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ARTICLE INFO ABSTRACT

This study focuses on military experienced executives (CEO and chairman) and their effect on two types of firm
environmental strategy: firm pollution and environmental innovation. From the perspective of imprinting the-
ory, we find that executives with military imprint, which, so we argue, instills a sense of following rules and
stewardship for the collective, negatively relate to firm pollution and positively relate to firm environmental
innovation. The strength of military imprint at its formation is shaped by whether focal executives had a mil-
itary officer rank. In addition, working in an environment with strong pro-military culture sustains and even
strengthens the military imprint. Analyses of data from 6,664 firm-year observations of heavily polluting indus-
tries from Chinese listed firms between 2013 and 2017 largely support our hypotheses (see Table 4 for over-
view of various tests). Overall, our efforts of extending imprinting theory to leadership literature suggest that
the imprinting effect of military experience persists in executives’ decision-making processes. Furthermore, this
study contributes to imprinting research by emphasizing the importance of considering imprint formation and

Keywords:

Military experienced executives
Imprinting theory

Strength of imprint

Firm pollution

Environmental innovation

imprint persistence.

Introduction

Recent empirical research demonstrates that military experienced
executives (CEO and chairman) have a profound influence on corpo-
rate behaviors in the financial sphere, such that military experienced
executives less likely participate in alleged corporate fraud
(Benmelech & Frydman, 2015), financial misconduct (Koch-Bayram
& Wernicke, 2018), and tax avoidance (Law & Mills, 2017). However,
as firms are increasingly compelled to engage in societal contributions
beyond mere regulatory compliance (Filatotchev & Nakajima, 2014;
Nason, Bacq, & Gras, 2018), the implication of military experienced
executives for firm behaviors and outcomes has yet to be extended
to corporate environmentalism literature (Wang, Wijen, & Heugens,
2018). Filling this gap is important because military experienced exec-
utives leading their firms not to conduct illegitimate activities in the
financial sphere does not necessarily mean that they are leading their
firms to engage in exemplary activities in the context of corporate
environmentalism. The former encompasses corporate actions that
are deemed illegitimate from a legal and regulatory viewpoint
(Koch-Bayram & Wernicke, 2018), whereas the latter refers to volun-

tary corporate actions designed to improve environmental condition
(Mackey, Mackey, & Barney, 2007).

In recent years, environmental pollution has become an increas-
ingly serious issue and has caused worldwide concern, especially in
China, where rapid economic growth comes at a price of ecological
deterioration (Kock, Santal6, & Diestre, 2012; Wong, Miao, Cui, &
Tang, 2018). Some firms’ unethical behaviors make them important
pollution contributors, such as violating an environmental regulation
by inappropriately releasing toxic materials and emissions (Bowen,
Bansal, & Slawinski, 2018; Meng, Zeng, & Tam, 2013). By contrast,
other firms engage in environmental innovation, which is defined as
the development of products, processes, and services aimed at reduc-
ing environmental harm by using new methods for treating emissions,
recycling or reusing waste, and finding cleaner energy sources
(Berrone, Fosfuri, Gelabert, & Gomez-Mejia, 2013; Brunnermeier &
Cohen, 2003). Given that environmental deterioration negatively
affects society, firms in heavily polluting industries urgently need to
improve their environmental performance. Therefore, in this study,
we extend the research on military experienced executives to corpo-
rate environmentalism literature and explore whether military experi-
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enced executives affect firm environmental strategies. If so, how and
when?

Drawing on insights of imprinting theory (Marquis & Tilcsik, 2013;
Simsek, Fox, & Heavey, 2015), we investigate how an executive’s
(CEO’s and chairman’s) military imprint simultaneously affects a firm’s
participation in firm pollution and environmental innovation. Studying
the negative and positive components of firm environmental strategies
allows scholars to unveil new insights because a firm can engage in
good deeds and bad deeds at the same time, yet the two are conceptu-
ally distinct and subject to different dynamics (Fu, Tang, & Chen, 2020;
Lange & Washburn, 2012; Mattingly & Berman, 2006). Specifically, we
argue that military experience imprints individuals with the value of
willingness to follow rules; thus, military experienced executives are
likely to follow environmental regulations and then less likely to partic-
ipate in firm pollution. Furthermore, we argue that such military expe-
rience leaves individuals with an imprint of stewardship for the
collective. This imprint leads military experienced executives to behave
in ways that serve the long-term welfare of society and makes them
more likely to participate in environmental innovation.

We further theorize about the strength of imprint to investigate
when military experienced executives affect firm environmental strate-
gies (Wang, Du, & Marquis, 2019). Imprinting literature suggests that
imprint formation is not necessarily the same among individuals
(Simsek et al., 2015; Wang et al., 2019). In addition, exposure to new
environments can affect the original imprint (Marquis & Qiao, 2018;
Tilesik, 2014). Accordingly, we divide the strength of military imprint
into two types: the strengths of imprint at its formation and at its per-
sistence. Specifically, at the stage of imprint formation, individuals
with a military officer rank experience high levels of socialization
and thus form a strong military imprint. At the stage of imprint persis-
tence, the persistence of the imprint is influenced by the characteristics
of the environment in which executives are currently working (Tilcsik,
2014). Working in a strong pro-military culture environment brings the
military imprint to the fore and thus strengthens the imprint. Our the-
oretical predictions are generally supported by the results of statistical
analyses using data from 6664 firm-year observations of heavily pollut-
ing industries from Chinese listed firms during 2013-2017.

This study makes several theoretical contributions. First, we con-
tribute to imprinting research by emphasizing the importance of con-
sidering imprint formation and imprint persistence. Although previous
imprinting research tends to assume that an imprint has a uniform
effect (Marquis & Tilesik, 2013), our results suggest that the extent
of socialization at the stage of imprint formation and characteristics
of working environmental at the stage of imprint persistence create
a variation in the strength of imprint. Second, by demonstrating the
influence of military experienced executives on firm pollution and
environmental innovation, we extend the research of military experi-
enced executives to corporate environmentalism literature and thus
enrich the literature related to the corporate outcomes of military
experienced executives (Benmelech & Frydman, 2015; Koch-Bayram
& Wernicke, 2018). Third, we enrich the leadership literature by intro-
ducing the insight of imprinting theory. Although military experience
occurred decades before individuals entered the corporate elite, our
results suggest that the imprinting effect of military experience is
not easily shed, but is inherent and persists in executives’ decision-
making processes. Finally, we advance the research on the antecedents
of the two environmental strategies and thus enrich the understanding
of why firms vary in their pollution activities and environmental inno-
vation (Berrone et al., 2013; Zhang, Ren, Chen, Li, & Yin, 2018).

Theoretical background
Imprinting theory

Stinchcombe (1965) first introduced the notion of imprinting to
organizational theory, stimulating a line of research on how founding
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conditions affect subsequent organizational outcomes (Johnson,
2007). Since then, the concept of imprinting has been applied across
different levels, including organizational collectives, single organiza-
tions, organizational building blocks, and individuals (Marquis &
Tilesik, 2013). Marquis and Tilesik (2013, p.201), in their review of
imprinting theory, defined imprinting as “a process whereby, during
a brief period of susceptibility, a focal entity develops characteristics
that reflect prominent features of the environment, and these charac-
teristics continue to persist despite significant environmental changes
in subsequent periods.”

For individuals, sensitive periods typically occur when they are
experiencing role transitions or when they are forming their world-
views, values, and beliefs, rather than simply “early” periods
(Higgins, 2006; Kish-Gephart & Campbell, 2015). During this brief
sensitive period, highly motived to reduce uncertainty about expecta-
tions and requirements in their new roles, the focal entities are not
only open to learning new skills but also receptive to environmental
influences and tend to achieve congruence with their new surround-
ings, resulting in an imprinting effect that reflects the characteristics
of the corresponding environment (Briscoe & Kellogg, 2011; Tilcsik,
2014).

Nevertheless, most existing imprinting studies tend to assume that
an imprint has a uniform effect and are silent on considering the pro-
cess of imprint formation and imprint persistence (e.g., Marquis &
Qiao, 2018; Snihur & Zott, 2020; Tilcsik, 2014; Wang et al., 2019).
On the one hand, most prior scholars took imprint formation for
granted. As a result, knowledge about why individuals react differently
to the identical environmental and thus form different strengths of
imprint is limited (Simsek et al., 2015). On the other hand, the defini-
tion of imprinting emphasizes persistence rather than permanence or
irreversibility (Marquis & Tilesik, 2013), thus implying that some
imprints may strengthen or fade over time. In this regard, Marquis
and Tilesik (2013), in a review paper of imprinting theory, called for
future scholars to pay more attention on imprinting dynamics and
encouraged them to explore how imprints amplify or decay under cer-
tain conditions. To answer this call and fill the research gaps men-
tioned above, we divide the strength of military imprint into two
types: the strength of imprint at its formation and at its persistence,
and investigate factors that affect each of them.

Hypothesis development

Military experienced executives and firm pollution

According to imprinting theory (Marquis & Tilcsik, 2013; Simsek
et al., 2015), we suggest that a relatively complete understanding of
military imprint can be gained by exploring it through imprint forma-
tion and imprint persistence. In the following part, we attempt to
explain how military imprint forms and persists, and how military
imprint affects corporate executives’ decision making about firm envi-
ronmental strategies.

