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Abstract: This study aims to expand our understanding of environmental performance by adopting
exploration and exploitation concepts, which are key types of firm innovation. We reveal exploration
and exploitation as two important antecedents of proactive and reactive environmental performance.
We also identify the conditions under which the distinct effects of these two types of innovation are
moderated. Using a sample of 2060 firm-year observations over a 12-year period in various industries,
we find that firm exploration positively affects proactive environmental performance, whereas firm
exploitation positively influences reactive environmental performance. Furthermore, we find that the
positive effect of exploitation on reactive environmental performance intensifies when technological
dynamism is high, and the positive effect of exploration on proactive environmental performance
strengthens when a firm is large.
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1. Introduction

Environmental practices of firms receive attention from various stakeholders who expect
environmental accountability [1,2]. Increased expectations about such environmental practices create
strategic opportunities regarding environmental performance [3]. Further, efficient management of
environmental performance enables firms to seize better market opportunities drawn from higher
demand for environmentally friendly products and to achieve operational excellence, such as cost
reductions and improved access to resources [4]. Furthermore, regulations and requirements (e.g., End
of Life Vehicle, ISO 14001, Waste and Electronic Equipment, and Restriction of Hazardous Substances)
regarding environmental performance have intensified. Therefore, the capability of a firm to develop
environmentally friendly products and to build production facilities to reduce pollution has become
more critical.

This study attempts to investigate the effect of firm innovation activities on two distinct
types of environmental performance (proactive and reactive) and the conditions under which
such effects intensify or weaken. Although a large amount of research has revealed the effects
of environmental innovation activities on environmental performance, only a few studies adopt the
traditional (general) innovation perspective to understand the relationship between the two [5–7].
We contribute to the current literature on environmental performance by empirically testing the effects
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of traditional innovation on environmental performance. We separate innovation into exploration
and exploitation—the two representative types of traditional innovation activities [8]. A firm seeks
innovation to develop new products or services to gain long-term viability, and environmentally
related concerns or issues may not be the first priority. Therefore, examining the effect of traditional
innovation activities on environmental performance is worthwhile. We further extend our arguments
by suggesting two moderators (technological dynamism as an external factor and firm size as an
internal factor) on the main relationships.

The remainder of this paper is structured as follows. We provide arguments on the relationship
between the two types of innovation (exploration and exploitation) and the two types of environmental
performance (proactive and reactive). Next, we delineate the moderating effects of technological
dynamism and firm size on the main relationships. In the methods and results sections, we provide a
description of the data, our empirical model, and the results of the data analysis. In the conclusions
section, we discuss the implications of this study and provide future research agendas.

2. Background and Hypotheses

Researchers identify several drivers of environmental performance, including internal capabilities
and external factors [3,9,10]. In this study, we focus on the innovation aspect because promoting the
development of environmentally friendly products and installing pollution-reducing production
facilities through innovative activities increase in importance. Taking a resource-based view,
innovation is suggested as an intangible resource to strengthen firm environmental performance [9].
Growing concerns about environmental protection encourage firms to be innovative in using energy
or materials efficiently [11].

Most studies on environmental innovation focus on the consequences of environmental
innovation, which aim to improve or reinvent products and services to enhance environmental
performance and raise economic performance [12]. Ample evidence suggests the positive relationship
between environmental innovation and environmental performance. For instance, the adoption of
new environmental technology can reduce firm pollution emissions and improve fuel efficiency [5–7].
Enhancements to manufacturing process and productivity also help firms improve environmental
performance [13]. Although existing studies contribute to a better understanding of the role of
environmental innovation in environmental performance, few studies draw on traditional innovation
literature [14]. Although we admit that environmental pressures from diverse stakeholders force firms
to incorporate environmental aspects into innovation, we also point out that the main purpose of
innovation is to develop new products or services to satisfy consumers’ needs. Such innovation can
lead to improved environmental performance [15]. For example, in 2006, Siemens developed a new
computer tomograph (CT) scanner using the dual source system (two radiators and two detectors).
Initially, the focus was given to image sharpness. However, Siemens found that the dual source system
could enhance environmental performance significantly: halving the radiation used during a heart
scan, 30% energy savings during an examination, and 80% reduction of lead used in the scanner [16].
Thus, we investigate the effect of firm innovative capabilities rather than environmentally innovative
capabilities on environmental performance because traditional innovation literature can assist us in
understanding the effect of innovation activities, which include environmental innovation.

