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Abstract

Purpose – The purpose of this paper is to explore the origins of the two types of green innovations:
proactive and reactive green innovations.

Design/methodology/approach – In order to satisfy the essence of the triangulation in
methodology, this study applies a hybrid research method which includes both qualitative and
quantitative research to discuss the origins of green innovations based on the two following stages.
First, the study uses inductive logic from the perspectives of case study research and grounded theory
to build the research framework and selects AU Optronics Corp. (AUO), the worldwide top three
manufacturer in the TFT-LCD industry, as the research object. Second, the study utilizes a
questionnaire survey method to test the research framework proposed in the first stage.

Findings – This study divides green innovations into two types: proactive and reactive green
innovations, because their origins are different. The results show that both of the internal origins –
environmental leadership, environmental culture, and environmental capability and the external
origins – the environmental regulations and the environmentalism of investors and clients – can
generate reactive green innovation. However, only the internal origins can facilitate proactive green
innovation. This study suggests that companies should invest their resources in cultivating the
internal origins rather than the external origins.

Originality/value – The paper provides insights into what origins cause proactive and reactive
green innovations by means of hybrid research method – qualitative and quantitative research – in
Taiwan. This study builds up a theory about the origins of the two types of green innovations.

Keywords Green innovation, Proactive green innovation, Reactive green innovation,
Environmental organization, Innovation, Environmental management

Paper type Research paper

Introduction and background
Green innovations have become one of the important strategic tools to obtain
sustainable development in the manufacturing industries because of the popular
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environmental trends (Chen et al., 2006). In the past, investing resources in
environmental activities was unnecessary. However, strict environmental regulations
and popular environmentalism have changed the competitive rules in practices (Porter
and van der Linde, 1995). Green innovations relate to green products or processes,
including the innovations in technologies that are involved in energy-saving,
pollution-prevention, waste recycling, green product designs or corporate
environmental management (Chen et al., 2006). If companies are willing to undertake
green innovations enthusiastically, they can execute green differentiation strategies
and reshape the competitive rules to obtain competitive advantages (Porter and van
der Linde, 1995; Porter, 1981). Previous research argues that the relationship between
green innovations and competitiveness is positive (Chen et al., 2006). Green innovations
can enhance the product value, and thus offset the costs of environmental investments.
Eventually, green innovations can improve corporate image and make companies more
successful (Porter and van der Linde, 1995). Hence, developing green innovations is a
win-win solution for firms that face the conflict between economic development and
environmental protection.

What origins cause green innovations? This study utilizes hybrid research method
to discuss the origins of green innovations based on the two following stages. In the
first stage, this study uses an inductive, longitudinal, and field-based case study which
is well-suited for developing grounded theory to build a research framework about
green innovations (Eisenhardt, 1989; Glaser, 1967). In the second stage, this study
applies a questionnaire survey method to test the research framework. This study
selects AU Optronics Corporation (AUO) as the research object to discuss the origins of
green innovations in the first stage. AUO is a world-famous TFT-LCD manufacturer.
To obtain sustainable development, AUO puts much emphasis on developing the
long-term social responsibility. AUO applies the concepts of environmental
management and green innovations into its operations to meet the rigid
environmental regulations and the popular environmentalism (AU Optronics Corp.,
2007a).

AUO is a pioneer of green innovations in the TFT-LCD industry and obtains
competitive advantages from its green products. The technological changes in the
TFT-LCD industry are rapid, so effective R&D activities are essential to successful
green innovations. AUO established the AUO Technology Center (ATC) for the
development of green products, green technologies, green manufacturing process, and
continuous green product improvements (AU Optronics Corp., 2007a). The four major
domains of AUO’s green innovations are energy saving, material saving,
environmental recycling, and lean design (AU Optronics Corp., 2007a). The four
domains do not only enhance AUO’s green R&D capabilities, but also help AUO
develop value-added green products. Besides, AUO has established a company-wide
green product management system which defines the specification about green
products for materials, parts, assemblies, packaging, and operations. As Cathode Ray
Tube (CRT) products are obsolete, TFT-LCD products are more popular in the world.
After merger with Quanta Display Inc. (QDI) in October 2006, AUO increases its
market share and strengthens its competitiveness. AUO has a wide range of product
lines, ranging from 1.5 inch to 65 inch LCD monitors, which enables AUO to become
one of the leaders in the TFT-LCD industry (AU Optronics Corp., 2007b). Besides, AUO
plans to seize the business opportunities in the prevalent environmental trend through
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green innovations. To minimize harmful impacts of the manufacturing process, AUO
initiates its green ideas into its green innovations, green procurement, green
production, green logistics, green service, and green recycling in an environmental
friendly manner. AUO invests many R&D resources to implement eco-design to design
new products, to employ green supply chain management to ensure any parts and
materials are not harmful to the environment and human body, and to dispose the
waste recycling properly (AU Optronics Corp., 2007a). In addition, AUO encourages its
employees to accomplish its environmental goals (AU Optronics Corp., 2007a).

Comparing with prior research, this study differs in three significant ways. First, no
previous study undertakes hybrid research method to explore the origins of green
innovations. This study utilizes case study research and grounded theory from the
inductive qualitative perspective to build a research framework in the first stage
(Glaser, 1967; Yin, 1981, 1984). Besides, this study further uses quantitative
questionnaire survey to verify the research framework in the second stage. Second, in
contrast to previous research about innovations that discuss in the context of the
Western society, this study focuses on green innovations in the manufacturing
industry in the context of the Eastern society, Taiwan. Third, this study divides green
innovations into two types: proactive and reactive green innovations, and further
explores their origins and managerial implications. No previous research discusses the
origins of proactive and reactive green innovations.

Literature review
Environmental management and green innovation
Investing resources in environmental management would not only avoid both of
environmental protests and punishment, but also enhance their production efficiency,
develop new environmental markets, and thereby increase their green R&D
capabilities (Chen, 2008a; Porter and van der Linde, 1995; Shrivastava, 1995).
Environmental management is getting important for companies in the dynamic global
environment, and more companies are willing to put more efforts on developing green
innovations and green designs (Haden et al., 2009; Molina-Azorı́n et al., 2009). Firms
may decide to undertake environmental management due to several forces which
include stakeholder environmentalism, competitive pressures, and environmental
regulations (Rugman and Verbeke, 1998; Berry and Rondinelli, 1998). Neoclassical
economists argue maximizing shareholders’ wealth is the companies’ main goal
(Friedman, 1970). Agency theory doubts about why firms should undertake
environmental management and implies that managers would adopt environmental
management to advance their careers or other personal agendas such that
environmental management is a misuse of corporate resources (Friedman, 1970).
However, institutional theory emphasizes the influence of external institutions on
firms’ strategies (Hoffman, 1997). It asserts that firms’ social objective is not always
profit maximization, and their activities often meet external pressures for legitimacy.
To obtain the trust of external institutions, firms need to green their products and to
adopt green innovations. Based on resource-based view (RBV), competitive advantage
results from the valuable resources and capabilities of companies (Barney, 1991). RBV
asserts that environmental social responsibility can become a key capability that can
result in a sustained competitive advantage (Hart, 1995). Thus, environmental
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management becomes an important element of a firm’s strategies, and it should be
regarded as a unique capability from the RBV logic (Hart, 1995; Chen, 2008a).