First, at the stage of imprint formation, military training consists of
several socialization processes that provide an ideal environment
where a military imprint can form (Akerlof & Kranton, 2005; Arkin
& Dobrofsky, 1978). Most servicepersons join the army in their early
twenties, which is a sensitive period of transition in one’s life. During
this period, individuals form their worldviews and are highly suscepti-
ble to environmental influences (Marquis & Tilcsik, 2013). In addition,
to maintain internal coherence and loyalty to the military, every new
recruit undergoes intensive socialization to learn military norms and
values (Higgins, 2006). During training programs, expectations for
specific behaviors and explicit norms are made explicitly. Given that
the military significantly esteems following commands and steward-
ship for the collective, recruits’ original status and habits are broken
down, and a value system that emphasizes obedience to rules and serv-
ing the long-term welfare of society will be instilled subsequently
(Dufty, 2006; Koch-Bayram & Wernicke, 2018). Moreover, the military
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has set up an incentive system to reward those who fulfill the expecta-
tions and penalize those who do not (Jackson, Thoemmes, Jonkmann,
Liidtke, & Trautwein, 2012). All these socialization processes lead to
changes in daily behavior and personality, that, over time, are thought
to leave a military imprint, which comprises obedience to rules and
stewardship for the collective, on individuals (Marquis & Tilcsik,
2013; Simsek et al., 2015).

Second, at the stage of imprint persistence, such a military imprint
sustains despite significant environmental changes in subsequent peri-
ods (Marquis & Tilcsik, 2013). Prior research suggests that even with
subsequent environmental changes, individuals continue to carry with
them the orientations, beliefs, and behaviors adopted during the per-
iod of imprint formation (Azoulay, Liu, & Stuart, 2011; Higgins,
2006; McEvily, Jaffee, & Tortoriello, 2012). For instance, Lowell McA-
dam, the CEO of Verizon, talked about his service in the U.S Navy:
“The things you learn in the service will stay with you your whole life”
(Asfar, 2009). Generally, the military imprint exhibits inertia and per-
sists over time; hence, it can be brought into the business area by peo-
ple with military experience (Marquis & Tilcsik, 2013; Simsek et al.,
2015).

In our context, such a military imprint, so we argue, will affect exec-
utives’ decision making about firm environmental strategies. Moreover,
we suggest that a relatively complete understanding of the effect of mil-
itary experienced executives on firm environmental strategies can be
gained by discussing military experienced executives’ two imprints that
their military experience leaves: following rules and stewardship for
the collective (Benmelech & Frydman, 2015; Duffy, 2006; Koch-
Bayram & Wernicke, 2018). Here, stewardship entails placing the
“long-term best interests of a group ahead of personal goal that serve
an individual’s self-interests” (Hernandez, 2008, p.122; Hernandez,
2012). Specifically, we argue that the imprint of following rules can
explain why military experienced executives less likely participate in
pollution, whereas the imprint of stewardship for the collective can
inform why they likely engage in environmental innovation. In the fol-
lowing part, we discuss how the imprint of following rules motivates
military experienced executives to follow environmental regulations
and then makes them less likely participate in firm pollution.

Military servicepersons are trained to follow commands (Koch-
Bayram & Wernicke, 2018; Duffy, 2006). Military norms and beliefs
involve the tenet “obey the rules of the organization and follow orders
given in the chain of command” (Akerlof & Kranton, 2005, p.17). Con-
sistent with this logic, many empirical studies demonstrate that as the
military strongly emphasizes the obedience of its personnel, executives
with military experience are imprinted with the value of following
rules; and such obedience, in turn, makes their firm less likely to par-
ticipate in financial misconduct (Koch-Bayram & Wernicke, 2018), less
likely to be involved in corporate fraudulent activity (Benmelech &
Frydman, 2015), and pursue fewer strategies to avoid taxes (Law &
Mills, 2017). Thus, military experienced executives, imprinted with
values of willingness to follow commands, exhibit a characteristic that
weighs more on following environmental regulations.

In this regard, firm pollution activities encompass firm environ-
mental actions that are deemed illegitimate from a legal and regula-
tion viewpoint, such as violating an environmental regulation by
inappropriately disposing of hazardous materials and pollutant emis-
sion (Wong et al., 2018). Thus, military experienced executives, who
are likely to comply with environmental regulations, will less likely
participate in firm pollution. Formally, we propose the following:

Hypothesis 1 (HI). There is a negative relationship between military
experienced executives (CEO and chairman) and firm pollution.

Military experienced executives and environmental innovation
Prior studies find that firms not only “do good deeds” but also “do
bad deeds,” sometimes simultaneously (Fombrun, Gardberg, &
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Barnett, 2000; Mishina, Dykes, Block, & Pollock, 2010; Muller &
Kraussl, 2011). In addition, researchers increasingly come to consider
good deeds (e.g., environmental responsible activities) and bad deeds
(e.g., environmental irresponsible activities) as conceptually distinct
phenomena, with different implications for firms (Fu, Tang, & Chen,
2020; Godfrey, Merrill, & Hansen, 2009; Strike, Gao, & Bansal,
2006). Thus, examining how military experienced executives affect
negative and positive components of firm environmental strategies
can lead to a thorough understanding of the effect of military imprint
on firm environmental strategies. In our study, as military experienced
executives’ imprint of following rules will lead them to less likely par-
ticipate in firm pollution, we expect that military experienced execu-
tives’ imprint of stewardship for the collective will lead them to
engage in environmental innovation for two reasons. Stewardship is
defined as “the extent to which an individual willingly subjugates
his or her personal interest to act in protection of
others’[collective’s] long-term welfare” (Hernandez, 2012, p.174).

First, the imprint of stewardship for the present collective moti-
vates military experienced executives to consider the wellbeing of soci-
ety by improving the environment at the present. The military
emphasizes duty, dedication, and self-sacrifice; especially through a
series of systematic training programs, the military makes serviceper-
sons embrace the philosophy “service before self” (Cao, Sun, & Yuan,
2019; Duffy, 2006; Elder, 1986; Xie & Hao, 2017). Thus, executives
with military imprint likely demonstrate care about the society and
the common good, intending to bring a positive effect on the society
and natural environmental (Ferdig, 2007). An example of such concern
is adopting innovative technology solutions that facilitate solving envi-
ronmental issues, such as developing new methods of treating green-
house gas and wastewater emissions, exploring cleaner energy
sources, and recycling or reusing waste (Berrone et al, 2013;
Brunnermeier & Cohen, 2003).

Second, the imprint of stewardship for the future collective moti-
vates military experienced executives to favor long-term orientation
and protect the future environment. Nowadays, many firms’ environ-
mental misconducts become sources of ecological deterioration, which
pose risks for sustainable development (Wong et al., 2018). However,
military experienced executives highly esteem behaving in ways that
serve the long-term welfare of society (Xie & Hao, 2017). Thus, mili-
tary experienced executives likely show a long-term view in their daily
business activities by considering future organizational continuance
and growth (Ferdig, 2007; Wong, Bliese, & McGurk, 2003). This
increases the likelihood that military experienced executives will par-
ticipate in environmental innovation.

Fundamentally, compared with nonmilitary experienced execu-
tives, the stewardship for the collective imprinted by military experi-
ence—consisting of care about the welfare of society and long-term
orientation—is likely to motivate military experienced executives to
bring a positive impact on the natural environment and thus makes
them more likely to engage in environmental innovation. Accordingly,
we propose the following:

Hypothesis 2 (H2). There is a positive relationship between military
experienced executives (CEO and chairman) and environmental
innovation.

Factors affecting the strengths of military imprint at its formation and at its
persistence

The mechanism that underlies H1 and H2 is military imprint. We
further argue that the relationship between military experienced exec-
utives and firm environmental strategies is contingent on the strength
of military imprint. The strength of imprint describes the degree to
which imprint affects individual behaviors (Simsek et al., 2015). That
is, if the focal executive has a strong military imprint, then its effect
will be especially powerful, thereby strengthening the relationship
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between military experienced executives and firm environmental
strategies. Imprinting literature reveals that the strength of imprint
is shaped by (1) individual characteristics at the stage of imprint for-
mation and (2) environmental characteristics at the stage of imprint
persistence (Marquis & Qiao, 2018; Marquis & Tilcsik, 2013; Tilesik,
2014; Wang et al., 2019).

In our context, (1) military officer rank can be a good proxy for mil-
itary experienced executives’ characteristics at the stage of imprint for-
mation and (2) pro-military culture is a good proxy for the
characteristics of executives’ current working environments. Following
prior research (Stadelmann, Portmann, & FEichenberger, 2015), we
define pro-military culture environment as a cultural environment in
which people and governmental institutions highly respect the mili-
tary and retired soldiers. Although military officer rank affects the
strength of military imprint at its formation, pro-military culture envi-
ronment shapes the strength of military imprint at its persistence.
Accordingly, we explore the moderating effect of military officer rank
and pro-military culture on the relationship between military experi-
enced executives and firm environmental strategies in the following
section.

Military officer rank and the strength of imprint at its formation

Considering the process of imprint formation, individuals who had
military officer rank and those who were regular soldiers likely receive
different extents of socialization from the military environment
(Marquis & Tilesik, 2013). If executives had a military officer rank dur-
ing their military experience, then they would form a stronger military
imprint than regular soldiers.

