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Abstract

This study investigates the relationship between academic directors and corporate
eco-innovation in Chinese A-listed firms in the context of the growing urgency of cli-
mate change. Based on the argument that academic directors bring advanced knowl-
edge, skills, experience, and expertise to a corporate board and are more socially
responsible and ethical, we hypothesized that academic directors would have a posi-
tive influence on corporate eco-innovation. We also examine how this nexus is mod-
erated by pollutant firms and firms having qualified foreign institutional investors
(QFIIs). Our results suggest that academic directors have a positive and significant
impact on corporate eco-innovation. The findings remain robust even after employ-
ing alternate proxies for both independent and dependent variables, minimizing
reverse causality and endogeneity concerns, and addressing self-selection bias
through the entropy balancing method. Additionally, our study reveals that the posi-
tive nexus between academic directors and eco-innovation is more pronounced in
pollutant firms and firms having QFlls. This study contributes to the literature on cor-
porate governance, eco-innovation, and emerging markets by providing evidence of
the positive influence of academic directors on eco-innovation, highlighting the
importance of their contribution to enhancing corporate governance mechanisms to
promote environmentally friendly activities and sustainability practices. Furthermore,
our findings offer insight into the role of QFlls in strengthening the positive associa-
tion between academic directors and eco-innovation, suggesting that foreign inves-
tors can support and encourage firms to adopt environmentally friendly practices for

long-term benefits.
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1 | INTRODUCTION

In recent years, eco-innovation has emerged as a crucial political
agenda worldwide, including in China, where efforts to implement
green technologies have intensified. eco-innovation, encompassing
processes and products that enhance energy efficiency and reduce
environmental pollution, is a burgeoning area of research (Barbieri
et al., 2020; Del Brio & Junquera, 2003). While scholars have identi-
fied various antecedents that significantly influence corporate eco-
innovation (Fabrizi et al., 2018; Ha, 2021; Li et al., 2023; Nadeem
et al., 2020), the field remains in its infancy. The extent to which direc-
tors promote corporate eco-innovation by providing their academic
expertise is an open empirical enquiry, which has not been widely
studied. This study aims to extend the existing literature by exploring
whether directors with academic backgrounds significantly impact
corporate eco-innovation within the Chinese context, employing the
resource dependence perspective.

The resource dependence theory (Hillman & Dalziel, 2003;
Pfeffer & Salancik, 1978) posits that the human and relational capital
of directors—encompassing knowledge, skills, experience, and
expertise—crucially optimizes corporate governance mechanisms and
safeguards the interests of shareholders and stakeholders (Elmagrhi
et al,, 2019; Khatib et al., 2021). Prior research on board of directors
suggests that academic directors are more likely to influence various
corporate outcomes due to their analytical thinking, modern manage-
rial and scientific knowledge, and higher social and ethical standards
(Audretsch & Lehmann, 2006; Francis et al., 2015; Huang &
Teklay, 2021; Jin et al., 2022). In addition, based on the view that aca-
demics are generally having comparatively higher social and ethical
standards (Baumgarten, 1982; O'Connell, 1998; Tierney, 1997), Cho
et al. (2017) argue that academic directors not only protect share-
holders' interests but also helpful for corporate stakeholder such as
the society for their role in enhancing sustainability. Therefore, based
on these findings, we expect that directors' academic background can
be an important determinant of corporate eco-innovation due to their
modern managerial and scientific knowledge and higher social and
ethical standards as compared to their counterparts.

While previous studies have focused on the role of senior man-
agement academic experience (He et al, 2021; Mahran &
Elamer, 2023) and the impact of academic directors on general corpo-
rate innovation (Wang, 2020), this study distinguishes itself by specifi-
cally investigating the determinants of eco-innovation. Given the
unique challenges and complexities surrounding eco-innovation
(Barbieri et al., 2020; Del Brio & Junquera, 2003), understanding the
role of directors' academic backgrounds in this context is vital.

Contextually, the Chinese setting offers a particularly compelling
context for examining the relationship between directors' academic
backgrounds and corporate eco-innovation. Following the implemen-
tation of green credit policies and environmental protection laws,
China has experienced significant strides in various domains, including
green patent growth and clean energy investment (Ullah et al., 2022;
Yu et al., 2021). For example, after the implementation of the green

credit policy in 2012 and the environmental protection law in 2014 to

minimize the hazardous production strategy, China has made incredi-
ble progress in various domains. The China National Intellectual Prop-
erty Administration (CNIPA) shows that the number of green patents
showed a 14 times increase (from 16,000 to 223,000) from 2006 to
2017 (Yu et al., 2021). Similarly, to achieve carbon neutrality by 2060,
out of a total of $755 billion in clean energy investment around the
world in 2021, China accounted for $266 (35%) billion.* Also, since
1978, China has undergone significant transformation and has shortly
become the second-largest Economy in the world (Jiang & Kim, 2015,
2020). Despite rapid Economic growth, protecting stakeholders' inter-
ests remains a critical concern for boards of directors, given the chal-
lenges posed by weaker laws and agency problems (Jiang &
Kim, 2020).

The findings of this study indicate a positive and significant asso-
ciation between directors' academic backgrounds and corporate eco-
innovation, particularly in polluting industries and firms with qualified
foreign institutional investors (QFlls). To ensure robustness, various
methods were employed to address potential issues such as reverse
causality, endogeneity, and selection bias. Overall, our findings cor-
roborate our hypothesis that academic directors tend to enhance eco-
innovation and also recommend that resource dependence perspec-
tive can better explain the presence of academic directors on a corpo-
rate board.

This study contributes to the existing literature in four key
aspects. First, preceding studies are predominantly focused on the
impact of directors' academic background on various outcomes
including firm performance (Francis et al, 2015), corporate social
responsibility (Cho et al., 2017), and minority shareholders expropria-
tion (Huang & Teklay, 2021). Moreover, studies regarding the deter-
minants of eco-innovation show that various factors including
corporate governance (Chen et al., 2023; Garcia-Sanchez et al., 2020;
Nadeem et al., 2020; Quan et al., 2023) affect corporate eco-
innovation. Therefore, based on the argument that academic directors
are more knowledgeable, social, and ethical, this study is expected to
enrich the literature regarding the consequences of directors' aca-
demic background and determinants of eco-innovation.

Second, mostly studies on academic directors in the Chinese con-
text are limited to independent academic directors (Huang &
Teklay, 2021; Jin et al., 2022; Pang et al., 2020). The prior literature
suggests that independent directors in China are not effective moni-
tors as firms appoint such directors to fulfill legal requirements
(Jiang & Kim, 2015), and also most of these directors are rookies (less
experienced), which limits their ability to effective monitoring (Bai &
Yu, 2022; Chen et al., 2022; Ullah et al., 2023). Moreover, preceding
studies recommend that special attributes of directors should be
observed at board level and should not be restricted to independent
directors (Giannetti et al., 2015; Wen et al., 2020). Therefore, we fur-
ther contribute to the literature by analyzing how the proportion of all
academic directors to the total board size affects eco-innovation.

1See for details: https://www.greenbiz.com/article/government-policy-spurs-investment-
chinese-climate-tech.
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Third, even though China is recently trying to move towards a
greener economy (Ullah et al., 2022; Xiao & Wang, 2020). However,
their aggressive production approach in the past has created serious
environmental issues (air pollution, wastage of resources, and high
amount of chemical discharge) and has adversely affected national
and firm-level outcomes (He et al., 2016; Xiao & Wang, 2020; Yang &
Liu, 2018). As the existing studies (Audretsch & Lehmann, 2006; Cho
et al,, 2017; Francis et al., 2015; Jin et al., 2022; Tierney, 1997) con-
tend that academic directors are more ethical and social as compared
to their other counterparts; therefore, we contribute to the prevailing
literature by testing whether or not academic directors can work as an
effective monitor to enhance eco-innovation in polluting firms.

