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Abstract: This study fills the research gap in the exploration of the relationships between both
proactive and reactive green innovations and green product development performance, and examines
the mediating effect of green creativity. Structural equation modeling (SEM) is utilized to test
the hypotheses. From the sample of 146 valid respondents, the results show that proactive
green innovation positively affects green creativity and green product development performance,
and green creativity positively affects green product development performance. In addition,
our findings also indicate that the relationship between proactive green innovation and green product
development performance is partially mediated by green creativity. Accordingly, green creativity
plays a critical role for companies to achieve a great green product development performance.
However, reactive green innovation does not significantly influence green creativity and green
product development performance. Companies should develop proactive green innovation rather
than reactive green innovation in order to enhance their green creativity and increase their product
development performance.

Keywords: environmental management; proactive green innovation; reactive green innovation;
green creativity; green product development performance

1. Introduction

Along with industrial evolution and development, the negative effects derived from industrial
activities on the environment have become a global issue [1]. In order to eliminate environmental
pressure, the concept of environmental protection and management has gained attention in the
corporate management agenda [2,3]. Nowadays, because green products are generally acceptable [4,5],
and green management can be profitable, companies pay more attention to green product development
and production [2,6,7]. “Green product development performance” is originally defined as the
development of new ideas about green products, green services, green processes, or green practices
that are judged to be original, novel, and useful [8]. Simply put, if companies plan to develop
and produce green products successfully, incorporating the mindset of green management with the
activities of green product development should be critical [6]. Chen et al. [9] defined “green innovation”
as hardware or software innovation that is related to green products or processes, including innovation
in technologies that are involved in energy-saving, pollution prevention, waste recycling, green product
designs or corporate environmental management. In 2006, Chen et al. [9] found that investment in
green product innovation and green process innovation was beneficial to businesses. That is, companies
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should recognize the value of the green innovation, and realize that once green products are more
common in the world, green product development can be more prevalent accordingly [10]. In addition,
the public is becoming aware of environmental issues, so green product development has obtained
more attention [6]. The development of environmentally friendly products and services, which creates
new products to meet the increasing consumer awareness of environmental protection, is the key to
business success [11]. Although prior research has broadly discussed related issues regarding green
product development performance, significant gaps exist with respect to the impacts of proactive
and reactive green innovations on green product development performance. Therefore, we bridged
the research gap by proposing a research framework with four novel constructs: proactive green
innovation, reactive green innovation, green creativity, and green product development performance.
Since green product development is increasingly important for firms in the era of environmentalism,
the research framework was examined to help companies better understand how to improve their green
product development performance through key factors such as green innovation and green creativity.

Several research steps were followed in this study. We summarize the literature on proactive green
innovation, reactive green innovation, green creativity, and green product development first. Next, we
conduct an empirical test to verify the relationships among these important variables. More specifically,
based on the research framework, five hypotheses were proposed and examined. In the last part,
we made conclusions and discussions about the findings, implications, and possible directions for
future research.