In addition, previous studies suggest that environmental performance be categorized into two
distinct types: proactive environmental performance beyond compliance-centered environmental
activities and reactive environmental performance that conforms to current regulations. The two
are entirely different constructs and need to be examined separately [17–20]. Thus, we delineate the
relationship between two types of innovation and two types of environmental performance.

2.1. Exploration and Exploitation as an Antecedent of Environmental Performance

Researchers of environmental performance agree on the positive effect of innovation on
environmental performance. Innovative firms that invest in R & D and attempt to adopt new
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manufacturing systems or processes tend to have higher environmental performance [21,22].
In addition, firms with proactive strategies toward environmental performance develop product
and process innovation capabilities that go beyond the mere compliance of changing environmental
needs [9]. However, definitions of innovation in the environmental innovation literature are relatively
wide ranging, although innovation can be categorized into distinct types. In this study, we adopt the
notion of exploration and exploitation introduced by March [23] to classify the type of innovation
because the two concepts are mutually exclusive and comprehensive, and their effects on firm
performance are significantly different.

The concept of environmental performance is a multi-dimensional construct that needs to be
refined by categorization [24]. Proactive environmental performance aims to develop fundamental
strategic capabilities to enhance environmental performance, including development of capabilities for
environmentally friendly products and services and pollution prevention [20]. In contrast, reactive
environmental performance is pursued when a firm cannot violate current regulations in terms of
hazardous waste and chemical emissions. Thus, it is important to examine the complex effects of
exploration and exploitation on proactive and reactive environmental performance separately.

In the innovation literature, exploration and exploitation represent the scope of the boundary
from which a firm searches for knowledge [25–28]. Exploration denotes a knowledge search
outside the firm, whereas exploitation represents a search for knowledge within the firm [27].
Similarly, some researchers define exploitation as minor changes to existing products and exploration
as major changes to existing products or wholly newly developed products [29–32]. For example,
Apple improved the interface system, battery life, and screen resolution of the iPhone product line.
These improvements are categorized as exploitation. On the other hand, projects related to completely
new products whose product line is out of the existing Apple product line (e.g., iPod in 2001, iPhone
in 2007, iPad in 2010, Apple electric car project in 2016) are considered exploration. The distinctive
characteristics of exploration and exploitation have different effects on environmental performance.
We delineate the nature of exploration and exploitation and its relationship with the two types of
environmental performance.

We compare exploration and exploitation in two dimensions: degree of readiness for
environmental change and internal characteristics of a firm to implement exploration and exploitation.
Although both exploration and exploitation are innovation activities, they have quite different
goals. A firm tends to pursue exploration when it needs to escalate its ability to adapt to a
changing environment, whereas a firm pursues exploitation to increase the stability of its daily
operations [33–35]. Thus, the pursuit of exploration helps firms scan and respond to external
environments. In contrast, seeking exploitation helps firms increase internal efficiency. The need
toward environmental performance usually comes from external stakeholders rather than internal
ones [36,37]. For example, governments play a key role in creating incentives or penalties to boost
environmental performance by enacting laws [3]. Thus, a firm pursuing exploration is capable of
working with changes associated with environmental issues with ease to achieve higher proactive
environmental performance. In contrast, a firm that chooses exploitation is less likely to be sensitive to
changes in environmental issues, while such choice enables a firm to be efficient in coping with current
environmental issues.

