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Contrasting Institutional and Game theoretic models to Explain the Adoption Process of an industry Standard

Abstract

Institutional and game theory models agree that the value of an industry standard depends on who else adopts the standard. The models disagree about the extent to which managers exercise strategic foresight in making adoption choices. Game theory assumes that managers anticipate future adoption to assess what legitimacy adoption will provide. Institutional theory suggests that managers consider previous adopters in deciding whether to adopt. We use data on the adoption of ISO 9000 to explore whether strategic foresight of managers moderates the adoption process. We find evidence that combining institutional forces and strategic foresight best predicts observed adoption patterns. 

Over the last fifteen years, the number of industry management standards has increased dramatically (Nash & Ehrenfeld, 1996).  Voluntary standards now regulate management practices in industries as diverse as electronics and entertainment.  One of the largest and best known standards, the ISO 9000 quality management standard, now has 44,951 members in North America from industries as diverse as agriculture, construction, manufacturing, retail trade, and financial services (Mac Graw Hill, 2000). Despite the explosion in the popularity of industry standards, few researchers have empirically examined their adoption (Anderson, Daly & Johnson; 1999; Chapple, Cooke & Paton, 2000; Guler, Guillen & MacPherson, 2000).  

According to their sponsors and members, organizations often adopt a standard like ISO 9000 to acquire legitimacy with buyers and suppliers (Anderson, Daly & Johnson; 1999).  Both institutional and game theoretic models recognize the central role that desires for legitimacy may play in the adoption process of a standard.  These models disagree, however, about the degree to which managers exercise strategic insight in assessing the legitimacy (or signaling) value of a standard.  Game strategic models generally assume that managers exercise a high degree of strategic insight in predicting the actions of other organizations.  Specifically, managers estimate the eventual equilibrium of adopters and non-adopters and use this information to decide whether adoption has a signaling value for their organization (Dutta & Radner, 1998; Segerson & Dawson, 2001).  In contrast, institutional theory assumes that managers have less strategic insight and predictive ability (DiMaggio, 1988; Oliver, 1991; Roberts & Greenwood, 1997).  From this perspective, managers use information about the number and characteristics of previous adopters (rather than predictions about future adoption) in making adoption choices.

The adoption patterns that follow from these two perspectives are distinctly different. From an institutional point of view, the adoption process is an evolutionary one in which history matters and in which the nature of early adopters plays an important role in determining future adoption.  If early adopters are prestigious and high performing, they help to instill the standard with legitimacy that then causes further adoption.  From a game theory point of view, the equilibrium is predefined and the sequence of organizations that adopt to form this equilibrium does not effect each manager’s decision.  Expectations of future adoption rather than past adoption influence adoption decisions.

In this paper, we contrast the two adoption models and test their predictive power.  To understand whether and how strategic rational might moderate the adoption patterns as predicted by institutional theory, we explore the adoption of ISO 9000 over a 13 year panel and across 232 manufacturing industries in the United States.  We find that initial adopters shape later adoption patterns, and that institutional theory generally predicts this effect.  But we also find evidence that in some cases organizations may indeed exercise considerable strategic insight when deciding whether to adopt.  In particular, we find that strategic foresight may moderate the adoption process such that the relationship between the performance of leading and later organizations is opposite to that predicted by institutional theory. 

For theory, this paper responds to the call to incorporate the potential for strategic rationale when studying the adoption process of innovations and practices. As Drazin & Schoonhoven (1996) note, an organization’s decision to adopt an innovation is influenced by internal organizational characteristics, by external contagion (or institutional) effects, and by the actions taken by its competitors.  Other scholars also have long noted the need to consider how strategic behavior of firms may interact with institutional pressures (Covaleski & Dirsmith, 1988; Oliver; 1991; Roberts & Greenwood, 1997). We use concepts from the game theoretic signaling literature to explore how one aspect of strategic behavior – the degree to which managers anticipate the actions of their competitors and adjust their behavior accordingly - may complement institutional adoption models.

The theoretical debate explored in this research is of more than of academic interest.  One of the goals of most industry standards is to distinguish well performing organizations from poor performing ones and to thereby reduce the transaction costs of writing contracts.  Ideally, organizations have sufficient strategic foresight so that only well performing organizations adopt the standard and thereby differentiate themselves from low performers. But institutional processes may prevent such an equilibrium, in which case the standard will no longer provide differentiation. 

We organize this paper as follows. Next, we contrast institutional theory and game theoretic concepts to predict adoption patterns of an industry standard. We then provide some information on ISO 9000 and discuss why the standard is suitable for the study of adoption processes. We describe our empirical analysis and discuss our results. We close the paper with a discussion of the need to integrate concepts from the game strategic signaling literature into institutional theories.

