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ABSTRACT

Little is known about the complementary performance benefits associated with facilities’
combined use of both quality management systems (QMSs) and environmental management
systems (EMSs), and how these performance benefits might differ from those associated with
facilities’ use of only one of these management systems (or neither). We suggest that
complementarities arise because each management system fosters the development of
internal capabilities that facilitates the adoption and routine operationalization of the other,
while maintaining differentiated goals that enhance strategic value. We examine these relation-
ships using a sample of 2619 manufacturing facilities operating within six OECD countries,
while controlling for self-selection issues. Our findings support the idea of complementarity,
in that facilities that adopt both QMS and EMS are more associated with positive business
performance than facilities that adopt either a QMS or an EMS on its own, or no management
system. Copyright © 2014 John Wiley & Sons, Ltd and ERP Environment
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Introduction

UALITY MANAGEMENT SYSTEMS (QMSS) AND ENVIRONMENTAL MANAGEMENT SYSTEMS (EMSS) ARE CONTINUAL IM-
provement procedures designed to enhance a facility’s overall operating efficiency. QMSs are designed
to continually improve a facility’s operational and product quality, whereas EMSs focus on improving a

facility’s environmental performance. By 2011, approximately 1 110 ooo facilities (a 30% increase over

the previous five years) had certified their QMSs to ISO goo1, the international QMS standard (ISO, 2011), and
many more had adopted other sorts of QMSs. Similarly, by 2011 nearly 250 ooo facilities (a 56% increase over
the previous five years) had certified their EMSs to ISO 14001, the international EMS standard (ISO, 2011), while
many more had adopted uncertified EMSs.

Increasing private sector adoption of QMSs and EMSs has encouraged numerous scholars to examine the
business performance benefits that might accrue to adopting facilities. Performance benefits have been attributed
to opportunities to improve internal efficiencies (King and Lenox, 2001; Sroufe, 2003), and enhance routine internal
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processes that foster innovation (Darnall and Edwards, 2006; Pil and Rothenberg, 2003; Simpson and Samson, 2010;
Sroufe, 2003). However, the decision to adopt one of these management systems does not preclude adoption of the
other, and many facilities elect to adopt both. We suggest that facilities that adopt both management systems do so
because the socially complex internal capabilities required to adopt one management system facilitate the adoption
and routine operationalization of the other. Adopting both can therefore further embed these capabilities deep within
the organization, which previous management strategy scholars (e.g. Barney, 1991; Wernerfelt, 1984) note can lead to
competitive advantage. Additionally, because each management system has different goals, adopting both may enhance
the facility’s strategic value further than can be achieved by adopting one management system alone.

Several studies suggest that business performance is positively related to quality management practices
(e.g. Corredor and Goii, 2011; Easton and Jarrell, 1998; Hendricks and Singhal, 1997; Kaynak, 2003; Powell, 1995;
Sharma, 2005; Zhang and Xia, 2013), and others suggest that a similar relationship exists for facilities that adopt pro-
active environmental management practices (e.g. Darnall et al., 2008a; Gonzalez-Benito and Gonzalez-Benito, 2005;
Hart and Ahuja, 1996; Klassen and McLaughlin, 1996; Russo and Fouts, 1997). However, as yet we know little about
facilities” adoption of both QMSs and EMSs, and how adopting both relates to business performance. This issue is
particularly important since in practice many QMS adopters also adopt EMSs, and, while several studies have assessed
the connection between quality management and environmental management (e.g. King and Lenox, 2001; Pil and
Rothenberg, 2003; Sroufe, 2003; Welford, 1992), to the best of our knowledge none have considered the collective link
between quality management, environmental management and business performance.

Hence, the objective of this study is to analyze whether facilities that adopt both QMSs and EMSs are associated
with greater business performance than facilities that implement one or neither management system. To examine
these issues, we draw on survey data collected by the Environmental Directorate of the Organization for Economic
Co-operation and Development (OECD) for 2619 manufacturing facilities located in Canada, France, Germany,
Japan, Norway, and the United States of America (USA). We control for selection bias related to facilities” decision
to adopt QMS and EMS by simultaneously estimating the adoption decision using multivariate probit and Heckman
regression techniques. Our results suggest that facilities that adopt both QMSs and EMSs are associated with
positive business performance to a greater degree than facilities that adopt either QMS only, EMS only or neither
management system. Combined, our findings suggest that complementarities arise from adopting both management
systems that are not achieved by adopting only one.

Quality Management Systems and Business Performance

Quality management is defined as a governing philosophy that promotes continuous quality improvement within all
activities of an organization (Kaynak, 2003). A QMS institutionalizes this philosophy through a formalized
structure, procedure and process (Casadests et al., 2005). It involves an organization-wide commitment to
continually improve internal process and product quality, to measure quality constantly and to undertake appropri-
ate corrective action whenever defects occur (Corbett et al., 2005; Heras-Saizarbitoria, 2010; Powell, 1995). In order
to implement these corrective actions, QMS adopters must undergo extensive monitoring of organizational
resources, constraints, production capabilities and processes (ISO, 2001). QMS adopters must also engage their
employees across multiple operational units and develop extensive tacit knowledge regarding their internal operations,
since quality concerns affect many aspects of an organization (Darnall and Edwards, 2000).

There are several reasons why the adoption of quality management practices is related to improvements in overall
business performance. The first relates to improving internal efficiencies (see, e.g., Corredor and Goni, 2011; York
and Miree, 2004) arising from continuous improvements in product design and processes. Quality management
practices can also reduce process variations which lead to both fewer defective products and increases in productiv-
ity (see, e.g., Adams, 1999; Corredor and Goni, 2011; Garvin, 1994; Zhang and Xia, 2013). Each of these factors can
lower production costs and improve overall business performance (Adam and Foster, 2000; Corredor and
Gorii, 2011; Hendricks and Singhal, 2001; Kaynak, 2003; Powell, 1995; Sharma, 2005; Zhang and Xia, 2013).

