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ABSTRACT

This paper investigates the effect of the ISO 9000 quality management standard on operational and environmental performance. I explore the effect in ISO 9000 certified facilities but also consider that non-certified facilities may improve their operational and environmental performance as they imitate the ISO 9000 practices that they observe in the supply chain, in industry networks, and in sister facilities. I use a 12-year panel dataset with 24603 facilities from different manufacturing industries to investigate empirically whether and when ISO 9000 affects plant performance. A cross-industry analysis suggests that ISO 9000 decreases the operational performance and improves the environmental performance of both certified and non-certified facilities. However, these effects disappear in a within-industry analysis. Data limitations do not allow identifying conclusively which industry effects drive the spurious results of the cross-industry analysis, but there is some indication that industry wide spurts of facility growth may confound results. From a methodological viewpoint, the results of this paper contribute to the research on industry management standards by showing that industry effects can profoundly confound results. The results contribute from an empirical perspective by pinpointing growth as an important aspect that requires further research with respect to how it may influence performance indicators. Finally, from a theoretical perspective, this paper opens the discussion to the effects of vicarious learning in the context of industry management standards. 

INTRODUCTION

Industry management standards have become popular tools that guide business practices in a variety of areas. The ISO 9000 standard and Six Sigma, for example, provide guidelines for quality management practices. The ISO 14001 standard and the Chemical’s Industry Responsible Care Program focus on environmental management practices. The COSO standard guides financial control practices, and the SA 8000 standard focuses on labor management practices. 

By the year 2000, over 343,640 companies from 150 different countries have sought certification with the ISO 9000 quality management standard (ISO, 2000). Simmons & White (1999: 330) suggest that “ISO 9000 is arguably the most influential standard of its kind in the world”. Its extensive diffusion and influence stand in stark contrast with the uncertainties over the standard’s merits. Survey responses that range from “ISO 9000 is basically a pyramid scam” to “ISO 9000 is the best of its kind” when asked about the standard’s benefits (Naveh, Marcus, Allen et al, 1999: 274 - 275) reflect well the confusion that prevails in the current debate. As of today, it is not clear whether ISO 9000 is merely a fad or effectively improves business practices (Cole, 1999). 

A number of scholars have investigated the influence of ISO 9000 on different dimensions of business performance. Some studies find that ISO 9000 certified facilities have higher profitability, but these studies fail to establish a causal link between certification and profitability (Simmons & White, 1999). Results on the effect of ISO 9000 on customer satisfaction are ambiguous (Naveh et al, 1999; Rao et al, 1997; Terzioski, Samson & Dow, 1995). Other studies have focused on the effect of ISO 9000 on operational performance. Operational performance is a multi-dimensional concept that refers to the measurable aspects of an organization’s processes (Voss, Ahlstrom & Blackmon, 1997). It most commonly encompasses production reliability and defect rates, production cycle time and on-time delivery, cost of quality and scrap minimization, productivity, and inventory turns (Naveh & Marcus, 2000; Samson & Terziovski; 1999, Voss et al, 1997; Youndt, Snell, Dean et al, 1996). Focusing on a selection or combination of the different dimensions of operational performance, some studies find that certification reduces the cost of quality (Naveh et al, 1999) and improves overall operational performance (e.g., Wenmoth & Dobbin, 1994). Others cast doubts on such positive relationship between ISO 9000 and operational performance (e.g., Dick, 2000).

From a theoretical perspective, ISO 9000 is expected to improve operational performance by streamlining processes and increasing process consistency (Benner & Tushman, 2001). Taking this idea one step further, some scholars propose that ISO 9000 may also improve the environmental performance of certified companies (King & Lenox, 2001). The central argument is that ‘lean is green’. Because imperfections and inefficiencies in operational processes should be related to the amount of toxic emissions (McInerey & White, 1995), an increase in operational performance may decrease pollution. King & Lenox (2001) find weak evidence for such a link, but others could not establish a causal relationship between certification with ISO 9000 and environmental performance (Sun, 1999). 

This paper attempts to clarify some of these findings by exploring further the effect of ISO 9000 on operational and environmental performance. I investigate the effect of ISO 9000 in certified facilities, but in contrast to previous studies, I also account for the indirect effect that the standard may have through vicarious learning processes. Specifically, the practices that ISO 9000 promulgates may diffuse as non-certified organizations imitate the practices of certified peers. Such imitation should be particularly prevalent within supply chains, industry networks, and among facilities of multi-plant corporations. As a result, ISO 9000 may have an effect on the performance of both certified and non-certified companies. 

I use a 12-year panel dataset that includes 24063 facilities from different manufacturing industries to test the direct and indirect effect of ISO 9000 on operational and environmental performance. An initial cross-industry analysis suggests that ISO 9000 increases the environmental performance and decreases the operational performance of both certified and non-certified facilities. Yet these effects disappear in a within-industry analysis. This indicates that an industry effect - rather than ISO 9000 - may drive the results of the initial analysis. While data limitations do not allow for conclusive results as to which industry effect this may be, I find some evidence that industry specific spurts of facility growth may be responsible for the outcome of the cross-industry analysis. Such growth spurts could be associated with a decrease in operational performance (as captured in an increase in scrap accumulation and relative to slower growing companies from other industries), a relative improvement of environmental performance (as captured in the reduction of toxic release) due to an upgrade of technologies, and the tendency to certify with ISO 9000. In a cross-industries analysis, these effects combine to suggest - erroneously - that ISO 9000 increases environmental and decreases operational performance. 

By failing to identify a causal relationship between certification with ISO 9000 and operational and environmental performance, this paper falls short of its initial goals. Instead, it makes a number of somewhat unexpected methodological and theoretical contributions to the research on industry management standards. It contributes methodologically by showing the sensitivity of any results to industry effects in general, and industry wide spurts of facility growth in particular. By beginning to uncover some factors that – if neglected – may lead to erroneous interpretations of how management standards affect company performance, this paper should provide valuable guidance for future research on industry management standards. From a theoretical perspective, this paper contributes by opening the discussion to the possibility of vicarious learning. So far, scholars have focused on the effect of management standards in certified facilities and have not yet considered how the practices that the standards promulgate may diffuse independent of mere certification counts. Finally, this is the first study to use a dataset that covers a time period as long as 12 years to trace the potential effects that ISO 9000 may have on company performance. Previous studies have relied on shorter observation periods, which restricted the time frame in which potential effects could be captured. 

Hypotheses Development

The Effect of ISO 9000 on Operational Performance 

The ISO 9000 quality management standard focuses on process, rather than output control. It establishes guidelines that aim to optimize and standardize operational processes “through quality planning and goal setting, clear assignment of task authority and responsibility, adequate skills, and systems for documenting process performance and responding to process failures” (Anderson et al, 1999: 30). The guidelines cover activities from product design and development, through production, inspection, installation, and product servicing. Depending on the industry specificities of the adopting company, this list may be shortened to make fit. Companies that comply with the guidelines can get a third party certification that authorizes them to publicize conformance with the ISO 9000 quality management standard. 

From a sequential perspective, adopting ISO 9000 may be subdivided into three phases (Benner & Tushman, 2001). First, companies have to map and document their operational processes (Harrington & Mathers, 1997). This forces managers to thoroughly understand how these processes (dis)connect, and it generates the information required for the second phase. The second phase focuses on improvements of the mapped processes. Improvements typically aim at incremental changes that rationalize and streamline the links among interdependent organizational subunits. Improvements are captured with measures of process efficiency and customer satisfaction (Benner & Tushman, 2001). Feedback mechanisms ensure continuous improvement (Naveh & Marcus, 2000). The third phase stresses adherence to improved routines and processes, as well as adoption of standardized best practices throughout the organization (Harrington & Mathers, 1997). 

Aligning operational processes as required by ISO 9000 may have a number of effects. Benner and Tushman (2001) argue that such alignment favors exploitative technological innovation at the expense of explorative innovation. It should also minimize variations in performance, which may improve customer satisfaction (Anderson et al, 1999). Gathering information about processes and how process units link, and using this information to coordinate, streamline, and repeat organizational processes should also affect operational performance. Specifically, it should influence the different dimensions of operational performance – e.g., operational efficiency (Benner & Tushman, 2001; Winter, 1994) and the amount of required rework and hence accumulated scrap (Dick, 2000) – such that overall the operational performance improves. I expect:

H1a: Certification with ISO 9000 improves, on average, the operational performance of the certified organization.

