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TWO ARE BETTER THAN ONE: THE LINK BETWEEN MANAGEMEN T SYSTEMS

AND BUSINESS PERFORMANCE

Abstract

Little is known about the complementary performabegrefits associated with facilities’
combined use of both quality management systemsYavid environmental management
systems (EMS), and how these performance beneiist miffer from those associated with
facilities’ use of only one of these managementesys (or neither). We suggest that
complementarities arise because each managemeansigsters the development of internal
capabilities that facilitates the adoption and iribperationalization of the other, while
maintaining differentiated goals that enhance atyiatvalue. We examine these relationships
using a sample of 2,619 manufacturing facilitiesraing within six OECD countries, while
controlling for self-selection issues. Our findirgygoport the idea of complementarity in that
facilities, that adopt both QMS and EMS, are asdedi with positive business performance

more than facilities that adopt either QMS or an&Edh its own, or no management system.

Keywords: Quality Management System, Environmental Manager8gstem, Business
Performance, Complementary Capabilities, Stratégiae, ISO 14001, Financial Performance,

Sustainability Strategy
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INTRODUCTION

Quality management systems (QMSs) and environmerdabhgement systems (EMSs) are
continual improvement procedures designed to erghariacility’s overall operating efficiency.
QMSs are designed to continually improve a facgigperational and product quality, whereas
EMSs focus on improving a facility’s environmenparformance. By 2011, approximately
1,110,000 facilities (a 30% increase over the pnevifive years) had certified their QMSs to
ISO 9001, the international QMS standard (ISO, 2@kt many more had adopted other sorts
of QMSs. Similarly, by 2011 nearly 250,000 facégi(a 56% increase over the previous five
years) had certified their EMSs to ISO 14001, thiernational EMS standard (ISO, 2011),
while many more had adopted uncertified EMSs.

Increasing private sector adoption of QMSs and ERt8sencouraged numerous scholars to
examine the business performance benefits thattraggnue to adopting facilities. Performance
benefits have been attributed to opportunitiesrprove internal efficiencies (King and Lenox,
2001; Sroufe, 2003), and enhance routine intenmadgsses that foster innovation (Darnall and
Edwards, 2006; Pil and Rothenbergh, 2003; SimpadrSamson, 2010; Sroufe, 2003).
However, the decision to adopt one of these managegystems does not preclude adoption of
the other, and many facilities elect to adopt b@tk. suggest that facilities that adopt both
management systems do so because the socially eompgrnal capabilities required to adopt
one management system facilitates the adoptionaurtohe operationalization of the other.
Adopting both therefore can further embed thesaluitipes deep within the organization,
which previous management strategy scholars @agney, 1991; Wernerfelt, 1984) note can
lead to competitive advantage. Additionally, beeaegch management system has different

goals, adopting both may further enhance the ftgalstrategic value than can be achieved by
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adopting one management system alone.

Several studies suggest that business performarpesitively related to quality
management practices (e.g., Corredor and Goili,; Zdston and Jarrell, 1998; Hendricks and
Singhal, 1997; Kaynak, 2003; Powell, 1995; Shara@85; Zhang and Xia, 2013), and others
suggest that a similar relationship exists forlfies that adopt proactive environmental
management practices (e.g., Darnall, HenriquesSanidrsky, 2008; Gonzéalez-Benito and
Gonzéalez-Benito, 2005; Hart and Ahuja, 1996; Klassed McLaughlin, 1996; Russo and
Fouts, 1997). However, as yet we know little aldaatlities’ adoption of both QMS and EMS,
and how adopting both relates to business performarhis issue is particularly important
since in practice many QMS adopters also adopt EsliS$while several studies have assessed
the connection between quality management and@rmiental management (e.g., King and
Lenox, 2001; Pil and Rothenbergh, 2003; Sroufe 320@elford, 1992), to the best of our
knowledge, none have considered the collectivebgtkveen quality management,
environmental management and business performance.

Hence, the objective of this study is to analyzethhr facilities that adopt both QMS and
EMS are associated with greater business perforengan facilities that implement one or
neither management system. To examine these isgsaalaw on survey data collected by the
Environmental Directorate of the Organization faoBomic Co-operation and Development
(OECD) for 2,619 manufacturing facilities locatedGanada, France, Germany, Japan, Norway,
and the United States of America (USA). We confiolselection bias related to facilities’
decision to adopt QMS and EMS by simultaneouslyreding the adoption decision using
multivariate probit and Heckman regression techesq@ur results suggest that facilities that

adopt both QMS and EMS are associated with poditigeness performance to a greater degree
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than facilities that adopt either QMS only, EMSyrdr neither management system.
Combined, our findings suggest that complemengsrdirise 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 pbyibyg that promotes continuous quality
improvement within all activities of an organizati(Kaynak, 2003). A QMS institutionalizes
this philosophy through a formalized structure,gedure, and process (Casadesus, Heras and
Merino, 2005). It involves an organization-wide aaitment to continually improve internal
process and product quality, to measure qualitgt@oly, and to undertake appropriate
corrective action whenever defects occur (Corbétintes-Sancho and Kirsch, 2005; Heras-
Saizarbitoria, 2010; Powell, 1995). In order to lempent these corrective actions, QMS
adopters must undergo extensive monitoring of argdional resources, constraints, production
capabilities and processes (ISO, 2001). QMS adepteist also engage their employees across
multiple operational units and develop extensiwit tmowledge regarding their internal
operations, since quality concerns affect many@sp an organization (Darnall and Edwards,
2006).

There are several reasons why the adoption oftgualinagement practices is related to
improvements in overall business performance. Treerelates to improving internal
efficiencies (e.g., Corredor and Gofi, 2013; Yankl Miree, 2004) arising from continuous
improvements in product design and processes. Quaéinagement practices can also reduce
process variations which lead to both fewer defegbroducts and increases in productivity
(e.g., Adams, 1999; Corredor and Gorii, 2011; Gad@94; Zhang and Xia, 2013). Each of

these factors can lower production costs and ingpowerall business performance (Adam and
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Foster, 2000; Corredor and Gorii, 2011; Hendricks%inghal, 2001; Kaynak, 2003; Powell,
1995; Sharma, 2005; Zhang and Xia, 2013).

