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ABSTRACT
Numerous studies have examined whether financial and governance characteristics within firms promote eco-innovation. 
However, the influence of institutional contexts on eco-innovation, which is crucial for shaping effective policy and establish-
ing key conditions, has not been adequately explored. Drawing on institutional, stakeholder, and upper-echelon theories, our 
study investigates the mechanisms through which a national innovation system (NIS) influences firms' commitment to eco-
innovation. We specifically focus on the manufacturing sector worldwide, over the period from 2007 to 2018. Our findings reveal 
that the NIS is negatively associated with eco-innovation, contrary to expectations. This prompted us to delve deeper into three 
key components of the NIS. The analysis showed that although the quality of research institutions and government procurement 
of high-tech products negatively correlate with eco-innovation, university–industry collaboration positively affects it. Further 
exploration identified that environmental management teams and nonexecutive directors are critical moderators through which 
the NIS can enhance a firm's capacity for eco-innovation. Our evidence suggests several practical implications for theory, man-
agement practices, and policy formulation.

1   |   Introduction

In the evolving landscape of global markets, the pressing need 
for sustainable development has positioned eco-innovation at the 
forefront of corporate and policy strategies (Dey et  al.  2020; de 
Sousa and Melo 2021; Wang, Wei, and Wu 2023). Eco-innovation 
involves developing products and processes that significantly re-
duce environmental impacts or use natural resources more effi-
ciently and responsibly (OECD 2009).1 It is increasingly recognized 
as essential for achieving environmental objectives and boosting 
economic competitiveness (Gerstlberger, Praest Knudsen, and 
Stampe 2014; Bammens and Hünermund 2020; Sahasranamam 
and Soundararajan 2022). The success of eco-innovation efforts 
often depends on the broader innovation ecosystem within which 
firms operate (Yim and Kim 2005; Lundvall 2007).

The concept of the national innovation system (NIS), intro-
duced by Freeman  (1987) and expanded by Lundvall  (1992) 
and Nelson  (1993), provides a framework for understanding 
technology and information flows among people, enterprises, 
and institutions. The NIS framework underscores the impor-
tance of institutional arrangements and the systemic nature 
of innovation processes, emphasizing the critical interac-
tions among research institutions, government bodies, and 
enterprises in shaping innovation outcomes (Edquist  2010). 
The NIS is pivotal in determining how businesses engage 
with eco-innovation influenced by national policies, cor-
porate strategies, and cultural norms towards innovation. 
Lundvall's  (1992) work highlights how public policy and in-
stitutional support are essential in creating an innovation-
conducive environment (Lundvall  2007), and recent studies 
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suggest that the NIS actively drive eco-innovative practices 
across industries directly linked to a country's economic and 
environmental policies (Fagerberg  2018; Madrid-Guijarro 
and Garcés-Torres  2023). Confirming these assertions, Uyar 
et al. (2024b) recently found that the NIS fosters firms' renew-
able energy use.

Critical elements of the NIS that influence eco-innovation in-
clude the quality of research institutions, the extent and effec-
tiveness of university–industry collaboration, and government 
policies, particularly those related to high-tech product pro-
curement (Cooke 2011). These elements either support or hin-
der eco-innovation in firms (Yang et  al.  2021). High-quality 
research institutions are vital as they generate new scientific 
knowledge and develop advanced technologies that lead to 
eco-innovative solutions (Bozeman, Fay, and Slade  2013; 
Skute et al. 2019; Forliano, De Bernardi, and Yahiaoui 2021). 
University–industry collaborations bridge theoretical re-
search and practical application, essential for translating 
academic research into commercial products that meet en-
vironmental standards (Bruneel, d'Este, and Salter  2010; 
Perkmann et al. 2013). Cohen, Nelson, and Walsh (2002) show 
that firms engaged with academic institutions are more inno-
vative, including in eco-innovation. Additionally, government 
procurement policies focused on high-tech products signifi-
cantly influence eco-innovation through demand-side pres-
sures (Weber and Rohracher  2012; Kirchherr, Hartley, and 
Tukker  2023), with governments driving eco-innovation by 
adopting environmentally sound technologies and setting sus-
tainability standards (Edler and Georghiou 2007; Rogge and 
Reichardt 2016).

This article, therefore, aims to explore how various NIS compo-
nents affect firms' eco-innovation practices, offering a compre-
hensive review of the mechanisms through which institutional 
frameworks can support or constrain eco-innovation. This 
exploration seeks to illuminate the systemic nature of eco-
innovation and its dependencies on the quality and interplay of 
different NIS actors. This analysis not only deepens the theoreti-
cal understanding of eco-innovation dynamics but also provides 
practical insights for policymakers to enhance the ecological 
impact of innovation practices.

However, the effectiveness of the NIS in promoting eco-
innovation can be significantly influenced by internal corporate 
governance mechanisms (Chen and Song 2024; Han et al. 2023; 
Siswanti et al. 2024), particularly through the involvement of en-
vironmental management teams and the oversight of nonexecu-
tive directors. Whereas the macro-environment set by the NIS is 
crucial, the micro-level governance within firms also plays a de-
cisive role. These teams are tasked with integrating sustainable 
practices into the company's core strategic objectives (Gerged 
et  al.  2023). They act as promoters for eco-innovation by en-
suring that environmental considerations are embedded in the 
innovation process (Russo 2009). Their expertise and focus fa-
cilitate the alignment of eco-innovative initiatives with broader 
corporate goals, thus enhancing the company's responsiveness 
to environmental challenges (Dangelico and Pujari 2010).

Moreover, nonexecutive directors, who bring external perspec-
tives and resources to the board, are increasingly seen as vital 

in reinforcing eco-innovation. Their oversight ensures that 
environmental policies not only comply with legal standards 
but also align with best practices and stakeholder expectations 
(Cormier, Magnan, and Van Velthoven 2005; Spitzeck 2009). By 
moderating the relationship between the NIS and corporate eco-
innovation, nonexecutive directors can influence the strategic 
direction of the company, ensuring that sustainable practices are 
not only adopted but are effectively implemented (Daily, Dalton, 
and Cannella 2003; De Villiers, Naiker, and Van Staden 2011).

The interplay between the NIS and the internal factors con-
cludes in a complex yet intriguing dynamic that shapes compa-
nies' eco-innovation landscapes. Thus, this article also seeks to 
explore this dynamic further by examining how environmental 
management teams and nonexecutive directors moderate the 
impact of the NIS on corporate eco-innovation. Through this 
exploration, we aim to provide a comprehensive understanding 
of the mechanisms through which governance structures can 
either hinder or enhance the capacity for eco-innovation within 
firms operating within various national innovation contexts.

This study focuses on an international sample of manufacturing 
industries, containing 14,973 firm-year observations spanning 
from 2007 to 2018. By integrating institutional, stakeholder, 
and upper-echelon theories, we investigated the relationship be-
tween a composite proxy of NISs and eco-innovation. Contrary 
to expectations, we discovered a negative association between 
the NISs and eco-innovation. Prompted by these unexpected 
findings, we further dissected the composite NIS proxy into 
three key components. The analysis revealed that although the 
quality of research institutions and government procurement of 
high-tech products continue to exhibit a negative relationship 
with eco-innovation, university–industry collaboration demon-
strates a positive association. This suggests that collaborative 
efforts between academia and industry are crucial in fostering 
eco-innovative outcomes. Further exploration identified envi-
ronmental management teams and nonexecutive directors as 
critical moderators through which the NIS can enhance a firm's 
capacity for eco-innovation. These findings highlight the com-
plex interplay between various elements of the NIS and internal 
governance and their joint impacts on eco-innovation within the 
manufacturing sector. We have chosen the manufacturing sec-
tor due to its repercussions on environmental externalities as-
sociated with production, supply chain, and shipping activities.

This study offers three main contributions to the discourse on 
the NIS and eco-innovation. First, it conducts a detailed anal-
ysis of how the quality of research institutions, the synergy be-
tween universities and industry, and government procurement 
strategies influence eco-innovation within firms. The research 
highlights the dual role of these institutional elements, both as 
enablers and as barriers, thus informing strategic policy decisions 
and business practices aimed at enhancing the environmental 
impact of innovation. Second, the study critically examines the 
role of internal corporate governance mechanisms, particularly 
environmental management teams and nonexecutive directors, 
in moderating the relationship between the NIS and corporate 
eco-innovation. It reveals how these governance structures can 
either support or inhibit eco-innovation through their alignment 
with the broader innovation ecosystem established by the NIS. 
This detailed exploration aids in understanding the complexities 
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of incorporating sustainable practices within corporate gover-
nance, offering insights into more effective governance models 
that foster eco-innovation. Third, utilizing an extensive dataset 
of 14,973 firm-year observations from 2007 to 2018, the research 
provides robust international empirical evidence on the dynam-
ics between the NIS and corporate eco-innovation practices. 
The findings challenge conventional understanding by reveal-
ing a negative correlation between certain NIS components and 
eco-innovation, alongside a positive impact from university–
industry collaborations. These surprising results necessitate a 
re-evaluation of existing policies and prompt a reassessment of 
strategies to enhance sustainable innovation. Collectively, the 
study significantly enhances both the theoretical and practi-
cal understanding of eco-innovation. It scrutinizes the roles of 
various actors within the NIS, illustrating how their interac-
tions with internal governance can either facilitate or hinder 
sustainable business practices. This comprehensive analysis is 
crucial for developing strategies that effectively integrate eco-
innovation into national and corporate frameworks, advancing 
the agenda of sustainable development.

Following the introduction, the article moves to Section 2, where 
it explores the theoretical framework and formulates hypoth-
eses. Section  3 then outlines the research methodology used. 
Section 4 discloses the results of the empirical analysis. The ar-
ticle concludes with Section 5, followed by Section 6 providing 
discussions for both the theoretical implications and practical 
applications of the study, acknowledges its limitations, and sug-
gests avenues for further research.

2   |   Theories and Hypotheses

2.1   |   NIS and Corporate Eco-Innovation

Institutional theory suggests that organizational behaviors, in-
cluding those related to innovation, are deeply shaped by the 
structures and norms that organizations operate within. These 
influences emerge through different types of institutional pres-
sures—namely, mimetic, normative, and coercive pressures 
(Scott 1995). The theory can be applied to hypothesize that the 
NIS enhances eco-innovation by examining how these pres-
sures translate into eco-innovative outcomes.