Previous literature argues that environmental management of firms may strengthen
their economic goals (Wood and Jones, 1995). Although environmental management
may not perhaps raise revenue in the short term, it could cause economic payoffs in the
long term (Hart and Ahuja, 1997). Stewardship theory asserts that there is a moral
responsibility for managers to do the right thing without regard to how such actions
influence corporate performance, so this perspective supports firms to engage in
environmental management (Donaldson and Preston, 1995). Besides, stakeholder
theory thinks that companies should take the interests of their stakeholders into
account when they formulate their strategies to obtain the support from their
stakeholders (Freeman, 1984; Mitchell et al., 1997). Hence, companies should adopt a
long-term sustainable thinking that includes non-economic goals as well as
stakeholder requests (Prakash, 2002). In addition, strategic leadership theory posits
that the extent of transformational leadership is positively related to the propensity of
firms to engage in environmental management and that these leaders would adopt
environmental management strategically (Waldman et al., 2004). Environmental
management allows firms to reshape competitive rules to obtain first-mover
advantages (Peattie and Ratnayaka, 1992). Adopting environmental management
forces firms to apply strict green standards into their green products that can create
differentiation strategies (Barrett, 1991). Therefore, the positive relationship between
environmental management and corporate operation activities is supported from the
prior literature on neoclassical economics perspective, agency theory, institutional
theory, stewardship theory, stakeholder theory, strategic leadership theory, and
resource-based view (Prakash, 2002).

Green innovations are the improvement of products or processes about
energy-saving, pollution-prevention, waste recycling, green product designs and
corporate environmental management in the field of environmental management (Chen
et al., 2006; Chen, 2008b). Besides, green innovations may embody the concept of
environmental protection into the design and package of products to increase their
differentiation advantages (Chen et al., 2006; Hart, 1995; Porter and van der Linde,
1995; Shrivastava, 1994, 1995). Green innovations are the best way to improve the
performance of environmental management to satisfy the requirement of
environmental regulations (Chen et al., 2006). Companies advocating the adoption of
environmental management and green innovations would lead a new business model
and change competitive rules to generate a business opportunity (Gladwin et al., 1995).
However, no research explores the origins of green innovations. This study would like
to fill this research gap. This study divides green innovations into two types: proactive
and reactive green innovations and discusses the origins of the two types of green
innovations.

Periphery and core stakeholder analysis and sustainability phase model
“Core stakeholders” are visible and identifiable parties with a stake in a firm’s
operations, whereas “peripheral stakeholders” are typically disconnected from or
invisible to the firm because they are remote, weak, poor, disinterested, isolated, or
non-legitimate. Although peripheral stakeholders have little direct connection to firms’
current activities, they may possess knowledge and know-how that are crucial to
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anticipate potential solutions and to identify innovative opportunities and business
models for the future (Hart and Sharma, 2004). In addition to concentrating on
managing core stakeholders, companies should notice the voices of peripheral
stakeholders to create imaginative new business ideas and to become green technology
sources. By generating intense interaction with peripheral stakeholders as well as core
stakeholders, firms can collect and integrate latest know-how and information to
develop green technologies and green innovations (Hart and Sharma, 2004).

Sustainability phase model argues that achieving sustainability is a process and
organizations advance by six stages which include rejection, non-responsiveness,
compliance, efficiency, strategic proactivity, and sustaining corporation (Dunphy et al.,
2007). Dunphy et al. (2007) assert that organizations in the rejection phase are
“freeloaders and stealthy saboteurs”, those in the non-responsiveness phase are
“bunker wombats”, those in the compliance phase are “reactive minimalists”, those in
the efficiency phase are “industrious stewards”, those in the strategic proactivity phase
are “proactive strategists”, and those in the sustaining corporation phase are
“transformative futurists”.

Sustainable value framework, sustainability matrix, and sustainability value portfolio
Firms can utilize proper business strategies to convert environmental challenges into
initiatives to satisfy their stakeholders by developing sustainable value (Hart, 2005).
“Sustainable value framework” argues that sustainable value is built by two
dimensions (Hart and Milstein, 2003). The first dimension reflects firms’ needs to
manage today’s business or to create tomorrow’s market (Hart, 1997). This dimension
captures the need to realize short-term results as well as to generate future growth. The
second dimension reflects the firm’s need to develop internal organizational skills as
well as to obtain external new technologies from the outside (Hart, 1997). This
dimension captures the need to generate internal organizational capabilities, while at
the same time remaining open to external new models and knowledge (Hart and
Milstein, 2003). There are many forces compelling companies toward sustainability.
Sustainable value framework helps companies categorize the forces into four broad
groupings and allows them to better understand how sustainable practices are directly
related to their core strategies (Hart, 2005). Hence, sustainable value framework helps
companies identify their organization’s activi-ties and demonstrates how they can
work together to create and maintain sustainable value (Hart and Milstein, 2003).

Hart (1997) uses the two dimensions to produce “sustainability matrix” which
includes four distinct quadrants crucial to generating shareholder value. The first
quadrant is “pollution prevention strategy” which focuses on those aspects of
performance that are primarily internal and near-term in nature: cost and risk
reduction; the second quadrant is “product stewardship strategy” which focuses on
performance dimensions that are near-term in nature but extends to include salient
stakeholders external to the firm; the third quadrant is “clean technology strategy”
which focuses on generating the products and services of the future and developing
internal skills, competencies, and technologies that reposition the firm for future
growth; and the fourth quadrant is “sustainability vision” which focuses on acquiring
external skills, competencies, and technologies associated with future performance
(Hart and Milstein, 2003). Companies need to develop a vision of sustainability that
goes beyond today’s internal and operational focus on greening to tomorrow’s external
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and strategic focus on sustainable development (Hart and Milstein, 2003). The goal in
the “sustainability value portfolio” is to balance near-term and future-term issues and
to manage both internal and external challenges (Hart, 2005). Companies need to
perform well simultaneously in all four quadrants of sustainability matrix if they
would like to maximize shareholder value (Hart, 1997). Performing within only one or
two quadrants is a prescription for suboptimal performance and even failure (Hart and
Milstein, 2003).

Eco-champions
Andersson and Bateman (2000) define “environmental champions” or “eco-champions”
as “individuals who convince and enable organization members to turn environmental
issues into successful corporate programs and innovations” and suggest that
identifying, packaging and selling environmental issues are critical to successful
championing. Post and Altman (1994) identify the role of environmental champions as
one of key factors in successful environmental change, since eco-champions are
“sustainability intrapreneurs” (Willard, 2009). They are working within their
companies to integrate environmental standards, appropriate behaviors, and social
values into their business operations. Environmental champions often use a variety of
tools to gain organizational acceptance and adoption of environmental initiatives
(Andersson and Bateman, 2000). Techniques of successful champions include
networking skills, building of internal, strategic coalitions, and legitimacy seeking
(Juravle and Lewis, 2009). Besides, environmental champions are able to gain
organizational commitment by appealing to the personal values of key
decision-makers (Gattiker and Carter, 2010). Although firms that lack sustainability
cultures are less likely to foster the development of champions, champions in the firms
can still be successful if the initiative is framed with a reason to generate strategic
benefits ( Juravle and Lewis, 2009).

Methodology in the first stage
This study applies hybrid research method which includes both of qualitative and
quantitative research to discuss the origins of green innovations based on the two
following stages to satisfy the essence of the triangulation in methodology. First, the
study utilizes inductive case study research and grounded theory to build the research
framework and selects AU Optronics Corp. (AUO) as the research object from
September 1, 2007 to June 30, 2009. Second, this study utilizes questionnaire survey
method to test the research framework proposed in the first stage from May 28, 2011 to
July 31, 2011. In the first stage, this study collects data from three sources:

(1) semi-structured interviews in the period from fall 2007 to spring 2008;

(2) internal archival data; and

(3) public archival data.