Fourth, the proportion of QFlls has shown a gradual increase
after the implementation of a policy in 2002 that permits QFlls to
hold A-shares listed firms in China. However, still, the presence of
QFlls is quite low in China. Meanwhile, existing studies provide con-
trasting arguments (positive and negative) about their contribution to
governance and their impact on various corporate outcomes (Cao
et al, 2017; Huang & Zhu, 2015; Jiang & Kim, 2015; McGuinness
et al, 2017). Therefore, based on these contrasting arguments, we
further contribute by testing the moderating role of QFlls in the nexus
between academic directors and eco-innovation.

The remainder of the paper is organized as follows: Section 2 pre-
sents the literature review and hypotheses, Section 3 details the
research design, Section 4 discusses the empirical findings, and
Section 5 concludes with implications and directions for future

research.

2 | LITERATURE REVIEW

21 | Determinants of eco-innovation

Eco-innovation, encompassing environmental or green innovation,
refers to the development and implementation of green technologies
that optimize resource utilization and mitigate environmental pollu-
tion (Barbieri et al., 2020; Del Brio & Junquera, 2003; Nadeem
et al., 2020; Vasileiou et al., 2022). Current research posits that eco-
innovation not only contributes to pollution and CO, reduction but
also enhances shareholder value in the long term (Zhang et al., 2019).
For instance, Vasileiou et al. (2022) establish a positive link between
green innovation and firm performance in Italy, while Zaman et al.
(2021) demonstrate that eco-innovation safeguards shareholder inter-
ests by reducing stock price crash risk.

Given the importance of eco-innovation for corporate stake-
holders (Adomako & Nguyen, 2023; Bos-Brouwers, 2010; Al Frijat,
Albawwat, & Elamer, 2023; Kazemi et al., 2023; Srouji et al., 2023;
Tang et al., 2018), numerous countries have implemented various
green financial policies to foster eco-innovation at both national and
firm levels. Some studies have investigated the relationship between
regulatory policies and eco-innovation to assess their effectiveness.
Fabrizi et al. (2018), examining data from 23 European countries, find

that market-based regulatory policies and participation in the
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European green research network significantly  enhance
eco-innovation. Hu et al. (2021) argue that China's 2012 green credit
policy has substantially promoted eco-innovation. Additionally, gov-
ernments often provide subsidies, including R&D support and dis-
counted loans, to specific sectors to encourage eco-innovation and
discourage pollution (Bai et al., 2019; Huang et al., 2019).

As eco-innovation demands substantial resources, organizational
factors are also deemed critical drivers (Kim et al, 2021; Li
et al., 2023). Kim et al. (2021) contend that firms operating in multiple
countries gain a competitive edge over local firms in terms of opera-
tional risk, resources, and human capital, resulting in a positive associ-
ation between corporate internationalization and eco-innovation. Li
et al. (2023) propose that environmental, social, and governance activ-
ities within a firm can spur eco-innovation in peer firms due to the
green spillover effect within the industry.

Considering that eco-innovative firms are viewed as more ethical
and effective in protecting shareholder and stakeholder interests
(Kunapatarawong & Martinez-Ros, 2016; Vasileiou et al, 2022;
Zaman et al., 2021), existing literature has also investigated various
governance mechanisms to determine their contributions to eco-
innovation. Nadeem et al. (2020) analyze data from US-listed firms
and discover a positive and significant relationship between board
gender diversity and corporate eco-innovation. Chen et al. (2023)
reveal that directors' foreign experience positively impacts eco-
innovation in China, while Quan et al. (2023) report that CEO foreign
experience enhances corporate eco-innovation. Furthermore, Garcia-
Sanchez et al. (2020) demonstrate that institutional ownership bol-
sters eco-innovation.

Although previous research has analyzed the effects of various
governance mechanisms, including directors' attributes, on
eco-innovation, no study has yet examined the impact of academic
directors on eco-innovation. Academic directors, who are believed to
possess up-to-date knowledge and hold higher social, ethical, and rep-
utational standing, remain an underexplored area in eco-innovation

research.

2.2 | Academic directors and corporate outcomes
The literature recognizes academic directors as being socially and
morally more obligated compared to their non-academic counterparts,
prompting researchers to investigate their roles on corporate boards
and the effects on various corporate behaviors (Audretsch &
Lehmann, 2006; Cho et al., 2017; Francis et al., 2015; Huang &
Teklay, 2021; Jin et al., 2022). Audretsch and Lehmann (2006) empha-
size that the likelihood of having academic directors on a board is
influenced by geographic proximity to a university and industry. Fran-
cis et al. (2015) argue that a higher proportion of academic directors
enhances firm performance, a finding supported by Liu (2020). In con-
trast, White et al. (2014) report that market reactions to the appoint-
ment of academic directors are relatively muted.

Huang et al. (2016) demonstrate that academic directors with

accounting backgrounds contribute to improved financial reporting
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quality, while Cho et al. (2017) reveal that firms with a higher propor-
tion of academic directors are more likely to exhibit increased corpo-
rate social responsibility. Chen et al. (2019) argue that the unexpected
resignation of academic directors is perceived as a loss by the market,
as such resignations lead to reduced corporate stock returns—a result
corroborated by Pang et al. (2020).

Huang and Teklay (2021) suggest that although academic inde-
pendent directors protect minority shareholders, they simultaneously
reduce a firm's investment efficiency. Jin et al. (2022) contend that
academic independent directors enhance financial reporting quality,
corporate social responsibility, and decrease agency costs and overin-
vestment activities, ultimately reducing stock price crash risk.

Despite the numerous studies investigating the impact of aca-
demic directors on various corporate outcomes, to the best of our
knowledge, none have yet explored how academic directors influence
eco-innovation. This gap in the literature presents an opportunity for

further research in this area.

2.3 | Academic directors and eco-innovation
The resource dependency perspective (Pfeffer & Salancik, 1978) has
been used to study the effect of corporate boards on various corpo-
rate outcomes. According to this theory, directors enhance a firm's
legitimacy and public image by providing advice and counsel based on
their knowledge, experience, expertise, and skills. Additionally, direc-
tors with diverse attributes contribute to firm-stakeholder linkages,
access to resources, external relations, strategy formulation, and other
significant decisions. In line with this view, the representation of aca-
demic professionals in managerial and directorial roles has garnered
considerable attention (Audretsch & Lehmann, 2006; Chen
et al, 2019; Cho et al, 2017; Francis et al, 2015; Jiang &
Murphy, 2007). It is posited that academic professionals possess
unique  characteristics and are obligated
(Baumgarten, 1982; O'Connell, 1998; Tierney, 1997).

For instance, Baumgarten (1982) asserts that professors and aca-

socially  more

demicians have responsibilities to various community groups, both
within and outside the classroom, necessitating that they maintain
high moral standards and pursue social benefits rather than personal
gain. Tierney (1997) highlights that professors' and academics' funda-
mental responsibilities—teaching, research, and service to the univer-
sity and community—ultimately lead to long-term positive societal
impacts.

Empirical studies on academic directors suggest that they are
more ethical and socially conscious, possessing up-to-date managerial
and scientific knowledge to effectively protect shareholders' interests
(Audretsch & Lehmann, 2006; Chen et al., 2019; Cho et al., 2017;
Francis et al., 2015). For example, research indicates that a higher pro-
portion of academic directors improves firm performance (Francis
et al, 2015), financial reporting quality (Huang et al., 2016), and
reduces stock price crash risk (Jin et al., 2022) and minority share-
holder expropriation (Huang & Teklay, 2021). Furthermore, based on
the argument that academics are more likely to contribute to the

community (Baumgarten, 1982; Tierney, 1997), Cho et al. (2017) find
that firms with a higher proportion of academic directors are more
likely to engage in corporate social responsibility initiatives.

In the same vein, existing literature on eco-innovation posits that
corporate governance factors, including board attributes, significantly
influence eco-innovation (Chen et al., 2023; Garcia-Sanchez
et al, 2020; Nadeem et al., 2020). For instance, in line with the
resource dependency perspective, prior studies suggest that board
gender diversity (Nadeem et al., 2020), directors' foreign experience
(Chen et al., 2023), CEO foreign experience (Quan et al., 2023), and
institutional ownership (Garcia-Sanchez et al., 2020) play significant
roles in eco-innovation. However, these studies largely overlook the
role of academic directors in eco-innovation, which is particularly
important for two reasons.

