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With the rise of globalization, firms increasingly implement management standards developed by the
International Organization for Standardization (ISO) to assure they can meet their customers’ expecta-
tions. ISO management standards reduce performance variability among suppliers and promote global
trade. However, ISO standards also promote a certain degree of commonality or isomorphism between
firms. If the very notion of ‘standards’ encourages a certain level of commonality between firms, then
how can firms achieve a competitive advantage from implementing ISO standards? This research argues
that the timing of when a firm implements an ISO standard relative to their rivals has strategic bene-
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150 9001 fits. Drawing on the competitive dynamics literature we argue that firms can achieve an early mover
SO 14001 advantage when implementing ISO 14001. However, an early mover advantage depends on the level of a

firm’s absorptive capacity (prior experience with ISO 9001) and the competitive intensity of their indus-
try. This study uses longitudinal data from firms that implemented ISO 14001 at varying points in time
to examine the benefits of an early mover advantage. More broadly, this research sheds light on when
firms benefit the most from implementing new management standards. The results provide insights into
implementing other emerging management standards.
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1. Introduction

Increasingly firms implement ISO (International Organization
for Standardization) management standards as a strategic initia-
tive to remain competitive (King et al., 2005). For example, Ford
set a strategic goal to have all its manufacturing plants ISO 14001
certified worldwide by 1998 (Wilson, 2001). IBM had set a similar
strategic goal of worldwide ISO 14001 certification (Morrow and
Rondinelli, 2002). Many organizations have dedicated corporate
level resources to evaluate, monitor and implement new manage-
ment standards across the organization. For example, 3M has their
Strategic Quality Leadership Team take responsibility for admin-
istering various management standards like ISO 9001 and ISO
14001. This team “sets strategy, identifies common opportunities
for improvement, and directs global synergy across all business
units within 3M” (3M, 2012). As a result, firms not only make
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strategic decisions to implement management standards, but also
look for synergies across standards.

Given the strategic nature of ISO standards implementation, the
question becomes how does implementing a standard generate
a competitive advantage? Strategy scholars argue that a com-
petitive advantage comes from firm heterogeneity. For instance,
the resource-based view (RBV) of the firm argues that develop-
ing unique, valuable, rare and non-replicable resources help firms
gain a competitive advantage over rivals and generates rent profits
(Barney, 1991). However, ISO standards promote a certain degree
of commonality or isomorphism between firms. For example, cus-
tomers may require their suppliers to get ISO 9001 certified to
assure a certain level of quality performance. ISO 9001 certification
reduces the heterogeneity between suppliers in terms of quality
performance. If the very notion of ‘standards’ encourages a cer-
tain level of homogeneity between firms, how can firms achieve a
competitive advantage from implementing ISO standards?

Research is inconclusive on the competitive benefits of imple-
menting ISO standards. For example, some research has found a
positive impact of ISO 9001 on performance (Corbett et al., 2005;
Levine and Toffel, 2010; Naveh and Marcus, 2005), while other
studies do not show a significant relationship (Martinez-Costaetal.,
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2009; Singh et al,, 2011; Terziovski et al., 1997). Furthermore,
Benner and Veloso (2008) showed that ISO 9001 implementation
has performance benefits but these benefits diminish over time,
which calls into question the long term benefits of implemen-
ting standards. Research on ISO 14001 has yielded similar results,
some studies found that implementing ISO 14001 had performance
benefits (de Jong et al., 2014) while others did not find support
(Heras-Saizarbitoria et al., 2011; Link and Naveh, 2006). Collec-
tively these mixed results call into question how can firms gain
a competitive advantage through ISO standards? One may ques-
tion if there is ultimately any competitive advantage at all from
implementing ISO standards. In addition, despite the mixed evi-
dence on the competitive benefits of ISO standards, firms continue
to implement these standards. For example, research shows that
ISO standards diffuse over time (Corbett, 2006; Corbett and Kirsch,
2001), and firms may implement ISO standards regardless of their
performance benefits (Nair and Prajogo, 2009; Yeung et al., 2011).
Consequently, the question managers’ increasingly face is not if
they should implement the new standard, but when they should
implement it.

This research argues that the timing decision of when firms
implement ISO standard has strategic benefits, specifically an
early-mover advantage can lead to performance benefits. The
competitive dynamics literature (Barnett and McKendrick, 2004;
D’Aveni et al., 2010; Lieberman and Montgomery, 1988; Young
et al., 1996) provides a theoretical explanation of the strategic
benefits for the implementation timing of new standards. This
perspective argues that implementing new practices is similar to
participating in a race with rival peers (Barnett and McKendrick,
2004). Only firms that outpace their rivals gain a competitive
advantage. In other words, the potential performance benefits
come from implementing practices earlier than rivals. Conse-
quently, firms can gain a temporary competitive advantage from the
timing of their implementation even though ISO standards tend to
reduce firm heterogeneity (D’Aveni et al., 2010). We further argue
that the performance benefits of the timing decision depends on
level of industry competitiveness as well as the firm’s absorptive
capacity. Given the perspective that firms participate in an ongo-
ing race with rivals, the level of competition should influence the
effectiveness of implementation timing (D’Aveni, 1994). In addi-
tion, various ISO standards share many common features, which
makes them structurally compatible with one another. This allows
organizations to apply knowledge accumulated from one standard
to another standard. Consequently, a firm’s absorptive capacity (i.e.
the accumulated stock of related knowledge from previous stan-
dards) (Zahra and George, 2002) should influence the performance
benefits from the timing of ISO standard implementation. Further,
with the growth of increasingly more management standards’, the
decision of when to implement the next standard will become
increasingly important. Taking all these factors together, deciding
when to implement the next ISO management standard is highly
complex, yet strategically important.

This research empirically investigates the effect of the timing
decision of when to implement an ISO standard on performance
through an analysis of longitudinal data. The analysis uses ISO
9001/ISO 14001 certification data and business performance data.
The organizations in the study come from five different industries
with varying levels of competitive intensity. All firms in our study
implemented ISO 14001 at varying points in time, which allows us to

1 Since the introduction of the ISO 9001 (quality management) standard in
1987, the Organization for International Standards (ISO) has developed several
other standards such as ISO 14001 (environmental management), ISO 26001 (social
responsibility), ISO 28001 (supply chain security and resilience), and ISO 13053 (Six
Sigma).

isolate the effect of the timing decision on performance from the
implementation decision itself. The results show that the timing of
when firms implement ISO 14001 relative to their rivals has per-
formance implications. However, this performance relationship is
moderated by the level of competitive intensity and the amount of
absorptive capacity the firm has from a related standard (ISO 9001).

This study offers theoretical and practical insights on deciding
when to implement new management standards, which poten-
tially has broader implications for implementing other emerging
standards like ISO 28001. Researchers will likely investigate the
performance benefits of implementing these emerging standards,
however, we believe that the competitive advantage, although
temporary, comes from the timing of implementation since these
practices tend to reduce firm heterogeneity. As a practical matter,
managers need to assess the relative benefits of quickly imple-
menting new management standards. In addition, they need to
recognize the temporary nature of the performance benefits, and
these benefits depends on the level of competitive intensity of
their industry and their prior experience with implementing other
related standards.

The rest of the paper has the following organization: Sec-
tion 2 reviews the literature, Section 3 theoretically develops the
hypotheses, Section 4 describes the research methodology, and Sec-
tions 5-7 present the empirical results. Finally, Section 8 discusses
the findings and present broader implications.

2. Literature review
2.1. ISO management standards—ISO 9001 and ISO 14001

The ISO management standards consist of a set of requirements
that organizations must meet in order to receive a certificate of
compliance. Independent auditors from third parties determine if
the standards have been met, and issue a certificate of compliance if
afacility met the requirements. A given organization may have mul-
tiple facilities with ISO certifications. Facilities need to re-certify
every three years to maintain their ISO certification. ISO manage-
ment standards share common features, making them structurally
compatible. “Compatibility means that common elements of the
[ISO] standards can be implemented in a shared manner” (Smith,
2006), which allows knowledge accumulated from one standard to
be applied to another standard. The International Organization for
Standardization (ISO) has a goal of enhancing compatibility among
the different standards. ISO 9001 and 14001 follow identical com-
pliance procedures and are rooted in the same ideology (Boiral,
2011). They share the same requirements for document control,
management policy, operations control, training, auditing, moni-
toring and evaluation (Corbett and Kirsch, 2001).

The ISO 9001 standard gives the requirements for a quality man-
agement system. This standard helps ensure that customers get
consistent, good quality products and services?. Customers will be
assured a base level of quality performance when they purchase
from an ISO certified business. According to Corbett and Kirsch
(2001), ISO 9001 certified facilities had been growing at a rate of
50,000 to 60,000 every year worldwide. As of 2011, more than 1.1
million ISO 9001 certifications have been issued worldwide (ISO,
2012), and it is one of the most widespread management stan-
dards developed by ISO (Corbett, 2006). This broad level of adoption
has globally promoted more consistent quality performance across
many different industries.

The ISO 14001 standard specifies the requirements for an
environmental management system, which includes identifying

2 http://www.iso.org/iso/is0-9000.
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Fig. 1. ISO certification intensity in USA (Source: I1SO Survey, 2008).

environmental liabilities, recording pollution and waste levels,
ensuring safe disposal of hazardous materials. The implementa-
tion of ISO 14001 standards has been rapidly growing (see Fig. 1).
Albuquerque et al. (2007) showed that the implementation rate of
ISO 14001 has been much faster than ISO 9001.