Normative pressures originate from the standards and expecta-
tions that define organizational goals and the means to achieve 
them (DiMaggio and Powell 1983). Within the NIS, the quality 
of research institutions and the nature of university–industry 
collaborations represent such pressures. Firstly, high-quality 
research institutions are crucial in driving eco-innovation by 
setting high academic and ethical standards, generating in-
novative knowledge, and providing personnel dedicated to 
sustainability (Bozeman, Fay, and Slade  2013; Dusdal and 
Powell 2021). These institutions inherently promote values that 
prioritize environmental sustainability, fostering the develop-
ment of new eco-friendly technologies (Forliano, De Bernardi, 
and Yahiaoui  2021). Secondly, the permeation of these norms 
throughout the business sector encourages firms to adopt 
these eco-innovative standards. Collaborative interactions be-
tween universities and industries act as tools for the transfer of 
knowledge and innovative capabilities (Perkmann et al. 2013), 

embedding firms within networks that support and expect en-
vironmentally conscious innovations (Ankrah and Omar 2015; 
Klofsten et al. 2019; Rybnicek and Königsgruber 2019).

On the other hand, coercive pressures, which are formal or in-
formal pressures from organizations that entities depend on or 
from societal cultural expectations (DiMaggio and Powell 1983), 
also play a role. Government procurement policies are a form 
of coercive pressure when they mandate or strongly favor eco-
innovative solutions. Such policies compel firms to align their 
innovation strategies with high-tech, environmentally friendly 
products (Edler and Georghiou  2007; Flanagan, Uyarra, and 
Laranja  2011; Weber and Rohracher  2012), thereby coercing 
them to adopt eco-innovation as standard practice to main-
tain competitiveness and eligibility for government contracts 
(Rogge and Reichardt  2016; Demircioglu and Audretsch  2017; 
Fagerberg 2018).

This theoretical framework allows us to understand how dif-
ferent components of the NIS impact corporate eco-innovation 
through varied institutional pressures. By establishing hypothe-
ses based on these pressures, this study delineates the pathways 
through which quality research institutions, university–indus-
try collaborations, and government procurement policies shape 
eco-innovative activities within firms. Empirical testing of these 
hypotheses would enrich the eco-innovation literature and pro-
vide strategic insights for leveraging institutional arrangements 
to bolster the ecological impact of corporate innovation prac-
tices. Therefore, we propose the following hypotheses:

Hypothesis 1.  The NIS is positively associated with corporate 
eco-innovation.

Hypothesis 1a.  The quality of research institutions, as a 
proxy for normative pressure, positively influences corporate 
eco-innovation.

Hypothesis 1b.  University–industry collaboration, as a 
proxy for normative pressure, positively influences corporate 
eco-innovation.

Hypothesis 1c.  Government procurement of high-tech prod-
ucts, as a proxy for coercive pressure, positively influences corpo-
rate eco-innovation.

2.2   |   The Moderating Impact of the Environmental 
Management Team

The relationship between the NIS and corporate eco-innovation 
is complex and influenced by a variety of factors at both internal 
and external levels. Stakeholder theory suggests that organiza-
tions are shaped by the interests of different groups, including 
government agencies, consumers, and internal management 
teams (Freeman  1984). Simultaneously, upper-echelon the-
ory indicates that the backgrounds, experiences, and strategic 
choices of senior management critically affect organizational 
outcomes (Hambrick and Mason 1984). Applying these theories 
to environmental management helps explain how environmen-
tal management teams influence a firm's eco-innovation within 
the NIS framework.
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Stakeholder theory also asserts that a company's strategic direc-
tion is formed by the demands and priorities of both external 
and internal stakeholders (Freeman 1984). In the context of the 
NIS, external stakeholders like government agencies and regu-
latory bodies establish the policies and incentives that promote 
eco-innovation (Berrone et  al.  2013; Watson et  al.  2018; Arici 
and Uysal  2022; Hu, Wang, and Wang  2021). Environmental 
management teams are crucial internally for aligning these 
external policies with the firm's capabilities and strategic goals 
(Scarpellini et al. 2020). With their specialized knowledge and 
dedication to sustainability, environmental management teams 
often lead the way in integrating these external policies into 
the company's strategic plans (Sharma and Vredenburg  1998; 
Valero-Gil et al. 2023).

Upper-echelon theory contends that the strategic decisions 
and outcomes of an organization reflect the values and cog-
nitive orientations of its top management (Hambrick and 
Mason 1984). The skills and commitment to sustainability of 
environmental management teams can greatly determine how 
effectively a company takes advantage of the opportunities for 
eco-innovation offered by NIS (Waldman and Siegel  2008; 
Metcalf and Benn 2013; Stahl et al. 2020). The proactive and 
informed involvement of environmental management teams 
ensures that strategic goals driven by NIS policies are not just 
met but also leveraged as catalysts for innovation and compet-
itive advantage (Carpenter, Geletkanycz, and Sanders  2004; 
Damanpour and Schneider 2009; Miao et al. 2018).

Drawing on stakeholder and upper-echelon theories, it is clear 
that environmental management teams play a vital moderat-
ing role in the relationship between the NIS and corporate eco-
innovation. Their ability to navigate between external pressures 
and internal strategies and resources is essential. Thus, the fol-
lowing hypothesis is proposed:

Hypothesis 2.  Environmental management teams signif-
icantly moderate the relationship between NIS and corporate 
eco-innovation, such that the presence of a proactive and capable 
environmental management team strengthens the positive im-
pacts of NIS on eco-innovation.

2.3   |   The Moderating Role of Nonexecutive 
Directors

To explore the moderating role of nonexecutive directors in the 
relationship between the NIS and corporate eco-innovation, 
we rely on stakeholder theory and upper-echelon theory. 
Stakeholder theory asserts that organizations are shaped 
by the demands and interests of various stakeholder groups, 
necessitating strategies that align with broad social and en-
vironmental standards (Freeman 1984). In the context of eco-
innovation, stakeholders such as governments, consumers, and 
environmental groups pressure companies to implement sus-
tainable practices (Hart and Sharma 2004; Javed et al. 2023). 
The upper-echelon theory offers a perspective on how top ex-
ecutives and directors, influenced by their experiences, values, 
and personalities, affect organizational outcomes, particu-
larly in areas like sustainability and innovation that require 

specialized knowledge (Hambrick and Mason 1984; Zahra and 
Pearce 1989; Zaman et al. 2024).

Nonexecutive directors play a crucial role as gatekeepers of com-
pliance and strategic alignment with environmental standards, 
integrating stakeholder demands into company strategies. Their 
influence is essential in how companies respond to the innova-
tion demands set by NIS, which cover regulatory, technologi-
cal, and market dimensions (Freeman  1987; Lundvall  1992). 
With their strategic oversight and ability to direct resources 
towards innovation, nonexecutive directors are key drivers of 
eco-innovation.

Previous research showed that a director's commitment to 
sustainability can boost a company's eco-innovation by em-
bedding environmental considerations into the innovation 
process and aligning company strategies with national innova-
tion agendas (Ullah and Nasim 2021). The varied expertise and 
external connections of nonexecutive directors also improve 
a company's capacity to absorb external knowledge from the 
NIS into eco-innovation practices (Cohen and Levinthal 1990). 
Prior empirical studies also highlighted the influence of board 
characteristics, like those of nonexecutive directors, on sus-
tainability initiatives. For instance, Galbreath  (2011) discov-
ered that boards with diverse expertise and robust governance 
frameworks are more likely to enact effective environmental 
strategies. Similarly, Walls, Berrone, and Phan  (2012) noted 
the impact of board composition on fostering green practices 
under institutional pressures. These findings suggest that non-
executive directors, by bridging external drivers of innovation 
and internal strategic capacities, not only foster the adoption 
of eco-innovation but also ensure it aligns with both national 
objectives and stakeholder expectations. Given these consider-
ations, the hypothesis can be framed as follows:

Hypothesis 3.  Nonexecutive directors significantly moderate 
the relationship between the NIS and corporate eco-innovation, 
such that their involvement enhances the firm's capability to 
translate the NIS inputs into eco-innovative outcomes.

Figure  1 shows the theoretical model indicating developed 
hypotheses.

3   |   Sample Selection and Data Description

3.1   |   Sample Selection

The sample of the study includes the manufacturing sector 
(NAICS 31-33). We have selected the manufacturing sector for 
two reasons; one is to obtain a homogeneous sample, and the 
other one is the manufacturing sector's repercussions on envi-
ronmental concerns. Our sample period covers 2007–2018 due 
to the availability of the NIS data for this period in the data 
source (the Global Competitiveness Index published by the 
World Economic Forum).2 We obtained the data for the study 
from three sources, namely, the Global Competitiveness Index, 
the London Stock Exchange Group (LSEG) Workspace database 
(formerly known as Thomson Reuters Eikon/Refinitiv data-
base), and the World Bank.3 After matching the data obtained 
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from those three sources and deletions due to missing data, we 
had 14,973 out of 15,538 initial observations.4

3.2   |   Variables Description

Dependent variable: The eco-innovation variable was proxied 
by the eco-innovation dimension score of the environmental 
pillar of ESG5 taxonomy in the LSEG Workspace database. Eco-
innovation measures a firm's engagement with lessening envi-
ronmental externalities, costs, and drawbacks, hence creating 
new environmental technologies, processes, and eco-friendly 
products and services (score ranges from 0 to 100) (Fiorillo 
et al. 2022; Uyar et al. 2023). Eco-innovation score is drawn on 
20 metrics, namely, eco-labeled product development, fuel con-
sumption, noise-reducing product development, hybrid vehicle 
development, environmental screening criteria in investments, 
total fleet's average CO2 emissions, the percentage of labeled 
wood or forest products (e.g., Forest Stewardship Council) from 
total wood or forest products, organic food development, pro-
duction and distribution of agrochemicals, nuclear energy pro-
duction percentage, product or technology development for use 
in the clean, product or technology development for water use 
efficiency, renewable energy, product or service development for 
energy efficiency of buildings, total amount of environmental 
research and development (R&D) costs, the company's commit-
ment to the Equator Principles, leasing or marketing buildings 
that are certified by recognized real estate certifications, reve-
nue from environmental products and services, recycling pro-
gram commitment, and public commitment to divest from fossil 
fuel (some indicators are sector specific like hybrid vehicle de-
velopment). The data for the eco-innovation were collected from 
the LSEG Workspace database.