2. Literature Review and Hypothesis Development

2.1. The Positive Effect of Proactive Green Innovation on Green Creativity

Chen et al. [12] stated that being proactive is to take initiative actions and to try to create
advantages. Chen et al. [12] divide green innovation into two types: proactive and reactive green
innovations. “Proactive green innovation” is defined as active environment-related innovation in
order to take initiatives for new practices or products ahead of competitors, to decrease costs, to seize
opportunities, to lead in the market, or to obtain competitive advantages [12]. Covin and Slevin [13]
noted that being proactive is part of entrepreneurship, so they emphasized that a company with
proactive strategies takes preemptive measures or introduces new products to become a leading
competitor in the market. Along with the increasing importance of social environmental awareness,
companies which focus on profits also need to consider environmental sustainability according to the
environmental management and policy [14]. Sharma and Henriques [15] found that companies with
positive attitudes toward environmental protection and management tend to adopt and take active
actions voluntarily, and they are not just in compliance with the relevant environmental protection
regulations. In order to prevent negative impacts on the environment, the proactive environmental
management initiative involves forecasting future norms and social trends, and introducing various
business operations and products [16]. Besides, proactive environmental management usually
comes with innovative strategies, which provides companies more opportunities to win competitive
advantages [17]. The advantages of green innovation include a lower cost of dealing with pollutants,
reduced responsibility in law, increased productivity and effectiveness, higher business reputation, and
more support from customers and stakeholders. With respect to proactive environmental management,
companies are critical since they are supposed to commit to investing in innovation, organizational
systems, products, and services for continuous recycling [18]. Creativity is defined as the imagination
of new ideas about products, services, processes, or practices which are original, novel, and useful [8].
Innovation is the capability of introducing something new, while creativity is the act of conceiving
something new [8]. Thus, there exists a significant difference between creativity and innovation.
Creativity can result in superior corporate performance [19]. Besides, the increase of creativity can
effectively enhance competitive advantages [20]. Thus, creativity is a key determinant of corporate
competitiveness [19]. Green creativity is defined as the development of new ideas about green products,
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green services, green processes, or green practices that are judged as original, novel, and useful [8].
Chen et al. [9] proposed that green innovation enhances the performance of corporate environmental
management. That is, the companies that use proactive environmental management can also have
the initiative of green innovation. In the field of environmental protection, green creativity is the
foundation of all green production. According to the above argument, we assert that proactive green
innovation can positively influence green creativity and posit the following hypothesis:

Hypothesis 1 (Hy). Proactive green innovation is positively associated with green creativity.

2.2. The Positive Effect of Proactive Green Innovation on Green Product Development Performance

Product development is important for companies either in an emerging market or in the current
market [21]. Product development is a potential source of companies’ competitive advantage, and
it is also critical for the companies to reshape their image and face diversification in a rapidly
changing market [22]. Krishnan and Ulrich [23] claimed that the product development is to convert
market opportunities into products or services to meet the needs of consumers and other interested
parties. How to integrate environmental issues into companies’ product development and to
comply with environmental regulations and market demand is a challenge for them. For example,
Loureiro et al. [24] found that while females with children may pay a small premium for eco-friendly
goods, other consumers are not always willing to pay a premium for environmental friendly products.
In addition, Zhang et al. [25] argue that firms contemplating eco-innovation can be faced with a
prisoners’ dilemma where eco-innovation may be a losing strategy. Chen [26] argues that green
product development aims at product design and innovation is needed to reduce the environmental
burden, which is a systematic and innovative method to respond to environmental issues. Hence,
the development of environmentally friendly products and services, trying to create innovative
products to meet the increasing consumer awareness of environmental protection, is the key to
business success [11]. Thus, we think that proactive green innovation is positively related to green
product development performance and imply the following hypothesis:

Hypothesis 2 (H,). Proactive green innovation is positively associated with green product
development performance.

2.3. The Positive Effect of Reactive Green Innovation on Green Creativity

Azzone and Noci [27] believed that companies using the basic post-processing method are likely
to take passive moves and just follow environmental laws. “Reactive green innovation” is defined as
passive environment-related innovation in order to comply with environmental regulations, to adapt
to stakeholders’ requests, to react upon the changing environment, or to respond to competitors’
challenges [12]. Lee and Rhee [28] stated that the companies with a passive attitude towards
environmental policy tend to have a lower level of environmental responses, and sometimes they ignore
environmental issues. The companies with non-active attitudes toward environmental management
are most likely to just control pollution based on the law. Furthermore, the reactive environmental
approach usually lacks top managers’ support and relevant training for the employees, and takes
action only when an environmental problem exists [29]. In contrast, customers can have some power
to force companies to pay more attention to the environment to increase investments to cope with
environmental problems. However, the passive attitudes of the companies will not be reversed
even though the passive companies take on strategies to respond to their consumers’ requests [30].
In brief, even the reactive strategy induces green innovation. However, unlike the proactive strategy;,
the reactive strategy only responds to customers’ needs and competes with other companies based on
the law. Thus, in the field of environmental protection, green creativity is critical for the development
of the innovation process. Companies’ passive but innovative actions towards the environment in
order to comply with environmental regulations or adapt to the green needs of the stakeholders can
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positively affect green creativity. Accordingly, we argue that reactive green innovation is associated
with green creativity and propose this hypothesis:

Hypothesis 3 (H3). Reactive green innovation is positively associated with green creativity.