In addition to increasing internal efficiencies, QMSs can also enhance a facility’s goodwill benefits from
customers and buyers. Since product quality is so closely related to customer and buyer satisfaction (see, e.g., Choi
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and Eboch, 1998), QMSs necessarily encourage facilities to engage their customers and buyers directly (Easton and
Jarrell, 1998) to determine which quality features are perceived to be more important than others. By enhancing
specific quality features, QMS adopters can increase customer and buyer satisfaction (Choi and Eboch, 1998; Das
et al., 2000; Forza and Filippini, 1998; Lakhal and Pasin, 2008; Rungtusanatham et al., 1998; York and Miree,
2004). This sort of engagement can enhance the goodwill benefits among customers and buyers, who subsequently
bestow preferential treatment towards businesses that utilize quality management practices (Corbett, 2006). As
such, facilities that adopt QMSs can benefit from customers’ increased loyalty (Corredor and Goiii, 2011; Nilsson
et al., 2001), preferential contracts and extended purchasing contracts (Deming, 1986; Ruzevicius et al., 2004).
These benefits may also lead to improved image, enhanced reputational standing among industry peers (Ruzevicius
et al., 2004), in addition to increased customer referrals. Each of these factors may increase the facility’s market
share and revenues (Corredor and Goni, 2011; York and Miree, 2004). Consequently, in addition to the efficiency
benefits gained from QMS adoption, goodwill benefits may improve a facility’s business performance.

Environmental Management Systems and Business Performance

Like quality management, environmental management is an organizational governance philosophy, which is based
on continual improvement principles. An EMS ratifies this philosophy by way of formalized structures, procedures
and processes that require facilities to implement an environmental policy, undertake internal environmental
assessments, establish environmental goals, monitor goal attainment and undergo management review (Netherwood,
1998). However, rather than focusing on improving product and process quality, an EMS seeks to continually reduce
the environmental impact of a facility’s internal processes and products (Guoyou et al., 2012).

Similar to the adoption of a QMS, the positive association between EMS adoption and positive business perfor-
mance are related to enhancements to internal efficiencies as well as goodwill benefits. Internal efficiencies arise
because EMSs require facilities to undertake internal assessments that incorporate source reduction into product
design, thus institutionalizing pollution prevention programs and extending them throughout the organization
(Guoyou et al., 2012; Takahashi and Nakamura, 2010; USDOE, 1998). These activities help EMS adopters reduce
their environmental impacts by eliminating unnecessary materials purchases (Christmann, 2000; Guoyou et al.,
2012), energy consumption and the use of toxic product inputs (Hart and Ahuja, 1996). They also create avenues
for EMS adopters to reduce their material costs by substituting costly toxic inputs for environmentally friendly ones
(Sroufe, 2003), and decrease production costs by eliminating expensive regulated processes altogether (Darnall and
Edwards, 20006; Darnall, 2009). For example, as part of their EMS, some enterprises may implement life-cycle cost
analysis and assess their activities at each step of their value chain — from raw materials access to disposition of used
products (Allenby, 1991; Fiksel, 1993). The focus on continuous improvement processes allows organizations to
eliminate environmentally hazardous production activities (Guoyou et al., 2012; Simpson and Samson, 2010;
Takahashi and Nakamura, 2010), redesign existing product systems to reduce life-cycle impacts and develop new
products with lower life cycle costs (Hart, 1995). These efficiency improvements can reduce a facility’s operational
costs and lead to improved business performance (see, e.g., Darnall et al., 2008a; Hart and Ahuja, 1996;
Klassen and MclLaughlin, 1996). Consequently, while EMSs are tools to improve environmental compliance
(Garcia-Rodriguez et al., 2013; Sarkis, 1995), there is also strong evidence suggesting that the adoption of EMSs
encourages facilities to proactively reduce their environmental impacts beyond regulatory expectations (Darnall
and Kim, 2012; Potoski and Prakash, 2005).

Additionally, similarly to QMS adopters, facilities can derive goodwill benefits from adopting an EMS. Related to
customers and buyers, some place a high value on environmental quality, and may offer preferential purchasing
contracts and extended purchasing contracts to businesses that share a similar operating philosophy (Arimura
et al., 2011; Darnall et al., 2000; Darnall et al., 2001; Fineman and Clarke, 1996; Henriques and Sadorsky, 1999;
Gonzalez-Benito and Gonzalez-Benito, 2005). Facilities that yield to these preferences can enhance their competi-
tive advantages (Curkovic and Sroufe, 2011) to the extent that they fully integrate their EMS throughout their
organization and supply chain (Curkovic and Sroufe, 2011; Darnall et al., 2008b). Goodwill benefits can also extend
beyond customers and buyers to regulators, communities and environmental groups. Regulatory benefits include
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expediting EMS adopters’ operating permits or monitoring adopters less frequently (Darnall et al., 2010). In some
cases, regulators may give facilities with EMSs greater latitude when a permitting discrepancy is discovered (Darnall
et al., 2010). Regulator goodwill may also facilitate collaborative relationships with regulators towards achieving
greater environmental improvements and shared learning (Potoski and Prakash, 2005). Related to the goodwill
benefits bestowed by community and environmental groups, facilities that adopt an EMS may be in a better position
to communicate information about their environmental proactiveness and integrate environmental stakeholder
concerns in product design and process development, thus reducing operational costs (Hart, 1995) and avoiding the
cost of environmental legal liabilities (Sharma and Vredenburg, 1998). These factors can help EMS adopters avoid neg-
ative environmental publicity, and foster useful information exchange and dialogue in broader society (Darnall et al.,
2009; Gould et al., 1996). Adopting an EMS may therefore bolster a facility’s social license to operate and improve
its overall external legitimacy with critical stakeholders (Gonzalez-Benito and Gonzalez-Benito, 2008; Henriques and
Sadorsky, 1999). Combined, facilities that adopt an EMS may strategically improve their business performance.

Complementary Capabilities, Management Systems and Business Performance

We extend these arguments by examining whether adopting both management systems is related more to positive
business performance than the adoption of either a QMS or EMS on its own. We suggest that this possibility exists
because these management systems are complementary in that the tacit and socially complex internal capabilities
required to adopt one management system complement and facilitate the routine operationalization of the other.
Further embedding these capabilities within the organization can lead to competitive advantage (Barney, 1991;
Wernerfelt, 1984). Additionally, because each management system has different goals, adopting both may further
enhance the facility’s strategic value.