First, with the growing global debate on climate and environ-
mental issues among regulators, media, and the general public, firms
must demonstrate a strong commitment to reducing environmental
pollution through eco-innovation, transitioning from environmentally
harmful production processes to eco-friendly alternatives. Second,
engagement in eco-innovation not only reduces a firm's environ-
mental impact but ultimately protects shareholders' interests, as
such firms tend to enjoy higher long-term profits (Vasileiou
et al., 2022) and a lower likelihood of stock price crash risk (Zaman
et al,, 2021).

In conclusion, drawing from the resource dependency theory, we
argue that academic directors bring specialized knowledge, skills, and
expertise to the boardroom. Furthermore, with their strong ethical
and social values, academic directors are more attentive to the inter-
ests of all parties, including the community, and are likely to engage in
activities (such as eco-innovation) that yield social benefits. Based on
this reasoning, we propose the following hypothesis:

H1. There is a positive and significant relationship
between academic directors and corporate eco-

innovation.

3 | RESEARCH DESIGN

3.1 | Sample

Our study's sample consists of A-listed firms from the Shenzhen and
Shanghai stock exchanges for the period between 2008 and 2019.
Data on eco-innovation was sourced from the Chinese Research Data
Service (CNRDS), while data for the remaining variables (independent,
moderating, and control) was obtained from the China Stock Market
Research (CSMAR) database. Both of these databases have been
extensively employed in previous studies (Chen et al, 2023; Jin
et al,, 2022; Li et al., 2023). The purpose of choosing A-share firms is
to follow the argument of Giannetti et al. (2015) who stated that Chi-
nese firms generally issue three types of shares, namely, A, B, and H
shares. They further stated that A shares (B shares) were specifically
issued for domestic (foreign) investors; however, foreign (domestic)

investors were also allowed to hold A shares (B shares) since 2002
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(March 2001). Additionally, a limited number of firms can issue H
shares on the Hong stock exchanges; however, as per Giannetti et al.
(2015), Chinese firms listed in overseas stock exchanges are generally
not listed in the domestic market.

To ensure an accurate sample, we took the following steps:
(1) excluded firms in the financial industry due to their different finan-
cial structure and regulations (a total of 105 observations); (2) elimi-
nated ST, *ST, and PT firms; and (3) removed observations with
missing data (a total of 235 observations). This process resulted in a
final sample of 11,336 observations. To mitigate the impact of
extreme values, we winsorized all continuous variables at the 1% and
99% levels.

3.2 | Eco-innovation

In line with previous studies (Chen et al., 2023; Hu et al., 2021; Li
et al., 2023), we measured eco-innovation using two approaches.
First, we calculated eco-innovation as the natural logarithm of 1 plus
the total number of green patents filed by a firm in a given year. Sec-
ond, for a robustness check, we measured eco-innovation as the natu-
ral logarithm of 1 plus the total number of green invention patents

filed by a firm in a given year.

3.3 | Directors' academic background

In accordance with previous research (Cho et al., 2017; Liu, 2020), we
assessed directors' academic backgrounds using two proxies. First,
we calculated the proportion of academic directors by dividing the
total number of academic directors by the total number of directors in
a given year. Second, we used the total number of academic directors

a firm has in a specific year as an alternative measure.

3.4 | Control variables

Drawing on prior research (Bilal et al., 2023; Cho et al, 2017;
Ezeani et al., 2022; Ezeani, Kwabi, et al., 2023; Ezeani, Salem,
et al., 2023; Garcia-Sanchez et al.,, 2020; Javed et al., 2023; Kim
et al., 2021; Li et al, 2023; Nadeem et al., 2020; Usman
et al,, 2023), we controlled for various factors that may significantly
influence eco-innovation. For instance, Nadeem et al. (2020) empha-
size the potential impact of board attributes on eco-innovation.
Consequently, we incorporated three board-related variables: board
size (total number of directors), board independence (total indepen-
dent directors divided by total directors), and gender diversity (total
female directors divided by total directors). Javed et al. (2023) con-
tend that CEO characteristics also play a crucial role in corporate
eco-innovation. As such, we considered three CEO characteristics:
CEO age (natural log of the CEO's total age), CEO gender (a dummy
variable equaling “1” if the CEO is female and “0” otherwise), and

CEO duality (a dummy variable equaling “1” if the CEO also serves
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as board chairman and “0” otherwise). Garcia-Sanchez et al. (2020)
argue that a firm's ownership structure can affect corporate eco-
innovation. We utilized two ownership-related variables: institutional
ownership (number of shares held by institutional investors divided
by total shares outstanding) and largest shareholder (number of
shares held by the largest shareholder divided by total shares out-
standing). Finally, we included firm-specific variables (Abdelkader
et al, 2024; Al Frijat et al., 2023; Kazemi et al, 2023; Liu
et al,, 2023; Mahran & Elamer, 2023; Selmey & Elamer, 2023) such
as leverage (total debt to total assets), return on assets (income
before interest and taxes divided by total assets), market-to-book
ratio (market value of equity divided by book value of equity), and
firm size (log of a firm's total assets in a given year).

3.5 | Econometric model
We check the hypothesis of our study by using the below regression
model with year and industry fixed effect.

Eco — innovation;; = bg + p; Academic directors;; + f,Controls; (1)

+P3Industry; + B4 Yeart + €iteveereerrireeiiiiiiniiiiecsne

The suggested variables shown in the above equation have been
briefly explained in Sections 3.2, 3.3, and 3.4, respectively.

4 | EMPIRICAL RESULTS

4.1 | Summary statistics

Figure 1 demonstrates a comparison of eco-innovation patent filings
between firms with a higher versus lower proportion of academic
directors. By defining high versus low proportion of academic direc-
tors based on the mean value, a high proportion of academic direc-
tors equals “1” if it is greater than the mean value of academic
directors, and “0” otherwise. The results indicate that, on average,
firms with a higher proportion of academic directors tend to file
more patent applications related to eco-innovation than those with
a lower proportion of academic directors. This observation supports
the idea that the presence of academic directors on corporate
boards positively influences the firm's engagement in eco-innovative
activities, as they may bring valuable expertise, knowledge, and ethi-
cal perspectives that encourage the adoption of environmentally
friendly practices.

Table 1 presents the summary statistics for the variables used in
this study, including the total number of observations, mean, standard
deviation, and percentile values (25th, 50th, and 75th). The average
value of eco-innovation patents is 1.316, which aligns with previous
studies in the Chinese context (Hu et al., 2021; Li et al., 2023). The
average proportion of academic directors is 0.338, indicating that out
of all directors in each firm, 33% are from academia. This value is con-

sistent with the findings of Liu (2020). Furthermore, the results reveal
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Eco-innovation patent application from 2008 to 2019

7
1

6

Eco-innovation patent applications
4 5
1 1

FIGURE 1 Eco-innovation patent
applications. This figure indicates the
average number of eco-innovations
from 2008 to 2019 in firms having
high versus low proportions of
academic directors.

o -
20|08 20|09 20|1 0 20|11 20|1 2 20|1 3 20114 20|1 5 20|1 6 2011 7 20|1 8 20|1 9
Year
Academic directors low Academic directors high
Variables N Mean sD P25 P50 P75 TABLE 1 Summary statistics.
G_Patents 11,336 1.316 0.936 0.693 1.099 1.792
Board Academic 1 11,336 0.338 0.179 0.222 0.333 0.444
Board Academic 2 11,336 3.079 1.725 2.000 3.000 4.000
Board size 11,336 9.250 2.580 8.000 9.000 9.000
Independence 11,336 0.374 0.0560 0.333 0.333 0.429
Female directors 11,336 0.129 0.121 0.000 0.111 0.222
CEO age 11,336 3.895 0.130 3.829 3.912 3.989
CEO female 11,336 0.0500 0.218 0.000 0.000 0.000
CEO duality 11,336 0.261 0.439 0.000 0.000 1.000
Institutions 11,336 0.0680 0.0610 0.0210 0.0520 0.099
Top one 11,336 0.353 0.155 0.232 0.333 0.456
Leverage 11,336 0.449 0.201 0.292 0.448 0.600
ROA 11,336 0.0360 0.0360 0.0180 0.0320 0.0520
M/B 11,336 1.886 0.995 1.241 1.583 2.170
Size 11,336 2243 1.396 2141 22.22 23.24
QFlls 11,336 0.186 0.389 0.000 0.000 0.000

Note: This table presents the summary statistics of dependent, independent, control, and moderating

variables.

that each firm has, on average, around 3 academic directors. The sum-
mary statistics for the control variables are in line with prior studies
(Chen et al., 2023; Hu et al,, 2021; Javed et al., 2023; Li et al., 2023),
providing a strong foundation for comparing the results of this study
with previous research.