This study relies on the interviews as one of the main sources of data pertaining to
green innovations, with the internal and public archival data serving as important
triangulation and supplementary sources for understanding discrepancies among
informants and gaining additional perspectives on key issues of green innovations
(Jick, 1979; Miles and Huberman, 1994).
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This study includes 24 interviews with 12 different informants throughout AUO,
and interviews every informant twice. Informants include three top managers, three
middle managers, three engineers, and three operators. The interviews vary in
duration, but all fall in the range of 60-90 minutes. This study records and transcribes
all interviews verbatim. Two research assistants and one author conduct a series of
semi-structured interviews with informants from fall 2007 to spring 2008. Research
assistants later follow up interviews with e-mails to clarify key points. Interviews
involve questions about the informants’ tenure, their involvement and efforts in green
innovations, origins of green innovations, and perceptions of the organizational and
institutional contexts of green innovations in AUO. In addition to these interviews, this
study collects archival data pertaining to AUO’s green innovations as a form of
unobtrusive data (Webb and Weick, 1979). This study has two types of archival data:
internal archival data and public archival data. Internal archival data include twelve
meeting documents and ten strategic plans, and public archival data include annual
reports from 2002 to 2007, and corporate social responsibility reports from 2005 to
2007.

Not only do these archival data provide a secondary source of data about the
development of green innovations, origins of green innovations, and the organizational
and institutional contexts of green innovations, but they also prove helpful as a tool to
engage informants in discussions about their involvement and efforts in green
innovations, origins of green innovations, and perceptions of the organizational and
institutional contexts of green innovations ( Jick, 1979).

Data analysis and findings
Data analysis of this study occurs in two distinct phases. Two research assistants and
one author conducts initial analysis of the field interviews following a grounded theory
approach. This study begins the analysis by identifying initial concepts within the
data and grouping them into categories and sub-categories (open coding). Conceptual
coding involves using in vivo codes until no in vivo code is available (Strauss and
Corbin, 1990). Next, this study searches for relationships among these categories to
further collapse them into themes (axial coding). Therefore, this study makes a
distinction between first-order data (categories and sub-categories originating from the
language of the informants or that are adequate at the level of meaning for the
informants) and second-order data (themes originating from the researcher’s
theoretically based interpretations of the informants’ words and actions at a higher
level of abstraction) (van Maanen, 1979). The authors independently analyze the
transcripts for common words and topics to highlight key issues and group them into
themes. This study compares results and repeats the process until this research
develops a final set of themes. These techniques are not linear, but instead form a
recursive, process-oriented, analytic procedure that continues until this study has a
solid grasp of the emerging theoretical relationships and additional interviews fail to
turn up new data or relationships (Glaser, 1967; Locke, 1996).

This study identifies initial concepts within the data and groups them into five
categories:

(1) environmental leadership;

(2) environmental culture;
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(3) environmental capability;

(4) the pressure of the environmentalism of investors and clients; and

(5) the pressure of environmental regulations.

This study lists the descriptions of the five categories in Table I. The five categories
can be divided into two types: internal and external origins. The internal origins
include environmental leadership, environmental culture, and environmental
capability, while the external origins include the pressure of the environmentalism
of investors and clients and the pressure of environmental regulations. The distinction
between the internal and external origins is that the internal origins come from the
inside of firms and the external origins come from the outside of the firms. Then, this
study generates themes from the theoretically based interpretations of the informants’
words and actions at a higher level of abstraction. This study has two themes:
proactive green innovations and reactive green innovations. Hence, this study divided
green innovations into two types: proactive and reactive green innovations. This study
shows the descriptions of the two themes in Table II. Finally, this study searches for
relationships between the categories and the themes to identify the profile of the
relationships in Figure 1.

This study identifies themes from the categories and demonstrates the identifiable
relationships between categories and themes from interviews and archival data as

Categories Description

Environmental leadership A dynamic process in which one individual influences others to
contribute to the achievement of environmental management and
environmental innovations

Environmental culture A symbolic context about environmental management and
environmental innovations within which interpretations guide
behaviors and processes of members’ sensemaking

Environmental capability A firm’s abilities to integrate, coordinate, build, and reconfigure its
competences and resources to accomplish its environmental
management and environmental innovations

The pressure of the
environmentalism of
investors and clients

The requests from the environmentalism of investors and clients to
disclose environment-related information and to satisfy the
requirements of restrictions on hazardous substances, etc

The pressure of
environmental regulations

The requests from international, regional, and local environmental
regulations

Table I.
The descriptions of the

categories

Themes Description

Proactive green innovation Active environment-related innovation in order to take initiatives new
practices or products ahead of competitors, to decrease cost, to seize
opportunities, to lead in the market, or to obtain competitive
advantages

Reactive green innovation Passive environment-related innovation in order to comply with
environmental regulations, to adapt to stakeholders’ requests, to react
on the changing environment, or to respond to competitors’ challenges

Table II.
The descriptions of the

themes
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follows. As Table III shows, this study finds out that environmental leadership can
facilitate both of proactive and reactive green innovations. Based on the analysis of the
categories, environmental leadership is a dynamic process in which one individual
influences others to contribute to the achievement of environmental management and
environmental innovations. In addition, according to the analysis of the themes, this
study divides green innovations into two types: reactive and proactive green innovations.
This study defines “reactive green innovation” as passive environment-related innovation
in order to comply with environmental regulations, to adapt to stakeholders’ requests, to
react on the changing environment, or to respond to competitors’ challenges. Besides, this
study defines “proactive green innovation” as active environment-related innovation in
order to take initiatives new practices or products ahead of competitors, to decrease cost,
to seize opportunities, to lead in the market, or to obtain competitive advantages.
Leadership can build up a management climate that tolerates the risk, failure, and
uncertainty of green innovations (O’Connor et al., 2008).

Strategic leadership theory argues that the level of transformational leadership is
positively associated with the tendency of companies to adopt green innovations and
that these leaders would employ green innovations strategically (Waldman et al., 2004).
Stewardship theory thinks that there is a moral imperative for leaders to undertake
social responsibility without regard to how such decisions impact corporate
operations, so this perspective supports companies to engage in green innovations
(Donaldson and Preston, 1995). Leaders are very important to achieve the outstanding
outcomes of green innovations, because they can stimulate an environmental vision to
become part of organizational identity and lead their members’ actions (Dutton and
Dukerich, 1991). The role of eco-champions is one of determinants in successful green

Figure 1.
The profile of the
relationships between the
categories and the themes
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innovations, because eco-champions are “sustainability intrapreneurs” who can
integrate environmental standards, appropriate behaviors, and social values into their
green innovations and apply a variety of approaches to obtain organizational
acceptance and adoption of environmental initiatives (Andersson and Bateman, 2000;
Willard, 2009). Firms’ leaders can become eco-champions within the firms, since they
can create a view that influences their members to achieve environmental goals and
use their interpersonal or communication skills that generate positive relations with
the stakeholders (Egri and Herman, 2000). Hence, this paper argues that environmental
leadership can facilitate both of proactive and reactive green innovations. Firms would
often encounter uncertainty and variability in the innovation process. To facilitate
green innovations, top managers must formulate a clear vision, commitment, objective,
and strategy (Morden, 1997). In AUO, top managers’ environmental leadership
provides a shared organizational belief to develop green innovations. Environmental
leadership can influence the behavior and expectation of employees, and add greater
value in developing innovations (Chen and Huang, 2009). According to the qualitative
analysis in Table III, environmental leadership can facilitate both of reactive and
proactive green innovations. Therefore, this study implies the following proposition.