Obtaining a military officer rank means that focal individuals
undergo longer and higher-level training than regular soldiers. For ser-
vicepersons, it is military training that serves as a catalyst for their
change (Jackson et al., 2012). Military training socializes and matures
individuals, thereby helping them learn how to behave in the military
(Jackson et al., 2012). The military has organized, systematic, and
sequential training programs that are designed to help servicepersons
acquire hands-on leadership skills (Benmelech & Frydman, 2015;
Duffy, 2006; Wansink et al., 2008). Therefore, officers in the military
undergo longer and higher-level training than regular soldiers to
ensure that they have sufficient command skills and behave as guided
by military values and norms (Wong et al., 2003). That is, the social-
ization effect of the military for individuals with a military officer rank
is considerably strong (Marquis & Tilcsik, 2013). In this case, military
experience leaves a deep imprint on individuals’ routines and habits;
hence, the strength of military imprint is strong.

Overall, the imprinting effect of military experience on military
experienced executives with a military officer rank is stronger com-
pared with that on those without a military officer rank. Thus, the for-
mer are less likely to engage in firm pollution and more likely to
participate in environmental innovation. Therefore, we propose the
following hypotheses:

Hypothesis 3a (H3a). The negative effect of military experienced
executives (CEO and chairman) on firm pollution is strengthened
when focal executives had a military officer rank during their military
experience.

Hypothesis 3b (H3b). The positive effect of military experienced
executives (CEO and chairman) on environmental innovation is
strengthened when focal executives had a military officer rank during
their military experience.

Pro-military culture and the strength of imprint at its persistence
Exposure to new environments can affect original imprint; hence,
the strength of imprint at its persistence varies depending on the char-

The Leadership Quarterly 33 (2022) 101562

acteristics of the environment in which executives are currently work-
ing (Marquis & Qiao, 2018; Wang et al., 2019). It should be noticed
that, imprint reflects elements of the original environment; thus, its
expression needs stimulation and cues from the current environment
(Tilesik, 2014). Building on imprinting theory, Tilcsik (2014) sug-
gested that imprint’s persistence is affected by imprint-environment
fit—the compatibility between imprinted values and subsequent envi-
ronments—as congruent environments sustain the imprint, whereas
the imprint decays in incongruent environments. That is, an “imprint
can be perfectly suited to one type of context, while clashing irrecov-
erably with another” (Higgins, 2006, p.4). Examining imprint-envi-
ronment fit, we argue that working in a strong pro-military culture
region can provide cues to further elicit the military imprint, and thus
intensify the imprint at its persistence.

When military experienced executives work in an environment
with strong pro-military culture, their military identity is highly
respected and welcome. As knowledge and practices consistent with
military values are highly encouraged and rewarded, military experi-
enced executives are likely to act as though they are within the mili-
tary (Marquis & Tilesik, 2013). Moreover, the military imprint and
the cultural context are well-matched that military experienced execu-
tives can directly apply their military-related habits, routines, and
problem-solving schemas to this situation with little adjustment
(Tilesik, 2014). Thus, the match between the military imprint and
the environment with strong pro-military culture provides cues to
the expression of the military imprint (Lievens et al., 2006; Tett &
Burnett, 2003; Tett & Guterman, 2000). In this case, military imprint
lingers on and is even strengthened.

By contrast, an environment with weak pro-military culture is gen-
erally lowly relevant to military imprint, because the environment
offers few cues for the expression of military imprint. When military
experienced executives work in such environments, the military
imprint may “act as baggage” (Dokko, Wilk, & Rothbard, 2009, p.54;
Higgins, 2006). Being exposed to such environments makes military
values and beliefs obsolete and counterproductive for military experi-
enced executives (Wang et al., 2019). Then, military imprint-related
cognition and behavior patterns need to be updated to suit contempo-
rary demand, finally resulting in military imprint decay (Marquis &
Tilesik, 2013; Simsek et al., 2015).

Overall, the effect of military imprint is strengthened when military
experienced executives work in regions where the pro-military culture
is strong. As a result, they are less likely to engage in firm pollution
and more likely to participate in environmental innovation. Therefore,
we propose the following hypotheses:

Hypothesis 4a (H4a). The negative effect of military experienced
executives (CEO and chairman) on firm pollution is strengthened
when focal executives work in a region where the pro-military culture
is strong.

Hypothesis 4b (H4b). The positive effect of military experienced
executives (CEO and chairman) on environmental innovation is
strengthened when focal executives work in a region where the pro-
military culture is strong.

Fig. 1 illustrates the conceptual framework of this study.

Methodology
Research context

China provides an appropriate setting to investigate the effect of
military experienced executives on firm environmental strategies for
two reasons. First, China’s great disarmament provides a rich set of
military experienced executive samples to enable this study. For eco-
nomic construction, the Chinese government had demobilized approx-
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Fig. 1. Conceptual framework.

imately four million servicepersons in the army from the 1980s. The
great disarmament caused these soldiers to quit the army and join
enterprises or public institutions to start a new career. In addition,
the Chinese government has adopted a variety of policies both at
central- and local-government levels to provide preferential treatments
of retired soldiers in various aspects (e.g., tax benefits and favorable
credit) to compensate military persons. Such treatments may help
many retired soldiers succeed in business.

Second, environmental issues in China are highly serious and have
elicited great concern locally and internationally. The rapid industrial-
ization and economic growth of China have been resulting in severe
damage to the environment, such as climate change, natural resource
depletion, and severe ecological degradation. In recent years, a grow-
ing number of firm incidents that involve natural environmental dam-
age have been reported in China, all of which have caused serious
social and environmental consequences, thereby threatening the pub-
lic health and natural environment. Given that Chinese economy and
population continue their upward tendency, their demand and con-
sumption for natural resources also continue to increase. Considering
the increasing pressure for environmental protection to improve peo-
ple’s lives and sustain long-term economic growth, China currently
puts strong emphasis on environmental protection.

Sample and data sources

In China, the Ministry of Environmental Protection publicized a list
of strictly regulated industries, including manufacturing, power-
generation, and mining industries (Marquis & Bird, 2018). Firm pollu-
tion is specifically pronounced, and environmental innovation is essen-
tial in such industries, so they provide a particularly appropriate
sample for testing our hypotheses. Our sample includes all the Chinese
listed firms (A shares) of heavily polluting industries on the Shenzhen
and Shanghai Stock Exchanges from 2013 to 2017. We selected 2013
as our starting year because one of our key dependent variables, pollu-
tion frequency, was only properly available in 2013.

Our data sources contain archival data from the China Stock Mar-
ket and Accounting Research (CSMAR) database, the WIND database,
environmental penalty reports from the Institute of Public and Envi-

ronmental Affairs (IPE; http://www.ipe.org.cn), and the Baiteng

patent network (http://www.baiteng.cn/). We further removed firm-
year observations with missing values and obtained a final sample of
6664 firm-year observations from 1509 listed firms.

Dependent variable

Firm pollution
The Pollution List is the first relatively thorough and authoritative
blacklist that discloses firm pollution issues of Chinese listed firms. The

list is compiled by IPE (the Institute of Public and Environmental
Affairs), which is an environmental nonprofit organization, on the
basis of the real-time monitoring of pollution sources. The list is pub-
lished by the Securities Times, the national top one specialized finan-
cial securities daily newspaper designated by the China Securities
Regulatory Commission to disclose the information of listed firms.
The number of times a firm appears on the list indicates the frequency
at which that firm engages in pollution-causing activities. Therefore,
the measure of firm pollution is the frequency at which firms appear
on the Pollution List, which is O if the firms do not appear on the list
(Marquis & Bird, 2018; Zhang et al., 2018). In our data set, 753 obser-
vations (approximately 10.94% of the sample) were published on the
list, and Tangshan Jidong Cement Co., Ltd. was the most frequently
listed (107 times in 2017). We also used a pollution dummy variable
(which equals 1 if a firm has appeared one or more times on the Pol-
lution List; 0, otherwise) as a different measure of the dependent vari-
able in the robustness check.

Environmental innovation

Consistent with Brunnermeier and Cohen (2003), we used a suc-
cessful environmental patent number as a proxy for environmental
innovation (O if the focal firm has no environmental patents). We first
adopt web-crawler technology by using Python programing to auto-
matically search all three types of a successful patent (i.e., patent for
invention, patent of the utility model, and patent of appearance) of a
listed company and its subsidiary corporation in the Baiteng patent

network (https://www.baiten.cn/). The environmental patents of sam-
ple observations are then selected according to China’s actual eco-
nomic conditions by wusing the following Chinese keywords:
“environmental protection,” “environmental pollution,” “pollution
prevention,” “energy saving,” “emission reduction,” “low carbon,”
“waste disposal,” “sustainable,” “ecology,” “green,” and “cycling”
(Bansal & Clelland, 2004; Cormier & Magnan, 2015). A second
researcher read all environmental patents and removed some patents
that contain the keywords but do not describe environmental innova-
tion (e.g., “green” describing color, as opposed to environmental pro-
tection). We finally obtained 3065 observations (approximately 46%
of the samples) with environmental patents, and Midea Group Co.,
Ltd had the largest number of environmental patents (478 patents in
2016). The measure of environmental innovation is the number of suc-
cessful environmental patents that a firm possesses, which equals O if
the focal firm has no environmental patent. In the robustness test, we
also divided our sample into two categories, which equals 1 if the firm
has one or more environmental patents in year t; 0, otherwise. We then
used this environmental innovation dummy variable as a different
measure of the dependent variable.