Table 2 shows the univariate test results, comparing the mean
value of eco-innovation in firms with a high versus low proportion of
academic directors. The results show that firms with a higher propor-

tion of academic directors tend to be more eco-innovative than their

counterparts. The T-test values indicate that the difference in the
mean values of eco-innovation is statistically significant. These find-
ings support the hypothesis that firms with a higher proportion of aca-
demic directors are more likely to engage in eco-innovation compared
to firms with a lower proportion of academic directors. This is consis-
tent with the argument that academic directors bring unique knowl-
edge, skills, and expertise to the boardroom, along with strong ethical
and social values, which contribute to a higher level of eco-innovation

within the firm.
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TABLE 2 Univariate analysis.

High Board Academic 1 = 1

[ ] 5057
and the Environment @ E_WI LEYJ_

High Board Academic 1 = 0

Differences
Variables Observations Mean Observations Mean T-value
G_Patents 6286 1.335 5050 1.291 —2.502**
G_Inventions 6286 0.897 5050 0.813 —4.997***

Note: This table presents the mean difference in eco-innovation patents including total and invention
applications filed in firms having high versus low proportions of academic directors.

*Significance level (two-tailed) at 10%.

**Significance level (two-tailed) at 5%.

***Significance level (two-tailed) at 1%.

Table 3 presents the results of the variance inflation factor (VIF)
and correlation analyses for all variables considered in the study. As
per Kennedy (2008), the sample of this study does not have a multi-
collinearity issue since all variables have VIF values less than the
standard criteria of 10. The findings indicate that academic directors,
board size, institutional ownership, largest shareholders, leverage,
and firm size have a positive and significant association with
eco-innovation. In contrast, gender diversity, return on assets, and
market-to-book ratio exhibit a negative and significant impact on
eco-innovation. CEO age, female CEO, and CEO duality show no
association with eco-innovation. These results further support the
hypothesis that academic directors positively influence eco-
innovation in firms. Additionally, the findings highlight the complex
relationship between various corporate governance factors and eco-
innovation, with some variables promoting eco-innovation, while

others might hinder it.

4.2 | Regression results

Table 4 presents the regression results of the effect of academic
directors on eco-innovation. Columns (1) and (2) display the
relationship between academic directors and eco-innovation with-
out including control variables, while Columns (3) and (4) show the
relationship after including control variables in the regression
model. Columns (1) and (3) use the first proxy (Board Academic 1)
for academic directors, and Columns (2) and (4) present the find-
ings using the second proxy (Board Academic 2) for academic
directors.

The regression coefficients of academic directors are all
positive and significant at the 1% level, supporting our first hypoth-
esis that academic directors tend to increase corporate eco-
innovation. From an Economic significance perspective, Column
(1) indicates that a one standard deviation increase in academic
directors (Board Academic 1) leads to a 0.024 (=0.072 x 0.338)
increase in eco-innovation. These findings are consistent with prior
studies arguing that academic directors bring modern knowledge,
skills, and expertise and are more socially and ethically oriented
compared to their counterparts (Cho et al, 2017; Francis
et al., 2015; Hillman & Dalziel, 2003; Jin et al., 2022; Pfeffer &
Salancik, 1978).

Finally, the findings of all the control variables align with previous
studies regarding the determinants of eco-innovation (Cho
et al., 2017; Garcia-Sanchez et al., 2020; Javed et al., 2023; Li
et al., 2023; Nadeem et al., 2020).

4.3 | Robustness test

To ensure the robustness of our results, which show that academic
directors enhance corporate eco-innovation, we employed two addi-
tional methods: using alternate proxies for eco-innovation and aca-
demic directors and addressing reverse causality by taking different
lags of our main independent variable.

43.1 | Alternate proxies

Table 5 presents the results of robustness tests using alternate prox-
ies for eco-innovation and academic directors. We measured eco-
innovation by the total number of green invention patents
(G_Inventions) filed by a firm in a given year. Additionally, we followed
the approach of Cho et al. (2017) and measured academic directors by
the proportion of directors with prior experience as a professor in a
school or college to the total number of directors. The empirical
results in Columns (1) and (2) indicate that academic directors have a
positive and significant impact on corporate invention patents. Simi-
larly, in Column (3), the results show that professors working in
schools and colleges tend to increase corporate eco-innovation.
Moreover, the coefficient values of all models are greater than those
obtained in the main regression table.

These additional analyses further support our initial findings that
academic directors contribute to enhancing corporate eco-innovation.
The use of alternate proxies and the consistency of the results across
different measures provide robust evidence for the positive relation-

ship between academic directors and corporate eco-innovation.

4.3.2 | Standard errors clustered

To avoid time series and cross-sectional dependence, we followed the

preceding literature (Gow et al., 2010; Thompson, 2011) and clustered
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TABLE 4 Regression results.

Busi Strat [ ] 5059
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(1) (2) 3) ()
Variables G_Patents G_Patents G_Patents G_Patents
Board Academic 1 0.072*** 0.108***
[0.005] [0.000]
Board Academic 2 0.054*** 0.035***
[0.002] [0.000]
Board size 0.012 0.010
[0.182] [0.296]
Independence 0.077 0.097
[0.723] [0.652]
Female directors —0.110** -0.111*
[0.021] [0.021]
CEO age —0.263** —0.261**
[0.012] [0.012]
CEO female 0.043 0.044
[0.428] [0.421]
CEO duality 0.099*** 0.099***
[0.000] [0.000]
Institutions 0.141 0.144
[0.439] [0.431]
Top one -0.050 —0.050
[0.564] [0.565]
Leverage 0.056 0.054
[0.467] [0.480]
ROA —0.973** —0.973**
[0.024] [0.024]
M/B 0.050"** 0.051***
[0.000] [0.000]
Size 0.207*** 0.207***
[0.000] [0.000]
Constant 0.924*** 0.877*** —2.767** —2.764***
[0.000] [0.000] [0.000] [0.000]
Industry effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes
Observations 11,336 11,336 11,336 11,336
R-squared 0.031 0.032 0.106 0.106

Note: This table presents the nexus between academic directors and eco-innovation. The p-values are
reported in brackets. The variables are defined in Appendix A.

*The significance level (two-tailed) at 10%.
**The significance level (two-tailed) at 5%.

***The significance level (two-tailed) at 1%.

standard errors across firms and years. Here, we followed the similar
approach employed in Tables 4 and 5 (main regression and alternate
proxies) to analyze the association between academic directors and
eco-innovation. The findings in Table 6 indicate that academic direc-

tors tend to have a positive and significant impact on eco-innovation

for the proxies employed in the main regression model (Table 4) and
alternative ones (Table 5) for both academic directors and eco-
innovation. These findings further strengthen our argument that a
higher proportion of academic directors on a corporate board are

more likely to enhance corporate eco-innovation.
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TABLE 5 Alternate proxies.

