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ABSTRACT

Competencies such as product stewardship and pollution prevention are essential for a
firm’s pursuit of environmental sustainability. Yet, not all firms willingly develop these
competencies. Among others, firms that have a strong entrepreneurial orientation are better placed
to adopt product stewardship and pollution prevention. Additionally, the implementation of green
information systems (Green IS) could significantly moderate the effect of these competencies on
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the firm’s financial performance. Against this backdrop, a competency-based model is proposed
to conjecture the role that Green IS could play in strengthening the influence of entrepreneurial
orientation (resource-based competency) on product stewardship and pollution prevention (green
transformation-based competencies) as well as the effect of these green transformation-based
competencies on financial performance. We test a moderated mediation model using data collected
from US manufacturing firms. While we hypothesize Green IS to play a supporting role,
interestingly, our results seem to suggest that it is rather pivotal when it comes to the development
of green transformation-based competencies.

MANAGERIAL RELEVANCE STATEMENT

To be a good corporate citizen, firms and their managers must invest equally in society and the
environment. Specifically, the results from our research suggest that managers view compliance
with sustainability requirements as an opportunity rather than a threat. Rather than a burden on the
bottom line, becoming environmentally friendly can reduce costs and increase revenues. Against
this backdrop, managers must acknowledge the importance of Green IS in creating sustainable
business systems. Green IS can play a dominant dual role in a firm's environmental management
as it can augment the effect of sustainability practices such as product stewardship and pollution
prevention on financial performance. On a related note, proactive environmental management
requires that businesses work with governments, universities, industry associations, and
environmental groups to incorporate technologies that prevent environmental problems at the
source. Additionally, from a purely policy standpoint, regulators, stakeholders, and policymakers
must demand that firms disclose their sustainable initiatives, including those related to Green IS.

Keywords:  Green transformation-based competencies, product stewardship, pollution
prevention, Green IS, financial performance.



1. Introduction

For over two decades, the topic of environmental sustainability has been studied
extensively within business management. Operations and supply chain management researchers
have examined different practices, including environmental quality standards adoption [1], lean
production and environmental performance [2, 3], supply chain flexibility, and green operations
[4, 5], and, more broadly, sustainable supply chains [6-9]. Apart from studying the effect of green
supply chain practices on environmental and economic performance [8, 10-13], scholars have also
highlighted the need to consider key moderating factors when it comes to the impact of drivers on
green practices as well as the subsequent performance impacts of green practices [14-20].

We contribute to this line of inquiry given that very little research has focused on the
potential role of a diverse set of moderators when it comes to the relationship between green drivers
and green practices, as well as between green practices and performance [19, 20]. While many
studies have focused on the role of various moderators, including traceability, firm size, industry,
and past performance [17, 19, 20], only a handful of researchers have tried to study the moderating
role of Green IS [18, 21-23]. Advocating a close fit between green supply chain management
practices and Green IS implementation, Yang, et al. [23] and Yang, et al. [22] investigate how
Green IS can support green business processes by bringing together elements such as technologies,
systems, and users, thereby providing superior benefits to firms. Using a case study approach,
Hanelt, et al. [21] contend that Green IS can play a key support role when it comes to the impact
of green innovations on organizational performance. Highlighting that green supply chain
management practices need not always lead to higher organizational performance, Esfahbodi, et
al. [18] study the contingent role of Green IS on the effect of green supply chain management
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focus only on the practices — performance link, Esfahbodi, et al. [18] find mixed results pertaining
to the moderating role of Green IS. Therefore, we investigate how the supporting role of Green IS
will change if we focus on the drivers — green practices link instead. With this belief, we extend
this line of research by empirically testing the complementary (supporting) role of Green IS within
the broader conceptualization of drivers — practices — performance context [20].

We draw upon the competency-based perspective, which proposes that firm competencies
— resources, skills, and capabilities — can enable organizations to develop as well as implement
performance-enhancing strategies [24, 25]. While our base model linking resource-based
competency (entrepreneurial orientation), green transformation-based competencies (product
stewardship and pollution prevention), and financial performance is well established within the
competency-based argument, the main ambition of our research is to specifically evaluate the
research question “What role does Green IS play within the broader competency-based
perspective?” We adhere to the dynamic competency view [26, 27] and showcase Green IS as a
complementary resource that can play an instrumental role in the development of dynamic green
transformation-based competencies. Green IS may reduce intra-firm causal ambiguity related to
green product and process competencies [28, 29], and, in doing so, hold a greater potential to
improve financial performance by leveraging the relationship between organizational
competencies and competitive advantage [30, 31]. Overall, the dynamic competency view suggests
that Green IS can be more than a passive input and can be actively leveraged by firms to achieve
proactive sustainability goals [32].

Our conceptualization of a “support” role of Green IS is warranted in light of the generally
inconclusive performance impacts of IS reported in the extant literature [33, 34]. From a resource
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could provide a sustained competitive advantage [35]. A firm that can “undertake somewhat risky
ventures and is first to come up with proactive innovations, thereby beating competitors to the
punch” (Miller 1983: 771) can achieve this goal. In this vein, we consider entrepreneurial
orientation as part of a competency-based framework that provides the guiding framework within
which an organization can achieve sustainable value creation through innovation, risk-taking, and
proactivity [37]. In summary, our conceptualization acknowledges that entrepreneurial orientation
is the fulcrum around which green transformation-based competencies could be developed. We
also assert that Green IS can serve as a strong support mechanism in enhancing the relationship
between these competencies and financial performance.

The hypothesized relationships were tested using survey data collected from 241 U.S.
manufacturing firms. After assessing non-response and common methods bias, we ensured that
our measurement items were valid and reliable. We used regression models to assess the
significance of the hypotheses. The mediation, moderation, as well as moderated mediation effects
were assessed using the bootstrapping approach outlined by Preacher, et al. [38]. Three of the four
hypothesized relationships were found to be supported by our results. Green IS was found to
positively moderate the effect of entrepreneurial orientation on product stewardship and the effect
of entrepreneurial orientation on pollution prevention. In the case of moderated mediation effects,
Green IS was found to enhance financial performance by strengthening the influence of
entrepreneurial orientation on product stewardship and by not strengthening the influence of
entrepreneurial orientation on pollution prevention.