Hypothesis 1a addresses the average operational performance prior and post certification with ISO 9000. Put differently, it proposes that certification has – at the very least – a one-time effect on operational performance such that the performance is, on average, better post certification. Yet adopting ISO 9000 may also affect ongoing improvements. This is because the feedback loops embedded in the standard should foster the continuous identification and adoption of best practices throughout the company (Benner & Tushman, 2001). Furthermore, as an organization improves its operational performance, workers become more cognizant of potential changes and develop the capabilities that enable the company to improve its processes on an ongoing basis. I therefore expect:

H1b: Certification with ISO 9000 is positively associated with annual improvements in the operational performance of the certified organization.

ISO 9000 and Environmental Performance 

Some scholars argue that operational inefficiencies are related to the extent to which an organization emits pollutants (McInerney & White, 1995). Most of the theoretical debate about the relationships between operational performance and pollution centers around the idea that operational processes that are under control, aligned, and efficient, are lean processes and that ‘lean is green’ (Hart, 1997; Hemenway & Hale, 1996; Klassen, & McLaughlin, 1993). King & Lenox (2001) provide an overview of the arguments why lean may be green. First, lean management may be summarized as a policy of “zero waste.” The very idea of lean management is the use of factors such that there are no leftovers, and this would inevitably improve environmental performance by reducing toxic emissions. Second, lean management practices may reduce the marginal costs of pollution reduction, thereby improving the environmental performance of firms. Reduction of marginal costs may occur through two mechanisms. First, practicing lean management may generate capabilities that facilitate improvements in environmental performance (King & Lenox, 2001; Womack et al, 1990). Second, they may reduce the search costs associated with uncovering opportunities for pollution reduction. Specifically, lean management can change favorably the expectation of managers about the anticipated benefits and costs of environmental improvements, or it can directly uncover environmental improvement opportunities. For instance, ISO 9000 requires companies to monitor and document major process variables. This means that companies have to control factors like humidity and temperature, but also the level of contaminants in the physical environment (Hutchins, 1997). ISO 9000’s focus on process control thus may generate information about and help improve the environmental performance of companies.

The ‘lean is green debate’ is relevant for this research as far as the practices that ISO 9000 promulgates are ‘lean practices’. King & Lenox (2001) go as far as equating the adoption of ISO 9000 with the adoption of lean management practices. The literature on the quality management movement supports this idea. Quality management practices are interpreted as an important attribute of lean production (MacDuffie, 1991), and many practitioners see ISO 9000 as an important step towards lean production (Sukumar, 1997). Thus, as far as lean is green, ISO 9000 may should improve the operational as well as environmental performance of certified facilities. Analogous to the hypotheses on the effect of ISO 9000 on operational performance, I therefore expect:

H2a: Certification with ISO 9000 improves, on average, the environmental performance of the certified organization.

H2b: Certification with ISO 9000 is positively associated with annual improvements in the environmental performance of the certified organization. 

Vicarious Learning in the Context of ISO 9000

The discussion so far neglects the possibility that ‘ISO 9000 practices’ may diffuse independently of certification. Theories of vicarious learning suggest that “by observing others, organizations can … potentially learn the myriad strategies, administrative practices, and technologies produced by the ongoing exploration of others in their industry…” (Baum, Li and Usher, 2000: 774; also see Cyert & March, 1963). Numerous studies have provided empirical evidence that organizations learn from their peers and imitate their practices and strategies (e.g., Baum et al, 2000; Haunshild & Miner, 1997; Westphal, Gulati & Shortell, 1997). 

In the context of ISO 9000, vicarious learning is likely to drive part of observed certification processes (Guler, Guillen & MacPherson 2000; Terlaak & King, 2001). Yet vicarious learning does not need to manifest exclusively in certification. Instead, it may shape company performance independent of actual certification, because organizations may imitate the practices of their certified peers without getting accredited. One reason to forgo certification is that the average (external) costs of getting registered with ISO 9000 amount to $42,209 and some companies may chose to implement the practices but postpone actual certification. As a respondent to a survey on ISO 9000 remarks: “If I were to start my own business I may not be able to afford to register a Quality System, but I sure would have one in place” (Naveh et al, 1999: 269). Other companies may have exclusive supplier-buyer relationships, and official registration becomes unnecessary as long as suppliers have a quality system in place. Greg Hutchins, author of multiple books on ISO 9000 and ISO 9000 consultant, believes that implementation without registration may indeed be beneficial as “many benefits from ISO 9000 can be accrued if quality systems are simply implemented without going through the additional cost of registering them” (Hutchins, 1997: viii). 

For an organization to learn about ISO 9000 practices, it needs to be exposed to certified peers. Three contact points seem particularly relevant. First, learning about quality management practices may occur through the supply chain. Many firms work closely with their suppliers to create competitive advantages in cost and cycle time reduction, on-time delivery, and access to product and process technology (Trent & Monczka, 1999). Pagel (1999) discusses the concept of ‘supplier partnering’, which also involves a close cooperation among firms and their suppliers. Such close cooperation should allow non-certified plants to learn about best quality management practices from their certified supply chain partners. As a result, supply chains may not only serve as channels for the diffusion of ISO 9000 certification (Anderson et al, 1999; Corbett, 2002; Uzumeri, 1997), but may also foster the diffusion of the quality management practices associated with ISO 9000.

An organization may also learn about ISO 9000 practices as certification diffuses throughout its industry. Increasing industry certification is likely to capture the attention of trade journals and associations, which may report about ISO 9000 and the associated practices. Accumulating certification may also be debated at trade shows and similar gatherings. Such information dissemination should allow a company to engage in vicarious learning and improve its performance through imitation. 

Finally, an organization that is part of a multi-plant firm may implement the quality management practices that it observes in certified facilities belonging to the same corporation. Boards of directors that bridge across facilities, company newsletters, and the exchange of personnel across plants should ensure that information flows within firms. As a result, certification with ISO 9000 of some of the plants of a multi-plant company may affect the practices and performance of the non-certified plants. One respondent to a survey on ISO 9000 indeed remarks that “some of the benefits (from ISO 9000) have spilled over into other parts of the site that are not registered” (Naveh et al, 1999: 267).

Presumably, the possibilities for a company to learn about and imitate ISO 9000 practices increase with the extent to which it is exposed to ISO 9000. Following the arguments from above on how ISO 9000 affects plant performance, I therefore expect that exposure to ISO 9000 is positively related to the operational and environmental performance of non-certified facilities. 

H3: The higher the degree of ISO 9000 certification within a supply chain, the better the (a) operational performance and (b) environmental performance of a non-certified organization in this supply chain.

H4: The higher the degree of ISO 9000 certification within an industry, the better the (a) operational performance and (b) environmental performance of a non-certified organization in this industry.

H5: The higher the degree of ISO 9000 certification within a firm, the better the (a) operational performance and (b) environmental performance a non-certified organization in this firm.

In sum, I argue that ISO 9000 improves the average operational performance of certified companies (H1a) as well as the rate with which the certified companies improve their operational performance (H1b). Furthermore, ISO 9000 should improve the average environmental performance of certified companies (H2a) as well as foster continuous improvements in environmental performance (H2b). Finally, I argue that as ISO 9000 diffuses through the supply chain (H3), the industry (H4), and the firm (H5), vicarious learning processes cause non-certified companies to improve their operational and environmental performance.

Empirical Analysis

Sample
I perform my analysis using a longitudinal sample that contains 24063 U.S. manufacturing facilities (Standard Industry Classification (SIC) Codes 20 to 39) and covers a time period from 1988 (which was the first year of certification in the U.S.) until the year 1999. The dataset traces certification with ISO 9000 in 232 different industries that are captured on the four digit SIC code level. I used several data sources to construct the sample – the McGraw-Hill Directory of ISO 9000 certified firms, the Dun & Bradstreet database of all manufacturing facilities in the United States, the Toxic Release Inventory (TRI), and data from the Bureau of Economic Analysis (BEA). Because I needed information from both the TRI dataset and the Dun & Bradstreet dataset to capture facility performance, I restricted my sample to TRI-reporting facilities that I could identify in the Dun & Bradstreet database.