In addition to increasing internal efficiencies, @Mcan also enhance a facility’s goodwill
benefits from customers and buyers. Since produglity is so closely related to customer and
buyer satisfaction (e.g., Choi and Eboch, 1998) S3Mecessarily encourage facilities to
engage their customers and buyers directly (EaatdnJarrell, 1998) to determine which
quality features are perceived to be more impottzan others. By enhancing specific quality
features, QMS adopters can increase customer gt batisfaction (Choi and Eboch, 1998;
Das, Handfield, Calantone and Ghosh, 2000; Fordadippini, 1998; Lakhal and Pasin, 2008;
Rungtusanatham, Forza, Filippini and Anderson, 1998k and Miree, 2004). This sort of
engagement can enhance the goodwill benefits amustgmers and buyers who subsequently
bestow preferential treatment towards businessgsuthize quality management practices
(Corbett, 2006). As such, facilities that adopt GM&n benefit from customers’ increased
loyalty (Corredor and Gofii, 2011; Nilsson, Johnaod Gustafsson, 2001), preferential
contracts and extended purchasing contracts (Derh886; Ruzevicius, Adomaitiene and
Sirvidaite, 2004). These benefits may also leadhfwroved image, enhanced reputational
standing among industry peers (Ruzevicius et @042 in addition to increased customer
referrals. Each of these factors may increasedttiétf’s market share and revenues (Corredor
and Gonii, 2011; York and Miree, 2004). Consequeirilgddition to the efficiency benefits
gained from QMS adoption, goodwill benefits may rne a facility’s business performance.

ENVIRONMENTAL MANAGEMENT SYSTEMS AND BUSINESS PERFO RMANCE

Like quality management, environmental managenseaniorganizational governance

philosophy, which is based on continual improvenpeitciples. An EMS ratifies this
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philosophy by way of formalized structures, proaeduand processes that require facilities to
implement an environmental policy, undertake irdéemvironmental assessments, establish
environmental goals, monitor goal attainment, amdeugo management review (Netherwood,
1998). However, rather than focusing on improvingdpict and process quality, an EMS seeks
to continually reduce the environmental impact tdality’s internal processes and products
(Guoyouet al, 2012).

Similar to the adoption of a QMS, the positive &sstion between EMS adoption and
positive business performance are related to emmagicts to internal efficiencies as well as
goodwill benefits. Internal efficiencies arise basa EMSs require facilities to undertake
internal assessments that incorporate source iiedunto product design, thus
institutionalizing pollution prevention programscbextending them throughout the organization
(Guoyouet al, 2012; Takahashi and Nakamura, 2010; USDOE, 199&)se activities help
EMS adopters reduce their environmental impactslioyinating unnecessary materials
purchases (Christmann, 2000; Guowb@l, 2012), energy consumption, and the use of toxic
product inputs (Hart and Ahuja, 1996). They alsmate avenues for EMS adopters to reduce
their material costs by substituting costly toxiputs for environmentally friendly ones (Sroufe,
2003), and decrease production costs by eliminaxpgnsive regulated processes altogether
(Darnall and Edwards, 2006; Darnall, 2009). Fomepi®, as part of their EMS, some
enterprises may implement life-cycle cost analgsid assess their activities at each step of their
value chain—from raw materials access to disposibioused products (Allenby, 1991; Fiksel,
1993). The focus on continuous improvement progeabews organizations to eliminate
environmentally hazardous production activities@¢uet al, 2012; Simpson and Samson,

2010; Takahashi and Nakamura, 2010), redesignimxistoduct systems to reduce life-cycle
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impacts and develop new products with lower lifeleycosts (Hart, 1995). These efficiency
improvements can reduce a facility’s operationats@nd lead to improved business
performance (e.g., Darnall, Henriques and Sado®&bd8; Hart and Ahuja, 1996; Klassen and
McLaughlin, 1996). Consequently, while EMSs ard4do improve environmental compliance
(Garcia-Rodrigueet al, 2013; Sarkis, 1995), there is also strong evidesuggesting that the
adoption of EMSs encourages facilities to proatyiveduce their environmental impacts
beyond regulatory expectations (Darnall and Kint,2@Potoski and Prakash, 2005).
Additionally, like QMS adopters, facilities can dex goodwill benefits from adopting an
EMS. Related to customers and buyers, some plagghasalue on environmental quality, and
may offer preferential purchasing contracts anermaé¢d purchasing contracts to businesses that
share a similar operating philosophy (Arimura, Rdirand Katayama, 2011; Darnall,
Gallagher, Andrews and Amaral, 2000; Darnall, Gdaler and Andrews, 2001; Fineman and
Clarke, 1996; Henrigues and Sadorsky, 1999; GonZaémito and Gonzéalez-Benito, 2005).
Facilities that yield to these preferences can eo@#heir competitive advantages (Curkovic
and Sroufe, 2011) to the extent that they fullggnate their EMS throughout their organization
and supply chain (Curkovic and Sroufe, 2011; Ddydalley and Handfield, 2008%oodwiill
benefits can also extend beyond customers and $tryeegulators, communities, and
environmental groups. Regulatory benefits includeediting EMS adopters’ operating permits
or monitoring adopters less frequently (Darnallid3ki and Prakash, 2010). In some cases,
regulators may give facilities with EMSs greateitlale when a permitting discrepancy is
discovered (Darnall et al., 2010). Regulator godidway also facilitate collaborative
relationships with regulators towards achievingagge environmental improvements and shared

learning (Potoski and Prakash, 2005). Relatede@twodwill benefits bestowed by community
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and environmental groups, facilities that adopEMS may be in a better position to
communicate information about their environmentabgtiveness and integrate environmental
stakeholder concerns in product design and pratessopment, thus reducing operational
costs (Hart, 1995) and avoiding the cost of envitental legal liabilities (Sharma and
Vredenburg, 1998). These factors can help EMS adsjpivoid negative environmental
publicity, and foster useful information exchangel aialogue in broader society (Darnall, Seol
and Sarkis, 2009; Gould, Schaineberg and Weind®&2f). Adopting an EMS may therefore
bolster a facility’s social license to operate angrove its overall external legitimacy with
critical stakeholders (Gonzalez-Benito and Gonz8leaito, 2008; Henriques and Sadorsky,
1999). Combined, facilities that adopt an EMS niagtegically improve their business
performance.
COMPLEMENTARY CAPABILITIES, MANAGEMENT SYSTEMS AND BUSINESS
PERFORMANCE

We extend these arguments by examining whethertagdpoth management systems is
related more to positive business performance tivaadoption of either QMS or EMS on its
own. We suggest that this possibility exists beedbhese management systems are
complementary in that the tacit and socially compigernal capabilities required to adopt one
management system complements and facilitateotlime operationalization of the other.
Further embedding these capabilities within thebization can lead to competitive advantage
(Barney, 1991; Wernerfelt, 1984). Additionally, bese each management system has different
goals, adopting both may further enhance the fgalstrategic value.