2.4. The Positive Effect of Reactive Green Innovation on Green Product Development Performance

Ayag [31] argues that product development is not only an important linkage between companies
and markets, but also the basis for business success. This is, companies need to strategically manage
their product development activities for being competitive in the market. If a company cannot
effectively manage product development activities, that will not only position it at a competitive
disadvantage, but it will also result in future business that is full of risks [32]. In addition,
the development of green products, whether product differentiation or low-cost production, is likely
to be an important source of competitive advantage [33]. Lumpkin and Dess [34] stated that the
passiveness and reactivity are not identical: the former neglects or is unable to grasp the opportunity
within the leading market; the latter is a timely response to boycott the competition. According to the
above statement, in the area of environmental protection, to take reactive environmental management
of enterprises, it will be up to the competitors to innovate and make timely adjustments to reflect and
to be free from the adverse competitive environment. Based on the above discussion, we argue that
reactive green innovation is associated with green product development performance and argue the
following hypothesis:

Hypothesis 4 (Hy). Reactive green innovation is positively associated with green product
development performance.

2.5. The Positive Effect of Green Creativity on Green Product Development Performance

Firms need to develop organizational creativity which is the main driver of innovation to find
out innovative solutions [35]. Previous literature argues that one of the crucial factors of new product
success is team creativity that can foster the development of new products by means of usefulness and
novelty [36]. Creativity refers to organizational ideas that can result in better product development
performance [37]. Moreover, an innovative product development team with outstanding creativity can
effectively satisfy consumer needs and have excellent product performances [38,39]. Hence, creativity
positively affects new product development performance [36,40].

From a customer’s perspective, a creative idea is evaluated by target customers [41]. A new
idea may effectively determine the performance of new product development [38]. Team creativity
refers to group-level creativity which is developed by interactions of team members [42]. Team
creativity is positively related to team performance [43]. For companies, team creativity is one of
the major sources of innovation [44]. Therefore, previous literature argues that team creativity is
positively associated with the new product development performance [19,20,38,40,45]. ‘Green product
development performance’ refers to “the development performance of products that have less of an
impact on the environment, are less detrimental to human health, are formed or part-formed from
recycled components, are manufactured in a more energy-conservative way, or are supplied to the
market with less packaging” [8]. Based on the above explanation, we assert the following hypothesis:

Hypothesis 5 (Hs). Green creativity is positively associated with green product
development performance.

According to this research framework, proactive green innovation and reactive green innovation
can positively impact green product development performance. Furthermore, we claim that
green creativity mediates the relationship between proactive green innovation and green product
development performance. Accordingly, the antecedents are proactive green innovation and reactive
tfeedback, and the outcome is green product development performance, whereas green creativity plays
the role of mediation. We report the research framework in Figure 1.
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3. Methodology and Measurement

Figure 1. Research framework.

3.1. Data Collection and the Sample

We apply a questionnaire survey to verify the hypotheses in the Taiwan’s manufacturing
industry. The questionnaire survey was utilized by means of a postal survey to examine the
hypotheses in the period from 1 October 2015 to 31 January 2016. The research participants were the
employees who work in the companies in the electronics, information services, optoelectronic materials
and components manufacturing, communication equipment manufacturing, biotech and health
care, food manufacturing, textiles mills, machinery and equipment manufacturing, petrochemicals
manufacturing, software industries and so on in Taiwan. The sample of questionnaire survey was
randomly selected from “Business Directory of Taiwan”. The respondents are CEOs, managers of
manufacturing, environmental, R&D, or marketing departments, and leaders and members of green
product development projects. To increase the effective response rate, we called to every selected
company to confirm the names and job titles of the respondents and to explain the objectives of the
study and the questionnaire contents before questionnaire mailing. Moreover, we undertook two round
pretests to ensure high level of content validity in this study. The respondents of different constructs in
this study are different in order to reduce common method variance (CMV). This study asked every
respondent to identify a particular green product development project that accounts for the most
revenues for the company. Then, every respondent was asked to regard this green product development