Research shows that organizations benefit from implementing
[SO standards. The ISO 9001 reduces quality defects, lowers cost and
improves asset utilization (Benner and Veloso, 2008; Corbett et al.,
2005; Gray et al.,, 2015; Terziovski et al., 2003). Similarly, studies
show that implementing ISO 14001 reduces waste, pollution, and
enhances environmental performance (Link and Naveh, 2006). But,
several studies report mixed results with respect to financial per-
formance (Link and Naveh, 2006; Montabon et al., 2000). However,
these studies simply looked at the effect of implementation of the
ISO standard on performance, and did not consider how implemen-
tation timing might impact financial performance.

2.2. Competitive dynamics and early-mover advantage

Recent research has begun to suggest that a competitive advan-
tage is rare and may only persist for a short period of time (Wiggins
and Ruefli, 2002). Several researchers have argued that it is diffi-
cult to gain a sustainable competitive advantage using firm-specific
resources (D’Aveni, 1994; D’Aveni et al., 2010). Instead of looking
at how static resources can help achieve a competitive advan-
tage, researchers have started taking an action-based perspective
to understand competitive advantage. From this perspective, a
competitive advantage is more temporary in nature and comes
from a firm’s competitive actions and reactions (Grimm et al.,
2005). This competitive dynamics perspective argues that a com-
petitive advantage comes from a specific action or a stream of
actions that a focal firm and its rivals take. Research in com-
petitive dynamics emphasizes the characteristics of the firm’s
actions (e.g. timing, frequency or type) and their rivals’ responses
(Barnett and McKendrick, 2004; Miller and Chen, 1994; Younget al.,
1996). One characteristic of an action considered in this literature
stream is an early-mover advantage. The concept of early-mover
advantage refers to the performance benefits gained from tak-
ing a competitive action early such as early market entry, new
product introduction, or the implementation of a new process
(Lieberman and Montgomery, 1988). The competitive dynamics
perspective views gaining competitive advantage as an ongo-
ing race with rival peers (Barnett and McKendrick, 2004). Only
firms that outpace their competitors gain a “temporary monopoly”
advantage (Schumpeter, 2008) and reap additional performance
benefits.

1SO09001
Certifications

15014001 ) (+) FIRM
Relative PERFORMANCE
Timing
(+)

Competitive
Intensity

Fig. 2. Basic conceptual model.

2.3. Absorptive capacity

Cohen and Levinthal (1989) first describe absorptive capac-
ity as the “ability to identify, assimilate, and exploit knowledge
from the environment” (1989: p. 569). They argued that absorp-
tive capacity reflects a firm’s learning potential determined by
their prior related knowledge, which they called the “cumula-
tiveness feature” (Cohen and Levinthal, 1990). Zahra and George
(2002), in their seminal article, re-conceptualized and clarified the
concept of absorptive capacity. They argued that absorptive capac-
ity has four dimensions: acquisition, assimilation, transformation
and exploitation. The exploitation dimension relates to organiza-
tional learning, where organizational learning has been defined
as “the organization’s ongoing effort to better use knowledge to
improve its actions (Lapré and Nembhard, 2011: p. 6).” Zahra and
George (2002) describe the exploitation dimension as “routines
that allow firms to refine, and extend existing competencies or
create new ones by incorporating acquired and transformed knowl-
edge into its operations (p. 190).” Zahra and George (2002) stated
that Cohen and Levinthal’s notion of absorptive capacity represents
the ‘exploitation’ dimension of absorptive capacity, which could be
built from past experience and allows firms to better exploit newly
acquired knowledge (Zahra and George, 2002). In other words, the
exploitation-based absorptive capacity helps firms exploit newly
acquired knowledge, by leveraging existing related competencies
(Zahra and George, 2002). As a result, the exploitation dimension
relates to how a firm’'s accumulated knowledge from ISO 9001
implementation could influence ISO 14001 implementation.

3. Theory and hypotheses development

Fig. 2 depicts the conceptual model under investigation. This
section first draws on the competitive strategy literature (Barnett
and McKendrick, 2004; Lieberman and Montgomery, 1988; Young
et al., 1996) to develop the baseline theory that explains how the
timing of ISO 14001 implementation affects firm performance and
then argues that the competitive intensity of the firm’s industry
and the firm’s exploitation-based absorptive capacity (Cohen and
Levinthal, 1990; Zahra and George, 2002) moderate the effect of
implementation timing on firm performance.

3.1. ISO 14001 implementation timing and early-mover
advantage

Empirical research generally supports the notion of early-mover
advantage. For example, Ferrier et al. (1999) showed that when
firms create new innovations and adopt new technologies faster
than their rivals, they increase their performance and competitive
positions in terms of industry market share. Similarly, Miller and
Chen (1994) showed that when firms move slower than their peers,
they have more negative performance outcomes. A meta-analysis
by VanderWerf and Mahon (1997) found a significant relationship
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between an early-mover advantage and market share. Carow et al.
(2004) extends the early-mover advantage to adopting organiza-
tional practices, and found that firms gain a competitive advantage
from early adoption and have higher financial returns.

The competitive dynamics literature helps explain why firms
should get an early-mover advantage when implementing ISO
14001. ISO standards are arguably static resources that can ulti-
mately be imitated by other firms and consequently promote
homogeneity across firms. As more firms implement ISO 14001
standards, the heterogeneity between firms decreases. However,
when firms implement ISO 14001 earlier than their rivals, they
obtain a temporary competitive advantage which has positive per-
formance benefits. That is, they temporarily gain a certain level
of heterogeneity over their rivals that implement later. The com-
petitive dynamics literature would suggest that the timing of the
implementation decision is a competitive action, even though
the resource can ultimately be imitated. In addition, firms imple-
menting later would not get a performance advantage since late
implementation only further increases homogeneity with rival
firms. In general, an early mover gets a benefit since an “early
entrant can have a major influence on how attributes are valued
and on the ideal attribute combination” (Carpenter and Nakamoto,
1989: p. 286). As aresult, early movers of ISO 14001 should get ben-
efits by showing their commitment to the environment before their
competitors. This benefit helps them gain greater market access
(profit opportunities) to customers that are sensitive to environ-
mental issues (Bansal and Hunter, 2003). Taken together, the above
discussion suggests the following hypothesis:

Hypothesis 1. (H1): Early ISO 14001 implementation timing rel-
ative to industry rivals positively affects firm performance.

3.2. The moderating role of competitive intensity

Strategy researches have long emphasized the contingent
nature of early-mover advantage (Lieberman and Montgomery,
1988). The premise of an early-mover advantage depends on
exploiting the potential opportunities earlier (by acting earlier)
than rivals to maximize the firm’s performance benefits. Nonethe-
less, the potential ‘size’ of the benefit that a firm can extract from its
operating environment is influenced by the extent of competition
(Dess and Beard, 1984). Competitive intensity refers to the degree
to which a firm faces competition within its operating environment
(D’Aveni, 1994). Following previous research, we define the level
of competitive intensity as the inverse of industry concentration
(Dess and Beard, 1984). High competitive intensity indicates a less
concentrated market with more competitors and fewer dominant
firms, while low competitive intensity indicates a more concen-
trated market with fewer competitors and more dominant firms.

In a less competitive environment, economic theory suggests
that a smaller number of dominant firms will monitor each other’s
actions more carefully and tacitly coordinate their actions in an
effort to further limit competition (Scherer and Ross, 1990). In this
setting, firms are more aware of their mutual dependence due to
high market concentration. Hence, the tendency to implement a
newer management standard will likely increase costs and reduce
profits for all firms. Firms’ actions in a less competitive environ-
ment (high industry concentration) are much more likely to receive
greater attention from competitors due to the high level of mutual
awareness (Bain, 1951). Therefore, in less competitive environ-
ment, rival firms are more sensitive to the actions of a focal firm.
They are also more ready and willing to respond to those actions,
and quickly counteract any negative effects of not responding. Per-
haps more importantly, rival firms are more inclined to respond
quickly in a less competitive environment to signal to the focal
firm that breaking their tacit collusion will be severely punished

(Scherer and Ross, 1990). Thus, in a less competitive environment,
we posit that a firm’s early-mover actions will be less effective due
to quick responses from rivals, which quickly erodes any potential
benefits they may gain from acting early.

On the other hand, in a highly competitive environment (less
industry concentration), there are more competitors with less
concentration in the same industry. Due to the large number of
competitors, it is more difficult for firms to monitor and keep track
of every competitor's movements. A specific firm’s actions are less
likely to be noticed and tend not to provoke immediate responses
from rivals’ since it is more difficult to monitor all their competi-
tors. Furthermore, rivals tend to respond slower because it takes a
longer time for them to realize the performance consequences of
the firm’s actions. As a result, early implementation of ISO 14001
may actually be more effective in a highly competitive environ-
ment. As Scherer and Ross stated in their study of industrial market
structure, “as the number of sellers increase . . . individual produc-
ers are increasingly apt to ignore the effect of price and output
decisions on rival reactions” (1990: p. 277). Thus, firms’ proac-
tive actions are more likely to extract performance benefits in a
highly competitive environment. As a result, firms implementing
ISO 14001 standards earlier in highly competitive environments
gain more benefits, which suggests the following hypothesis:

Hypothesis 2. (H2): Early ISO 14001 implementation timing rel-
ative to industry rivals increases firm performance to a greater
degree in a high competitive intensity environment than in a low
competitive intensity environment.