Capabilities involve complex patterns of coordination among people and between people and other resources
(Grant, 1991). Perfecting such coordination requires learning through repetition and enacting routines (Grant,
1991). Related to the capability complementarities of QMSs and EMSs, both QMSs and EMSs require facilities to
implement formal routines and procedures to assess their internal operations for opportunities to continually
enhance internal efficiency (King and Lenox, 2001; Pil and Rothenberg, 2003; Sroufe, 2003). For instance, QMS
adopters develop routines for determining what aspects of the organization affect product and process quality,
and then determine which of these aspects have significant impacts, prior to establishing detailed performance
requirements for high priority impacts (Black and Porter, 1996; Scholtes and Hacquebord, 1988). Similarly, adopting
an EMS requires that facilities establish routines to determine what aspects of the organization affect the natural
environment, and then assess which of these aspects have significant impacts on the natural environment
(Netherwood, 1998). Like QMS adopters, EMS adopters establish detailed performance requirements based on high
priority impacts by undertaking a similar ranking procedure. As a consequence, facilities that implement one of these
management systems must develop tacit capabilities related to establishing routines for monitoring performance,
which require employee training, knowledge development, and work in teams (King and Lenox, 2001; Pil and
Rothenberg, 2003). Because of their similar governance structures, the routines established by one management
system therefore complement those established in the other, and further embed these capabilities deep within the
organization, thus facilitating competitive advantage. For instance, during the routine operationalization of QMSs
and EMSs, facilities must persistently improve their internal operations around a common goal (Falk, 2002). Such
improvements rely on extensive internal knowledge, production capabilities and processes, and the monitoring of
organizational resources (Gonzalez-Benito and Gonzalez-Benito, 2005; Sroufe, 2003). For both management systems,
facilities invest in capabilities that allow them to strategically plan for the long-term and develop a capacity towards
assessing their progress toward achieving desired outcomes (Black and Porter, 1996; Garcia-Rodriguez et al., 2013;
Kitazawa and Sarkis, 2000). They also develop a culture that embraces continuous internal evaluations, which helps
facilities achieve greater organizational efficiencies (Lawrence and Morell, 1995; Simpson and Samson, 2010; Welford,
1992). These combined efficiencies can increase organizational competitiveness and profitability (Garcia-Rodriguez
et al., 2013). Further, due to the cross-functional nature of quality and environmental issues (Pil and Rothenberg,
2003), the combined use of QMSs and EMSs can foster inter-functional coordination among employees, thus
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encouraging information and knowledge sharing among units (King and Lenox, 2001; Pil and Rothenberg, 2003). For
these reasons, the routine operationalization of one management system can facilitate the implementation of the other,
while creating additional competitive advantage opportunities.

Other opportunities for improved business performance relate to the fact that QMSs and EMSs have different
goals. This uniqueness can enhance the strategic value to facilities that adopt both. QMSs focus on client satisfaction
and quality improvement (Deming, 1986), whereas EMSs emphasize environmental improvements (Netherwood,
1998). This fundamental difference creates opportunities for facilities that adopt both management systems to
improve their business performance to a greater extent than if they adopt either management system on its own.
We suggest that these complementary benefits exist because facilities can derive greater efficiency gains, thus
reducing costs. That is, while facilities that choose to only adopt QMSs may optimize their product quality, because
QMS goals differ from those of EMSs they may overlook important efficiency enhancing opportunities related
to environmental waste (King and Lenox, 2001; Klassen, 2000; Simpson and Samson, 2010). These missed
opportunities are likely to further reduce facilities’ costs and increase productivity (Simpson and Samson, 2010).

Additionally, facilities that adopt both management systems may be able to derive greater goodwill benefits than
can be achieved by adopting only one management system. For instance, while facilities that adopt only QMSs may
enhance their goodwill benefits with buyers that value product quality, they may also forego prospects to enhance
their goodwill benefits with buyers that value environmental quality (Gonzilez-Benito and Gonzalez-Benito,
2005), and with regulators, communities and environmental groups that place importance on environmental
stewardship (Hart, 1995). Similarly, facilities that decide to only adopt EMSs may fail to operationalize important
opportunities related to improved product quality and customer satisfaction because EMSs have a different strategic
focus. Additionally, these facilities may miss opportunities to enhance goodwill with buyers who place greater value
on product quality. For these reasons, we hypothesize that, compared with facilities that adopt no management
system, facilities that adopt both QMSs and EMSs are more likely to be associated with positive business performance
than facilities that adopt only one of these management systems or neither management system.

Hypothesis: Compared with facilities that adopt no management system, facilities that adopt both QMSs and EMSs
are more likely to be associated with positive business performance than facilities that adopt only one (or neither)
management system.

Methodology

Data

To empirically assess our research hypothesis, we drew on a subset of survey data obtained from the OECD Environ-
ment Directorate, which examined publicly and privately owned facilities from manufacturing industries in Canada,
France, Germany, Japan, Norway and the USA. Prior to data collection, the OECD pre-tested its survey in France,
Canada and Japan before it was translated into each country’s official language and then back-translated to validate
the accuracy of the original translation (Johnstone et al., 2007). The OECD coordinated with academic researchers
within each country to collect the data. Surveys were sent to individuals responsible for the facility’s environmental
activities. These individuals typically have expertise and knowledge about environmental regulations as well as produc-
tion and operations (King, 1995; Simpson and Samson, 2010). The OECD sent two follow-up mailings to prompt
additional responses (Johnstone et al., 2007). The survey’s overall response rate was 24.7 percent (4186 responses);
however, the subset of the OECD data that we used excluded Hungary because of item non-response issues. The
resulting response rate was 20.0 percent (3681 responses), which is consistent with the response rate in previous
studies of facilities’ environmental practices (e.g. Christmann, 2000; Melnyk et al., 2003)."

'Response rates were 20.1% and 10.4% respectively.
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Several biases can arise when using survey techniques, one of which is common method variance. Common
method variance refers to the amount of spurious covariance shared among variables, and is assessed by relying
on Harman’s single factor test. Undertaking this test involves factor analyzing all indicators used in the study
(Podsakoff and Organ, 1986). The emergence of a single common factor is an indication of common method
variance. We performed this test on the OECD data and our results revealed that no single factor accounted for
the majority of variance in variables, thus reducing concern about common method variance.