Independent variables: Following Ndou, Schiuma, and 
Passiante  (2018), Cirillo et  al.  (2019), and Uyar et  al.  (2024b), 
the NIS is measured with a composite indicator based on three 
proxies, namely, the quality of scientific research institutions, 
the extent of university–industry collaboration on R&D, and 
government support for fostering innovation via high-etch pro-
curement. We assess the quality of the NIS using a national in-
novation score derived through principal component analysis 
(PCA). This score combines three key factors: (1) the quality of 

research institutions, (2) government procurement of high-tech 
products, and (3) university–industry collaborations. By em-
ploying PCA, we create a composite NIS score that encapsulates 
these dimensions. Alternatively, we also calculate the NIS score 
by adding up the individual scores of the three components. 
The results based on both methods are similar; hence, for con-
ciseness, we present only those derived from the PCA-based 
national innovation score. These three proxies of the NIS are 
scored on a scale of 1–7, with 1 showing a weak NIS and 7 show-
ing a high level of NIS. The data for these country-level proxies 
were fetched from the Global Competitiveness Report dissemi-
nated by the World Economic Forum (WEF 2018). The Global 
Competitiveness Report provides data on the competitiveness 
of the countries worldwide yearly (Ali, Kelley, and Levie 2020). 
It is a reliable source of data for evaluating the public gover-
nance efficiency and institutional environment of nations (Uyar 
et al. 2024b).

Moderating variables: We use two proxies for moderating ef-
fects, namely, the environment management team and nonex-
ecutive board members. The environmental management team 
is measured with a binary variable showing the existence (i.e., 
one) or not (i.e., zero) (Soana 2024), whereas nonexecutive board 
members are the proportion of directors on the board (Uyar 
et al. 2024a) who hold no executive position in firms.

Control variables: Finally, we control a battery of factors that are 
likely to influence the eco-innovation of firms. Due to the fact that 
the boards are the main governance body in formulating corpo-
rate financial and nonfinancial policies, we control board size, 
board gender diversity, nonexecutive directors, and CEO duality 
(Govindan et al. 2021; Uyar et al. 2023; Uyar et al. 2024a). For 
example, larger boards might be less efficient in decision-making, 
female and nonexecutive directors are more likely to protect stake-
holders' interests, and powerful CEOs are keen on exerting their 
power and stewardship in board decisions. Among the financial 
attributes, we control firm size, return on assets, leverage, R&D, 
and cash holding (Govindan et al. 2021; Uyar et al. 2023; Valero-
Gil et al. 2023; Uyar et al. 2024a; Zaman et al. 2024). Larger firms 
are more exposed to public scrutiny, high-profit and high-cash-
holding firms might have more financial resources to commit to 
eco-innovation, indebtedness might limit firms' ability to finance 
eco-innovation, and innovative firms might shift their innovation 

FIGURE 1    |    The theoretical model shows developed hypotheses.
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capacity for eco-innovation. We control free float shares as firms' 
ownership base is important due to the ultimate control of stock-
holders on firm practices (Govindan et al. 2021; Uyar et al. 2023; 
Uyar et al. 2024a). Finally, we control the Worldwide Governance 
Indicators as the external environment and regulatory power de-
sign the environment in which firms operate and shape their pol-
icies accordingly (Uyar et al. 2024a; Zaman et al. 2024). Whereas 
board, financial, and ownership data were sourced from the LSEG 
Workspace database, the Worldwide Governance Indicators were 
obtained from the World Bank.6 The variable definitions are 
shown in Table  A1. All continuous variables are winsorized at 
the 1% and 99% levels.

3.3   |   Empirical Methodology

To estimate the impact of the NIS on eco-innovation, we employ 
the following regression model:

where i indexes firms, j indexes countries, and t indexes years. 
The definitions of the variables can be found in Table  A1. To 
mitigate omitted variable bias, we include firm, country, and 
year fixed effects. In addition to our primary regression analysis, 
we conduct several robustness checks, such as propensity score 
matching, entropy balancing, and regression analysis using 
changes in the variables. These methods help ensure the robust-
ness and reliability of our results (Rosenbaum and Rubin 1983; 
Hainmueller 2012). Furthermore, we decompose NIS into three 
components—each analyzed separately to gain deeper insights 
into their individual impacts on eco-innovation.

To explore potential interaction effects, we run additional re-
gression analyses incorporating interaction terms. First, we 
examine the moderating effect of the environmental manage-
ment team between the NIS and eco-innovation with the fol-
lowing model:

where EMT represents the existence of the environmental man-
agement team or not. This model allows us to investigate how 
the effectiveness of the NIS might be moderated by the existence 
of the firm's environmental management team.

Similarly, we examine the role of nonexecutive board members 
with the following model:

where NEBM stands for nonexecutive board members' propor-
tion on the board. This analysis helps us understand whether 
the proportion of nonexecutive board members influences the 
relationship between the NIS and eco-innovation.

By employing these rigorous methodologies and robustness 
checks, we aim to provide a comprehensive analysis of the 

factors driving eco-innovation within firms across different 
countries and years.

4   |   Results

4.1   |   Descriptive Statistics

Table  1 shows the summary statistics. Given that the eco-
innovation score ranges from 1 to 100, the mean score of eco-
innovation (31.91) shows that the firms in the sample need to 
improve their eco-innovation capacity. However, we note that 
the mean value of eco-innovation in our sample dedicated to 
the manufacturing sector is relatively above the mean value of 
eco-innovation in other studies in the energy sector with 12.49 

Eco − innovationijt = β0 + β1NISjt + β2Controlsijt + �ijt

Eco− innovationijt=β0+β1NISjt×EMTjt+β2NISjt

+β3EMTjt+β4Controlsijt+�ijt

Eco− innovationijt=β0+β1NISjt×NEBMjt+β2NISjt

+β3NEBMjt+β4Controlsijt+�ijt

TABLE 1    |    Summary statistics.

Variable Mean SD 25th Median 75th

Eco-innovation 31.91 32.29 0.00 26.34 57.65

Quality of 
research 
institutions

5.44 0.74 5.06 5.69 5.99

University–
industry 
collaboration

5.02 0.74 4.61 5.09 5.67

Government 
high-tech 
procurement

4.15 0.53 3.85 4.16 4.44

National 
innovation 
system (PCA)

0.03 1.52 −0.76 0.28 1.21

Board size 10.28 3.44 8.00 10.00 12.00

Board gender 
diversity

12.53 12.06 0.00 11.11 20.00

Nonexecutive 
directors

71.10 24.51 60.00 78.57 88.89

CEO duality 0.43 0.49 0.00 0.00 1.00

Firm size 22.14 1.59 21.22 22.15 23.12

Return on 
assets

0.08 0.10 0.04 0.08 0.12

Leverage 0.22 0.15 0.10 0.22 0.33

Free float 77.16 24.57 59.71 88.00 98.21

Research and 
development

0.03 0.05 0.00 0.00 0.03

Cash holdings 0.10 0.11 0.02 0.06 0.13

Worldwide 
governance 
indicator

1.07 0.61 1.09 1.24 1.37

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1.
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(Uyar et  al.  2023) and cross-sector study with 21.22 (Karaman 
et al. 2024) and 23.54 (Zaman et al. 2024). Nevertheless, it seems 
that eco-innovation practices have a higher adoption rate in devel-
oped countries with 45.72 (Albitar et al. 2024). On the other hand, 
all three proxies of the NIS are slightly higher than the moderate 
level considering the range of the scores (i.e., 1–7 [best]). Whereas 
the quality of research institutions has a mean of 5.44, the uni-
versity–industry collaboration has a mean of 5.02, and the gov-
ernment high-tech procurement has a mean of 4.15. These values 
align with Uyar et al.'s (2024b) study conducted in a cross-sector 
context. Although firms' average board size is 10.28 directors, 
they have a high nonexecutive director ratio (71.10%) but a low 
percentage of female directors (12.53%). The board characteristics' 
mean values largely align with prior studies' mean values (Uyar 
et al. 2023; Albitar et al. 2024; Karaman et al. 2024). However, we 
underscore that the female directors' ratio on board in our study is 
lower than that of service firms (Galletta et al. 2022). Other sum-
mary statistics can be found in Table 1.

4.2   |   Correlation Analysis

The pairwise correlation between variables is analyzed through 
Pearson correlation analysis. In Table  2, it shows that eco-
innovation is positively correlated with NIS. Besides, it appears 
that larger and more gender-diverse boards are positively asso-
ciated with more co-innovation, but NEBM is negatively associ-
ated with it. Furthermore, whereas larger and more leveraged 
firms are more likely to do eco-innovation, more R&D-intensive 
and cash-holding firms are less likely to do eco-innovation. 
Other coefficients are observable in Table  2. Overall, the cor-
relation coefficients lower than 0.7 indicate the nonexistence of 
multicollinearity issues as well (Hammer et al. 2022).

4.3   |   Baseline Regression Results

Table 3 displays the regression results, where eco-innovation is 
the dependent variable. Model 1 includes the NIS as the only in-
dependent variable, whereas Model 2 includes the NIS and all 
the control variables. In both models, the coefficients of the NIS 
are negative and significant.7 This is unexpected and intriguing 
as NIS is anticipated to have a positive impact on eco-innovation. 
Hypothesis 1 does not appear to be supported. In terms of eco-
nomic magnitude, using a standardized coefficient, we estimate 
that a rise in the NIS score results in a decline in eco-innovation 
by 2.59%.8 Obtaining an unexpected result (i.e., negative associ-
ation) motivated us to deepen the investigation with the compo-
nents of NIS. We report and comment on the outcomes of this 
additional test in the following section.

4.4   |   Analysis of Specific Factors

To gain deeper insights, we analyze the components of the NIS, 
recognizing that various components may have different effects 
on eco-innovation. Table 4 breaks down the NIS into three dis-
tinct components. The coefficients for the quality of research 
institutions and government procurement of high-tech prod-
ucts are significantly negative, whereas the coefficient for uni-
versity–industry collaboration is significantly positive. These 

findings are noteworthy, indicating that not all aspects of the 
NIS affect eco-innovation similarly. University–industry collab-
orations emerge as a key factor in enhancing eco-innovation. 
Consequently, Hypotheses 1a and 1c are not supported, as the 
quality of research institutions and government procurement of 
high-tech products do not enhance eco-innovation. However, 
Hypothesis 1b is corroborated, for university–industry collabo-
rations have a positive impact on eco-innovation.

4.5   |   Interaction Effects

In this section, we investigate Hypothesis 2 by examining the in-
teraction effect between the NIS and environment management 
team using an interaction term. Table  5 shows the regression 
result. The coefficient of the interaction term between the NIS 
and the environment management team is significantly positive, 
corroborating Hypothesis  2. The environment management 
team serves as a crucial moderator in the relationship between 
the NIS and corporate eco-innovation. Their expertise in bal-
ancing external pressures with internal strategies and resources 
is indispensable.