By testing the proposed hypotheses, our paper makes several contributions at the interface
of operations management and information systems [39, 40]. We contend that our results extend
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financial impact of green transformation-based competencies. We find Green IS to positively
moderate the effect of entrepreneurial orientation on green transformation-based competencies.
Additionally, though an increase in entrepreneurial orientation resulted in a significant increase in
both product stewardship and pollution prevention, these effects were found to be significant only
when Green IS was greater than a threshold value. Interestingly, our results suggest that Green IS
can play more than a supporting role when it comes to environmental sustainability. Our results
also suggest that Green IS enhances financial performance by strengthening the influence of
entrepreneurial orientation on green transformation-based competencies. In doing so, our study
also confirms the dual role that Green IS can play in a firm’s green supply chain initiatives.
2. Theoretical Framework and Hypotheses Development
2.1 Organizational Competencies and Sustained Competitive Advantage

In this study, we follow Lado and Wilson [24] and define organizational competencies as
“firm-specific resources and capabilities that enable the organization to develop, choose, and
implement value-enhancing strategies.” This study focuses on two key types of competencies —
resource-based competencies and transformation-based competencies — proposed by Lado, et al.
[41]. Resource-based competencies consist of tangible and intangible assets that could give firms
a sustainable competitive advantage [41]. From a resource-based competency perspective,
competitive advantage is achieved by focusing on exploiting the firm’s internal characteristics [42]
that include key actions taken by the organization. A firm’s entrepreneurial orientation is reflected
in its willingness to take risks, product-market innovation, adaptiveness, and proactiveness. It is
also reflected in the processes and procedures that firms can adopt. An entrepreneurial orientation
could also play a crucial role in acquiring and mobilizing specialized resources, even for activities

where the outcomes are unknown. It reflects the willingness of firms to break away from tradition



and venture into the unknown [37, 43]. Therefore, we view entrepreneurial orientation as a
resource-based competency that infuses proactiveness, innovativeness, and risk-taking into the
firm’s processes, structures, and decision-making [44].

Transformation-based competencies refer to the “organizational capabilities required to
convert inputs into outputs” (Lado et al., 1992: 85). The management literature has proposed a
diverse set of transformation-based competencies spanning from lean manufacturing to operational
excellence as well as sustainable initiatives. These competencies help firms to improve their
efficiency, effectiveness, and flexibility, and to ultimately, gain a competitive advantage. But as
envisioned by Hart (1995: 991), competitive advantage in the current era will often be “rooted in
capabilities that facilitate environmentally sustainable economic activity”. Accordingly, product
stewardship and pollution prevention, which are concerned with designing, developing, as well as
producing outputs that satisfy the needs of customers as well as other stakeholders, can be
considered essential transformation-based competencies.

In this study, we follow Hart [45] and Hart and Dowell [46] and consider product
stewardship and pollution prevention as two key environmentally oriented strategic competencies
that are essential to offer the end customer a sustainable product or service. These adhere to the
norms of transformation-based competencies as they are concerned with the design, development,
as well as production of the output [41]. Additionally, these are tacit and causally ambiguous in
that they signify a complex set of capabilities, including diverse stakeholder engagement, higher-
order learning, and continuous innovation that integrates new materials, technologies as well as
ways of doing [47, 48]. Given that these competencies are embedded in organizational routines

that are idiosyncratic, historical as well as path-dependent, they could also be a source of long-



lasting competitive advantage for the firm [24]. In the next section, we provide a summary of the
model that we’ve adopted in our study.
2.2 The Base Model

Before hypothesizing the role of Green IS, we briefly review the competency-based model
of environmental management that is adopted in our study. The base model follows extant
literature [41] in suggesting that resource-based competencies can enable green transformation-
based competencies which in turn could lead to superior firm performance (excluding the
moderating effect of Green IS). We do not include any formal hypotheses for studying the link
between resource-based competencies, transformation-based competencies, and firm performance.
At the same time, we formally discuss the literature that supports the relationships between these
three concepts before providing the theoretical arguments for our proposed hypotheses.

[Insert Figure 1 about here]

The myriad of existing environmental problems challenges organizations to proactively
innovate rather than merely complying with existing environmental regulations and engaging in
monitoring activities [45]. This has compelled firms to develop resources internally and to create
new concepts of environmentally-oriented competencies (in our case, product stewardship and
pollution prevention) that can likely provide a competitive advantage [16, 47, 48]. To achieve
competitive advantage through the pursuit of challenging and risky initiatives, resource-based
competencies such as entrepreneurial orientation need to be carefully nurtured within
organizations. This would include, among others, a strong cultural emphasis on innovation and
R&D, a bold innovative product development approach, and a strong inclination for projects with
high risk. Such an entrepreneurial orientation could be instrumental in the development of green

transformation-based competencies including product stewardship and pollution prevention.



Only those organizations that have an entrepreneurial orientation will dare to go beyond
mere compliance with environmental norms and seek first-mover advantage through the
development of green transformation-based competencies that can address the challenges posed
by the natural environment [37]. Entrepreneurial orientation is of particular importance given that
the development of green transformation-based competencies is often challenging and would
require coordination across diverse stakeholders [49-51]. More importantly, given that firms with
a strong entrepreneurial orientation would consider their interaction with the natural environment
as an opportunity rather than a threat, they will also have an increased proclivity to develop green
transformation-based competencies.

Given their ability to offer competitive advantage, product stewardship initiatives that
address environmental issues through innovative product design are receiving significant attention
from firms [49, 52]. The development of new environmentally oriented products and services
signals that a firm is a green entity. Therefore, environmentally conscious firms usually focus on
environmentally oriented processes and content changes with the goal of developing products that
align with various sustainable development principles [13, 52]. Firms also incorporate design
decisions that avoid environmentally hazardous components [53]. Advanced and complicated
techniques, such as life cycle assessment, are incorporated to determine as well as negate the
environmental impact that a product could have over its useful life and beyond [54, 55]. Design
for the environment is an important component of such an analysis; it involves making the
considerations of the natural environment an integral part of the design and manufacturing of
products [56].