Dependent Variables

My first dependent variable captures operational performance. While I recognize that operational performance is a multi-dimensional concept, I focus on one dimension - the amount of scrap accumulated in the production process (e.g., Dick, 2000; Youndt et al, 1996) – for the purpose of this study. The idea is that organizations with better operational performance accumulate less scrap (Klassen & Whybark, 1999; Rothenberg, 1999). I use data from the TRI dataset to measure annual facility waste generation. Note that I relate waste generation to operational, rather than environmental performance. Below I discuss further this differentiation. Following a methodology invented by King & Lenox (2000), I capture both absolute and relative operational performance. Absolute_Operat_Performance refers to the log of the amount of scrap (waste) that a facility accumulates during a calendar year. Relative_Operat_Performance refers to the scrap generation of each facility relative to similar sized facilities in the same industry. Specifically, I estimated for each four digit SIC coded industry and year the average relationship between facility size and the log of the units of waste generation. For each facility, the residual of this estimation then indicates its performance relative to the industry average. I normalized the residual and inversed its sign since a positive residual indicates waste generation above the average. Having inversed the sign, the value of the variable increases as operational performance improves.

The second dependent variable captures environmental performance. I once more use data from the TRI dataset, but unlike for the construction of operational performance, I now exclusively consider the (toxicity weighted) waste that is released into the environment. Specifically, I disregarded the waste that a company generates but then reuses onsite or transfers offsite for recycling or energy recovery. This is because reused materials will not be released into the environment, and while their generation may be a sign of operational deficiencies (and thus is considered for calculating operational performance), their reuse (rather than release) does not increase pollution. Furthermore, I toxicity-weighted the releases to account for the environmental impact of each pound emitted. Companies report to the TRI about the generation and emission of more than 650 different chemicals. A set of 264 chemicals has been consistently part of the reporting requirement (so called ‘core chemicals’). The toxicity of these core chemicals varies considerably. I used the reporting threshold that EPA imposes on each of these chemicals as an indication for their toxicity, and I weighted each emission with the inverse of its reporting threshold (see King & Lenox, 2000).
 I then followed the methodology that I outline previously for the creation of operational performance, and calculated Absolute_Env_Performance, which measures the annual toxicity-weighted releases of each facility. Relative_Env_Performance reflects the annual toxicity-weighted releases of each facility relative to similar sized facilities in the same industry and in the same year. I inversed the sign of these variables to reflect that higher toxicity weighted releases are a sign of poorer environmental performance. In Appendix 1, I describe further the construction of the relative performance variables and I discuss various alternative constructions.

Two specificities of the TRI reporting requirements cause numerous observations with zero values for accumulated scarp and toxic releases. First, over the years, the list of chemicals that require reporting to the TRI has changed. I address this issue by capturing only the 264 core chemicals that consistently have been included in the reporting requirements. Those facilities that exclusively handle non-core chemicals – while captured in my sample – have a zero value for their scrap generation and toxic releases. Second, some firms that generate scrap or have releases below certain thresholds can submit a general TRI-report that merely acknowledges these activities, rather than the detailed report that lists exact quantities. As a result, these facilities also have a zero value for their scrap accumulation and toxic releases. Taking the natural log of accumulated scrap and toxic releases smoothens the distribution for the absolute operational and environmental performance variables to near normal over almost the entire range. However, the reporting specificities create a threshold that causes a count of zero observations such that the distribution of the variables remains skewed at one end.
 I discuss this issue in more detail in my method section. 

Independent Variables

I used the McGraw Hill directory of ISO 9000 certified plants to identify the 4967 manufacturing plants that gained certification between 1988 and 2000 and for which I had complete information for all of my other variables. I then created a binary variable, ISO, which takes on one in the year that the facility gains certification. It remains one for the following years. This specification allows for the effect of ISO on operational and/or environmental performance to occur (and persist) anytime after certification. I also consider a binary variable that takes on one in the years prior to certification to capture the possibility that ISO 9000 affects performance as companies realign their processes to the standard guidelines prior to certification.

To capture the effect of ISO 9000 beyond what is indicated by certification, I measure the extent to which a company is exposed to ISO 9000 certified facilities in its supply chain. Supply_to_ISO indicates for each facility (according to its four digit SIC code) and year the probability to sells its outputs to an ISO certified buyer. To construct this variable, I used data from the Input-Output tables from the U.S. BEA, which allows tracing buyer and supplier relationships across and within industries. I combined this information with data from the McGraw Hill Dataset, which allows identifying ISO certified buyers.

Besides learning through the supply chain, organizations may become aware of ISO 9000 practices as they diffuse within the industry. I capture this effect with Industry_Certification, which reflects the annual percentage of ISO 9000 certified facilities in each 4 digit SIC code. To create this variable, I combined data from the Duns database (containing all manufacturing facilities) with the McGraw-Hill directory (containing all ISO 9000 certifications).
 

Finally, facilities of multi-plant companies may imitate ISO 9000 practices as they diffuse throughout the corporation. I capture this effect with Firm_Certification, which measures the annual percentage of ISO certified facilities within each multi-plant firm. Facilities report their parent’s Duns number to the TRI and the Duns database, and I use this information to group the facilities into firms.  Combining this information with the ISO directory allows calculating the annual extent of firm certification. 

Control Variables

I control for the impact that size may have on operational and environmental performance. Size represents the log of the number of employees in each facility. I retrieved employee information from the Dun & Bradstreet dataset and updated this variable annually.

Regulatory requirements are likely to influence environmental performance. Using a method similar to the one developed by Meyer (1995), I created a variable, Regulatory_Stringency, which reflects the log of the sum of statewide emissions over the sum of the Gross State Product (GSP) in the Paper & Pulp, the Chemical, and the Petroleum Industries.
 I update this index for every year and I take its inverse so that the value increases with an increase in regulatory stringency (i.e., as state wide emissions per dollar of GSP decrease). 

I also control for the effect of Exports. For each four digit SIC code and year, Export indicates the percentage of exports of shipments. Shipment data classified by SIC code is available from the BEA and I acquired export data from the US Census Bureau. 

Finally, I include year dummies in the analysis to control for potential Year Effects that may affect operational or environmental performance. 

I present the descriptive statistics of the variables in Table 1a. Table 1b provides a correlation table. Note the high correlation (73%) between environmental and operational performance. Conceptually, this correlation is desirable since I argue that operational performance and environmental performance are related. Technically, this correlation is expected as the measures for operational and environmental performance only differ in terms of the toxicity weighting and the amount of scrap that a company generates but that then is recycled or used for energy recovery rather than released.
 Some of the trend variables, e.g., Supply_to_ISO and Industry_Certification, also are highly correlated. This is because both variables take on higher values as time passes. I address this problem by introducing these variables sequentially into my models.

-------------------------------------------------

Insert Tables 1a and 1b about here

-------------------------------------------------

Method

I use a cross-sectional time-series regression model to predict the operational performance (environmental performance) for each facility in the following year. The model takes the following form:

yi t+1 = βxit + vi + εit
with yi t+1 representing the operational performance (environmental performance) of facility i for the next year, the vector xit representing the facility and industry characteristics in this year, vi representing a facility fixed effect, and εit representing the ‘usual’ error term. I include a facility fixed effect to account for unobserved facility attributes that may influence the dependent variable.

Two sample selection issues require attention. The first selection issue refers to a potential selection effect into the sample. Specifically, my sample only includes facilities that also report to the TRI dataset. Facility attributes like size and chemical intensity influence the probability that the facility appears in the sample.
 This sample selection would reduce the general applicability of my results only if there were reason to belief that the effect of ISO 9000 on certified companies versus non-certified ones systematically differs for organizations that are inside the TRI dataset and those that are outside. 

The second selection problem refers to a potential selection into ISO certification. Some inherent characteristics of the accredited facilities might have caused certification, and the performance effect may ultimately result from these inherent characteristics. For example, it is possible that facilities that are improving their operational (or environmental) performance tend to also adopt (‘select into’) ISO 9000. This could cause misattribution of their performance improvement to the adoption of ISO 9000. As far as such inherent characteristics are constant over time, the specified fixed effect controls for their influence. A difference-in-difference approach can also help address this problem. I discuss this approach in more detail below.

I also consider the potential for heteroscedasticity in the data and specify a robust model that corrects for this problem. The results from this model specification confirm the reported results. In a further attempt to be conservative, I evaluate the significance of the model results at the conventional p<0.05 and p<0.01 levels as well as at the significance level as determined by Leamer’s formula for large sample inference (Leamer, 1978). When using a large sample size, it is relatively easy to generate significant coefficients, because “almost every relevant independent variable will have some influence, however small, on a dependent variable; increasing the sample size will reduce the variance and eventually make this influence statistically significant” (Kennedy, 1998: 64). For this study, the t-value that determines significance according to Leamer’s formula centers around 3.41.