Furthermore, we examine Hypothesis 3 by incorporating an in-
teraction term between the NIS and nonexecutive directors. The 
results, displayed in Table 6, reveal that the coefficient of the in-
teraction term is significantly positive, supporting Hypothesis 3. 
This indicates that nonexecutive directors significantly enhance 
the impact of the NIS on eco-innovation, acting as a positive 
moderator in this relationship. Nonexecutive directors bridge 
external drivers of innovation and internal strategic capacities, 
fostering the adoption of eco-innovation while ensuring it aligns 
with national objectives and stakeholder expectations.

4.6   |   Robustness Checks

To ensure that our results are robust, we run several robustness 
checks.

4.6.1   |   Propensity Score Matching (PSM) 
and Entropy Balancing

To mitigate endogeneity, we use propensity score matching 
(PSM) and entropy balancing. PSM helps reduce selection bias 
by creating balanced treatment and control groups based on ob-
served covariates, thereby mimicking random assignment and 
enabling more accurate treatment effect estimation (Rosenbaum 
and Rubin 1983; Austin 2011). However, PSM can be inefficient 
if unmatched units are discarded and may struggle to achieve 
perfect covariate balance, especially when the covariate distri-
butions between groups differ significantly.

In contrast, entropy balancing directly reweights the control 
group to match the treatment group on covariate means, and op-
tionally higher moments like variances, ensuring exact covari-
ate balance and retaining all observations (Hainmueller 2012). 
This method is particularly useful when sample sizes are lim-
ited or when matching is difficult. It avoids both data loss and 
model dependence, which can arise with PSM.
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Both methods effectively address confounding from observable 
characteristics, but they differ in implementation and perfor-
mance. PSM is more traditional and interpretable, offering clear 
covariate comparisons, whereas entropy balancing provides 

superior accuracy and efficiency, particularly in smaller or im-
balanced samples. The choice between them ultimately depends 
on the study context, data characteristics, and the importance of 
achieving precise covariate balance.

TABLE 3    |    The effect of the national innovation system on eco-innovation.

(1) (2)

Eco-innovation Eco-innovation

National innovation system (PCA) −0.480** −0.550**

(−2.114) (−2.380)

Board size −0.007

(−0.084)

Board gender diversity 0.088***

(3.542)

Nonexecutive directors −0.001

(−0.029)

CEO duality −0.796

(−1.604)

Firm size 2.251***

(4.459)

Return on assets −8.680***

(−2.892)

Leverage 0.143

(0.072)

Free float 0.027

(1.404)

Research and development −3.522

(−0.302)

Cash holdings 2.346

(0.965)

Worldwide governance indicator 1.382

(0.577)

Constant 32.188*** −21.407*

(255.349) (−1.874)

Year fixed effects Yes Yes

Firm fixed effects Yes Yes

Country fixed effects Yes Yes

Observations 14,654 14,654

Adjusted R-squared 0.779 0.779

Note: National innovation system (PCA) is a combined index from a principal component analysis based on three individual characteristics: (1) quality of scientific 
research, (2) university–industry collaboration, and (3) government procurement of advanced technology products. All variables are defined in Table A1. t-statistics in 
parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.4325 by U

N
IV

E
R

SIT
Y

 O
F SH

E
FFIE

L
D

, W
iley O

nline L
ibrary on [08/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense
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TABLE 4    |    The effect of three individual national innovation system 
characteristics on eco-innovation.

(1)

Eco-innovation

Quality of research institutions −3.003***

(−2.984)

University–industry collaboration 2.747**

(2.447)

Government procurement of high-tech 
products

−1.562**

(−2.238)

Board size −0.007

(−0.079)

Board gender diversity 0.089***

(3.585)

Nonexecutive directors 0.004

(0.245)

CEO duality −0.895*

(−1.799)

Firm size 2.162***

(4.267)

Return on assets −8.593***

(−2.863)

Leverage 0.056

(0.028)

Free float 0.027

(1.381)

Research and development −4.356

(−0.374)

Cash holdings 2.567

(1.056)

Worldwide governance indicator 1.978

(0.823)

Constant −11.353

(−0.963)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,654

Adjusted R-squared 0.779

Note: The national innovation system includes three individual characteristics: 
(1) quality of scientific research, (2) university–industry collaboration, and (3) 
government procurement of advanced technology products. All variables are 
defined in Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

TABLE 5    |    Interaction with the environment management team.

(1)

Eco-innovation

National innovation system 
(PCA) * Environment management team

0.514**

(1.970)

Environment management team 6.166***

(12.344)

National innovation system (PCA) −0.796***

(−3.024)

Board size −0.024

(−0.267)

Board gender diversity 0.091***

(3.595)

Nonexecutive directors −0.005

(−0.258)

CEO duality −0.740

(−1.473)

Firm size 1.816***

(3.516)

Return on assets −11.170***

(−3.601)

Leverage −0.091

(−0.045)

Free float 0.024

(1.204)

Research and development −11.062

(−0.926)

Cash holdings 1.267

(0.507)

Worldwide governance indicator −0.300

(−0.121)

Constant −11.585

(−0.987)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,009

Adjusted R-squared 0.782

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.
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In our study, we divide the sample into quartiles based on the 
NIS score, assigning the highest scores to the top quartile, 
which we define as the treatment group. For each firm in this 
group, we find the nearest match from the rest of the sam-
ple using 11 distinct firm characteristics from our regression 
analysis. This method ensures that the treatment and control 
firms are nearly identical in all observable aspects, except for 
the NIS score. The PSM and entropy balancing results are 
shown in Models 1 and 2, respectively, in Table A3. The NIS 
still carries a negative and significant coefficient, suggesting 
that our conclusion is robust.

Table  A4 presents diagnostic testing results for the PSM pro-
cedure. Column 1 shows the differences in covariates between 
firms with strong national innovation systems (the treat-
ment group) and the rest of the sample (the control group) be-
fore matching. Column 2 reports the same differences after 
matching.

Prior to matching, the treatment and control groups differed 
significantly across several dimensions. For example, firms in 
the treatment group have smaller boards (Board Size, coeffi-
cient = −0.068, t = −3.947), are more likely to have CEO duality 
(coefficient = 1.101, t = 5.566), and tend to have higher leverage, 
higher R&D spending, greater cash holdings, and greater free 
float, and are headquartered in countries with stronger gover-
nance environments—all statistically significant at conven-
tional levels. These differences suggest non-random assignment 
into the treatment group and underscore the importance of cor-
recting for selection bias.

After applying PSM, the differences between the treatment 
and control groups become statistically indistinguishable 
across all covariates. None of the post-matching coefficients 
in Column 2 are statistically significant, indicating that the 
matching process successfully balanced the observable char-
acteristics between the two groups. This suggests that the 
PSM procedure effectively creates a valid counterfactual 
group, strengthening the credibility of any subsequent causal 
inference.

Additionally, Figure 2 shows the density distribution of propen-
sity scores for the treatment and control groups, both before and 
after matching. Before matching, the distributions differ signifi-
cantly between the two groups. However, after matching, the 
distributions are nearly identical, indicating that our matching 
process is successful (Figure 2).

Change regression: Moreover, we run additional analysis using 
changes in the variables rather than levels. Running a regres-
sion using changes in variables is advantageous because it 
controls for unobserved heterogeneity and reduces spurious cor-
relations, providing more accurate estimates of causal effects. 
This method addresses issues of stationarity and autocorrela-
tion, enhancing the reliability of results (Baltagi 2008). It also 
highlights short-term impacts and trends that may be missed 
when examining levels (Stock and Watson 2014). The regression 
result, presented in Table A5, indicates that the coefficient of the 
NIS is still negative and significant.

TABLE 6    |    Interaction with board independence.

(1)

Eco-innovation

National innovation system 
(PCA) * Nonexecutive board 
members

0.012**

(2.206)

National innovation system (PCA) −1.518***

(−3.061)

Board size −0.014

(−0.158)

Board gender diversity 0.087***

(3.499)

Nonexecutive directors 0.005

(0.285)

CEO duality −0.831*

(−1.675)

Firm size 2.237***

(4.432)

Return on assets −8.540***

(−2.844)

Leverage 0.190

(0.096)

Free float 0.027

(1.368)

Research and development −3.383

(−0.290)

Cash holdings 2.445

(1.006)

Worldwide governance indicator 1.977

(0.821)

Constant −22.096*

(−1.933)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,654

Adjusted R-squared 0.779

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) Government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.
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Alternative sample: It may be argued that the results are driven 
by US firms, which account for the largest portion of the sam-
ple.9 To ensure robustness, we exclude US firms and rerun the 
regression analysis. The results, shown in Table  A6, remain 
consistent. Even after various robustness checks, our findings 
remain similar.

Clustering standard errors: As a robustness check, we clus-
ter standard errors by firm, year, and country to account for 
potential intra-group correlation across multiple dimensions. 
Clustering adjusts for dependencies within clusters and leads 
to more reliable inference (Cameron and Miller 2015; Abadie 
et  al.  2023). However, clustering has its own limitations—
such as sensitivity to the number of clusters and inflated 
standard errors in certain cases (Angrist and Pischke  2009; 
Thompson 2011)—so we report these results only as a robust-
ness check. Table  A7 reports that the results still hold after 
clustering standard errors showing that NIS is negatively asso-
ciated with eco-innovation.

Further tests: We conducted further tests with three individual 
indicators of the NIS to explore further evidence between NIS, 
eco-innovation, and upper echelon (Table A8). First, we ran the 
moderation model interacting environmental management team 
and the indicators of NIS and found that the interaction term 
of University–industry collaboration * Environmental manage-
ment team has a significant positive coefficient, whereas Quality 
of research institutions * Environmental management team has 
a significant negative coefficient, and Government procurement 
of high-tech products * Environmental management team has 
an insignificant coefficient. Hence, these results imply that the 
environmental team has a complementary relationship with 
university–industry collaboration but a substitutive relationship 
with the quality of research institutions in stimulating ecologi-
cal innovation.

Furthermore, in Table A9, the interaction of board independence 
with three indicators of NIS revealed that none of the interac-
tions is significant despite the interaction of NIS * Nonexecutive 
board members in Table 6 is significant. Although this finding 

is surprising, it suggests some implications. One possible expla-
nation for the significant interaction in Table 6 is that board in-
dependence is more likely to influence eco-innovation when it 
interacts with the entire innovation ecosystem rather than with 
isolated elements. Board independence might be most effective 
when responding to a comprehensive innovation environment, 
which is better captured by the composite NIS index rather than 
its fragmented parts. This suggests that board independence as 
a governance mechanism responds more robustly when aligned 
with an integrated innovation system rather than reacting to in-
dividual, narrowly focused innovation initiatives.