Capabilities involve complex patterns of coordioatamong people and between people

and other resources (Grant, 1991). Perfecting saohdination requires learning through
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repetition and enacting routines (Grant, 1991)aRel to the capability complementarities of
QMS and EMS, both QMS and EMS require facilitiesmplement formal routines and
procedures to assess their internal operationspiportunities to continually enhance internal
efficiency (King and Lenox, 2001; Pil and Rotherfyeé2003; Sroufe, 2003). For instance, QMS
adopters develop routines for determining what etspef the organization affect product and
process quality, and then determine which of tlespects have significant impacts, prior to
establishing detailed performance requirementsifgin priority impacts (Black and Porter,
1996; Scholtes and Hacquebord, 1988). Similarlgptidg an EMS requires that facilities
establish routines to determine what aspects obthanization affect the natural environment,
and then assess which of these aspects have sagrtifimpacts to the natural environment
(Netherwood, 1998). Like QMS adopters, EMS adopstablish detailed performance
requirements based on high priority impacts by ua#teg a similar ranking procedure. As a
consequence, facilities that implement one of tiregeragement systems must develop tacit
capabilities related to establishing routines fanitoring performance, which require employee
training, knowledge development, and work in teéisg and Lenox, 2001; Pil and
Rothenberg, 2003). Because of their similar govaraastructures, the routines established by
one management system therefore complement thtadgigised in the other, and further embed
these capabilities deep within the organizations tfacilitating competitive advantage. For
instance, during the routine operationalizatio®MSs and EMSs, facilities must persistently
improve their internal operations around a commaal ¢Falk, 2002). Such improvements rely
on extensive internal knowledge, production caji#sl and processes, and the monitoring of
organizational resources (Gonzalez-Benito and QenZenito, 2005; Sroufe, 2003). For both

management systems, facilities invest in capadslithat allow them to strategically plan for the

10
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long-term and develop a capacity towards asse#isgigprogress toward achieving desired
outcomes (Black and Porter, 1996; Garcia-Rodrigties., 2013; Kitazawa and Sarkis, 2000).
They also develop a culture that embraces contmudarnal evaluations, which helps facilities
achieve greater organizational efficiencies (Laweeand Morell, 1995; Simpson and Samson,
2010; Welford 1992). These combined efficiencias iogrease organizational competitiveness
and profitability (Garcia-Rodriguez et al., 201R)rther, due to the cross-functional nature of
guality and environmental issues (Pil and Rothegi2003), the combined use of QMS and
EMS can foster inter-functional coordination amengployees, thus encouraging information
and knowledge sharing among units (King and Le&6%1; Pil and Rothenberg, 2003). For
these reasons, the routine operationalization efrnanagement system can facilitate the
implementation of the other, while creating additibcompetitive advantage opportunities.
Other opportunities for improved business perforoearelate to the fact that QMSs and
EMSs have different goals. This uniqueness canrexghte strategic value to facilities that
adopt both. QMSs focus on client satisfaction amality improvement (Deming, 1986),
whereas EMSs emphasize environmental improvemmBietthérwood, 1998). This fundamental
difference creates opportunities for facilitiestthdopt both management systems to improve
their business performance to a greater extentitiaay adopt either management system on
its own. We suggest that these complementary erefist because facilities can derive greater
efficiency gains thus reducing costs. That is, e/Flcilities that choose to only adopt QMSs
may optimize their product quality, because QMSgdéfer from EMS, they may overlook
important efficiency enhancing opportunities retate environmental waste (King and Lenox,
2001; Klassen, 2000; Simpson and Samson, 2010%€Tinéssed opportunities are likely to

further reduce facilities’ costs and increase pobity (Simpson and Samson, 2010).

11
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Additionally, facilities that adopt both managemsystems may be able to derive greater
goodwill benefits than can be achieved by adoptimy one management system. For instance,
while facilities that adopt only QMSs may enharteartgoodwill benefits with buyers that
value product quality, they may also forego prospéex enhance their goodwill benefits with
buyers that value environmental quality (GonzaleniB and Gonzalez-Benito, 2005), and
with regulators, communities and environmental geofor whom place importance on
environmental stewardship (Hart, 1995). Similafagilities that decide to only adopt EMSs
may fail to operationalize important opportunitrefated to improved product quality and
customer satisfaction because EMSs have a diffsteategic focus. Additionally, these
facilities may miss opportunities to enhance godidwith buyers who place greater value on
product quality. For these reasons, we hypotheéketecompared to facilities that adopt no
management system, facilities that adopt both QNMBEMS are more likely to be associated
with positive business performance than facilitiest adopt only one of these management
systems or neither management system.

Hypothesis:Compared to facilities that adopt no managemesitesy, facilities
that adopt both QMS and EMS are more likely to $soaiated with positive
business performance than facilities that adopyamle (or neither)
management system.
METHODOLOGY
Data

To empirically assess our research hypothesis,rexe dn subset of survey data obtained

from the OECD Environment Directorate, which exagdipublicly- and privately-owned

facilities from manufacturing industries in CanaBiegnce, Germany, Japan, Norway and the

12
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USA. Prior to data collection, the OECD pre-testedgurvey in France, Canada and Japan
before it was translated into each country’s offithnguage and then back-translated to validate
the accuracy of the original translation (Johnst&@esravalle, Schapechhi and Labonne, 2007).
The OECD coordinated with academic researchersmatiich country to collect the data.
Surveys were sent to individuals responsible ferftitility’s environmental activities. These
individuals typically have expertise and knowledd®ut environmental regulations as well as
production and operations (King, 1995; Simpson &achson, 2010). The OECD sent two
follow-up mailings to prompt additional responsd@shnstone et al., 2007). The survey's overall
response rate was 24.7 percent (4,186 responsegyér, the subset of the OECD data that we
used excluded Hungary because of item non-respssises. The resulting response rate was
20.0 percent (3,681 responses), which is consistg#htthe response rate in previous studies of
facilities’ environmental practices (e.g., Christma2000; Melnyk, Sroufe and Calantone,
2003)!

Several biases can arise when using survey teatsiigme of which is common method
variance. Common method variance refers to the atafispurious covariance shared among
variables, and is assessed by relying on Harmamgtesfactor test. Undertaking this test
involves factor analyzing all indicators used ie 8tudy (Podsakoff and Organ, 1986). The
emergence of a single common factor is an indinaticcommon method variance. We
performed this test on the OECD data and our reseltealed that no single factor accounted
for the majority of variance in variables, thusuekhg concern about common method variance.

A second bias that often arises in survey resdarsbcial desirability bias. OECD

researchers addressed issues related to sociedlabtsi bias in part by ensuring respondents’

! Response rates were 20.1% and 10.4% respectively.

13
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anonymity. Additionally, the 6-section, 12-pagev&yr (containing 42 questions) assessed a
wide range of topics related to facilities’ envinoental management tools, relationships with
stakeholders, and perceptions about environmeaoti&igs, environmental measures, and
environmental innovations/performance. Survey dasstrelated to QMS (on page 2) were
separated from questions related to EMS (pagedijtase related to business performance
(page 10). By assessing a wide variety of topicksaparating questions of interest, we were
able to reduce some concern related to socialatekiy bias.