Lastly, recall that the distribution for some of my dependent variables – for absolute operational performance and absolute environmental performance – are skewed in that they have some zero observations. Typically, a Tobit model is the model specification of choice for such situation. As of yet, computational limitations restrict my ability to specify such model. Tobit models are most commonly used in cross sectional analysis, and while statistical packages like STATA provide (theoretically) the technology to specify a Tobit model for a cross-sectional time series model, practically, this function yet is highly unstable in longer panels with many observations. I therefore resort to the model specification that I outline above, and I account for the skewness of my variables by running models where the dependent variables include as well as exclude the threshold observations. 

Results

The Effect of ISO 9000 on Operational and Environmental Performance

In Table 2a, I report the model results for the effect of ISO 9000 on absolute operational performance (Models 1A and 1B test Hypotheses 1A and 1B, respectively), and environmental performance (Models 2A and 2B test Hypotheses 2A and 2B, respectively). For each of these models I also report the results of the base case. The models have a significantly better fit than their base models.

-------------------------------------------------

Insert Table 2a about here

-------------------------------------------------

Models 1A and 1B suggest that operational performance decreases with size. Regulatory stringency and exports do not affect operational performance. In Model 1A, the coefficient for ISO is negative and significant, suggesting that average performance is lower post than prior to certification with ISO 9000. This result contradicts Hypothesis 1A. In Model 1B, I include this year’s performance as an explanatory variable, thereby restricting the model to predict changes in performance between the current and the next year. I find that certification with ISO 9000 decreases performance on an ongoing (annual) basis. This result contradicts Hypothesis 1B.

To account for the possibility that companies with decreasing operational performance select into certification with ISO 9000, I specify a model that resembles a difference-in-difference approach (results not reported). This model predicts the difference in operational performance (the dependent variable equals operational performance t+1 - operational performance t) while controlling for the operational performance in t-1. All other variables (e.g., the facility fixed effects and year variables) remain the same.
 In this model, the t-value of the coefficient for ISO drops to 3.0. This drop in significance is not surprising given that the model specification is very conservative, and the coefficient does remain significant on the p<0.01 level. I therefore conclude that a selection of lower performing plants into ISO 9000 cannot entirely account for the unexpected negative effect of ISO 9000 on operational performance. 

In Models 2A and 2B, I investigate the effect of ISO 9000 on the environmental performance of certified facilities. Regulatory stringency and the extent to which facilities export their products both have a significant and positive effect on environmental performance. An increase in facility size decreases absolute environmental performance. Model 2A suggests that the environmental performance is, on average, significantly better after certification with ISO 9000, thereby supporting Hypothesis 2a. Model 2B includes this year’s environmental performance as explanatory variable. In this model, the coefficient of ISO looses significance. This indicates that while certification with ISO 9000 has an effect on environmental performance at some point in time (see Model 2A), it has no effect on ongoing (annual) improvements in environmental performance.

To ensure the robustness of the results from Table 2a, I discarded all threshold observations (recall that the dependent variables in these models had a number of zero observations) and repeated an otherwise identical analysis. This specification generates confirming results. The only change occurs for the coefficient of the ISO variable in Model 2A. The t-value of this coefficient drops to 3.06. Given the smaller sample size in this analysis (and thus a lower Leamer level), and given that the coefficient remains clearly significant at p<0.001, I maintain that ISO 9000 seems to improve (on average) the environmental performance of certified facilities. 

Overall, the models in Table 2a suggest that ISO 9000 has a negative effect on the operational performance, and a ‘one time’ positive effect on the environmental performance of certified facilities. Considering the construction of the dependent variables, this indicates that certification causes companies to accumulate more scrap (hence a decrease – both on average and annually - in operational performance), but to recycle proportionally more and/or to release chemicals that are less toxic (hence the average improvement in environmental performance). This result is puzzling. Operational and environmental performance are correlated at 73%, which would suggest that ISO 9000 affects these measures - if at all - in the same direction. Furthermore, one would expect that ISO 9000’s focus on quality management primarily improves operational performance, and only secondarily shapes the environmental performance of certified plants. Further analysis may help clarify these findings.

Further Analysis

Two issues require more careful investigation. First, while the previous analysis controls for the selection of facilities that are improving or decreasing their operational performance, it does not capture a potential selection of faster growing companies into certification. Yet considering how growth may interplay with the observed effects seems of particular importance. Operational and environmental performance may be sensitive to growth, and sizeit – as a stock variable at time t rather than a flow variable - only imperfectly controls for growth effects. I therefore include in an (otherwise identical) analysis the production ratio in t+1 for each facility as a control variable. Unlike the other explanatory variables, I do not lag this variable so that I better control for growth in the year for which I measure operational and environmental performance. This analysis produces results that confirm the results of the previous analysis.

The second issue is that the models so far assume the relationship between size (growth) and performance to be linear and constant (‘the same’) across all industries. Since operational and environmental performance may be sensitive to growth, a misspecification of this relationship can distort results. For my further analysis, I therefore allow for industry specific and non-linear relationships between size (growth) and performance by considering how ISO 9000 affects the relative operational and environmental performance of certified facilities. Recall that these relative measures capture the performance of each facility relative to similar sized facilities in each industry and year. Using these measures as dependent variables, I rerun the analysis. Table 2b reports the results from this analysis. 

-------------------------------------------------

Insert Table 2b about here

-------------------------------------------------

In Models 1A and 1B in Table 2b, the coefficient for ISO is no longer significant. The coefficient for ISO also looses significance in Models 2A and 2B. Thus, when performing a within-industry analysis that takes out potential industry effects on performance, I no longer find evidence that ISO 9000 influences the operational and environmental performance of certified facilities. This hints that the effect of ISO in the cross-industry analysis may be a statistical confound caused by industry effects. While the data does not indicate which industry effect this may be, the pattern of results - the negative effect of ISO on operational performance and its positive effect on (the average) environmental performance in the cross-sectional analysis, and the disappearance of both effects in the within industry analysis - suggests that spurts of industry growth (rather than certification with ISO) may drive the observed results.

A spurt of industry growth - i.e., a period in which the companies in an industry grow, on average, more than companies from another industry – may be associated with a number of effects. First, an increase in output of the growing companies should be associated with higher levels of scrap accumulation when compared to the slower growing companies from other industries. This analysis picks up this effect as a decrease in operational performance. Second, as companies expand, they may update their technologies and management practices, which in turn lowers their toxic releases relative to the slower growing companies that operate on older technologies and practices. Thus, while they accumulate relatively more scrap, they deal with it ‘smarter’ in that they recycle more and release less of it. Third, growth may be associated with the adoption of new administrative technologies like ISO 9000. Coincidence of these three industry growth effects – the increase in scrap accumulation, the decrease in toxic emissions, and the tendency to adopt ISO 9000 – causes a cross-industry analysis to indicate that ISO 9000 reduces the operational performance and the improves environmental performance of certified facilities. In a within-industry analysis, these effects disappear as such an analysis compares the performance of facilities that are exposed to the same industry growth effects. More specifically, if an industry wide spurt of facility growth increases scrap accumulation and decreases toxic emissions of all companies within this industry, their performance indicators remain unchanged when compared relative to one another, but they appear to have a poorer operational performance and a better environmental performance when compared to companies from other industries.
 

The Effect of ISO 9000 through Vicarious Learning 

Tables 3a and 3b report the analysis on the effect of vicarious learning about ISO 9000. Specifically, Table 3a reports the results for the effect of vicarious learning about ISO 9000 on absolute operational performance, and Table 3b reports the results for the effect on absolute environmental performance. I restrict this analysis to facilities that are not certified with ISO 9000 and that are part of a multi-plant company. I only consider multi-plant facility because investigation of the effect of within-firm diffusion of ISO 9000 only is plausible for multi-plant companies.
 I include in each model separately the trend variables that indicate the extent to which non-certified companies are exposed to ‘ISO 9000 practices’. For each model set, I also include a base model.