Additionally, there may be a dilution of effects when the NIS is 
broken down into its components. Each of these components, 
when examined separately, may lack the statistical power to 
drive significant interactions with board independence. The 
holistic measure, however, encapsulates the cumulative effect 
that aligns better with the strategic decisions made by indepen-
dent boards. This indicates that the relationship between board 
independence and eco-innovation is complex and multifaceted, 
likely requiring a comprehensive and multidimensional innova-
tion environment to manifest significantly.

In conclusion, the discrepancy between Table  6 and Table  A9 
results from the difference between a holistic, integrated mea-
sure and isolated components of the NIS. The composite index 
reflects the broader innovation ecosystem, where board inde-
pendence can significantly enhance eco-innovation. In contrast, 
the fragmented view in Table A9 fails to capture this synergy, 
leading to nonsignificant interaction terms. This suggests that 
board independence is more effective when aligned with a com-
prehensive national innovation environment rather than when 
responding to individual, isolated innovation factors.

5   |   Conclusions

In the face of growing ecological concerns arising from pollu-
tion and climate change, there is an increasing interest among 
researchers to suggest viable solutions to organizations for a 

FIGURE 2    |    Balance plot.
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cleaner environment. This trend underscores the importance 
of eco-innovation, which implies transforming traditional 
operation processes towards more eco-friendly practices and 
developing eco-friendly processes and products. So far, numer-
ous studies have focused on whether firm financial and gover-
nance attributes foster eco-innovation; however, institutional 
contexts are of critical importance for policymaking and lay-
ing out essential conditions. Hence, we focus on whether the 
NIS cultivates firms' eco-innovation commitment. Further, 
we deepen our investigation by exploring two corporate chan-
nels in creating a synergy between the NIS and firms' eco-
innovation namely the environmental management team and 
nonexecutive directors.

We find that composite NIS proxy is negatively associated with 
eco-innovation. Given that this was a bit surprising and con-
trary to expectations, we expanded our investigation on three 
pillars of composite NIS proxy. The results indicate that whereas 
the quality of research institutions and government procure-
ment of high-tech products are still negatively associated with 
eco-innovation, university–industry collaboration is positively 
associated with it. Further investigation reveals that the envi-
ronmental management team and nonexecutive directors are 
two channels via which NIS reinforces firms' eco-innovation 
capacity. However, readers should also consider that environ-
mental management teams have sometimes complementary 
but sometimes substitutive relationships with NIS indicators 
to draw correct inferences. Lastly, it is notable that board inde-
pendence is most effective when responding to a comprehensive 
innovation environment, which is better captured by the com-
posite NIS index rather than its fragmented parts.

6   |   Discussions and Implications

Our study provides evidence for the institutional theory's rel-
evancy in stimulating or hindering eco-innovation (DiMaggio 
and Powell 1983; Scott 1995). More specifically, coercive forces 
(i.e., government high-tech procurement) do not support eco-
innovation, but normative forces (i.e., university–industry 
collaboration) do. The collaboration between universities and 
industries helps transfer knowledge and innovative capabilities 
(Perkmann et  al.  2013), commercialize academic knowledge, 
and create patenting (e.g., eco-products and eco-processes) 
(Rybnicek and Königsgruber 2019). We also provide evidence for 
the positive interplay between institutional and upper-echelon 
theories such that environmental team organization and board 
configuration with nonexecutive directors help create a synergy 
between NIS and eco-innovation. It is evident that environmen-
tal teams with their specialized knowledge and dedication to 
sustainability align external policies with firms' strategic goals 
and capabilities (Scarpellini et al. 2020; Valero-Gil et al. 2023). 
Nonexecutive directors are also an important dimension of 
board social capital in reaching out to external resources and 
facilitating the transfer and absorption of new knowledge and 
technologies (Barroso-Castro, Villegas-Periñan, and Casillas-
Bueno 2016; Ceipek et al. 2021).

Our findings suggest that the NIS requires a new configuration 
to alleviate environmental concerns through eco-innovation. 
It appears that government high-tech procurement does not 

involve an ecological perspective, and research institutions 
per se do not focus on eco-innovation sufficiently. Growingly, 
environmental concerns and climate change issues are be-
coming one of the most dominant issues around the globe, 
the government and research institutions may prioritize con-
tributing to exploring eco-friendly solutions. It is hoped that 
firms will be encouraged to incorporate eco-friendly practices 
in their operations if institutional support is provided more 
profoundly.

On the other hand, what is good is that university–industry 
collaboration induces greater eco-innovation engagement via 
bridging theory and practice. This finding suggests greater col-
laboration between universities and firms, which may help re-
searchers implement what they formulate and facilitate firms' 
transformation to cutting-edge technologies for eco-products 
and processes. In creating a synergy between the NIS and eco-
innovation, we find that the environmental management team 
and nonexecutive directors are useful channels. This supports 
the stakeholder theory such that the environmental team and 
nonexecutive directors strive to transform the operational pro-
cess to address stakeholders' environmental concerns by lever-
aging institutions' support for eco-innovation. This finding has 
implications for environmental management design and board 
configuration.

Our investigation has several limitations. First, our sample is 
unbalanced across countries due to the differing number of ob-
servations affiliated with countries in the data source. Second, 
the sample is confined to 2007–2018 due to the availability of 
national innovation system data for those years. After 2018, 
the World Economic Forum changed the metrics that it pub-
lishes in the Global Competitiveness Index. Third, the data 
for the environmental management team is binary due to the 
unavailability of continuous data. Upon our investigation, fu-
ture studies could expand the investigation. They can focus 
on other corporate and institutional characteristics that might 
drive firm eco-innovation. For instance, investigating how in-
stitutional ownership affects the NIS-eco-innovation connec-
tion or whether environmental regulations such as imposing 
environmental taxes or regulations might change the NIS–
eco-innovation link deserves to be the focus of future studies. 
Furthermore, the NIS–eco-innovation connection might vary 
in shareholder-oriented versus stakeholder-oriented countries 
as the former prioritizes shareholders' interests, whereas the lat-
ter prioritizes the interests of more encompassing stakeholders. 
Moreover, other than formal institutions, the impact of informal 
institutions should not be ignored. In this respect, integrating the 
national culture into our model would reveal interesting results 
to explore how the NIS–eco-innovation connection changes in 
masculinity/femininity, long-horizon/short-horizon, and indul-
gence versus restraint societies, among others. In addition, fi-
nancial resource availability might be also of critical importance 
in leveraging NIS for eco-innovation, which could be a potential 
future investigation. Finally, future research could delve deeper 
into why and where two dimensions of the NIS weaken firms' 
eco-innovation. To answer these questions, qualitative studies 
and/or regional and contextual empirical studies could be con-
ducted. Such a study might also investigate and highlight how 
NIS can be better reformulated in such a way that it supports 
eco-innovation.
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Endnotes

	1	Please see the wider description of eco-innovation in the “Variables” 
section and Table A1.

	2	The World Economic Forum changed its formulation of the competi-
tiveness index after 2018, so no more of these three proxies are mea-
sured in the index.

	3	We explain in the following section which data we collected from 
which source.

	4	Please see the sample distribution across countries in Table A2.

	5	Environmental, social, and governance.

	6	It is publicly available data retrievable from Home | Worldwide 
Governance Indicators (worldbank.org).

	7	To ensure that multicollinearity is not an issue, we calculate the vari-
ance inflation factor (VIF) for each variable. All VIF values are below 
2.0, indicating that multicollinearity is not a concern.

	8	It can be calculated as follows: one standard deviation of NIS (PCA), 
which is 1.52 multiplied by the coefficient of NIS in Table 3 Model 2, 
which is 0.550. The result is 0.836. Then, we have it divided by the 
standard deviation of eco-innovation, which is 32.29. The result is 2.59.

	9	Please see Table A2.

References

Abadie, A., S. Athey, G. W. Imbens, and J. M. Wooldridge. 2023. “When 
Should You Adjust Standard Errors for Clustering?” Quarterly Journal 
of Economics 138, no. 1: 1–35.

Albitar, K., N. Nasrallah, K. Hussainey, and Y. Wang. 2024. “Eco-
Innovation and Corporate Waste Management: The Moderating Role of 
ESG Performance.” Review of Quantitative Finance and Accounting 63, 
no. 2: 781–805.

Ali, A., D. J. Kelley, and J. Levie. 2020. “Market-Driven Entrepreneurship 
and Institutions.” Journal of Business Research 113: 117–128.

Angrist, J. D., and J. S. Pischke. 2009. Mostly Harmless Econometrics: An 
Empiricist's Companion. Princeton University Press.

Ankrah, S., and A. T. Omar. 2015. “Universities–Industry Collaboration: 
A Systematic Review.” Scandinavian Journal of Management 31, no. 3: 
387–408.

Arici, H. E., and M. Uysal. 2022. “Leadership, Green Innovation, and 
Green Creativity: A Systematic Review.” Service Industries Journal 42, 
no. 5–6: 280–320.

Austin, P. C. 2011. “An Introduction to Propensity Score Methods 
for Reducing the Effects of Confounding in Observational Studies.” 
Multivariate Behavioral Research 46, no. 3: 399–424.

Baltagi, B. H. 2008. “Time-Series Analysis.” In Econometrics, edited by 
B. H. Baltagi, 355–377. Berlin Heidelberg: Springer.

Bammens, Y., and P. Hünermund. 2020. “Nonfinancial Considerations 
in Eco-Innovation Decisions: The Role of Family Ownership and 
Reputation Concerns.” Journal of Product Innovation Management 37, 
no. 5: 431–453.

Barroso-Castro, C., M. D. M. Villegas-Periñan, and J. C. Casillas-
Bueno. 2016. “How Boards' Internal and External Social Capital 
Interact to Affect Firm Performance.” Strategic Organization 14, no. 
1: 6–31.

Berrone, P., A. Fosfuri, L. Gelabert, and L. R. Gomez-Mejia. 2013. 
“Necessity as the Mother of ‘Green’ Inventions: Institutional Pressures 
and Environmental Innovations.” Strategic Management Journal 34, no. 
8: 891–909.

Bozeman, B., D. Fay, and C. P. Slade. 2013. “Research Collaboration in 
Universities and Academic Entrepreneurship: The-State-of-the-Art.” 
Journal of Technology Transfer 38, no. 1: 1–67.

Bruneel, J., P. d'Este, and A. Salter. 2010. “Investigating the Factors That 
Diminish the Barriers to University–Industry Collaboration.” Research 
Policy 39, no. 7: 858–868.

Cameron, A. C., and D. L. Miller. 2015. “A Practitioner's Guide to 
Cluster-Robust Inference.” Journal of Human Resources 50, no. 2: 
317–372.