v

project as the focal one to assess its project team’s “proactive green innovation”, “reactive green

v

innovation”, “green creativity”, and “green product development performance”. The respondents of
“proactive green innovation”, “reactive green innovation” are members of green product development
projects; those of “green creativity” are leaders of green product development projects; and those of
“green product development performance” are CEOs or managers of manufacturing, environmental,
R&D, or marketing departments in the Taiwan’s manufacturing companies. 180 questionnaires were
distributed to the selected companies. There are 146 valid questionnaires, and the effective response

rate is 37%.

3.2. Definitions and Measurements of the Constructs

The questionnaire in this study consists of the four construct measurements such as proactive
green innovation, reactive green innovation, green creativity, and green product development
performance. The survey is a “tick the box” survey. We apply a five-point Likert scale that ranged
from “strongly disagree” (1) to “strongly agree” (5) in the measurement of the questionnaire items.

Proactive green innovation. Based on prior research about proactive green innovation [12],
“proactive green innovation” was defined as companies’ proactive and innovative actions or strategies
towards the environment in order to take new measures, have new products, reduce costs, grasp the
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opportunities, lead the market, and/or gain a competitive advantage. The measurement of proactive
green innovation has four items: (1) Your company often actively has innovations about environmental
protection then it can take new measures or have new products to have a lead over its rivals; (2) Your
company actively engages in constantly betting on environmental innovation resources, successfully
takes the opportunity to become a pioneer in the market; (3) Your company actively improves its
production processes, reuses, recycles, and reduces the use of raw materials in order to cut costs;
(4) Your company voluntarily implements innovations about environmental protection in order to
obtain a competitive advantage.

Reactive green innovation. According to previous literature [12], “reactive green innovation” is
defined as “companies’ passive but innovative actions or strategies towards the environment in order
to comply with environmental regulations, adapt to the needs of the interested parties, to respond to
the changing environment, to respond to the challenges of competitors, and the negative correlation of
environmental innovation”. The four-item measure developed to measure reactive green innovation
was: (1) Your company passively adopt environment-related innovations, in order to comply with
environmental regulations; (2) Your company was asked to create new solutions to meet the needs
of interested parties; (3) Your company was forced to respond to changing circumstances; (4) Your
company will be passive and environment-related innovation, challenge to cope with competitors.

Green creativity. Referring to the notion of Chen and Chang [8] about green creativity, green
creativity is defined as the development of new ideas about green products, green services, green
processes, or green practices that are judged as original, novel, and useful. In order to measure green
creativity, the measurement of green creativity contains six items [8]: (1) The members within the
project propose new ways to realize the objectives of environmental protection; (2) The members
within the project find out new green ideas to enhance environmental performance; (3) The members
within the project advocate new green ideas to others; (4) The members within the project create
proper plans for the implementation of new green ideas; (5) The members within the project would
recheck new green ideas; (6) The members within the project would discover original solutions for
environmental problems.

Green product development performance. This study refers to Chen and Chang [8] to develop
the five-item measure of green product development performance including: (1) The project of
green product development contributes significant revenues to the company; (2) The project invents
outstanding green products; (3) The project continues to improve its development processes over time;
(4) The project is more creative in green product development than its competitors; (5) The project can
achieve its aims in green product development.

4. Empirical Results

4.1. The Results of the Measurement Model

Table 1 shows means, standard deviations, and positive correlations of the constructs in this study.
Table 2 shows the factor analysis and suggests that every construct was just classified into one factor.
Also, relevant research was reviewed and two pretests were employed for the content validity of
the measurement. More specifically, several steps were taken to confirm the reliability and validity
of the measurement. In Table 3, the loadings (A) of all items of the four constructs are significant,
which indicates the good quality of the measurement model. In addition, Cronbach’s o can be used
as the index for the reliability, and the minimum requirement is 0.7 [46]. In Table 3, the Cronbach’s
« coefficients of all constructs are more than 0.7, so the reliability of the measurement in this study
is acceptable.