3.3. The moderating role of absorptive capacity

Drawing on the exploitation-based view of absorptive capacity,
we argue that prior experience with ISO 9001 enhances the early
implementer’s ability to exploit the benefits of ISO 14001. Early ISO
14001 adopters often have limited knowledge about how to imple-
ment the standard. However, over time industry level knowledge
about how to implement the standard tends to accumulate. Indus-
try consultants, professional societies, and government agencies
document implementation experiences that can help guide a firm'’s
implementation of ISO 14001. For example, the Environmental Pro-
tection Agency (EPA) has developed guidelines for implementing
an environmental management system based on ISO 14001 for the
chemical industry>. However, early ISO 14001 adopters often do
not have this external knowledge available to them to help guide
their implementation. Instead, they have to rely more on their
internal knowledge to guide their “exploitation” (i.e. extracting
benefits) of the “newly acquired knowledge” (i.e.1ISO 14001) (Cohen
and Levinthal, 1989). Early implementers with little prior related
knowledge (low absorptive capacity) might have to spend more
time and resources on the implementation because of their lack of
knowledge and experience. Without prior expertise or knowledge,
they are more likely to encounter problems in extracting the perfor-
mance benefits out of their early mover strategy. As a result, firms
with limited absorptive capacity may take a longer time or have dif-
ficulties to realize the benefits of ISO 14001, which renders the early
mover strategy less effective. On the other hand, firms with high
exploitation-based absorptive capacity can better resolve issues
encountered during the implementation process, which in turn
results in high performance benefits. As Lissenden (1999) noted:
“... With this increased knowledge base of the common elements
[of ISO 9001], the length of the registration process may be signif-
icantly reduced, and the benefits [of ISO 14001] may be realized
much earlier”. In other words, the exploitation-based absorptive

3 http://www.epa.gov/sectors/sectorinfo/sectorprofiles/chemical/ems.html.
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Filtering Stage 1 Criteria
v’ Manufacturing Firms (NAICS 31-33)

Filtering Stage 2 Criteria
v' Public Firms with available COMPUSTAT financial data

Filtering Stage 3 Criteria
v Atleast one 1ISO14001 certification prior to 2007

Filtering Stage 4 Criteria
v" Retain only firm-years post ISO-14001 certification

Fig. 3. Sampling procedure.

capacity helps firms exploit newly acquired knowledge, by lever-
aging existing competencies (Zahra and George, 2002). Often the
same group of experts that led the ISO 9001 implementation also
lead ISO 14001 implementation because of their familiarity and
knowledge of the standard®. As a result, organizations that have
more experience in ISO 9001 build significant knowledge reposito-
ries in different forms (e.g. employees, systems and processes). This
cumulative knowledge provides the absorptive capacity a firm can
then leverage (Zahra and George, 2002) to exploit new knowledge
in the form of ISO 14001. The similarity between ISO 9001 and ISO
14001 further helps firms with such capacity exploit the benefits of
ISO 14001 more effectively (Corbett and Kirsch, 2001). Collectively
this suggests the following hypothesis.

Hypothesis 3. (H3): Exploitation-based absorptive capacity from
prior ISO 9001 experience positively moderates the relationship
between the timing of ISO 14001 implementation and firm perfor-
mance.

4. Research methodology
4.1. Data and sample

The data come from two main sources. The ISO certification
data comes from QSU Publishing Company and the financial data
comes from COMPUSTAT. Fig. 3 shows the procedure used to col-
lect the data. The data collection begins by filtering out publically
traded manufacturing firms (NAICS codes 31-33), which resulted
in an initial sample of 135 firms with 1356 firm-years of data span-
ning 12 years (1995-2007). We selected public firms since they
make financial information public; and targeted manufacturing
industries (NAICS 31-33) since they have higher intensity of ISO cer-
tification. This approach is consistent with the sampling procedure
used by Corbett et al. (2005). Next, we only selected firms with at
least one ISO 14001 certification during the 12 years (1995-2007),
which reduced the sample to 101 firms. Collecting data this way
helps evaluate the performance implications of relative timing of
ISO 14001 implementation. Finally, we only retained firm-years of
data after the first ISO 14001 certification had occurred for each
firm. This reduced our final sample to 101 firms with 645 firm-years
of data. This process ensured that we compare performance of those
firms that implemented ISO 14001, although in different years. This
is important since it allows us to investigate the timing effect of
ISO 14001 implementation, without confounding with the event

4 As one reviewer pointed out “. .. also, firms actually keep repositories of these
processes, they codify them in hand books and reports, these reports are shared
and form the basis for the next team in the next department. Often they are
shared on intranets. Firms train and employ process coaches, internal or exter-
nal. These experts are certified as well, not unlike the different belts of six-sigma
and carry knowledge from certification to certification. Often the same people that
implemented ISO 9001 implemented ISO 14001 not because they are sustainability
experts but because they are management standard experts.” We thank the reviewer
for suggesting this idea. We also verified this with other practitioners involved in
the implementation process.

of implementing ISO 14001. Since, we consider firm-years after
ISO 14001 implementation, any variance in performance should be
due to factors (timing being of primary interest) beyond the imple-
mentation itself. In this respect, our study differs from previous
studies which compare adopters to non-adopters. Furthermore, it
allows examination of the moderating factors that strengthen (or
weaken) the impact of ISO 14001 implementation timing. The final
sample consists of firms from five industry sectors—Paper Man-
ufacturing (NAICS=322), Chemical Manufacturing (NAICS=325),
Machinery Manufacturing (NAICS =333), Computer and Electronic
Manufacturing (NAICS = 334), Transportation Equipment Manufac-
turing (NAICS =336). Table 1 provides the descriptive statistics.

One data collection challenge is matching facility-level ISO
certifications with firm-level performance. The ISO certification
database do not provide specific company information like the
ticker symbol, which creates some challenges in matching the
data. However, using available public databases such as ORBIS
and Hoover’s helps confirm whether a particular certified facility
belongs to a parent public firm. Coding errors could happen due to
a firm being listed in the ISO certification database with a slightly
different name than the one used in COMPUSTAT. To eliminate such
errors, one of the co-authors coded the data, which was then ver-
ified by another co-author for any errors. The verification resulted
in making corrections for 27 firm-years of the data, which trans-
lates into an error rate of less than 3.5% of the final sample. Hence,
we are confident that the final data is appropriate for conducting
reliable analyses.

4.2. Measures

4.2.1. Firm performance

We operationalize firm performance using measures of firm
profitability. Scholars in accounting have argued that the value of a
business is a function of the “excess returns” i.e. profits that it gen-
erates from its investments (Damodaran, 2012). Return-on-assets
(ROA), return-on-investments (ROI), and return-on-sales (ROS) are
three well established measures of firm profitability. ROA meas-
ures profitability relative to the total assets, and measures how
efficient the firm’s assets generate earnings. This is a relatively sta-
ble profitability metric (Barber and Lyon, 1996). ROl measures a
firm’s ability to generate returns on the capital invested. Research
shows that this metric provides valid estimates of unsystematic
or firm-specific effects (Jacobson, 1987). Finally, ROS, a measure of
firm profitability relative to its sales, can avoid estimation problems
related to inter-firm differences in accounting techniques (Michael
Geringer et al., 1989). In addition, one objective of ISO standards
is to promote trade across the supply chain by streamlining the
exchanged processes (Hufbauer et al., 2002), ISO standard should
affect ROS. Taken together, ROA, ROS and ROI together provide good
overall estimate of firm performance associated with ISO certifica-
tions.

4.2.2. ISO 14001 relative timing

This variable measures how early a firm first adopts ISO 14001
relative to their industry peers (at 3-digit NAICS level). We mea-
sure an organization’s implementation timing based on the time
when they received their first ISO 14001 certification for a facility
within their organization relative to the competition. Since adop-
tion decision is often at the firm level and standard implementation
is at the facility level, the first certification reflects how quickly
the firm is implementing ISO 14001 relative to their industry. For
example, the average ISO 14001 certification year for the Com-
puter & Electronic Manufacturing industry (NAICS =334) was 2001.
Compared to the industry rivals, Xilinx Inc. received its first certi-
fication in 2004 for its facility in San Jose, CA. As a result, Xilinx Inc.
has an ISO 14001 Relative Timing score of —3 (three years behind
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Table 1

Descriptive statistics for the final sample make-up.
NAICS 3-digit  Industry description Rival firms  Firm-years (N) ROA (%) ROI (%) ROS (%) Revenues 1S09001

(million $) certificates (#)
322 Paper manufacturing 7 42 5.7548 11.5187 16.7596 12,901.04 24.30952
325 Chemical manufacturing 19 122 4.5929 11.548 21.129 15,192.7 36.51815
333 Machinery manufacturing 12 73 6.3749 12.5634 18.5759 6765.57 2491781
334 Computer & electronic product manufacturing 41 258 1.1691 3.8311 15.0624 9541.34 26.3351
336 Transportation equipment manufacturing 22 150 1.2847 —1.6665 12.3174 33121.61 65.75301
Total/average 101 645 3.83528 7.55894  16.76886 15,504.452 35.566718

industry peers). A similar approach has been followed by prior
studies examining the effect of facility-level variable on firm-
level outcomes (Corbett et al., 2005; Docking and Dowen, 1999;
Simmons and White, 1999)°. This general approach has also been
used in the management literature to study competitive dynamics
(e.g. Chen, 1996).

4.2.3. Moderating variables

4.2.3.1. Competitive intensity. We use the well-established inverse
of Herfindahl-Hirschman Index (HHI) to measure competitive
intensity (i.e. Competition) (Derfus et al., 2008; Dess and Beard,
1984). HHI is defined as HHI; = Zf:]Sﬁi, where Sy; is the market
share of firm k and n; is the number of firms in industry i. A firm’s
market share is calculated as the ratio of its revenue to the sum of
the revenue of all firms in the same industry level. HHI is a measure
of industry concentration. The more competitors there are in the
industry, the less concentrate the industry, the more intense the
competitive environment.