Carpenter, M. A., M. A. Geletkanycz, and W. G. Sanders. 2004. 
“Upper Echelons Research Revisited: Antecedents, Elements, and 
Consequences of Top Management Team Composition.” Journal of 
Management 30, no. 6: 749–778.

Ceipek, R., J. Hautz, A. M. Petruzzelli, A. De Massis, and K. Matzler. 
2021. “A Motivation and Ability Perspective on Engagement in Emerging 
Digital Technologies: The Case of Internet of Things Solutions.” Long 
Range Planning 54, no. 5: 101991.

Chen, W., and H. Song. 2024. “National Innovation System: 
Measurement of Overall Effectiveness and Analysis of Influencing 
Factors.” Technology in Society 77: 102514.

Cirillo, V., A. Martinelli, A. Nuvolari, and M. Tranchero. 2019. “Only 
One Way to Skin a Cat? Heterogeneity and Equifinality in European 
National Innovation Systems.” Research Policy 48, no. 4: 905–922.

Cohen, W. M., and D. A. Levinthal. 1990. “Absorptive Capacity: A 
New Perspective on Learning and Innovation.” Administrative Science 
Quarterly 35, no. 1: 128–152.

Cohen, W. M., R. R. Nelson, and J. P. Walsh. 2002. “Links and Impacts: 
The Influence of Public Research on Industrial R&D.” Management 
Science 48, no. 1: 1–23.

Cooke, P. 2011. “Transition Regions: Regional–National Eco-Innovation 
Systems and Strategies.” Progress in Planning 76, no. 3: 105–146.

Cormier, D., M. Magnan, and B. Van Velthoven. 2005. “Environmental 
Disclosure Quality in Large German Companies: Economic Incentives, 
Public Pressures or Institutional Conditions?” European Accounting 
Review 14, no. 1: 3–39.

Daily, C. M., D. R. Dalton, and A. A. Cannella Jr. 2003. “Corporate 
Governance: Decades of Dialogue and Data.” Academy of Management 
Review 28, no. 3: 371–382.

Damanpour, F., and M. Schneider. 2009. “Characteristics of Innovation 
and Innovation Adoption in Public Organizations: Assessing the Role 
of Managers.” Journal of Public Administration Research and Theory 19, 
no. 3: 495–522.

Dangelico, R. M., and D. Pujari. 2010. “Mainstreaming Green Product 
Innovation: Why and How Companies Integrate Environmental 
Sustainability.” Journal of Business Ethics 95: 471–486.

de Sousa, T. C., and C. D. O. Melo. 2021. “Sustainable Infrastructure, 
Industrial Ecology, and Eco-Innovation: Positive Impact on Society.” 
In Industry, Innovation and Infrastructure, 1093–1102. Cham: Springer 
International Publishing.

De Villiers, C., V. Naiker, and C. J. Van Staden. 2011. “The Effect of 
Board Characteristics on Firm Environmental Performance.” Journal 
of Management 37, no. 6: 1636–1663.

Demircioglu, M. A., and D. B. Audretsch. 2017. “Conditions for 
Innovation in Public Sector Organizations.” Research Policy 46, no. 9: 
1681–1691.

Dey, P. K., C. Malesios, D. De, S. Chowdhury, and F. B. Abdelaziz. 2020. 
“The Impact of Lean Management Practices and Sustainably-Oriented 
Innovation on Sustainability Performance of Small and Medium-Sized 
Enterprises: Empirical Evidence From the UK.” British Journal of 
Management 31, no. 1: 141–161.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.4325 by U

N
IV

E
R

SIT
Y

 O
F SH

E
FFIE

L
D

, W
iley O

nline L
ibrary on [08/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.worldbank.org/en/publication/worldwide-governance-indicators
https://www.worldbank.org/en/publication/worldwide-governance-indicators


15 of 23

DiMaggio, P. J., and W. W. Powell. 1983. “The Iron Cage Revisited: 
Institutional Isomorphism and Collective Rationality in Organizational 
Fields.” American Sociological Review 48, no. 2: 147–160.

Dusdal, J., and J. J. Powell. 2021. “Benefits, Motivations, and Challenges 
of International Collaborative Research: A Sociology of Science Case 
Study.” Science and Public Policy 48, no. 2: 235–245.

Edler, J., and L. Georghiou. 2007. “Public Procurement and Innovation—
Resurrecting the Demand Side.” Research Policy 36, no. 7: 949–963.

Edquist, C. 2010. “Systems of Innovation Perspectives and Challenges.” 
African Journal of Science, Technology, Innovation and Development 2, 
no. 3: 14–45.

Fagerberg, J. 2018. “Mobilizing Innovation for Sustainability 
Transitions: A Comment on Transformative Innovation Policy.” 
Research Policy 47, no. 9: 1568–1576.

Fiorillo, P., A. Meles, M. Mustilli, and D. Salerno. 2022. “How Does 
the Financial Market Influence Firms' Green Innovation? The Role of 
Equity Analysts.” Journal of International Financial Management & 
Accounting 33, no. 3: 428–458.

Flanagan, K., E. Uyarra, and M. Laranja. 2011. “Reconceptualising the 
‘Policy Mix’ for Innovation.” Research Policy 40, no. 5: 702–713.

Forliano, C., P. De Bernardi, and D. Yahiaoui. 2021. “Entrepreneurial 
Universities: A Bibliometric Analysis Within the Business and 
Management Domains.” Technological Forecasting and Social Change 
165: 120522.

Freeman, C. 1987. Technology Policy and Economic Performance: 
Lessons From Japan. London: Pinter.

Freeman, R. E. 1984. Strategic Management: A Stakeholder Approach. 
Boston: Pitman.

Galbreath, J. 2011. “Are There Gender-Related Influences on Corporate 
Sustainability? A Study of Women on Boards of Directors.” Journal of 
Management & Organization 17, no. 1: 17–38.

Galletta, S., S. Mazzù, V. Naciti, and C. Vermiglio. 2022. “Gender 
Diversity and Sustainability Performance in the Banking Industry.” 
Corporate Social Responsibility and Environmental Management 29, no. 
1: 161–174.

Gerged, A. M., A. M. Chijoke-Mgbame, R. Konadu, and C. J. Cowton. 
2023. “Does the Presence of an Environmental Committee Strengthen 
the Impact of Board Gender Diversity on Corporate Environmental 
Disclosure? Evidence From Sub-Saharan Africa.” Business Strategy and 
the Environment 32, no. 4: 2434–2450.

Gerstlberger, W., M. Praest Knudsen, and I. Stampe. 2014. “Sustainable 
Development Strategies for Product Innovation and Energy Efficiency.” 
Business Strategy and the Environment 23, no. 2: 131–144.

Govindan, K., M. Kilic, A. Uyar, and A. S. Karaman. 2021. “Drivers and 
Value-Relevance of CSR Performance in the Logistics Sector: A Cross-
Country Firm-Level Investigation.” International Journal of Production 
Economics 231: 107835.

Hainmueller, J. 2012. “Entropy Balancing for Causal Effects: A 
Multivariate Reweighting Method to Produce Balanced Samples in 
Observational Studies.” Political Analysis 20, no. 1: 25–46.

Hambrick, D. C., and P. A. Mason. 1984. “Upper Echelons: The 
Organization as a Reflection of Its Top Managers.” Academy of 
Management Review 9, no. 2: 193–206.

Hammer, B., S. Pettkus, D. Schweizer, and N. Wünsche. 2022. “The 
More the Merrier? Diversity and Private Equity Performance.” British 
Journal of Management 33, no. 1: 231–265.

Han, M. S., S. S. Ma, Y. Wang, and Q. Tian. 2023. “Impact of Technology-
Enabled Product Eco-Innovation: Empirical Evidence From the Chinese 
Manufacturing Industry.” Technovation 128: 102853.

Hart, S. L., and S. Sharma. 2004. “Engaging Fringe Stakeholders for 
Competitive Imagination.” Academy of Management Perspectives 18, no. 
1: 7–18.

Hu, G., X. Wang, and Y. Wang. 2021. “Can the Green Credit Policy 
Stimulate Green Innovation in Heavily Polluting Enterprises? Evidence 
From a Quasi-Natural Experiment in China.” Energy Economics 98: 
105134.

Javed, M., F. Wang, M. Usman, A. A. Gull, and Q. U. Zaman. 2023. 
“Female CEOs and Green Innovation.” Journal of Business Research 
157: 113515.

Karaman, A. S., A. Uyar, R. Boussaada, and M. Karmani. 2024. “Do 
Investors Care About Greening in Corporations? The Role of Eco-
Innovation and CSR Committee.” Journal of Applied Accounting 
Research 25, no. 5: 1244–1278.

Kirchherr, J., K. Hartley, and A. Tukker. 2023. “Missions and Mission-
Oriented Innovation Policy for Sustainability: A Review and Critical 
Reflection.” Environmental Innovation and Societal Transitions 47: 
100721.

Klofsten, M., A. Fayolle, M. Guerrero, S. Mian, D. Urbano, and M. 
Wright. 2019. “The Entrepreneurial University as Driver for Economic 
Growth and Social Change-Key Strategic Challenges.” Technological 
Forecasting and Social Change 141: 149–158.

Lundvall, B. A. 1992. National Systems of Innovation: Towards a Theory 
of Innovation and Interactive Learning. Vol. 242. London: Pinter.

Lundvall, B. Å. 2007. “National Innovation Systems—Analytical 
Concept and Development Tool.” Industry and Innovation 14, no. 1: 
95–119.

Madrid-Guijarro, A., and A. C. Garcés-Torres. 2023. “Open Innovation 
in Ecuadorian SMEs: The Importance of Strategy and the Moderating 
Effect of Control.” Management and Organization Review 19, no. 3: 
533–566.

Metcalf, L., and S. Benn. 2013. “Leadership for Sustainability: An 
Evolution of Leadership Ability.” Journal of Business Ethics 112: 
369–384.

Miao, Q., A. Newman, G. Schwarz, and B. Cooper. 2018. “How 
Leadership and Public Service Motivation Enhance Innovative 
Behavior.” Public Administration Review 78, no. 1: 71–81.

Ndou, V., G. Schiuma, and G. Passiante. 2018. “Towards a Framework 
for Measuring Creative Economy: Evidence From Balkan Countries.” 
Measuring Business Excellence 23, no. 1: 41–62.

Nelson, R. R., ed. 1993. National Innovation Systems: A Comparative 
Analysis. USA: Oxford University Press.

OECD. 2009. Eco-Innovation in Industry. Paris: Enabling Green Growth.