” o«

” o«


http://www.ipe.org.cn
http://www.baiteng.cn/
https://www.baiten.cn/

Z. Zhang et al.
Independent variable

Military experienced executives

We first collected the biographical information of each executive of
listed firms from the CSMAR database to obtain information on their
military backgrounds. When an executive’s biographical information
is unavailable from this source, we searched the WIND database, cor-
porate annual reports, the Sina Finance website, and corporate web
pages. Then, we manually collected executives’ biographical informa-
tion to complete the source. Following previous literature in the Chi-
nese context (Jia, 2014; Li & Liang, 2015), our measure of
executives considers both chairmen and CEOs. We used the biograph-
ical information to construct the variable of military experienced exec-
utives, which equals 1 if one of CEO and chairman of the focal firm
served in the military or graduated from a military academy, equals
2 if CEO and chairman both have military background, and O if none
of CEO and chairman has military background.

Moderating variable

Military officer rank

We used the highest rank obtained by a military experienced exec-
utive before retiring from the military to construct the binary variable
of military officer rank, which equals 1 if the military experienced
executives had a military officer rank (e.g., lieutenant, colonel, gen-
eral) and 0 if the military experienced executives were regular soldiers
during their military experience.

Pro-military culture

We first collected provincial-level annual Local Public Financial
Expenditure and its details from the WIND database. When the details
are unavailable from that source, we searched the website of the
provincial finance department to complete the source. Following the
suggestion of Certo et al., (2020) that ratio variables produce inaccu-
rate parameter estimates, we calculated provincial-level pro-military
culture as the sum of expenditure in soldier pension and retired soldier
placement costs in focal province. This variable reflects the degree to
which government institutions and people in a focal province value the
military and retired soldiers. When a province has a high value, then
retired soldiers are respected and provided with generous benefits in
this province. In this case, we argue that the pro-military culture is
strong. To avoid confounding the effect of expenditure in soldier pen-
sion and retired soldier placement costs with a province size effect, we
also controlled for total provincial public financial expenditure in a
given year.

Control variables

We included several variables to control for firm characteristics and
industry factors that are found in previous studies to affect their sus-
ceptibility to environmental innovation and propensity for firm pollu-
tion. We controlled for duality and board independence as executives
and board characteristics that may influence firms’ behaviors. When
the CEO also serves as the chair of the board of directors, they have
less constrains from the board and have more discretion in the
decision-making process. Therefore, we controlled duality in our
model, which is coded 1 when the CEO is also the chairman of the
board in given year; 0, otherwise. Top executives’ behaviors can be
monitored by independent outside directors (Chang, Oh, Park, &
Jang, 2017), possibly affecting whether top executives’ decisions can
be implemented. Thus, we calculated board independence as the ratio
of the number of independent directors to the total number of directors
on the board (Johnson et al., 2013).

We also controlled for several firm-level characteristics. In line with
the argument of prior research, the firms affiliated with government
face greater obligations to implement policies aimed at innovation
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and environmental protection. Therefore, we controlled for whether
a firm had political ties by coding 1 if either the chairman or the
CEO was a delegate to the People’s Congress or the People’s Political
Consultative Conference in a given year (Jia, 2014), and O if other-
wise. Old firms are inclined to be more social responsible, because
they are more care about reputation and legitimacy built over the
years than newly listed firms (Zhang et al., 2018). Thus, we controlled
for listing age, which is calculated as the natural logarithm of 1 plus
the number of years since the firm has been listed on the Shanghai/
Shenzhen Stock Exchange (Ref & Shapira, 2017; Zhang et al., 2018).
Large firms possess greater resources to participate in environmental
innovation but may also have higher potential environmental risks
than small firms. Therefore, we controlled for potential economies of
scale in firm environmental strategies by incorporating firm size vari-
able, which is operationalized as the natural logarithm of total sales
(Koch-Bayram & Wernicke, 2018). Firms with more potential slack
can enable firms to invest in environmental protection activities or
take risky initiatives, such as innovation; thus, we controlled for equity
ratio, which is the total equity divided by the total debt in a given year
(Greve, 2003). Firms with new equipment and clean technologies tend
to have good environmental performance (Clarkson, Li, Richardson, &
Vasvari, 2008), so they are less likely to participate in pollution. Thus,
we controlled for capital intensity, which is calculated as capital
spending over total sales revenues (Clarkson et al., 2008; Marquis &
Bird, 2018). Specialized assets cannot be easily reallocated from exist-
ing uses and firms except at a significant loss of productive value or at
a deep discount (Berrone et al., 2013; Dierickx & Cool, 1989). Firms
with more specialized assets bear great risk and are more concerned
about the effects of revealing pollution. Therefore, we controlled for
asset specificity in our model, which is operationalized as the loga-
rithm of the ratio of the book value of a firm’s fixed asset to the num-
ber of employees (Berrone et al., 2013).

Given that R&D intensity is a primary input of firm patent develop-
ment process, we controlled for R&D intensity and calculated it as the
logarithm of R&D expenditures divided by the total sales (Berrone
et al., 2013; Chen & Miller, 2007; Greve, 2003). We included patent
number, which is the log-transformed ration of the total number of
patents to the total employees plus one as a control for two reasons.
First, the patent number variable partially reflects the technology port-
folio of a firm (Ahuja & Morris Lampert, 2001) and controls for a firm’s
ability to develop innovation (DeCarolis & Deeds, 1999). Second,
patent number controls for factors that may affect a firm’s tendency
to patent, such as CEO who prefers an aggressive patenting strategy
(Berrone et al., 2013).

Given that the duration of military experience may relate to promo-
tion, when testing the moderating effect of military officer rank, we
controlled duration of military experience, which equals the length
of military service time if the focal executive had military experience,
and 0 if the executive did not have military experience. In doing so, we
can confirm the mechanism that it is really military officer rank and
not simply a function of the duration of military experience leads to
a strong imprinting effect.

Empirical model and estimation method

Considering the count nature of our dependent variable (i.e., fre-
quency of firm appearance on the list and the number of environmen-
tal patents), we should use nonlinear estimators such as negative
binomial regression and Poisson models (Hausman, Hall, & Griliches,
1984). For example, the probability of numerous firms appearing on
the list can be modeled as resulting from a Poisson model, which is
given as

e Hiy)i
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where Y, represents the number of firm i in year t appearing on the list.
The mean value g, is parameterized in terms of x;, the vector of attri-
butes, and coefficient vector f.

#; = exp(x;f)

However, the Poisson model restricts that the mean and variance
should be equal, which may be an unreasonable assumption. The neg-
ative binomial regression model extends the Poisson regression model
by allowing the variance of the process to exceed the mean (Cameron
& Trivedi, 1998). By using the Lagrange Multiplier test, we conducted
preliminary exploratory analysis of the data. The result rejects the pure
Poisson model and supports a model in which the variance is propor-
tional to the mean, suggesting negative binomial regression model fit
our dataset. Given that many zero observations exist in our two data-
sets, we computed Vuong statistic with corrections based on the
Akaike and Bayesian (Schwarz) information criteria (Desmarais &
Harden, 2013) to test which method (standard negative binominal
regression vs. zero-inflated negative binominal regression) fits in the
two datasets accordingly (firm pollution dataset vs. environmental
innovation dataset). According to Vuong statistic with corrections,
we tested our hypotheses related to firm pollution by using zero-
inflated negative binominal regression and tested hypotheses related
to environmental innovation by using standard negative binominal
regression (Berrone et al., 2013; Hoetker & Agarwal, 2007). Moreover,
given that our two datasets were made up of a panel of observations
that were repeated for each firm, we needed to test our hypotheses
by using a firm fixed-effect model to control for any unobserved stable
firm differences. However, our datasets have time-invariant variables
(e.g., executive characteristics), which prevented us from controlling
for firm fixed effects by including a set of dummy variables. Therefore,
we reached an algebraically equivalent solution by including the clus-
ter mean of all level 1 time-variate variables in a random effect model
(Antonakis, Bastardoz, & Ronkko, 2021). We also calculated the clus-
ter robust standard errors at the industry level.

A potential endogeneity in our study is that unobservable charac-
teristics are correlated with both executives’ decision of joining the
army and firm environmental strategies; therefore, military experi-
enced executives may be endogenous and self-selected. To address this
issue, we ran a two-stage treatment effects model (Certo, Busenbark,
Woo, & Semadeni, 2016; Kennedy, 2008; Shaver, 1998). As the prob-
ability of being drafted into military service differs by year of birth due
to the polices and the heightened demand for age-eligible men during
periods of war and conflicts, individuals’ birth year may identify the
different likelihood of having served in the military. Thus, in our
first-stage Probit model, we followed prior research (Koch-Bayram &
Wernicke, 2018; Benmelech & Frydman, 2015) and regressed military
experienced executives on executives’ birth year, all control variables
mentioned above, industry and year dummy variable. A hazard ratio
was then generated in the first-stage analysis, and we included it in
the second-stage model as endogeneity control to correct the bias.

Considering the nature of the innovation process (i.e., complexity
and serendipity), the explanatory variable (i.e., military experienced
executives) is unlikely to immediately generate environmental patents.
The same holds for firm pollution. Therefore, we lagged our dependent
variables by one year (i.e., firm pollution and environmental innova-
tion in year T + 1) to establish the causal link. To model the change
that military experienced executives bring about, we included prior
firm pollution and prior environmental innovation variables (i.e., firm
pollution and environmental innovation in year T) as controls in our
model. To ensure that our results are not driven by outliers, we win-
sorized all continuous variables at the 1% and 99% levels. All regres-
sion models include industry and year fixed effects to control for
unobserved heterogeneity across industries and annual trends in firm
environmental strategies.
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Results
Descriptive statistics

Table 1 shows the descriptive statistics and correlations for all the
variables. The mean value of pollution frequency is 0.52, suggesting
that serious environmental pollution problems occur in the sampled
firms. Environmental innovation has a mean value of 3.19, indicating
that environmental patents are rare for firms in our sample. All vari-
ance inflation factor (VIF) values are lower than 3, with a mean VIF
of 1.34, indicating that multicollinearity among these variables is
not a serious problem.