A second bias that often arises in survey research is social desirability bias. OECD researchers addressed issues
related to social desirability bias in part by ensuring respondents’ anonymity. Additionally, the six-section, 12-page
survey (containing 42 questions) assessed a wide range of topics related to facilities’ environmental management
tools, relationships with stakeholders, and perceptions about environmental policies, environmental measures,
and environmental innovations/performance. Survey questions related to QMS (on page 2) were separated from
questions related to EMS (page 4) and those related to business performance (page 10). By assessing a wide variety
of topics and separating questions of interest, we were able to reduce some concern related to social desirability bias.

A third bias that arises from survey research, non-response bias, was addressed by assessing the industry
representation and facility size of the sample relative to the distribution of facilities in the broader population
(Johnstone et al., 2007). The OECD made such an assessment and found no statistically significant differences with
respect to facility size. Additionally, there was no statistical difference among industry representation across Canada,
France, Germany, Japan and Norway. However, the USA was an exception, in that the data showed that facilities
within certain USA industries were either over- or under-represented (Darnall et al., 2010). Following standard
practice for addressing response bias, we weighted the USA portion of the sample to reflect actual industry
representation using USA census data for the year in which the survey was administered. Since the OECD data
included a large number of manufacturing facilities (both publicly and privately owned) that spanned multiple
countries, generalizability was less of a concern.

Dependent Variable

Prior literature has assessed business performance using self-reported subjective and objective measures
(Franco-Santos et al., 2007). Subjective measures have included managerial perceptions related to the relative
position of the organization compared with its competitors (see, e.g., Gonzilez-Benito and Gonzilez-Benito,
2005; Martinez-Costa and Martinez-Lorente, 2008), and managers’ perceptions of their facilities’ overall business
performance (Darnall et al., 2008a, 2008b; Darnall, 2009). Self-reported objective measures have included variables
obtained in financial statements, such as return on assets, sales or income, and earnings before interest (see, e.g.,
Gonzalez-Benito and Gonzalez-Benito, 2005; Grolleau et al., 2013; Hendricks and Singhal, 2001; Martinez-Costa
and Martinez-Lorente, 2008; Hart and Ahuja, 1996). In our case, we follow the approach used by Darnall et al.
(2008a) and Darnall (2009) by assessing business performance using data from an OECD survey question that
asked facility managers how they would assess their facility’s overall business performance over the past three years.
Using a five-point Likert scale, respondents indicated whether revenues had (1) 'been so low as to produce large
losses’, (2) 'been insufficient to cover costs’, (3) allowed us to break even’, (4) 'been sufficient to make a small profit’
or (5) 'been well in excess of costs’. We then evaluated these responses in two ways. First, because the focus of our
analysis was the relationship between facilities’ management systems and positive business performance,
we estimated positive business performance as a dichotomous scale (i.e. having or not a positive business
performance). This variable was created by combining facilities that reported having positive business performance
(categories 4 and 5; coded 1), and comparing them with those facilities that broke even or incurred business losses
(categories 1—3; coded o). Second, as a robustness check, we also estimated facility responses to this question using
the five-point scale to account for a progression of positive business performance.

Explanatory Variables

Our explanatory variables consisted of the adoption of three types of management approach: QMS and EMS, QMS
only, and EMS only. We developed our QMS and EMS variable by relying on two OECD survey questions, one of
which asked managers 'Has your facility implemented a QMS?’ and the other of which asked facility managers
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"Has your facility actually implemented an EMS?’. Respondents who answered ’yes’ to both questions were coded 1,
and all other facilities were coded o.

To develop our second management system variable, QMS only, we relied on the OECD survey question
that asked managers 'Has your facility implemented a QMS?’. Facility managers that answered ’yes’, and
had not also adopted an EMS, were coded 1, otherwise o. Similarly, our third management system variable,
EMS only, was developed by asking facility managers 'Has your facility actually implemented an EMS?’.
Facility managers who answered ’yes’, and had not also adopted a QMS, were coded 1, otherwise o. By
coding our QMS only and EMS only variables in this manner, we were able to isolate the relationship
between each management system and business performance. Table 1 shows descriptive statistics of our
explanatory variables.

Control Variables

To address issues related to facility heterogeneity, this study included multiple control variables. We controlled for
differences in facilities’ primary customers by relying on data derived from an OECD question that asked managers
"How would you, in general, classify the primary customers for your facility’s products?’. We coded three responses:
households, wholesalers or retailers, and other manufacturing facilities or other facilities within the firm. This last
group served as our omitted reference category.

Since facilities operating in industries with a smaller number of competitors may have greater opportunities to
improve their business performance arising from monopolistic competition (Chamberlin, 1986), we included a
set of dummies to account for market concentration. We relied on data from an OECD question that asked
managers to report the number of competitors the facility competed with for its most commercially important
product within the past three years. Managers responded by indicating either ’less than 5’, '5—10’ or ’greater than
10’. The first category (’less than 5’) was our omitted reference category.

We also accounted for whether facilities were part of a publicly traded firm, since publicly traded and privately
owned firms differ significantly in their overall organizational structure (Darnall and Edwards, 2006; Mascarenhas,
1989). For instance, compared with facilities of publicly traded companies, privately owned enterprises tend to have
greater concerns for their short-term economic viability, which often leads to management decisions that are a
response to supply chain requirements (Bianchi and Noci, 1998) or networks of similar companies (Gilmore
et al., 2001) rather than proactive strategic decisions (Darnall and Edwards, 2000). Since these factors may be
related to a facility’s business performance, we included data derived from an OECD survey question that asked
facility managers 'Is your firm listed on a stock exchange?”.

Larger facilities are often suggested to have more access to resources and capabilities (Bianchi and Noci, 1998),
which may be leveraged towards achieving greater business performance. We thus accounted for facility size by tak-
ing the natural logarithm of the number of employees per facility. Finally, we included industry sector dummies, in
addition to country of operation dummies. Our reference sector dummy was the petroleum, chemicals and rubber
product industries and our excluded country dummy was the USA. Table 2 shows correlations and descriptive sta-
tistics for all variables used in this study.