Perkmann, M., V. Tartari, M. McKelvey, et  al. 2013. “Academic 
Engagement and Commercialisation: A Review of the Literature on 
University–Industry Relations.” Research Policy 42, no. 2: 423–442.

Rogge, K. S., and K. Reichardt. 2016. “Policy Mixes for Sustainability 
Transitions: An Extended Concept and Framework for Analysis.” 
Research Policy 45, no. 8: 1620–1635.

Rosenbaum, P. R., and D. B. Rubin. 1983. “The Central Role of 
the Propensity Score in Observational Studies for Causal Effects.” 
Biometrika 70, no. 1: 41–55.

Russo, M. V. 2009. “Explaining the Impact of ISO 14001 on Emission 
Performance: A Dynamic Capabilities Perspective on Process and 
Learning.” Business Strategy and the Environment 18, no. 5: 307–319.

Rybnicek, R., and R. Königsgruber. 2019. “What Makes Industry–
University Collaboration Succeed? A Systematic Review of the 
Literature.” Journal of Business Economics 89, no. 2: 221–250.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.4325 by U

N
IV

E
R

SIT
Y

 O
F SH

E
FFIE

L
D

, W
iley O

nline L
ibrary on [08/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



16 of 23 Business Strategy and the Environment, 2025

Sahasranamam, S., and V. Soundararajan. 2022. “Innovation 
Ecosystems: What Makes Them Responsive During Emergencies?” 
British Journal of Management 33, no. 1: 369–389.

Scarpellini, S., J. Valero-Gil, J. M. Moneva, and M. Andreaus. 2020. 
“Environmental Management Capabilities for a “Circular Eco-
Innovation”.” Business Strategy and the Environment 29, no. 5: 
1850–1864.

Scott, W. R. 1995. Institutions and Organizations. Thousand Oaks, CA: 
Sage Publications.

Sharma, S., and H. Vredenburg. 1998. “Proactive Corporate 
Environmental Strategy and the Development of Competitively 
Valuable Organizational Capabilities.” Strategic Management Journal 
19, no. 8: 729–753.

Siswanti, I., H. A. Riyadh, L. C. Nawangsari, Y. Mohd Yusoff, and M. W. 
Wibowo. 2024. “The Impact of Digital Transformation for Sustainable 
Business: The Meditating Role of Corporate Governance and Financial 
Performance.” Cogent Business and Management 11, no. 1: 2316954.

Skute, I., K. Zalewska-Kurek, I. Hatak, and P. de Weerd-Nederhof. 
2019. “Mapping the Field: A Bibliometric Analysis of the Literature on 
University–Industry Collaborations.” Journal of Technology Transfer 
44: 916–947.

Soana, M. G. 2024. “Environmental Strategies, Environmental 
Performance and Board Sustainability Committees: Are Financial 
and Non-Financial Companies Different?” Research in International 
Business and Finance 69: 102208.

Spitzeck, H. 2009. “The Development of Governance Structures for 
Corporate Responsibility.” Corporate Governance: The International 
Journal of Business in Society 9, no. 4: 495–505.

Stahl, G. K., C. J. Brewster, D. G. Collings, and A. Hajro. 2020. 
“Enhancing the Role of Human Resource Management in Corporate 
Sustainability and Social Responsibility: A Multi-Stakeholder, 
Multidimensional Approach to HRM.” Human Resource Management 
Review 30, no. 3: 100708.

Stock, J., and M. W. Watson. 2014. “Introduction to Econometrics 
(3rd Updated Edition).” https://​www.​princ​eton.​edu/​~​mwats​on/​Stock​
-​Watson_​3u/​Stude​nts/​RTC/​Stock_​Watson_​3U_​Answe​rsToR​eview​
TheCo​ncepts.​pdf.

Thompson, S. B. 2011. “Simple Formulas for Standard Errors That 
Cluster by Both Firm and Time.” Journal of Financial Economics 99, 
no. 1: 1–10.

Ullah, S., and A. Nasim. 2021. “Do Firm-Level Sustainability Targets 
Drive Environmental Innovation? Insights From BRICS Economies.” 
Journal of Environmental Management 294: 112754.

Uyar, A., H. Al-Shaer, C. Kuzey, and A. S. Karaman. 2024a. “Do Foreign 
Directors Reinforce Better Waste Management? The Moderating Role 
of Eco-Innovation.” Business Strategy and the Environment 33, no. 3: 
2040–2065.

Uyar, A., A. M. Gerged, C. Kuzey, and A. S. Karaman. 2024b. “Corporate 
Innovation Capacity, National Innovation Setting, and Renewable 
Energy Use.” Technological Forecasting and Social Change 205: 123459.

Uyar, A., C. Kuzey, A. M. Gerged, and A. S. Karaman. 2023. “Research 
and Development Intensity, Environmental Performance, and Firm 
Value: Unraveling the Nexus in the Energy Sector Worldwide.” Business 
Strategy and the Environment 32, no. 4: 1582–1602.

Valero-Gil, J., J. A. Surroca, J. A. Tribo, L. Gutierrez, and I. Montiel. 
2023. “Innovation vs. Standardization: The Conjoint Effects of Eco-
Innovation and Environmental Management Systems on Environmental 
Performance.” Research Policy 52, no. 4: 104737.

Waldman, D. A., and D. Siegel. 2008. “Defining the Socially Responsible 
Leader.” Leadership Quarterly 19, no. 1: 117–131.

Walls, J. L., P. Berrone, and P. H. Phan. 2012. “Corporate Governance 
and Environmental Performance: Is There Really a Link?” Strategic 
Management Journal 33, no. 8: 885–913.

Wang, C., Y. Wei, and L. Wu. 2023. “Global Eco-Innovation and 
Its Local Impact in Emerging Economies: Boundary Conditions of 
Environmental Regulations and Pollution Intensity.” Journal of Product 
Innovation Management 40, no. 6: 761–793.

Watson, R., H. N. Wilson, P. Smart, and E. K. Macdonald. 2018. 
“Harnessing Difference: A Capability-Based Framework for Stakeholder 
Engagement in Environmental Innovation.” Journal of Product 
Innovation Management 35, no. 2: 254–279.

Weber, K. M., and H. Rohracher. 2012. “Legitimizing Research, 
Technology and Innovation Policies for Transformative Change: 
Combining Insights From Innovation Systems and Multi-Level 
Perspective in a Comprehensive ‘Failures’ Framework.” Research Policy 
41, no. 6: 1037–1047.

WEF. 2018. “The Global Competitiveness Report 2017–2018.” Accessed 
October 25, 2021. http://​repor​ts.​wefor​um.​org/​globa​l-​compe​titiv​eness​
-​index​-​2017-​2018/​.

Yang, Z., H. Chen, L. Du, C. Lin, and W. Lu. 2021. “How Does Alliance-
Based Government-University-Industry Foster Cleantech Innovation 
in a Green Innovation Ecosystem?” Journal of Cleaner Production 283: 
124559.

Yim, D. S., and W. D. Kim. 2005. “The Evolutionary Responses of Korean 
Government Research Institutes in a Changing National Innovation 
System.” Science, Technology and Society 10, no. 1: 31–55.

Zahra, S. A., and J. A. Pearce. 1989. “Boards of Directors and Corporate 
Financial Performance: A Review and Integrative Model.” Journal of 
Management 15, no. 2: 291–334.

Zaman, R., K. Asiaei, M. Nadeem, I. Malik, and M. Arif. 2024. “Board 
Demographic, Structural Diversity, and Eco-Innovation: International 
Evidence.” Corporate Governance: An International Review 32, no. 3: 
374–390.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.4325 by U

N
IV

E
R

SIT
Y

 O
F SH

E
FFIE

L
D

, W
iley O

nline L
ibrary on [08/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.princeton.edu/~mwatson/Stock-Watson_3u/Students/RTC/Stock_Watson_3U_AnswersToReviewTheConcepts.pdf
https://www.princeton.edu/~mwatson/Stock-Watson_3u/Students/RTC/Stock_Watson_3U_AnswersToReviewTheConcepts.pdf
https://www.princeton.edu/~mwatson/Stock-Watson_3u/Students/RTC/Stock_Watson_3U_AnswersToReviewTheConcepts.pdf
http://reports.weforum.org/global-competitiveness-index-2017-2018/
http://reports.weforum.org/global-competitiveness-index-2017-2018/


17 of 23

Appendix 

TABLE A1    |    Variable descriptions.

Variables Definitions

Eco-innovation The environmental innovation score reflects a company's capacity to create new market 
opportunities through new environmental technologies and processes or eco-designed 

products (score ranges between 0 and 100). Eco-innovation score is drawn on 20 
metrics, namely, eco-labeled product development, fuel consumption, noise-reducing 
product development, hybrid vehicle development, environmental screening criteria 
in investments, total fleet's average CO2 emissions, the percentage of labeled wood or 
forest products (e.g., Forest Stewardship Council) from total wood or forest products, 

organic food development, production and distribution of agrochemicals, nuclear energy 
production percentage, product or technology development for use in the clean, product 
or technology development for water use efficiency, renewable energy, product or service 

development for energy efficiency of buildings, total amount of environmental R&D costs, 
the company's commitment to the Equator Principles, leasing or marketing buildings 
that are certified by recognized real estate certifications, revenue from environmental 

products and services, recycling program commitment, and public commitment to divest 
from fossil fuel (some indicators are sector specific like hybrid vehicle development)

Quality of research institutions Response to the survey question, “In your country, how do you assess the quality of 
scientific research institutions?” [1 = extremely poor; 7 = extremely good] (WEF 2018)

University–industry collaboration Response to the survey question “In your country, to what extent do businesses and 
universities collaborate on research and development?” [1 = do not collaborate at all; 

7 = collaborate extensively] (WEF 2018)

Government procurement of high-tech products Response to the survey question “In your country, to what extent do government 
purchasing decisions foster innovation?” [1 = not at all; 7 = to a great extent] (WEF 2018)

National innovation system (PCA) Principal component analysis of above three indicators of national innovation system 
namely quality of research institutions, university–industry collaboration, and 

government procurement of high technology products

Environment management team Existence of an environmental management team in the company. The team could be an 
individual or committee performing the functions directed to environmental issues and 

composed of employees of the company, who are operational on a day-to-day basis and are 
not the board committees (directors)

Board size Number of directors on board

Board gender diversity Female directors' proportion on board

Nonexecutive directors Nonexecutive directors' proportion on board

CEO duality CEO duality showing if the CEO and chair positions are held by the same person

Firm size Natural logarithm of total assets

Return on assets Earnings before interest and tax scaled by total assets

Leverage Total debt scaled by total assets

Free float Free float percentage of shares

Research and development Research and development expenditures scaled by total assets

Cash holding Cash and cash equivalents scaled by total assets

Worldwide Governance Indicators The average of six Worldwide Governance Indicators, namely, control of corruption, 
political stability and absence of violence/terrorism, government effectiveness, voice and 
accountability, regulatory quality, and rule of law (Score ranges between −2.5 and 2.5). 