Theory And Hypotheses

The Adoption Process of an Industry Standard from the Perspective of New Institutional Theory

Institutional theory generally assumes that social pressures rather than strategic foresight shape adoption processes (Meyer & Rowan, 1977; Oliver, 1991; Scott, 1995). Uncertainty about a new practice, for example, leads managers to look at who else has adopted the practice when making their own adoption decisions. As a result, the number and the prestige of initial adopters will shape rate and nature of future adoption (March, 1981; DiMaggio & Powell, 1983; Tolbert & Zucker, 1983; Rosenkopf & Abrahamson, 1999).  Haveman (1993: 598), for example, notes “that organizations imitate other organizations in their population that are or are perceived by organizational decision makers to be successful.”  She finds evidence of this imitation hypothesis in the context of market entry in the savings and loan industry, and Burns & Wholey (1993) find evidence in the context of hospitals adopting matrix management. 

Two arguments are commonly made why organizations are quick to imitate initial adopters that are prestigious.  First, under uncertainty about the returns from adoption, the prestige of the initial adopter might provide some information about the inherent profitability of the practice.  Second, regardless of the actual value of the practice, organizations may wish to associate with prestigious adopters in order to gain or retain legitimacy. Burns & Wholey (1993: 113) suggest that subsequent to the adoption by a prestigious firm, “others may adopt in order to achieve the same level of prestige and visibility the dominant firms have, or at least gain their social approval.” If the prestige of the initial adopters shapes later adoption choices, then the adoption process is an evolutionary one in which history matters. For an outside observer, this allows predicting adoption patterns given the characteristics of the initial adopters. 

Haveman (1993) and Rosenkopf & Abrahamson (1999) discuss the challenge of how to determine which organizations are prestigious and therefore likely to trigger quick imitation. Common attributes to capture prestige are the size of the adopter, its profitability, growth, network centrality, and productive efficiency (also see Scott, 1992). Size may be a relevant attribute since firms place considerable value on growth (and thus size), and that as a result, large organizations serve as a role model for other organization in their industry. Furthermore, large organizations are more visible, and thus are more easily considered as role models (Haveman, 1993). In the context of the diffusion process of industry standards, we therefore expect that the initial adoption by a large organization in an industry increases the probability for other organizations in that industry to also adopt the standard.

H1a: The larger the initial adopters of an industry standard, the higher the probability that a potential adopter will adopt the standard.

In the context of the diffusion of an industry standard, firms may also imitate adopters with superior performance in the specific area that is governed by the standard. If an organization that performs well in the area targeted by a standard acquires certification, other organizations may imitate this adoption decision in order to associate with the previous adopter. Previous research suggests that an organization may benefit from affiliating with well respected other organizations (Benjamin & Podolny, 1999). In our case, the argument presumes that organizations within an industry have knowledge about the operational performance of their competitors. Employee turnover, shared consulting services, trade shows, and trade journals provide numerous communication channels that may spread such knowledge. Thus, assuming that organizations have at least partial knowledge about each other’s operational performance, we expect: 

H1b: The better the operational performance of the initial adopters of an industry standard, the higher the probability that a potential adopter will adopt the standard.

Research suggests that the prestige of the initial adopter not only affects the rates of subsequent adoption but also the type of organizations that choose to imitate the adoption decision (Rosenkopf & Abrahamson, 1999). Adoption by prestigious organizations is more likely to be imitated by less prestigious firms, because it is these “lower reputation organizations that assume that higher reputation organizations have the know-how to pick better innovations” (Abrahamson & Fombrun, 1994: 744).  Lower performing organizations might also be more likely to imitate better performing ones as they gain greater benefit from associating with these.  Strang and Soule (1998: 275) summarize that “lower ranking community members aspire to be like prestigious others, [and] find it useful to resemble powerful leaders […]”.  Indeed, Han (1994, in Strang) finds that the ‘regular’ industry members imitate the choice of industry leaders.  

If size is an indicator for prestige, we expect that smaller organizations have a higher probability of imitating the adoption decision of large organizations. As far as the operational performance of an adopter approximates its desirability for imitation in the context of industry standards, we expect that poorly performing organizations have a higher probability of imitating the adoption decision of high performing organizations.

H2a: If the potential adopter of a management standard is smaller than the initial adopter, the more likely it is that the potential adopter will adopt the management standard.

H2b: If the operational performance of the potential adopter of a management standard is inferior to that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard. 

Research also provides evidence that organizations may be more likely to imitate the decision of those organizations that are similar in terms of structure, strategy, resources, and constraints (Scott, 1992; Haveman, 1993). Haveman (1993: 598) argues that “the presence of organizations in a market similar in size to a potential entrant will legitimate that market and will signal the feasibility of similarly sized organizations in that size class in that population”. The structural equivalence model (Burt; 1987) suggests that imitation among similar organizations is more likely as these organizations have similar relational ties. Similar organizations are in competition and as a result imitate quickly whatever action may make the competitor more attractive.

In the context of the adoption process of an industry standard, we expect that the size of the initial adopter will indicate that adoption is legitimate and feasible for organizations of similar size. Furthermore, organizations of similar size should attend more carefully to the actions of equivalent sized competitors (Scott, 1992) and thus be more cognizant of the decision of a similar sized organization. Applying the same logic to the operational performance of the initial adopter, we expect: 

H3a: If the potential adopter of a management standard is of similar size to the initial adopter, the more likely it is that the potential adopter will adopt the management standard.