(1) (2) (3)

Variables G_Inventions G_Inventions G_Patents
Board Academic 1 0.207***
[0.000]
Board Academic 2 0.075***
[0.000]
Board Academic 3 0.140**
[0.013]
Board size 0.015* 0.010 0.012
[0.070] [0.194] [0.191]
Independence 0.271* 0.305** 0.083
[0.057] [0.035] [0.703]
Female directors —0.182*** —0.182*** —0.116**
[0.003] [0.003] [0.016]
CEO age —0.235*** —0.232*** —0.260**
[0.006] [0.007] [0.015]
CEO female 0.011 0.013 0.043
[0.829] [0.811] [0.428]
CEO duality 0.099*** 0.100*** 0.098***
[0.000] [0.000] [0.000]
Institutions 0.154 0.157 0.141
[0.353] [0.345] [0.441]
Top one -0.107 —0.106 —0.050
[0.303] [0.305] [0.572]
Leverage -0.152** —0.154** 0.055
[0.023] [0.021] [0.478]
ROA -1.110** —1.108** -0.974**
[0.019] [0.020] [0.024]
M/B 0.076*** 0.076*** 0.051***
[0.000] [0.000] [0.000]
Size 0.237*** 0.237*** 0.207***
[0.000] [0.000] [0.000]
Constant —3.933"** —3.925"** —2.764***
[0.000] [0.000] [0.000]
Industry effect Yes Yes Yes
Year effect Yes Yes Yes
Observations 11,336 11,336 11,336
R-squared 0.119 0.118 0.106

Note: This table presents the nexus between academic directors and eco-
innovation by using alternate proxies for both independent and dependent
variables.

*The significance level (two-tailed) at 10%.

**The significance level (two-tailed) at 5%.

***The significance level (two-tailed) at 1%. The p-values are reported in
brackets. The variables are defined in Appendix A.

433 |
effect

Negative binomial regression and firm fixed

We used negative binomial regression in Table 7 to address the issue

that the total number of green patents is non-negative and discrete.

In Columns (1) and (2), instead of log values, we employed a total
number of green patents filed by a firm in a particular year as a proxy
for eco-innovation. The empirical findings in these columns indicate
that academic directors are positively and significantly associated with
corporate eco-innovation activities.

Moreover, our findings in Table 4 might be driven due to certain
unobservable firm-level factors that are not included in the model.
One method to solve the issue of omitted-variable bias is to employ a
firm-fixed effect model as it accounts for any unobservable character-
istics that remain constant over time and capture variations with firms
across different times. Thus, we re-estimate Equation (1) by replacing
industry-fixed effects with firm-fixed effects. The empirical results in
Table 7 Columns (3) and (4) indicate that both proxies of academic
directors still have a positive and significant impact on eco-innovation.
These findings show that our results are unlikely to be affected by
unobservable and time-invariant firm-level factors that might be

omitted.

43.4 | Reverse causality

In Table 8, we address the reverse causality issue by taking academic
directors at three different year lags (from t — 1 to t — 3), following
the recommendation of Chen et al. (2023). This approach helps to
minimize the reverse causality issue in eco-innovation, which may
arise due to the long R&D period of patents.

The results from columns (1) to (6) consistently show that aca-
demic directors have a positive and significant impact on eco-
innovation, even after accounting for potential reverse causality
issues. These findings further support our hypothesis and corroborate
the robustness of our initial results.

44 | Endogeneity test

To mitigate the possible endogeneity arising from the correlation
between academic directors and unobserved factors such as effective
corporate governance and higher firm performance, we employ two

approaches, namely, the instrumental variable and EBM.

441 | Instrumental variable

Two-stage least square (2SLS) regression is a powerful technique
commonly used to address endogeneity concerns in empirical
research. However, one major challenge is identifying a relevant
instrumental variable that satisfies the exogeneity condition (Amin
et al., 2023; Boulhaga et al., 2023). In this study, we tackle this issue
by adopting an instrumental variable approach, following Jin et al.
(2022), who propose that higher education institutions (HEIs) are suit-
able instrument for academic directors. We measure HEls by taking
the natural log of the total number of HEls located in the province

where a firm's headquarters are situated. The rationale for using HEIls
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TABLE 6 Standard errors clustered.

(1)

Busi Strat [ ] 5061
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(2) () (4) (5)

Variables G_Patents G_Patents G_Inventions G_Inventions G_Patents
Board Academic 1 0.108** 0.207***
[0.023] [0.000]
Board Academic 2 0.035* 0.075***
[0.063] [0.000]
0.140**
[0.021]
Board size 0.012*** 0.010** 0.015*** 0.010*** 0.012***
[0.001] [0.014] [0.000] [0.010] [0.001]
Independence 0.077 0.097 0.271* 0.305* 0.083
[0.657] [0.577] [0.096] [0.061] [0.634]
Female directors -0.110 -0.111 —0.182*** —0.182*** —0.116*
[0.114] [0.113] [0.007] [0.007] [0.097]
CEO age —0.263*** —0.261*** —0.235*** —0.232*** —0.260***
[0.000] [0.000] [0.000] [0.000] [0.000]
CEO female 0.043 0.044 0.011 0.013 0.043
[0.261] [0.254] [0.761] [0.735] [0.267]
CEO duality 0.099*** 0.099*** 0.099*** 0.100*** 0.098***
[0.000] [0.000] [0.000] [0.000] [0.000]
Institutions 0.141 0.144 0.154 0.157 0.141
[0.380] [0.370] [0.313] [0.304] [0.379]
Top one —0.050 —0.050 -0.107* —0.106* —0.050
[0.402] [0.405] [0.060] [0.061] [0.408]
Leverage 0.056 0.054 —0.152*** —0.154*** 0.055
[0.290] [0.305] [0.003] [0.002] [0.300]
ROA —0.973*** —0.973*** -1.110*** —1.108*** —0.974***
[0.000] [0.000] [0.000] [0.000] [0.000]
M/B 0.050*** 0.051*** 0.076*** 0.076*** 0.051***
[0.000] [0.000] [0.000] [0.000] [0.000]
Size 0.207*** 0.207*** 0.237*** 0.237*** 0.207***
[0.000] [0.000] [0.000] [0.000] [0.000]
Constant —2.767** —2.764** —3.933** —3.925** —2.764***
[0.000] [0.000] [0.000] [0.000] [0.000]
Industry effect Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes
Observations 11,336 11,336 11,336 11,336 11,336
R-squared 0.106 0.106 0.119 0.118 0.106

Note: This table presents the nexus between academic directors and eco-innovation by clustering
standard errors across firms and years. The p-values are reported in brackets. The variables are defined in

Appendix A.

*The significance level (two-tailed) at 10%.
**The significance level (two-tailed) at 5%.
***The significance level (two-tailed) at 1%.

as an instrument is that firms are likely to appoint academic directors
from nearby schools and universities, which may reduce recruitment
costs. The total number of HEIs in a province also reflects the educa-
tion level and skills in the local market, which are not directly related

to eco-innovation.

Our instrumental variable regression results, presented in
Table 9, provide strong evidence that academic directors have a
positive and significant impact on corporate eco-innovation. Col-
umns (1) and (2) show the first-stage regression results, which indi-

cate that HEIls are positively associated with the proportion of
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Variables

Board Academic 1

Board Academic 2

Board size

Independence

Female directors

CEO age

CEO female

CEO duality

Institutions

Top one

Leverage

ROA

M/B

Size

Constant

Industry effect

Year effect

Firm effect

Observations

R-squared

and the Environment

(1)
G_Patents_Total

0.223***
[0.000]

0.021**
[0.018]
0.230
[0.497]
—0.261*
[0.052]
—0.659***
[0.005]
0.019
[0.823]
0.168***
[0.000]
0.593*
[0.074]
—0.237
[0.106]
0.056
[0.624]
—1.210***
[0.001]
0.103***
[0.000]
0.406***
[0.000]
—5.842***
[0.000]
Yes

Yes

No
11,336
0.046

ULLAH ET AL

2% 5

(2)
G_Patents_Total

0.084***
[0.000]
0.015
[0.106]
0.267
[0.417]
—0.256"
[0.059]
—0.655***
[0.005]
0.021
[0.803]
0.169***
[0.000]
0.592*
[0.076]
—0.240
[0.102]
0.053
[0.642]
—1.209***
[0.001]
0.104***
[0.000]
0.407***
[0.000]
—5.851***
[0.000]
Yes

Yes

No
11,336
0.046

(3)
G_Patents

0.088***
[0.001]

0.006
[0.245]
—0.021
[0.899]
—0.127***
[0.004]
—0.197***
[0.001]
0.055
[0.126]
0.085***
[0.000]
0.042
[0.876]
—0.147**
[0.010]
0.009
[0.905]
—0.363*
[0.088]
0.037***
[0.000]
0.174***
[0.000]
—2.196***
[0.001]
No

Yes

Yes
11,336
0.076

(4)
G_Patents

0.043***
[0.000]
0.002
[0.713]
—0.017
[0.914]
—0.029
[0.617]
—0.142*
[0.059]
0.050
[0.135]
0.093***
[0.000]
—0.057
[0.824]
—0.247***
[0.000]
—0.090
[0.261]
—0.584***
[0.004]
0.060***
[0.000]
0.209***
[0.000]
—2.936***
[0.000]
No

Yes

Yes
11,336
0.065

Note: This table presents the nexus between academic directors and eco-innovation by using negative

binomial regression and firm-fixed effect. The p-values are reported in brackets. The variables are defined

in Appendix A.