Product stewardship is a transformation-based competency that can enable firms to gain

long-lasting competitive advantage through the ability to transform inputs into outputs [46, 47, 49,



57]. Specifically, Kleindorfer, et al. [58] go to the extent of suggesting that firms that introduce
sustainable innovations in product design could enjoy first mover advantage and gain a myriad of
competitive benefits. For example, 3M has made process changes to eliminate toxic waste. Proctor
and Gamble has reformulated their product and process design to successfully use recycled
material in their products. Realizing the strategic preemptive nature of product stewardship, many
leading companies, including Ford, HP, Clorox, GM, and Whirlpool, have also integrated green
aspects into product design [49, 52]. Numerous studies have shown that product stewardship could
lead to superior firm performance [18, 20, 49, 52, 59, 60].

Apart from product stewardship, firms can also reduce and minimize their environmental
impact through the adoption of proactive pollution prevention strategies [5, 13]. In addition to the
reduction of emissions and waste, pollution prevention also encompasses design changes as well
as other innovations related to the production processes involved [45]. The first step for most
companies is to make the shift from pollution control (cleaning up waste and removing hazardous
materials after they have been created) to pollution prevention (focusing on minimizing and
eliminating waste and hazardous materials before they are created). Pollution prevention requires
the total involvement of employees and continuous improvement strategies to reduce emissions
rather than investment in expensive end-of-pipe pollution control technology [61]. More
importantly, it also requires close coordination and integration across the different functions within
a firm [47]. Following the guidelines of Hart [45], we conceptualize pollution prevention as a
second-order factor that includes both green process design and waste reduction initiatives.

Firms can gain significant competitive advantage through the development of pollution
prevention competencies [ 18, 20, 22, 23, 46, 47]. Apart from reducing the cost of pollution control

devices, pollution prevention may also increase market-related performance such as improved
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image, customer satisfaction, and extent of green products [62]. Tsoulfas and Pappis [63] indicate
that pollution prevention can lead to the efficient use of energy, water, and by-products. Walton,
et al. [64] and Zhu and Cote [65] observe that firms that embrace pollution prevention strategies
could generate environmental performance while subsequently cutting costs and reducing
environmental impacts. For example, the “pollution prevention pays” program by 3M as well as
the “waste reduction always pays” program by Dow have given considerable cost savings for the
respective firms [62].

2.3 The Role of Green IS

By being proactive, willing to take risks, and innovative, an organization can influence the
efforts that employees devote to managing green initiatives. These initiatives can include
substituting polluting and hazardous materials, focusing on waste and noise pollution reduction,
and controlling emissions and discharges. Entrepreneurial orientation as a resource-based
competency is critical for green transformation-based competencies such as product stewardship
and pollution prevention to be successful and to subsequently result in better organizational
practices. While the effect of entrepreneurial orientation on green transformation-based
competencies is quite intuitive as per the competency-based perspective [41], we postulate that
this relationship could be significantly enhanced by having Green IS [66, 67] that can further
augment green transformation-based competencies.

Green IS is essential for monitoring and managing firms’ environmental impacts along
with the ensuing financial risks as well as benefits [68]. IS can collect, store, manage, and analyze
pertinent environmental data, thereby positively influencing the role that entrepreneurial
orientation can play in enabling green transformation-based competencies [32, 69]. Such

capabilities offered by Green IS could help firms in sensemaking as well as decision making [66,
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70]. Through Green IS, firms can easily contend with the various complexities that are inherent in
product stewardship and pollution prevention strategies [49, 51]. Specifically, any strategy that
embraces the natural environment and societal considerations must deftly balance the needs of the
diverse set of performance objectives as well as stakeholders [50]. By enabling firms to capture,
process, and analyze information, Green IS can subsequently help firms to better understand the
intricacies as well as the performance impacts of product stewardship and pollution prevention.
This can facilitate transparency when it comes to material, production processes, and performance
outcomes [18]. In other words, Green IS could bring fundamental changes in business processes
related to sustainability initiatives [66]. Therefore, while entrepreneurial orientation is the fulcrum
around which such green transformation-based competencies could be developed, Green IS can
actively complement an organization’s entrepreneurial orientation to (1) dynamically sense the
opportunities and threats related to green transformation-based competencies, (2) seize the ability
to mobilize the right resources to address the opportunities and threats, and (3) engage in the
transformation within the context of green transformation-based competencies [26, 71-73]. The
potential supporting role of Green IS is adequately illustrated in extant research [18, 21-23, 74-
76]. Taken together, extant anecdotal research supports our contention that Green IS can moderate
the positive effect that entrepreneurial orientation can have on green transformation-based
competencies such as product stewardship and pollution prevention. Accordingly, we propose the
following hypotheses:

Hia:  Green IS will moderate the relationship between entrepreneurial orientation and
product stewardship.

Hiv: Green IS will moderate the relationship between entrepreneurial orientation and
pollution prevention.

12



The integration of considerations about the natural environment adds further complexity to
the organizational processes [49]. Given the intricate interdependencies among the different
performance domains, firms often find it difficult to determine the impact that changes in
production processes might have on these diverse, often conflicting, performance domains. In
comparison to pollution prevention, product stewardship is considered to be much more
comprehensive [46]. The inherent complexity and ambiguity in understanding the actions-outcome
relationships within product stewardship is further attenuated by the active involvement of
numerous stakeholders with diverse needs [50]. Thus, product stewardship, as well as pollution
prevention, could be considered causally ambiguous even for the firms that try to adopt such
practices [35, 77]. While it is important for these green transformation-based competencies to be
causally ambiguous to prevent imitation by competitors, firms can neither learn nor successfully
develop such competencies if they fail to understand the multiplexed performance implications of
their actions [50, 78]. While inter-firm causal ambiguity is essential for achieving competitive
advantage, intra-firm causal ambiguity could prevent factor mobility and make it difficult for firms
to gain an advantage from green transformation-based competencies [25, 28, 29, 35]. In other
words, as suggested by the dynamic competency view, sensing, seizing, and transforming in the
case of green competencies will also involve higher-order activities to reach the lofty goals of
sustainability [26, 71-73].