Category N Percentage Mean business performance Standard deviation
Both QMS and EMS 1108 42.31 3.50 0.94
QMS only 852 32.53 3.42 0.97
EMS only 185 7.06 3-49 1.03
Neither QMS nor EMS 474 18.10 3.24 1.02
Total facilities 2619 100.00 343 0.97

Table 1. Categories of management system adopters and their business performance
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Predicting Management System Adoption

Prior to estimating the relationship between management system adoption and business performance, it was first
essential to consider whether facilities that adopted both management systems (or either on its own) did so because
of observed or unobserved characteristics that may be correlated with their business performance. The origin of the
concern relates to the fact that management system adoption is subject to selection bias. Selection bias refers to the
possibility that statistical distortion exists resulting from some members of the population being less likely to be in-
cluded than others (Heckman, 1979). If this statistical distortion exists, it must be addressed empirically (Heckman,
1979). To deal with this potential problem, we simultaneously accounted for the factors that might affect facilities’
adoption decisions. Related to QMS adoption, facility managers were asked to indicate the importance of product
quality to their competitive strategy since it is likely an important factor that would motivate QMS adoption
(Kurapatskie, 2012). More specifically, we relied on data derived from an OECD survey question that asked facility
managers to 'Please assess product quality in your facility’s ability to compete on the market for its most important
product within the past three years’. Respondents answered 'not important’ (1), ‘'moderately important’ (2), or "very
important’ (3).

Related to facilities’ decisions to adopt an EMS, prior literature suggests that if facilities know of government
programs that are designed to encourage EMS adoption then they are more likely to adopt them (Arimura et al.,
2008, 2011). This relationship is independent of whether or not facilities actually participate in these assistance
programs. To measure this circumstance, we relied on data derived from an OECD survey question that asked
facility managers 'Do the regulatory authorities have programs and policies in place to encourage your facility to
use an EMS?’. Respondents answered either 'yes’ (1) or 'no’ (o).

We also included several control variables that may be related to facilities’ management system adoption. First,
we considered managers’ perception about the potential negative environmental impacts related to their use of
natural resources (energy, water, etc.) in their products and processes (Darnall et al., 2008a, 2008b). Respondents
answered whether they had either 'no negative impacts’ (1), ‘'moderately negative impacts’ (2) or ’very negative
impacts’ (3). Market scope was measured by incorporating OECD survey data that asked respondents whether the
facility’s market was primarily at a local, national, regional or global level. Responses were coded 1—4 respectively.
Additionally, we accounted for whether the facility’s head office was in a foreign country, the degree of the facility’s
market concentration and whether the facility was part of a publicly traded company. Finally, we controlled for
manufacturing sector and country of operation. Our excluded industry dummy was the petroleum, chemicals and
rubber product industries and our excluded country dummy was the USA.

Empirics

We assessed the relationship between management system adoption and business performance using two
techniques to account for selection bias: multivariate probit estimation and Heckman estimation. Multivariate probit
estimation belongs to the general class of simultaneous equation models known as selection models, which attempt
to control for correlations between the error terms (Greene, 2011) in the equations related management systems
adoption and in the principal equation assessing business performance. If these correlations exist, a standard probit
model will offer inconsistent results (Maddala, 1983). Similarly, Heckman regression is a two-stage least square
estimation. Like multivariate probit, the first stage of a Heckman selection model estimates the probability of belong-
ing to the sample, and the second stage simultaneously analyzes the factors that affect business performance. Both
estimations assume that a facility’s business performance and the variables that explain both QMS and EMS adoption
are separate, but interrelated. This interrelation takes place through a correlated error structure (Greene, 2011).

In estimating interrelationship of the errors, a multivariate probit model produces 'rho’, which if statistically
different from zero (a = 0.05) would indicate that the errors are correlated. In such instances, there would be at least
a 95% probability that an endogenous relationship exists between the factors associated with management
system adoption and those associated with business performance, such that simultaneous estimation procedures
are needed. Similarly, the Heckman model produces a 'Mills’ lambda’, which if statistically different from zero
(¢ = 0.05) indicates that the errors are correlated. For both estimations, model significance is determined using a
Wald chi-square test.

Copyright © 2014 John Wiley & Sons, Ltd and ERP Environment Bus. Strat. Env. 25, 221-240 (2016)
DOI: 10.1002/bse



Link Between Management Systems and Performance 231

The main difference between multivariate probit and Heckman regression models relates to the treatment of the
dependent variable. Multivariate probit estimation treats the dependent variable (i.e. business performance) as a
dichotomous measure (positive business performance or not), while Heckman estimation treats the dependent
variable as a continuous measure (degree of business performance). Because our dependent variable is constructed
from a five-point Likert scale, it was possible to create a dichotomous variable suitable for multivariate probit
analysis.” Related to the Heckman model, the five-point scale violates the continuous distribution assumption
required for Heckman regression analysis. Additionally, the Heckman regression analysis does not allow for the
simultaneous estimation of multiple first-stage equations (i.e. both QMS and EMS, QMS only, EMS only). For these
reasons, we include the Heckman model merely as a robustness check to our multivariate probit regression.

In executing our multivariate probit model, we estimated four equations simultaneously. Equation (1) examines
the association between management system adoption (both QMS and EMS, QMS only, EMS only) and our binary
dependent variable — business performance. The error term is represented by ¢;;.

(prob business performance = 1) = f(bothQMS and EMS, QMS only, EMS only, control variables, ;). (1)

The remaining three equations assess the factors associated with management system adoption. More
specifically, Equation (2) considers the factors related to facility adoption of both QMS and EMS. Equation (3)
assesses the factors related to the adoption of QMS only, and Equation (4) considers the factors related to the
adoption of EMS only. The error terms are represented by ¢;,, &; and &;,, respectively.

(prob both QMS and EMS = 1) = f(importance of quality, government encourages EMS, control vars, &;,) (2)

(prob QMS only = 1) = f(importance of quality, control vars, ;) 3)

(prob EMS only = 1) = f(government encourages EMS, control vars, &;,). (4)

By estimating the four equations jointly, the model accounts for correlations among them. A likelihood ratio test
evaluating the null hypothesis — that the correlations among the four error terms (g;,—;,) are jointly equal to zero —
was used to offer support for whether a multivariate probit was an appropriate specification for the data. A rejection
of the null hypothesis would provide evidence of selection bias among our explanatory variables, and verify the need
for our two-stage estimation approaches.