The results in Table 3a suggest that as ISO 9000 diffuses through the supply chain (Model 3aa and 3ab), through industry networks (Models 4aa and 4ab), and through the firm (Models 5aa and 5ab), non-certified companies significantly decrease their operational performance. This is the case for their average operational performance (Models 3aa, 4aa, and 5aa) as well as for annual changes in operational performance (Models 3ab, 4ab, and 5ab). These results suggest that vicarious learning about ISO 9000 significantly affects the performance of non-certified facilities, but in contradiction to Hypotheses 3a, 4a, and 5a, this learning seems to decrease, rather than increase their operational performance.

Table 3b reports the effect of vicarious learning on the environmental performance of non-certified facilities. The control variables indicate that both regulatory stringency and export activities improve the environmental performance of non-certified facilities. Focusing first on Models 3ba to 5ba (which analyze the effect of vicarious learning on average environmental performance), I find that an increase in the extent to which non-certified facilities are exposed to ISO 9000 practices in their supply chain decreases their environmental performance (Model 3ba). This contradicts Hypothesis 3b. It also is in contrasts to the results of Models 4ba and 5ba, which support Hypothesis 4b and 5b by showing that an increase in the extent to which non-certified facilities are exposed to ISO 900 practices in their industry (Model 4ba) and corporation (Model 5ba) significantly improves their average environmental performance. Models 3bb to 5bb investigate the effect of vicarious learning on annual changes in environmental performance. The negative effect of exposure to ISO 9000 in the supply chain remains significant on the p<0.001 level but the other effects disappear.

Two aspects seem particularly noteworthy. First, exposure to ISO 9000 in the supply chain impacts negatively the average environmental performance of non-certified facilities, while exposure to ISO 9000 in the industry or in the corporation affects positively their average environmental performance. One potential explanation for this result is that the learning through the supply chain may be ‘forced’ – and thus associated with negative outcomes – while learning from industry peers and sister facilities may be more voluntary and therefore associated with positive outcomes. The second noteworthy aspect is that the changes in operational and environmental performance that I observe for the non-certified facilities are very similar to the ones I observed for the certified companies. Specifically, both groups decrease their average and annual operational performance, and tend to experience an improvement in the average environmental performance.

Similar to the previous analysis, I tested the robustness of these results by performing a within industry analysis in which I use the relative performance measures as dependent variables (results not reported). All variables – with the exception of supply chain - that capture exposure to ISO 9000 no longer have a significant effect on the average and annual operational and environmental performance of non-certified facilities. 

The fact that almost the effects from the cross-industry analysis disappear in the within-industry analysis provides further evidence that industry effects (possibly industry specific spurts of facility growth) drive the observed changes in operational and environmental performance in the cross-industry analysis. Furthermore, the fact that in the cross-industry analysis, non-certified facilities (Tables 3a and 3b) show almost the same changes in performance as the certified ones (Table 2a), suggests that while growth may affect performance as well as the tendency to certify with ISO 9000, the order of events is not necessarily such that ISO 9000 is causal for changes in performance. However, while casting doubt on such causal relationship, this result does not entirely rule it out, since the possibility remains that ISO 9000 may affect non-certified facilities through vicarious learning processes. 

Discussion

My results suggest that industry effects may confound results when performing a cross-industry analysis on the effects of ISO 9000 on firm performance. The results of the cross-industry analysis indicate that certified facilities accumulate more scrap in their production process but release fewer toxic emissions. In another cross-industry analysis, I find evidence that non-certified facilities also generate more scrap but tend to release fewer toxic emissions as their exposure to ISO 9000 practices increases. However, all these effects disappear in a within industry analysis that takes out potential industry effects. These results, while puzzling, could be explained with industry specific spurts of growth. It is plausible that phases of company growth are accompanied by comparably higher scrap (waste) generation, but – possibly due to an updating of technologies and better management practices – fewer toxic releases. Furthermore, growing companies tend to be more likely to update their administrative technologies and adopt ISO 9000. If an industry experiences a growth spurt such that all its members grow more than companies from other industries, than these faster growing companies seem to have poorer operational performance (as measured by their waste generation) and seem to be cleaner (as measured by their toxic releases) in a cross industry comparison, but their (relative) performance remains unchanged in a within industry comparison. Since the growth spurt may also coincide with a proportionally higher adoption of ISO 9000, the cross industry analysis (misleadingly) suggests that ISO 9000 is causal for changes in performance.

This paper can only begin to uncover the web of factors that seems to intermingle with the effect of ISO 9000 on plant performance. As I argue above, the pattern of results hints that industry wide spurts of facility growth may coincide with the adoption of ISO 9000 as well as changes in operational and environmental performance. However, the causality of events is yet unclear. 

Some avenues could be worthwhile pursuing for untangling the relationship between industry effects (and most notably growth), ISO 9000, and firm performance. First, a two-stage approach (structural equation) may be helpful in understanding the role of industry growth. In the first stage, this model should predict industry wide spurts of facility growth, and in the second stage, it should predict company performance with ISO certification and the other variables. Alternatively, it is possible that certification with ISO 9000 causes growth (first stage), which in turn affects waste generation and toxic releases (second stage). Future research may collect the data to create the instruments (i.e., variables that predict industry growth (or certification) and are uncorrelated with scrap accumulation and toxic releases) that are needed for specifying such structural equations. 

Rather than thinking in terms of a structural relation, it also is possible that there is a selection process such that faster growing companies select into certification. To account for this, a model is needed that predicts the propensity of adoption given (industry-wide) facility growth. In the second stage, this model would predict plant performance with ISO 9000 certification while considering that faster growing companies may select into certification. A Heckman two-stage procedure would be the appropriate method to account for such a selection.
 Unfortunately, this method requires cross sectional data in the second stage, and I cannot apply it for the current study. 

Data limitations restrict my ability to fully uncover the structural relations that drive the observed effects in this study, but my results suggest that future research should move away from investigating any ‘direct’ effects of ISO 9000 (or the ISO 14001 environmental management standard) on company performance. Instead, it should focus on developing and testing propositions on how different factors – most importantly growth - may be structurally related to the effect of industry management standards on operational and environmental performance.

Uncovering the underlying web of factors that drives performance in the context of management standards is important, but it should not diverge entirely the attention from other concerns that require consideration when assessing the results this study. First, it is possible that ISO 9000 certified facilities report more carefully to the TRI dataset, thereby causing them to look (in the cross-industry analysis) as if they accumulated more scrap than their non-certified competitors. At the same time, these same facilities may have fewer toxic emissions, and as far as this effect outweighs the effect of a more careful reporting, ISO 9000 certified facilities look as if their operational processes are less efficient but cleaner than those of their competitors.

Second, it is possible that ISO 9000 shapes company performance prior to actual certification. This is because companies may improve their performance as they adjust their processes to the standard guidelines in preparation for (i.e., prior to) certification. I reran my entire analysis using different time frames for potential improvement effects prior to certification (specifically, I included an ISO dummy that equaled one in either the four years, the three years, the two years, or the one year prior to certification). However, I found no evidence that ISO 9000 affects operational or environmental performance prior to actual certification.

Third, it is plausible that differences in the implementation of the standard may influence performance outcomes. In this study, I only observe certification (or the lack therefore), but I do not differentiate between the extents to which companies embrace the standard. Naveh and Marcus (2000) suggest that differences in implementation may matter, and future research should tackle this issue.

Another explanation that might help clarify some of my findings is that the focus of ISO 9000 on consistency and reliability may cause companies to discard a share of their intermediate and end products, thereby causing their waste (scrap) to increase. ISO 9000 requires all processes (and thus implicitly all end products) to be consistent across time. Where inconsistency occur, certified companies may have no choice but to discard the inputs and/or outputs to ensure that their final products meet the expectations that customers have about the products of ISO 9000 certified company. 

Lastly, the strength of this study - the use of a large dataset that relies on secondary data - is simultaneously its weakness. My data allows mere approximation of operational and environmental performance. Accumulated scrap is only one dimension of operational performance, and the amount and toxicity of releases is only one dimension of environmental performance. Future research may add dept to this study by constructing differently the performance measures. 

CONCLUSION

In this paper, I explore the effect of the ISO 9000 quality management standard on operational and environmental performance. I expect that certification with ISO 9000 causes companies to realign their processes such that they improve their operational performance. Implementation of quality management practices may also improve the environmental performance of certified companies. Certified companies should improve their operational and environmental performance both an average as well as on an annual basis. Furthermore and in contrast to previous studies, I also consider the effect of vicarious learning. Non-certified companies may imitate the ISO 9000 practices that they observe in certified supply chain partners, certified industry peers, and certified sister facilities. Such learning process may spread ISO 9000 practices beyond what is observed by certification counts. As non-certified facilities become increasingly exposed to ISO 9000, I expect them to improve also their operational and environmental performance.