Hypothesis testing

Tables 2 and 3 show our main findings. Table 2 illustrates the
results of the hypotheses tests related to firm pollution by using
zero-inflated negative binominal regression with firm fixed effect
(H1, H3a, and H4a). The dependent variable is firm pollution. Model
1 contains only our main independent variable, military experienced
executives. Model 2 consists only the control variables. Model 3 adds
our independent variables. Model 4 adds the interaction term between
military experienced executive and pro-military culture. Model 5 con-
tains only control variables and military officer rank. H1 argues that
military experienced executives are negatively related to firm pollu-
tion. Model 3 of Table 2 presents that the effect of military experienced
executives on firm pollution is significantly negative (f = —2.399,
p < 0.001). The marginal effect for military experienced executives
on firm pollution is —0.84, which indicates that, all else equal, firms
with military experienced executives appear 0.84 times less on the Pol-
lution List than firms with nonmilitary experienced executives. Thus,
H1 receives strong empirical support. Model 4 of Table 2 exhibits that
the interaction term between military experienced executives and pro-
military culture is significantly negative (3 = —19.186, p < 0.001),
thus supporting H4a,' which suggests that military imprint is amplified
and that military experienced executives are less likely to participate in
firm pollution when they are working in regions where the pro-military
culture is strong. Moreover, considering the concerns over interaction
effects in nonlinear estimators (i.e., limited dependent variable models),
we conducted further analyses to confirm the significance of this moder-
ating effect. Following Bowen’s (2012) approach, we decomposed the
total moderating effect into the structural moderating effect and the sec-
ondary moderating effect. The test results verify that this moderating
effect is statistically significant.” In our study, when military experi-
enced executive variable equals 0, military officer rank variable must
equal 0. This means that the variable of “military experienced
executives X military officer rank” is actually the same as military offi-
cer rank variable. When we included these two variables into our model
to test the moderating hypothesis, one variable would be omitted, which
would mean that the model was misspecified. To test H3a, which argues
that military officer rank strengthens the relationship between military
experienced executives and firm pollution, we investigated the effect
of military officer rank on firm pollution in the military experienced
executives sample. Model 5 of Table 2 reveals that the effect of military
officer rank on firm pollution is significantly negative ( = —0.131,
p < 0.01), suggesting that military experienced executives with officer

1 We further computed the marginal effect of military experienced executives on firm
pollution at different values of the moderator variable (i.e., pro-military culture). The tests
suggest that when external pro-military culture is weak (one standard deviation below the
mean), having an executive served in the military leads to 0.13 times less in appearing on
the Pollution List. By contrast, when external pro-military culture is strong (one standard
deviation above the mean), having an executive served in the military leads to 0.89 times
less in appearing on the Pollution List.

2 We summarized the details of Bowen’s (2012) approach and the test results in
Appendices. The same goes for the moderating hypothesis H4b.
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Table 1

Descriptive statistics and correlations.”

19

11 12 13 14 15 16 17 18

10

S.D.

Mean

Variables

2.74

0.52
3.19
0.20
2.37
0.05
0.01

1. Firm pollution

0.00

16.22
1.18

2. Environmental innovation
3. Prior firm pollution

1

—0.01

0.90*
0.02

0.03*
0.01

1

—0.00

0.02
0.01

13.59
0.

4. Prior environmental innovation
5. Military experienced executives
6. Military officer rank
7. Pro-military culture

8. Duality

1

—0.02*
-0.01

0.06*
0.

—0.03*

24

1

0.58*

-0.02 0.03*

0.12

1

0.04* 0.08*

—_ 0'03‘/(
-0.01

52,918 97,381 —0.00 0.06*
—0.01
0.00

0.27
0.37

—0.03* 1
—0.03*

0.07*
0.01

—0.03*
—0.04*
—0.05*
—0.03*
0.

—-0.01*
—0.03*
—_ 0'06*
—0.04*

0.01

01

0.00

0.45
0.05
1.46
0.84

0.

1

0.10%

—-0.02 0.00

0.02

—-0.00
0.30%

9. Board independence

10. Firm size

1

—0.06*
—0.03*
0.02
0.02
0.01

—-0.16*
—0.23*

0.06*

0.28*

0.09*

21.35
2.07
0.31
2.68
0.11
0.01
0.12

1

0.30*

0.04* 0.06* 0.04*

0.09*

11. Listing age
12. Political tie

1

—0.22
~0.34

0.05*

—_ 0'037‘:
—0.38*
—0.24*
—_ 0'197‘:
-0.10*

0.29*

—0.05*

01

—0.02
—0.07*
—0.01

0.13*

—-0.02
—0.02
—0.01
—-0.01
—0.01

0.05*

—-0.01
—-0.07*
—0.02

0.12*

—0.00
—0.05*
—0.01
—0.05*
0.00

46

1

0.06*

-0.00 0.11%
—0.01
—0.00

0.03*
0.01

0.04*

3.46
0.89

0.

13. Equity ratio

1

—0.00
0.14*

—0.05*
0.04*

—0.01

0.10%
0.02

—0.01
—0.00

0.01

—0.01

0.01
0.01
0.02

14. R&D intensity

0.06*

—0.15*%
—-0.07*

0.26*

0.06*
0.00

02

15. Patents number

—-0.06* 1
—-0.13*
0.14*

-0.01
~0.09*
~0.04*
-0.01

-0.02
—-0.15*%

0.04*

-0.01
—-0.07*

0.01
0.01

—0.02*
0.05*

—0.02*
0.05*

0.14

1.02

16. Capital intensity
17. Asset specificity

1

0.29*

—0.03*
0.06*

—0.14*
0.14*

0.05*

0.03*

0.09*
0.02

13.22

—0.10* 1

0.01

—0.05*
—0.00

—0.13*
—0.05*

—0.00
—0.05*

—0.28*
0.03*

2.8%107 0.05* 0.07* 0.07* 0.04* —-0.01
0.01 0.01 0.59*

0.30

6.2%107

19. Duration of military experience 0.07

18. Financial expenditure

0.07*

0.03*

0.04*

—0.02*

—0.02

0.83*

—0.02

—0.03*

Notes. *p < 0.05; N = 6664 firm-year observations from 1509 firms for years between 2013 and 2017.

@ As our sample includes all the Chinese listed firms (A shares) of heavily polluting industries on the Shenzhen and Shanghai Stock Exchanges from 2013 to 2017, the composition of the observations is

fundamentally different from what the scholars of corporate governance mainly focus on (i.e., S&P 500 sample).
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rank are less likely to participate in firm pollution than those without
officer rank. Thus, H3a receive support.*

Table 3 demonstrates the results of the hypotheses tests related to
environmental innovation by using standard negative binominal
regression with firm fixed effect (H2, H3b, and H4b). Model 8 of
Table 3 reveals that military experienced executives are positively
and significantly associated with environmental innovation
(p = 8.618, p < 0.001). The marginal effect for military experienced
executives on environmental innovation is 3.46, which indicates that,
all else equal, having an executive served in the military is associated
with additional 3.46 times of environmental patents. The result
thereby supports H2. H4b argues that pro-military culture strengthens
the relationship between military experienced executives and environ-
mental innovation. Model 9 of Table 3 shows that the interaction
between military experienced executives and pro-military culture is
significantly positive (4 = 0.819, p < 0.001), supporting our con-
tention that imprint-environment fit influences the persistence of
the military imprint. Thus, H4b is supported.” Model 10 of Table 3
reveals that the effect of military officer rank on environmental innova-
tion is significantly positive ( = 1.092, p < 0.05) when using the mil-
itary experienced executive sample. Thus, H3b is supported, which
suggests that military officer rank strengthens the relationship between
military experienced executives and environmental innovation.”

Robustness tests and endogeneity concerns

To ensure the reliability of the results, we conducted several sup-
plemental analyses that we describe next. First, we adopted the
propensity score matching (PSM) method (Garrido et al., 2014; Li,
2013; Rosenbaum & Rubin, 1983; Rubin, 2001; Shipman, Swanquist,
& Whited, 2017) as a robust test to address the problem that the obser-
vations of military experienced executive account for a relatively small
part of our sample. In the first stage, we used Probit to regress military
experienced executives on firm size, board independence, listing age,
equity ratio, and industry dummies. Basing on the estimated propen-
sity score generated from the first-stage model, we then matched firms
run by military experienced executives with those without military
experienced executives with replacement. We used the two-nearest
neighbor matching approach to identify the matching sample because
our sample only has 255 military experienced executive observations.
Afterward, we reran all the models mentioned above, except for mod-
els that contain military officer rank, with standard negative binomial
estimations method with firm fixed effect. We summarized the balance
statistics and the results, which support H1,2, 4a, and 4b, in Appendix
A.

