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Sustainable businessmodel innovation (SBMI) and green technology innovation (GTI)
are keys to creating shared social and business value, and both are essential elements
of responsible innovation. However, SBMI or GTI is unable to develop a sustainable
business. Themain purpose of this study is to analyze sustainable dual innovation as a
conceptual framework based on the panel data of 1468 Chinese manufacturing
A-share listed companies from 2010 to 2020, and it has obtained three essential
findings. First, there is a significant matching effect between SBMI and GTI on
sustainable corporate performance (SCP). Companies report higher levels of SCP
when there is a higher congruence in SBMI with GTI. Secondly, organizations with
high SBMI-low GTI realize superior SCP compared to organizations with low SBMI-
high GTI. The high SBMI-low GTI becomes an ideal choice for most companies and
avoids the “destructive factors” brought by low SBMI-high GTI. Finally, a highly
aggressive corporate strategy has a “magnifying effect” on the impact of the
combination of SBMI and GTI on SCP. The research provides a comprehensive
understanding and collective impact of SBMI and GTI on SCP. Overall, findings
provide a theoretical basis for enterprises to decide on the consistency/
inconsistency trade-off between SBMI and GTI. Moreover, it encourages to
enterprises must develop an aggressive strategy to balance.
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1 Introduction

Sustainable development is now widely accepted, and businesses must innovate and
implement sustainable initiatives as environmental problems become serious issues (Albitar
et al., 2022). While green innovation is an essential element of sustainable development (Le,
2022), enterprises relied on green technology innovation (GTI) or sustainable business model
innovation (SBMI) single path, which could not meet the requirements of sustainable
development in the past.

According to Kluza et al. (2021), and Liao and Li (2022), SBMI and GTI are considered as
most suitable for sustainable corporate performance (SCP). Green strategy (GS) is introduced as
a solution to corporate sustainability strategies. Practical activities such as GTIs and new
sustainable business models reduce the potential of the negative impact of their operations on
the natural environment. Globally prominent companies such as Apple, Ricoh, IKEA, LEGO,
and Google are starting to establish sustainable business practices and agreed to increase

OPEN ACCESS

EDITED BY

Zhenghui Li,
Guangzhou University, China

REVIEWED BY

Luigi Aldieri,
University of Salerno, Italy
Suat Teker,
Isik University, Türkiye
Feng Li,
Beijing Wuzi University, China

*CORRESPONDENCE

Liurong Pan,
pan_bbgu@yeah.net

Ye Tian,
835361002@qq.com

SPECIALTY SECTION

This article was submitted to
Environmental Economics and
Management,
a section of the journal
Frontiers in Environmental Science

RECEIVED 20 September 2022
ACCEPTED 05 January 2023
PUBLISHED 18 January 2023

CITATION

Zhou N, Pan L, Tian Y, Zhu N, Cai X and
Gao J (2023), How sustainable business
model innovation and green technology
innovation interact to affect sustainable
corporate performance.
Front. Environ. Sci. 11:1049295.
doi: 10.3389/fenvs.2023.1049295

COPYRIGHT

© 2023 Zhou, Pan, Tian, Zhu, Cai and Gao.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Environmental Science frontiersin.org01

TYPE Original Research
PUBLISHED 18 January 2023
DOI 10.3389/fenvs.2023.1049295

https://www.frontiersin.org/articles/10.3389/fenvs.2023.1049295/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1049295/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1049295/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1049295/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2023.1049295&domain=pdf&date_stamp=2023-01-18
mailto:pan_bbgu@yeah.net
mailto:pan_bbgu@yeah.net
mailto:835361002@qq.com
mailto:835361002@qq.com
https://doi.org/10.3389/fenvs.2023.1049295
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2023.1049295


sustainability goals, creating new business models for customers on
priority bases for sustainable development (Gaiardelli et al., 2014).

However, several studies have been conducted on sustainable
development from the enterprise level, and most of the studies on
corporate green development are based on the perspective of green
technological progress (Yang et al., 2022). In contrast, not a single
study has been found on sustainable development from the
perspective of BM. However, Bocken et al. (2014) shows that SBMI
effectively addresses sustainable corporate development. The SCP has
become an influential agenda for the Chinese government. Especially
in the development context, double reduction, and industrial
transformation and upgrading. Conversely, China, the leading
developing country, has the world’s largest manufacturing sector.
One of the main pillars of economic growth has been the
manufacturing industry in the past decades, which also has had a
severe negative impact on the environment (Li et al., 2020). The
Chinese government is actively upgrading its industries and guiding
companies to focus on high-quality growth and balanced
development. Moreover, sustainable development has become a
global issue, and China is determined to reduce CO2 emissions by
2030 and achieve carbon neutrality by 2060 (Xi, 2022). These pressures
and policies also force companies to focus on sustainable development;
SBMI and GTI become necessary for enterprises to achieve sustainable
development.

The SBMI and GTI are vital to creating shared social and business
value (Chopra and Narayana, 2013; Spieth et al., 2019), and both are
essential elements of responsible innovation (Schwab, 2017). While
many companies recognize the importance of sustainability, GTI and
SBMI cannot do sustainable businesses. However, literature is
available on green innovation, but most of the current literature
only examines the impact of SBMI or GTI on corporate
sustainability. Literature on SBMI is mainly based on an
“embedded” understanding of traditional business models, injecting
“sustainability” only into the issues of value proposition, value
creation, value capture, and value delivery (Baldassarre et al., 2017;
Velter et al., 2020; Minatogawa et al., 2022). Moreover, literature on
GTI tends to favor its results on the organization’s environmental or
financial performance (Wang et al., 2021a; Cao et al., 2021; Ma et al.,
2021). The empirical literature incorporating SBMI and GTI into an
overall analytical framework to fully explain the mechanisms of action
on SCP is particularly scarce, and both SBMI and GTI belong to the
essential elements of green innovation. Therefore, this study aims to
incorporate SBMI and GTI into a theoretical framework to investigate
the effects of their interaction on SCP.

However, research on the SBMI and GTI interact to affect SCP
faces two critical challenges: first, relative to GTI, existing research has
focused on SBMI, which can lead tomore direct business benefits, such
as cost savings and new revenue streams (Schaltegger et al., 2012;
Bocken et al., 2014), and improve organizational resilience (Buliga
et al., 2016) and reputation (Homburg et al., 2013), therefore letting
more intangible competitive advantages. It has been argued that SBMI
has excellent potential to address long-term sustainability challenges
(Stubbs and Cocklin, 2008; Foss and Saebi, 2017). Second, literature
shows a particular interest in GTI in the long run; many business
model innovations seem to have failed due to the lack of GTI
cooperation (Patel, 2015; Taran et al., 2015; Geissdoerfer et al.,
2018), longer-term view and paying more attention to GTI can we
have a “greater future” (Lu et al., 2022; Wang et al., 2022). Several
researchers in recent years provided evidence that the field of business

models is increasingly progressively relevant to a scientific discipline
(Boons and Lüdeke-Freund, 2013; Evans et al., 2017). Although SBMI
and GTI have emerged as core elements for creating green competitive
advantage (Lin and Chen, 2017; Bani-Melhem et al., 2022), literature is
scared of exploring the combined effects of GTI and SBMI.

From this point of view, enterprises must maintain a balance
between SBMI and GTI rather than carry out an “either-or” separate
dealing to achieve a sustainable future. In addition, the company does
not have sufficient resources to cope with SBMI and GTI,
simultaneously characterized by high risk, initiative, and innovation.

Therefore, the following two key questions are:
Qs 1: What will be the combination of SBMI and GTI, to achieve

better sustainable growth for companies?
Qs 2: Does aggressive corporate strategy amplify the impact of the

interaction between SBMI and GTI on SCP?
To answer the above research questions, panel data was used for

1468 Chinese manufacturing A-share listed companies from 2010 to
2020 time period. Our results confirm that SBMI and GTI are
compulsory, and there is a significant relationship between SBMI
and GTI on SCP. Furthermore, the study reveals that high SBMI-low
GTI is more valuable, while low SBMI-high GTI may bring more
“disruptive factors.” In addition, the study also finds the “amplification
effect” of aggressive corporate strategies in the impact of SBMI-GTI on
SCP. The study contributes theoretically to how SBMI and GTI
interact to influence SCP and highlights the moderating effect of
different degrees of aggressive strategy. The findings of this study also
have guiding implications for corporate decision-making in specific
management practices. It also helps enterprises better understand at
different levels of SCP generated by various combinations of SBMI and
GTI at high and low levels. Further, it provides reliable theoretical
support for a strategic trade-off between different levels of
aggressiveness. Finally, the limited enterprise resources generate
better SCP.