H3b: If the operational performance of the potential adopter of a management standard is similar to that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard. 

In summary, institutional theory assumes that organizations consider previous adopters in deciding whether to adopt a standard. As a result, history matters and adoption processes are evolutionary. If initial adopters are prestigious, other organizations are more likely to also adopt the standard. Specifically, organizations that are similar to the initial adopters or that are less prestigious (i.e., smaller and less well performing) should be more likely to also adopt. Such adoption pattern is in contrast with the adoption process that would result if we assumed that organizations anticipated the behavior of their competitors. In such a case, the eventual equilibrium of adopters would be predefined and the adoption process would no longer be evolutionary. We next discuss this case in more detail.

The Adoption Process of an Industry Standard as a Strategic Game

Most game strategic models of industry standards assume that firms exercise considerable strategic insight when deciding whether or not to adopt the standard.  Central to these models is the notion that organizations anticipate the actions of their competitors and thus have insight into the eventual equilibrium.  For example, Dutta and Radner (1998) model an incentive compatible global warming standard according to which each nation voluntarily reduces its emissions.  In this model, countries make accurate estimates of the likely strategies of their competitors, and then update these estimates over time as the dynamic equilibrium changes. Segerson and Dawson (2001) model the adoption of voluntary industry standards like the chemical industry’s Responsible Care program.  Despite incentives for each organization to free ride, the model predicts an equilibrium in which enough firms adopt to prevent collapse of the agreement.  For the equilibrium to occur, managers must predict when other firms will defect.

The above models focus on the adoption of standards that target the provision of a public good (prevention of global warming and forestalling of government regulation). Other standards, including the one we consider in this paper, are intended to solve problems of asymmetric information by differentiating organizations (Tirole, 1988; Anderson, Daly & Johnson, 1999).  ISO 9000, for example, is intended to signal that the certified organization has a better quality management system than uncertified competitors (Anderson, Daly & Johnson, 1999).
 Spence’s classic job market signaling game (1973) provides a suitable structure to model the adoption process of such a standard. As is the case in the other game strategic models, it assumes that managers anticipate the action of their competitors (i.e., predict the eventual equilibrium) when deciding whether to adopt the standard. 

Following Spence’s model, we assume the cost of adopting ISO 9000 is a function of the company’s existing operational performance.  The cost of adopting is greater for the poor performing organization than it is for the well performing one.  If buyers expect that certification differentiates organizations with higher operational performance, they are willing to pay a premium to certified organizations (and require a discount from uncertified ones).  If buyers believe that the standard does not distinguish good performers from poor ones, the buyer will pay each the same.  Thus, well performing facilities adopt the standard only if they expect poor performing organizations not to adopt, and if the premium they expect to receive is greater than the cost of gaining certification.

In an industry with numerous organizations with varying performance levels, the signaling value of adopting the standard - and therefore the premium buyers will pay - varies with the expected adoption pattern.  Thus, in deciding whether to adopt, each manager must predict the performance level that will separate adopters from non-adopters, i.e., each manager must predict the eventual adoption pattern. According to the signaling game, all organizations with performance above a critical level will adopt the standard, while none below it will adopt.  In Appendix I we provide in more detail the payoff structures of this signaling game. Note that the logic of this signaling game only applies for organizational characteristics that cannot be directly observed by the buyers.  Thus, for characteristics like organizational size that can be more readily observed, a signaling game is implausible. We therefore restrict our discussion to the effect of operational performance.

If managers predict which organizations will adopt the standard, and if, consequently, the eventual equilibrium is predetermined, what determines the actual sequence of adoption?  In the simplest version, it is “nature” that determines the order in which each of the eventual participants adopts.  For example, unrelated factors such as scheduled reorganizations or changes in key personnel might cause timing of adoption.  Yet the attributes of the first adopter and future adoption rates and patterns are not unrelated, because the attributes of the first adopter are a function of the eventual equilibrium. Thus, if organizations have the strategic foresight that is assumed in the Spence signal model, and if as a result the adoption process follows as outlined by the model, we are able to predict the adoption pattern given the attributes of the initial adopter.

We illustrate this argument with a simple example. Assume that there are two industries, each of which has N facilities.  The separating equilibrium in one industry (I1) is such that all but the lowest performing organizations eventually adopt the industry standard.  In the other industry (I2), the equilibrium is such that only the highest performing organization adopts.  It is possible that in both industries nature determines the highest performer to be the first organization to adopt, but the probability that the first adopter is indeed the highest performer is very high (P =1) for I1, and much lower (P =1/N) for I2.  Thus, if we do not know which industry is I1, but we observe that the first adopter is of high performance, we have reason to believe that it is I1 and we expect the separating equilibrium in which only the highest performer adopts.  In essence, this follows Bayes’ theorem. In instances where it is difficult to compute directly the probability of an event (i.e., a certain adoption pattern), Bayes’ theorem makes possible computing the probability of the event once it is known whether or not a second event (i.e., certain attributes of the first mover) has occurred. 