Accordingly, following the dynamic competency view, we contend that in addition to the
moderating role that Green IS plays in enhancing the relationship between entrepreneurial
orientation and green transformation-based competencies, it can also perform a bigger role in
enhancing firm performance by minimizing the intra-firm causal ambiguity related to these

competencies. Given that the Green IS can ensure that technical aspects can be effectively
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combined with other skills — people and organizational [73], it has the unique ability to help firms
analyze and untangle the complex actions-outcome relationships pertaining to product stewardship
and pollution prevention through the collection and synthesis of related data [18, 76]. Specifically,
given its ability to enable new practices and processes that support organizational environmental
performance, IS is an important weapon in the arsenal of organizations [79]. Within a sustainable
manufacturing environment, IS can help standardize, monitor, capture, and utilize data that could
facilitate energy efficiencies as well as product enhancements [76, 80]. Unused resources, energy
inefficiency, and emissions are all waste that contribute to environmental inefficiency; firms that
actively adopt Green IS are in a better position to identify as well as eliminate such inefficiencies
in their processes [18]. Additionally, Green IS can also facilitate a broader understanding of
existing materials, technologies, and processes, thereby helping organizations to sense
opportunities and problems in the product and production systems. In essence, Green IS can help
to seize the opportunity to successfully mitigate any detrimental effect of intra-firm causal
ambiguity related to these green transformation-based competencies [77, 78, 81]. Grounded with
the dynamic competency view, we conjecture the following hypotheses that represent moderated
mediation relationships.

Haa:  Green IS will enhance financial performance by strengthening the influence of
entrepreneurial orientation on product stewardship.

Hov: Green IS will enhance financial performance by strengthening the influence of
entrepreneurial orientation on pollution prevention.
3. Research Methodology
3.1 Sampling and Data Collection
As our study aspires to test theoretically motivated hypotheses, a survey research design

was considered appropriate [82]. The target sampling frame for this study was obtained from the
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Institute of Supply Management (ISM). Since ISM is the largest association of supply management
professionals in the USA, numerous studies within operations and supply chain management have
utilized ISM for the target sampling frame [83-85]. The sampling frame included 3,000 members
of ISM working in U.S. manufacturing firms covering multiple SIC codes (20, 28, 34, 35, 36, 37,
28, and 39). Given that our study focuses on green transformation-based competencies — product
stewardship and pollution prevention, the context of manufacturing firms is the most appropriate
[18, 19]. We sought responses from senior purchasing/supply chain management executives (e.g.,
senior vice presidents, vice presidents, and directors); this was appropriate as our survey covered
questions on the firm as well as on relationship-specific issues. The various factors that were
included in the survey instrument were measured using multiple items that were drawn from past
empirical studies. These items were captured using a 5-point Likert scale with anchors of either
“strongly disagree” to “strongly agree” or “much worse” to “much better.” In the case of supplier-
related factors, we suggested the respondents answer based on their top one or two key suppliers;
respondents used the dollar amount and/or importance of materials purchased to select the key
suppliers. Before creating an online version of the survey, we conducted a pre-test of the
questionnaire using eight supply chain professionals as well as academics. Based on the feedback
received, some minor modifications were made to the survey questionnaire.

Given that we did not have the email addresses of the respondents from ISM, we initially
mailed a cover letter along with a consent form to 1,500 respondents who were randomly selected
from the initial sampling frame of 3000 ISM members. The cover letter clearly articulated that the
respondents would be included in the study only if they consented to participate. The cover letter
also guaranteed the confidentiality of the respondents and the firms that they worked in. The survey

items focused specifically on assessing the perception of the respondents on various practices
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within their firm. Through these approaches, our research ensured that it abided by the ethical
considerations of survey research [86]. The respondents had the option to either consent to
participate in the survey or provide some basic information about their unwillingness to participate
in the survey. If willing to participate, the respondents also had the option to choose how the survey
should be delivered to them (i.e., either as a link through email or regular mail). While 30 of these
surveys were returned as undelivered, we received 580 consent forms from the remaining 1470
potentially delivered surveys. While 305 respondents indicated their willingness to participate, 275
respondents declined participation. This resulted in an effective sample size of 1195 (1470 — 275).
Most of the willing respondents chose to use an online survey, though some requested a paper
version of the survey. We received a total of 241 complete responses, which resulted in an effective
response rate of 20.17%; the response rate increased to 79% if we only considered participants
who were willing to participate in our study. The final sample size, as well as response rate, is
considered adequate as it is comparable to other empirical studies within the operations and supply
chain management [87-90].

Though we included only senior executives in our initial sampling frame, we wanted to
ensure the key respondent issue through additional efforts. We included two Likert-scale questions
(where 1 = ‘not at all” and 5 = ‘significantly’) that asked the respondents how knowledgeable they
were with the questions included in the survey as well as how confident they were in answering
the questions. The response to these questions (average answer 3.97 and 4.04, respectively)
demonstrates that our respondents were key respondents. Additionally, close to 65% of our
respondents were senior purchasing executives (president, vice president, and director) in their
organization, and approximately 57% of respondents had over 20 years of experience in supply

chain management, indicating that they do possess the required knowledge as well as experience
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to participate in our survey. Apart from their extensive experience, most of our respondents worked
for medium to large firms; 58% worked in firms with 1000 or more employees. When it came to
annual sales volume, we found the responding firms to be evenly distributed, with the gross income
of 23% of the firms being below $100 million while that of 18% of the firms being over $10 billion.
In addition to covering a wide range of manufacturing firms in terms of firm size, the proportion
of industries covered in our final sample was found to be in line with the initial sampling frame.
Therefore, we can safely conclude that our final sample was representative of the different sectors
of manufacturing firms that we had wanted to study.
3.2 Survey Instrument Design and Validation