In executing our Heckman model, we estimated two equations simultaneously. Equation (1) examines the
association between management system adoption (both QMS and EMS, QMS only, EMS only) and business
performance as a continuous dependent variable, while Equation (2) examines the factors that relate to facility
adoption of both management systems.

Results

Results from the multivariate probit model are shown in Tables 3 and 4. Table 3 contains the findings from estimat-
ing Equation (1), and considers the relationship between management system adoption and business performance.
Table 4 shows the results related to estimating Equations (2)—(4). Model fit statistics in both of these tables are

A two-stage multinomial probit analysis would have been a more appropriate model to use given the nature of our dependent variable. However,
this specific two-stage estimation approach was not available using existing statistical software.
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Equation (1). Dependent variable: positive business performance Coefficient Std error

Explanatory variables'

Both QMS and EMS 0.625"" 0.143
QMS only 0.269™ 0.133
EMS only —0.139 0.310
Control variables

Households 0.138 0.095
Wholesalers 0.169" 0.062
Market concentration (5-10) —0.172"" 0.066
Market concentration (>10) —0.244"" 0.067
Publicly traded 0.019 0.084
Size 0.026 0.028
Germany 0.079 0.118
Japan —0.583"" 0.110
Norway 0.107 0.143
France —0.143 0.142
Canada 0.5137 0.143
Food, beverage, textiles —0.033 0.101
Pulp, paper, print —0.003 0.147
Petroleum, chemicals, rubber —0.132 0.114
Nonmetallic minerals, metals —0.139" 0.083
Transportation equipment —0.296™" 0.080
Constant 0.089 0.177
Overall model statistics

rho,, —o0.154"
rho,, 0.243
rho,, 0.047
rho,, —0.255""
tho,, —0.859""
rho,, —0.099""
Likelihood ratio test rho,, = rho,; = rho,, = rho,; = rho,, = rho,, = 0 1137.91
Wald test y* 936.28
N 2619

Table 3. Predicting positive business performance (multivariate probit)’

TThis model was assessed using multivariate probit regression with simultaneous estimation of four equations. Equation (1) esti-
mates the relationship between the adoption of management systems (QMS and EMS, QMS only and EMS only) and business
performance. Our comparison category consists of facilities that adopt no management system. The excluded supply chain
dummy is other manufacturing facilities or other facilities within the firm; excluded market concentration dummy is <5 compet-
itors; excluded country dummy is the USA; excluded industry dummy is nonmetallic minerals and metals.

*p < 0.10; **p < 0.05; ***p < 0.01.

equivalent since all four equations were estimated simultaneously. The Wald chi-square statistic (936.28) is statis-
tically significant (p < o.01), indicating sufficient model fit.

Rho estimates the correlations between the estimated errors in each of the four equations. Six rho statistics are
derived from the four equations, and indicate the correlation between the individual estimation errors. The likelihood
ratio test assessing whether each of the rhos is jointly equal to zero is rejected (p < o.o1), indicating significant overall
correlation between the error terms of the four equations, and the importance of our two-stage estimation approach.

In considering the relationship between management system adoption and business performance, our results
indicate that the estimated coefficient of both QMS and EMS adoption is positive and statistically significant
(0.625; p < o.o1). These findings suggest that facilities that adopt both QMS and EMS also are more likely to have
positive business performance over facilities that do not adopt either (or no) management system. In considering
the estimated coefficient of QMS only, it too is positive and statistically significant (0.269; p < 0.05), indicating that facil-
ities that adopt QMS only are more likely to have positive business. By contrast, the estimated coefficient for EMS only
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Equation (2): Equation (3): Equation (4):

both QMS and EMS QMS only EMS only
Variable Coeff. S.E. Coeff. S.E. Coeff. S.E.
Ability to compete on quality 0.062 0.017 0.067 —0.142 0.096
Government encouragement of EMS 0.059 —0.379™" 0.070 0.156" 0.092
Importance of natural resource use 0.038 —0.193"" 0.040 0.068 0.061
Market scope 0.087 —0.030 0.029 —0.070 0.043
Firm’s head office in foreign country 0.028 —0.178" 0.099 —0.126 0.146
Market concentration (5—10) 0.063 0.029 0.068 —0.168 0.102
Market concentration (>10) 0.064 —0.100 0.069 —0.066 0.100
Publicly traded 0.072 —0.3517" 0.084 —0.228" 0.117
Germany 0.102 0.655"" 0.120 0.154
Japan 0.101 0.175 0.120 0.146
Norway 0.124 0.6137" 0.143 0.198
France 0.126 0.327" 0.147 0.196
Canada 0.123 0.4377" 0.144 0.173
Food, beverage, textiles 0.087 —0.003 0.094 0.143
Pulp, paper, print 0.127 —0.347" 0.145 0.188
Petroleum, chemicals, rubber 0.101 —0.220" 0.115 0.159
Nonmetallic minerals, metals 0.079 0.157" 0.084 0.139
Transportation equipment 0.078 0.070 0.083 0.137
Constant 0.216 —0.247 0.238 0.327
Overall model statistics
rho,,
rho,,
rho,,
rho,,
rho,,
rho,,
Likelihood ratio test (rho,, = rho,; = rho,, = rho,; = rho,, = rho,, = 0) 1137.91
Wald test > 936.28"
N 2619

Table 4. Predicting management system adoption (multivariate probit)TT This model was assessed using multivariate probit
regression with simultaneous estimation of four equations. Equations (2)—(4) estimate the factors related to both QMS and EMS
adoption, the adoption of QMS only, and the adoption of EMS only. The excluded supply chain dummy is other manufacturing
facilities or other facilities within the firm; excluded market concentration dummy is <5 competitors; excluded country dummy is
the USA; excluded industry dummy is nonmetallic minerals and metals

*p < 0.10; **p < 0.05; ***p < 0.01.