*The significance level (two-tailed) at 10%.
**The significance level (two-tailed) at 5%.
***The significance level (two-tailed) at 1%.

academic directors on corporate boards.

10, indicating that our instrumental variable is relevant. Columns
(3) and (4) show the second-stage regression results, which utilize

the predicted values of academic directors obtained in the first

The F-statistics for

the first-stage regression are above the standard threshold of

stage. The findings reveal that academic directors significantly

TABLE 7 Negative binomial
regression and firm fixed effect.

enhance corporate eco-innovation. These results demonstrate the

robustness of our findings and provide further support for our argu-

ment that academic directors play a crucial role in promoting eco-

innovation.
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TABLE 8 Reverse causality.

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

Variables G_Patents G_Patents G_Patents G_Patents G_Patents G_Patents
Board Academic 1; _ 4 0.040*
[0.077]
Board Academic 1, _ , 0.094**
[0.048]
Board Academic 1, _ 3 0.146***
[0.003]
Board Academic 2+ _ 0.041***
[0.002]
Board Academic 2 _ 0.075***
[0.006]
Board Academic 2  _ 3 0.077***
[0.000]
Board size —0.002 0.006 0.010 —0.004 0.001 0.006
[0.922] [0.729] [0.621] [0.798] [0.948] [0.785]
Independence —-0.194 —0.089 —-0.015 —0.208 —-0.104 —0.026
[0.347] [0.711] [0.947] [0.314] [0.667] [0.909]
Female directors —0.173*** —0.162*** —0.155*** —0.167*** —0.154*** —0.151***
[0.000] [0.002] [0.004] [0.001] [0.003] [0.004]
CEO age —0.239** —0.217*** —0.275*** —0.243** —0.222*** —0.276***
[0.043] [0.004] [0.004] [0.038] [0.003] [0.003]
CEO female 0.068 0.063 0.058 0.066 0.061 0.059
[0.421] [0.249] [0.321] [0.426] [0.253] [0.309]
CEO duality 0.108*** 0.114*** 0.115*** 0.107*** 0.113*** 0.115***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Institutions 0.030 0.292* 0.258 0.027 0.285* 0.256
[0.877] [0.071] [0.283] [0.886] [0.077] [0.290]
Top one —-0.071 —0.083 —0.149 —0.073 —0.087 —-0.156
[0.524] [0.570] [0.384] [0.517] [0.554] [0.367]
Leverage 0.035 0.091 0.173 0.039 0.093 0.173
[0.737] [0.376] [0.110] [0.706] [0.363] [0.109]
ROA —0.932* —0.949** —0.785 —0.944** —0.981** —0.807
[0.050] [0.026] [0.189] [0.048] [0.021] [0.176]
M/B 0.079*** 0.096*** 0.126*** 0.080*** 0.098*** 0.126***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Size 0.228*** 0.249*** 0.268"** 0.229*** 0.250*** 0.270***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Constant —2.881*** —3.765*** —4.096*** —2.903*** —3.806*** —4.129***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Industry effect Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes
Observations 7154 5935 4829 7154 5935 4829
R-squared 0.107 0.123 0.129 0.107 0.124 0.129

Note: This table presents the nexus between academic directors and eco-innovation by taking independent variables at different lags. The p-values are
reported in brackets. The variables are defined in Appendix A.

*The significance level (two-tailed) at 10%.

**The significance level (two-tailed) at 5%.

***The significance level (two-tailed) at 1%.
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Variables

Schools

Schools

Board Academic 1

Board Academic 2

Board size

Independence

Female directors

CEO age

CEO female

CEO duality

Institutions

Top one

Leverage

ROA

M/B

Size

Constant

Industry effect

Year effect

First stage F-stats

Observations

R-squared

and the Environment

2% 5

ULLAH ET AL

First stage Second stage
(1) (2) (3) (4)
Board Academic1 Board Academic2 G_Patents G_Patents
0.292***
[0.000]
0.741***
[0.000]
2.470***
[0.000]

0.974***

[0.000]
—0.002*** 0.065*** 0.019*** —0.051***
[0.000] [0.000] [0.000] [0.006]
0.367*** 0.567*** —0.806** —0.450*
[0.000] [0.000] [0.013] [0.072]
—0.062*** -0.177*** 0.047 0.066
[0.000] [0.000] [0.579] [0.446]
0.080*** 0.184*** —0.459*** —0.440***
[0.000] [0.000] [0.000] [0.000]
0.011 0.015 0.014 0.028
[0.157] [0.452] [0.741] [0.508]
0.001 —0.007 0.099*** 0.108***
[0.853] [0.477] [0.000] [0.000]
0.167*** 0.423*** —-0.199 —0.198
[0.000] [0.000] [0.296] [0.299]
—0.001 —0.006 —0.039 —0.034
[0.958] [0.813] [0.555] [0.610]
—0.054*** -0.117*** 0.168** 0.148**
[0.000] [0.000] [0.026] [0.040]
—0.033 -0.129 —0.938*** —0.895***
[0.506] [0.319] [0.001] [0.001]
0.006*** 0.013*** 0.041*** 0.045***
[0.001] [0.009] [0.001] [0.000]
—0.001 —0.001 0.210*** 0.206***
[0.461] [0.907] [0.000] [0.000]
—1.353*** —3.521*** —2.709*** —2.621***
[0.000] [0.000] [0.000] [0.000]
Yes Yes Yes Yes
Yes Yes Yes Yes
63.73 58.89
11,336 11,336 11,336 11,336
0.061 0.132 0.632 0.633

Note: This table presents the nexus between academic directors and eco-innovation by using the 2SLS

method. The p-values are reported in brackets. The variables are defined in Appendix A.

*The significance level (two-tailed) at 10%.
**The significance level (two-tailed) at 5%.
***The significance level (two-tailed) at 1%.

TABLE 9

Instrumental variable.
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TABLE 10 Entropy balancing method.