According to Fornell and Larcker [47], the average variance extracted (AVE) can be used as an
indicator for discriminant validity of the measurement. To meet the requirement of the discriminant
validity, the square root of a construct’s AVE should be greater than the correlations between the
constructs in the model. For instance, the square roots of the AVEs of proactive green innovation and



Sustainability 2016, 8, 966 7 of 12

green product development performance are 0.849 and 0.862, respectively, which are greater than
their correlation, 0.616. Thus, there is adequate discriminant validity between the two constructs.
The square roots of all constructs” AVEs in Table 3 of this study are all more than the correlations
among all constructs in Table 1. Therefore, the discriminant validity of the measurement in this study
is acceptable. In addition, if the AVE of a construct is higher than 0.5, it means that the convergent
validity of the construct is acceptable. In Table 3, the AVEs of the four constructs, 0.721, 0.707, 0.748,
and 0.743, are all higher than 0.5. It indicates that the convergent validity of the measurement is
acceptable. Based on the above results, the reliability and validity of the measurement in this study
are acceptable.

Table 1. Means, standard deviations, and correlations of the constructs.

Constructs Mean Standard Deviation A B C
A. Proactive green innovation 3.475 0.8725
B. Reactive green innovation 3.623 0.8800 0.386 **
C. Green creativity 3.664 0.7989 0.605**  0.319 **
D. Green product development performance 3.144 0.8304 0.616**  0.203*  0.659 **

*p <0.05*p<0.01.

Table 2. Factor analysis of this study.

Accumulation Percentage of

Constructs Number of Items Number of Factors E . R
xplained Variance
Proactive green innovation 4 1 78.63%
Reactive green innovation 4 1 77.92%
Green creativity 6 1 79.81%
Green product development performance 5 1 73.19%

Table 3. The items’ loadings (A) and the constructs” Cronbach’s « coefficients and AVEs.

Constructs Items A Cronbach’s AVE v AVE
PGI1 0.875 0.902 0.721 0.849

PGI2 0.906 **
PGI3 0.732 **
PG4 0.871 **

RGI1 0.838 0.860 0.707 0.841
PGI2 0.887 **
PGI3 0.787 **
PGI4 0.850 **

GC1 0.881 0.949 0.748 0.865
GC2 0.846 **
GC3 0.858 **
GC4 0.888 **
GC5 0.817 **
GCo6 0.865 **

GPD2 0.815 0.919 0.743 0.862
GPD3 0.851 **
GPD4 0.855 **
GPD5 0.923 **

Note: **p < 0.01.

Proactive green innovation

Reactive green innovation

Green creativity

Green product development performance

4.2. The Results of the Structural Models

The hypotheses were tested using SEM and AMOS. We report the results of the structural model
in Table 4. The results show the fit of the full model is acceptable (GFI = 0.838, RMSEA = 0.087,
NFI = 0.892, CFI = 0.940). We also demonstrate the results of the full model in Figure 2. Of five paths,
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only three paths estimated are significantly positive. Among these, H1, H2, and H5 are supported
by this study. We find out that the increase of proactive green innovation can improve both green
creativity and green product development performance. We prove that proactive green innovation is a
crucial driver of green product development performance. Furthermore, we verify that the positive
relationship between green product development performance and proactive green innovation is
partially mediated by green creativity. It means that proactive green innovation positively influences
green product development performance directly, and positively influences it indirectly through green
creativity. Thus, we recommend that firms have to improve their proactive green innovation and green
creativity to increase their green product development performance.

Table 4. The results of the structural model.