Assuming that the Spence model correctly predicts firm behavior, we use Bayes’ theorem to predict the adoption pattern given the characteristics of the first adopter. However, at this point we only know the probability of a certain equilibrium occurring, but we do not know the percentage of organizations in an industry that will eventually adopt. To estimate this, we use the probabilities that we assign to the different separating equilibriums occurring given the initial adopter to weight the number of expected future adopters in each separating equilibrium (in Appendix II we outline in more detail the application of Bayes’ theorem).  Ultimately, in the case where a high performing organization initial adopts the standard, we expect an equilibrium with a high separating threshold and as a result fewer organizations that will adopt subsequent to the initial adoption by the well performing organization. Ceteris paribus, adoption rates will be lower in this case.

H4: The better the operational performance of the initial adopters of an industry standard, the lower the probability that a potential adopter in the same industry will adopt the standard. 

The operational performance of the first mover is also related to the distribution of future adoption in the industry.  In the case of a separating equilibrium, a performance level exists below which no organization adopts the standard, and above which all organizations adopt.  Given the performance characteristics of the first adopter, we expect that all other industry members with similar or better performance will seek certification. We cannot be certain, however, that organizations with lower performance adopt the standard, because it is possible that chance produces a first mover that has relatively high performance when compared to the eventual equilibrium. But whatever the performance level of the first adopter, it indicates that it is certain that better performing industry members will also adopt the standard. 
H5: If the operational performance of the potential adopter of a standard is better than that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard. 

A similar logic suggests that the performance of the first adopter will also be related to the eventual equilibrium.  Recall that the performance of the first adopter represents a minimum bound for the separating threshold that marks adoption as feasible. Thus, the higher the performance of the first adopter, the greater the expected performance for subsequent adopters.  Related to hypothesis 5, we expect: 

H6:  The better the operational performance of the first adopters of an industry standard, the higher the average operational performance of subsequent adopters.

In sum, we use the structure of the Spence signaling game to model firm behavior with respect to the adoption of an industry standard, and apply Bayes’ theorem to infer about adoption patterns given the attributes of the initial adopters. This leads to hypotheses opposite to the ones we derived from new institutional theory.  Recall hypothesis 1b -- from new institutional theory we expect that the probability of adoption increases with an increase in the operational performance of the first adopter, which is in contrast with hypothesis 4 that we derived from the signaling game. Furthermore, from an institutional perspective we expect that organizations that perform less well or have similar performance than the first adopter (hypotheses 2b and 3b, respectively) are more likely to also adopt the standard, which is in contrast to hypothesis 5. These contrasting propositions result from the different extent to which each perspective assumes that organizations behave strategically.  From the perspective of institutional theory, organizations lack the strategic foresight to accurately anticipate the behavior of competitors. As a result, the adoption process is evolutionary and early adopters shape adoption patterns by creating the legitimacy that influences the decisions of later adopters. In the signaling model discussed here, organizations have high strategic rational and early adopters do not effect later adoption decisions. Rather, they are indicative of the unfolding equilibrium. 

Institutional theory does not specify the functional form of the relationship between size and performance of first adopter and later adoption rates (hypotheses 1a and 1b). While suggesting that the relationship is positive, theory leaves open if it is linear or non-linear. In contrast, using Bayes’ theorem to predict adoption patterns in the signaling game allows specifying the functional form of the relationship suggested in hypothesis 4. Figure 1 below contrasts the adoption patterns as predicted by the two perspectives. 

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

Insert Figure 1 about here

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

In figure 1, we specify the relationship between performance of first adopter and later adoption rates as suggested by institutional theory to be positive and linear (but recall that the linear specification is arbitrary). For the signaling model, we use Bayes’ theorem to predict the expected number of future adopters given the performance attributes of initial adopters (see Appendix II). The relationship is negative and non-linear. This non-linearity is driven by a shifting of the certainty with which we can predict the eventual equilibrium given the first adopter. The certainty is high and almost constant if we observe very low performers to adopt first, but it decreases disproportional as the performance of the first adopters increases. Figure 1 underscores the contrast in the adoption patterns as predicted by the two different perspectives. We next provide some background information on ISO 9000 before using data on its adoption to test the predictive power of each perspective.

The Quality Management Standard ISO 9000

The American quality management movement started in the late 1970s, as U.S. business had to respond to the Japanese quality challenge (Womack, Jones & Roos, 1990; Cole, 1999). The International Organization for Standardization created the ISO 9000 quality management standard in 1987. ISO 9000 is voluntary, i.e., adoption is not required by law. Certification requires the producing plant to implement a set of rules and quality management procedures (Uzumeri, 1997). These rules address a broad range of functions such as contract reviews, production control, internal audits, and training. Third party certification ensures that certified companies have implemented and comply with the letter (although not necessarily the spirit) of the guidelines (Uzumeri, 1997). Previous research has found that adoption of the standard in itself does not automatically improve firm quality and that firms may simply seek legitimacy by adopting (Naveh & Marcus, 2000). 