This paper is organized as follows: The second part is a literature
review on SBMI, GTI, and SCP. The third part proposes the
hypotheses related to SBMI, GTI, and SCP, the purpose of the
moderating role of corporate strategic aggressiveness in the
influence of SBMI and GTI on SCP, and explains the study’s
conceptual model. The fourth part is about data sources and their
details, as well as the reasons for using the relevant variables. The fifth
section presents the results of the regression analysis, moderating
effect test, and robustness test, which confirm the proposed three
hypotheses in this study. The sixth section summarizes the study
results, makes policy recommendations, and specifies the direction of
the subsequent research.

2 Literature review

2.1 Sustainable business model innovation

In recent years, business model innovation (BMI) has been famous
in academia and business practice. Many studies believe that a change
in BMI can bring sustainable development in enterprises (Evans et al.,
2017). Schaltegger et al. (2012), Jolink and Niesten (2015) argue that
BMI can integrate sustainability into enterprise development. Since
the growth of SCP brought by BMI is evident, BMI for sustainability
and SBMI are technically considered as part of BMI, which is also
based on BMI (Geissdoerfer et al., 2018). The success rate of business
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model (BM) and BMI is low. However, there are no specific data on the
failure ratio of BM and BMI (Hart andMilstein, 2003; Lüdeke-Freund,
2010). Due to the increasing international pressure for sustainable
development, the available BM and BMI options are limited and
cannot fully control the demographic issues caused by increasing
resources and environmental impacts on global development (Bocken
et al., 2014). The concept of non-sustainable BM also seems outdated
(Geissdoerfer et al., 2018), and the exploration from the perspective of
BM and BMI cannot acclimate the objective environmental changes. It
is necessary to investigate the implication and extension of related
concepts and explore that from a new perspective. Which also
provides impartial conditions for separating SBMI from BMI.
However, Geissdoerfer et al. (2018) defines the concepts of BM,
SBM, BMI, and SBMI. Compared to BM, SBM is a broader
concept, encompassing all from economic values to social and
environmental values (Bocken and Geradts, 2020; Shakeel et al.,
2020). The SBMI is clearly defined as: Innovations that create
significant positive and/or significantly reduced negative impacts
for the environment and/or society, through changes in the way
the organization and its value-network create, deliver value and
capture value (i.e. create economic value) or change their value
propositions (Bocken et al., 2014). It is also widely recognized that
SBMI has enormous potential to address long-term sustainability
challenges (Stubbs and Cocklin, 2008; Saebi et al., 2017). As a
result, SBMI has become an essential part of more companies to
remain consistently economical (Zahra et al., 2006; Baden-Fuller and
Morgan, 2010; Zott et al., 2011; Robins, 2013; Wirtz et al., 2016) and
create more social and economic and environmental value for more
stakeholders (Geissdoerfer et al., 2018).

2.2 Green technology innovation

Although traditional technological innovation activities have
produced intense material progress, and also caused significant
environmental damage. There is an increasing interest in green
innovation among researchers and businesses, especially with the
emergence of new technologies and materials. However, GTI was
not a hot issue for researchers until 2007, mainly due to the acrimony
at the United Nations Climate Change Conference conducted that
year and the U.S. government’s eventual dramatic signing of the Bali
Road Map. Since 2008, developed and developing countries have
focused on emissions neutrality, and green, low-carbon technology
innovation is becoming a common issue for global warming and
climate change.

However, Shi and Lai (2013) show a strong contrast in the growth
rate of overall publications about the GTI field between developed and
developing countries, with developed countries paying more attention
to GTI. Second, GTI is a global phenomenon, and research on GTI in
emerging economies has increased dramatically in recent years. One
possible reason is related to the Chinese government’s announcement
of its increased international responsibility for low-carbon economic
development and its commitment to the United Nations for its
emission reduction targets at the 15th International Climate
Change Conference, held in Copenhagen in 2009. Currently, China
has made evident progress in GTI and is at the forefront of green
technology growth in specific technology areas, particularly in solar
photovoltaic energy, electric vehicles, and other technologies, which
are impressive and significant achievements. Compared to other

countries and regions, China ranked among the world’s leading
countries in green technological innovation related to the
environment.

However, some scholars have obtained the remarkable result of a
downward trend in the growth rate of green total factor productivity in
China (Zhang and Tan, 2016; Chen et al., 2018; Xu et al., 2019).
Therefore, China still relies more on labor, productive capital, and
natural capital for green development to promote sustainable growth
by increasing green productivity. There is still a long way to go to
transform the growth rate and replace old with new ones.

2.3 Sustainable corporate performance

The core of sustainable development is to promote economic
growth and social development with the goal of efficiency, harmony,
and sustainability, which is an important trend in the modern world
(He et al., 2021). Embedding sustainability in corporate performance
is one of the most important ways to achieve high-quality economic
development. Most recent research on sustainable development
performance focuses on the macro-level and meso-level, such as
the country (Feng et al., 2017; Gao, 2019a; Du and Ma 2019),
province (Liu et al., 2021; Xie et al., 2022), economic belt (Gao,
2019b; Cui et al., 2021; Chen et al., 2022), industry (Sun et al.,
2021; Xu et al., 2022b; Yuan et al., 2022) and city (Jin et al., 2019;
Guo and Zhou, 2021). However, few studies directly explore SCP from
a micro perspective. The micro-level enterprise is the direct recipient
and responder of the concept of sustainable development. Therefore,
the realization path of SCP is an important area of research.

The definition of SCP has not yet been standardized and clarified.
Scholars do not disagree with SCP’s financial performance component
but mainly disagree with non-financial performance. The triple
bottom line (TBL) model of sustainable performance considers
environmental and social performance components of non-
financial performance. Economic sustainability relates to the
organization’s ability to meet its needs and expectations in a
financially sound manner, social sustainability includes developing
and realizing household demands and needs, including maintaining
long-lasting social relationships, and environmental sustainability
alludes to preserving and renewing the ecosystem for current and
future generations (Jum’a et al., 2022; Larbi-Siaw et al., 2022;
Ossewaarde and Ossewaarde-Lowtoo, 2020). Spangenberg et al.
(2002) expanded TBL to four dimensions: social, economic,
environmental, and institutional. The institutional level is
complementary to the TBL ideology and is composed of
organizations and rules (Gupta and Gupta, 2020). Government
compliance requirements, increasingly stringent penalties, rising
stakeholder awareness (e.g., customers, sustainability suppliers),
and the brand benefits of being a “green company” are further
driving more and more companies to focus on the green
technology of their business performance (Seuring and Müller,
2008; Gupta and Gupta, 2020). Another similar and more familiar
concept is corporate social responsibility (CSR). CSR emphasizes the
fulfillment of social responsibility as a critical prerequisite for
generating economic benefits at the corporate level (Farah et al.,
2021), the contribution of CSR activities to the environment,
consumers, society, and the balance of economic, environmental,
and social requirements (Nikolaou et al., 2013). Most scholars who
insist on “sustainable development” believe that companies should
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focus on CSR while pursuing economic benefits (Kolk, 2016; Xia et al.,
2018; Meseguer-Sánchez et al., 2021) and that fulfilling CSR is
beneficial to the long-term sustainable development of companies.
Therefore, considering CSR as the primary connotation of SCP can
avoid the conceptual complexity issues associated with previous
studies’ multidimensional understanding of SCP.

3 Research hypothesis

The SBMI and GTI are both essential elements of innovation
(Baldassarre et al., 2017; Guo Y. Y et al., 2018). However, scholars only
examined the impact of SBMI or GTI on SCP (Peralta et al., 2019;
Jabbour et al., 2020;Wang and Yang, 2021). For example, Shakeel et al.
(2020) argue that corporate SBMI improves organizational output
through sustainable value proposition innovation, sustainable value
creation, and delivery innovation, and sustainable value capture
innovation to achieve sustainable performance at environmental,
social, and economic levels. Lv et al. (2021) and Ma et al. (2021)
argue that GTI cannot solve the environmental problems in the
production and consumption process but also improve enterprises’
market competitiveness by increasing production’s sustainability.
Literature is unable found incorporating both into a holistic
framework. Examine the effect of one variable on SCP while
controlling the other variable; otherwise, the antecedent mechanism
of SCP cannot be revealed comprehensively and objectively.

The two variables have a complementary relationship; the
marginal effect of one type of innovation activity will necessarily
vary with the other (Milgrom and Roberts, 1995). Because both SBMI
and GTI have essential effects on SCP, can the two not work together
on SCP?

Task-technology matching theory provides some theoretical
support for us to address this issue. According to the task-
technology matching theory, new technology can only produce
higher performance if it matches the task scenario, and the degree
of task-technology matching directly impacts performance (Goodhue
and Thompson, 1995; Li et al., 2016). The matching problem has
received extensive attention from scholars in economics and sociology.
The core of the matching theory is the resolution of the
indistinguishability dilemma in resource allocation. Believe that
SBMI and GTI are naturally complementary with significant
indivisibility and that businesses can convert and match between
them based on their needs.