A third bias that arises from survey research, remponse bias, was addressed by assessing
the industry representation and facility size @ sample relative to the distribution of facilities
in the broader population (Johnstone, et al., 200if@ OECD did such an assessment and
found no statistically significant differences withspect to facility size. Additionally, there was
no statistical difference among industry repregd@naacross Canada, France, Germany, Japan
and Norway. However, the USA was an exception & the data showed that facilities within
certain USA industries were either over- or unagresented (Darnall et al., 2010). Following
standard practice for addressing response biasjeighted the USA portion of the sample to
reflect actual industry representation using USA<Tis Data for the same year in which the
survey was administered. Since the OECD data iedwdlarge number of manufacturing
facilities (both publicly and privately owned) tregganned multiple countries, generalizability
was less of a concern.

Dependent Variable

Prior literature has assessed business performestg self-reported subjective and

objective measures (Franco-Santos et al., 200Bje&tive measures have included managerial

perceptions related to the relative position ofdhganization compared to its competitors (e.g.,

14
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Gonzalez-Benito and Gonzalez-Benito, 2005; Marti@esta and Martinez-Lorente, 2008), and
managers’ perceptions of their facilities’ ovetalisiness performance (Darnall et al., 2008;
Darnall, 2009). Self-reported objective measureshacluded variables obtained in financial
statements, such as return on assets, sales onénemd earnings before interest (e.qg.,
Gonzalez-Benito and Gonzalez-Benito, 2005; Grollézoughi and Pekovic, 2013; Hendricks
and Singhal, 2001; Martinez-Costa and Martinez-htare2008; Hart and Ahuja, 1995). In our
case, we follow the approach used by Darnall €280D8) and Darnall (2009) by assessing
business performance using data from an OECD suuestion that asked facility managers
how they would assess their facility’s overall mess performance over the past three years.
Using a five-point Likert scale, respondents intedawhether revenues had (1) “been so low as
to produce large losses,” (2) “been insufficienctwer costs,” (3) “allowed us to break even,”
(4) “been sufficient to make a small profit,” ary) (been well in excess of costs”. We then
evaluated these responses two ways. First, betiaei$ecus of our analysis was the relationship
between facilities’ management systems and podiiingness performance, we estimated
positive business performance as a dichotomous §cal, having or not a positive business
performance). This variable was created by combifailities that reported having positive
business performance (categories 4 and 5; codeshd);omparing them to those facilities that
broke even or incurred business losses (categbri2zsand 3; coded 0). Second, as a robustness
check, we also estimated facility responses toghestion using the 5-point scale to account for
a progression of positive business performance.
Explanatory Variables

Our explanatory variables consisted of the adopgicthree types of management

approachexQMS and EMSQMS only andEMS only We developed o ®MS and EMS

15
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variable by relying on two OECD survey questions of which asked managers “Has your
facility implemented a QMS?” and the other questisked facility managers “Has your facility
actually implemented an EMS?” Respondents who aresivéyes” to both questions were
coded 1, and all other facilities were coded O.

To develop our second management system vari@bi& only we relied on the OECD
survey question that asked managers “Has youitfariiplemented a QMS?” Facility
managers that answered “Yes,” and also had nottedem EMS, were coded 1, else 0.
Similarly, our third management system variaBl®lS only was developed by asking facility
managers “Has your facility actually implementedeS?” Facility managers who answered
“Yes,” and had also not adopted a QMS were codeds#,0. By coding our QMS only and
EMS only variables in this manner, we were ablsatate the relationship between each
management system and business performance. Tahtenk descriptive statistics of our
explanatory variables.

INSERT TABLE 1 ABOUT HERE
Control Variables

To address issues related to facility heterogentkity study included multiple control
variables. We controlled for differences in fa@dg primary customers by relying on data
derived from an OECD question that asked manad#os/“would you, in general, classify the
primary customers for your facility’s products?” Weded three responses: households,
wholesalers or retailers, and other manufacturangifies or other facilities within the firm.
This last group served as our omitted referencegcay.

Since facilities operating in industries with a Bwumber of competitors may have greater

opportunities to improve their business performaatgng from monopolistic competition

16
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(Chamberlin, 1986), we included a set of dummieactmount for market concentration. We
relied on data from an OECD question that askedagens to report the number of competitors
the facility competed with for its most commergyatinportant product within the past three
years. Managers responded by indicating eithes‘llean 5,” “5 — 10,” or “greater than 10.”
The first category (“less than 5”) was our omitteterence category.

We also accounted for whether facilities were p&e publicly traded firm since publicly
traded and privately owned firms differ significlnn their overall organizational structure
(Darnall and Edwards, 2006; Mascarenhas, 1989)instance, compared to facilities of
publicly traded companies, privately owned entsggitend to have greater concerns for their
short-term economic viability, which often leadsi@anagement decisions that are a response to
supply chain requirements (Bianchi and Noci, 19898)etworks of similar companies (Gilmore
et al., 2001) rather than proactive strategic deess(Darnall and Edwards, 2006). Since these
factors may be related to a facility’s businesgqrerance, we included data derived from an
OECD survey guestion that asked facility manadéssyour firm listed on a stock exchange?”

Larger facilities are often suggested to have naceess to resources and capabilities
(Bianchi and Noci, 1998) that may be leveraged tdwachieving greater business
performance. We thus accounted for facility sizédimng the natural logarithm of the number
of employees per facility. Finally, we included usdry sector dummies, in addition to country
of operation dummies. Our reference sector dumns/thva petroleum, chemicals, and rubber
product industries and our excluded country dumrag the USA. Table 2 shows correlations
and descriptive statistics for all variables usethis study.

INSERT TABLE 2 ABOUT HERE

Predicting Management System Adoption
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Prior to estimating the relationship between mamegg system adoption and business
performance, it was first essential to considertivefacilities that adopted both management
systems (or either on its own) did so because séted or unobserved characteristics that may
be correlated with their business performance.drign of the concern relates to the fact that
management system adoption is subject to selebizm Selection bias refers to the possibility
that statistical distortion exists resulting froome members of the population being less likely
to be included than others (Heckman, 1979). If stedistical distortion exists, it must be
addressed empirically (Heckman, 1979). To deal #ith potential problem, we simultaneously
accounted for the factors that might affect faeit adoption decisions. Related to QMS
adoption, facility managers were asked to inditiageimportance of product quality to their
competitive strategy since it is likely an impottéarctor that would motivate QMS adoption
(Kurapatskie, 2012). More specifically, we relieaddata derived from an OECD survey
guestion that asked facility managers, to “pleasess product quality in your facility’s ability
to compete on the market for its most importantpod within the past three years.”
Respondents answered either “Not important” (1)ptdrately important” (2), or “Very
important” (3).

Related to facilities’ decisions to adopt an EM&opliterature suggests that if facilities
know of government programs that are designed ¢oweage EMS adoption, they are more
likely to adopt them (Arimura, Hibiki and Katayan?808; Arimura et al., 2011). This
relationship is independent of whether or not faes actually participate in these assistance
programs. To measure this circumstance, we rehediata derived from an OECD survey
guestion that asked facility managers “Do the ragul authorities have programs and policies

in place to encourage your facility to use an EMR&5pondents answered either “Yes” (1) or
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“No” (0).