The diffusion of ISO 9000 provides a rare opportunity to explore how strategic foresight may moderate institutional pressures to shape adoption rates and patterns. For over ten years, facilities from different industries have adopted ISO 9000, which allows comparing adoption patterns across industries and time. Furthermore, the standard has been extensively adopted, with about 45000 certified facilities in the U.S., Mexico, and Canada (McGraw-Hill, 2000). Lastly, third party verification makes adoption of ISO 9000 a visible act, which facilitates tracing adopting organizations.

Despite these attributes, scholars have only started exploring the adoption of ISO 9000. Some suggest that the diffusion is based on institutional pressures (Cole, 1999; Guler, Guillen & MacPherson, 2000; Mendel, 1996). Guler, Guillen & MacPherson (2000), for example, find that the international diffusion of ISO 9000 is shaped by coercive isomorphism (i.e., driven by large und multinational organizations), as well as by mimicry between network nodes (i.e., by the structural positions of countries in global networks). Other scholars suggest that - while adoption ultimately is voluntary - firms might adopt ISO 9000 as they view certification as a regulatory or export requirement (Uzumeri, 1997; Anderson, Daly & Johnson, 1999; Cole, 1999). Supply chain pressures may also influence adoption choices. Large industrial purchasers (such as Du Pont and Eastman Kodak) required ISO 9000 certification from their suppliers, who in turn started requesting certification from their sub-suppliers. (Uzumeri, 1997). Anderson, Daly & Johnson (1999) suggest that managers seek ISO to send a signal of quality assurance to external parties. 

RESEARCH METHOD

Sample & Measures 

We perform our analysis using a longitudinal sample that contains 18304 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 2000. The dataset traces the diffusion of the ISO 9000 standard in 232 different industries that are captured on the 4 digit SIC code level. We only consider industries with more than 10 members.
 We use several different data sources to construct our sample – the McGraw-Hill Directory of ISO 9000 certified firms, the Dun & Bradstreet 1996 database, the Toxic Release Inventory (TRI), and data from the Bureau of Economic Analysis and the Census Bureau. Our sample contains all TRI facilities that we could identify in the Dun & Bradstreet database.  

Dependent Variable

Our dependent variable is the adoption of ISO 9000. Adoption is captured as a binary variable that takes on 1 if the organization adopts ISO 9000 anytime between 1988 and 2000.  Of the 18304 observations in our database, 3637 gained certification sometime between 1988 and 2000.
 We construct this variable by matching ISO 9000 facilities listed in the McGraw-Hill Directory with the TRI and Duns Databases.  We used computer programs to match facilities from the three databases using facility names and zip codes. We then checked these matches manually and in addition consulted street addresses when matches were uncertain.

Independent Variables

We measure size as the natural log of the number of employees (SIZE). We normalize this value to consider the size of an organization relative to the size of the other organizations in the same industry (4 digit SIC code level).
 To capture the size of the initial adopter, we create a variable that indicates the (relative) size of only the first ISO adopter in an industry (SIZE_INITIAL). If more than one organization adopted ISO 9000 in the first year that adoption occurred in an industry, we take the mean value of their sizes. To compare the size of the first adopter to the potential adopter, we construct a binary variable (SIZE_COMP) that takes the value of one if the potential adopter is smaller than the initial adopter in the industry. To approximate the similarity in size between the initial adopter and the potential one we construct SIZE_SIM.  To calculate SIZE_SIM, we take the absolute value of the difference between SIZE and SIZE_INITIAL.  We invert the sign so that the value of this variable increases as the size of the organizations becomes more similar to that of the first adopter. 

Measuring operational performance is a challenging task because few data sets cover multiple industries.  We make use of evidence that organizations with better process quality generate less waste (Klassen & Whybark, 1999; Rothenberg, 1999), and the fact that the U.S. government requires most production facilities to report waste generation of 612 different types of material.  Since process yield is the inverse of process waste, we can use these data to measure the operational performance of each reporting facility.  The more a firm generates waste as part of its production process, the poorer its operational performance. 

Specifically, we use a method developed by King & Lenox (2000) to assess the operational performance of each facility. We use multiple regressions analysis and estimate the average relationship between facility size and waste generation for each four digit SIC code in each year.  The derived coefficients for each SIC code and year allow us to predict how much waste a facility ‘should’ generate given its size, SIC code, and year.  The difference between this prediction and its actual waste generation (normalized by the standard error of the regression residuals) then provides an assessment of the facilities relative performance (PERFORM). We reverse the sign in recognition that relatively more waste generation is evidence of poor operational performance.