However, the SBMI that supports it impacts the GTI’s speed and
characteristics. The SBMI is a non-technical innovation whose
primary goal is to realize its green value. When SBMI can match
GTI, SBMI will significantly affect GTI, which will help enterprises
find the right direction of green technology development, improve the
efficiency of green R&D activities, contribute to the transformation of
GTI commercial results and support the promotion of SCP. Moreover,
SBMI heavily depends on whether and how GTI is accepted in the
economy. When GTI is combined with SBMI, it can help enterprises
acquire core capabilities to ensure sustainable development, improve
long-term adaptability to the external environment (Sahoo et al.,
2022), and thus promote the improvement of SCP. Therefore,
SBMI and GTI are complementary and inseparable, and their
alignment promotes higher SCP.

However, mismatch between SBMI and GTI are common in the
long-term development of businesses. When GTI is strong, GTI may

lose SBMI’s guidance in the right direction of GTI, and enterprises face
the risk of a “failure trap” caused by high input costs and high-income
uncertainty. However, when SBMI is strong, it will extend its
extinction time due to its high stickiness with existing technology,
thus impeding the next stage of GTI. It may also cause organizations to
develop organizational inertia and path dependence, fall into the
“success trap,” and eventually struggle to adapt to drastic changes
in the external environment. Despite SBMI’s ability to improve SCP in
the short term, enterprises face increasingly fierce market competition
due to economic globalization. Short-term business performance is no
longer the main focus of enterprises, and improving long-term
competitiveness has moved to the top of the enterprise
development priority list. When SBMI and GTI do not match, the
enterprise will have a specific resource idle, which will be detrimental
to SCP improvement.

Therefore, this paper proposes hypothesis 1.
H1: The SCP level is higher when SBMI is consistent with GTI when
SBMI is inconsistent with GTI.

From the perspective of a resources-based view, the enterprise’s
resources are limited, and allocation between SBMI and GTI is in a
trade-off relationship. Different input combinations will have different
impacts on SCP. Therefore, the business development of enterprises is
seriously affected by the accumulation of resources in the early stage.
Some enterprises are more sensitive to SBMI, while others have more
substantial GTI capability, which is more likely to produce path-
dependent solid constraints. However, when an enterprise tries to
acquire new resources, it must decide which scarce and valuable
resources to acquire and how to replenish them.? Therefore, it is
challenging for enterprises to balance SBMI and GTI. The SBMI and
GTI are hardly consistent all the time. In particular, there are
fundamental differences between SBMI and GTI (Table 1).

Based on that premise, companies tend to choose one innovation
approach (e.g., SBMI) as the dominant one under certain spatial and
temporal conditions and then switch to another innovation approach
(e.g., GTI) under other spatial and temporal conditions to realize the
founder of SBMI and GTI on a larger geographical and temporal scale.
When SBMI and GTI are inconsistent, it is more practical to discuss
the mechanism of the effect on SCP.

There are two cases when SBMI and GTI are inconsistent: high
SBMI-low GTI and low SBMI-high GTI.

In the first case, the SBMI level is higher than the GTI level.
Although SBMI has drawbacks, the most obvious is low entry barriers.
Due to resource constraints and the business philosophy of “living in
the present,” many companies must choose between SBMI and GTI
and choose high SBMI-low GTI. According to a survey conducted by
the Economist Intelligence Unit in 2005, more than half of executives
believe BMI is more important than product and service innovation.
Companies are paying more attention to SBMI, which helps unlock
the potential value embedded in technology, capturing as much value
as possible and converting technology into market revenue. This is
particularly important for businesses in their early stages.

The colossal risk of GTI itself, which cannot guarantee the
commercial success of enterprises, is an important reason why
these enterprises are willing to choose high SBMI-low GTI.
According to Schumpeter’s theory of innovation, “innovation is the
commercial application of an invention patent,” and R&D that cannot
be commercialized to bring sufficient company profits is not
considered successful technological innovation. An intriguing
phenomenon is that many companies, including investors, cannot

Frontiers in Environmental Science frontiersin.org04

Zhou et al. 10.3389/fenvs.2023.1049295

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1049295


assess GTI’s prospects. Warren Buffett has been asked what he looks
for the most when investing in businesses (Rajaratnam et al., 2011).
“Business Model” has become a buzzword among operators and
venture capitalists.

The SBMI level is lower than the GTI level in the second case.
Companies that choose low SBMI-high GTI are willing to give up
short-term benefits to pursue long-term goals because they believe that
being technically rigid is the only way to achieve actual, sustainable
development. Companies that adopt a low SBMI-high GTI business
model do not choose the high GTI business model but go through a
continuous adjustment process. China’s photovoltaic industry is a
prime example. This capital- and technology-intensive emerging
industry has enormous growth potential but is also rife with
destructive innovations. Looking at the tragic wave of China’s
photovoltaic industry, only those corporations that prioritize
investment in green technology R&D have survived to the present
day, while those that overly pursue the capital logic of BMI have
almost all fallen and gone up in smoke.

However, pursuing GTI entails greater risk (Cooper, 1981; Roper
and Tapinos, 2016; Xue et al., 2022). Compared to high SBMI-low
GTI, low SBMI-high GTI does not ensure good long-term enterprise
performance. These are the following factors:

First, consider the characteristics of green technology. Long
development cycles, high costs, high risks, and low profits
distinguish green technologies. The enormous risks of green
technology development will make companies cautious in the
absence of economic scale effects to amortize the expensive
technology investments and operating costs. Evidence suggests that
industries in desperate need of green technologies, such as steel,
petrochemicals, and other heavy pollution manufacturing
industries, have average profit margins at the bottom of the “smile
curve” and cannot afford the high GTI costs, limiting green technology
adoption and development by enterprises in these industries. (Hu
et al., 2021; Yin et al., 2021; Chen and Zheng, 2022).

Second, insufficient R&D motivation for green technology. As
opposed to general technology, green technology is primarily reflected
in social and ecological benefits, which do not directly benefit
enterprises but increase their economic costs. Government
environmental regulations primarily drive the current market
demand for so-called green technology. Government subsidies
provide many funds for corporate GTI in developing countries, but
government subsidies distort factor markets. The picture of
insufficient power sources for GTI will emerge once the
government implements a subsidy retreat policy.

Third, the company’s security awareness. There is no universal
formula. Different definitions of success frequently influence a
company’s strategic positioning. A common understanding is that
risk avoidance is a general prerequisite for business continuity; for
example, “financial stability” may be considered a “safety factor.”
(Subramaniam et al., 2011; Florio and Leoni, 2017). High SBMI-low
GTI is considered more valuable to increase enterprises’ sustainable
development, whereas low SBMI-high GTI may bring more
“disruptive factors.” Each business success is unique, but based on
common sense and extensive empirical findings, high SBMI-low GTI
is the preferred choice for most businesses.

Therefore, proposed hypothesis 2:
H2: When the result of SBMI is inconsistent with GTI, firms with

the high SBMI-low GTI have higher levels of SCP than those with the
low SBMI-high GTI.

Only a few studies on the degree of strategic aggressiveness have
been conducted. However, the “strategies are positioned along a
continuum” concept proposed by Dent (1990) provides an
excellent analytical framework for determining strategic
aggressiveness. The current typology of strategic aggressiveness in
the literature is based on Miles and Snow’s corporate strategy
taxonomy proposed in 1978 and 2003, respectively (Mintzberg and
Waters, 1985; Fiss, 2011; Kong et al., 2020), which classifies corporate
strategies as prospectors, defenders, and analyzers. These strategies are
continuous, with defenders, prospectors at the extremes, and analysts
in the middle with both defender and prospector characteristics. Here
is proposed the following model of the degree of strategic aggressive
continuum’s great extent (Figure 1), drawing on Miles and Snow
(1978, 2003) strategy classification.

The strategic aggressiveness amplifies the impact of the SBMI and
GTI on SCP, specifically through the three aspects described below.

First, companies with a high degree of strategic aggressiveness
have a strong incentive to mobilize more resources in the process of
promoting SBMI and GTI, and they concentrate on rapidly advancing
new green technologies, green product development, and creating new
SBM, with an emphasis on “open source” rather than “cost-cutting”
(Kabanoff and Brown, 2008). Therefore firms with a high degree of
strategic aggressiveness have a greater need for long-term investment
in green product development and green market expansion, even if it
means taking the risk of “short loan and long investment.” (Ye et al.,
2021) and using more social networks to seek support from local
governments (Song et al., 2016; Xu et al., 2022a). Furthermore,
companies with a high degree of strategic aggressiveness tend to
attract a large and diverse marketing and R&D team, are results-
oriented, and measure their performance through customer-centric
metrics (Olson et al., 2005; Zhang and Li, 2009).