We also included several control variables that iayelated to facilities’ management
system adoption. First, we considered managersepéon about the potential negative
environmental impacts related to their use of rettesources (energy, water, etc.) in their
products and processes (Darnall et al., 2008). &tegnts answered whether they had either
“No negative impacts” (1), “Moderately negative iagps” (2), or “Very negative impacts” (3).
Market scope was measured by incorporating OECiegutata that asked respondents
whether the facility’s market was primarily at &&b, national, regional, or global level.
Responses were coded 1, 2, 3 and 4 respectiveditidwaially, we accounted for whether the
facility’s head office was in a foreign countryetdegree of the facility’s market concentration,
and whether the facility was part of a publiclyded company. Finally, we controlled for
manufacturing sector and country of operation. €waluded industry dummy was the
petroleum, chemicals, and rubber product industemesour excluded country dummy was the
USA.

Empirics

We assessed the relationship between manageméstsydoption and business
performance using two techniques to account facsien bias: multivariate probit estimation
and Heckman estimation. Multivariate probit estimatelongs to the general class of
simultaneous equation models known as selectiorefepahich attempt to control for
correlations between the error terms (Greene, 2@lthe equations related management
systems adoption and in the principal equationsaésg business performance. If these
correlations exist, a standard probit model wifeoinconsistent results (Maddala, 1983).

Similarly, Heckman regression is a two-stage lsgatire estimation. Like multivariate probit,
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the first stage of a Heckman selection model esésthe probability of belonging to the
sample, and the second stage simultaneously asatyedactors that affect business
performance. Both estimations assume that a f@silitusiness performance and the variables
that explain both QMS and EMS adoption are sepdbatenterrelated. This interrelation takes
place through a correlated error structure (Gre2dgl).

In estimating interrelationship of the errors, atmariate probit model produces “rho”,
which if statistically different from zeraw£.05) would indicate that the errors are correlabed
such instances, there would be at least a 95% bildpahat an endogenous relationship exists
between the factors associated with managememmyadoption and those associated with
business performance such that simultaneous egimmaiocedures are needed. Similarly, the
Heckman model produces a “Mills’ lambda,” and dtitically different from zeroo=.05)
indicates that the errors are correlated. For bstimations, model significance is determined
using a Wald Chi-square test.

The main difference between multivariate probit &fetkman regression models relates to
the treatment of the dependent variable. Multitarobit estimation treats the dependent
variable (i.e., business performance) as a dichotsnmeasure (positive business performance
or not), while Heckman estimation treats the depahdariable as a continuous measure
(degree of business performance). Because our depewariable is constructed from a 5-point
Likert scale, it was possible to create a dichotosneariable suitable for multivariate probit
analysis? Related to the Heckman model, the 5-point scalkatés the continuous distribution

assumption required for Heckman regression analgsiditionally, the Heckman regression

2 A two-stage multinomial probit analysis would hdeen a more appropriate model to use given theaaf our
dependent variable. However, this specific two-stagtimation approach was not available usingiagist
statistical software.
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analysis does not allow for the simultaneous esianaf multiple first-stage equations (i.e.,
bothQMS and EMSQMS only, EMS on)y For these reasons, we include the Heckman model
merely as a robustness check to our multivariatbipregression.

In executing our multivariate probit model, we p®ited four equations simultaneously.
Equation 1lexamines the association between management sgsigotion (bottQMS and
EMS QMS only EMS only and our binary dependent variable — busines®peagnce. The
error term is represented hy.

Equation 1 (prob business performance ¥ 2 f (bothQMS and EMSQMS only, EMS
only, control variablessi;)

The remaining three equations assess the facteosiaged with management system
adoption. More specificallfEquation 2considers the factors related to facility adoptdiboth
QMS and EMSEquation 3assesses the factors related to the adoption & Qiy, and
Equation 4considers the factors related to the adoption&Bnly. The error terms are
represented by, &3, andeis, respectively.

Equation 2 (prob both QMS and EMS 3 £ f (importance of quality, government
encourages EMS, control vats,)

Equation 3 (prob QMS only = Y= f (mportance of quality, control vars;)

Equation 4 (prob EMS only = )= f (Qovernment encourages EMS, control vag3,

By estimating the four equations jointly, the modetounts for correlations among them. A
likelihood ratio test evaluating the null hypotlsesithat the correlations among the four errors
terms € - &i4) are jointly equal to zero — was used to offer supfos whether a multivariate
probit was an appropriate specification for theadat rejection of the null hypothesis would

provide evidence of selection bias among our exguay variables, and verify the need for our
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2-stage estimation approaches.

In executing our Heckman model, we estimated tweggns simultaneouslhquation 1
examines the association between management sgsigotion (bottQMS and EMSQMS
only, EMS only and business performance as a continuous depevatéble, whileEquation
2 examines the factors that related to facility dotwpof both management systems.

RESULTS

Results from the multivariate probit model are shawTables 3a and 3b. Table 3a contains
the findings from estimatingquation 1 and considers the relationship between management
system adoption and business performance. Tabébd@bs the results related to estimating
Equations 23, and4. Model fit statistics in both of these tables aegeliivalent since all four
equations were estimated simultaneously. The WhlesQuare statistic (936.28) is statistically
significant p<.01), indicating sufficient model fit.

INSERT TABLE 3A ABOUT HERE
INSERT TABLE 3B ABOUT HERE

Rho estimates the correlations between the estihgaters in each of the four equations.
Six rho statistics are derived from the four equati and indicate the correlation between the
individual estimation errors. The likelihood ratest assessing whether each of the rhos are
jointly equal to zero is rejecteg<.01), indicating significant overall correlatiortiveen the
error terms of the four equations, and the impaeasf our 2-stage estimation approach.

In considering the relationship between managesysiem adoption and business
performance, our results indicate that the estichatefficient of bottQMS and EMS adoption
is positive and statistically significant (.63%5.01). These findings suggest that facilities which

adopt both QMS and EMS also are more likely to hanstive business performance over

22



This is a preprint of a work publishedBusiness Strategy and the Environn@r2016 Volume 25(4), 221-240
Ferrdn Vilchez, V., Darnall, N.
DOI: http://dx.doi.org/10.1002/bse.1864

facilities that do not adopt either (or no) managetsystem. In considering the estimated
coefficient ofQMS only it too is positive and statistically significani269; p<.05), indicating
that facilities which adopPMS onlyare more likely to have positive business. By @sit the
estimated coefficient fdEMS only(-.139) is not statistically significant, suggestithat
adopters of EMS only have a reported business ppeéaioce that is not significantly different
from that of non-EMS adopters. These latter findimgere a potential concern since they
contradicted prior EMS research. However, earldiotarship also has not assessed the
relationship between EMS adoption and busines®peence in a way that omits the possible
influence of QMS. This issue is important since ynfatilities adopt both management
systems. To investigate the issue further, we pb6MS onlyadopters with facilities that
adopted botlQMS and EM$0 examine the collective relationship with bussperformance.
Our comparison category was no EMS. Consistent thetfindings of prior research (e.g.,
Darnall, Henriques and Sadorsky, 2008), we fouradl BMS adopters (of all sorts, including
those that also adopt a QMS) are positively asttifa<.01) with business performance.