I test these ideas using a 12-year panel of 24603 manufacturing facilities from 232 different industries. Ultimately, I do not find a causal effect of ISO 9000 on operational and environmental performance. More specifically, while a cross-industry analysis suggests that certification decreases operational performance and increases environmental performance, this effect disappears in a within industry analysis. Similarly, I find in a cross-industry analysis some evidence that non-certified facilities tend to decrease their operational performance and improve their environmental performance with an increase in exposure to ISO 9000 practices (this holds with the exception of the effect of exposure in the supply chain), but these effects also disappear in a within-industry analysis. 

These results fall short of providing definite answers to the questions that I set out to resolve in this paper. Failure to uncover a significant and robust relationship between ISO 9000 and firm performance, however, cannot conclusively proof that there is no such relationship, since this failure could also be the result of a model misspecification. Nonetheless, the ‘no finding’ of this study is informative as it uncovers some methodological issues that help assessing previous studies in a critical light and that provide guidance for further research. 

The fact that the cross-industry analysis produces different results than the within-industry analysis suggests that the results in the cross-industry analysis may be driven by an industry effect. This industry effect could be any effect, but my pattern of results suggests that industry wide spurts of facility growth may account for the observed results. I find that industry wide ISO 9000 certification coincides with an industry wide increase in scrap accumulation and a decrease in toxic releases. Growth could explain these observations. It seems plausible that expanding companies generate more waste (scrap) but due to newer technologies (or better management practices) release fewer toxic emissions. They also tend to update their administrative technologies and adopt more frequently ISO 9000. Finally, I observe similar changes in performance for both certified and non-certified facilities. This suggests that while growth may trigger a number of effects – one of which may be the tendency to adopt ISO 9000 – certification with ISO 9000 may not be causally related to the changes in operational and environmental performance. Alternatively, non-certified facilities may engage in vicarious learning such that exposure to ISO 9000 has the same effect than certification with ISO 9000. 

As of yet, we know relatively little about the effect that management standards may have on company performance. This uncertainty is due to data limitations combined with difficulties in untangling the factors that drive the adoption of management standards and their effects on company performance. This paper contributes to previous research that has tackled these issues from a methodological viewpoint by pointing to industry effects as a potentially confounding factor in the study of management standards. It contributes from an empirical perspective by identifying industry wide spurts of facility growth as an important factor that requires further research with respects to its role in influencing the propensity for adopting a management standard and in shaping different dimensions of plant performance. Finally, from a theoretical perspective, it opens the discussion to the effects of vicarious learning. Hopefully, these results will provide guidance for future research. 

TABLE 1a
Descriptive Statistics

	Variable
	
Description
	Mean
	Std.
Dev.
	Min
	Max

	Dependent Variables 
	
	
	
	
	

	Absolute_Operat_Performance



	Log of annual scrap accumulation (prior to taking the log, I added 1). Multiplied by (-1) to reflect that higher scrap accumulation reflects poorer operational efficiency.
	-8.32



	4.66



	-20.39



	0.00




	Relative_Operat_Performance



	Log of annual scrap accumulation relative to the accumulation of other similar seized facilities in the same industry and year. Residual is multiplied by (-1).
	-0.01



	1.00



	-5.41



	8.91




	Absolute_Env_Performance




	Log of annual toxicity weighted releases (prior to taking the log, I added 0.0001). Multiplied by (-1) to reflect that higher toxic emissions reflect poor environmental performance.*
	0.49




	6.12




	-16.21




	9.21





	Relative_Env_Performance



	Log of annual toxicity weighted releases relative to the releases of other similar seized facilities in the same industry and year. Residual is multiplied by (-1).
	0.00



	1.00



	-12.73



	8.23




	Independent & Control Variables 
	
	
	
	
	

	ISO

	Dummy that equals one in the year of and after certification with ISO 9000
	0.06

	0.24

	0.00

	1.00


	Supply_to_ISO


	Probability of selling output to an ISO certified facility according to the four-digit Sic code. Updated annually.
	0.02


	0.04


	0.00


	0.34



	Industry_Certification

	Percentage of ISO certification within four-digit SIC code. Updated annually.
	0.03

	0.06

	0.00

	0.62


	Firm_Certification

	Percentage of ISO certification within multi-plant companies. Updated annually.
	0.05

	0.16

	0.00

	1.00


	Size

	Log of the number of facility employees. Updated annually. 
	4.87

	1.49

	0.00

	12.21


	Regulatory_Stringency



	Log of the sum of statewide emissions over the sum of the GSP in the Paper & Pulp, Chemical, and Petroleum industry. Inversed and updated annually.
	0.13



	0.02


	0.09


	0.23



	Export

	Percentage of shipments of a four digit SIC code that is exported. Updated annually. 
	0.04

	0.05

	0.00

	0.92



N = 215042. Note that N= 181945 if restricting sample to observations that have information for all variables in t and t+1. Time variables omitted from table. Note that facilities have 0 size if they are closed at the ended of the year but have some remaining operations during some part of the year. 

* I added 0.0001 to the toxicity-weighted releases before taking the log because the toxicity-weighting produces many observations with values tat vary between 0 and 1. Adding a 1 prior to taking the log – as is conventional - would discount these fine (but important) value differences. 

TABLE 1b
Correlation among Variables

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1   ISO 
	1.00
	
	
	
	
	
	
	
	
	
	

	2   Absolute_Env_Performance 
	-0.07
	1.00
	
	
	
	
	
	
	
	
	

	3   Relative_Env_Performance
	-0.02
	0.73
	1.00
	
	
	
	
	
	
	
	

	4   Absolute_Operat_Performance
	-0.11
	0.74
	0.55
	1.00
	
	
	
	
	
	
	

	5   Relative_Operat_Performance
	-0.03
	0.56
	0.73
	0.73
	1.00
	
	
	
	
	
	

	6   Supply_to_ISO
	0.37
	-0.07
	0.00
	-0.13
	-0.02
	1.00
	
	
	
	
	

	7   Industry_Certification
	0.40
	-0.07
	0.00
	-0.11
	-0.01
	0.76
	1.00
	
	
	
	

	8   Firm_Certification
	0.70
	-0.06
	-0.01
	-0.12
	-0.03
	0.46
	0.47
	1.00
	
	
	

	9   Size
	0.10
	-0.22
	0.00
	-0.26
	0.01
	-0.02
	0.01
	0.10
	1.00
	
	

	10 Regulatroty_Stringency
	0.09
	0.09
	0.05
	-0.03
	0.03
	0.21
	0.15
	0.12
	-0.05
	1.00
	

	11 Export
	0.12
	-0.07
	0.00
	-0.10
	0.00
	0.13
	0.17
	0.14
	0.09
	0.03
	1.00


N = 215042. Note that N= 181945 if restricting the sample to observations that have information for all variables in t and t+1

The correlation between Absolute_Env_Performance and Absolute_Operat_Performance reduces to 57% when the threshold values for these variables are disregarded. The correlation between Firm_Certification and ISO reduces to 60% when restricting the analysis to multi-plants.