4.2.3.2. Absorptive capacity. Zahra and George (2002) recommend
measuring the ‘intermediate outputs’ such as the ‘number of
patents’ to measure the exploitation dimension of absorptive
capacity (p. 199). The exploitation dimension of absorptive capacity
comes from a firm'’s existing stock of related knowledge, which is
learned from prior experience (Cohen and Levinthal, 1990; Kantor
and Zangwill, 1991). We measure the exploitation-based absorp-
tive capacity as a firm’s Cumulative ISO 9001 Certifications in a given
year across all facilities (Benner and Tushman, 2002) and normal-
ized by the firm’s annual revenue. Recall that a firm’s facilities
need to go through an auditing process for implementation (first-
time certification) and have to get recertified every three years
(re-certifications) to maintain their ISO 9001 certification. Expe-
rience and knowledge about standard implementation and usage
is obtained as the by-product of practicing the standard. As a result,
the accumulated number of certifications firms obtain represents
the overall experience the firm acquired from using the standard.
Thatis, afirm’s overall level of exploitation-based absorptive capac-
ity is the accumulated knowledge from the overall experience of
using the standard across all their facilities. Prior literature has used
similar volume based metrics to measure absorptive capacity such
as (i) investments in science and technology (Mowery and Oxley,
1995) (ii) R&D Investment (Cohen and Levinthal, 1990) (iii) number
of doctorates/scientists (Veugelers, 1997) and (iv) more recently,
number of patents (Vasudeva and Anand, 2011). In addition, since
Cumulative ISO 9001 Certifications are past events, related practices

5 Inline with these studies, we expect that the effects of ISO 14001 Relative Timing
(where implementation occurs at the facility-level) are observed at the firm-level
performance. We believe this is the best approach possible to capture the timing of
the initiation of new standards implementation at the firm-level. Furthermore, we
concur with the logic provided by Corbett et al. (2005): “For small firms with a single
site, the disconnect between site-level certifications and firm-level performance is
not a major concern, while for large firms with many sites, this disconnect makes
our tests more conservative: if the sample contains many multisite firms with only
one certified site, any effects of certification must be strong in order to be detected.”

and longitudinal, this measure better captures Cohen and Levinthal
(1990)’s general notion that absorptive capacity is developmental,
lagged, and path dependent.

4.2.3.3. Control variables. Consistent with prior related research
(Corbett et al., 2005; Derfus et al., 2008; King et al., 2005), we con-
trol for several firm- and industry-level variables to capture the
unobserved effects of firm-level resources that could affect firm
performance. Since all our models predict future performance (T+ 1
and T+2), we control for current firm performance (DV7) in order
to examine the effect of hypothesized variables over and above the
carry-over effect of existing firm performance (Baum and Wally,
2003; King and Lenox, 2002). Past values of the DV can be one of
strongest control variable. Seminal works have shown that con-
trolling for past performance can account for substantial portion of
heterogeneity (Greene, 2003; Maddala, 1983; Wooldridge, 2010)
at the industry level (e.g. accounting practices, regulation) and
possible unobservable firm-specific characteristics (e.g. hierarchy,
organizational structure). The analysis also includes the following
firm-level control variables: firm size, capital intensity, R&D inten-
sity and also market value. Firm size is measured as the logarithm of
employees. Firm'’s Capital intensity is measured as the ratio of assets
by revenues for each firm-year. Firm'’s R&D intensity is measured as
the ratio of annual R&D investments by revenues for each firm-
year. Tobin’s Q is used as a measure of firm’'s Market Value (Chung
and Pruitt, 1994). Further, since the effect of ISO 14001 is largely on
organizational processes, we used the Product Quality rating of each
firm-year to control for any variation in performance attributable
to the firm’s products. This rating is obtained from the KLD database
(Waddock and Graves, 1997), which assesses the performance of a
firm’s products using KLD’s proprietary system.

To capture the unobserved industry-level effects, we control
for additional industry-level variables following previous research
(Dess and Beard, 1984). Industry growth or Munificence is measured
as the sales growth over the previous five years. Industry volatility
or Dynamism is measured as the average rate of sales change over
the past five years. Year and industry dummies are also included to
control for time-invariant industry-specific effects and year specific
effects.

4.3. Econometric modeling approach

Table 2 gives summary statistics and correlations for the
variables. The analyses began with the OLS regression approach fol-
lowed by an analysis of residuals. A Breusch-Pagan/Cook-Weisberg
test (p<0.001) indicates problems with heteroskedasticity in
the models. One option would be to use OLS regression with
Huber/White (robust) standards errors. An alternate option is to
use panel-fixed effects models. However, in this context the ISO
14001 Relative Timing does not necessarily update every year, but
only in years when relative implementation timing of a company
increased or decreased compared to its industry rivals. In such
cases, using panel fixed effects would lead to multiple lost obser-
vations. Yet another option is to use the generalized least squares
(GLS) estimator. We use the GLS approach for two reasons. First,



Table 2

Summary statistics and correlations.

11 12 13 14 15 16

10

1

St. Dev

Mean

Variables
ROAT.
ROAT+
ROA

7.78
7.98
7.77
75.20
68.92
63.54
11.93
13.84
13.63

3.23
2.82
2.69
4.67
5.11
5.50
5.59
4.60
4.44
2.02
0.06
3.10
5.51
25.41

0.8145
0.7170°
0.8068

1

0.7780°
0.6470°

1

0.5707
0.6107
0.7784
0.4861
0.5642
0.7554

1

ROI74;

0.7922
0.6262°
0.5852

0.6600°
0.5560
0.7481

1

0.8027
0.6510°
0.8124'
0.6597
0.5687"
0.6431°
-0.0829

ROIr41
ROI

0.7599
0.6343
0.8123°

1

1

0.4915
0.6205

ROS71+

0.7539

0.6072°

0.5763
—0.0233

0.6206

1

0.7655
0.6430°
0.6600
0.1254
-0.1706

ROST4
ROS

0.8250°
0.6337
—0.0574

0.6520°
0.6595
-0.1107

0.5489
0.5590
0.0106

1

0.7323

0.6777
0.0806
—-0.1378

0.5381
0.0073
0.1618
0.0738
—0.0917
—-0.1084

1

0.6732
0.1253
-0.0767

1.08
0.

Market Value

1

0.1363"
—0.2090°
0.052

05
33

93.65

Capital Intensity

Firm Size

0.0851"

0.1472

0.0635
—0.1446
—-0.1070°

0.1421
0.0334
—-0.1451
—-0.0997

1
—-0.0389

—-0.1425
—0.0994
0.0327
-0.2182
—-0.0947

0.0514
0.1811
-0.0748
—0.0562

0.0239

0.1362°
—0.1504"
—0.0679

0.2271°
—0.2154
—0.2121

0.1471
—0.2399°
—0.2424

1

-0.1764
-0.1067

0.2063
-0.0743
—-0.2328"

0.1555
0.0511
-0.0791

Munificence
Dynamism
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1

0.2957
0.2704
-0.1215

—-0.2094
-0.2692"
0.0755

16.27

0.1673"
—0.044

1
—0.0417

1

9.1

75.02
-7.63

Competition

0.1758"

0.1729° 0.1207°  0.1727

0.1849

1

0.1371

0.1278

0.1760

0.1137

0.1635

3.60

Cumulative ISO 9001

Certifications
ISO 14001 Relative

10 0.1019°  0.0557 0.0374 -0.0559 -0.0566 -0.0317 -0.0653 -0.0786 -0.0433 -0.0288 0.0121 03389 -0.1944 0.18200 0.0186 0.0522

2.

0.60

Timing

Spearman’s pairwise correlations.

" p<0.10.

GLS accounts for the presence of severe heteroskedasticity across
unbalanced panels in our data. Second, GLS estimation is also con-
sidered appropriate given that our models are sequentially (but
not strictly) exogenous and accommodate for lagged dependent
variables (Gedajlovic and Shapiro, 2002; Zhang and Rajagopalan,
2010). We therefore report all our results using the panel GLS
estimation technique. For robustness, we specify a heteroskedastic
error structure across panels and allowed serial (AR1) correlation
within panels. We develop models to estimate the impact on
future firm performance in line with King and Lenox (2002). All
independent and control measures are standardized to improve
interpretability and to avoid problems with collinearity.

Subgroup analysis and interaction analysis are the two meth-
ods commonly used to test for a moderating effect (Venkatraman,
1989). Researchers argue that subgroup analysis is more appro-
priate for testing the “strength” of moderation, which indicates
the effects of certain factors differ across different environments
(Arnold, 1982). In contrast, interaction analysis is more appropriate
if the hypothesis reflects the “form” of moderation, which indi-
cates that an outcome is jointly determined by the interaction of
predictor and moderator (Venkatraman, 1989).

We predicted that Competition, a variable that reflects the level
of competitive intensity of the business environment, moderates
the relationship between ISO 14001 Relative Timing and firm perfor-
mance. Here, the intention is to test the “strength” of moderation,
which indicates that the effects of certain factors differ across
different environments. In the analysis of strategy-performance
relationship, Prescott (1986) concluded that when moderating the
role of contextual variable one should follow a strength rather than
form relationship. Hence, we conduct a subsample analyses, using
two groups based on the level of Competition. For this purpose, we
remove a portion of the observations around the median value
and use the remaining observations to create polar groups (: p.
871). To achieve greater separation between firms facing higher
versus lower levels of competition, we dropped the observations
between the 45th and 55th percentile for Competition. Robustness
tests show that changing the percentile criteria to achieve a wider
or tighter spread did not affect the results. We report the results for
the subsamples below the 45th percentile (Low Competition) and
55th percentile (High Competition).