Internal characteristics of a firm also differ when the firm implementing either exploration
or exploitation. Exploitation is about refining existing knowledge, whereas exploration is about
developing new knowledge [30,38,39]. A firm that emphasizes exploration tends to have a
more flexible organizational structure, whereas one that stresses exploitation tends to have more
organizational inertia [8]. Therefore, flexibility in organizational structure assists in reacting to changing
envir7onmental issues appropriately. In contrast, a more stable organizational structure allows a firm
to respond to current environmental issues. In summary, a firm proactively reacts to environmental
change when it has a high level of exploration that is attributable to increased adaptability and
organizational flexibility. In contrast, a firm can respond efficiently to current environmental issues
when it has a high level of exploitation that is attributable to organizational stability.
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Hypothesis 1: Exploration is positively associated with proactive environmental performance.

Hypothesis 2: Exploitation is positively associated with reactive environmental performance.

2.2. Moderating the Effects of a Firm’s External and Internal Characteristics

The relationship between the two types of innovation and two types of environmental
performance are also moderated by external and internal firm characteristics. First, the positive
effects of exploration on proactive environmental performance and the positive effects of exploitation
on reactive environmental performance are intensified when technological dynamism is high.
Dess and Beard [40] define technological dynamism as the extent of unpredictable changes
in diverse environmental dimensions, such as customer preferences (market demand) and
technologies. Firms with high levels of technological dynamism are exposed to higher pressures
for technological development. The value of innovation (exploration and exploitation) increases
under such condition because innovation endeavors enable firms to achieve competency against
its competitors. Thus, the benefits of innovation activities (both exploration and exploitation)
increase under such environments [41]. Therefore, the positive relationship between exploration
(exploitation) and proactive (reactive) environmental performance intensifies under high levels of
technological dynamism.

Hypothesis 3a: Technological dynamism moderates the relationship between exploration and
proactive environmental performance such that the positive effect of exploration on proactive
environmental performance intensifies under high levels of technological dynamism.

Hypothesis 3b: Technological dynamism moderates the relationship between exploitation and
reactive environmental performance such that the positive effect of exploitation on reactive
environmental performance intensifies under high levels of technological dynamism.

We also suggest that firm size (internal characteristic) has an important moderating effect on the
exploration and exploitation on environmental performance. The literature on innovation finds that
large firms are usually characterized as having more slack resources—defined as excess resources
above those required for regular operations [42]. Slack resources enable firms to be actively involved
in developing new technologies [43]. Furthermore, exploration tends to show higher failure rates than
exploitation [8]. Slack resources can mitigate higher failure rates of exploration [44,45]. Large firms are
also less likely to default [46] and are better able to endure long periods until exploration activities result
in success. Therefore, firms can endure risky investments in exploration to increase the chances that the
exploration succeeds. Large firms can also incorporate slack resources into their exploration activities
and magnify the effects on proactive environmental performance. This rationale suggests that firm size
positively moderates the relationship between exploration and proactive environmental performance.

However, firm size may affect the influence of exploration in different ways. The literature
suggests that large firms are more bureaucratic and more formalized than are smaller
organizations [47,48]; thus, they make standardized decisions [49]. Organizational bureaucracy
promotes structural inertia [50,51] and a lack of firm flexibility in large firms. Structural inertia
creates the decision-making tendency to produce institutionalized rules and regulations that reinforce
established organizational routines [26]. Such structural inertia helps firms execute exploitation
in a stable manner, which prohibits them from pursuing exploration. If this situation exists in
firms, an exploration strategy employed by large firms will be deterred; thus, it is possible that
firm size negatively moderates the relationship between exploration and environmental performance.
We propose a set of competing hypotheses on the moderating effect of firm size on the relationship
between exploration and proactive environmental performance.

Regarding exploitation, if a large firm pursues an exploitation strategy, its slack resources
facilitate exploitation activities. Additionally, the structural inertia of large firms expedites exploitation.
Therefore, we hypothesize that firm size positively moderates the relationship between exploitation
and reactive environmental performance.
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Hypothesis 4a: Firm size positively (negatively) moderates the relationship between exploration
and proactive environmental performance.