To assess the relative difference between the sfzesr coefficients of interests, we
performed a post-ho¢ test. The results indicate that the differencénindize of the estimated
coefficient for bothQMS and EM@dopters (.625) was statistically significant &rder §* =
5.16;p<.01) than the estimated coefficient for adoptér@®S only(.269). Similarly, the
difference in the size of the estimated coefficientbothQMS and EM&dopters was
statistically significant and largey’(= 3.74;p<.10) than the estimated coefficient for adopters
of EMS only Combined, these findings offer support for ourtca hypothesis, which states
facilities that adopt bot@MS and EMS&re more likely to be associated with more positiv

business performance than facilities that adopt onk of these management systems, or
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neither management system.

With respect to the control variables associateatl iaguation 1 compared to facilities that
market their products to other facilities or otfearilities within the firm, wholesalers are
associated with more positive business performdraelities that report having between 5-10
(and greater than 10 competitors) are not as lielfacilities that reported having less than 5
competitors to have positive business performafdditionally, compared to facilities
operating in the USA, facilities that operatedapdn are less likely to report positive business
performance.

Related to the factors associated with managenystera adoption (Table 3b), the estimated
coefficient of “Ability to compete on quality” isgsitive and statistically significant (.224;
p<.01) forEquation 2 as is the estimated coefficient for “Governmentairagement of EMS”
(.479;p<.01). The coefficient for “Ability to compete omaglity” for QMS adoptersEquation
3) was not statistically significant. Finally, redattoEquation 4 facilities’ knowledge that
government programs exist to encourage EMS adofgiassociated with their adoption of
EMS only (.156p<.1).

Results from the Heckman model are shown in Tabléhé Wald Chi-square statistic
(281.96) was statistically significarg<.01), indicating sufficient model fit. Further gttMills’
Lambda test was statistically significap&(10), indicating the appropriateness for contngili
for selection bias.

INSERT TABLE 4 ABOUT HERE

Like the results for our multivariate probit modelr Heckman model results indicate that

the estimated coefficient IMS and EM&doption was positive and statistically significan

(.284;p<.01), suggesting that facilities that adopt botM®and EMS also are more likely to
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have stronger business performance. Additiondily gstimated coefficient MS onlyand
EMS onlywere positive and statistically significant (.13;01 in the case of QMS only and
.187;p<.05 in the case of EMS only). The results of custghocy’ test indicate that the
difference in the size of the estimated coefficientbbothEMS and QM&dopters was
statistically significant and largey’(= 5.89;p<.05) than the estimated coefficient for adopters
of QMS only although there was no statistical differenceEMS only Combined, these
findings offer some additional support for our hijpesis that stated that facilities that adopt
bothQMS and EM&re more likely to be associated with positiveitess performance than
facilities that adopQMS only EMS only or neither management system.

In sum, combined, our findings offer evidence alibatrobustness of our approach — that
multivariate probit analysis is appropriate to udeen estimating the relationship between
adopting both QMS and EMS and positive businespeance, and that facilities that adopt
both QMS and EMS are more likely to be associatitl mvore positive business performance.
Further, our findings appear robust to differentedcspecifications, although the multivariate
probit model is best fit for our data.

DISCUSSION AND CONCLUSIONS

While QMS and EMS adoption has been increasingdwode, many questions remain
about the extent to which these management systdate to positive business performance.
Prior literature suggests quality management oovits is related to stronger business
performance (e.g., Corredor and Goiii, 2011; EaatahJarrell, 1998; Hendricks and Singhal,
1997; Kaynak, 2003; Powell, 1995; Sharma, 2005ngrend Xia, 2013), and a similar case
appears to exist for environmental management, (@agnal et al., 2008; Gonzalez-Benito and

Gonzalez Benito, 2005; Hart and Ahuja, 1996; Klassed McLaughlin, 1996; Russo and
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Fouts, 1997). However, we lack sufficient underdiag of the business performance benefits
associated with the concurrent use of both QMSEM&. Additionally, as yet, the performance
benefits related to both QMS and EMS adoption (canegh to QMS only, EMS only, and
neither management system) have not been well siochet.

This study addresses these concerns by analyziathetfacilities that adopt both QMS
and EMS have stronger business performance thdiiésathat adopt one or neither
management system. Using a cross-country sampleesuits offer novel empirical evidence
indicating that facilities that adopt both managetrs/stems are more likely to be associated
with positive business performance than facilittest adopt only one of these management
systems. We argue that stronger business perfoemarmiie to complementarities in the
capabilities required of each, which leads to greabmpetitive advantage opportunities. Each
management system facilitates the other duringtamiopnd throughout routine
operationalization. Moreover, both management systemphasize continual improvement that
can enhance organizational efficiencies as welicaslwill benefits with critical stakeholders.
Additionally, these management systems also hauwpiargoals that taken together can enhance
a facility’s strategic value. As a consequencepéida of the second management system can
assist with further imbedding continual improvemennciples deeper within the organization,
thereby enhancing business performance in a wayrtag not be achieved by adopting one
management system alone.

These findings offer several contributions to sahghip and practice. First, they offer
critical evidence for the position that has beenfpwward by prior researchers who advocate
for facilities’ concurrent adoption of QMS and ENKsg., Harrington, Khanna and Deltas,

2008; Molina, Tari, Claver and Lépez, 2009; Pil &athenberg, 2003; Sroufe, 2003; Zeng,
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Tian and Shi, 2005). By way of anecdote or suggesthese scholars submit that performance
benefits may exist for facilities that integratetbquality management and environmental
management. This study extends this research byirgf some of the first large sample
evidence that indeed improved business performappears to be associated with the
concurrent adoption of both management systenastitulates specific arguments for why
strategic complementarities exist among these neanegt systems and why those
complementarities relate to stronger business padnce. Moreover, by controlling for the
selection bias associated with the adoption ofetlmeanagement systems, we improve
significantly on earlier research examining thatiehship between management systems and
business performance.

A second important contribution of this researdates to the finding th&MS only
adopters are no more likely to have a positiverierss performance. These findings are likely
due to the fact that ol#MS onlyvariable excludes facilities that adopt both anSEdhd a
QMS. That is, when we pooldgeMS onlyadopters with facilities that adopted b@MS and
EMSto assess the collective relationship of EMS witkibess performance, consistent with the
findings of prior research, we found that EMS adop(of all sorts) are positively associated
with business performance. The fact tBBMS onlyadopters are not associated with positive
business performance benefits raises importantignesabout the extent to which they have
sufficiently embedded continual improvement rouingo their overall management strategy.
If not, competitive advantage opportunities arellito be lessened, as are the opportunities for
facilities to improve their environmental perfornsan(Curkovic and Sroufe, 2011).