We also predicted that absorptive capacity will positively mod-
erate the relationship between ISO 14001 Relative Timing and firm
performance. Here, the interest is in examining the “form” of mod-
eration i.e. how absorptive capacity (generated through Cumulative
ISO 9001 Certifications) and ISO 14001 Relative Timing jointly affect
performance. Hence, we use interaction effects to test the hypoth-
esis. The analyses use the STATA V13.1 software. The full model
for estimating future performance can be written as the following
equation:

DVrik = Yo + ¥ili + v;Y; + ¥1DVr + y2 Market Valuer
+ y3Capital Intensityr + y4 R&D Intensityr
+ 5 Product Qualityr + ygFirm Sizer + yzMunificencer
+ ygDynamismr + ygCompetitiony
+ y10Cumulative ISO9001 Certificationst
+ 11115014001 Relative Ti min g

where [; and Y; represent industry and year dummies, respectively,
and k=1,2 for subsequent year’s firm performance. DV represents
the firm performance metric—ROA, ROI or ROS. To test the moder-
ating effects of Competition, we conduct subsample analysis using
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Table 3
The effect of ISO 14001 timing on firm performance.
Variables Model1 Model2 Model3 Model4 Model5 Model6 Model 7 Model8 Model9 Model 10 Model 11  Model 12
ROAr+1 ROA7+ ROA7:, ROA7+, ROST+1 ROST+1 ROS74, ROS7+2 ROI7+4 ROI744 ROIr: ROl
DVr 091" 0.90° 071" 0.70"" 0.77" 0.77" 035" 0.34 0.79" 0.79"" 037" 031"
(0.02) (0.02) (0.03) (0.03) (0.02) (0.02) (0.04) (0.04) (0.04) (0.05) (0.06) (0.07)
Market Value 048" 051" 1197 1217 1117 1.10" 2.78" 2,65 196" 1.89 488" 3.83"
(0.10) (0.10) (0.15) (0.14) (0.17) (0.17) (0.28) (0.27) (0.42) (0.43) (0.58) (0.78)
Capital Intensity 142 2.97 6.21 8.14" 7.35 8.38 19.03" 23.117 -2245" 2144 —48.42"° -37.57
(1.70) (1.66) (3.26) (3.19) (3.90) (4.08) (6.40) (6.66) (11.03) (11.32) (15.60) (19.27)
R&D Intensity 0.04 0.02 0.02 0.01 0.26 0.24 -0.03 —0.08 0.28 0.23 041 0.13
(0.03) (0.03) (0.03) (0.03) (0.45) (0.46) (0.44) (0.45) (0.24) (0.24) (0.26) (0.44)
Product Quality —-0.03 —-0.01 —0.09 —0.09 -0.20 -0.27 -0.37 -0.51 0.63 0.31 1.89 1.09
(0.15) (0.14) (0.28) (0.28) (0.25) (0.25) (0.36) (0.38) (0.85) (0.85) (1.08) (1.60)
Firm Size 0.14™" 0.11 038" 032" 0.09 0.08 0.17 0.14 -0.13 -0.13 0.24 0.07
(0.05) (0.05) (0.07) (0.08) (0.09) (0.10) (0.15) (0.16) (0.30) (0.30) (0.38) (0.58)
Munificence —0.00 —-0.00 —0.00 —-0.00 -0.01" -0.01" -0.02"° -0.02"" -0.02 -0.02 -0.02 -0.02
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02)
Dynamism —-0.02 —-0.02 —-0.01 —-0.02 -0.02 -0.02 0.00 0.01 —-0.02 -0.04 —-0.02 -0.06
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.07) (0.06) (0.07) (0.09)
Competition -0.01 -0.01 -0.01 -0.01 -0.01 —-0.00 -0.04 -0.03 0.19° 0.17 044" 033
(0.02) (0.02) (0.02) (0.02) (0.03) (0.03) (0.05) (0.05) (0.10) (0.11) (0.14) (0.20)
Cumulative ISO 9001 0.33 0.26 0.66 0.60 053" 0.52" 0.50" 050" 0.77 0.68 1.92 1.26
Certifications (0.08) (0.08) (0.11) (0.12) (0.16) (0.17) (0.23) (0.25) (0.42) (0.45) (0.46) (0.79)
ISO 14001 Relative 030 039" 0.15 047" 0.32 0.95
Timing (0.07) (0.12) (0.13) (0.20) (0.41) (0.80)
Observations 543 543 441 441 543 543 441 441 543 543 441 441
Wald’s chi2 747147 743419 3758.69 3011.23 7048.68 12,299.15 1087.79 952.59 2511.73  2449.98 474.57 484.61

" p<0.1; Industry and year dummies included in all models; Intercept values not shown; All Wald’s Statistics were significant at p <0.001; Heteroskedastic Panel structure
used; AR1 serial correlation assumed within panels with a Nagar autocorrelation parameter.

" p<0.05.
™ p<0.01.

a model similar to (1). To test moderating effects of Cumulative ISO
9001 Certifications, we use the following equation:

DVT+K =% + Vili + VJYJ + Y1 DVt + Y2 Market ValueT
+ y3Capital Intensityr + y4 R&D Intensityr
+ 5 Product Qualityr + yg Firm Sizer + y7Munificencer

+ ygDynamismr + ygCompetitiony 2)
+ y10Cumulative ISO9001 Certificationst

+ 11 ISO14001 Relative Ti min g1
+ y12Cumulative ISO9001 Certificationst
x 15014001 Relative Ti min gr

5. Results
5.1. Main effects of ISO 14001 timing on firm performance

Table 3 reports the results for testing the main effect of ISO
14001 Relative Timing on firm performance (H3). The results indi-
cate that ISO 14001 Relative Timing has a positive relationship with
ROA7:; (Model 2, 8=0.30; p<0.01) and ROAT,, (Model 4, 8=0.39;
p<0.01). Furthermore, ISO 14001 Relative Timing has a positive rela-
tionship with ROSt,; (Model 8, 8=0.47; p<0.05). Finally, we do not
find a significant relationship between ISO 14001 Relative Timing
and ROIy;q, although the coefficients are positive. On average, the
effect sizes appear to become stronger for the models with two-year
leading performance as the dependent variable, which is consis-
tent with the findings in Corbett et al. (2005). Overall, these results
provide strong support for H1, with respect to ROA and ROS but not
for ROL

5.2. Moderating “strength” effects of competition

Table 4 shows the results for the moderating effects of Com-
petition. We examine the “strength” of moderation, to understand

how the main effects of ISO 14001 Relative Timing increase/decrease
across different competitive environments. ISO 14001 Relative Tim-
ing has no significant relationship with ROA or ROS under low
competition. Furthermore, ISO 14001 Relative Timing has a nega-
tive relationship with ROIr,, (Model 10, 8=-1.38; p<0.05) under
low competition. These results indicate that the importance of ISO
14001 Relative Timing diminishes under low competitive intensity.

Table 4 also gives the results under high competition. In contrast
to low competition, ISO 14001 Relative Timing now significantly pre-
dicts future firm profitability. ISO 14001 Relative Timing has a strong
positive relationship with ROAr,; (Model 3, $=0.39; p<0.01) and
ROA71:; (Model 4, $=0.75; p<0.01) under high competition. ISO
14001 Relative Timing also has a strong positive relationship with
ROS7+1 (Model 7, =0.29; p<0.05) and ROSr., (Model 8, 8=0.77;
p<0.01). We do not find enough evidence that ISO 14001 Relative
Timing is associated with ROI under high competition. Overall, we
can confidently say that the effect of ISO 14001 Relative Timing
dominates in high competition environments but does not have
a major positive influence on firm performance under low compe-
tition. Hence, the benefits of being an early mover advantage only
applies to highly competitive environments.

5.3. Moderating “form” effects of cumulative ISO 9001
certifications

Table 5 shows the results for the moderating effects of Cumu-
lative ISO 9001 Certifications. As discussed earlier, we examine the
“form” of moderation, to understand how Cumulative ISO 9001 Cer-
tifications and ISO 14001 Relative Timing jointly affect future firm
performance. Table 5 gives the models based on interaction effects.
The interaction term has a positive and significant relationship with
ROA71 (Model 1, 8=0.28; p<0.01) and ROA7., (Model 2, 8=0.65;
p<0.01). The interaction term also has a positive and significant
relationship with ROSt,; (Model 3, $=0.38; p<0.10) and ROSr4,
(Model 4, 8=0.90; p<0.05). Once again, we do not find a signif-
icant effect for ROI, although the coefficients are in the expected



