect of the media exposure distinction
on green innovation in the future. Second, there is no
specific distinction between media types, such as traditional
media and new media and official media and nonofficial
media. Future research can further distinguish different
types of media and the differences of their attention effects.
+ird, we did not consider the impact of public perception
and mentality (including stock investors) and the intrinsic
effect of media ecology (such as media corruption) on green
innovation of enterprises from social culture level. Future
research may benefit from these works in these directions.
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