The measurement items for the theoretical constructs in our model were developed based on
past research. The construct of entrepreneurial orientation was measured using a six-item scale that
captured the extent to which the firm takes risks, innovates, and acts proactively [91]. The construct
of product stewardship was captured using a six-item scale that comprised questions taken from past
research. [13, 47, 92]; these items captured the extent to which sustainability considerations were
included in the design of the products. Pollution prevention includes two first-order constructs — green
process design and waste reduction. While the five-item green process design scale measured whether
the firms design, monitor, and improve their process to improve the environmental friendliness of their
production processes [47, 92], the five-item waste reduction scale measured the extent to which firms
reduce waste, material and resource usage [13, 92]. The seven-item Green IS scale was developed
based on past research [40]. The measurement items captured the extent of the adoption of information
systems to help in (1) selecting cleaner transportation methods, (2) tracking environmental
information, and (3) providing customers and suppliers with information about environmental

management. Finally, the three-item financial performance scale included indicators that focused on
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the improvements along with return on assets, profit as a percentage of sales, and net income before
tax [10, 93].

We included multiple control variables in the models tested. Researchers suggest that firm
size can have a significant impact on the development of green transformation-based competencies
as well as on the firm’s financial performance. Therefore, we included firm size as one of the controls
[30]. It was measured in comparison to the largest competitor; the respondents were asked to answer
the question “when compared to our firm’s largest competitor, our firm size is:”. We also included
market share as a control variable; the extent of market share could be a key predictor of motivation to
develop green transformation-based competencies [94]. The respondents were asked to answer the
question “when compared to our firm’s largest competitor, our market share is:”. Finally, we also
controlled for the intensity of competition in the major product line of the responding firm; as
competition intensity increases, firms would be encouraged to seek first-mover advantages offered by
environmental sustainability [95]. The intensity of competition was captured with the Likert-scale
question “in your major product/product line, the intensity of competition is high”; the end points for
this question were “1 = not at all” and “5 = significant”.

3.2.1 Non-response Bias

Initially, we assessed non-response bias by comparing early and late respondents [96]; late
respondents could be used as a proxy for non-respondents as they responded only after a delay or
multiple reminders. The 241 responses were categorized as early or late based on when the surveys
were submitted/received; 131 responses were categorized as early, while the remaining 110
responses were categorized as late. Apart from company size, we also randomly selected 10
indicators to be compared between the two groups. Group comparison tests did not reveal any

differences at the 95% confidence level between the early and late respondents. Furthermore, we
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collected information on firm size (annual sales volume and number of employees) from 200
randomly selected non-responding firms. The demographic information of these firms was
combined with our sample to represent the population mean. The population mean was compared
to the sample (i.e., 241 responding firms); the group comparison tests performed did not reveal
any significant differences at p < 0.05. These results also clearly suggest that our final sample was
representative of our initial sampling frame.
3.2.2 Common Method Variance

Since we used a single respondent from each responding firm, we took various procedural
(prior to collecting data) and methodological (after collecting data) steps to minimize common method
variance (CMV). Before collecting data, we incorporated some procedural approaches to eliminate
potential bias to common methods. First, we tried to eliminate the bias to commonalities by anchoring
the performance-related indicators differently than other indicators. Second, we eliminated
acquiescence bias by providing verbal anchors for the mid-point of the 5-point Likert scale used to
measure all items [97, 98]. After collecting data, we also used two different methodological approaches
to test for CMV. First, we conducted the Harman’s single-factor test using the confirmatory factor
analysis approach [97]. The fit indices of the single factor model (NNFI = 0.80; CFI = 0.82; RMSEA
=0.19) were significantly worse than the hypothesized measurement model (NNFI = 0.96; CF1 = 0.96;
RMSEA = 0.07). Second, we used the marker variable technique [99]. The marker variable was
proxied using the second-smallest positive correlation among the survey items. For all statistically
significant zero-order correlations, we adjusted them by partialling out the marker variable correlation
coefficient [100]. All statistically significant zero-order correlations remained significant after this
procedure, suggesting that the method effects are not a concern.

3.2.3 Measurement Instrument
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Since our theoretical constructs were latent in nature, we tested for the reliability and validity
of the measurement items before testing the proposed hypotheses [84]. Table 1 includes details
pertaining to coefficient alpha, coefficient omega, standardized item loadings, composite reliability
(CR), and average variance extracted (AVE); Table 2 presents the summary statistics and bivariate
correlations. We used both coefficient alpha and coefficient omega to assess the reliability [101]. As
evident from Table 1, both coefficient alpha and coefficient omega were above 0.80. Alternatively,
scholars also recommend studies to report the confidence intervals for these reliability coefficients
[102]; in our case, we find the lower limit of the confidence interval of all constructs to be over 0.70;
the lowest value was for financial performance (coefficient alpha: LL = 0.74; coefficient omega: LL =
0.76). We also considered the compositive reliability values; all composite reliability of all constructs
surpassed the cut-off value of 0.70. This establishes the reliability of all measurement indicators.
Convergent validity of the indicators was established by evaluating the item loadings and their
significance. All retained indicators had loadings of more than 0.50 [30]. We conducted additional
tests to assess the discriminant validity of the measurement items. First, we adopted the Fornell
and Larcker [103] approach. As given in Table 2, the correlation coefficient of each pair of
constructs was found to be lower than the square root of the individual AVE values. We also
assessed the heterotrait-monotrait (HTMT) ratio of correlations; as suggested by Henseler, et al.
[104], this method is considered to be robust in comparison to the Fornell and Larcker [103]
approach. The HTMT values ranged from 0.10 to 0.80; none of the values were over the threshold
of 0.85. These results provide support for the discriminant validity of the measurement items.
During this process, we eliminated three indicators.