Second, as discussed in our primary estimation section, military
experienced executives may be endogenous. In addition, firms may
systematically select executives with a specific background and execu-
tives may select firms on the basis of their human capital, thus also
resulting in endogeneity. Therefore, to account for potential endogene-
ity in our model, we used an instrumental variable technique
(Antonakis et al., 2010; Bascle, 2008; Semadeni, Withers, & Certo,
2014). We used martyr army culture and general army culture as

3 Further tests suggest that firms appear 0.74 times less on the Pollution List when they
have a military experienced executive without a military officer rank than firms with
nonmilitary experienced executive. Contrastingly, having a military experienced executive
with a military officer rank leads firms to appear 0.95 times less on the Pollution List than
having a nonmilitary experienced executive.

4 Further tests suggest that when external pro-military culture is weak (one standard
deviation below the mean), having an executive served in the military leads to 1.8 times
more in environmental patents. Contrastingly, when external pro-military culture is strong
(one standard deviation above the mean), having an executive served in the military leads
to 5.0 times more in environmental patents.

5 Similarly, further tests suggest that having a military experienced executive without a
military officer rank leads to 2.1 times more in environmental patents than having a
nonmilitary experienced executive. Adversely, having a military experienced executive
with a military officer rank leads to 15.2 times more in environmental patents.
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Table 2
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Zero-inflated negative binomial estimations of military experienced executives on firm pollution.

Dependent variable: firm pollution in t + 1

@ 2 3) “@ )
Duality —0.052 —0.048 —0.056 0.047
(0.079) (0.079) (0.078) (0.052)
Board independence —0.056 —0.047 —0.052 0.013
(0.054) (0.054) (0.054) (0.024)
Firm size 0.633" 0.630" 0.622* -0.016
(0.243) (0.241) (0.242) (0.079)
Listing age 0.198 0.204 0.203 —0.080
(0.491) (0.463) (0.467) (0.160)
Political tie —0.189 —0.174 —0.180 0.016
(0.137) (0.140) (0.139) (0.053)
Equity ratio 0.021 0.045 0.044 0.008
(0.093) (0.083) (0.085) (0.015)
R&D intensity 0.032 0.027 0.025 —0.033
(0.173) (0.171) (0.171) (0.054)
Patents number 0.015 0.026 0.023 0.043
(0.178) (0.172) (0.173) (0.035)
Capital intensity 0.062 0.071 0.071 0.022*
(0.078) (0.076) (0.077) (0.012)
Asset specificity 0.048 0.078 0.082 0.134
(0.120) (0.126) (0.128) (0.098)
Financial expenditure 0.041 0.052 0.047 0.010
(0.049) (0.048) (0.048) (0.036)
Prior firm pollution 3.595" 3.559" 3.564" 0.009
(1.368) (1.351) (1.343) (0.009)
Pro-military culture -0.138" -0.134" -0.129" —-0.077*
(0.043) (0.042) (0.041) (0.035)
Hazard ratio 1.527 -1.356""" 8.607" 8.516"
(0.981) (0.186) (4.686) (4.761)
Independent variable
Military experienced executives —2.532"" —2.399™" -11.258""
(0.378) (0.389) (2.745)
Military experienced executives X Pro-military culture -19.186™"
(5.805)
Duration of military experience —0.093*
(0.045)
Military officer rank -0.131"
(0.047)
Constant 1.454"" 1.319" 1.314™" 1.310"" —-0.545"
(0.146) (0.197) (0.193) (0.193) (0.265)
Firm fixed effect No Yes Yes Yes Yes
Year, industry fixed effects Yes Yes Yes Yes Yes
N 6664 6664 6664 6664 255
Likelihood —3.3¥10% —-3.2¥10% -3.2%10° -3.2%10° —71.471

Notes: The coefficients for continuous variables are standardized. Cluster robust standard errors at industry level in parentheses. Significance levels: * p < 0.1, *

p < 0.05 " p <001, p < 0.001.

two instrumental variables. First, martyr army culture is a dummy
variable, which equals 1 if a firm’s CEO or chairman was born in a pro-
vince in which the number of martyrs sacrificed in the Wars to Resist
U.S. Aggression and Aid Korea (WRUAAK) is above the median, and 0
if the number below the median. Occurring the establishment of Peo-
ple’s Republic of China, WRUAAK was the longest war in China that
lasted from 1950 to 1953. Furthermore, the Chinese government built
a special memorial hall dedicated to the memory of the martyrs and
several heads of Chinese government, such as Xiaoping Deng, Zemin
Jiang, Jintao Hu, and Jinping Xi, took part in the activities related
to the memorial hall. Moreover, soldiers who survived the war are
highly respected and provided with generous benefits. Accordingly,
the WRUAAK significantly affected Chinese teenagers. A man tends
to be deeply affected by martyr army culture from childhood if his/
her birthplace has many martyrs in the WRUAAK, and hence he/she
is likely to join the army or engage in relevant military affairs. Second,
general army culture is a dummy variable, which equals 1 if a firm’s
CEO or chairman was born in a province in which the weighted num-
ber of marshals and generals conferred in 1955 is above the median,
and 0 if the weighted number is below the median. Conferring military

title among Chinese People’s Liberation Army in 1955 is the first and
biggest military conferment activity after the establishment of People’s
Republic of China in 1949. In this activity, the Chinese government
conferred soldier military officer rank according to his/her contribu-
tions to the country’s revolutionary causes. Accordingly, the number
of marshals and generals in each province will have a “demonstration
effect” and “celebrity effect” on young people in that province, such
that the young people will be inspired to join the army. The higher
the number of marshals and generals, the more likely an individual
was influenced by the army culture, and thus he/she will be more
likely to join the army. To account for the influence of different mili-
tary officer ranks, we assigned different weights according to the
ranks. Among them, the weight ratio of marshal, general, admiral,
and lieutenant general is 4:3:2:1 respectively.

Both measures related to birthplace of CEO or chairman may affect
focal individuals’ tendency of joining the army, but are not related to a
firm’s environmental strategies in CEO’s or chairman’s current work-
ing place. To empirically validate the IV estimates can be trusted
and the two IVs are exogenous, we conducted four tests. First, we con-
ducted a Hausman test to compare the instrumental and non-
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Table 3
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Standard negative binomial estimations of military experienced executives on environmental innovation.

Dependent variable: firm environmental innovation in t + 1

6) @ ® (©)] (10)
Duality —0.080 —0.082 —0.083 —0.553
(0.086) (0.085) (0.081) (0.351)
Board independence 0.038 0.121" 0.104" -0.197
(0.033) (0.042) (0.037) (0.136)
Firm size 0.313" 0.307" 0.290* 0.186
(0.114) (0.115) (0.123) (0.471)
Listing age 0.087 0.084 0.111 0.421
(0.172) (0.174) (0.168) (0.416)
Political tie 0.103* 0.132" 0.136" -0.525
(0.052) (0.049) (0.046) (0.389)
Equity ratio 0.020 0.024 0.008 —0.185*
(0.057) (0.060) (0.069) (0.091)
R&D intensity 0.099 0.121 0.103 0.171
(0.116) (0.112) (0.115) (0.515)
Patents number —0.054 —0.051 —0.050 0.103
(0.051) (0.048) (0.050) (0.089)
Capital intensity 0.006 0.008 0.005 —0.092
(0.038) (0.038) (0.038) (0.070)
Asset specificity 0.113 0.111 0.112 —-0.138
(0.084) (0.082) (0.081) (0.124)
Financial expenditure 0.108" 0.111" 0.116™" —0.704"
(0.037) (0.035) (0.033) (0.227)
Prior environmental innovation 0.043* 0.042* 0.043* 0.154"
(0.022) (0.022) (0.022) (0.050)
Pro-military culture 0.125"" 0.124™" 0.075% 0.280""
(0.027) (0.030) (0.032) (0.082)
Hazard ratio —2.187* 0.708™" —-3.251"" —-2.566""
(1.080) (0.132) (1.167) (0.607)
Independent variable
Military experienced executives 5.553"" 8.618™" 6.711""
(1.983) (2.462) (1.326)
Military experienced executives X Pro-military culture 0.819""
(0.203)
Duration of military experience 0.041*
(0.020)
Military officer rank 1.092*
(0.499)
Constant 0.582"" —0.507* -0.812"" —-0.656"" -0.218
(0.106) (0.197) (0.225) (0.215) (0.551)
Firm fixed effect No Yes Yes Yes Yes
Year, industry fixed effects Yes Yes Yes Yes Yes
N 6664 6664 6664 6664 255
R square 0.019 0.101 0.103 0.106 0.146

Notes. The coefficients for continuous variables are standardized. Cluster robust standard errors at industry level in parentheses. Significance levels: * p < 0.1, *

p < 0.05 " p <001 " p < 0.001.

instrumental model. The result shows a P value of 0.003, which sug-
gest that non-instrumental model is biased and the IV estimates should
be retained. Second, we used a Bayesian test for under-identification to
ensure that our equation was adequately identified. Third, we did a
weak identification test to evaluate the explanatory power of these
two instrumental variable. The results show a Kleibergen-Paap Wald
F-statistic of 15.22 (above the cut-off of 10), which suggest that these
two instrumental variables are strong. Fourth, considering that we had
two instruments for one endogenous variable, we also performed an
over-identification test (i.e., Sargan test). The results show a rather
small test coefficient with a p-value of 0.3277, suggesting that we can-
not reject the null hypothesis that our instruments are exogenous and
uncorrelated with the error term. All above results give us confidence
in our IV estimates and the choice of instrument variables (Bascle,
2008; Sajons, 2020).