P1. Environmental leadership can facilitate both of proactive and reactive green
innovations.

Categories/sub-categories
Identifiable relationships from interviews
and archival data Themes

Environmental leadership
Establishing a unified
environmental identity
Top leaders’ environmental
interpretations and beliefs that
guide and drive the organization’s
behaviors
Influences of the interpretations of
environmental issues
Stimulating an environmental
vision

Top managers of AUO stimulate an
environmental vision to drive employees to
undertake green innovations to meet all
environmental requirements (Manager A)
Because top managers of AUO advocate the
green mindsets to all employees which
guide me to initiate green innovations to
ensure that there are no banned substances
containing in AUO’s products to comply
with environmental regulations (Middle
Manager B)

Reactive green
innovation

Top managers of AUO commit to
continuously invest resources in green
innovations to successfully seize
opportunities and to lead in the market
(Manager B)
I actively improve AUO’s manufacturing
processes to reuse, recycle, and reduce
materials to decrease cost, since top
managers of AUO spontaneously initiates
the concept of conservation of natural
resources (Middle Manager C)
Top managers of AUO often encourage us
to stimulate new ideas and methods to
enhance energy efficiency and energy
conserving to decrease cost (Operator A)

Proactive green
innovation

Table III.
Identifying themes from

the category –
environmental leadership
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This study recognizes themes from the category - environmental culture - and
discusses their identifiable relationships in Table IV. As Table IV shows, this study
points out that environmental culture can facilitate both of proactive and reactive green
innovations.

According to the perspective of organizational identity, environmental culture is a
symbolic context about environmental management and environmental innovations
within which interpretations guide behaviors and processes of members’ sensemaking
(Chen, 2011; Lee, 2009). Organizational culture can facilitate the development of
innovations in a dynamic environment based on the organizational identity view
(Charter and Clark, 2008). RBV argues that if a company’s culture is valuable, unique,
and imperfectly imitable, then its culture is one of its key resources (Barney, 1986).
From the view of environmental culture as a strategic tool, firms can develop green

Categories/sub-categories
Identifiable relationships from interviews and
archival data Themes

Environmental culture
Environmental values
Shared environmental
beliefs
A set of shared
environmental norms

Continuous innovations to improve the quality of
products without hazardous substances and materials
to fit the environmental requisitions are AUO’s shared
culture (AUO, 2007a corporate social responsibility
report)
We have strong shared environmental beliefs to
undertake environmental innovations that are
integrated into AUO’s routine environmental practices
and to conform to the environmental laws (Engineer
B; Operator C)
AUO establishes a set of shared environmental norms
which facilitate the development of green innovations
to meet the environmentalism of the market (Strategic
Plan 7)

Reactive green
innovation

Continuously taking initiatives in green innovations
ahead of competitors becomes a shared organizational
norm in AUO (Strategic Plan 4; Middle Manager A)
Utilizing periodic environmental audits and
continuous development of green innovations to raise
green competitiveness becomes AUO’s important
routine practices (Meeting Document 7; Middle
Manager C)
AUO’s culture encourages us to enhance green
innovations to increase manufacturing productivity in
order to reduce waste generation from manufacturing
processes (Middle Manager B)
Implementing green environmental management with
the concept of sustainability development is a main
vision of AUO (AUO, 2007a corporate social
responsibility report)
In top managers’ beliefs of AUO, outstanding green
innovation performance is AUO’s responsibility for its
customers in order to increase its corporate image
(Strategic Plan 9)

Proactive green
innovation

Table IV.
Identifying themes from
the category –
environmental culture
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innovations from their valuable, unique, and imperfectly imitable environmental
culture. Therefore, this study argues that environmental culture can facilitate both of
proactive and reactive green innovations. To accomplish sustainable green
innovations, AUO develops environmental culture to integrate company resources to
implement green policies, and to continue improving green technologies for generating
green innovations. According to the qualitative analysis in Table IV, environmental
culture does not only facilitate reactive green innovation, but also stimulate proactive
green innovation. Thus, this study proposes the following proposition.

P2. Environmental culture can facilitate both of proactive and reactive green
innovations.

This study identifies themes from the category – environmental capabilities – and
explores their identifiable relationships in Table V. As Table V shows, this study
argues that environmental capabilities can facilitate both of proactive and reactive
green innovations. This study describes environmental capabilities as a firm’s abilities
to integrate, coordinate, build, and reconfigure its competences and resources to
accomplish its environmental management and environmental innovations.
Environmental capabilities of a company result from the utilization of the
company’s resources and competences to develop its environmental management
and green innovations. Companies can control their assets, capabilities, culture, and
knowledge to formulate and to implement strategies to help them to foster their
competiveness (Barney, 1991). That a company devotes to developing its green R&D
capabilities would not only foster green innovations to meet the environmental
regulations but also build up the entry barrier to other competitors.

Firms should adopt environmental management to comply with consumer
environmentalism and environmental regulations (Berry and Rondinelli, 1998). From
the RBV logic, environmental management becomes an important element of a firm’s
strategies, and it should be regarded as a unique capability (Hart, 1995; Chen, 2008a).
RBV argues that competitive advantages of companies result from their key resources
and capabilities (Barney, 1991). In addition, RBV posits that environmental social
responsibility can become a key capability that is beneficial for green innovations
(Hart, 1995). Hence, this paper argues that environmental capabilities can facilitate
both of proactive and reactive green innovations. AUO’s R&D capabilities are one of
the key factors to obtain competitive advantages in the TFT-LCD industry. For the aim
to establish the best R&D capabilities and to integrate its resources, AUO builds up
AUO Technology Center (ATC) in Hsinchu of Taiwan to develop green products,
environmental manufacturing processes, and continuous environmental improvement.
In addition, AUO engages in developing capabilities about green technologies which
can eliminate waste of the production processes and produce high quality green
products to meet the strict environmental regulations. According to the qualitative
analysis in Table V, environmental capabilities do not only facilitate reactive green
innovation, but also stimulate proactive green innovation. Hence, this study implies the
following proposition.

P3. Environmental capabilities can facilitate both of proactive and reactive green
innovations.
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This study recognizes themes from the category – the pressure of the
environmentalism – and discusses their identifiable relationships in Table VI. As
Table VI shows, this study demonstrates that the pressure of the environmentalism
can facilitate reactive green innovation. Investors and clients play an important role in
AUO’s operations. This study defines the pressure of the environmentalism of
investors and clients as the requests from the environmentalism of investors and
clients to disclose environment-related information and to satisfy the requirements of
restrictions on hazardous substances, etc. AUO has many different ways to
communicate with its investors. Except to monthly sales reports, AUO reports its
financial reports to investors quarterly (AU Optronics Corp., 2007a). Under the rising
trend of environmentalism, investors could ask companies to put more emphasis on
green innovations to accomplish the goals of sustainable development. Because the

Categories/subcategories
Identifiable relationships from interviews
and archival data Themes

Environmental capabilities
Environmental competence
The abilities to integrate, coordinate,
build, and reconfigure a company’s
competences to accomplish its
environmental management and
environmental innovations

Due to the elimination of heavy metal and
CFCs, AUO utilizes its outstanding R&D
capabilities to invent leadfree solutions for
lead-free solder usage in its manufacturing
processes in order to comply with the
environmental requests of EU (AUO, 2007b
annual report)