[Insert Tables 1 and 2 about here]

3.2.4 Analysis & Results
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Our hypothesized model tests for direct, mediation, as well as moderation effects. Therefore,
the multiple regression approach was an appropriate approach to test the proposed hypotheses [82].
Table 3 provides the results of the different regression models evaluated. Since our hypotheses
involved interaction effects, we mean-centered the variables before creating the interaction terms with
the ambition of minimizing non-essential multicollinearity [105]. We used the Breush-Pagan test to
check all models for heteroskedasticity; in the case of models that had a significant Breush-Pagan
test, we used robust standard errors to test for significance. Hia and Hip hypothesized the moderating
effect of Green IS. While models M1 and M3 evaluated the direct effect of entrepreneurial
orientation on product stewardship and pollution prevention, respectively, models M2 and M4
evaluated the moderating effect of Green IS on these two direct effects, respectively. Models M5
through M7 report the effects of product stewardship and pollution prevention on financial
performance; these results were provided as a basis for testing the moderated mediation effects.
As evident from Table 3, we found Green IS to positively moderate the effect of entrepreneurial
orientation on (1) product stewardship (= 0.15; t = 2.68; p < 0.01) and (2) pollution prevention
(f=0.12; t=2.15; p <0.05), thereby providing support for hypotheses Hi, and Hip.

Additionally, we wanted to shed a more nuanced light on the moderation effects that we
had tested. Therefore, following the guidelines provided by Preacher, et al. [38] and Preacher and
Hayes [106], we assessed the conditional indirect effects of entrepreneurial orientation on product
stewardship and pollution prevention at different levels of Green IS. Numerous studies have
adopted this approach to assess the presence of conditional indirect effects [107-110]. The bias-
corrected confidence bands for the conditional effects were developed using the bootstrapping
approach [38]. The confidence bands for the conditional indirect effects of entrepreneurial

orientation on product stewardship and pollution prevention are presented in Figure 2. Though an
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increase in entrepreneurial orientation resulted in a significant increase in product stewardship
(refer to Panel A in Figure 2) as well as pollution prevention (refer to Panel B in Figure 2), these
effects were found to be significant only when Green IS was greater than a threshold value; as
evident from Figure 2, the threshold value was higher for of pollution prevention.

The remaining two hypotheses (H>a and Hop) represent moderated mediation effects. We tested
the moderated mediation using the procedure outlined by Preacher, et al. [38]. First, we used a
bootstrapping approach to evaluate whether product stewardship and pollution prevention mediated
the effect of entrepreneurial orientation on financial performance measures. As per this test, the
mediation effect is significant if the 95% confidence interval of the indirect effect does not include zero
[111]. The bootstrapping method is considered far better than the widely used Baron and Kenny [112]
approach as well as the Sobel test [106, 111]. While the mediating effect of product stewardship (95%
CI = 0.0030 — 0.0695) was found to be statistically significant, the mediating effect of pollution
prevention (95% CI =-0.0037 — 0.0471) was not significant. Overall, while one mediation effect was
significant, the other was insignificant.

[Insert Table 3 and Figures 2 and 3 about here]

The bias-corrected confidence bands for the conditional indirect effects of entrepreneurial
orientation are presented in Figure 3. As given in Figure 3, there is a positive conditional indirect
effect of entrepreneurial orientation on financial performance. More interestingly, the indirect
effect of entrepreneurial orientation is significant only when Green IS surpassed a threshold value.
The moderated mediation index for product stewardship was found to be significant (index =
0.02003; 95% CI = 0.0007 to 0.0669). Even though the mediation effect of pollution prevention
was insignificant, we found the moderated mediation index of pollution prevention (index =

0.01997; 95% CI = 0.0008 to 0.0614) to be significant. Based on these results, we could conclude
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that Green IS should be over the threshold value for entrepreneurial orientation to have a
significant effect on financial performance through product stewardship and pollution prevention.
In other words, our results find support for hypothesis H2, and only partial support for Hop (as the
mediation effect was insignificant).
3.2.5 Effect Size and Practical Significance

In addition to statistical significance, we also assessed the practical significance of our results
[113]. While partial eta-squared (n?) values are used predominantly in social sciences, there is a higher
chance that it might be biased when the sample size is small. Therefore, scholars suggest research to
report the omega-squared (Q?) values as well [114]. Please refer to Table 3 for these statistics reflecting
practical significance. In social sciences research, the value for n? ranges between 0.01 (small effect)
and 0.09 (large effect) [115]. In the case of product stewardship, the effect size of Green IS (M2:
n? = 0.285; Q* = 0.280) seemed to be significantly higher than the effect size of entreprencurial
orientation (M2: n? = 0.028; Q? = 0.023). A similar result was evident in the case of pollution
prevention as well; the effect size of Green IS (M4: n?>=0.479; Q? = 0.475) seemed to be significantly
higher than the effect size of entrepreneurial orientation (M4: n? = 0.005; Q2 = 0.000). Additionally,
in models M2 and M4, the interaction effects of Green IS seemed to have a small to medium effect
on product stewardship (M2: n? = 0.032; Q? = 0.027) and pollution prevention (M4: n* = 0.024; Q? =
0.019) respectively. In essence, these results suggest that Green IS might play more than just a
supporting role in developing green transformation-based competencies.
4. DISCUSSION AND IMPLICATIONS

While considerable research effort has been dedicated to studying the performance
implications of green supply chain practices, scholars have increasingly suggested the importance

of studying the contingent effect of a diverse set of moderators on the effect of drivers and green
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supply chain practices and the subsequent effect on performance measures [14, 17, 19, 20]. Within
this broader inquiry, the contingent supporting effect of Green IS has also been explored, though
to a limited extent [18, 21-23]. These studies specifically focus on the moderating effect of Green
IS on the relationship between green supply chain practices and performance. While Hanelt, et al.
[21], Yang, et al. [22] and Yang, et al. [23] find the moderating effect of Green IS to be positive,
Esfahbodi, et al. [18] find mixed results. These mixed results prompt a need to test the key
supporting role of Green IS on the link between drivers - green practices [20]. With this belief,
we extend this line of research by empirically testing the potential complementary (supporting)
role of Green IS within the broader conceptualization of drivers — practices — performance context
[20]. Specifically, we not only conjecture but also find support for the contingent role of Green IS
on the driver — practices link. Through a moderated mediation model, we also show that Green IS
can influence the financial performance of firms by supporting the entrepreneurial orientation of
the focal firms; as opposed to past studies [18, 21-23], we focus on the financial performance of
the focal firms. The results of our study not only clarify its “key enabler” role when it comes to
green transformation-based competencies but also reinforce the ideology that information systems
do matter. Our results demonstrate that Green IS could serve as a significant source of competitive
advantage by enabling firms to realize the full potential of green transformation-based
competencies [116].
4.1 Research Implications