Another explanation for the inconclusive finding$ated toEMS onlyadopters may be due

to the fact that the facilities in our sample handeed embedded their continual improvement
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routines into their overall management strategy that the goals associated with those routines
are not sufficiently ambitious. That EMS onlyadopters may be strategically focusing their
EMSs to address “lower-order sustainability issubat affect existing products and processes,
while ignoring “higher-order sustainability issuakat affect communities and human well-
being (Kurapatskie and Darnall, 2013). This issuieniportant, because in comparing the two,
the business performance benefits associated wghieRorder sustainability activities tend to
be greater (Kurapatskie and Darnall, 2013). Howedeveloping these activities requires that
facilities to work closely with their external sedtolders. Facilities that adopt both QMS and
EMS may be better positioned to do so since QM®taio requires facilities to develop
stronger relationships with stakeholders in theppdy chain, and also address their particular
concerns. As a consequence, facilities that adogt QMS and EMS are likely to attend to
concerns expressed by other stakeholders — suegalatory stakeholders and community
stakeholders — who support the adoption higherfadstainability practices.

However, prior studies assessing the environm@eatidbrmance benefits of EMSs (e.g.,
Darnall and Kim, 2012; Garcia-Rodrigustzal, 2013; Potoski and Prakash, 2005) have not
distinguished amonBMS onlyadopters and facilities that adopt b@NS and EMSThey also
have not made distinctions between lower- and nighger sustainability activities and how the
implementation of one over the other might differ facilities that have QMSs in place. Future
research would benefit from considering these s$urther. It could be that the complementary
capabilities and strategic goals of QMSs are whkdi brganizations imbed the operational
routines of EMSs into their management strategynabgreater environmental and business
performance can be achieved.

This research offers other important implicatiomisfiiture studies that attempt to analyze
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the performance benefits associated with QMS an& BNbption. It raises questions about the
optimal sequence of implementing management pexc{i€arapetrovic and Willborn, 1998).
That is, for facilities that adopt both managensystems, does it matter whether QMS is
adopted first and then EMS, or do facilities betneiore from adopting an EMS first and then
implement a QMS? Alternatively, do facilities acerine greatest gains by adopting both
management systems concurrently as opposed tordedly® Several scholars have suggested
that environmental management facilitates the &tfydn the adoption of quality management
practices (Pil and Rothenbergh, 2003; Sroufe, 2088)vever, other studies posit that quality
management practices are the foundation upon vdmehonmental management initiatives
should be developed (Angell, 2001; King and Ler®Q1; Zang and Xia, 2013). It therefore
remains uncertain whether adopting QMS first orccorently with EMS may be a more
optimal sequence of implementing these managemmeaatiges. Prospective research should
consider this issue.

Finally, this research offers important contribngdo practice in that many managers who
have an existing management system may questistrtitegic advantages of adopting another.
Our findings suggest that adopting two managemgstems are likely to be better than one.
Further, they offer managers a strong rationalevioy additional benefits are likely accrue —
that facilities can reap additional internal efficcies and goodwill benefits from stakeholders
by expanding their management system approach eeach management system has distinct

strategic goals.
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Table 1. Categories of Management System Adoptersi@ their Business Performance

Category N Percentage Mean Business Performance Standard Deviation
Both QMS and EMS 1,108 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 2,619 100.00% 3.43 0.97
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1. Business performance 1.0
2. Households .01 1.0
3. Wholesalers .07 -20 1.0
4. Customer at beginning of supply chai67 -.39 -.82 1.0
5. Market concentration (< 5) .06 -.05 -.03 .05 1.0
6. Market concentration (5-10) .01 -.02 -.03 .03 -44 1.0
7. Market concentration (>10) -06 .06 .05 -.08 -.46 -.59 1.0
8. Publicly traded .10 -.01 .00 .00 .06 .05 -.09 1.0
9. Ability to compete on quality .08 -.01 -.03 .04 -.04 -.04 .07 .05 1.0
10. Government encouragement of EMS.05 -.02 -.01 .03 -.01 .01 -.01 .15 .05 1.0
11. Importance of natural resource use .01 .01 -.06 .05 .00 .02 -.03 .08 .06 .08 1.0
12. Market scope .13 -12 -07 .13-01 .03-02 .17 .18 .06 .06 1.0
13. Firm's head office in foreign country .10 -.03 -.01 .03 .05 .02 -.07 .30 .05 .11 .04 .20 1.0
14. Size .08 .04 .00-.03-04 .02 .01 .33 .12 .12 .19 .26 .14 1.0
15. USA .06 -.05 .03 .00 .02 .03 -.04 .29 .07 .20 .02 .14 .06 .18 1.0
16. Germany .08 .12 -.06 -.02 -.12 -.01 .13 -11 .08 -.12 .02 .30 .08 .04 -.21 1.0
17. Japan -.24 -01-09 .08 .03 -01-.02 -.15-.13 -.07 .03 -43-25-13-28-50 1.0
18. Norway .06 -.06 .09 -.05 .03 .00 -.03 -.02 -.03 .05-.16 .00 .07 -.13 -.10 -.18 -.24 1.0
19. France .03 -04 .02 01 .11 .00 -.10 .03 .02 .00 .13 .07 .00 .05 -.09 -.16 -.22 -.08 1.0
20. Canada .15 -04 .11 -09 .00 -.01 .00 .12 .05 .05 -.07 .07 .19 .06 -.10 -.17 -.23 -.08 -.08 1.0
21. Food, beverage, textiles -01 .11 .24 -30 -.05-.06 .10 -.09 .00 -.04 .02 -.17 -.10 -.05 -.13 .00 .05 .00 .07 -.01 1.0
22. Pulp, paper, print .01 .00 .15 -.14 -.06 -.02 .07 -.03 -.01 .02 -.07 -.06 -.01 -.09 -.06 -.05 -.09 .21 -.02 .12 -.09 1.0
23. Petroleum, chemicals, rubber -.02 .13 -.02 -.05 -.05 -.05 .09 -.06 -.03 -.03 .02 -.14 .01 -.03-.09 .06 .01 .02 -.04 .01 -.12 -07 1.0
24. Nonmetallic minerals, metals .07 -.08 .02 .02 .05-.01-04 .06-.04 .01 .06 .03 .09 .00 -.10 .04 -.01 -.02 .05 .04 -.20 -.11 -.14 1.0
25. Machinery, media equipment .00 -.04 -.16 .18 .00 .03 -.02 -.09 .00 .00 .02 .00 -.04 -.05-.09 .06 .01 .00 .01 -.02 -.22 -.12 -.16 -.26 1.0
26. Transport equipment -08 -.04 -.15 .16 .05 .06 -.10 -.01 .02 -.07 -.07 .14 -.01 .05-19 .02 .15 -.05 -.03 -.02 -.24 -.13 -.17 -.28 -.31
Mean 56 .09 29 62 26 .35 .39 .182.82 .211.942.75 .115.04 .10 .26 .42 .08 .07 .07 .14 .05 .08 .18 .21
Standard deviation 50 .28 45 48 44 48 49 38 .39 41 671.06 .311.05 .30 44 49 .27 .25 .26 .35 .21 .28 .38 .40
Minimum o o o o o o o 0O 1 0o 1 1 069 0O O O O O 0 0 0 0 o0 o
Maximum 11 1 1 1 1 1 1 3 1 3 4 1 .13 1 1 1 1 1 1 1 1 1 1 1