Firm size positively moderates the relationship between exploitation and reactive
environmental performance.

The hypotheses are illustrated in Figure 1 to conceptualize our predictions.
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3. Methods

3.1. Data and Summary Statistics

Our initial sample is built on 18,122 firm-year observations from the KLD database between
1996 and 2006. KLD appraises U.S. publicly traded firms for social and environmental performance.
Independent analysts conducted extensive research and generated the KLS ratings for KLD to use
for investment decisions and advice [52]. Practitioners and academics from diverse fields use this
database extensively [53–55].

We combined KLD data with Standard and Poor’s Compustat data to obtain financial data, such
as R&D expenditure, sales volume, and debt ratio. KLD data are also combined with patent data
from the National Bureau of Economic Research (NBER) to obtain exploration and exploitation data.
We reduce the sample to 2060 firm-year observations during a 12-year period. The sample, which
covers various industries, can minimize potential industry biases related to the manufacturing, and
service industries.

Descriptive statistics of variables and their correlations are reported in Table 1. Interestingly, we
find that proactive environmental performance is positively correlated (37%) with reactive
environmental performance. This result implies that firms which pursue reactive environmental
performance may have incentives to promote proactive environmental performance. R & D
expenditures are positively correlated with proactive and reactive environmental performance. We also
find that exploration is highly and positively correlated (78%) with exploitation. Thus, we calculate
Variance inflation factors (VIF) of all regression models to check for multicollinearity (VIF is not
available in the random effect model; thus, the VIF values were obtained using ordinary least square
(OLS) regression model). The range of VIF is between 2.72 and 7.13, which is below the typical cut-off
of 10.

Demographics of the key variables are provided in Table 2. Most of the firms are in the
manufacturing (82.7%) and service (13.4%) industries. Proactive environmental performance ranges
from zero to four and reactive environmental performance ranges from zero to six. Firms reporting at
least one proactive (reactive) environmental performance account for 24.55% (21.08%), which is similar
to previous studies (e.g., Walls et al. [24]).
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Table 1. Means, standard deviations, and correlations.

No. Variable Mean S.D. 1 2 3 4 5 6 7 8 9

1 Proactive environmental performance 0.28 0.50 1
2 Reactive environmental performance 0.27 0.55 0.37 * 1
3 Exploration 3.53 1.55 0.14 * 0.12 * 1
4 Exploitation 4.51 2.11 0.09 * 0.05 * 0.78 * 1
5 Technological dynamism 0.06 0.03 −0.17 * −0.3 * 0.12 * 0.2 * 1
6 Firm size 7.85 1.56 0.36 * 0.48 * 0.28 * 0.26 * −0.3 * 1
7 Leverage 0.24 0.11 0.11 * 0.11 * 0.08 * 0.03 * −0.12 * 0.17 * 1
8 Sales growth 0.12 0.24 −0.08 * −0.08 * −0.08 * −0.11 * 0.03 −0.09 * −0.09 * 1
9 R & D 4.83 1.50 0.31 * 0.36 * 0.47 * 0.5 * 0.14 * 0.8 * 0.2 * −0.11 * 1

* p < 0.05, N = 2060.
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Table 2. Demographics of the sample firms.

Variable Category N Rate (%)

Industry

Agriculture, Forestry, and Fishing 5 0.2%
Mining 43 2.1%

Manufacturing 1714 82.7%
Transportation, Communications, Electric, Gas and Sanitary services 9 0.4%

Wholesale Trade 7 0.3%
Retail Trade 9 0.4%

Finance, Insurance, and Real Estate 4 0.2%
Services 278 13.4%

Non-classifiable 4 0.2%

Firm size (the
logarithm of total
assets in million

dollars)

Less than 4.7 24 1.2%
4.7 to 6.3 321 15.5%
6.3 to 7.9 726 35.0%
7.9 to 9.4 633 30.5%
9.4 to 11.0 333 16.1%
Over 11.0 36 1.7%

Proactive
environmental
performance

(environmental
concerns)

0 1564 75.45%
1 383 18.48%
2 93 4.5%
3 29 1.4%
4 4 0.2%

Reactive
environmental
performance

(environmental
Strengths)

0 1636 78.92%
1 220 10.61%
2 136 6.56%
3 49 2.36%
4 18 0.87%
5 12 0.58%
6 2 0.1%

Note: “N” represents the total frequency of all respondents. “Rate” in % is the frequency divided by the total
valid responses.