To capture the performance of the initial adopters we create a variable (PERFORM_INITIAL) that exclusively considers the relative operational performance of the initial adopter in an industry, and the mean of the initial adopters’ performance in the case where more than one organization acquired ISO certification in the first year of adoption in that industry. PERFORM_COMP is a binary variable taking on one if the performance of the potential adopter is below the performance of the initial adopter.  PERFORM_SIM captures the similarity in performance between the initial adopter and the potential one.

Note that for PERFORM_INITIAL and SIZE_INITIAL we only consider the performance of the first adopter and not of all previous ones. It seems plausible that when deciding whether to adopt a standard, an organization considers all previous adopters, and not only the very first one. The choice to only consider the first adopter in each industry is driven by the fact that if we considered the impact of all previous adopters we would be unable to isolate the effect of these adopters from the effect of the diffusion process. This is because if we considered all previous adopters the value of PERFORM_INITIAL and SIZE_INITIAL would tend towards the mean as the number of adopters increases. The number of adopters increases (i) in industries were adoption rates are inherently higher and (ii) as time passes. Thus, we would observe a tendency towards the mean that coincides with higher adoption rates, and we would not be able to discern if previous adopters are driving the higher rates, or if time and underlying industry characteristic are causing the rates. We therefore choose the more conservative specification and consider only the first adopter. To test the robustness of PERFORM_INITIAL and SIZE_INITIAL, we also ran our analysis considering performance and size of all previous adopters and confirmed our results.

Control Variables

Diffusion studies have identified a host of control variables that might also influence the adoption process. Bandwagon theory suggests that not only the type, but also the number of previous adopters impact the probability of subsequent adoption choices (DiMaggio & Powell, 1983). We control for the extent of industry certification (IND_CERT), or, more specifically, the percentage of ISO facilities in each 4 digit SIC code, by combing the Duns database (containing all manufacturing facilities) with the McGraw-Hill directory (containing all ISO 9000 certifications). We recalculate this variable for each year.

Spatial proximity among organizations also impacts adoption choices. Strang & Soule (1998, p: 275) argue that “where network relations are not mapped directly, proximity often provides the best summary of likelihood of mutual awareness and interdependence”. We use longitude & latitude information to calculate the great circle distance in standard miles between each facility and the nearest adopting facility for each year.  The log of this measure is the variable DISTANCE. 

Adoption may also be driven by coercive pressures. For example, Guler, Guillen & MacPherson (2000) find that pressures from large multinational organizations partly drive the cross-national diffusion of ISO 9000. In the national diffusion context, supply chain pressures may be an important factor governing adoption (Uzumeri, 1987). We create SUPPLY_CHAIN to indicate for each year the probability that facility (according to its four digit SIC code) sells its outputs to an ISO certified buyer. We use the Input-Output (IO) tables from the U.S. Bureau of Economic Analysis for the construction of this variable
. 

To control for the possibility that organizations view ISO certification as an export requirement, we calculate the percentage of exports of shipments (EXPORT) for each four digit SIC code and year. Shipment data classified by SIC code is available from the Bureau of Economic Analysis and we acquired export data (classified by SIC code) from the US Census Bureau. 

Organizational characteristics may also influence adoption choices. While certification occurs on the facility level, it is possible that the decision to adopt ISO is made on the firm level and imposed onto the facility level.  To control for the possibility for such firm pressure, we calculate the percentage of ISO certification within each firm and year (FIRM_PRESS).  We also control for the firm size. Facilities report their parent’s Duns number in the TRI and in the Duns database, and we use this information to construct firm trees that group the facilities into firms.  FAC_NUM measures the log of the number of facilities in each firm.

Lastly, we control for the effect of time. Adoption rates vary over time, and controlling for the time-induced effects (i.e., the S-shaped diffusion curve) is crucial. Ignorance of the time effect could lead to confounding the effect of initial adopters on adoption processes with the effect of time on adoption processes. Specifying hazard rate models allows considering such time effects. As far as our model specification does not consider the time effect, we control for it through our time varying variables and by using a year variable or time dummies that indicate the time to adoption given the time of the initial adoption in an industry. 

Analysis

We analyze adoption of ISO 9000 using a discrete time random effect logistic model.  For each plant, we predict the adoption of any ISO standard.
  As soon as a facility has adopted an ISO 9000 standard, we no longer consider it in our sample, as it no longer is at risk to adopt.  The model uses a maximum likelihood procedure (based on a Gauss-Hermite quadrature approximation) to estimate the likelihood for an independent unit to adopt ISO 9000.  The model is specified as:

Pit+1 = F(Z) = F(ai + bXit) = e(Zit)/(1 + e(Zit))

where P is the probability that facility i will adopt ISO 9000 in the next year (t + 1). The vector Xit represents the characteristics of the ith facility or its industry in year t.  The facility individual or random effects are measured as ai.  We chose a random effects model to correct for unobserved heterogeneity among units and a lack of independence across observations of the same firm.  