Second, companies with a high degree of strategic aggressiveness
have higher confidence or risk appetite when advancing SBMI and
GTI. Companies with a high degree of strategic aggressiveness
typically have a broad focus and are constantly developing. Firms
with a high degree of strategic aggressiveness are prone to
“overconfidence.” The CEO’s overconfidence is not solely due to
cognitive bias. According to Yun et al. (2021), overconfident CEOs
prefer different competitive strategy options, resulting in significant
differences in the degree of aggressiveness of corporate behavior.
Papadakis and Barwise (2002) believe that CEO characteristics are
related to the degree of strategic aggressiveness. Firms with a high
degree of strategic aggressiveness choose significantly advanced
exploratory green innovation and constantly invent green
technology products and green services to capture and exploit new
opportunities in new green product markets. The CEO’s confidence is
critical for hazardous exploratory green innovation activities.
According to research on organizational behavior, aggressiveness
and overconfidence are associated with the CEOs of many great
companies (Hirshleifer et al., 2012; Gilbey et al., 2021; Wang et al.,
2022).

Third, companies with a high degree of strategic aggressiveness
develop and maintain the ability to understand and adapt to
environmental changes. Companies with a high degree of strategic
aggressiveness are more likely to be able to advance SBMI and GTI
systematically, often in tandemwith credit loss strategies in other areas
of the field (Taran et al., 2015; Forés, 2019; Peng, 2020; Liu and Kong,
2021). To analyze new opportunities for green products, firms with a
high degree of strategic aggressiveness must be able to investigate
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environmental conditions. Trends thoroughly and events, analyze the
environment for potential opportunities of all kinds, and these
scanning activities must not be limited to current technology and
business areas (Walker and Brewer, 2009; Gumusluoglu and Acur,
2016; Nath and Siepong, 2022). Firms with a high degree of strategic
aggressiveness are more likely to perceive environmental change and
uncertainty than firms with a low degree of strategic aggressiveness.

Therefore, proposed hypothesis 3.
H3: The high degree of corporate strategic aggressiveness amplifies the
effect of SBMI and GTI on SCP.

The following conceptual model is proposed in this study
(Figure 2).

4 Materials and methods

4.1 Data and sample

This study’s sample consists of manufacturing firms listed in
China A-shares from 2010 to 2020. Compared to other types of

TABLE 1 Differences and connections between SBMI and GTI.

Items SBMI GTI

Differences Nature • Constructs a new trading structure (Geissdoerfer et al., 2018) • Creates positive meaning and value for the environment (Wang
et al., 2021b)

Core logic • Emphasizes broadening the value chain and creating more green value
space by making more trading partners (Geissdoerfer et al., 2016)

• Emphasizes sustainable development by building its core capabilities
(Wicki and Hansen, 2019)

Time
preference

• Often a strategic choice for companies in their start-up stage with low
investment, quick results, and low risk (Schaltegger et al., 2012)

• Often a strategic choice for the growth stage of a company with
significant investment, slow payoff, and high risk (Feng et al., 2022)

Externality • Pays more attention to intellectual property protection of BMs with
the characteristics of low threshold, easy replication, and rapid scale
(Lindgardt et al., 2012)

• The existing intellectual property protection system ensures
recourse to infringement with long investment cycles and high
barriers to competition (Losacker, 2022)

Connections Dual wheel
drive

• If a good SBM can be designed for stakeholders as a way to drive GTI
and sell innovative products, it will be a win-win situation for both
parties (Guo et al., 2022)

• The drive of BM can lead the development direction of GTI, so there
must be SBMI that can realize the value of green technology to the
maximum (Wicki and Hansen, 2019)

Single wheel
drive

• In the absence of GTI or related resources, the high growth generated
by SBMI may be short-lived due to simple competition for capital and
the lack of adequate thresholds (Stubbs and Cocklin, 2008; Yang et al.,
2017)

• If not matched with SBMI, GTI is only a pure cost center, which
cannot create market value and cannot be translated into corporate
profits, and may end up in failure (Xia et al., 2019; Goni et al. (2021)

FIGURE 1
A continuum model of the degree of strategic aggressiveness.

Frontiers in Environmental Science frontiersin.org06

Zhou et al. 10.3389/fenvs.2023.1049295

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1049295


enterprises, such enterprises are complete in many aspects, including
procurement, R&D, production, and sales (Xiao and Zhang, 2021),
and rich SBMI sample data can be collected. Furthermore,
manufacturing firms are more willing to transform their R&D and
green technological accomplishments, and their GTI characteristics
are visible. Listed Chinese manufacturing enterprises are selected for
the survey.

Four main data sources are used, China Stock Market and
Accounting Research (CSMAR), Chinese Research Data Services
Platform (CNRDS), Hexun CRS database, and the Cninfo website
are the primary data sources. The CSMAR is one of China’s largest
databases of listed companies and a major source of information on
the Chinese stock market and listed companies’ financial
statements. CNRDS is a high-quality, open, platform-based
aggregate data platform for economic, financial, and business
research in China, covering listed companies’ innovation
patents, green patents, and text information. In China, Hexun
CRS database was an early third-party provider of social
responsibility performance scores based on annual and social
responsibility reports from listed companies total CSR score of a
company is split into five dimensions: (1) shareholder, (2)
employee; (3) supplier, customer, and consumer; (4)
environmental; and (5) social responsibility. The China
Securities Regulatory Commission’s Cninfo website publishes
financial reports, announcements, and other information from
listed companies. To ensure the accuracy of the data, we cross-
check it against the annual reports of listed companies provided by
the Cninfo website and company websites. The initial sample is as
follows: (1) We exclude listed companies that have a severe lack of
variables; (2) Exclude listed companies that have financial
irregularities, such as special treatment (ST and ST*).; (3)
Exclude from the analysis any listed enterprises that left the
Stock Exchange during the investigation period. Examine the
distribution of variable values and notice some rather extreme
outliers. Many studies have discarded outliers, but doing so would
have resulted in the loss of some of the data (Henderson et al.,
2012). To avoid outliers adversely affecting the results, we adopt
99% winsorization, drawing on Flammer and Bansal (2017) and
Shiu and Yang (2017). Finally, after merging the data and
eliminating firms with missing values, this paper obtains
7090 unbalanced panel data for 1468 listed firms over the
sample period.

4.2 Dependent variable

4.2.1 Sustainable corporate performance (SCP)
According to previous studies, SCP consists of financial

performance and CSR. The financial performance measure is based
on returns on assets (ROA), and the social responsibility score of
HeXun measures CSR. We use the more objective catastrophe
progression to overcome the subjectivity of the design weights
when determining financial performance and CSR weights (Zuo
et al., 2021). Further measure SCP using ROA and the total CSR
score from 2010 to 2020. This paper uses SCP lagged one period for the
robustness test.

4.3 Explanatory variables

4.3.1 Sustainable business model innovation (SBMI)
The existing methods of measuring SBMI are mainly the interview

(Geissdoerfer et al., 2016; Todeschini et al., 2017; Yip and Bocken,
2018) and the questionnaire (Cheah andHo, 2019; Peralta et al., 2019).
The former method is mainly targeted at senior managers familiar
with corporate sustainable business models, but to a certain extent, it is
affected by respondents’ characteristics and understanding of
limitations. The latter has high labor costs and the dilemma of
poor replicability and low generalizability.

With the rapid development of machine learning, many scholars
have started to use textual analysis techniques to extract the value
information from listed companies’ disclosures (Wang K. M et al.,
2018). Currently, there are two main types of textual analysis: the first
method is lexicon which counts word occurrences from word lists
(dictionaries), and the second is a combination of keyword search and
manual counting. However, several challenges arise when applying
these approaches to measuring SBMI. Word lists (dictionaries) that
share common meanings do not consider the textual language
environment. Although the combination of keyword search and
manual scoring overcomes the drawbacks of the first method, it
still has a high human cost and relies on the empirical judgment of
researchers to a high degree. The word frequency analysis method of
seed words +Word2Vec similar words expansion + specific dictionary
is a good choice. This method overcomes the shortcomings of the
previous two methods by selecting a small number of representative
words, potentially saving labor costs. The Word2Vec model is trained

FIGURE 2
Conceptual model of this study.
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using a specialized corpus of “MD and A” seed words to find similar
words that match the target language environment and form a specific
dictionary. Therefore SBMI has calculated the ratio of the total
number of times a word from the SBM-specific dictionary appears
in the “MD and A” section of a company’s annual report for the year to
the total number of words in the text. The more SBM words
mentioned in the “MD and A” section, the more effort enterprises
put into SBMI, and the ratio measurement method can highlight the
importance of these words. The specific construction steps are shown
in Figure 3.

Step 1: SBM seed word selection. Based on the definition and
characteristics of SBM described by Joyce and Paquin (2016), SBM
representative words are summarized and screened at first. Delete the
words that do not fit the SBM connotation and identify the
semantically ambiguous words. Drawing on Denzin, 2017, words
are cross-validated through materials and literature from multiple
sources. These words must be screened and supplemented. The revised
SBM word set is also verified by three SBM field experts, resulting in a
seed set of SBM words.