* Correlations > |.065| and |0.085] are significatit@5% and 1% level of significance, respectively
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Table 3a. Predicting Positive Business Performand®lultivariate Probit)

Equation 1—Dependent variable: Positive business performance defficient Std. Error
Explanatory Variable$
Both QMS and EMS 625" .143
QMS only 269 133
EMS only -.139 .310
Control Variables
Households .138 .095
Wholesalers 169" .062
Market concentration (5-10) -177" .066
Market concentration (>10) -.244” .067
Publicly traded .019 .084
Size .026 .028
Germany .079 118
Japan -583" .110
Norway .107 143
France -.143 142
Canada 5137 143
Food, beverage, textiles -.033 .101
Pulp, paper, print -.003 147
Petroleum, chemicals, rubber -.132 114
Nonmetallic minerals, metals -.139 .083
Transportation equipment -.296" .080
Constant .089 A77
Overall Model Statistics
rhoy, -.154
rho;s .243
rho .047
rhoys -.255"
rhoy, -.859"
rhos, -.099"
Likelihood ratio test rhg=rho,s=rho,,=rho,=rho,,=rho;,=0 1,137.9T
Wald testy? 936.28"
N 2,619

* This model was assessed using multivariate pregitssion with simultaneous estimation of four

equationsEquation lestimates the relationship between the adoptionasfagement systems

(QMS and EMS, QMS only, and EMS only) and busimes$ormance. Our comparison category
consists of facilities that adopt no managemertesysThe excluded supply chain dummy is other
manufacturing facilities or other facilities withihe firm; excluded market concentration dummy is
< 5 competitors; excluded country dummy is the US¥cluded industry dummy is nonmetallic,

minerals, and metals.
* p<10’ *% p<05, *kk p<01
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Table 3b. Predicting Management System Adoption (Mitivariate Probit) *

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 2247 .062 .017 067 -.142 .096
Government encouragement of EMS 479 .059 -.378 .070 .156 .092
Importance of natural resource use 7337 .038 -.19% .040 .068 .061
Market scope 294 .087 -.030 .029  -.070 .043
Firm’s head office in foreign country .154" .028 -178 099 -.126 146
Market concentration (5-10) .082 .063 .029 .068 -.168 .102
Market concentration (>10) 143 .064 -.100 .069  -.066 .100
Publicly traded .506 072 -.351" 084 -228 117
Germany -.225 102 655" 120 -.83%4 .154
Japan 416 101 175 120 -807  .146
Norway -.085 124 613 143 -84% .198
France 235 126 327 147 -737 .196
Canada -.136 123 437 144 -361 173
Food, beverage, textiles -632  .087 -.003 .094 .097 .143
Pulp, paper, print -.374 e -.347 .145 .430 .188
Petroleum, chemicals, rubber -296 101 -.220 115 277 159
Nonmetallic minerals, metals -132  .079 157 .084  -138 139
Transportation equipment -.044 .078 .070 .083.109 137
Constant -2.186 216 -.247 238 -.313 327
Overall model statistics

rhoy, -.154

rho;; .243

rhoy, .047

rhoys -.255

rhoy, -.859"

rhos, -.098
Likelihood ratio test (rhg=rho,z=rho,,=rho,;=rho,,=rh0;,=0) 1,137.91"

Wald testy? 936.28"

N 2,619

T This model was assessed using multivariate prebitession with simultaneous estimation of four
equationsEquations 23 and4 estimate the factors related to both QMS and ENtpton, the
adoption of QMS only, and the adoption of EMS ofilge excluded supply chain dummy is other
manufacturing facilities or other facilities withihe firm; excluded market concentration dummy is <
5 competitors; excluded country dummy is the US&leded industry dummy is nonmetallic

minerals and metals.
* p<.10; ** p<.05; *** p<.01

42



This is a preprint of a work publishedBusiness Strategy and the Environn@r2016 Volume 25(4), 221-240
Ferrén Vilchez, V., Darnall, N.
DOI: http://dx.doi.org/10.1002/bse.1864

Table 4. Predicting Improved Business PerformanceHeckman Model)

Dependent variable: Improved business performance axfficient Std. Error
Explanatory Variable$
Both QMS and EMS 284" .058
QMS only 173" .056
EMS only 187" .08z
Control Variables
Households 13g .069
Wholesaler 144™ 044
Market concentration -10) 127" .04¢
Market concentration (>10) -217” .050
Publicly traded .071 .055
Size .00¢ .01¢
Germany .098 .085
Japan -374” .093
Norway .094 111
France -.02: .10z
Canada 427 .100
Food, beverage, textiles -.090 .071
Pulp, paper, pril -.207 .10¢
Petroleum, chemicals, rubber -.130 .082
Nonmetallic minerals, metals -.071 .061
Transportation equipment -195” .059
Constant 3.496” 154
Predicting Management System Adoption
Ability to compete on quali 4477 .07¢
Government encouragement of EMS 110 127
Importance of natural resource use -.040 0.74
Market scop .067 .051
Firm’s head office in foreign count -.264 144
Market concentration (5-10) .081 123
Market concentration (>1 .05t 127
Publicly trade: .02¢ 13z
Germany 416" 176
Japan 824" 176
Norway 78¢” 277
France .358 .220
Canada .348 271
Food, beverage, textiles 147 201
Pulp, paper, prit 2.00¢ 2.621
Petroleum, chemicals, rubber -.043 211
Machinery, media equipme -.04¢ 162
Transportation equipment -.182 .156
Overall Model Statistics
Lambda Mill -.8471
Wald testy? 281.9¢"
N 2.699

T This model was assessed using Heckman regressiomsiwiultaneous estimation of the
relationship between the adoption of managemenesys(QMS and EMS, QMS only, and
EMS only) and business performance. The excludpglgwchain dummy is other
manufacturing facilities or other facilities withthe firm; excluded market concentration
dummy is < 5 competitors; excluded country dummihesUSA; excluded industry dummy is
nonmetallic minerals and metals.

* p<.10; ** p<.05; *** p<.01
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