Interestingly, our results suggest that Green IS could play more than a support role when it
comes to the development of green transformation-based competencies. Apart from statistical
significance, Green IS was found to have a significantly higher practical significance when

compared to that of the highly-touted role of entrepreneurial orientation; the effect size of Green
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IS (product stewardship —n? = 0.285; pollution prevention — 1> = 0.479) was at least ten-fold higher
than the effect size of entrepreneurial orientation (product stewardship — n? = 0.028; pollution
prevention — n?> = 0.005). While entrepreneurial orientation is seen as a pivotal force in the
development of organizational competencies, it seems that such an orientation might not, by itself,
be sufficient in the development of green transformation-based competencies. We conjecture that
this could be attributed to the fact that the commercial success of green transformation-based
competencies is still widely debated [117]. By facilitating the collection, categorization, and
synthesis of information [76], Green IS can help firms to decipher the complex actions-outcome
aspects of green transformation-based competencies. In other words, it can play an instrumental
role in reducing the intra-firm causal ambiguity, thereby helping firms not only increase factor
mobility but also realize the full potential of green transformation-based competencies [25, 28,
35]. Overall, adhering to the tenets of the dynamic competency view, our results clearly suggest
that Green IS can facilitate sensing, seizing, and transforming within the context of green
transformation-based competencies [26, 71-73], thereby leading to competitive advantage.

Our second implication is the evidence that we provide on the conditional effect of Green
IS on a firm’s financial performance through the positive moderation of the driver — green
transformation-based competencies links. We find Green IS to have a considerably higher
moderation effect on the path from entrepreneurial orientation to product stewardship (n?> = 0.032)
as opposed to the path to pollution prevention (> = 0.024). On the contrary, the direct effect of
Green IS on pollution prevention (1> = 0.479) seems to be considerably higher when compared to
the direct effect on product stewardship (n> = 0.285). Additionally, when compared to the
conditional effect of entrepreneurial orientation on pollution prevention, the conditional effect of

entrepreneurial orientation on product stewardship is significant at lower levels of Green IS (Figure
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2); a similar pattern is evident when it comes to the conditional effect of entrepreneurial orientation
on firm performance (Figure 2). The stronger direct effect of Green IS on pollution prevention
suggests that product stewardship is a more complex competency [45]. While lower levels of
Green IS are sufficient to assist with “low-hanging fruits” such as pollution prevention [45, 118§],
firms need higher investments in Green IS to gain performance benefits from advanced green
practices. The increased complexity inherent in product stewardship seems to showcase the
instrumental role that Green IS could play in not only understanding the actions-outcome
relationships but also mitigating the intra-firm causal ambiguity related to product stewardship
[25, 28, 35]. Overall, our results suggest that Green IS could enhance the performance benefits
that firms could gain from proactive green transformation-based competencies. This is a key
finding because scholars have also raised concerns over the positive effect of green initiatives on
firm-level performance [18]. Overall, our findings clearly suggest that Green IS can be a value-
adding initiative that has a positive moderating influence on product stewardship, pollution
prevention, as well as on a firm’s financial performance.
4.2 Managerial and Policy Implications

Sustainability is not a burden on bottom lines; in fact, becoming environmentally friendly
has been shown to reduce costs and increase revenues. Managers should realize that Green IS
could be a major driving force in creating sustainable business systems. As indicated by our results,
Green IS can play a very dominant dual role in a firm’s environmental management: it not only
moderates the path from entrepreneurial orientation to product stewardship and pollution
prevention but also enhances financial performance by strengthening the influence of
entrepreneurial orientation on product stewardship and pollution prevention. Accordingly, Green

IS must be viewed as an opportunity to enhance profitability. Proactive environmental
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management requires that businesses work together with governments, universities, industry
associations, and environmental groups to seek efficient solutions to environmental problems and
to incorporate technologies that prevent environmental problems at the source.

From a policy standpoint, regulators, stakeholders, and policymakers need to demand that
firms disclose their sustainable initiatives, including those related to Green IS. Governments can
encourage a much wider adoption of Green IS by providing tax incentives and rebates. Regulatory
bodies such as the EPA and other external stakeholders (NGOs, associations) can play a critical
role by encouraging disclosure of information related to greenhouse gas emissions. To be a good
corporate citizen, firms must invest equally in society and the environment. Unfortunately, the
initial steps taken by firms on the long journey towards sustainability are driven by regulations.
Sometimes, these codes and policies are more stringent than most laws that are in place in different
countries, particularly when they apply to cross-border business. However, firms must view such
compliances as opportunities rather than threats. Leveraging IS to produce environmentally
friendly goods/services could very well constitute a huge opportunity for managers in the history
of sustainable business.