(—0.139) is not statistically significant, suggesting that adopters of EMS have a reported business performance that is not
significantly different from that of non-EMS adopters. These latter findings were a potential concern since they
contradicted prior EMS research. However, earlier scholarship also has not assessed the relationship between EMS adop-
tion and business performance in a way that omits the possible influence of QMS. This issue is important since many
facilities adopt both management systems. To investigate the issue further, we pooled EMS only adopters with facilities
that adopted both QMS and EMS to examine the collective relationship with business performance. Our comparison cat-
egory was no EMS. Consistent with the findings of prior research (e.g. Darnall et al., 2008a), we found that EMS adopters
(of all sorts, including those that also adopt a QMS) are positively associated (p < o.01) with business performance.

To assess the relative difference between the sizes of our coefficients of interests, we performed a post-hoc y test.
The results indicate that the difference in the size of the estimated coefficient for both QMS and EMS adopters
(0.625) was statistically significant and larger (y* = 5.16; p < o.01) than the estimated coefficient for adopters of
OMS only (0.269). Similarly, the difference in the size of the estimated coefficient for both QMS and EMS adopters
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Dependent variable: improved business performance Coefficient Std error

Explanatory variables'

Both QMS and EMS 0.284"" 0.058
QMS only 01737 0.056
EMS only 0.187"" 0.082
Control variables

Households 0.138" 0.069
Wholesalers 0.144"" 0.044
Market concentration (5-10) —0.123" 0.049
Market concentration (>10) —0.217"" 0.050
Publicly traded 0.071 0.055
Size 0.009 0.019
Germany 0.098 0.085
Japan —0.374 0.093
Norway 0.094 0.1
France —0.023 0.102
Canada 0.427"" 0.100
Food, beverage, textiles —0.090 0.071
Pulp, paper, print —0.202" 0.109
Petroleum, chemicals, rubber —0.130 0.082
Nonmetallic minerals, metals —0.071 0.061
Transportation equipment —0.195"" 0.059
Constant 3.496"7" 0.154
Predicting management system adoption

Ability to compete on quality 0.443"" 0.075
Government encouragement of EMS 0.110 0.127
Importance of natural resource use —0.040 0.74
Market scope 0.067 0.051
Firm’s head office in foreign country —0.264" 0.144
Market concentration (5—-10) 0.081 0.123
Market concentration (>10) 0.055 0.127
Publicly traded 0.024 0.132
Germany 0.416" 0.176
Japan 0.824"" 0.176
Norway 0.789"" 0.273
France 0.358 0.220
Canada 0.348 0.271
Food, beverage, textiles 0.147 0.201
Pulp, paper, print 2.004 2.621
Petroleum, chemicals, rubber —0.043 0.211
Machinery, media equipment —0.046 0.162
Transportation equipment —0.182 0.156
Overall model statistics

Mills lambda —0.841"
Wald test 2 281.96""
N 2.699

Table 5. Predicting improved business performance (Heckman model)

TThis model was assessed using Heckman regression with simultaneous estimation of the relationship between the adoption of
management systems (QMS and EMS, QMS only and EMS only) and business performance. The excluded supply chain dummy
is other manufacturing facilities or other facilities within the firm; excluded market concentration dummy is <5 competitors;
excluded country dummy is the USA; excluded industry dummy is nonmetallic minerals and metals.

*p < 0.10; **p < 0.05; ***p < 0.01.
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was statistically significant and larger (y* = 3.74; p < 0.10) than the estimated coefficient for adopters of EMS only.
Combined, these findings offer support for our central hypothesis, which states facilities that adopt both QMS and
EMS are more likely to be associated with more positive business performance than facilities that adopt only one of
these management systems, or neither management system.

With respect to the control variables associated with Equation (1), compared with facilities that market their
products to other facilities or other facilities within the firm, wholesalers are associated with more positive business
performance. Facilities that report having between 5 and 10 (and greater than 10) competitors are not as likely as
facilities that reported having fewer than 5 competitors to have positive business performance. Additionally,
compared with facilities operating in the USA, facilities that operated in Japan are less likely to report positive
business performance.

Related to the factors associated with management system adoption (Table 4), the estimated coefficient of ’Ability
to compete on quality’ is positive and statistically significant (0.224; p < o.o1) for Equation (2), as is the estimated
coefficient for 'Government encouragement of EMS’ (0.479; p < o.o1). The coefficient for ’Ability to compete on
quality’ for QMS adopters (Equation (3)) was not statistically significant. Finally, related to Equation (4), facilities’
knowledge that government programs exist to encourage EMS adoption is associated with their adoption of EMS
only (0.156; p < 0.1).

Results from the Heckman model are shown in Table 5. The Wald chi-square statistic (281.96) was statistically
significant (p < o.o1), indicating sufficient model fit. Further, the Mills lambda test was statistically significant
(p < o.10), indicating the appropriateness for controlling for selection bias.

Like the results for our multivariate probit model, our Heckman model results indicate that the estimated
coefficient of QMS and EMS adoption was positive and statistically significant (0.284; p < o.01), suggesting that
facilities that adopt both QMS and EMS also are more likely to have stronger business performance. Additionally,
the estimated coefficients of QMS only and EMS only were positive and statistically significant (0.173, p < o.o1 in
the case of QMS only; 0.187, p < 0.05 in the case of EMS only). The results of our post hoc x* test indicate
that the difference in the size of the estimated coefficient for both EMS and QMS adopters was statistically signif-
icant and larger (y* = 5.89; p < 0.05) than the estimated coefficient for adopters of QMS only, although there was
no statistical difference for EMS only. Combined, these findings offer some additional support for our hypothesis
that stated that facilities that adopt both QMS and EMS are more likely to be associated with positive business
performance than facilities that adopt QMS only, EMS only or neither management system.

In sum, combined, our findings offer evidence about the robustness of our approach — that multivariate probit
analysis is appropriate to use when estimating the relationship between adopting both QMS and EMS and positive
business performance, and that facilities that adopt both QMS and EMS are more likely to be associated with more
positive business performance. Further, our findings appear robust to different model specifications, although the
multivariate probit model is the best fit for our data.