Panel A: Before entropy balancing

Treatment group High Board Academic 1 = 1 Control group High Board Academic 1 = 0
Variables Mean Variance Skewness Mean Variance Skewness
Board size 9.11 6.143 1.853 9.424 7.247 1.639
Independence 0.376 0.003 1.749 0.370 0.002 1.623
Female directors 0.128 0.014 0.914 0.130 0.014 0.891
CEO age 3.90 0.016 —0.589 3.889 0.017 —0.496
CEO female 0.052 0.049 4.02 0.047 0.045 4.253
CEO duality 0.275 0.199 1.005 0.243 0.184 1.194
Institutions 0.071 0.003 1.186 0.064 0.003 1421
Top one 0.350 0.023 0.551 0.355 0.024 0.485
Leverage 0.435 0.038 0.137 0.466 0.042 0.083
ROA 0.036 0.001 0.759 0.036 0.001 0.571
M/B 1.954 1.073 2.365 1.802 0.871 2.597
Size 22.38 1.944 0.781 2248 1.95 0.660

Panel B: After entropy balancing

Treatment group (Green_Patents_High = 1) Control group (Green_Patents_High = 0)

Variables Mean Variance Skewness Mean Variance Skewness
Board size 9.11 6.143 1.853 9.11 6.924 1.709
Independence 0.376 0.003 1.749 0.376 0.003 1.58
Female directors 0.128 0.014 0.914 0.128 0.014 0.892
CEO age 3.90 0.016 —0.589 3.90 0.017 —0.461
CEO female 0.052 0.049 4.02 0.052 0.049 4.021
CEO duality 0.275 0.199 1.005 0.275 0.199 1.005
Institutions 0.071 0.003 1.186 0.071 0.004 1.267
Top one 0.350 0.023 0.551 0.350 0.023 0.498
Leverage 0.435 0.038 0.137 0.435 0.041 0.191
ROA 0.036 0.001 0.759 0.036 0.001 0.418
M/B 1.954 1.073 2.365 1.954 1.182 2.387
Size 22.38 1.944 0.781 22.38 1.891 0.727

Panel C: Entropy balancing regression results.

(1) (2)

Variables G_Patents G_Patents
High Board Academic 1 0.032*

[0.060]
High Board Academic 2 0.033*

[0.093]

Controls Yes Yes
Industry effect Yes Yes
Year effect Yes Yes
Observations 11,336 11,336
R-squared 0.106 0.071

Note: This table presents the nexus between academic directors and eco-innovation by using EBM. The p-values are reported in brackets. The variables are
defined in Appendix A.

*The significance level (two-tailed) at 10%.

**The significance level (two-tailed) at 5%.

***The significance level (two-tailed) at 1%.
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442 | Entropy balancing method

We adopted the entropy balancing method (EBM) to address self-
selection bias and further strengthen the robustness of our results.
This method enables us to attain a higher degree of covariate balance
and retain valuable information by using a reweighting approach that
directly integrates the covariate into the weight function applied to
the scheme unit (Hainmueller & Xu, 2013). To achieve covariate bal-
ance, we converted our independent variable into a binary outcome
of high academic directors, where a value of “1” indicates firms con-
taining academic directors above the mean value and “0” indicates
firms having academic directors below the mean value. Notably, a pre-
requisite for using the EBM method is that the independent variable
must be binary.

Table 10 presents the EBM results, with Panels A and B showing
the treatment and control group before and after entropy balancing.
The treatment group comprises firms with academic directors above
the mean value, while the control group comprises firms with aca-
demic directors below the mean value. Comparing the covariates of
the treatment and control firms in Panel B reveals that all covariates
achieve matching, unlike in Panel A, where there was a significant
difference between the treated and control groups. Regression
results in Panel C after applying the balancing method confirm that
academic directors have a positive and significant impact on corpo-
rate eco-innovation, further validating our hypothesis that academic
directors enhance corporate eco-innovation. Overall, the EBM
approach strengthens our findings by addressing potential self-

selection bias.

4.5 | Further analysis
451 | The role of academic directors in
polluting firms

We develop the following model to test the role of academic directors

in eco-innovation in polluting firms.

Eco — innovation;; = b 4 p1Academic directors;; + 3, Polluting firmsit
+ P3Academic directorsit « Polluting firmsit + ,Controls;

+PBsINdustry; + B Yeart + €iteeeeerrereereereereeierireereeceieaes (2)

The importance of addressing environmental issues in heavily pol-
luting industries in China has been widely recognized in the literature
(Ullah et al., 2022; Xiao & Wang, 2020). These industries have been
found to contribute to air pollution, natural habitat degradation, and
resource wastage, leading to adverse outcomes for both society
and firms. Given the social responsibility and knowledge of academic
directors (Cho et al., 2017; Francis et al., 2015; Jin et al., 2022), we
argue that they can play a vital role in guiding and directing firms to
engage in environmentally friendly activities to mitigate the adverse
consequences of pollution in heavily polluting industries.

To test this hypothesis, we examined the impact of academic
directors on eco-innovation in heavily polluting industries, as defined
by a binary variable in Table 11. Our findings from Columns (1) to

(4) indicate that academic directors have a significant positive impact

(1)

(2)

Variables G_Patents G_Patents
Board Academic 1 —0.003
[0.951]
Pollutant firms —0.213*** —0.231***
[0.000] [0.000]
Board Academic1 x Pollutant firms 0.196***
[0.001]
Board Academic2 0.031
[0.156]
Board Academic2 x Pollutant firms 0.064*
[0.067]
Controls No No
Industry effect Yes Yes
Year effect Yes Yes
Observations 11,336 11,336
R-squared 0.036 0.036

(3) ) TABLE 11 The impact of academic
G Patents G Patents directors on eco-innovation in pollutant
firms.
—-0.014
[0.804]
—0.271** —0.273***
[0.000] [0.000]
0.324**
[0.000]
0.006
[0.595]
0.086***
[0.000]
Yes Yes
Yes Yes
Yes Yes
11,336 11,336
0.112 0.111

Note: This table presents the nexus between academic directors and eco-innovation in pollutant firms.
The p-values are reported in brackets. The variables are defined in Appendix A.

*The significance level (two-tailed) at 10%.
**The significance level (two-tailed) at 5%.
***The significance level (two-tailed) at 1%.
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on eco-innovation in these industries, supporting our argument that
they can play a crucial role in enhancing corporate environmental per-
formance in heavily polluting industries.

Overall, our study highlights the importance of academic directors
in promoting eco-innovation in heavily polluting industries in China,
where environmental concerns have become increasingly pressing.
The findings suggest that firms in these industries can benefit from
the expertise and social responsibility of academic directors to
improve their environmental performance and mitigate the adverse

consequences of pollution.

45.2 | The role of academic directors in QFIl firms

We have developed the following model to test the role of academic

directors on eco-innovation in firms having QFlls.

Eco — innovation;; = bg + p1Academic directors;; + 8, QFllsit
+ BzAcademic directorsit « QFllsit + f,Controls;

+ BsINAUStry; 4 Bo Yeart + €it.ceeveecrerrrreecreurenerreereneeeeerenreeeaenes 3)

Since 2002, the proportion of QFlls has gradually expanded after
the implementation of a policy where an investing quota was assigned
to them. The existing literature suggests that foreign investors play a
vital role in affecting corporate strategies either through their moni-
toring abilities (Choe et al, 1999; Huang & Shiu, 2009; Luong

TABLE 12 The impact of academic

directors on eco-innovation in QFII firms. .
Q Variables

Board Academic 1
QFlls
Board Academicl x QFlls

Board Academic 2

Board Academic 2 x QFlls

Controls
Industry effect
Year effect
Observations

R-squared

[ ] 5067
and the Environment @ E_WI LEYJ_

et al., 2017) or by supporting the presence of those directors at the
corporate board who can bring long term benefits and sometimes
exert direct influence on them to achieve desirable objectives
(Desender et al., 2016; Jeon & Ryoo, 2013). Consistent with this argu-
ment, by analyzing the role of QFlls in affecting various corporate out-
comes, the prior literature provides contrasting arguments in the
Chines context (Cao et al, 2017; Huang & Zhu, 2015; lJiang &
Kim, 2015). For example, on the one hand, it is believed that QFlls
tend to enhance monitoring abilities and improve corporate gover-
nance thereby positively contributing to the Chinese context (Cao
et al,, 2017; Huang & Zhu, 2015). On the other hand, it is argued that
QFlls may not be effective in exerting oversight functions in the Chi-
nese context due to their low proportion of shareholding (1.4%) and
dispersed ownership (Jiang & Kim, 2015). Similarly, McGuinness et al.
(2017) find an insignificant association between QFlls and corporate
social performance. Xu et al. (2023) check the nexus between institu-
tional investors and eco-innovation and find that domestic
institutional investors tend to enhance eco-innovation while the
effect of QFlls is insignificant. Therefore, on one hand, as eco-
innovation brings long-term benefits to the shareholders and stake-
holders, and academic directors might be a tool to enhance eco-
innovation due to their positive contribution to society, we argue that
QFllIs can further strengthen the positive nexus between academic
directors and eco-innovation.