Reactive green
innovation

The abilities to integrate, coordinate,
build, and reconfigure a company’s
resources to accomplish its
environmental management and
environmental innovations

AUO has many exciting technical
advances in four major domains of green
innovations, including energy saving,
material saving, environmental recycling,
and lean design, which enable AUO to
obtain competitive advantages.
(Engineer B; AUO, 2007a corporate social
responsibility report)
Our project team often applies the
capabilities of eco-design in AUO’s green
products to seize the business
opportunities of new markets. (Engineer C)
AUO conducts effective environmental
training and environmental knowledge
sharing within the company to extend the
environmental mindsets of its employees
such that its green technologies can lead in
the market (Meeting Document 5;
Engineer A; Operator B)
AUO has established a large R&D
laboratory in Taiwan, which is called AUO
Technology Center (ATC). ATC’s R&D
efforts are dedicated to the development of
green products and technologies, clean
manufacturing processes, green designs,
and continuous environmental
improvements (AUO, 2007b annual report)

Proactive green
innovation

Table V.
Identifying themes from
the category –
environmental
capabilities
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investors highlight the importance of green issues more often, AUO incorporates green
issues into its operation activities.

Institutional theory stresses the impact of external institutions on companies’
operations (Hoffman, 1997). Besides, institutional theory asserts that companies’ social
goal is not always profit maximization, and their activities often comply with external
pressures for legitimacy. To obtain the trust of external institutions, companies need to
green their products and to adopt green innovations. In addition, when firms formulate
their strategies, stakeholder theory posits that they need to take the interests of their
stakeholders into consideration to obtain the trust from their stakeholders (Freeman,
1984; Mitchell et al., 1997). Hence, companies should adopt a long-term sustainable
thinking that includes non-economic goals as well as institutional and stakeholder
requests (Prakash, 2002). Based on the manner of reactive compliance from
institutional theory and stakeholder theory, this study argues that the pressure of the
environmentalism of investors and clients can only facilitate reactive green innovation.
Prior research demonstrates that customer-orientation is positive associated with the
development of new products (Im and Workman, 2004; Jaworski and Kohli, 1993). The
collaboration between companies and their customers is critical to innovation success
( Johnsen et al., 2006). A customer-oriented company that is highly interested in
customers’ needs is willing to provide new customized products to satisfy its
customers (Deshpandé et al., 1993; Gatignon and Xuereb, 1997). In recent years,
consumers are seeking TFT-LCD products that are thin and light with lower energy
consumption, longer lifetime, and contain no substance that might be harmful to
environment and human health. AUO believes customer needs reveal the tendencies of
future social, environmental, and economic changes (AU Optronics Corp., 2007a).
Because of the growing concerns in global warming from customers, AUO actively
develops the suitable green products to meet the more popular environmentalism of

Categories/sub-categories
Identifiable relationships from interviews and
archival data Themes

The pressure of the
environmentalism of investors
and clients
The pressure to disclose
environment-related information
from the investors
The pressure to satisfy the
requirements of restrictions on
hazardous substances from the
clients

I often request R&D department to develop green
solutions to improve the functionality and
quality of AUO’s products to meet the pressure of
the environmentalism of investors and clients
(Manager C)
AUO is willing to disclose environment-related
information about its business activities,
products, and services to investors, and utilizes
their feedback to further improve its green
technologies (Manager A)
Our team applies green innovations to satisfy the
clients’ requirements of restrictions on hazardous
substances in AUO’s products (Middle Manager
C)
Our team is asked to invent new solutions to
respond to the pressure of the environmentalism
of investors and clients. (Engineer C)

Reactive green
innovation

Table VI.
Identifying themes from

the category – the
pressure of the

environmentalism
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customers. According to the qualitative analysis in Table VI, the pressure of the
environmentalism of investors and clients can facilitate reactive green innovation.
Therefore, this study proposes the following proposition.

P4. The pressure of the environmentalism of investors and clients can only
facilitate reactive green innovation.

This study identifies themes from the category – the pressure of environmental
regulations – and explores their identifiable relationships in Table VII. As Table VII
shows, this study asserts that the pressure of environmental regulations can facilitate
reactive green innovation.

This study defines the pressure of environmental regulations as the requests from
international, regional, and local environmental regulations. Although “local”
environmental regulations may be negotiated with industry, it is not easy for
companies to influence the formulation of “international” environmental regulations. In
addition, only large and powerful companies have the ability to affect the formulation
of environmental regulations. Most of Taiwanese manufacturing companies are
medium and small enterprises (SMEs) which have no the ability to affect the
formulation of environmental regulations (Chen et al., 2006). Environmental
regulations are formulated by the external stakeholders, such as governments, so
the pressure of environmental regulations is considered as an external origin.
Stakeholder theory asserts that firms should consider the interests of their
stakeholders to obtain the support from their stakeholders, so they should adopt a
long-term sustainable mindset to satisfy institutional regulations and stakeholder

Categories/sub-categories
Identifiable relationships from interviews and
archival data Themes

The pressure of environmental
regulations
The pressure of international
environmental regulations
The pressure of regional
environmental regulations
The pressure of local
environmental regulations

AUO enhances its green productivity in its
manufacturing processes to pursue the
minimization of greenhouse gas emission to
comply with Kyoto Protocol (AUO, 2007a
corporate social responsibility report)
My department often integrates green designs
and green technologies into AUO’s green
products to adapt to EU Restriction of Hazardous
Substance (RoHS) Directive (Middle Manager C)
Requesting engineers to design products to meet
the requirements of the EU Energy using
Products (EuP) Directive throughout lifecycle
assessments of eco-design is my important job
(Manager C)
I need to improve product design to satisfy the
standard of EU Waste Electrical and Electronic
Equipment (WEEE) Directive (Engineer A)
Our team is asked to invent new technologies to
implement the chemical lifecycle assessment to
improve product substances to respond to
Montreal Protocol and Taiwan’s environmental
laws (Engineer B)

Reactive green
innovation

Table VII.
Identifying themes from
the category – the
pressure of
environmental
regulations
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needs (Freeman, 1984; Mitchell et al., 1997; Prakash, 2002). Besides, institutional theory
highlights the influence of external institutions on corporate performance, and argues
that firms’ social objective is not always to maximize profit because they need to meet
external pressures for legitimacy (Hoffman, 1997). In order to gain the support of
external institutions, firms should adopt green innovations. Therefore, according to the
perspective of reactive compliance from stakeholder theory and institutional theory,
this paper asserts that the pressure of environmental regulations can only facilitate
reactive green innovation. The TFT-LCD industry has five important environmental
laws which are Montreal Protocol, Kyoto Protocol, Restriction of the Use of Certain
Hazardous Substances (RoHS) Directive, Waste Electronics and Electrical Equipment
(WEEE) Directive, and Energy Using Products (EuP) Directive. Montreal Protocol is an
international treaty to protect the ozone layer by phasing out a number of substances,
such as chlorine and bromine compounds, chlorofluorocarbons (CFCs), halons, etc.,
which lead to a significant depletion of stratospheric ozone levels. Montreal Protocol
prohibits the manufacturing of CRT monitors, so AUO could benefit from the growing
market demand for LCD products. Kyoto Protocol is an international convention on
climate change with the objective of reducing greenhouse gases. This international
environmental treaty requests countries around the world to cut greenhouse gas
emissions that cause global warming. AUO deems that Kyoto Protocol is a business
opportunity to improve their operations. To comply with Kyoto Protocol, AUO has set
an explicit goal to reduce greenhouse gas emissions per substrate size in 2010 by 70 per
cent in comparison with those in 2004 (AU Optronics Corp., 2007a).