3.2. Research Design

We employ a random effects panel regression model to control unobserved firm-specific
heterogeneity and to deal with a possible autocorrelation problem. A Poisson regression is usually used
when the dependent variable represents count data without over dispersion [56,57]. However, one of
our main interests was to examine the interaction effects between types of innovation (exploration and
exploitation) and external and internal firm characteristics. Analyzing interaction effects in a non-linear
model, such as the Poisson model, is complicated to estimate and interpret. Thus, we employ a random
effects panel regression model following Walls et al. [24] and transform our dependent variables by
taking the square root to make them usable in the random effects panel regression model. The random
effects panel data model has advantages over the fixed effects panel data model because it allows the
firm specific factor to vary over time.

Dependent variable: Environmental performance (Environmental strengths and Environmental
concerns). Firms are evaluated in several categories of environmental strengths to measure proactive
environmental performance and concerns to measure reactive environmental performance [17].
The values of the strength and concern items are summed to measure proactive environmental
performance (Environmental strengths) and reactive environmental performance (Environmental
concerns), respectively [24]. We adopt the approach of Walls et al. [24], which differs from
previous studies that combine environmental strengths and concerns into a single measure [58,59].
The combined measure counterbalances strengths and concerns, which leads to non-significant
results. In addition, the KLD measures of strengths and concerns are distinct in terms of theoretical
background [18,19]. Environmental strengths refer to the strategic capabilities of a firm to improve its
environmental performance, including beneficial products/services, pollution prevention, recycling,
and clean energy [20]. In contrast, environmental concerns capture the level of pollution of a firm [17].
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Our focus is on investigating the effects of exploration and exploitation on the two different types of
environmental performance.

Independent variables: Exploration and Exploitation. Patent data is extensively used to measure
exploration and exploitation [27,60–62]. The National Bureau of Economic Research (NBER) provides a
database of information such as patent year, characteristics of citations, and other details. We measure
the exploration of each firm for each year using the count of prior citations outside the accumulated
focal domains in patents applications of a firm, whereas exploitation uses the count of prior citations
within the accumulated focal domain of a firm [62]. Following previous studies [27,57], we use the
three-digit primary patent class provided by the U.S. Patent Office to define a firm technology domain.
The two independent variables are logged to avoid skewing the data distribution. We do not place
a lag between the dependent and independent variables. We use patent data for when the patent is
granted, not when it is applied. Thus, patents are regarded as intermediate outcomes that would result
in firm performance. The activities of those patents already influence firm performance.

Moderating Variables. We include the Technological dynamism moderator as an external firm
characteristic. We create this variable using industry R & D intensity, and measured it by taking
the logarithm of the industry total R & D expenditures divided by total sales following prior
studies [41,63,64]. We create the Firm size variable by logging the total assets as the second moderator,
which also follows prior studies [65,66].

Control Variables. We include several variables to control for internal firm characteristics following
previous studies on environmental performance [24]. First, we control for debt financing capability
(Leverage) to pursue exploration and exploitation by introducing firm leverage into the model measured
using the ratio of long-term debt to total assets [67]. Second, we include sales growth (Sales growth) as
a control variable because previous studies report that high-growth firms tend to increase the portion
of exploration [66]. Last, we include R & D expenditures (R & D) as a control variable for overall
investment in innovation following Padgett and Galan [68] and Yu and Rhee [69]. We also include
industry dummies (ΣIND) and year dummies (ΣYEAR) to control for industry and year fixed effects.
Using these variables, we estimated the following regression equations with αit as an unknown time
varying firm specific factor. The detailed definitions of variables are provided in Appendix.