Hypothesis Proposed Effect Path Coefficient Results
H1 + 0.687 ** H; is supported
H2 + 0.237 * H; is supported
H3 - 0.108 Hj is not supported
H4 — —0.065 Hy is not supported
H5 + 0.604 ** Hs is supported

Note: * p < 0.05, ** p < 0.01.

lpci1] [pai2] [pPai3] [poi4]
A

s 0.732%* Q1%

Proactive
Green Innovation

lGpp 2| |GPD 3|
A

[Ges ] [oe4 |
0.888%*

0.815 Py

GC1 0.881

Green Product
Development Performance

0.604**

|GPD4| | GPD5 |

Reactive
Green Innovation

- 7%0

|RG11]| [rRai2] [RG13] [RGI4]
GFI=0.838, RMSEA = 0.087, NFI = 0.892, CFI = 0.940 Note: * p <0.05, ** p <0.01

Figure 2. The results of the full model.

5. Conclusions and Implications

Due to the research gap between green product innovation and green product development
performance, this study examined the research framework focusing on how proactive green innovation
and reactive green innovation impact green product development performance through green creativity
in this environmental era. According to the empirical results of this study, proactive green innovation
was positively related to both green creativity and green product development performance. Also,
green creativity plays a partial mediator between proactive green innovation and green product
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development performance. Namely, if companies make a large investment in resources and increase
their proactive green innovation, they would have better green product development performance.
Moreover, along with more proactive green innovation in companies, the results show that the
relationship “proactive green innovation—green product development performance” is mediated by
green creativity. However, reactive green innovation does not significantly influence green creativity
and green product development performance. Thus, companies should develop proactive green
innovation rather than reactive green innovation in order to enhance their green creativity and increase
product development performance.

Our findings have four academic contributions. First, based on the academic findings on the
relationship between green creativity and green product development performance [8], the present
study further accumulates the knowledge in this realm by adding more relevant variables, such as
proactive green innovation and reactive green innovation, as the antecedent variables in the research
framework. Second, according to the empirical findings, we find out that the influence of proactive
green innovation is different from that of reactive green innovation, which can fill the research gap
in previous studies. Third, green creativity partially mediates the relationship “proactive green
innovation—green product development performance”, which indicates the critical role of green
creativity when companies pursue green product development performance. Fourth, because reactive
green innovation does not significantly influence green creativity and green product development
performance, companies have to develop proactive green innovation rather than reactive green
innovation to enhance green creativity and green product development performance.

Also, this study has four practical contributions that benefit companies’ green product
development. First, the results imply that proactive green innovation is important for green creativity
as well as green product development performance. Thus, in order to enhance green creativity and
even green product development performance, setting up goals, interventions, and strategies which
can help the company become equipped with proactive green innovation is essential. Accordingly,
if companies want to gain profits from green products, they should pay attention to building an
organizational culture of proactive green innovation. For example, the companies should actively
invest financial and non-financial resources for green innovation in order to keep their leading position
in the market. The companies should be willing to make strategic plans, redesign work processes,
save energy, and recycle valuable resources [48]. A “culture of proactive green innovation” would
push change and competitiveness in the market. There is a new form of collective, the environmental
governance, which would affect the performance of sustainability. Along with a culture of proactive
green innovation, the outstanding performance of green product development can be expected. Second,
due to the importance of a culture of proactive green innovation, some sophisticated approaches should
be incorporated to enhance the employees’ proactivity for green product innovation. For instance,
companies can provide well-designed training to help employees have awareness of the proactive
green innovation culture in the companies. Third, green creativity plays an essential role between
proactive green innovation and green product development performance, so increasing green creativity
in companies also matters. Some managerial interventions, such as team building, brainstorming
competitions, or compensation plans for increasing green creativity might be good choices. Fourth,
companies should incorporate proactive green innovation which can create green creativity in their
business models for the success of green product development.

We propose four directions for future research. First, future research can apply a longitudinal
study to discuss the differences of the research results in the different periods. Second, future research
can be conducted in other countries and compared with this study. Third, future research can consider
human resource practices in the conceptual framework, since the scope of this study does not contain
human resource practices. Fourth, future research can gather public archival data to obtain results and
compare them with this study.
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