The data were retrieved from the World Bank
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TABLE A2    |    Sample distribution by country.

Country Frequency Percent Cumulative

Argentina 37 0.25 0.25

Australia 361 2.41 2.66

Austria 69 0.46 3.12

Belgium 98 0.65 3.77

Brazil 181 1.21 4.98

Canada 298 1.99 6.97

Chile 59 0.39 7.37

China 745 4.98 12.34

Colombia 23 0.15 12.5

Denmark 168 1.12 13.62

Egypt 28 0.19 13.8

Finland 163 1.09 14.89

France 332 2.22 17.11

Germany 442 2.95 20.06

Greece 48 0.32 20.38

Hong Kong 245 1.64 22.02

Hungary 20 0.13 22.15

India 385 2.57 24.72

Indonesia 91 0.61 25.33

Ireland; Republic of 191 1.28 26.61

Israel 55 0.37 26.98

Italy 115 0.77 27.74

Japan 2291 15.3 43.04

Korea; Republic (S. 
Korea)

509 3.4 46.44

Kuwait 4 0.03 46.47

Luxembourg 37 0.25 46.72

Malaysia 67 0.45 47.16

Mexico 127 0.85 48.01

Netherlands 164 1.1 49.11

New Zealand 27 0.18 49.29

Norway 76 0.51 49.8

Oman 4 0.03 49.82

Pakistan 2 0.01 49.84

Peru 31 0.21 50.04

Philippines 26 0.17 50.22

Poland 28 0.19 50.4

Portugal 17 0.11 50.52

Qatar 12 0.08 50.6

Russia 47 0.31 50.91

(Continues)

Country Frequency Percent Cumulative

Saudi Arabia 34 0.23 51.14

Singapore 106 0.71 51.85

Slovenia 2 0.01 51.86

South Africa 185 1.24 53.1

Spain 96 0.64 53.74

Sweden 297 1.98 55.72

Switzerland 411 2.74 58.47

Taiwan 799 5.34 63.8

Thailand 71 0.47 64.28

Turkey 101 0.67 64.95

Ukraine 9 0.06 65.01

United Kingdom 752 5.02 70.03

United States of 
America

4478 29.91 99.94

Zimbabwe 9 0.06 100

Total 14,973 100.00

TABLE A2    |    (Continued)
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TABLE A3    |    Propensity score matching and entropy balancing.

Propensity 
score matching Entropy balancing

(1) (2)

Eco-innovation Eco-innovation

National innovation 
system (PCA)

−0.772** −0.609***

(−2.361) (−2.801)

Board size 0.338* 0.306**

(1.717) (2.316)

Board gender diversity 0.089** 0.115***

(2.382) (4.460)

Nonexecutive directors −0.047 −0.040

(−1.178) (−1.463)

CEO duality −0.979 −2.178***

(−1.098) (−3.577)

Firm size 0.972 2.011***

(1.217) (3.843)

Return on assets 2.469 −8.195***

(0.604) (−2.937)

Leverage −5.149* −5.650***

(−1.912) (−3.105)

Free float 0.019 0.037*

(0.576) (1.666)

Research and 
development

−4.831 −8.823

(−0.329) (−0.881)

Cash holdings −1.714 0.015

(−0.520) (0.007)

Worldwide governance 
indicator

−8.214 0.591

(−1.308) (0.135)

Constant 20.125 −16.249

(1.028) (−1.247)

Year fixed effects Yes Yes

Firm fixed effects Yes Yes

Country fixed effects Yes Yes

Observations 6678 14,654

Adjusted R-squared 0.781 0.766

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.
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TABLE A4    |    Diagnostic testing for propensity score matching (PSM).

(1) (2)

Treatment
(Strong national innovation system)

Treatment
(Strong national innovation system)

Pre-match Post-match

Board size −0.068*** 0.028

(−3.947) (1.074)

Board gender diversity −0.005 −0.000

(−0.738) (−0.010)

Nonexecutive directors 0.047*** 0.002

(9.484) (0.227)

CEO duality 1.101*** −0.083

(5.566) (−0.683)

Firm size −0.097 −0.012

(−0.906) (−0.084)

Return on assets 0.982 0.064

(1.428) (0.111)

Leverage 1.514*** −0.195

(3.120) (−0.294)

Free float 0.027*** −0.001

(5.906) (−0.417)

Research and development 3.414*** 0.561

(3.899) (0.712)

Cash holdings 2.290*** −0.144

(3.007) (−0.509)

World governance indicator 0.581*** −0.125

(4.678) (−0.108)

Constant −6.005** 0.191

(−2.548) (0.038)

Pseudo R-squared 0.255 0.001

Observations 14,973 7614

Note: National innovation system (PCA) is a combined index from a principal component analysis based on three individual characteristics: (1) quality of scientific 
research, (2) university–industry collaboration, and (3) government procurement of advanced technology products. All variables are defined in Table A1. t-statistics in 
parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.4325 by U

N
IV

E
R

SIT
Y

 O
F SH

E
FFIE

L
D

, W
iley O

nline L
ibrary on [08/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



21 of 23

TABLE A5    |    Regression based on changes in the variables.

(1)

Eco-innovation

∆ National innovation system (PCA) −0.490**

(−2.237)

∆ Board size −0.035

(−0.403)

∆ Board gender diversity 0.069**

(2.436)

∆ Nonexecutive directors −0.008

(−0.447)

∆ CEO duality −0.938*

(−1.911)

∆ Firm size 0.722

(1.034)

∆ Return on assets 1.420

(0.478)

∆ Leverage 0.678

(0.294)

∆ Free float 0.050**

(2.329)

∆ Research and development −3.706

(−0.303)

∆ Cash holdings 5.169**

(2.315)

∆ Worldwide governance indicator 2.632

(0.763)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Constant 1.796***

(13.282)

Observations 12,184

R-squared 0.099

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

TABLE A6    |    Excluding US firms.

(1)

Eco-innovation

National innovation system (PCA) −0.840***

(−2.740)

Board size −0.029

(−0.306)

Board gender diversity 0.097***

(3.424)

Nonexecutive directors 0.009

(0.493)

CEO duality −0.223

(−0.407)

Firm size 2.627***

(4.432)

Return on assets −10.449***

(−2.777)

Leverage 5.699**

(2.226)

Free float 0.029

(1.349)

Research and development 3.879

(0.246)

Cash holdings 6.109**

(2.015)

Worldwide governance indicator 1.824

(0.724)

Constant −30.950**

(−2.336)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 10,220

Adjusted R-squared 0.789

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.
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TABLE A7    |    Clustering standard errors.

Eco-innovation

National innovation system (PCA) −0.705*

(−1.677)

Board size 0.349**

(2.184)

Board gender diversity 0.075*

(1.935)

Nonexecutive directors −0.013

(−0.462)

CEO duality −1.769*

(−1.930)

Firm size 1.624**

(2.236)

Return on assets −8.630**

(−2.110)

Leverage −3.517

(−1.162)

Free float 0.031

(1.052)

Research and development −15.661

(−0.995)

Cash holdings 3.797

(1.042)

Worldwide governance indicator −7.045

(−1.311)

Constant 1.706

(0.097)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,684

Adjusted R-squared 0.805

Note: National innovation system (PCA) is a combined index from a principal 
component analysis based on three individual characteristics: (1) quality of 
scientific research, (2) university–industry collaboration, and (3) government 
procurement of advanced technology products. All variables are defined in 
Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

TABLE A8    |    The interactions of NIS indicators with the environment 
management team.

Eco-innovation

Quality of research 
institutions * Environmental 
management team

−5.023**

(−2.628)

University–industry 
collaboration * Environmental 
management team

5.307**

(2.687)

Government procurement of high-tech 
products * Environmental management 
team

0.704

(0.408)

Environmental management team 3.910

(1.132)

Quality of research institutions −0.029

(−0.016)

University–industry collaboration −0.320

(−0.181)

Government procurement of high-tech 
products

−1.901

(−1.568)

Board size −0.011

(−0.139)

Board gender diversity 0.094**

(2.266)

Nonexecutive directors 0.002

(0.152)

CEO duality −0.940

(−1.154)

Firm size 1.720**

(2.552)

Return on assets −10.641**

(−2.531)

Leverage −0.284

(−0.071)

Free float 0.025

(0.830)

Research and development −12.193

(−0.843)

Cash holdings 1.459

(0.336)

Worldwide governance indicator 0.010

(0.003)

Constant −0.722

(−0.047)

(Continues)
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Eco-innovation

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,009

Adjusted R-squared 0.781

Note: (1) Quality of scientific research, (2) university–industry collaboration, 
and (3) government procurement of advanced technology products are three 
individual characteristics of the national innovation system. All variables are 
defined in Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

TABLE A8    |    (Continued)

TABLE A9    |    The interactions of NIS indicators with the nonexecutive 
board members.

Eco-innovation

Quality of research 
institutions * Nonexecutive board 
members

0.058

(1.264)

University-industry 
collaboration * Nonexecutive board 
members

−0.032

(−0.792)

Government procurement of high-tech 
products * Nonexecutive board members

−0.009

(−0.297)

Environmental management team 6.110***

(3.553)

Quality of research institutions −7.311*

(−1.981)

University–industry collaboration 4.992

(1.492)

Government procurement of high-tech 
products

−0.788

(−0.290)

Board size −0.027

(−0.329)

Board gender diversity 0.089**

(2.664)

Nonexecutive directors −0.110

(−1.000)

CEO duality −0.920

(−1.071)

Firm size 1.665**

(2.451)

Return on assets −10.839**

(−2.446)

(Continues)

Eco-innovation

Leverage −0.176

(−0.048)

Free float 0.025

(0.816)

Research and development −12.198

(−0.854)

Cash holdings 1.455

(0.338)

Worldwide governance indicator 1.665

(0.533)

Constant 7.007

(0.407)

Year fixed effects Yes

Firm fixed effects Yes

Country fixed effects Yes

Observations 14,009

Adjusted R-squared 0.781

Note: (1) Quality of scientific research, (2) university–industry collaboration, 
and (3) government procurement of advanced technology products are three 
individual characteristics of the national innovation system. All variables are 
defined in Table A1. t-statistics in parentheses.
***p < 0.01. 
**p < 0.05. 
*p < 0.1.

TABLE A9    |    (Continued)
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