We used the following equation to test Hypothesis 1:

Environmental strengthsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Leverageit + β6 Sales growthit + β7 R & Dit

+ ΣIND + ΣYEAR + αit + εit.

(1)

To test Hypothesis 2, we estimated the following regression equation:

Environmental concernsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Leverageit + β6 Sales growthit + β7 R & Dit

+ ΣIND + ΣYEAR + αit + εit.

(2)

To test Hypothesis 3a, we estimated the following regression equation with interaction terms
between innovation type variables (Exploration and Exploitation) and Technological dynamism:

Environmental strengthsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Explorationit ×Technological dynamismit

+ β6 Exploitationit ×Technological dynamismit + β7 Leverageit

+ β8 Sales growthit + β9 R & Dit + ΣIND + ΣYEAR + αit + εit.

(3)
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To test Hypothesis 3b, we estimated the following regression equation with interaction terms
between innovation type variables (Exploration and Exploitation) and technological dynamism (R & D
intensity):

Environmental concernsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Explorationit ×Technological dynamismit

+ β6 Exploitationit ×Technological dynamismit + β7 Leverageit

+ β8 Sales growthit + β9 R & Dit + ΣIND + ΣYEAR + αit + εit.

(4)

To test Hypothesis 4a, we estimated the following regression equation with interaction terms
between innovation type variables (Exploration and Exploitation) and firm size (Firm Size):

Environmental strengthsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Explorationit × Firm sizeit

+ β6 Exploitationit × Firm sizeit + β7 Leverageit

+ β8 Sales growthit + β9 R & Dit + ΣIND + ΣYEAR + αit + εit.

(5)

To test Hypothesis 4b, we estimated the following regression equation with interaction terms
between innovation type variables (Exploration and Exploitation) and firm size (Firm Size):

Environmental concernsit = β0 + β1 Explorationit + β2 Exploitationit + β3 Technological dynamismit

+ β4 Firm sizeit + β5 Explorationit × Firm sizeit

+ β6 Exploitationit × Firm sizeit + β7 Leverageit

+ β8 Sales growthit + β9 R & Dit + ΣIND + ΣYEAR + αit + εit.

(6)

4. Results of the Multivariate Analysis

Table 3 shows the multivariate regression results of proactive environmental performance and
reactive environmental performance. Models 1 through 4 show the effects of exploration and
exploitation on proactive environmental performance. Models 5 through 8 display the effects on
reactive environmental performance. Model 1 estimates the coefficients of the control and moderating
variables only. This estimation includes variables for internal (Firm size) and external (Technological
dynamism) firm characteristics. The coefficient of Firm Size is positive (β = 0.062) and statistically
significant at the 1% level, which implies that the stability and plentiful resources of large firms help
increase proactive environmental performance. In addition, the coefficient for Technological dynamism
is negative and statistically significant (β = −2.723, p < 0.01), which implies that high technological
dynamism is correlated with low proactive environmental performance. Interestingly, Firm size has a
positive effect on Reactive environmental performance (β = 0.158, p < 0.01), whereas Technological dynamism
has a negative effect (β = −3.075, p < 0.01), as shown in Model 5.

Table 3. Results of random effects least square regression.

DV
Environmental Strengths Environmental Concerns

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Exploration 0.020 * 0.034 −0.001 0.009 −0.000 −0.000
(0.01) (0.02) (0.02) (0.01) (0.02) (0.01)

Exploitation −0.021 * −0.022 −0.018 −0.017 * 0.043 * −0.015
(0.01) (0.02) (0.01) (0.01) (0.02) (0.01)

Exploration × Technological
dynamism

−0.226 0.153
(0.31) (0.28)

Exploitation ×
Technological dynamism

0.032 −0.956 ***
(0.27) (0.25)
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Table 3. Cont.