H.-C. Su et al. / Journal of Operations Management 37 (2015) 31-44 39
Table 4
Moderating “strength” effects of competition.
Variables Low competition High competition Low competition High competition Low competition High competition
Model 1 Model2 Model3 Model 4 Model 5 Model6 Model 7 Model8 Model9 Model 10 Model 11  Model 12
ROAT+1 ROAr:2  ROAf+ ROA7+, ROS7+1 ROS7+2 ROS7+1 ROS7+2 ROI744 ROI74; ROI744 ROl
Dvr 0.85 " 047 093" 075" 0.68 " 028" 083" 064" 0.65 " 018" 1137 0.60
(0.04) (0.05) (0.02) (0.04) (0.04) (0.04) (0.02) (0.06) (0.06) (0.06) (0.05) (0.15)
Market Value 0.50" 1.04" 0.16 095 1317 243" 0.68" 1127 186" 2.89" -0.96 343"
(0.20) (0.25) (0.12) (0.23) (0.30) (0.35) (0.21) (0.40) (0.38) (0.55) (0.79) (1.53)
Capital Intensity 3.68 2630 -0.38 -5.20 13377 45147 -1441° -1395 -5.46 18.35 —85.94° -151.2"
(3.30) (5.76) (3.67) (7.14) (6.20) (7.85) (6.88) (12.02) (6.81) (10.02) (51.51) (69.76)
R&D Intensity 0.04 -0.04 1.03 -0.19 -2.03" -037 -2.01 -3.64 -0.63 0.01 -2.53 523
(0.07) (0.11) (0.55) (1.09) (0.85) (0.11) (0.91) (1.57) (0.43) (0.10) (6.53) (11.39)
Product Quality -0.41 -0.76 0.04 -0.49 -0.56 -2.697 -0.09 -0.42 0.57 -1.37 -0.64 -1.30
(0.32) (0.52) (0.15) (0.32) (0.43) (0.79) (0.23) (0.40) (0.62) (1.36) (2.03) (2.84)
Firm Size 0.14 0.84" 0.03 0.23 0.25 0.78" -041 -085 056 1.70" -1.84" -1.94
(0.11) (0.20) (0.07) (0.14) (0.22) (0.30) (0.16) (0.27) (0.24) (0.35) (0.87) (1.37)
Munificence —-0.03 -0.08 -0.00 —-0.01 -0.03 -0.11"  -0.01 -0.01 -0.04 -0.08 -0.03 -0.04
(0.02) (0.04) (0.00) (0.01) (0.03) (0.06) (0.00) (0.01) (0.04) (0.06) (0.04) (0.05)
Dynamism —-0.02 -0.13° -0.06  -0.11 0.07 -0.08 —-0.09 -0.11 0.02 -0.08 -0.15 -0.28
(0.04) (0.07) (0.03) (0.06) (0.07) (0.10) (0.05) (0.07) (0.07) (0.12) (0.40) (0.52)
Cumulative ISO 9001 0.44 0.86 0.44 0.90 0.45 0.24 0.54 0.93 0.89 171" 2.57 2.31
Certifications (0.19) (0.23) (0.14) (0.24) (0.24) (0.24) (0.26) (0.54) (0.36) (0.37) (1.02) (1.98)
ISO 14001 Relative —-0.04 —-0.20 039 075" 0.17 0.19 0.29" 077" -0.35 -1.38" 1.13 0.52
Timing (0.19) (0.28) (0.08) (0.18) (0.28) (0.44) (0.14) (0.23) (0.39) (0.60) (0.85) (1.51)
Observations 240 186 242 190 240 186 242 190 240 186 242 190
Wald’s chi2 1828.88 547.53 5897.35 2593.55 1466.23 503453 10,393.5 908.81 898.87 716.60 2619.47 140.20

" p<0.1; industry & year dummies included in all models; intercept values not shown; All Wald’s Statistics were significant at p<0.001; heteroskedastic panel structure
used; AR1 serial correlation assumed within panels with a Nagar autocorrelation parameter.

" p<0.05.
™ p<0.01.

direction. Overall, the results offer substantial evidence that Cumu-
lative ISO 9001 Certifications and ISO 14001 Relative Timing jointly

affect future firm performance.

Fig. 4 illustrates the interaction effects graphically. The graphs
show that early adoption of ISO 14001 (i.e. a high ISO 14001 Relative

Timing) leads to more successful outcomes (i.e. higher firm perfor-
mance) only when the firm has a larger stock of related knowledge
(i.e. more Cumulative ISO 9001 Certifications). On the other hand,
when the firm lacks the stock of prior ISO 9001 knowledge (i.e.
fewer Cumulative ISO 9001 Certifications) it should avoid being an

Table 5
Moderating “form” effects of ISO 9001 cumulative certifications.
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
ROAT ROA71, ROS141 ROSr+2 ROI744 ROl
Dvr 0.90 0.69 0.76 032" 078" 039
(0.02) (0.03) (0.02) (0.04) (0.05) (0.06)
Market Value 054" 134 1.13 2.79" 1.93 472"
(0.10) (0.16) (0.17) (0.27) (0.45) (0.63)
Capital Intensity 2.46 6.57" 7.92° 19.64" —-20.53 -53.97
(1.59) (2.95) (4.09) (6.77) (11.33) (15.59)
R&D Intensity 0.03 0.03 0.30 —-0.02 0.20 0.31
(0.03) (0.03) (0.46) (0.45) (0.24) (0.26)
Product Quality 0.02 -0.15 -0.27 -0.43 0.27 1.81
(0.14) (0.28) (0.25) (0.38) (0.84) (1.00)
Firm Size 0.11 037" 0.08 0.17 -0.19 0.06
(0.05) (0.09) (0.10) (0.16) (0.30) (0.38)
Munificence —0.00 —0.00 —-0.01" —0.02"" —-0.02 —-0.01
(0.00) (0.00) (0.00) (0.01) (0.01) (0.02)
Dynamism —-0.01 -0.01 -0.02 0.01 -0.03 -0.01
(0.01) (0.02) (0.02) (0.03) (0.06) (0.07)
Competition -0.01 -0.02 -0.00 -0.03 0.16 046
(0.02) (0.03) (0.03) (0.05) (0.11) (0.15)
Cumulative ISO 9001 Certifications 0.14 0.19' 037" 0.18 0.44 0.60
(0.08) (0.11) (0.19) (0.25) (0.61) (0.75)
ISO 14001 Relative Timing 0.10 —0.00 -0.16 -0.24 0.13 -1.35
(0.10) (0.16) (0.22) (0.34) (0.63) (0.89)
Cumulative ISO 9001 Certifications x ISO 0.28" 0.65 0.38 0.90" 0.23 1.23
14001 Relative Timing (0.10) (0.17) (0.22) (0.35) (0.68) (0.95)
Observations 543 441 543 441 543 441
Wald’s chi2 7962.98 2639.34 11,278.06 931.92 2459.78 420.23

" p<0.1; industry & year dummies included; intercept values not shown; all Wald’s statistics were significant at p<0.001; heteroskedastic panel structure used; AR1 serial
correlation assumed within panels with a Nagar autocorrelation parameter.

* p<0.05.
™ p<0.01.
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Fig. 4. Interaction plots for ISO 9001 cumulative certifications.

early adopter of ISO 14001. Under such circumstances, being a
slow mover might actually be beneficial. However, being an early
adopter of ISO 14001 when the firm lacks prior ISO 9001 experi-
ence actually leads to the worst performance outcomes (see Fig. 4).
These effects are consistent across all three performance metrics,
and suggest that firm’s exploitation-based absorptive capacity is a
boundary condition to gain an early-mover advantage. We discuss
several implications of these results in Section 8.

6. Robustness analysis and boundary conditions

Our modeling approach has several built-in robustness checks.
We use three different performance measures (ROA, ROI, ROS) for
firm profitability to insure the robustness of the results. Further,
we present the results for future performance in two time periods
(T+1, T+2). In addition, we controlled for lagged dependent vari-
ables in all our models, which can lead to problems with serial
correlation across time periods. To address this issue, we accounted
for a first degree autocorrelation process (AR1) using the Nagar
autocorrelation parameter. Our results are sufficiently robust for
the ROA and ROS measures of firm performance and provide partial
support for ROL In general the results show that the performance
impact gets stronger at T+2, which is expected since the perfor-
mance benefits from ISO implementation are only observed as
organizational processes improve over time. Such delayed bene-
fits are consistent with results obtained by Corbett et al. (2005).
Below we address some additional concerns by conducting further
robustness analysis.

6.1. Endogeneity in the DVs

Controlling for lagged dependent variables raises an issue of
endogeneity. More specifically, DVy which appears as a control vari-
able in all our models could be correlated with the error term &¢.
To address this problem, Wooldridge (2010) recommends using
subsequent lags of the dependent variable as instruments. This
can be achieved by using a 2 stage least squares (2SLS) approach
where DV7 is instrumented using DVy_q. The instrumented vari-
able DV nstrumenteD iS then used as a control variable in Egs. (1)
and (2) specified above. Table Al in the Appendix reports esti-
mation results for models which account for endogeneity using
instrumented dependent variables DVt nsTrRUMENTED @S controls.
This approach did not significantly affect results.

6.2. Alternate measures for key variables

As an additional robustness check, we re-calculated the ISO
14001 Relative Timing variable by considering competition at a
2-digit NAICS level (not shown). This approach made the results
weaker since the new ISO 14001 Relative Timing variable less
accurately captured inter-firm competition within their particu-
lar industries. However, most of the findings did not qualitatively

1S09001
Certifications

1SO014001
Relative
Timing

FIRM
PERFORMANCE

Competitive
Intensity

Fig. 5. Extension 1.

change. Further, it could be argued that a firm’s ex ante stock of
ISO 9001 certifications (i.e. cumulative ISO 9001 certifications at
the time of first ISO 14001 certification) is what matters for the
interaction effect with firm’s timing of certification®. Hence, we
created an alternate measure Cumulative ISO 9001 Certifications (ex
ante), which only includes ISO 9001 certifications until the first
ISO 14001 certification occurs for each firm. The results (Appendix
2) using this measure are consistent with our previous findings.
Finally, to create high and low industry competition subsamples in
the analysis, we had dropped the middle 10% of observations based
on the median value for the reverse Herfindahl-Hirschman Index.
To ensure the results were not a function of this separation criteria,
we changed the percentile selection criteria to achieve a greater
separation between low (<40th percentile) and high (>60th per-
centile) competition subsamples. This approach (not shown) did
not affect the results significantly.