Step 2: Word2Vec similar words expansion. Expansion of similar
words in Word2Vec. Expressions use multiple semantically similar
words to describe the same concept or thing; after selecting the seed set
of words, it is necessary to expand the similar words. Therefore,
following Li et al. (2021), this paper uses the Word2Vec model to
realize the expansion of similar words based on the particular corpus
of “MD and A” in the annual reports of listed companies. After
eliminating repeated words and some low-frequency words, the
remaining similar words were analyzed by three professional
researchers. The words that are all approved are added to the
keyword set.

Step 3: Calculation of SBMI index. Following the acquisition of the
SBM keyword set, experts are invited to conduct verification, and the
keyword set is confirmed again comparing text samples from annual
reports of listed companies to form the SBM-specific dictionary. SBMI

is represented by a ratio of the number of times words from the SBM-
specific dictionary appear in the annual report “MD and A” to the total
number of words in the text. Lv et al. (2018), to keep the SBMI
comparable with the GTI, scale normalization is applied to it so that it
falls into the 0 to 1 range.

4.3.2 Green technology innovation (GTI)
There are two main types of existing methods to measure GTI.

One is the factor input method, including enterprise R&D expenditure
(Fan and Chu, 2019), the sum of internal expenditure on R&D and
investment in technological transformation (Bi et al., 2011; Wang F. Z
et al., 2018), etc. Second is the factor output method, including the
number of green patents (Klemetsen et al., 2018; Qi et al., 2018;
Barbieri et al., 2020), new product sales revenue per unit of energy
consumption (Guo Y et al., 2018). R&D expenditure does not
effectively distinguish between GTI and non-GTI; new product
sales revenue is not unavailable to all enterprises with relevant
data. As a result, the above measurement methods are not used in
this paper, and the absolute number of green patents and the relative
proportion of green patents are the two main ways to measure GTI by
patents. Although the number of green patents can reflect the level of
corporate GTI, the proportion of green patents to all patents more
accurately reflects corporate GTI direction (Wang and Zhao, 2019).
There will be withdrawal and rejection in the process of patent
application (Lei and Wright, 2017); this study refers to Cai et al.
(2019) and Chang et al. (2015) to select a more reliable number of
authorized patents. The basic measurement method of GTI is as
follows:

ln Number ofgreen patents granted + 1( )

ln Number ofpatents granted + 1( )

Because of the more stringent application and granting conditions,
the quality of invention patents is also higher (He et al., 2018; Mao
et al., 2018). The number of green invention patents granted and the

FIGURE 3
Diagram of proxy variable construction for SBMI.
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number granted for robustness testing are used in this study.
Following Lv et al. (2018), scale normalization is applied to the
GTI so that it falls into the 0 to 1 range to keep it comparable
with the SBMI.

4.3.3 Degree of strategic aggressiveness (STRATEGY)
Bentley et al. (2013), developed a discrete composite measure

that proxies for strategic aggressiveness. Companies with higher
scores have a high level of strategic aggressiveness, while
companies with lower scores have a low level of strategic
aggressiveness. For the composite measure of strategic
aggressiveness, we use the following characteristics: (1) the R&D
to sales ratio, (2) the employee to sales ratio, (3) a historical growth
measure (1-year percentage change in total sales), (4) the
marketing and administrative expenses to sales ratio, (5) a
measure of employee fluctuations, and (6) the fixed assets to
total assets ratio. Following Ittner et al. (1997), all variables are
calculated using a 5-year rolling average. The first five individual
variables are ranked within each year’s industry by forming
quintiles. For each variable, observations in the highest quintile
are assigned a score of 4, the second-highest quintile is assigned
score of 3, and so on, while those in the lowest quintile are assigned
a score of 0. Those observations are assigned a score for the sixth
variable is the inverse of the preceding principle. Observations in
the highest quintile with the sixth variable receive a score of 0, while
those in the lowest quintile receive a score of 4. Each company year,
add the scores from the six variables, with a maximum score of 24
(high degree of strategic aggressiveness) and a minimum score of 0
(low degree of strategic aggressiveness).

4.4 Control variables

Senior manager equity incentives (ln_mh). Some enterprises’
senior managers do not hold shares; the natural logarithm is
calculated after adding 1 to the original data. Equity incentives,
which are highly correlated with the firm’s business conditions,
are one of the most important sources of income for senior
managers (Elsilä et al., 2013; Kim et al., 2016). Therefore,
corporate executives’ pay is closely related to SCP. As a result,
we control the number of shares held by senior management.

Senior manager compensation incentives (ln_mss). The total
salaries of senior executives are calculated using the natural
logarithm. Salary is another source of income for senior managers,
and it is also highly correlated with business performance (Chen and
Jermias, 2014), which further leads to the high correlation between the
income of senior corporate managers and SCP. Therefore, control for
total senior manager salaries.

Industry competitiveness (HHI). The Herfindahl-Hirschman
Index measures each listed company’s market share (based on SIC
three-digit industry codes) (Wang and Zhang, 2015). It has been
observed that industry competition and financial performance are not
linearly related, with neither low nor high levels of industry
competition having a positive impact on financial performance and
medium levels of industry competition. They effectively reduced firm
costs and improved firm financial performance (Schmidt, 1997).
Industry competitiveness affects SCP in a curve-related manner.
Also include an industry competitiveness control in the regression
analysis.

Key pollution monitoring unit (KPMU). The value is 1 if it belongs
to a key pollution monitoring unit; otherwise, the value is 0. Some
studies consider whether a company is a key pollution monitoring unit
in its environmental management system. This system certification
promotes environmental compliance and improves the environmental
performance in the enterprise (Yu and Bi, 2021), while also influencing
SCP. Therefore the variable of whether a key pollution monitoring
unit is controlled.

The number of listing days (ln_ld). The natural logarithm is used
for measurement. The longer it has been since the first listing, the more
openly disclosed corporate information (Chen and Mu, 2018) and
controlled the number of days.

Financial subsidies (ln_fn). Because the number of financial subsidies
received by the enterprise maybe 0, the natural logarithm is computed
after adding 1 to the original data. It is widely accepted that government
subsidies positively impact firm performance (Zheng et al., 2021).

The concentration of equity (LHR). The largest shareholder’s
shareholding rate is used for measurement. Previous perspectives
on the effect of equity concentration on performance have been
inconsistent with Jensen and Meckling (1976), arguing that an
increase in corporate equity concentration enhances the firm’s
value. In contrast; Farooq (2015) argues that an increase in equity
concentration causes information asymmetry problems, which affects
the firm’s debt ratio and worsens its financial position, jeopardizing
the steady development of corporate performance. Furthermore,
equity structure non-linearly impacts firm performance (Du and
Liu, 2002; Zhang et al., 2019). The equity concentration is under
control by rigorously considering scientific research.

Nature of equity (EN). If it is a state-owned enterprise (SOE), code
it as 1; otherwise, code it as 0. In China, SOEs generally bear a policy
burden and prioritize social performance over economic performance,
and SOEs do not outperform non-SOEs in terms of economic
performance (Li and Li, 2019). Therefore the nature of equity that
may affect SCP is under control.

4.5 Statistical analysis

It should be noted that the measurement methods of consistency
and inconsistency of the two “inseparable” variables in this study are
primarily difference scores and interaction terms. These scores have
consisted of the algebraic, absolute, or squared difference between two
component measures (e.g., Alexander and Randolph, 1985; Dougherty
and Pritchard, 1985; Turban and Jones, 1988; Rice et al., 1989; Tubbs
and Dahl, 1991). However, combining two measures into a single
index with different scores may result in information loss, making the
index unreliable (Edwards, 1993; Edwards and Parry, 1993). In
addition, a product term does not represent the effects of
consistency (Edwards, 2001). That is, we have no way to know
whether each component of the final index contributes uniquely to
predicting outcomes or if only one component does so (Lubatkin et al.,
2006). However, polynomial regression equations contain the
component measures composing the difference and specific higher-
order terms, such as the squares of both component measures and
their product (Edwards, 1994). Therefore, polynomial regression is not
only used to represent consistency (i.e., fit, match, similarity, or
agreement) between two variables, but it also allows to avoid many
of the problems associated with different scores and interaction terms
(Edwards, J. R., and Parry, 1993). Furthermore, The three-dimensional
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response surface analysis based on a polynomial regression presented
the effect of two variables and their consistency and inconsistency on
the dependent variable, which helps to explain the consistency and
inconsistency effect more effectively (Ilmarinen et al., 2016). The
polynomial regression and response surface analysis to investigate
how SBMI and GTI interact to affect sustainable corporate
performance.