RoHS Directive is effective on July 1, 2006. Its purpose is to restrict the use of six
substances in electrical and electronic fields. The six substances include lead, mercury,
cadmium, hexavalent chromium (Cr6þ ), polybrominated biphenyls (PBB), and
polybrominated diphenyl ether (PBDE). Although RoHS Directive is an
environmental regulation of EU, electrical and electronic manufacturers outside EU
must obey this legislation if they want to export their products to the European Union.
Therefore, AUO enhances their capabilities in developing green products which
comply with RoHS Directive. AUO builds up a green project team to implement the
organizational changes to obey the RoHS Directive. AUO assigns a coordinator to
communicate with the cross functions to make sure the green project could work in
different units. Furthermore, AUO requests all new products should meet the
requirements of the RoHS Directive (AU Optronics Corp., 2007a). WEEE Directive is
effective in EU on January 27, 2003. The purpose of this directive is to reduce the
generation of electrical and electronic wastes and to increase the recycling and reuse
rate of wastes. WEEE Directive decreases the disposal of wastes to minimize the
environmental impact and seeks to make producers responsible for treatment and
recovery of electrical and electronic wastes. In order to obey the WEEE Directive, AUO
sets up a project team in 2006 to incorporate the idea of waste management into routine
activities (AU Optronics Corp., 2007a). EuP Directive is effective in EU on August 11,
2005. In order to minimize the environmental impact, EuP Directive aims to decrease
energy-using of products. EuP Directive requests manufacturers to incorporate the
requirements of eco-design into their product developments. AUO establishes a team to
conduct products lifecycle assessment to analyze the environmental impacts of its
products and to undertake the eco-design to decrease energy-using of its products to
comply with the EuP Directive (AU Optronics Corp., 2007a). According to the
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qualitative analysis in Table VII, the pressure of environmental regulations can
facilitate reactive green innovation. Thus, this study implies the following proposition.

P5. The pressure of environmental regulations can only facilitate reactive green
innovation.

Based on the five propositions proposed in the first stage, this study would like to
undertake questionnaire survey to test the following hypotheses in the second stage:

H1-1. Environmental leadership positively affects proactive green innovation.

H1-2. Environmental leadership positively affects reactive green innovation.

H2-1. Environmental culture positively affects proactive green innovation.

H2-2. Environmental culture positively affects reactive green innovation.

H3-1. Environmental capabilities positively affect proactive green innovation.

H3-2. Environmental capabilities positively affect reactive green innovation.

H4. The pressure of the environmentalism of investors and clients positively
affects reactive green innovation.

H5. The pressure of environmental regulations positively affects reactive green
innovation.

The research framework of this study is shown in Figure 2.

Methodology in the second stage
Data collection and the sample
In the second stage, this study utilizes quantitative research to test the research
framework proposed in the first stage from May 28, 2011 to July 31, 2011. The unit of
analysis in this study is business level. This study applies the questionnaire survey to
verify the research framework in the Taiwanese manufacturing industry. There are
three reasons to select the Taiwanese manufacturing industry as research object. First,
Taiwanese products which are highly export-oriented face strict environmental
regulations, such as Montreal Convention, Kyoto Protocol, Restriction of the Use of
Certain Hazardous Substances in EEE (RoHS), and Waste Electronics and Electrical
Equipment (WEEE), so that Taiwanese manufacturing companies need to produce
products which can satisfy their consumers’ environmental needs (Chen, 2010). It is
meaningful to investigate the origins of proactive and reactive green innovations when
green trends become huge challenges for them. Second, comparing to international
multinational enterprises (MNEs), most Taiwanese manufacturing companies are
medium and small enterprises (SMEs) (Chen et al., 2006), so it is worth discussing the
environmental management of Taiwanese manufacturing companies which have no
enough resources. Third, Taiwan is a newly emergent manufacturing base in the
world. It is interesting to explore the origins of proactive and reactive green
innovations in the Taiwanese manufacturing industry. These specific characteristics
in the Taiwanese manufacturing industry can contribute to theoretical development.
The sample of questionnaire survey was randomly selected from “2009 Business
Directory of Taiwan” of Business Express Co., Ltd. The respondents of the
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questionnaires are the CEOs or the managers of environmental, marketing, HR,
manufacturing, or R&D departments in Taiwanese manufacturing companies. To
heighten the valid survey response rate, the research assistants of this study called to
each company which was sampled, explained the objectives of the study and the
questionnaire contents, and confirmed the names and job titles of the respondents prior
to questionnaire mailing. The respondents were asked to return the completed
questionnaires within two weeks through mailing.

Prior to mailing to the respondents, eight experts and scholars were asked to modify
the questionnaire in the first pretest. Subsequently, the questionnaires were randomly
mailed to 12 CEOs or managers of environmental, marketing, HR, manufacturing, or
R&D departments in different Taiwanese manufacturing companies and they were
asked to fill in the questionnaire and to identify the ambiguities in terms, meanings and
issues in the second pretest. High content validity is a necessary requisition for the
questionnaire in this study. To avoid common method variance (CMV), the
respondents of different constructs in this study are different. For example, the
respondents of “environmental leadership” are CEOs or managers of environmental or
HR departments; those of “environmental culture” are CEOs or managers of
environmental, marketing, HR, manufacturing, or R&D departments; those of
“environmental capability” are CEOs or managers of environmental, marketing,
manufacturing, or R&D departments; those of “the pressure of the environmentalism
of investors and clients” are CEOs or managers of environmental or marketing
departments; those of “the pressure of environmental regulations” are managers of
environmental departments; those of “proactive green innovation” are CEOs or
managers of manufacturing or R&D departments; and those of “reactive green

Figure 2.
Research framework
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innovation” are CEOs or managers of manufacturing or R&D departments. Five
hundred questionnaires were sent to CEOs or managers of environmental, marketing,
HR, manufacturing, or R&D departments. There are 178 valid questionnaires, and the
effective response rate is 35.6 per cent.

Definitions and measurements of the constructs
The measurement of the questionnaire items is by means of “five-point Likert scale
from 1 to 5” rating from strongly disagreement to strongly agreement. The definitions
and measurements of the constructs in this study are in the following:

(1) Environmental leadership. This study defines “environmental leadership” as a
dynamic process in which one individual influences others to contribute to the
achievement of environmental management and environmental innovations
according to Table I. This study refers to Chen (2011) to measure
“environmental leadership”. The measurement of environmental leadership
includes four items:
. The leaders within the company inspire a shared vision of the organization

as environmentally sustainable, creating or maintaining green values
throughout the company.

. The leaders within the company utilize well-developed approaches to
environmental management which generally center around a program
customized to the company’s specific business and market.

. The leaders within the company create partnerships with the company’s
stakeholders to solve environmental problems and to accomplish
environmental goals.

. The leaders within the company can take on the responsibility of
environmental education with the intent of engaging employees in
environmental management initiatives (Chen, 2011).