7. Model extensions’
7.1. Extension 1—Conditional process model

To better inform theory and practice, we provide an extension
(Fig. 5) of the basic conceptual framework shown in Fig. 2. This
revised model is an adaptation of the Conditional Process Model
(Hayes, 2013; Preacher et al., 2007) This extension proposes that
Cumulative ISO 9001 Certifications and Competitive Intensity also
have an indirect effect on firm performance through ISO 14001
Relative Timing. This is a likely scenario since a firm’s timing of ISO
14001 implementation itself, may be influenced directly by compe-
tition and existing knowledge of standards. To model this scenario,
we conduct analysis (Table 6, Column 1) using ISO 14001 Relative
Timing as a dependent variable. The analysis shows that Competitive
Intensity has no effect on ISO 14001Relative Timing. This is expected

6 We thank the Associate Editor for suggesting this analysis.
7 We thank the Associate Editor and Reviewers for suggesting these extensions.
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Table 6
First-stage models for extensions 1 and 2.

DV =ISO 14001 DV =ISO 14001

Relative timing
(extension 1)

Implementation
(binary) (extension 2)

Dvr —0.00 0.00
(0.00) (0.01)
Market Value 0.01 —-0.16'
(0.01) (0.08)
Capital Intensity 0.01 -0.01
(0.02) (0.31)
R&D Intensity —-0.01 0.08
(0.03) (0.13)
Product Quality 013" 0.16
(0.04) (0.20)
Firm Size 0.06 081"
(0.02) (0.12)
Munificence 0.00 —0.00
(0.00) (0.00)
Dynamism 0.00 0.01
(0.00) (0.01)
Competition —-0.06 —-0.00
(0.06) (0.01)
Years Since First ISO 9001 018" 042"
Certification (0.03) (0.14)
Cumulative ISO 9001 0.04" 022"
Certifications (0.02) (0.11)
Observations 2329 2329
Wald’s chi2 3149.12 209.06

" p<0.1; industry and year dummies included in all models; intercept values not
shown; all years of data use.
" p<0.05.
" p<0.01.

and can be explained as follows. Since (i) all firms in a given
industry face similar levels of competitive intensity (as measured
by HHI) and (ii) ISO 14001 Relative Timing is measured within each
industry and not across industries, the expected average effect of

Table 7
Second stage model for Heckman selection approach (extension 2).
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1S014001 1014001 (+)
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Sl

= Competitive
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Fig. 6. Extension 2.

competitive intensity on ISO 14001 Relative Timing is ‘zero’. Finally,
there is a positive effect of Cumulative ISO 9001 Certifications on ISO
14001 Relative Timing, even after accounting for Years since first ISO
9001 certification (additional control). Overall, Cumulative ISO 9001
Certifications has a moderating as well as indirect effect (mediated
through ISO 14001 Relative Timing) on firm performance.

7.2. Extension 2—Heckman selection model

In our main analysis, we had only retained firm-years of data
after the first ISO 14001 certification had occurred for each firm.
This was done to investigate the timing effect of ISO 14001 imple-
mentation, without confounding it with the event of implementing
ISO 14001. Yet, this approach is prone to selection-bias since, as a
result of our sampling procedure, we only “see” firms which have
implemented i.e. selected themselves into ISO 14001 (Wooldridge,
2010). A more methodologically sophisticated approach would
involve using a Heckman (1979) procedure (Fig. 6) which accounts
for the drivers of ISO 14001 implementation decision (a binary
variable) in the first stage. The Inverse Mills Ratio (which captures
‘selection’) obtained from this first-stage probit regression is then
used as a control variable in the final models (Eqs. (1) and (2)).

Variables Main effects of ISO 14001 timing Moderating effects of cumulative ISO certifications
Model 1 Model2 Model3 Model4 Model5 Model 6 Model7 Model 8 Model 9 Model 10 Model 11 Model 12
ROAr+1  ROAp2  ROSriq ROS7+2 ROl ROl ROAr+1  ROAp2  ROSpq ROSr2 ROl ROIp4,
Inverse Mills Ratio -046° -1.75 -1427 =321 -1.74° -522" -048 -1.637 -145 -3317 -1.79 -7.70"
(021) (039) (035) (0.63) (0.99) (2.29) (021) (039) (036) (0.66) (0.98)  (1.53)
Cumulative ISO 9001 0.14 0.06 0.10 —0.01 0.40 0.26 —0.00 -0.35 -0.19 -0.75 —0.06 -1.07
Certifications (0.11) (0.16) (0.20) (0.34) (0.54) (1.05) (0.10) (0.16) (0.23) (0.36) (0.76) (1.09)
ISO 14001 Relative Timing 0.26" 048" 0.19 045" 0.16 0.07 0.07 0.11 -0.19 -0.39 -0.27 -2.28"
(0.07) (0.11)  (0.13) (0.21) (0.41) (0.93) (0.10) (0.17) (0.22) (0.32) (0.66) (0.95)
Cumulative ISO 9001 Certifications x ISO 0297 063 047 1167  0.60 243"
14001 Relative Timing (0.10) (0.18) (0.23) (0.35) (0.72) (1.00)
Observations 543 441 543 441 543 443 543 441 543 441 543 441
Wald’s chi2 6542.36 3121.23 16,338.85 4998.58 2822.74 57530 8975.83 3115.58 18,309.55 1078.64 2783.32 2196.22
Variables Effects under low competition Effects under high competition
Model 13 Model 14 Model 15 Model 16 Model 17 Model 18 Model 19 Model 20 Model 21 Model 22 Model 23 Model 24
ROAr:1  ROArz  ROSrq ROS7+2 ROl ROz, ROAr:1  ROA7pz  ROStq ROSr+2 ROl ROI7s,
Inverse Mills Ratio -071° =311 -1.23 -324" -0.29 1.06 -0.55" -1.24" -044 -1.01 -0.34 1.95
(0.40) (0.67) (0.83) (1.35) (0.62) (1.15) (024) (0.52) (0.58)  (0.98) (2.31)  (4.20)
Cumulative ISO 9001 0.25 -0.00 0.11 -0.91 0.88 2.08" 032" 0.49 0.37 0.74 245 412"
Certifications (0.21) (0.32) (0.45) (0.63) (0.47) (0.58) (0.16) (0.29) (0.31) (0.57) (1.30) (2.03)
ISO 14001 Relative Timing —0.06 —0.04 0.19 0.49 —0.28 -1.40° 038 0.85 0.23 070" 1.10 -1.00
(0.18)  (0.24) (029) (039) (0.39) (0.61) (0.08) (0.18) (0.14)  (023) (0.94)  (1.50)
Observations 240 186 240 186 240 186 242 190 242 190 242 190
Wald’s chi2 1811.76 791.75 1351.74 24,572.74 1615.25 626.95 5270.99 2121.28 9816.43 97136 15,717.53 141.24

 p<0.1; only relevant variables shown; all controls were included; all Wald’s statistics were significant at p<0.001; heteroskedastic panel structure used; AR1 serial
correlation assumed within panels with a Nagar autocorrelation parameter. Inverse Mills Ratios calculated from the first stage models with DV =1SO 14001 Implementation

(Binary).
" p<0.05.
™ p<0.01.
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Table 8
Strategic framework of the timing decision.

Low competitive
intensity

High competitive
intensity

Quadrant I: late

mover advantage
Quadrant II: early
mover advantage

Low absorptive capacity Quadrant I1I: trade-off

High absorptive capacity Quadrant IV: early

mover advantage

A significant effect for the Inverse Mills Ratio (Table 7) indicates
the presence of selection bias (at least to some degree). Exten-
sion 2 provides a more realistic view of the actual setting faced
by managers, by going beyond the basic conceptual framework.
Table 7 shows that all our hypotheses are also strongly sup-
ported by this approach, which reduces concerns about selection
bias.

8. Discussion and conclusion

This study offers several contributions to both theory and
practice of implementing ISO management standards. Over the
years ISO management standards “give world-class specifications
for products, services and systems, to ensure quality, safety and
efficiency”, which promote and facilitate global trade®. Research
has investigated financial and operational benefits of implemen-
ting various ISO management standards. However, research has
not investigated the strategic importance of the deciding when
to implement ISO management standards. The timing decision
becomes even more important given that ISO standards seek
to achieve a certain degree of isomorphism between firms (e.g.
ISO 9001 assures customers that their supplier has implemented
standard components of a quality system), which reduces het-
erogeneity in firm resources that could potentially generate a
competitive advantage. However, our study argues that the imple-
mentation timing decision can potentially lead to a performance
advantage, which prior studies did not fully address. From a
strategy-performance relationship standpoint, we show perfor-
mance benefits of an early implementation strategy, but these
benefits depends on the level of competitive intensity and the firm’s
absorptive capacity.

The analysis shows that firms benefit from early implemen-
tation of ISO 14001 in more competitive environments, but do
not benefit in less competitive environments. In high competitive
environments, an average size firm in our sample (with revenues
approximately $8 billion) that implements ISO 14001 1-year ear-
lier than the average of their industry competitors improves their
ROA by 7-10% and ROS by 6-9% on average, holding all other
factors constant. However, early implementation in a low com-
petitive environment does not significanly change ROA, ROS or
ROIL The moderating effect of absorptive capacity (see Table 5
and Fig. 4) provide further interesting implications for the tim-
ing decision. When firms have significant prior related experience
in ISO 9001, implementing ISO 14001 earlier than the competi-
tion provides additional performance benefits (especially for ROA
and ROS) over firms without much prior experience. In fact, firms
with limited experience would actually be better off if they imple-
ment the ISO 14001 standard later than their average peers (see
Fig. 4).