DV
Environmental Strengths Environmental Concerns

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Exploration × Firm size 0.012 † 0.004
(0.01) (0.01)

Exploitation × Firm size –0.002 −0.001
(0.00) (0.00)

Technological dynamism −2.723 *** −2.670 *** −2.068 * −2.493 *** −3.075 *** −3.035 *** −0.119 −2.981 ***
(0.58) (0.59) (0.96) (0.59) (0.61) (0.61) (0.94) (0.62)

Firm size
0.062 *** 0.059 *** 0.059 *** 0.030 0.158 *** 0.157 *** 0.156 *** 0.150 ***

(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Leverage −0.082 −0.096 −0.098 −0.164 0.093 0.090 0.096 0.081
(0.10) (0.10) (0.10) (0.10) (0.10) (0.10) (0.10) (0.10)

Sales growth −0.057 † −0.063 † −0.063 † −0.063 † −0.014 −0.020 −0.021 −0.020
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)

R & D
0.050 ** 0.055 ** 0.055 ** 0.057 ** −0.010 −0.004 −0.001 −0.005
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Constant
−0.364 *** −0.334 ** −0.374 ** −0.115 −0.736 *** −0.709 *** −0.895 *** −0.651 ***

(0.11) (0.11) (0.12) (0.14) (0.11) (0.11) (0.12) (0.14)

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Industry fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

chi2 309.339 315.940 316.453 325.597 437.711 444.124 472.510 448.971

N 2060 2060 2060 2060 2060 2060 2060 2060

† p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001. Standard errors are in parentheses.

We examine the effects of exploration and exploitation on proactive and reactive environmental
performance in Models 2 and 6, respectively. Model 2 confirms Hypothesis 1. Exploration has
a positive effect on Proactive environmental performance (β = 0.020, p < 0.05). We also find that
Exploitation has a negative effect on Proactive environmental performance (β = −0.021, p < 0.05).
Model 6 shows that Exploitation has a significantly negative effect on Reactive environmental
performance (β = −0.017, p < 0.05), which means exploitation has a positive effect on reactive
environment performance. These results show that exploration is associated with an increase in
proactive environmental performance, whereas exploitation is associated with an increase in reactive
environmental performance, which confirms Hypothesis 2.

We further investigate the effects of exploration and exploitation on the two types of
environmental performance in association with internal and external firm characteristics. We estimate
the interaction effects of Exploration with Technological dynamism in Model 3 and find no significant
interaction effects on Proactive environmental performance. However, the interaction effect of Exploitation
with Technological dynamism is significantly negative (β = −0.956, p < 0.01), as shown in Model 7.
This result implies that the concern-reducing effects of exploitation primarily arise from industries with
high technological dynamism, and exploitation itself reduces reactive environmental concerns when the
interaction effect is controlled. These results imply that exploration supports proactive environmental
performance without regard to technological dynamism, whereas exploitation works to increase
reactive environmental performance only when technological dynamism is high. Thus, Hypothesis 3a
is not supported, whereas Hypothesis 3b is supported. From these results, we conjecture that under
high levels of technological dynamism, firms need to concentrate their resources on core technologies
to manage dynamic changes in the environment. Thus, firms can focus on reactive environmental
performance, which requires fewer resources.

Models 4 and 8 examine the interaction effects of exploration and exploitation with firm size on
proactive and reactive environmental performance, respectively. The strength-increasing effects of
exploration are partly concentrated on large firms. The coefficient of the interaction between Exploration
and Firm size is significantly positive (β = 0.012, p < 0.1). However, the interaction effect between
Exploitation and Firm size on Environmental concerns is not statistically significant. These results support
the view that large firms have good resources to promote strategic environmental visions in association
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with Hypothesis 4a. Therefore, the results only support the positive moderating effect of firm size
on the effect of exploration regarding proactive environmental performance. The coefficient of the
interaction between Exploration and Firm size is negative but insignificant; therefore, Hypothesis 4b is
not supported.