(2) Environmental culture. This study defines “environmental culture” as a
symbolic context about environmental management and environmental
innovations within which interpretations guide behaviors and processes of
members’ sensemaking according to Table I. This study refers to Chen (2011) to
measure “environmental culture”. The measurement of environmental culture
includes six items:
. The company concerns the knowledge of environmental management and

protection.
. The company concerns the collaboration of environmental management and

protection.
. The company concerns environmental agreements.
. The company concerns the change of environmental management and

protection.
. The company concerns the responsiveness of environmental management

and protection.
. The company concerns the vision of environmental management and

protection (Chen, 2011).
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(3) Environmental capability. “Environmental capability” is defined as a firm’s
abilities to integrate, coordinate, build, and reconfigure its competences and
resources to accomplish its environmental management and environmental
innovations in Table I. The measurement of environmental organizational
capability includes four items:
. The company’s abilities to integrate, coordinate, build, and reconfigure its

competences and resources to accomplish its environmental management
and environmental innovations are outstanding.

. The company’s abilities to integrate, coordinate, build, and reconfigure its
competences and resources to accomplish its environmental management
and environmental innovations are rare in marketplace.

. The company’s abilities to integrate, coordinate, build, and reconfigure its
competences and resources to accomplish its environmental management
and environmental innovations are less imitable by competitors.

. The company’s abilities to integrate, coordinate, build, and reconfigure its
competences and resources to accomplish its environmental management
and environmental innovations are difficult to be substituted.

(4) The pressure of the environmentalism of investors and clients. “The pressure of
the environmentalism of investors and clients” is defined as the requests from
the environmentalism of investors and clients to disclose environment-related
information and to satisfy the requirements of restrictions on hazardous
substances in Table I. The measurement of the pressure of the
environmentalism of investors and clients includes two items:
. The requests from the environmentalism of investors to disclose

environment-related information and to satisfy the requirements of
restrictions on hazardous substances for the company are high.

. The requests from the environmentalism of clients to disclose
environment-related information and to satisfy the requirements of
restrictions on hazardous substances for the company are high.

(5) The pressure of environmental regulations. “The pressure of environmental
regulations” is defined as the requests from international, regional, and local
environmental regulations in Table I. The measurement of the pressure of
environmental regulations includes two items:
. The requests from international environmental regulations for the company

are high.
. The requests from regional and local environmental regulations for the

company are high.

(6) Proactive green innovation. “Proactive green innovation” is defined as active
environment-related innovation in order to take initiatives new practices or
products ahead of competitors, to decrease cost, to seize opportunities, to lead in
the market, or to obtain competitive advantages in Table II. The measurement
of proactive green innovation includes four items:
. The company often undertakes active environment-related innovation in

order to take initiatives new practices or products ahead of competitors.
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. The company actively commit to continuously invest resources in green
innovations to successfully seize opportunities and to lead in the market.

. The company actively improve manufacturing processes to reuse, recycle,
and reduce materials to decrease cost.

. The company spontaneously initiates new ideas of environment-related
innovation to obtain competitive advantages.

(7) Reactive green innovation. “Reactive green innovation” is defined as passive
environment-related innovation in order to comply with environmental
regulations, to adapt to stakeholders’ requests, to react on the changing
environment, or to respond to competitors’ challenges in Table II. The
measurement of reactive green innovation includes four items:
. The company adopts passive environment-related innovation to comply

with environmental regulations.
. The company is asked to invent new solutions to adapt to stakeholders’

requests.
. The company is forced to react on the changing environment.
. The company undertakes passive environment-related innovation to

respond to competitors’ challenges.

Empirical results
This study utilizes structural equation modeling (SEM) to verify the research
framework and applies AMOS 7.0 to obtain the empirical results. SEM of this study
examines the two levels of analysis, the measurement model and the structure model,
and their results are shown in the following.

The results of the measurement model
The means, standard deviations, and correlation matrix are shown in Table VIII. In
Table VIII, there are positive correlations among environmental leadership,
environmental culture, environmental capability, the pressure of the environmental
requests of investors and clients, the pressure of environmental regulations, proactive
green innovation, and reactive green innovation. The factor analysis of the seven
constructs is shown in Table IX. Every construct in this study can be classified into
only one factor. The study refers to the qualitative research in the first stage and the
prior research to design questionnaire items. Before mailing to the respondents, this
study employs two pretests for the questionnaire revision. Therefore, the measurement
of this study is acceptable in content validity. Besides, there are several measures to
confirm the reliability and validity of the constructs. On one hand, one measure of the
reliability is to examine the loadings of each constructs’ individual items. With respect
to the quality of the measurement model, the loadings (l) of all items of the seven
constructs listed in Figure 3 are significant. On the other hand, Cronbach’s a is the
other measure of the reliability. Table X lists Cronbach’s a for the constructs. In
general, the minimum requirement of Cronbach’s a coefficient is 0.7 (Hair et al., 1998).
In Table X, the Cronbach’s a coefficient of “environmental leadership” is 0.812; that of
“environmental culture” is 0.833; that of “environmental capability” is 0.860; that of
“the pressure of the environmental requests of investors and clients” is 0.741; that of
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Constructs
Number of

items
Number of

factors

Accumulation
percentage of

explained variance

Environmental leadership 4 1 55.4
Environmental culture 6 1 56.8
Environmental capability 4 1 57.4
The pressure of the environmental requests of
investors and clients 2 1 55.1
The pressure of environmental regulations 2 1 54.0
Proactive green innovation 4 1 63.2
Reactive green innovation 4 1 61.8

Table IX.
Factor analysis of this
study

Figure 3.
The results of the full
model
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“The pressure of environmental regulations” is 0.735; that of “proactive green
innovation” is 0.886; and that of “reactive green innovation” is 0.906. Because the
Cronbach’s a coefficients of all constructs are more than 0.7, the measurement of this
study is acceptable in reliability.

In addition, it is also important to verify whether the validity of the measurement in
this study is acceptable. This study applies Fornell and Larcker’s measure of average
variance extracted (AVE) to evaluate the discriminant validity of the measurement
(Fornell and Larcker, 1981). The AVE measures the amount of variance captured by
the construct through its items relative to the amount of variance due to the
measurement error. To satisfy the requirement of the discriminant validity, the square
root of a construct’s AVE must be greater than the correlations between the construct
and the other ones in the model. For example, the square roots of the AVEs for the two
constructs, environmental leadership and proactive green innovation, are 0.840 and
0.843 in Table X which are more than the correlation, 0.396, between them in Table VIII.
It demonstrates that there is adequate discriminant validity between the two
constructs. The square roots of all constructs’ AVEs in Table X of this study are all
more than the correlations among all constructs in Table VIII. Therefore, the
discriminant validity of the measurement is acceptable. Besides, if the AVE of a
construct is higher than 0.5, it means that there is convergent validity for the construct.
As shown in Table X, the AVEs of the seven constructs are 0.705, 0.712, 0.746, 0.668,
0.694, 0.710, and 0.722, which are all higher than 0.5. It indicates that the convergent
validity of the measurement is acceptable. According to the above results, the
reliability and validity in this study are adequate.