Table 8 offers a strategic framework for the timing decision
based on the empirical results. Each quadrant in Table 8 gives
the best strategic action based on the levels of absorptive capac-
ity and competitive intensity. For firms situated in low competitive

8 http://[www.iso.org/iso/home/about.htm.

intensity environment (quadrantIand II), the adoption timing deci-
sion depends on how much absorptive capacity they have. In a low
competition environment, firms can benefit more from the early
implementation strategy only if they have high absorptive capac-
ity (quadrant II). However, firms in a less competitive environment
and with limited knowledge of a related standard benefit from
implementing later than the industry average (quadrant I). In other
words, quadrant II firms rely on internally accumulated knowledge
(i.e. absorptive capacity) while quadrant I firms rely on exter-
nally accumulated knowledge, which takes time to accumulate
(i.e. industry best practices). For firms in quadrant IV, implemen-
ting earlier than the industry average provides the most benefits.
Consequently these firms can get an early mover advantage. For
firms situated in quadrant IIl (low absorptive capacity and high
competitive intensity), they face a more difficult decision. High
competitive intensity environment favors an early implementation
strategy while low absorptive capacity favors a later implemen-
tation strategy, which makes the decision more difficult. How to
effectively navigate in a highly competitive industry with little
prior related knowledge remains an interesting future research
question.

Our study has interesting theoretical implications as well. Most
studies in operations strategy draw on the Resource Based View
(RBV) (Barney, 1991) to argue that heterogeneity in difficult to
imitate resources account for how a firm can get competitive
advantage and high performance. However, the ISO standards
encourage certain degree of isomorphism across organizations,
which reduce heterogeneity in performance between competitors.
Since ISO management standards promote imitation, the compet-
itive advantage becomes questionable. But, we conceptually argue
and empirically show that the timing of standard adoption is a
source of competitive advantage and high performance. However,
one needs to be cautious in generalizing the results of this study.
For instance, an early mover advantage may be less important
of an issue when the practices require a very high level of cus-
tomization to fit the business context (Jacobs et al., 2015). For
example, some consider the Toyota Production System a com-
plex amalgamation of practices that uniquely fit their context,
that is, it’s an inimitable resource (Rivkin, 2000). In this setting,
implementation timing may be less critical. We encourage future
research to consider both perspectives to examine the relationships
between operational practices (e.g. Six Sigma) and competitive
advantage.

The results in this study offer practical insights for firms deciding
when to implement new emerging management standards as well.
The International Standards Organization has designed ISO 28001
(supply chain resilience) to be compatible with ISO 9001, simi-
lar to ISO 14001 (Branch, 2008). Although the current installation
base for ISO 28001 is still too small to conduct meaningful analy-
ses, future research could examine if this study’s results still hold
true for firms implementing all three compatible standards sequen-
tially (ISO 9001, ISO 14001, and ISO 28001). This study gives useful
insights about how managers might frame and think about the tim-
ing decision. Future studies can explore other factors that might
affect the timing-performance benefit relationship. In addition,
future research could extend this study to other implementation
contexts for compatible standards in healthcare (HIMMS) and auto-
motive (SAE) industries, to name a few. We hope this study triggers
more research on topics related to implementation timing strategy
and firm performance.

Appendix A.

Tables A1 and A2.
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Table A1
Accounting for serial correlation and endogeneity in lagged dependent variables.

Variables Main effects of ISO 14001 timing Moderating effects of cumulative ISO 9001 certifications
ROA7+ ROA7r:2  ROSt ROS74, ROI+1  ROIrz  ROAfm ROAr2;  ROSp ROST+2 ROl ROIp;
DV7INSTRUMENTED 0.92"" 0.70"" 0.65" 0.50"™" 0.68" 044 0917 0.67" 0.50™ 0.65" 066" 0.54™
(0.04) (0.05) (0.07) (0.05) (0.11)  (0.14) (0.04) (0.05) (0.05) (0.07) (0.11)  (0.12)
Cumulative ISO 9001 Certifications 0.78" 1.00™" 1017 0.77" 142" 184" 0457 031" 0.36 0.49° 1.13° 1.09
(0.15) (0.16) (0.28) (0.29) (0.51) (0.85) (0.16) (0.15) (0.33) (0.27) (0.62) (0.79)
ISO 14001 Relative Timing 0.08 0.26 0.25 0.49” -047 -0.03 -0.25 -044" 013 -0.62° -1.00 -1.97"
(0.12) (0.14) (0.18) (0.22) (0.50) (0.88) (0.18) (0.20) (0.36) (0.34) (0.68) (0.91)
Cumulative ISO 9001 Certifications x ISO 0.50"" 0.98™" 0.44 095" 0.97 2.02"
14001 Relative Timing (0.19) (0.21) (0.37) (0.32) (0.74)  (1.00)
Observations 526 424 526 424 526 426 526 424 424 526 526 424
Wald’s chi2 3008.38 6210.87 1359.15 1328.71 518.89 510.23 2887.00 2834.01 1001.85 114541 504.00 1615.92
Variables Effects under low competition Effects under high competition
ROAT ROAr;  ROSra ROS142 ROIry1  ROIn;  ROAR ROAr,;  ROSp+ ROS7+2 ROl ROIp;
DVT.INSTRUMENTED 0.86™ 048" 0.55" 1417 042" 029" 1.09™" 0917 0.38™ 110" 128" 070
(0.07) (0.08) (0.06) (0.12) (0.12) (0.12)  (0.04) (0.07) (0.10) (0.15) (0.32) (0.45)
Cumulative ISO 9001 126" 147" 0.81 1.15™ 161" 1117 095" 0.95™ 0.19 151" 4017 2.90
Certifications (0.31) (0.36) (0.42) (0.39) (0.57) (0.51) (0.20) (0.30) (0.29) (0.55) (1.40) (2.30)
ISO 14001 Relative Timing -0.35 -0.33 0.77" 0.10 -0.64 -1.17" 028" 0.57" 0.07 0.59" 0.27 -0.85
(0.25) (0.30) (0.34) (0.20) (0.47) (0.61) (0.11) (0.19) (0.46) (0.25) (1.19)  (1.71)
Observations 233 179 233 232 233 179 232 180 179 180 232 180
Wald’s chi2 959.68 572.73 3359.15 140140 426.61 336.16 9096.06 1976.20 465491 1356.07 587.45 320.32

" p<0.01,” p<0.05," p<0.1; Only relevant Variables shown; All Wald’s Statistics were significant at p<0.001; Heteroskedastic Panel structure used; AR1 serial correlation

assumed within panels with a Nagar autocorrelation parameter. All years (1995-2007) were used for the analysis, including years prior to each firm’s first ISO 14001

implementation. DVrnstrumentep Was created using past values of dependent variable.

Table A2
Accounting for cumulative ISO 9001 certifications (ex-ante).

Variables Main effects of ISO 14001 timing Moderating effects of cumulative ISO certifications

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model 10 Model 11  Model 12

ROAT+ ROA™:2 ROS7 41 ROSt+2 ROl ROI7s ROAT+ ROAT:2 ROS7+1 ROS7+2 ROI741 ROI74,
Cumulative ISO 9001 045" 1317 0.50" 112" 0.79 2.30 0.29" 045~ 0.34 0.01 0.08 0.30
Certifications (Ex-ante) (0.15) (0.22) (0.28) (042)  (0.83) (1.66) (0.15) (023)  (0.30) (039)  (1.04) (1.11)
ISO 14001 Relative 031" 0.50™" 0.20 051" 0.36 0.24 0.19 -0.15 0.07 -0.51 -0.48 —3.29™"
Timing (007)  (0.11)  (0.14) (019)  (038)  (0.86)  (0.14)  (024)  (0.28) (040)  (0.83) (1.16)

0.25 0.99™ 0.18 1.327 1.05 3.96"
(0.19) (032)  (0.33) (047)  (1.10) (1.38)

Observations 543 441 543 441 543 443 543 441 543 441 543 441
Wald'’s chi2 6909.21 3896.88 19,959.44 1053.01 2355.86 118.51 7749.33 2584.56 24,816.54 1000.05 2499.78 201245
Variables Effects under low competition Effects under high competition

Model 13 Model 14 Model 15 Model 16 Model 17 Model 18 Model 19 Model 20 Model 21 Model 22 Model 23  Model 24

ROAT+ ROAm:2 ROS741 ROSt12 ROl ROIr+ ROA7+ ROA7+ ROS7+1 ROS742 ROIr+q ROl
Cumulative ISO 9001 0.84™ 1.92" 0.22 0.66 1.05" 361" 0517 1.707 0.61 277" 545" 6.03"
Certifications (Ex-ante) (0.32) (0.46) (0.44) (0.48) (0.52) (0.81) (0.21) (0.37) (0.44) (0.72) (1.72) (3.22)
ISO 14001 Relative Timing 0.01 —-0.06 0.23 0.19 -0.18 -0.92" 043" 0.84™ 0.33" 0.86" 0.74 0.54

(0.17) (0.25) (0.29) 0.41)  (037) (0.54) (0.08) (0.17)  (0.14) (021)  (0.98) (1.51)
Observations 240 186 240 186 240 186 242 190 242 190 242 190
Wald’s chi2 1894.46 957.06 1387.21 4575.85 1328.63 1160.79 4880.11 5433.03 7709.54 1726.38 115,152.33 131.48

" p<0.01,” p<0.05," p<0.1; Industry & Year Dummies included in all models; Intercept values not shown; All Wald’s Statistics were significant at p<0.001; Heteroskedastic

Panel structure used; AR1 serial correlation assumed within panels with a Nagar autocorrelation parameter. Cumulative ISO 9001 Certifications (Ex-ante) calculated based

on certifications at the time of first ISO14001 implementation.
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