4.5.1 Polynomial regression estimation
Polynomial regression estimation is the construction of

interaction terms (X1 × X2) and quadratic terms (X2
1; X

2
2) based

on two consistent (inconsistent) predictor variables (X1; X2), thus
including X1, X2, X2

1, X1 × X2, and X2
2 simultaneously in the

regression analysis of the dependent variable (Shanock et al.,
2014). Accordingly, this paper constructs polynomial regression
models:

SCP � b0 + b1SBMI + b2GTI + b3SBMI2 + b4SBMI × GTI + b5GTI
2

+ b6C + ε

(1)
where SCP represents sustainable corporate performance, SBMI
represents sustainable business model innovation, GTI
represents green technology innovation, C represents control
variables, b0 is intercept, b1 and b2 are the coefficients of the
first term, b3 and b5 are the coefficients of the second term, b4 is
the coefficient of the interaction term, and ε represents the
random error term.

The study used polynomial regression and response surface
analysis to test for consistency and asymmetric inconsistency

effects in Hypothesis 1 and 2 (Edwards and Parry, 1993;
Herhausen, 2016). Three-dimensional response surfaces generated
from polynomial regressions are used to examine the impact of
consistent (inconsistent) predictor variables on the outcome
variables (Edwards and Parry, 1993; Edwards and Van Harrison,
1993). In response to surface analysis, the slope and curvature of
the inconsistency line (SBMI � −GTI) are tested. According to
Edwards and Parry (1993), if Hypothesis 1 is supported, (b3 − b4 +
b5) should be negative and significant. If Hypothesis 2 is supported,
(b1 − b2) should be positive and significant.

4.5.2 Moderation test
Finally, a hierarchical regression analysis is applied to test the

moderating effects of the degree of strategic aggressiveness on the
relationship between SBMI-GTI inconsistency and SCP (see
Hypothesis 3). Different from linear regressions in which the
statistical significance of the coefficient for a three-way
interaction should be assessed to establish a three-way
moderating effect, in polynomial regressions, the increment in
R2 after adding a moderator and products of the moderator
with each of the original terms should be assessed to establish
the moderating effect (Edwards and Rothbard, 1999). Specifically,
the following equation is formulated to test Hypothesis 3:

SCP � b0 + b1SBMI + b2GTI + b3SBMI2 + b4SBMI × GTI + b5GTI
2

+ b6STRATEGY + b7STRATEGY × SBMI

+ b8STRATEGY × GTI + b9STRATEGY × SBMI2

+ b10STRATEGY × SBMI × GTI + b11STRATEGY × GTI2

+ b12C + ε
(2)

TABLE 2 Descriptive statistics and correlations of the main variables.

Variables 1 2 3 4 5 6 7 8 9 10 11 12

1.SCP 1

2.SBMI 0.124*** 1

3.GTI −0.001 0.045*** 1

4.STRATEGY −0.034*** 0.023* −0.008 1

5.ln_mh 0.034*** 0 0.051*** 0.198*** 1

6.ln_mss 0.271*** −0.076*** 0.201*** −0.001 0.179*** 1

7.HHI −0.015 −0.078*** −0.038*** −0.066*** −0.071*** −0.030** 1

8.KPMU −0.019 −0.134*** 0.068*** −0.139*** −0.015 0.180*** 0.006 1

9.ln_ld 0.032*** −0.100*** 0.063*** −0.280*** −0.398*** 0.192*** 0.061*** 0.213*** 1

10.ln_fn 0.177*** 0.039*** 0.223*** −0.033*** 0.032*** 0.305*** 0.057*** 0.069*** 0.136*** 1

11.LHR 0.160*** 0.054*** 0 −0.081*** −0.236*** 0.024** 0.085*** 0.043*** 0.054*** 0.124*** 1

12.EN 0.071*** 0.058*** 0.066*** −0.207*** −0.477*** 0.073*** 0.044*** 0.074*** 0.504*** 0.111*** 0.229*** 1

Mean 0.759 0.303 0.314 11.580 10.865 14.964 0.100 0.269 8.338 16.516 32.233 0.402

Std 0.063 0.198 0.296 4.405 7.054 0.774 0.080 0.444 0.475 1.742 13.305 0.490

Min 0.190 0 0 0 0 13.102 0.022 0 7.526 10.820 9.090 0

Max 0.984 1 1 24 19.966 17.073 0.365 1 9.163 20.471 69.280 1

n = 7090. ***, **, and * indicate significance at the levels of 1%, 5%, and 10%, respectively.
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Where STRATEGY represents the degree of strategic aggressiveness.
According to the above model, the moderation effect of STRATEGY
should depend on the joint effects of b7, b8, b9, b10, and b11. If the
increment in R2 is statistically significant. Furthermore, interpretation
can be conducted by examining the shape of the response surfaces at
different levels of the moderator.

5 Empirical results and analysis

5.1 Descriptive statistical analysis

Table 2 represents the descriptive statistics of the main variables.
The mean value of SCP is 0.759, and the standard deviation is 0.063,
indicating a significant variation in SCP between each firm. The mean
values of SBMI and GTI are 0.303 and 0.314, respectively, with both
minimum values of 0 and maximum values of 1. However, the

standard deviations are 0.198 and 0.296, respectively, indicating
significant differences in SBMI and GTI among enterprises.

Table 2 also shows the correlations between the variables used in
our study. SBMI is positively correlated with SCP
(r � 0.124, p< 0.01), GTI (r � 0.045, p< 0.01), and STRATEGY
(r � 0.023, p< 0.1). GTI is no significant correlated with SCP and
STRATEGY. However, the effect of SBMI-GTI interaction on SCP
and the moderating effect of the degree of strategic aggressiveness
rather than a simple pairwise variable correlation. Therefore, the
results indicate further regression analysis.

5.2 Analysis of regression results

Before the polynomial regression, in order to reduce
multicollinearity and facilitate the interpretation of the results, the
explanatory variables for constructing interaction terms are centered

TABLE 3 Results of polynomial benchmark regression and response surface analysis.

Model 1 Model 2 Model 3

Control variables

ln_mh −0.0002 (0.0003) −0.0002 (0.0003) −0.0002 (0.0003)

ln_mss 0.0139a (0.0023) 0.0142a (0.0023) 0.0141a (0.0023)

HHI −0.0092 (0.0252) −0.0105 (0.0253) −0.0094 (0.0253)

KPMU −0.0042b (0.0021) −0.0037c (0.0021) −0.0038c (0.0021)

ln_ld −0.0743a (0.0053) −0.0695a (0.0056) −0.0695a (0.0057)

ln_fn 0.0021a (0.0005) 0.0021a (0.0005) 0.0020a (0.0005)

LHR 0.0003 (0.0002) 0.0003 (0.0002) 0.0003 (0.0002)

EN 0.0052 (0.0080) 0.0051 (0.0080) 0.0053 (0.0080)

Independent variables

SBMI (b1) 0.0114b (0.0050) 0.0169a (0.0058)

GTI (b2) −0.0086b (0.0038) −0.0084 (0.0062)

SBMI2 (b3) 0.0012 (0.0138)

SBMI×GTI (b4) 0.0323b (0.0136)

GTI2 (b5) −0.0193c (0.0115)

Response surface analysis

Congruence line:SBMI = GTI

Slope (b1+b2) 0.0085 (0.0093)

Curvature (b3+b4+b5) 0.0143 (0.0217)

Incongruence line: SBMI = −GTI

Slope (b1-b2) 0.0253a (0.0076)

Curvature (b3-b4+b5) −0.0504b (0.0238)

R2 0.0858 0.0878 0.0894

F 32.0125 27.3314 21.4504

n = 7090. Robust standard errors are shown in parentheses.
ap < 0.01.
bp < 0.05.
cp < 0.1.
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in this paper. The variance inflation factor (VIF) diagnosis is
performed for all input variables of the regression models. The
results show that the mean value of VIF is 2.15, falling far below
10, so there is no multicollinearity. In addition, to avoid the problems
of serial correlation, autocorrelation, and heteroscedasticity that may
exist in panel data regression analysis, as well as the endogeneity
problems caused by omitted variables, the fixed effect model with
robust standard errors, is used for estimation.

Table 3 presents the results of the polynomial and stepwise
regression analyses regarding the influence of SBMI and GTI on
SCP. In Model 1, only control variables are added, and R2 is

0.0858; Model 2 adds SBMI and GTI based on Model 1 and R2 is
0.0878. Based on Model 1, Model 3 adds five polynomials (SBMI;
GTI; SBMI2; SBMI × GTI; GTI2), and R2 increases to 0.0894. It
indicates that the explanatory power of the model increases
significantly after including higher-order terms, which is
appropriate for polynomial regression.

Based on the polynomial regression results of Model 3, a three-
dimensional surface graph that directly reflects the response surface
analysis results and the two-dimensional curve graphs of the sections
corresponding to the consistency line and inconsistency line are drawn
in Figures 4–6, respectively. As shown in Figure 4, the consistency line

FIGURE 4
Surface graph of SBMI-GTI consistency/inconsistency on SCP.

FIGURE 5
Side view of response surface along consistency line.