Discrete time models like the one described above are an alternative to continuous-time duration models like hazard rate models. The discrete time model constructs a log likelihood for every time period, and it considers the updated values of the explanatory variables for each period. Ultimately, a likelihood is formed by multiplying together the separate-period likelihoods (Kennedy, 1998). Each facility contributes several terms to this likelihood, one term for each period for which that facility was at risk of adopting ISO 9000. It is possible to incorporate a baseline hazard into the discrete time model by including a function of time among the explanatory variables or by including time dummies that allow a shifting of the separate-period logit formulations (Kennedy, 1998). We consider both possibilities in our analysis.

Kennedy (1998: 261-262) suggests that discrete time estimation procedures for duration models have become popular for a number for reason. One of the reasons is that while most economic decision are not made at discrete time periods the data available typically reports events during a discrete time period. Furthermore, discrete time models provide a good approximation to continuous-time duration models. We ensured that the time-discrete model that we specify produces similar results to a continuous-time duration model by also running a proportional hazard rate model. Because of the time covariant explanatory variables, our choice of hazard rate models is restricted to one using a partial likelihood estimation procedure, i.e., a Cox regression with time dependent covariates.  This model produces results that confirm the ones we obtain from the discrete time model. 

We use the random, rather than the fixed effect model as the fixed effect model would disregard all observations that did not adopt ISO within our panel period. As a result, a large part of our database would be removed from our sample. Because the random effect specification in our model makes some assumptions about the distribution of ai, we performed a number of tests to ensure its robustness for our analysis.  Specifically, we ran a fixed effect model and found that our main results are robust.  However, in order to run the fixed effect model we had to change measures, model specification, and the sample since we could not include any variables that had constant values across groups or time.  Therefore, we also ran linear probability models that allowed a more complete sample and model specification.  We recognize that such linear specification is highly unsuitable for binary dependent variables, but pursued the approach to test the robustness of our findings.  We find confirming results for our main effects. In a further attempt to be conservative, we consider Leamer’s formula for large sample inference (rather than the conventional p<0.05 cutoff) to assess the significance of our coefficients (Leamer, 1978). 

We present the descriptive statistics of our variables in Table 1a. Table 1b provides a correlation table. Some of our variables are highly correlated with each other. As we discuss our results, we also explain how we adjusted our models in order to respond to this correlation issue.

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

Insert Tables 1a & 1b about here

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

Results

Table 2 reports the results of our analysis.  The column labeled Model 1 presents a base model consisting of control variables.  The significance and sign of the coefficients match expectations.  The coefficient of SIZE is positive and significant, suggesting that the larger the facility, the greater its probability for adopting ISO 9000. The coefficient of PERFORMANCE is negative and significant.  Thus, the poorer the operational performance of an organization, the more likely the organization is to adopt.  This may be an indicator of an adverse selection process in which poor performing facilities adopt to acquire insurance against claims of negligence (King & Lenox, 2000).  The other control variables are significant and behave as expected.  The probability for adoption increases as supply chain pressures increase, as the number of previous adopters in the industry increases, as the distance to the nearest adopter decreases, and as the percentage of exports in a SIC code increase.  Furthermore, an increase in firm pressure also increases the probability of adoption.  Lastly, the larger the firm to which the facility belongs, the greater the probability of adoption.  The coefficients of the time variables (not reported in table 2) reflect the natural diffusion curve and have positive and increasing values in the first years of diffusion, and decreasing values in later years.

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

Insert Table 2 about here

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

In Model 2, we include our independent variables to test our institutional and game strategic models.  With respect to the effect of first adopters on later adoption, we find strong evidence for one of the predictions from our institutional model and weak evidence for a prediction from our game strategic model.  Our measure of the relative size of the first adopter, SIZE_INITIAL, is positive and strongly significant.  Thus, we support predictions from institutional theory that the probability of future adoption increases with the size of the initial adopter (Hypothesis 1a).  Our measure of the relative performance of the first adopter, PERFORM_INITIAL, is negative but it is significant on only the conventional 0.05 probability level.  Therefore, with respect to the performance of initial adopters on later adoption, we do not support our predictions for institutional theory (Hypothesis 1b), and we find only weak support predictions from our economic model (Hypothesis 4).

We now turn to our predictions for how the characteristics of the first adopter will influence later adoption patterns.  Neither the coefficients of SIZE_COMP (testing hypothesis 2a) nor the coefficients for PERFORM_COMP (testing hypothesis 2b and 5) are significant. Thus, we find no support for predictions from institutional theory that smaller or lower performing organizations are more likely to imitate bigger or better performing adopters (hypothesis 2a and b). We also have no evidence for predictions from our game strategic model that a potential adopter is more likely to adopt the standard if the initial adopter has lower (hypothesis 5) performance
.  

We find support for predictions from institutional theory with respect to the effect of similarity on the propensity to adopt (hypotheses 3a & b). The coefficient for SIZE_SIM is positive and significant on the conventional level, and almost significant on the Leamer level. PERFORM_SIM is positive and significant.  Thus we find evidence that similarity in terms of size and performance with the initial adopter indeed fosters adoption.