The results of the structural model
Table XI shows the results of the structural model in this study. The overall fit
measures of the full model in the SEM indicates that the fit of the model is acceptable
(GFI ¼ 0:902, RMSEA ¼ 0:042, NFI ¼ 0:906, CFI ¼ 0:908). All of the paths estimated
are significant, and all hypotheses are supported in this study. Adding more paths in
this research framework would not significantly improve the fit. The residuals of the
covariance are small and center near 0. The results of the full model in this study are
shown in Figure 3. H1-1, H1-2, H2-1, H2-2, H3-1, H3-2, H4, and H5 are all supported
in this study. This study finds out that the increase of environmental leadership,
environmental culture, and environmental capability can not only raise reactive green
innovation, but also enhance proactive green innovation. Besides, the results figure out

Constructs Cronbach’s a AVE
The square
root of AVE

Environmental leadership 0.812 0.705 0.840
Environmental culture 0.833 0.712 0.844
Environmental capability 0.860 0.746 0.864
The pressure of the environmental requests of
investors and clients 0.741 0.668 0.817
The pressure of environmental regulations 0.735 0.694 0.833
Proactive green innovation 0.886 0.710 0.843
Reactive green innovation 0.906 0.722 0.850

Table X.
The items’ loadings (l)

and the constructs’
Cronbach’s a coefficients

and AVEs
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that the pressure of the environmental requests of investors and clients and the
pressure of environmental regulations are positively associated with reactive green
innovation. However, the empirical results demonstrate that the pressure of the
environmental requests of investors and clients and the pressure of environmental
regulations cannot significantly affect proactive green innovation. This study verifies
that the origins of proactive green innovation and those of reactive green innovation
are different.

Conclusions and implications
According to the analysis of the qualitative research in the first stage, this study finds
out that five origins of green innovations are environmental leadership, environmental
culture, environmental capability, environmentalism of investors and clients, and
environmental regulations. Besides, this study divides green innovations into two
types: proactive and reactive green innovations. In order to satisfy the essence of the
triangulation in methodology, this study applies hybrid research and further uses
quantitative questionnaire survey method in the second stage to verify the research
framework proposed in the first stage. The empirical results show that the research
framework is supported. Table XII shows the internal and external origins of proactive
and reactive green innovations. The internal origins – environmental leadership,
environmental culture, and environmental capability – can develop both of proactive
and reactive green innovations. However, the external origins – environmentalism of
investors and clients, and environmental regulations – can only generate reactive
green innovation. If companies would like to enhance reactive green innovation, they
can develop it from the internal or external origins. Nevertheless, if companies want to
raise proactive green innovation, they can only develop it from the internal origins
rather than from the external ones. This study demonstrates that the external origins

Hypothesis Proposed effect Path coefficient Results

H1-1 þ 0.302** H1-1 is supported
H1-2 þ 0.294* H1-2 is supported
H2-1 þ 0.274* H2-1 is supported
H2-2 þ 0.268* H2-2 is supported
H3-1 þ 0.280* H3-1 is supported
H3-2 þ 0.265* H3-2 is supported
H4 þ 0.253* H4 is supported
H5 þ 0.247* H5 is supported

Notes: * p , 0:05, * *p , 0:01

Table XI.
The results of the
structural model

Proactive green innovation Reactive green innovation

Internal
origins

Environmental leadership, Environmental
culture, Environmental capability

Environmental leadership, Environmental
culture, Environmental capability

External
origins

– Environmental regulations,
Environmentalism of investors and clients

Table XII.
AUO’s internal and
external origins of
proactive and reactive
green innovations
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would not significantly result in proactive green innovation. This paper proposes five
propositions and explores the origins of proactive and reactive green innovations. This
study demonstrates the origins of green innovations in Figure 4. Figure 4 points out
that both of the internal origins – environmental leadership, environmental culture,
and environmental capability – and the external origins – the environmental
regulations and the environmentalism of investors and clients – can generate reactive
green innovation. However, only the internal origins can develop proactive green
innovation.

This study suggests that companies should invest their resources in developing and
cultivating the internal origins – environmental leadership, environmental culture, and
environmental capability – rather than the external origins – the environmentalism
and the environmental regulations – based on the following four reasons. First, the
internal origins can generate both of proactive and reactive green innovations, but the
external origins can only generate reactive green innovations. Second, the term,
proactive, derives from the general management and strategy literature highlighting
the need to take initiatives or to introduce new practices or business models ahead of
competitors (Covin and Slevin, 1989; Lumpkin and Dess, 1996). In this view,
proactiveness involves taking the initiative in an effort to shape the environment to
one’s own advantage. Proactiveness is opposed to passiveness, whereas proactiveness
is able to seize opportunities or to lead in the market. Prior research argues and
demonstrates that proactive environmental strategies are beneficial to corporate
competitive advantages (Aragón-Correa and Sharma, 2003; Berry and Rondinelli, 1998;
Chen, 2008b; Hunt and Auster, 1990). Therefore, this study argues that proactive green
innovation is more beneficial for companies than reactive green innovation. According to

Figure 4.
The origins of proactive

and reactive green
innovations
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the qualitative and the quantitative results of this study, if companies would like to
increase their proactive green innovation, they should develop the internal origins –
environmental leadership, environmental culture, and environmental capability – rather
than the external origins – the environmentalism and the environmental regulations.

Third, the external origins – the environmentalism and the environmental
regulations – are exogenous factors. Companies could not easily influence exogenous
factors. Investing resources in the external origins is wasteful and ineffective.
Therefore, this study asserts that companies should invest their resources in the
internal origins. Fourth, according to resource-based view (RBV), companies’ valuable,
rare, non-imitable, and non-substitutable resources are the key sources to generate
sustainable competitive advantage (Barney, 1991). Resources within a company
include assets, capabilities, organizational processes, and knowledge (Barney, 1991).
From RBV, companies’ intangible resources include leadership, organizational culture,
and capability (Barney, 1986; Helfat and Peteraf, 2003; Petrick et al., 1999). This study
argues that companies should concentrate on developing and cultivating the internal
origins – environmental leadership, environmental culture, and environmental
capability. Because the internal origins – environmental leadership, environmental
culture, and environmental capability – are valuable, unique, non-imitable, and
non-substitutable, they can not only generate proactive green innovation, but also
build up competitive advantage based on the RBV perspective.

In order to accelerate green innovations, top managers should formulate a clear
vision, commitment, objective, and strategy (Dwyer, 2009; Charter and Clark, 2008).
This study indicates that environmental leadership can integrate the operations among
different departments to develop green innovations. This study shows that the support
from a firm’s leaders is the best way to accomplish its green innovations. In addition,
this study finds out that successful green innovations result from environmental
culture which can integrate a firm’s resources to develop green ideas. Although the risk
in the development of green innovations is high, environmental culture of a firm can
influence its employees’ behaviors to be willing to take the risk. As a result, its
employees are encouraged to engage in green innovations to develop environmental
technologies and green products. In addition, companies need to enhance
environmental capability to increase their green innovation performance since this
study finds out that excellent environmental capability is beneficial to the development
of their green innovations. Environmental regulations are one of the external origins
for reactive green innovation. The appropriate environmental regulations and
standards could generate reactive green innovation. Hence, compliance with strict
environmental regulations and standards early may facilitate green innovations
(Porter and van der Linde, 1995). Besides, this study indicates that the
environmentalism of investors and clients can stimulate the development of reactive
green innovation. The environmentalism of investors and clients can force companies
to develop green innovations to meet the environmental needs of the investors and
clients, because they can provide positive feedbacks, such as revenues, capital, and
reputation, to the companies.

This research raises three directions for future research. First, this study focuses on
the manufacturing industry in Taiwan, so further research can focus on other
industries or countries and compare with this study. Second, this study verifies the
hypotheses by means of the questionnaire survey method, only providing
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cross-sectional information, so future research can set forth toward the longitudinal
study and compare with this study. Third, this study discusses the issue of green
innovations in the corporate level, so further research can focus on the project or team
levels and compare with this study. Finally, this study hopes this research is beneficial
to managers, practitioners, researchers, or policy makers, and contributes to relevant
research and future research as reference.
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