We summarized the results in Appendix B. Consistent with our
expectation, in the first-stage model, martyr army culture and general
army culture are positively and significantly related to executives’ mil-
itary experience. In the second-stage model, the results suggest that
military experienced executives are negatively related to firm pollu-
tion and positively related to environmental innovation. Moreover,
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the effect of military experienced executives on firm pollution and
environmental innovation is strengthened when the pro-military cul-
ture is strong. Thus, after considering the endogeneity by using IV esti-
mates, the results further support H1, H2, H4a, and H4b.

Third, controlling for endogenous variables when the key predic-
tors are endogenous will result in biased estimation. As we control pre-
vious values of dependent variables (i.e., firm pollution and
environmental innovation in T), which may be endogenous, we esti-
mated a dynamic panel data model as a robust test to address this issue
(Arellano & Bond, 1991). Specifically, we used differenced generalized
method of moments (GMM) estimator, where lagged dependent vari-
able was included among the regressors. To empirically validate the
GMM estimates is consistent (i.e., not biased), we conducted two tests.
First, considering the basic assumption of GMM estimates is not auto-
correlation among error terms, we performed Arellano-Bond test for
serial correlation in the first-differenced errors. The results show that
the differenced residuals has first order autocorrelation (P value of AR
(1) in all models below 0.05) but has not second order autocorrelation
(P value of AR(2) in all models above 0.1), which suggest not autocor-
relation among error terms. Second, we conducted Sargan test to
examine the issue of over-identification. The results show that the p-
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value in all model above 0.1, suggesting we cannot reject the null
hypothesis that all instruments are valid. These two tests confirm that
the differenced GMM model is not biased. We summarized the results
in Appendix C and all hypotheses are supported.

Fourth, to verify that the reported results are robust, we used differ-
ent measures of the dependent variables. Specifically, we conducted
the check with the pollution dummy variable (which equals 1 if a firm
has appeared one or more times on the Pollution List in year t; O, other-
wise) as the dependent variable. Then, we tested the hypotheses
related to firm pollution by Logit with firm, industry and year-fixed
effects. We summarized the results in Appendix D. Furthermore, we
conducted the check with the environmental innovation dummy vari-
able (which equals 1 if the firm has one or more environmental patents
in year t; 0, otherwise) as the dependent variable. Following, we tested
the hypotheses related to firm environmental innovation by Logit with
firm, industry and year-fixed effects. We summarized the results in
Appendix E. In sum, the results of the above two tests support H1,
H2, H3b, H4a, and H4b but not H3a.

Fifth, we constructed other forms of independent variables. Mili-
tary CEO and Military chairman are dummy variables that equal 1 if
the CEO or chairman, separately, served in the military or graduated
from a military academy; 0, otherwise. Similarly, when the indepen-
dent variable is Military CEO, Military officer rank takes the value of
1 if the CEO had a military officer rank and O if the CEO was regular
soldiers during his/her military experience. The same goes for Military
Chairman. We reran all the models mentioned above with these two
independent variables respectively and corresponding moderator vari-
able. We summarized the results in Appendix F. Specifically, when
testing the effect of Military CEO, H1, H2, and H4b receive support
but H3a, H3b, H4a do not. Furthermore, when testing the effect of Mil-
itary Chairman, H1, H2, H3b, H4a, and H4b are supported but not
H3a.

Sixth, we constructed continued forms of independent variables—
using the duration of military experience to measure executives’ mili-
tary experiences. We tested the hypotheses related to firm pollution,
environmental innovation, and pro-military culture by negative bino-
mial estimations with firm, industry and year-fixed effects. We summa-
rized the results in Appendix G. The results show that the duration of
military experience is negatively and significantly related to firm pol-
lution, and positively and significantly related to environmental inno-
vation. Such effects are strengthened when focal executives work in
regions in which the pro-military culture is strong. In general, the
results support H1, H2, H4a, and H4b.

Finally, in the primary analysis section, we lagged our dependent
variables by one year to establish the causal link. Lieberson and
O'Connor (1972) demonstrated that leadership effects are at strongest
at approximately two years into their tenure. Thus, we lagged our
dependent variables by two years and conducted our analyses again.
We summarized the results in Appendix I. Specifically, The results sup-
port H1, H2, and H4b. However, H3a, H3b, and H4a are not
supported.

Given that we did not always find full support for all hypotheses in
the various robustness checks, we summary all tests’ specification in
brief and whether specific hypotheses are supported or not in specific
estimates in the following hypotheses testing overview table. (See
Table 4).

Discussion
General discussion

Prior studies on military experienced executives mostly focus on U.
S. firms (Benmelech & Frydman, 2015; Koch-Bayram & Wernicke,

2018; Law & Mills, 2017; Malmendier et al., 2011). However, whether
the characteristics exhibited by military experienced executives in U.S.
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firms are likely to be observed similarly in other countries with distinct
differences in socio-economic features remains uncertain. Various
combinations of civil organizations, industrial norms, culture environ-
ments, and state regulations may cause different modes of discipline
and belief between the U.S. and Chinese army.

In this study, employing imprinting theory as a framework, we
focus on military experienced executives and investigate their poten-
tial effect on firm pollution as well as environmental innovation simul-
taneously. Basing on the dataset of heavily polluting industries from
Chinese-listed firms, we argue that military experience imprints exec-
utives with the values of willingness to follow rules and stewardship
for the collective, making them likely to follow the environmental reg-
ulations and behave in ways that serve the long-term welfare of soci-
ety. Specifically, we generally find that compared with nonmilitary
experienced executives, military experienced executives are less likely
to engage in firm pollution and more likely to participate in environ-
mental innovation. Overall, testing how military experienced execu-
tives affect both negative and positive components of firm
environmental strategies can lead to a more thorough understanding
of the military imprinting effect on firm environmental strategies.
We further theorize about the strength of imprint and divide the
strength of military imprint into two types: the strengths of imprint
at its formation and at its persistence, and investigate factors that
affect each of them. This theoretical separation allows us to systemat-
ically hypothesize the factors that affect the strength of military
imprint. Specifically, our study finds that the strength of military
imprint at its formation is intensified if the focal individual had mili-
tary officer rank. Furthermore, the persistence of the imprint is influ-
enced by current imprint-environment fit. Working in a strong pro-
military culture environment brings the imprint to the fore, thereby
intensifying the strength of imprint at its persistence.

When testing the moderating effect of military officer rank, we con-
trol duration of military experience and we find that military officer
rank still leads to a strong imprinting effect. Given that duration of mil-
itary experience may relate to promotion, this interesting result con-
firms our mechanism that some imprinting happens during the
process of officers’ promotion and training (i.e., higher-level socializa-
tion) and doesn’t just happen through the duration of military experi-
ence (i.e., longer-time socialization).

It should be noticed that, according to contact theory logic
(Pettigrew & Tropp, 2006; Wagner et al., 2006), the effect of military
experienced executives is likely to be strengthened in a weak pro-
military culture environment because military experienced executives’
presence is salient in this condition, leading to a converse argument
with our hypotheses H4a and H4b. However, according to imprinting
theory, unlike dispositional traits, the imprint reflects elements of orig-
inal environment, and thus its expression needs stimulation and cues
from current environment (Tilcsik, 2014). That is, the congruence
between the initial, formative context and subsequent conditions
may lead individuals to resonate strongly with outside stimulation,
thus strengthening the imprint (Tilcsik, 2014).

Theoretical contributions

This research has several important theoretical contributions. First,
we make a theoretical contribution to imprinting research by empha-
sizing the importance of considering imprint formation and imprint
persistence (Marquis & Tilcsik, 2013). Our results show that early-
life experience leaves an imprint on individuals and that the strength
of imprint depends not only on the extent of socialization at the stage
of imprint formation but also on imprint-environment fit at the stage
of imprint persistence. In this vein, our theoretical separation of the
strength of imprint (i.e., the strength at its formation and at its persis-
tence) allows us to systematically hypothesize the factors that influ-
ence the effect of military imprint. Specifically, at the stage of
imprint formation, most prior scholars took imprint formation for
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Table 4
Hypotheses testing overview table.
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Estimated method H1: Military ~ H2: Military H3a: Military officer rank H3b: Military officer rank H4a: Pro-military culture ~H4b: Pro-military culture
experienced experienced strengthens the negative  strengthens the positive strengthens the negative  strengthens the positive
executives executives relationship between relationship between military relationship between relationship between military
negatively positively relate military experienced experienced executives and  military experienced experienced executives and
relate to firm  to environmental executives and firm environmental innovation executives and firm environmental innovation
pollution innovation pollution pollution

Main estimates

1 Two-stage treatment Support Support Support Support Support Support

effects

model + negative
binominal
regression with
firm fixed effect

Robustness checks

2 Propensity score Support Support - - Support Support

matching (PSM)
method

3 Instrumental Support Support - - Support Support

variable method

4 Dynamic panel data Support Support Support Support Support Support

model

5 Use firm pollution  Support Support Not support Support Support Support

dummy variable
and environmental
innovation dummy
variable as DV
separately

6 Use military Support Support Not support Not support Not support Support

experienced CEO as
v

7 Use military Support Support Not support Support Support Support

experienced
chairman as IV

8 Use duration of Support Support - - Support Support

military experience

as IV
9 Lag DV by two years Support Support Not support Not support Not support Support
10 Model without Support Support Support Support Support Support

control variables

Notes: IV is the abbreviation of independent variable, DV is the abbreviation of dependent variable. — means this hypothesis is not tested in this section due to
military officer rank hypotheses only can be tested in the military experienced executives sample.

granted and failed to investigate why individuals form different
strengths of imprint in an identical environment. In this study, we sug-
gest and find that individuals with different ranks in the army may be
receptive to the military environment to a different extent and hence
are imprinted distinctly. Furthermore, at the stage of imprint persis-
tence, the extent to which imprint amplifies or decays is an important
yet understudied issue. In a review paper of imprinting theory,
Marquis and Tilesik (2013) called for future scholars to pay much
attention on imprinting dynamics and encouraged them to explore
how imprints amplify or decay under certain condition. In this study,
according to Tilcik’s (2014) perspective of imprint-environment fit,
we examine another key contingent factor—pro-military culture,
which helps individuals perpetuate the imprint and thus intensifies
the effect of military imprint. Thus, our study provides a significant
contribution to understanding why imprint changes over time and
exists in various intensities in different environments.