Time variables omitted from table

TABLE 2a 

Results for Absolute Operational Performance & Absolute Environmental Performance

	
	Absolute Operational Performance
	Absolute Environmental Performance

	
	Hypothesis 1A
	Hypothesis 1B
	Hypothesis 2A
	Hypothesis 2B

	
	Base 1A
	Model 1A
	Base 1B
	Model 1B
	Base 2A
	Model 2A
	Base 2B
	Model 2B

	Variable
	Efficiency t+1
	Efficiency t+1
	Env. Performance t+1
	Env. Performance t+1

	
ISO t 

	
	-0.14***
(0.03)
	
	-0.11***
(0.03)
	
	0.18***
(0.04)
	
	0.03
(0.03)

	Abs_Env_Performance t

	
	
	
	
	
	
	0.50***
(0.00)
	0.50***
(0.00)

	Abs_Operat_Performance t

	
	
	0.55***
(0.00)
	0.55***
(0.00)
	
	
	
	

	Size t

	-0.35***
(0.01)
	-0.34***
(0.01)
	-0.10***
(0.01)
	-0.10***
(0.01)
	-0.32***
(0.02)
	-0.33***
(0.02)
	-0.12***
(0.01)
	-0.12***
(0.01)

	Regulatory_stringency t

	0.51
(1.11)
	0.54
(1.11)
	-0.02
(0.92)
	0.00
(0.92)
	9.89***
(1.29)
	9.85***
(1.29)
	3.81***
(1.11)
	3.80***
(1.11)

	Export t

	-1.25
(0.65)
	-1.06
(0.65)
	0.09
(0.53)
	0.24
(0.54)
	11.40***
(0.75)
	11.16***
(0.75)
	5.83***
(0.65)
	5.79***
(0.65)

	
N
	181945
	181945
	181945
	181945
	181945
	181945
	181945
	181945

	
R-square

     Within 
     Between
     Overall 
	0.0988
0.0836
0.0758
	0.0989
0.0845
0.0766
	0.3852
0.9432
0.7832
	0.3853
0.9432
0.7833
	0.0583
0.0120
0.0225
	0.0584
0.0120
0.0224
	0.3048
0.9370
0.8058
	0.3048
0.9371
0.8059

	
F-value 
	1248.67
	1166.71
	6662.93
	6248.11
	697.64
	652.63
	4613.40
	4325.13



Year variables omitted from table

Constant omitted due to fixed effect specification. 

*** t-value exceeds Leamer level of 3.4, ** p<0.01, * p<0.05, two tailed 

TABLE 2b

Results for Relative Operational Performance & Relative Environmental Performance

	
	Relative Operational Performance
	Relative Environmental Performance

	
	Hypothesis 1A
	Hypothesis 1B
	Hypothesis 2A
	Hypothesis 2B

	
	Base 1A
	Model 1A
	Base 1B
	Model 1B
	Base 2A
	Model 2A
	Base 2B
	Model 2B

	Variable
	Efficiency t+1
	Efficiency t+1
	Env Performance t+1
	Env Performance t+1

	
ISO t

	
	0.00
(0.01)
	
	-0.01
(0.01)
	
	0.02*
(0.01)
	
	0.00
(0.01)

	Rel_Env_Performance t

	
	
	
	
	
	
	0.45***
(0.00)
	0.45***
(0.00)

	Rel_Operat_Performance t

	
	
	0.48***
(0.00)
	0.48***
(0.00)
	
	
	
	

	Size t

	0.07***
(0.00)
	0.07***
(0.00)
	0.03**
(0.00)
	0.03***
(0.00)
	0.06***
(0.00)
	0.06***
(0.01)
	0.03***
(0.00)
	0.03***
(0.00)

	Regulatory_Stringency t

	0.57
(0.30)
	0.57
(0.30)
	0.09
(0.26)
	0.09
(0.26)
	0.74**
(0.28)
	0.74**
(0.28)
	0.16
(0.25)
	0.16
(0.25)

	Export t

	0.13
(0.17)
	0.13
(0.17)
	0.17
(0.15)
	0.18
(0.15)
	-0.30
(0.16)
	-0.33
(0.17)
	-0.19
(0.15)
	-0.20
(0.15)

	
N
	181945
	181945
	181945
	181945
	181945
	181945
	181945
	181945

	
R-square

     Within
     Between
     Overall 
	0.0042
0.0001
0.0002
	0.0042
0.0001
0.0002
	0.2392
0.8831
0.6344
	0.2392
0.8830
0.6344
	0.0042
0.0001
0.0002
	0.0042
0.0001
0.0002
	0.2066
0.9007
0.6633
	0.2066
0.9007
0.6633

	
F-value 
	48.25
	45.03
	3339.14
	3130.50
	47.12
	44.29
	2740.48
	2569.21


Year variables omitted from table

Constant omitted due to fixed effect specification. 

*** t-value exceeds Leamer level of 3.4, ** p<0.01, * p<0.05, two tailed 

TABLE 3a
The effect of vicarious learning on the operational performance of non-certified facilities
	
	Absolute Operational Performance in t+1

	
	Base
	Model 3aa
	Model 4aa
	Model 5aa
	Base
	Model 3ab
	Model 4ab
	Model 5ab

	
Supply_to_ISO t

	
	-6.55***
(0.47)
	
	
	
	-3.08***
(0.39)
	
	

	Industry_Certification t

	
	
	-0.81**
(0.25)
	
	
	
	-0.59**
(0.21)
	

	Firm_Certification t

	
	
	
	-0.38**
(0.11)
	
	
	
	-0.23**
(0.09)

	Abs_Operat_Efficiency. t

	
	
	
	
	0.55***
(0.00)
	0.55***
(0.00)
	0.55***
(0.00)
	0.55***
(0.00)

	Size t

	-0.34***
(0.02)
	-0.34***
(0.02)
	-0.34***
(0.02)
	-0.34***
(0.02)
	-0.08***
(0.01)
	-0.08***
(0.01)
	-0.08***
(0.01)
	-0.08***
(0.01)

	Regulatory_stringency t

	1.30
(1.38)
	1.54
(1.38)
	1.34
(1.38)
	1.38
(1.38)
	-0.16
(1.14)
	-0.04
(1.14)
	-0.13
(1.14)
	-0.11
(1.14)

	Export t

	-0.18
(0.84)
	1.04
(0.84)
	0.22
(0.85)
	0.06
(0.84)
	0.77
(0.69)
	1.34
(0.70)
	1.06
(0.70)
	0.91
(0.70)

	
N
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381

	
R-square
Within
Between
Overall
	0.1065
0.0678
0.0664
	0.1081
0.075
0.0697
	0.1066
0.0682
0.0665
	0.1066
0.0686
0.067
	0.3891
0.9433
0.7844
	0.3894
0.9433
0.7844
	0.3892
0.9436
0.7844
	0.3891
0.9432
0.7844

	
F-value
	
931.28
	
883.52
	
869.93
	
870.00
	
4643.04
	
4359.14
	
4353.94
	
4353.39


All models restricted to multi-plant facilities that have not certified with ISO 9000 

Year variables omitted from table 
*** exceeds leamer level, ** p<0.01, * p<0.05

TABLE 3b
The effect of vicarious learning on the env. performance of non-certified facilities
	
	Absolute Environmental Performance in t+1

	
	Base
	Model 3ba
	Model 4ba
	Model 5ba
	Base
	Model 3bb
	Model 4bb
	Model 5bb

	
Supply_to_ISO t

	
	-2.37***
(0.55)
	
	
	
	-1.39**
(0.48)
	
	

	Industry_Certification t

	
	
	1.08***
(0.29)
	
	
	
	0.29

(0.25)
	

	Firm_Certification t

	
	
	
	0.69***
(0.13)
	
	
	
	0.20

(0.11)

	Abs_Env_Performance. t

	
	
	
	
	0.50***
(0.00)
	0.50***
(0.00)
	0.50***
(0.00)
	0.50***
(0.00)

	Size t

	-0.33***
(0.02)
	-0.33***
(0.02)
	-0.33***
(0.02)
	-0.33***
(0.02)
	-0.12***
(0.02)
	-0.12***
(0.02)
	-0.13***
(0.02)
	-0.13***
(0.02)

	Regulatory_stringency t

	10.58***
(1.59)
	10.67***
(1.59)
	10.53***
(1.59)
	10.43***
(1.59)
	3.99**
(1.37)
	4.04**
(1.37)
	3.98**
(1.37)
	3.95**
(1.37)

	Export t

	12.04***
(0.97)
	12.46***
(0.97)
	11.52***
(0.98)
	11.60***
(0.97)
	6.38***
(0.83)
	6.63***
(0.84)
	6.24***
(0.84)
	6.25***
(0.84)

	
N
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381
	
125381

	
R-square
Within
Between
Overall
	0.0619
0.0165
0.0225
	0.00621
0.01665
0.0223
	0.0620
0.0172
0.0231
	0.0621
0.0168
0.0226
	0.3012
0.9363
0.8086
	0.3013
0.9358
0.8083
	0.3013
0.9365
0.8088
	0.3012
0.9365
0.8087

	
F-value
	
510.78
	
478.04
	
477.67
	
478.66
	
3114.65
	
3079.20
	
2920.48
	
2920.23


All models restricted to multi-plant facilities that have not certified with ISO 9000 