Figure 2a illustrates the moderating effect of firm size on the relationship between exploration and
proactive environmental performance: The positive effect of exploration on proactive environmental
performance intensifies as firm size increases. Figure 2b illustrates the relationship between exploitation
and reactive environmental performance under three different levels of technological dynamism.
The positive effect of exploitation on reactive environmental performance strengthens as the level of
dynamism increases, which shows the moderating effect of technological dynamism on the relationship
between exploitation and reactive environmental performance.
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5. Conclusions

We aim to discover the effects of exploration and exploitation on the two types of environmental
performance by adopting the traditional innovation literature perspective beyond the environmental
innovation literature perspective. Previous studies on environmental performance help us understand
drivers or consequences of environmental performance, including environmental innovation and firm
financial performance. However, few studies rely on existing innovation literature, although traditional
innovation literature provides a more comprehensive understanding of drivers of environmental
performance [14]. This study draws its implications from existing innovation literature to understand
the drivers of environmental performance by introducing the concepts of exploration and exploitation.

We report that exploration is positively associated with proactive environmental performance
measured by environmental strengths (H1), whereas exploitation is positively related to reactive
environmental performance measured by environmental concerns (H2). These results are in line
with the argument that the enhancement of current technology to comply with current regulations is
associated with reactive environmental performance. Conversely, exploration, which includes much
broader strategic activities, is associated with proactive environmental performance [24]. We also
report moderating effects of internal and external firm characteristics. Technological dynamism,
an external characteristic, positively moderates the relationship between exploitation and reactive
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environmental performance (H3b). Firm size, an internal characteristic, positively moderates the
relationship between exploration and proactive environmental performance (H4a).

We contribute to the current literature on environmental performance in two ways.
First, considering innovation literature (beyond environmental innovation literature) enhances our
understanding of environmental performance. The main purpose of firm innovation is to develop
new products and services to meet customer demands and to manage changes in the environment,
including environmental protection [14]. To understand the implication of innovative capabilities on
environmental performance, we propose the concepts of exploration and exploitation and investigate
the effects of the two. Second, we seek to find the conditions in which such effects are intensified or
weakened by considering internal and external firm characteristics. Specifically, the positive effect of
exploration on proactive environmental performance strengthens when a firm is large. In contrast, the
positive effect of exploitation on reactive environmental performance intensifies when technological
dynamism is high. The findings on the moderating effects of exploration and exploitation open an
agenda for other moderating conditions.

Our findings also have limitations. First, although the patent dataset is extensively used to
measure exploration and exploitation, it is limited [27,60,61]. Not all firms hold patents to protect
their knowledge or technology [70]. Therefore, the results may not be generalizable. Second, our
sample is limited to relatively large firms in the United States given the availability of data on
environmental performance. Large firms are more likely to be evaluated more highly on both good
and bad environmental performance scores because of visibility to stakeholders [24]. Small- and
medium-sized firms may show different visibility and have different score tendencies. We recommend
using a more comprehensive measure for environmental performance to generalize these findings.
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Appendix

Table A1. Description of Variables.

No Variable Measurement

1 Environmental strengths
Sum of the values of four items: 1 if firm activity has the
following strengths: beneficial products and service,
pollution prevention, recycling, clean energy. Otherwise, 0.

2 Environmental concerns

Sum of the values of six items: 1 if firm activity addresses
the following concerns: hazardous waste, regulation
problem, Ozone depleting chemicals, substantial emissions,
agriculture chemicals, climate change. Otherwise, 0.

3 Exploration The count of prior citations outside the accumulated focal
firm domains in patent applications.

4 Exploitation The count of prior citations within the accumulated focal
firm domain.

5 Technological dynamism The logarithm of industry total R & D expenditures divided
by industry total sales.

6 Firm size The logarithm of total assets (in millions of dollars).

7 Leverage The ratio of long-term debt to total assets.

8 Sales growth (Sale t − Salet−1)/Salet−1

9 R & D R & D expenditures (in millions of dollars).
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