Second, by demonstrating the influence of military experienced
executives on firm pollution and environmental innovation, we extend
the research of military experienced executives to corporate environ-
mentalism literature and enrich the literature related to the corporate
outcomes of military experienced executives (Benmelech & Frydman,
2015; Taylor, 2018; Wong et al., 2003). Recent empirical research
demonstrates that military experienced executives are negatively
related to alleged corporate fraud (Benmelech & Frydman, 2015),
financial misconduct (Koch-Bayram & Wernicke, 2018), and tax avoid-
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ance (Law & Mills, 2017). However, as firms are increasingly com-
pelled to engage in societal contributions beyond mere regulatory
compliance, the implication of military experienced executives for
firm behaviors and outcomes fails to be extended to the context of cor-
porate environmentalism. Accordingly, our study extends the research
of military experienced executives to corporate environmentalism lit-
erature (Wang et al., 2018). In addition, researchers increasingly come
to consider good deeds (e.g., environmental responsible activities) and
bad deeds (e.g., environmental irresponsible activities) as conceptually
distinct phenomena, with different implication for firms. Thus, our
simultaneous examination of military experienced executives on nega-
tive and positive components of firm environmental strategies can lead
to a thorough understanding of the imprinting effect on firm environ-
mental strategies.

Third, we contribute to the leadership literature by extending
imprinting theory to leadership literature. Contemporary studies that
adopt an imprinting perspective generally focus on: entrepreneurial
legacy (Jaskiewicz, Combs, & Rau, 2015; Kammerlander et al.,
2015), human resource management (Kidwell, Eddleston, &
Kellermanna, 2018; Kim, Bae, & Yu, 2013; Leung, Foo, &
Chaturvedi, 2013), individual career trajectories (Azoulay, Liu, &
Stuart, 2011; Tilesik, 2014), and individuals’ political ideology
(Marquis & Qiao, 2018; Wang et al., 2019). However, scholars paid
limited attention to the application of imprinting theory on leadership
literature. Filling this research gap is important, because executives’
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decision making is guided by their values and beliefs, which are lar-
gely shaped by experiences during their sensitive period. By embrac-
ing the insights of imprinting theory into leadership literature, this
study suggests that although military experience occurred decades
before individuals entered the corporate elite, the imprinting effect
of military experience is not easily shed, but is inherent and persists
in executives’ decision-making processes.

Furthermore, by exploring how pro-military culture context affects
the strength of military imprint and thus influences executives’ deci-
sion making, we provide a unique mechanism to interpret how contex-
tual factors might shape leadership practices, and hence contribute to
a more comprehensive understanding of the context for leadership
(Johns, 2006; Porter & McLaughlin, 2006; Oc, 2018). A considerable
body of leadership literature focuses on how contextual factors may
affect leadership practices and its consequences (e.g., Ayman &
Adams, 2012; Chizema & Pogrebna, 2019; Hannah et al., 2009; Oc,
2018; Osborn, Hunt, & Jauch, 2002). Considering the mechanism of
how context affects leadership, existing studies focus mostly on
whether context restricts its range, changes the nature of particular
relationships, affects the base rate, generates the curvilinear effects,
tips precarious relationships, and threatens the generalizability of find-
ings about leadership (Johns, 2006; Oc, 2018). In this study, we draw
on insights of imprinting theory to suggest that context determines the
strength of imprint and thus affects leadership outcomes. In doing so,
we provide a new way to understand how context affects leadership
practices (Oc, 2018).

Finally, we extend the studies on the antecedents of firm pollution
and environmental innovation. Contemporary developments in the lit-
erature on firm environmental strategies focus mostly on two aspects:
how institutional pressure leads to homogeneity in environmental
strategies (Berrone et al., 2013; Maung, Wilson, & Tang, 2016), and
exploring the factors that lead firms to exhibit heterogeneous strate-
gies when faced with a common set of pressures (Lewis, Walls, &
Dowell, 2014; Wong et al., 2018). Scholars’ knowledge about how
early life experiences of executives affect firm environmental strate-
gies is limited. By demonstrating that the differences in environmental
strategies can be explained by the executives’ military imprint, we
enrich the understanding of why firms vary in their pollution activities
and environmental innovation. In particular, we emphasize that mili-
tary experience imprints executives with values of willingness to fol-
low rules and stewardship for the collective. The former motivates
firms in heavily polluting industries to follow environmental regula-
tions and thus participate less in firm pollution, whereas the latter
motivates firms to behave in ways that serve the long-term welfare
of society and thus involve more in environmental innovation. Accord-
ingly, we open the “black box” of the relationship between military
experienced executives and firm environmental strategies.

Practical implications

Our study has several practical implications. First, our study lends
support to the assumption that executives’ military imprint affects firm
environmental strategies in China’s heavily polluting industries. We
find that military experienced executives are particularly beneficial
for environmental innovation and encourage less firm pollution activ-
ities. At least for our study setting, governments, shareholders, and
other stakeholders can anticipate the likelihood of environmental
innovation to be high and the likelihood of firm pollution to be low
when a firm is headed by an executive with a military background.
Second, companies can screen certain types of candidates for their
top positions by using military experience as a proxy for executives’
characteristics of following rules or stewardship for the collective.
Third, our results show that military experienced executives apply mil-
itary values and norms (i.e., following rules and stewardship for the
collective) into firm strategic decisions; hence, executives’ identities
may affect how the firms are viewed (Simpson & Sariol, 2018). For
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example, firms headed by military experienced executives are
regarded as less inclined to participate in potentially regulation-
infringing activities. Hiring a military experienced executive can give
the firm a good public image and benefit the firm by inducing positive
responses from various stakeholders (Simpson & Sariol, 2018).

Limitations and future research

This research has a few limitations that deserve to be addressed in
future research. First, we argue that military experience leaves an
imprint, which instills the values of following rules and stewardship
for the collective, on individuals. We use this argument to explain
the mechanism linking military experienced executives and firm envi-
ronmental strategies. However, we do not directly measure these
imprinted characteristics. We encourage future scholars to measure
these imprinted characteristics by using surveys or experimental stud-
ies. Second, when we discuss that military officer rank can strengthen
the relationship between military experienced executives and firm
environmental strategies, we provide an alternative explanation that
individuals may obtain a military officer rank due to their dispositional
traits (i.e., selection effect) instead of socialization effect (i.e., imprint-
ing effect). However, selection effect and imprinting effect may result
in homogenous characteristics, but in different mechanisms (for a
detailed discussion about selection effect, see Wang et al., 2019;
Koch-Bayram & Wernicke, 2018). To confirm the influence of imprint-
ing effect in military officer rank section, we encourage future scholars
with more specific data to use several robustness estimators (e.g.,
Propensity Score Matching) to exclude such alternative explanation
(e.g., Marquis & Qiao, 2018). Third, considering the hard-work
entailed in collecting data to directly measure firms’ pollution perfor-
mance in China, our measures for firm pollution are lightly coarse.
Ultimately, firms may actually engage in pollution activities, but these
activities may not be captured in the Pollution List for certain reasons.
Although the Pollution List compiled by IPE is the first relatively thor-
ough and authoritative blacklist that discloses firm pollution issues of
Chinese-listed firms, we encourage future studies in other contexts
where more specific measures of environmental performance are avail-
able. Similarly, our calculation of pro-military culture is also some-
what coarse. We admit that such construct is only a proxy for the
degree to which the focal province values the military and retired sol-
diers in China. Hence, we encourage future researchers to collect more
detailed data and analyze the variations of military imprint in different
contexts. Fourth, because our sample period is not long enough (only
five years with lags), after we lag dependent variables by two years in
robustness test section, numerous observations were lost and some
hypotheses cannot be tested. Future studies are encouraged to collect
longer panel data to test the relevant hypotheses. Finally, although we
conduct several robustness tests to address the endogeneity issue of
independent variable, endogeneity with regard to control variables
may be a potential issue. For example, being a good environmental
corporate citizen (i.e., dependent variables in our study) may lead to
increased political connections. Future researchers are encouraged to
find a unique set of exogenous instruments for those potentially
endogenous control variables or make a theoretical case for the exo-
geneity of these variables.

Conclusion

In this study, we extend imprinting theory to leadership literature
and focus on how executives’ military imprints affect firm environ-
mental strategies in the context of heavily polluting industries in
China. Our results show that military experienced executives are neg-
atively related to firm pollution but positively related to environmen-
tal innovation. Moreover, the effect of military experienced executives
on firm environmental strategies is strengthened when the focal exec-
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utive had a military officer rank and when the focal executive is work-
ing in a strong pro-military culture environment. Overall, the findings
of this study add evidence to the growing literature on imprinting the-
ory, the influence of military experienced executives on corporate out-
comes, and the antecedents of firm environmental strategies.
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