FIGURE 6
Side view of response surface along inconsistency line.
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is from the front (low SBMI-low GTI) to the back (high SBMI-high
GTI), while the inconsistency line is from the left (low SBMI-high
GTI) to the right (high SBMI-low GTI). According to the response
surface analysis data of Model 3 shown in Table 4, the curvature of the
response surface along the inconsistency line (b3 − b4 + b5) is
significant and negative (curvature � −0.0504, p< 0.05). As shown
in Figure 6, the inconsistency line projected onto the response surface
forms an inverted U-shaped curve. The position at both ends of the
curve indicates that SBMI is inconsistent with GTI, while the middle
position indicates that SBMI is consistent with GTI. The closer it is to
both ends, the lower SCP is, while the closer it is to the middle, the
higher SCP. It indicates that SCP is higher in firms with consistency
between SBMI and GTI than in firms with inconsistency between
SBMI and GTI. Therefore, to assume that Hypothesis 1 is supported.
On the other hand, the slope of the response surface along the
inconsistency line (b1 − b2) is significant and positive
(slope � 0.0253, p< 0.01). Figure 6, represents the SCP on the left

side (low SBMI-high GTI) of the inconsistency line is lower than that
on the right side (high SBMI-low GTI), suggesting that when
enterprises are faced with an inconsistency between SBMI and
GTI, the combination of low SBMI-high GTI will lead to lower
SCP compared to the combination of high SBMI-low GTI.
Therefore, it supported Hypothesis 2.

The results of Model 5 and Model 6 in Table 4 show that R2

increases by adding the interaction terms between the moderator and
each of the five terms in the benchmark polynomial regression
equation (ΔR2 � 0.0033, p< 0.01).

This result indicates that the degree of corporate strategic
aggressiveness moderates the relationship between SBMI-GTI
inconsistency and SCP. The three-dimensional surface graphs
directly reflect the polynomial regression results with a high degree
of strategic aggressiveness and a low degree of strategic aggressiveness
in Figures 7, 8, respectively. To more clearly identify the moderating
effect of the degree of strategic aggressiveness on the relationship

TABLE 4 Moderation effects of degree of corporate strategic aggressiveness.

Model 4 Model 5 Model 6

Control variables

ln_mh −0.0002 (0.0003) −0.0002 (0.0003) −0.0002 (0.0003)

ln_mss 0.0139a (0.0023) 0.0141a (0.0023) 0.0135a (0.0023)

HHI −0.0092 (0.0252) −0.0094 (0.0253) −0.0115 (0.0253)

KPMU −0.0042b (0.0021) −0.0038c (0.0021) −0.0035c (0.0021)

ln_ld −0.0743a (0.0053) −0.0695a (0.0057) −0.0671a (0.0057)

ln_fn 0.0021a (0.0005) 0.0020a (0.0005) 0.0019a (0.0005)

LHR 0.0003 (0.0002) 0.0003 (0.0002) 0.0002 (0.0002)

EN 0.0052 (0.0080) 0.0053 (0.0080) 0.0054 (0.0080)

Independent variables

SBMI (b1) 0.0169a (0.0058) 0.0173a (0.0058)

GTI (b2) −0.0084 (0.0062) −0.0082 (0.0062)

SBMI2 (b3) 0.0012 (0.0138) −0.0005 (0.0137)

SBMI×GTI (b4) 0.0323b (0.0136) 0.0314b (0.0136)

GTI2 (b5) −0.0193c (0.0115) −0.0187 (0.0115)

Moderator

STRATEGY (b6) 0.0016a (0.0005)

STRATEGY×SBMI (b7) 0.0006 (0.0012)

STRATEGY×GTI (b8) 0.0017 (0.0011)

STRATEGY×SBMI2 (b9) −0.0005 (0.0030)

STRATEGY×SBMI×GTI (b10) 0.0016 (0.0028)

STRATEGY×GTI2 (b11) −0.0000 (0.0022)

R2 0.0858 0.0894 0.0927

ΔR2 0.0033a

n = 7090. Robust standard errors are shown in parentheses.
ap < 0.01.
bp < 0.05.
cp < 0.1.
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between SBMI-GTI inconsistency and SCP of a firm, we also provide
the side views of response surfaces along the inconsistency line
(M ± 1SD) in Figure 9. Compared to a low degree of strategic
aggressiveness, a high degree of strategic aggressiveness makes the
curvature of the blue inverted U-shaped curve greater and more
pronounced in Figure 9. When SBMI is more consistent with GTI,
the level of SCP is higher; when SBMI is less consistent with GTI, the
level of SCP is lower. A high degree of corporate strategic
aggressiveness amplifies the effect of the SBMI-GTI combination
on SCP. Therefore, it supports Hypothesis 3.

5.3 Robustness test

To further ensure the reliability of the study findings, the following
robustness tests are applied. In Table 5, the dependent variable SCP is
treated with a lag of one period, and the results of the benchmark
regression and moderating effect results are shown in columns RO-1a
and RO-1b. Second, replace the proxy for the independent variable
with more stringent green invention patents granted to measure GTI,
and the benchmark regression and moderating effect results are in
Table 5, columns RO-2a and RO-2b. Finally, for estimation, a fixed

FIGURE 7
Surface graph of SBMI-GTI consistency/inconsistency on SCP, when the degree of corporate strategic aggressive is high.

FIGURE 8
Surface graph of SBMI-GTI consistency/inconsistency on SCP, when the degree of corporate strategic aggressive is low.
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effects model with Driscoll-Kraay standard error correction is used,
and the benchmark regression and moderating effects results are
shown in Table 5, columns RO-3a and RO-3b.

The polynomial regression analysis and robustness test results all
remain consistent with the previous, indicating that the results of this
paper are not affected by variable measurement or estimation
methods, and the findings are highly robust.

6 Discussion and conclusion

6.1 Summary results

The impact of the interaction between SBMI and GTI on SCP is
investigated using a sample of 1468 Chinese A-share listed
manufacturing enterprises and the “sustainable dual innovation
perspective.”

According to the empirical findings, in the consistent state of
SBMI and GTI, SCP is higher than the inconsistency between SBMI
and GTI. SBMI and GTI have natural synergies, and their influence on
SCP has a matching effect. When the inconsistency between SBMI and
GTI increases in either direction, the level of SCP decreases, indicating
that sustainable corporate development requires both the pull of SBMI
and the push of GTI. SBMI and GTI have a usual synergy, and as a
result, they have matching effects on SCP.

Second, to fully understand the complex interactions between
SBMI and GTI, it also reveals the specific impact of the inconsistency
between SBMI and GTI on SCP. It is found that SCP levels are
significantly higher when firms choose the high SBMI-low GTI
combination than the low SBMI-high GTI. These findings suggest
that the high SBMI-low GTI combination is perceived as more
valuable for sustainable growth and is preferred by most

businesses, whereas the low SBMI-high GTI combination may
introduce more “disruptive factors.” It is a fascinating and
significant finding from this study.

Third, using the degree of strategic aggressiveness as the
moderator variable, the study’s findings show that the inverted
U-shaped curve is more curved under the strategic conditions of
firms with a high degree of aggressiveness than firms with a smaller
extent of aggressiveness. It suggests that a high degree of corporate
strategic aggressiveness amplifies the effect of SBMI-GTI
inconsistency on SCP; the more inconsistent the SBMI-GTI
combination, the lower the SCP. A low degree of aggressiveness
moderates this effect. The more inconsistent the SBMI-GTI
combination is, the less degree of corporate strategic aggressiveness
leads to a slightly higher SCP than a lower one. SBMI-GTI tends to be
consistent, a low degree of corporate strategic aggressiveness drives
SBMI-GTI to produce a higher SCP. According to the findings, the
degree of corporate strategic aggressiveness increases the impact of the
SBMI and GTI combination on SCP.

6.2 Theoretical contribution

This paper develops four significant contributions to the existing
literature.

First, prior research has only looked at the effects of SBMI or GTI
on SCP separately, using a degree of separation and opposition
treatment. However, later researchers have talked about how BMI
and GTI can be coordinated to improve organizational performance
(Kaiyuan et al., 2019; Qu et al., 2021; Tong et al., 2022), no quantitative
investigation of the specific impact of the interaction between SBMI
and GTI on SCP. This is the first study to incorporate both SBMI and
GTI into a theoretical framework to investigate the effect of their
interaction on SCP.

Second, the study confirms that promoting sustainable enterprise
development requires both SBMI and GTI. SBMI and GTI are
naturally complementary, and their impact on SCP has a matching
effect. It also characterizes between high SBMI-low GTI and low
SBMI-high GTI, with low SBMI-high GTI causing more negative to
SCP than high SBMI-low GTI. Companies prefer high SBMI-low GTI
combinations to improve their sustainability. Provide a theoretical
explanation as well.