Consistent with our argument, in Table 12, we check the moder-
ating role of QFlls in the nexus between academic directors and eco-
innovation. We followed prior studies (McGuinness et al., 2017) and

measured QFlIs by a dummy variable equal to “1” if QFlls hold the

(1 () 3) (4)

G_Patents G_Patents G_Patents G_Patents
0.027 0.078***
[0.431] [0.005]
-0.011 —0.048 —0.094*** —0.114***
[0.721] [0.32¢] [0.002] [0.007]
0.252** 0.169**
[0.011] [0.017]
0.037*** 0.025***
[0.004] [0.003]
0.092** 0.058*
[0.050] [0.084]
No No Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
11,336 11,336 11,336 11,336
0.033 0.033 0.106 0.106

Note: This table presents the nexus between academic directors and eco-innovation in firms having
QFlls. The p-values are reported in brackets. The variables are defined in Appendix A.

*The significance level (two-tailed) at 10%.

**The significance level (two-tailed) at 5%.

***The significance level (two-tailed) at 1%.
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shares of a firm in a given year and “0” if vice versa. The findings from
Columns (1) to (4) show that the interaction term between academic
directors and QFlls (Board Academicl x QFlls and Board
Academic2 x QFlls) is positive and significant, which suggests that
QFlls strengthen the positive association between academic directors
and eco-innovation. These findings support our argument that QFlls
may rely on academic directors to enhance eco-innovation in order to

get long-term benefits.

5 | CONCLUSION

This study aims to investigate the relationship between academic
directors and corporate eco-innovation in Chinese A-listed firms.
Based on the argument that academic directors bring advanced
knowledge, skills, experience, and expertise to a corporate board, and
are more socially responsible and ethical, we hypothesized that aca-
demic directors would have a positive influence on corporate eco-
innovation. We also examine how this nexus works in pollutant firms
and firms having QFlls.

Our results suggest that academic directors do have a positive
and significant impact on corporate eco-innovation. The findings
remain robust even after employing alternate proxies for both inde-
pendent and dependent variables, minimizing reverse causality and
endogeneity concerns, and addressing self-selection bias through
EBM. Additionally, our study reveals that the positive nexus between
academic directors and eco-innovation is more pronounced in pollut-
ant firms and firms having QFlls.

This study contributes to the literature on corporate governance,
eco-innovation, and emerging markets in several ways. First, it provides
evidence of the positive influence of academic directors on eco-
innovation, highlighting the importance of their contribution to enhanc-
ing corporate governance mechanisms. Second, it reveals that pollutant
firms and firms having QFlls can benefit more from having academic
directors on their board, as they face higher environmental and social
responsibility pressures. Third, our findings offer insight into the role of
QFlIs in strengthening the positive association between academic
directors and eco-innovation, suggesting that foreign investors can
support and encourage firms to adopt environmentally friendly prac-
tices for long-term benefits. Therefore, the study offers practical impli-
cations for policymakers, corporate boards, and investors. Policymakers
might consider the introduction of incentives for firms that diversify
their board composition to include academic directors, recognizing
their positive impact on eco-innovation. Such incentives could take the
form of tax advantages, grants for sustainable projects, or preferential
treatment in governmental contracts. Corporate boards are encouraged
to seek academic directors proactively, whose expertise in research
and ethics can significantly contribute to eco-innovation initiatives,
thereby enhancing the firm's reputation and potentially its market per-
formance. Investors could also consider the presence of academic
directors as a criterion in their investment decision-making process,
given the associated benefits of fostering a culture of innovation and

environmental responsibility within firms. These specific actions are

suggested to leverage the insights from our study to promote sustain-
able practices across the corporate landscape.

Despite its contributions, this study has some limitations. The
study only focuses on Chinese A-listed firms, which limits the general-
izability of the findings and cannot be generalized to other emerging
markets or developed economies. Moreover, our study does not con-
sider the impact of other types of directors, such as independent direc-
tors, on eco-innovation. Also, the selected timeframe was intentional
to avoid the confounding effects of the COVID-19 pandemic on eco-
innovation activities and corporate governance, which could have
introduced significant anomalies unrelated to the core dynamics we
aimed to study. While our findings provide meaningful insights into the
relationship between academic directors and eco-innovation in non-
financial industries, they may not be directly applicable to the financial
sector due to their distinct characteristics. Finally, the study is limited
to examining the impact of academic directors on eco-innovation only
and does not investigate the impact of eco-innovation on other firm-
level outcomes such as financial performance, and risk management.

Future research can extend this study in several ways. First, future
research could delve into the influence of academic directors on other
crucial firm-level outcomes, such as tax avoidance and CEO compensa-
tion. Investigations might consider how the scholarly expertise and eth-
ical standards of academic directors affect financial and governance
decisions that can impact shareholder and stakeholder value. Mecha-
nisms such as enhanced corporate transparency, improved strategic
decision-making, and increased ethical considerations could serve as
focal points of this research. Second, as eco-innovation continues to
emerge as a field of study, there is a rich opportunity to explore novel
antecedents such as organizational culture, employee engagement in
sustainability, and the role of technological advancements. Similarly,
the consequences of eco-innovation could be broadened to include its
impact on firm reputation, legal compliance, and competitive advan-
tage. Third, building on our study's focus on QFlls, subsequent research
might evaluate the influence of various other institutional investors,
such as pension funds, hedge funds, and mutual funds, on the relation-
ship between academic directors and eco-innovation. This could illumi-
nate how different investment philosophies and pressures shape
corporate eco-innovation strategies. Fourth, to address the external
validity of our findings, cross-country studies are essential. Such
research could compare the impact of academic directors on eco-
innovation in different regulatory, cultural, and economic environments
to assess the generalizability of our conclusions. This approach would
also allow for the examination of how varying levels of environmental
regulation and governance norms across countries influence the eco-
innovation dynamic. Fifth, investigating the period following 2019
would offer insights into whether the trends identified in our study
hold true in the face of recent economic, environmental, and techno-
logical changes. This is especially pertinent given the global shifts
prompted by the COVID-19 pandemic, which may have altered the
landscape of corporate governance and innovation. Lastly, while our
study quantified the presence of academic directors, future research
could qualitatively assess the impact of these directors' expertise and

influence. Examining factors such as the directors' academic disciplines,
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publication records, and active involvement in sustainability initiatives
could provide a deeper understanding of how their quality influences

eco-innovation.
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APPENDIX A: VARIABLE MEASUREMENT

Variables
Dependent variables
G_Patents
G_Inventions
Independent variables
Board Academic 1
Board Academic 2
Board Academic 3
Control variables
Board size
Independence
Female directors
CEO age

CEO female

CEO duality
Institutions

Top one

Leverage

ROA

M/B

Size

Moderating variables
High pollution

QFll

Definition

The natural log of 1 plus total green patents a firm filed in year t.

The natural log of 1 plus total green invention patents a firm filed in year t.

The total number of academic directors scaled by the total directors in year t.
The natural log of 1 plus the total number of directors in year t.

The total number of professors having prior college and university experience scaled by the total directors in year t.

The total number of directors in year t.

The total number of independent directors divided by the total number of directors in year t.

The total number of female directors divided by total directors in year t.

The natural log of CEO total age.

A binary variable equals “1” if the CEO of a firm is female in year t and “0” if vice versa.

A binary variable equals “1” if the CEO is also the board chairman of a firm in year t and ‘O’ otherwise.

The total number of shares held by institutional investors divided by the total number of shares outstanding in year t.

The total number of shares held by the largest shareholder divided by the total number of shares outstanding in year t.

The ratio of total debt to total assets in year t.
The earnings before interest and taxes by total assets in year t.
Market to book ratio in year t.

Natural logarithm of a firm's total assets in year t.

A binary variable equals “1” if a firm operates in polluting industries and “0” otherwise.

A binary variable equals “1” if QFlls hold the shares of a firm in year t and “0” otherwise.
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