Discussion and Conclusions

While QMS and EMS adoption has been increasing worldwide, many questions remain about the extent to which
these management systems relate to positive business performance. Prior literature suggests that quality
management on its own is related to stronger business performance (e.g. Corredor and Goiii, 2011; Easton and
Jarrell, 1998; Hendricks and Singhal, 1997; Kaynak, 2003; Powell, 1995; Sharma, 2005; Zhang and Xia, 2013), and a
similar case appears to exist for environmental management (see, e.gDarnall et al., 2008a, 2008b; Gonzalez-Benito
and Gonzalez-Benito, 2005; Hart and Ahuja, 1996; Klassen and McLaughlin, 1996; Russo and Fouts, 1997). However,
we lack sufficient understanding of the business performance benefits associated with the concurrent use of both QMS
and EMS. Additionally, as yet, the performance benefits related to both QMS and EMS adoption (compared with QMS
only, EMS only and neither management system) have not been well understood.

This study addresses these concerns by analyzing whether facilities that adopt both QMS and EMS have stronger
business performance than facilities that adopt one or neither management system. Using a cross-country sample,
our results offer novel empirical evidence indicating that facilities that adopt both management systems are more
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likely to be associated with positive business performance than facilities that adopt only one of these management
systems. We argue that stronger business performance is due to complementarities in the capabilities required of
each, which leads to greater competitive advantage opportunities. Each management system facilitates the other
during adoption and throughout routine operationalization. Moreover, both management systems emphasize
continual improvement that can enhance organizational efficiencies as well as goodwill benefits with critical
stakeholders. Additionally, these management systems also have unique goals that taken together can enhance a
facility’s strategic value. As a consequence, adoption of the second management system can assist with further
imbedding continual improvement principles deeper within the organization, thereby enhancing business
performance in a way that may not be achieved by adopting one management system alone.

These findings offer several contributions to scholarship and practice. First, they offer critical evidence for the
position that has been put forward by prior researchers who advocate for facilities’ concurrent adoption of QMS
and EMS (e.g. Harrington et al., 2008; Molina et al., 2009; Pil and Rothenberg, 2003; Sroufe, 2003; Zeng et al.,
2005). By way of anecdote or suggestion, these scholars submit that performance benefits may exist for facilities that
integrate both quality management and environmental management. This study extends this research by offering
some of the first large sample evidence that improved business performance indeed appears to be associated with
the concurrent adoption of both management systems. It articulates specific arguments for why strategic
complementarities exist between these management systems and why these complementarities relate to stronger
business performance. Moreover, by controlling for the selection bias associated with the adoption of these
management systems, we improve significantly on earlier research examining the relationship between manage-
ment systems and business performance.

A second important contribution of this research relates to the finding that EMS only adopters are no more likely
to have a positive business performance. These findings are likely due to the fact that our EMS only variable excludes
facilities that adopt both an EMS and a QMS. That is, when we pooled EMS only adopters with facilities that adopted
both QMS and EMS to assess the collective relationship of EMS with business performance, consistent with the
findings of prior research, we found that EMS adopters (of all sorts) are positively associated with business
performance. The fact that EMS only adopters are not associated with positive business performance benefits raises
important questions about the extent to which they have sufficiently embedded continual improvement routines
into their overall management strategy. If not, competitive advantage opportunities are likely to be lessened, as
are the opportunities for facilities to improve their environmental performance (Curkovic and Sroufe, 2011).

Another explanation for the inconclusive findings related to EMS only adopters may be due to the fact that the
facilities in our sample have indeed embedded their continual improvement routines into their overall management
strategy, but that the goals associated with these routines are not sufficiently ambitious. That is, EMS only adopters
may be strategically focusing their EMSs to address "lower-order sustainability issues’ that affect existing products
and processes, while ignoring ’higher-order sustainability issues’ that affect communities and human well-being
(Kurapatskie and Darnall, 2013). This issue is important, because in comparing the two the business performance
benefits associated with higher-order sustainability activities tend to be greater (Kurapatskie and Darnall, 2013).
However, developing these activities requires that facilities work closely with their external stakeholders. Facilities
that adopt both QMS and EMS may be better positioned to do so, since QMS adoption requires facilities to develop
stronger relationships with stakeholders in their supply chain, and also address their particular concerns. As a
consequence, facilities that adopt both QMS and EMS are likely to attend to concerns expressed by other
stakeholders — such as regulatory stakeholders and community stakeholders — who support the adoption higher-
order sustainability practices.

However, prior studies assessing the environmental performance benefits of EMSs (e.g. Darnall and Kim, 2012;
Garcia-Rodriguez et al., 2013; Potoski and Prakash, 2005) have not distinguished between EMS only adopters and
facilities that adopt both QMS and EMS. They also have not made distinctions between lower- and higher-order
sustainability activities and how the implementation of one over the other might differ for facilities that have QMSs
in place. Future research would benefit from considering these issues further. It could be that the complementary
capabilities and strategic goals of QMSs are what help organizations imbed the operational routines of EMSs into
their management strategy so that greater environmental and business performance can be achieved.

This research offers other important implications for future studies that attempt to analyze the performance
benefits associated with QMS and EMS adoption. It raises questions about the optimal sequence of implementing
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management practices (Karapetrovic and Willborn, 1998). That is, for facilities that adopt both management sys-
tems, does it matter whether QMS is adopted first and then EMS, or do facilities benefit more from adopting an
EMS first and then implementing a QMS? Alternatively, do facilities accrue the greatest gains by adopting both
management systems concurrently as opposed to sequentially? Several scholars have suggested that environmental
management facilitates the efficacy in the adoption of quality management practices (Pil and Rothenberg, 2003;
Sroufe, 2003). However, other studies posit that quality management practices are the foundation upon which
environmental management initiatives should be developed (Angell, 2001; King and Lenox, 2001; Zhang and
Xia, 2013). It therefore remains uncertain whether adopting QMS first or concurrently with EMS may be a more
optimal sequence of implementing these management practices. Prospective research should consider this issue.

Finally, this research offers important contributions to practice in that many managers who have an existing
management system may question the strategic advantages of adopting another. Our findings suggest that adopting
two management systems are likely to be better than one. Further, they offer managers a strong rationale for why
additional benefits are likely accrue — that facilities can reap additional internal efficiencies and goodwill benefits
from stakeholders by expanding their management system approach because each management system has distinct
strategic goals.
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