Third, a continuum model of the degree of corporate strategic
aggressiveness drawing on Miles and Snow’s (1978, 2003) strategy
classification method is used as an analytical framework to confirm
that highly aggressive corporate strategies increase the impact of
SBMI-GTI inconsistency on SCP. A firm strategy with a high
degree of aggressiveness results in a higher SCP. SBMI and GTI
confirm that the degree of corporate strategic aggressiveness has an
“amplifying effect” on SCP. This adds to the body of knowledge on the
corporate strategy’s moderating impact on the causal mechanism of
the interaction between SBMI and GTI on SCP; it also offers sound
theoretical guidance for businesses deciding on their future innovation
strategies. Finally, polynomial regression is used with response surface
analysis as a novel research method. Although measurement methods
such as difference value (Cao et al., 2009), sum value (Lubatkin et al.,
2006), and product value (Shu et al., 2015) have been used to explain
the consistency and inconsistency between two associated variables,
such methods cannot effectively reveal the impact of the difference in
direction between SBMI and GTI on SCP. Polynomial regression can

FIGURE 9
Side view of response surface along inconsistency line with the
moderating effect.
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TABLE 5 Results of robustness test.

RO-1a RO-1b RO-2a RO-2b RO-3a RO-3b

Control variables

ln_mh 0.0003 0.0003 −0.0002 −0.0002 −0.0002 −0.0002

(0.0003) (0.0003) (0.0003) (0.0003) (0.0002) (0.0002)

ln_mss 0.0160a 0.0156a 0.0139a 0.0132a 0.0141a 0.0135a

(0.0030) (0.0030) (0.0023) (0.0023) (0.0027) (0.0026)

HHI −0.0600b −0.0604b −0.0121 −0.0142 −0.0094 −0.0115

(0.0275) (0.0275) (0.0250) (0.0250) (0.0231) (0.0230)

KPMU −0.0018 −0.0014 −0.0038c −0.0036c −0.0038 −0.0035

(0.0026) (0.0026) (0.0021) (0.0022) (0.0040) (0.0040)

ln_ld −0.0908a −0.0897a −0.0698a −0.0676a −0.0695a −0.0671a

(0.0085) (0.0084) (0.0057) (0.0057) (0.0128) (0.0124)

ln_fn −0.0002 −0.0003 0.0021a 0.0020a 0.0020b 0.0019b

(0.0006) (0.0006) (0.0005) (0.0005) (0.0008) (0.0008)

LHR −0.0000 −0.0001 0.0003 0.0002 0.0003b 0.0002c

(0.0002) (0.0002) (0.0002) (0.0002) (0.0001) (0.0001)

EN 0.0102 0.0105 0.0053 0.0058 0.0053 0.0054

(0.0103) (0.0100) (0.0079) (0.0079) (0.0046) (0.0044)

Independent variables

SBMI (b1) 0.0330a 0.0323a 0.0225a 0.0228a 0.0169 0.0173

(0.0076) (0.0075) (0.0068) (0.0067) (0.0134) (0.0134)

GTI (b2) −0.0016 −0.0017 −0.0131c −0.0115 −0.0084b −0.0082b

(0.0072) (0.0072) (0.0071) (0.0071) (0.0032) (0.0028)

SBMI2 (b3) −0.0021 −0.0049 0.0010 −0.0013 0.0012 −0.0005

(0.0188) (0.0186) (0.0140) (0.0139) (0.0151) (0.0146)

SBMI × GTI (b4) 0.0444b 0.0445a 0.0322b 0.0319b 0.0323a 0.0314b

(0.0184) (0.0179) (0.0152) (0.0150) (0.0097) (0.0097)

GTI2 (b5) −0.0196 −0.0199 −0.0163 −0.0151 −0.0193c −0.0187c

(0.0132) (0.0131) (0.0148) (0.0146) (0.0099) (0.0101)

Moderator

STRATEGY (b6) 0.0004 0.0019a 0.0016a

(0.0007) (0.0006) (0.0004)

STRATEGY × SBMI (b7) 0.0003 −0.0001 0.0006

(0.0016) (0.0015) (0.0007)

STRATEGY×GTI (b8) −0.0018 0.0012 0.0017c

(0.0014) (0.0013) (0.0008)

STRATEGY×SBMI2 (b9) 0.0095b −0.0003 −0.0005

(0.0044) (0.0030) (0.0022)

STRATEGY×SBMI×GTI (b10) −0.0115a −0.0005 0.0016

(0.0040) (0.0033) (0.0011)

(Continued on following page)
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provide a strong explanation for the difference scores (Edwards and
Parry, 1993; Edwards and Cable, 2009) between SBMI and GTI
consistent and inconsistent, high SBMI-low GTI and low SBMI-
high GTI. The response surface analysis method, in particular, can
visualize the above empirical results, which can assist in
comprehending the specific impact of different SBMI and GTI
combinations on SCP. This research method is rare in panel data
studies of the relationship between SBMI, GTI, and SCP, and this
study makes a significant theoretical attempt.

6.3 Management implications

Based on the research presented above, the following management
implications are drawn:

The preliminary results indicate that maintaining the SBMI and
GTI pace will improve performance. Because when SBMI and GTI
align, SBMI creates a sustainable business plan for green products
before they are fully grown in GTI; at the same time, SBMI assists
GTI in determining the next stage of development. SBMI is
protected to some extent throughout the development of GTI by
increasing the competitiveness of green product differentiation.
Although SBMI and GTI may evolve recursively, a trade-off
situation should be avoided as much as possible. The SBMI and
GTI must consider both and walk as balanced as possible on
two legs.

Second, the results show that high SBMI-low GTI is more valuable
in the short term and has indeed become the preferred choice for most

enterprises, even though the significant risk of GTI does not assure
business success (Hirshleifer et al., 2012; Wicki and Hansen, 2019;
Wang et al., 2022). Due to resource limitations, most businesses are
now paying closer attention to combinations with high SBMI and low
GTI. However, these companies are concerned with short-term gains
and have to abandon their long-term goals. GTI is the primary source
of long-term corporate performance. It also suggests that SBMI should
eventually convert GTI to avoid SBMI suspiciously communicating
sustainability efforts.

Finally, findings suggest that a high degree of corporate strategic
aggressiveness modifies the specific effects of the SBMI-GTI
combination on SCP by “amplifying.” Therefore, in the process of
promoting SBMI and GTI, companies should focus on “open source”
rather than “cost-cutting,” recruit marketing and R&D talents, adopt
complex coordination mechanisms across departments and fields
(Sun et al., 2017), develop and maintain a broad and continuous
development of technology and market environment insight ability
(Anim et al., 2018), and respond quickly to demand the world’s future.

6.4 Limitations and future directions

The main limitations of this paper are as follows: first, Chinese
manufacturing companies have made remarkable innovation
achievements in the last decade, so here chose panel data of
Chinese manufacturing listed companies for 2010–2020 to reveal
the impact of SBMI and GTI on SCP. However, in comparison to
SBMI, GTI is more of a system project that takes a long time and has a

TABLE 5 (Continued) Results of robustness test.

RO-1a RO-1b RO-2a RO-2b RO-3a RO-3b

STRATEGY×GTI2 (b11) 0.0012 −0.0015 −0.0000

(0.0026) (0.0028) (0.0009)

Response surface analysis

Congruence line: SBMI = GTI

Slope (b1+b2) 0.0315a 0.0094 0.0091

(0.0113) (0.0100) (0.0149)

Curvature (b3+b4+b5) 0.0226 0.0170 0.0122

(0.0269) (0.0217) (0.0161)

Incongruence line: SBMI = −GTI

Slope (b1-b2) 0.0346a 0.0356a 0.0255c

(0.0096) (0.0096) (0.0124)

Curvature (b3-b4+b5) −0.0661b −0.0475c −0.0507b

(0.0316) (0.0286) (0.0205)

N 5235 5235 7090 7090 7090 7090

R2 0.1012 0.1065 0.0897 0.0932 0.0894 0.0927

ΔR2 0.0053a 0.0035a 0.0033a

Robust standard errors are shown in parentheses.
ap < 0.01.
bp < 0.05.
cp < 0.1.
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slow effect. Moreover, the effect of the SBMI-GTI combination on SCP
has some more novel findings in a larger study and time interval.
Future studies may consider stretching the study time scale forward or
backwards to investigate the causal mechanisms between the
abovementioned variables. Second, this study does not explicitly
examine the differences in enterprise ownership among the
research objects. Because SOEs bear more social responsibility in
promoting sustainable development, the SBMI-GTI SOE
combination should have some unique characteristics. For example,
do SOEs balance SBMI and GTI as a typical demonstration function in
transitioning to a sustainable development model? SOEs’ inherent
disadvantages in terms of institutional mechanisms and other aspects
result in inefficiencies and investment distortion effects for long-term
development?

Future research could provide some useful insights into this area.
Finally, most scholars have adopted ROA as a proxy variable for
corporate financial performance, even though it can reflect an
enterprise’s financial status and operating results in a given period.
However, explanations for enterprises’ solvency, growth, operating
capacity, and equity expansion capacity remain insufficient. Therefore,
future research is establishing an index system to measure corporate
financial performance.
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