Year variables omitted from table 
*** exceeds leamer level, ** p<0.01, * p<0.05

Appendix I

To construct Relative_Operational_Performanceit, I estimated the following quadratic function between facility size and total scrap (waste) accumulation for each SIC code within each year (King & Lenox, 2000):

lnWit  = ajt  + b1jt*sit + b2jt*s2it + (jt
Relative_Operational_Perforamnceit   =  -(jt/(jt

where sit is the size of the facility (log employees), lnWit is waste generation for facility i in year t,  (jt is the residual, and (jt is the standard error of the residual. Relative_Operational_Performance it is the standardized residual for facility i in year t.  I reverse the sign in recognition that more waste accumulation is evidence of poor operational performance. 
To construct Relative_Environmental_Performanceit, I subtracted from the generated waste the amount that a facility recycles (on or offsite) or uses for energy recovery to capture exclusively the amount that is released into the environment. Furthermore, I toxicity weigh the emissions to account for their environmental impact (King & Lenox, 2000). Subsequently, I follow the method described above to estimate Relative_Environmental_Performanceit as follows: 
lnRit  = ajt  + b1jt*sit + b2jt*s2it + (jt
Relative_Environmental Performanceit   =  -(jt/(jt

The above calculations assume that the industry specific relationship between size and scrap generation (or toxic releases) is sufficiently well approximated through the specified polynomial function. Indeed, including the square term of employees to predict waste generation (toxic releases) should account for the fact that scrap accumulation and toxic releases may be saturating with size (i.e., may not increase proportionally with an increase in size). However, it may not fully capture all non-linearity. Alternatives for dealing with unspecified non-linearity include Spline Regressions, the inclusion of yet higher order terms, or non-parametric estimation methods (Greene, 2000).

A thorough non-parametric estimation of the relative scrap generation (or toxic releases) for each facility (in each industry and year) is computational and time intensive. It would require that I construct a sliding average for size; i.e., a window, for instance, of five employees such that I measure the waste generation (toxic releases) for companies that have one to five employees, two to six employees, three to seven employees, four to eight employees, five to nine employees and so on. This way, I capture five times the data of each company. Using the mean and the variation of this data, I could then design a weighting scheme to calculate the average scrap generation (toxic releases) of a facility with five employees. I could measure the relative performance by comparing the facility specific performance to this average. Given that I have a large range of employees in my data (i.e., my data includes both small and large facilities) and that I have a 12-year panel with about 24063 facilities, the time intensity of this method is evident. 

Therefore, I chose two different methods to triangulate my relative performance measures. First, I included in the function that I describe above the cube of size to allow for further non-linearities. Specifically, I now calculate Relative_Environmental_Performance (or Relative_Operational_Performance) as:

lnRit  = ajt  + b1jt*sit + b2jt*s2it + b3jt*s3it + (jt
Relative_Environmental Performanceit   =  -(jt/(jt

I randomly chose four different SIC codes and recalculated relative environmental performance for the years 1993 and 1996. This new measure is correlated with the original measure between 97.65% and 99.65%. The table below provides the exact correlations between the standardized residuals as calculated with a function that included the squared term of size (original measure) and one that included the squared and the cubed terms of size.

	
	SIC 2493
	SIC 2511
	SIC 2821
	SIC 3053

	Year 1993
	99.91%
	97.65%
	99.33%
	99.46%

	Year 1996
	99.53%
	99.54%
	99.65%
	99.05%



Correlation among standardized residuals resulting from a regression that predict toxic releases with (size) and (size)2, and one that predict toxic releases with (size) and (size)2, and (size)3. 

Second, I performed a piecewise linear regression (Spline Regression) to account for potentially unspecified non-linearity in the relationship between size and scrap generation (releases). Since there is no theoretical basis for the choice of knots in the Spline function and since my interest is merely to allow for as much flexibility as possible, I chose to evenly space five knots, and alternatively ten knots, across the log of employees. Specifying ten knots – i.e., estimating a separate function for each of the ten different and evenly spaced size ranges – should allow for various discontinuities and shifts in the relation between size and releases (waste generation). I then calculated the relative environmental performance (for the five knot case, and accordingly adjusted for the ten-knot case) as follows: 

lnRit  = ajt  + b1jt*s1it + b2jt*s2it + b1jt*s3it + b1jt*s3it + b1jt*s4it + b5jt*s5it + (jt
Relative_Environmental Performanceit   =  -(jt/(jt

I correlated the standardized residuals of this estimation with the residuals from the original estimation. The values for this correlation ranged between 93.78% and 99.69%. I report the exact values in the table below. 

	
	SIC 2493
	SIC 2511
	SIC 2821
	SIC 3053

	
	5 knots
	10 knots
	5 knots
	10 knots
	5 knots
	10 knots
	5 knots
	10 knots

	Year 1993
	99.69%
	98.95%
	95.99%
	95.62%
	99.28%
	93.78%
	93.15%
	96.22%

	Year 1996
	98.92%
	99.49%
	97.17%
	97.02%
	99.50%
	93.33%
	96.48%
	95.20%



Correlation among standardized residuals resulting from a regression that predict toxic releases with (size) and (size)2, and a Spline Regression with 5 and 10 evenly spaced knots across (size). 

Overall, these results suggest that – at least for the four randomly chosen SIC codes - the original function that predicted the log of generated waste (toxic releases) with the log of employees and the squared term of the log of employees approximates well the underlying relationship. 
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� Prior to 1990, companies only reported the waste that they released into the environment (rather than the entire amount of scrap that they accumulated – the difference is that part of the total waste generated may be recycled and not released). Thus, from 1988 until 1990, I capture released waste to measure operational performance.


� For example, reporting thresholds vary from any quantities above one pound for very toxic chemicals to quantities above 5000 pounds for more harmless chemicals. 


� Specifically, 28,267 out of 183,365 observations have a zero for operational performance (16%), and 44,016 out of 183,365 observations take on zero for environmental performance (24%). 


� For the construction of this variable, I used the entire population of ISO adopters and not only the ones for which I had performance and size data. This also is the case for all remaining control variables.


� For this variable, I capture emissions and GSP on the two-digit SIC code level (SIC codes 26, 28, and 29). I used data on annual emissions from the TRI dataset and data on annual GSP from the US Bureau of Economic Analysis.


� Furthermore, part of this correlation is due to the fact that both variables have some zero observations. The correlation reduces to 57% if these zero values are excluded. 


� Facilities with more than 10 full time employees and that handle chemicals above certain thresholds are required to report to the TRI.  


� This specification does not control for the selection of lower performing facilities into certification. Instead, it tests if – even in the case where a selection occurs – ISO certification has an additional effect on changes in performance. Put differently, in a situation where selection takes place, the model would capture the change in performance (if any) that presumably is due to ISO 9000. 


� The t-value for the coefficient for ISO in Model 1A drops to -3.17. This suggests that facility growth may indeed influence some of the observed average changes in operational performance, yet does not account for the entire effect. Furthermore, the coefficient for ISO in Model 1B remains significant on the Leamer level (t = -3.51). 


� I discarded the threshold observations and reran this analysis to check the robustness of these results. I find that for this reduced sample, regulatory stringency becomes significant at p<0.001 in Base 2B and Model 2B. It seems that this effect is not captured in the analysis for the entire sample as an improvement in environmental performance cannot be captured for the zero observations.


� The year variables in the cross industry analysis cannot control for this spurious effect if the growth spurts occur at different times in different industries. Including future production rates may not fully capture this effect, as the relationship between growth (size) and performance may be industry specific and not the same across industries.


� I also tested the effect of Supply_to_ISO and Industry_Certification for a sample that included all non-adopters. This analysis generates confirming results. I only report the results for multi-plant non-adopter to keep constant the sample size, thereby allowing a comparison of the F and R2-values across the models. 


� I also analyzed H3, H4, and H5 using the entire sample and interacting ISO certification with Supply_to_ISO, Industry_Certification, and Firm_Certification. This specification tests if the performance of certified versus non-certified facilities is impacted differently by exposure to ISO practices in the supply chain, industry, or corporation. Insignificance of the interaction terms hints (but can’t conclusively show) that there is no difference in impact. I find that the coefficients for the interaction terms are insignificant.


� Further tests of these results show that excluding the threshold values from the dependent variables strengthens the reported results.


� Inclusion of future production ratios cannot fully pick up this effect (in the cross-industry analysis) since it assumes the relationship between growth and performance to be linear and the same across industries. 
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