4.3 Limitations and Directions for Future Research

Now, we discuss the limitations of our research with the ambition of providing future
research opportunities. First, our study extended research on the moderating role of Green IS in
influencing the drivers — practices — performance link. Future research can also adopt the broader
conceptualization of drivers — practices — performance links [20] to investigate the supporting role
of Green IS within the purview of environmental, social, as well as economic performance
measures. Second, the use of cross-sectional data limits our ability to provide a richer

conceptualization of the relationship between entrepreneurial orientation, product stewardship,
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pollution prevention, and performance. Re-evaluating our hypotheses using longitudinal data
would help in testing the causal inter-relationships between these constructs as well as the key
supporting role of Green IS. Third, we collected data from a single respondent perspective (To
perform IRR, we picked a random sample of 20 firms and administered the survey to a second
respondent). Future research can use dyadic data from multiple respondents to validate our results.
Our measures of financial performance, entrepreneurial orientation, and green transformation-
based competencies are based on perceptual data from managers. While such self-reported
measures are prone to social desirability bias, it is also plausible that the firms that did not respond
might have perceived themselves not to be environmentally responsible. Clearly, such companies
might only react when their legal and social legitimation is threatened by governmental and
stakeholder interference. As future research, it would be interesting to empirically analyze whether

adopting a reactive strategy would lead to profitable firm performance.
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TABLE 1: Reliability and Validity

Indicator Loading
Entrepreneurial Orientation (0. = 0.86; Q = 0.86; CR = 0.87; AVE = 0.57)
Our organization ...
“has a cultural emphasis on innovation and R&D” 0.74
“has a high rate of new product introductions” 0.80
“has a bold, innovative product development approach” 0.91
“has a strong inclination for projects with high risk and high potential return” 0.53
“is first to introduce new technologies and products” 0.75
“adopts an aggressive, bold posture when faced with risk” *
Green Information Systems (0. = 0.91; Q = 0.91; CR = 0.92; AVE = 0.64)
We use information systems to help us to ...
“track environmental information (e.g. toxicity, water used, etc.) of our processes” 0.79
“monitor our firm’s operational energy consumption to manage them more effectively” 0.86
“monitor our firm’s operational emissions and/or waste to manage them more effectively” 0.88
“monitor our firm’s recuperation and recycling systems to manage them more effectively” 0.83
“provide regular voluntary sustainability-related information to our customers” 0.76
“provide regular voluntary sustainability-related information to our suppliers” 0.68
“select cleaner transportation options to avoid traffic congestion and minimize energy consumption” *
Product Stewardship (0. = 0.87; Q =0.87; CR = 0.87; AVE = 0.57)
“When designing products, we pay attention to reduced consumption of material/energy” 0.74
“When designing products, we pay attention to reuse, recycle, and/or recovery of material” 0.87
“We design our products to use environmentally friendly materials” 0.82
“We use life cycle analysis to evaluate the environmental impacts of our products” 0.77
“We design our products with standardized components to facilitate reuse” 0.55
“We design our products for easy disassembly” !
Pollution Prevention
Green Process Design (o= 0.93; Q = 0.93; CR = 0.93; AVE = 0.73)
“The design of our processes is heavily dependent on sustainability goals” 0.83
“We evaluate our existing processes to reduce their impact on the environment” 0.90
“We have formal design for environment guidelines for process design” 0.85
“We constantly reengineer our processes to reduce their environmental impact” 0.87
“We improve the environmental-friendliness of our production” 0.83
Waste Reduction (0. = 0.88; Q = 0.88;, CR = 0.89; AVE = 0.62)
“We constantly strive to use lesser resources in getting the tasks done” 0.75
“We have well-documented waste reduction methodologies in place” 0.69
“We eliminate physical waste from our operations” 0.82
“We constantly strive to identify and eliminate in-process waste” 0.87
“We reduce material consumption in our production” 0.81
Financial Performance (o = 0.80;, Q = 0.82; CR = 0.81; AVE = 0.60)
“Improvement in return on assets” 0.79
“Improvement in profit as percentage of sales” 0.92
“Improvement in net income before tax (EBIT)” 0.58

Fit Indices: Normed y* = 2.74 (< 5.0); NNFI = 0.95 (> 0.90); CFI = 0.96 (> 0.90); SRMSR = 0.076 (< 0.10); RMSEA = 0.088 (< 0.10)
Note: * dropped items; All items significant at p < 0.01 Level
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TABLE 2: Descriptive Statistics and Correlation

Constructs Mean S.D. EO PS GPD WR GIS FP
Entrepreneurial Orientation (EO) 3.48 0.865 0.76 *
Product Stewardship (PS) 3.456 0.798 0.23° 0.76
Green Process Design (GPD) 3.228 0.973 0.17 0.68 0.86
Waste Reduction (WR) 3.867 0.788 0.16 0.53 0.58 0.79
Green Information Systems (GIS) 3.549 0.936 0.16 0.47 0.63 0.52 0.8
Financial Performance (FIP) 3.707 0.669 0.24 0.27 0.22 0.26 0.08 0.78
* The square root of the construct’s AVE is provided along the diagonal (given in bold).
b Off-diagonal numbers are the Pearson correlation between the constructs.
TABLE 3: Regression results
Models M1 M2 M3 M4 M5 Meé M7
Entrepreneurial Orientation (EO) 021" 0.14" 0.13" 0.05
n’=0.045 | 1’=0.028 | n’=0.018 | 1’=0.005
Q’=0.040 | Q™=0.023 | Q=0.013 [ Q>=0.000
Green Information Systems (GIS) 0.52"" 0.70""
n’=0.285 n’=0.479
0’=0.280 Q’=0.475
EO * GIS 0.15" 0.12°
1°=0.032 n?=0.024
Q’=0.027 Q’=0.019
Product Stewardship 0.22" 0.18"
n’=0.056 n’=0.019
Q’=0.051 Q*=0.014
Pollution Prevention 0.18" 0.06
n?=0.036 | 1’=0.002
Q=0.030 | Q’=0.000
Firm Size 0.09 -0.02 0.03 -0.09 0.01 0.03 0.02
Market Share 0.05 0.1 0.11 014" | 0367 0357 036
Intensity of Competition 0.15" 0.07 0.16" 0.05 -0.04 0.002 -0.01
F (p-value) 50377120937 | 3547 | 33.0277 | 123277 | 11,0777 | 10147
R’ 0.09 0.36 0.07 0.52 0.2 0.19 0.22
Sample size 202 201 194 193 199 191 190
Note: ™ p<0.001, ™ p<0.01, " p<0.05
Dependent variable: M1, M2 — Product stewardship; M3, M4 — Pollution prevention; M5-M7 — Financial Performance
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FIGURE 3: Conditional indirect effect of entrepreneurial orientation on performance at different
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