In Model 3, we further explore the relationship between the characteristics of the first adopter and the propensity for other facilities to adopt.  Recall from Figure 1 that the signaling model predicts the relationship between performance of first adopter and later adoption to be non-linear. We therefore include a square term as well as a linear term of PERFORM_INITIAL.  To facilitate comparison with the effect of size, we also include the square term of SIZE_INITIAL, allowing for more flexibility in the functional relationship between size of first adopter and later adoption rates.

The square term of SIZE_INITIAL in Model 3 is insignificant, while the linear term remains positive and almost significant on the Leamer level. Thus, we confirm the result from Model 2 and find a positive and linear relationship between the size of the initial adopter and subsequent adoption probabilities.  We find, however, an inverted U-shape relationship between the performance of the initial adopter and later adoption.
  The linear term of PERFORM_INITIAL looses significance, while the coefficient of the square term of PERFORM_INITIAL is negative, large, and strongly significant.  Thus, we find that both institutional and game strategic models have predictive power.  In line with Hypothesis 1b, we find that the probability of adoption increases with the performance of the initial adopter.  However, after an inflection point the probability of adoption decreases with an increase in the performance on the initial adopter, which supports Hypothesis 4.  Note also that PERFORM_SIM loses significance.  This suggest that the significant relationship found in Model 2 may have been misleading.  We suspect that PERFORM_SIM was significant in Model 2 because the variable was picking up some of the effect of the unspecified inverted U-shaped relationship.  Thus, we correct our previous conclusion on hypothesis 3b and decide that we do cannot support this hypothesis.

In Model 4, we ensure that the correlation between PERFORMANCE and PERFORM_COMP (and PERFORM_SIM) as well as the correlation between SIZE and SIZE_COMP (and SIZE_SIM) does not influence the observed effect of the initial adopters (i.e., does not cause misinterpretation of the effect of PERFORM_INITIAL and SIZE_INITIAL). When we exclude PERFORMANCE and SIZE, the ‘comparison’ and the ‘similarity’ variables become significant since they pick up the effect of the two omitted variables. Yet more importantly, the effect of the square term of PERFORM_INITIAL remains unchanged. The linear effect of SIZE_INITIAL becomes slightly more significant. 

Lastly, we test our hypothesis that the operational performance of the initial adopter will predict the performance of the subsequent adopters (Hypothesis 6).  We use two methods for testing this hypothesis.  First, we perform a simple regression in which we predict the mean performance of all adopters in the last year of our panel with the performance of the initial adopter. We find a significant relationship between the two variables (R = 0.237, p < 0.001, N=197).
 To test the robustness if this finding, we use the performance of the first adopter to predict the performance of a randomly drawn adopter in the last year of adoption.  We find a positive correlation but not statistically significant effect (R = 0.118, p < 0.1, N = 197).

From our earlier analysis (Model 3), we know that the predictive power of our models seems to differ if the quality of the first adopter is high or low.  To further explore this, we split our sample at the median performance level for initial adopters.  For this split sample, we find that hypothesis 6 is only confirmed for the sample of industries where the initial adopter is of higher performance (R = 0.239, p < 0.001, N=99).  It is not confirmed when the initial adopter is of lower performance (R = -0.037, p < 0.7, N = 98). This finding is confirmed for our alternative measure of a random later adopter (R = 0.274, p < 0.01, N = 99 and R = 0.044, p < 0.7, N = 98).  Thus, while we have conflicting support for hypothesis 6 across the full sample, we strongly support hypothesis 6 when the performance of the initial adopter is above average.

Summarizing our findings, we support several of the hypotheses that follow from institutional theory.  For our hypotheses about the effect of size, we find general support.  We show that the probability of future adoption increases with size of the initial adopter (H1a). We also show that organizations of size similar to initial adopters are more likely to adopt (H3a).  We cannot support predictions that firms are more influenced by the adoption decision of organizations larger than they are, but this problem is caused by our inability to distinguish this effect from a general size effect.  Thus, we find that institutional theories generally predict how the size of initial adopters will effect the adoption of other organizations.

We have conflicting predictions from institutional and strategic game models regarding the effect of performance. We find evidence that both forces are in effect.  We find an inverted U-shaped relationship between performance of first adopter and later adoption.  This supports hypothesis 1b for initial adopters with below average performance, and supports hypothesis 4 for initial adopters with above average performance. We cannot support the institutional prediction of the effect of similarity (Hypothesis 3b).  We also find no support for either institutional or economic predictions about how firms will respond to higher performing initial adopters
.  We find weak support for Hypothesis 6 across the entire sample and strong support when the initial adopter is of high quality. Table 3 provides a summary of our hypotheses and findings. 

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

Insert Table 3 about here

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

Discussion 

In this paper, we contrast the predictions of game theory and new institutional theory to explore the extent to which managers exercise strategic foresight when deciding whether to adopt an industry standard. In institutional models, managers use information about previous adoption – rather than their predictions about future adoption – to make their adoption decision. As a result, the nature of initial adopters effects the adoption decisions of other managers.  In contrast, game strategy assumes that managers anticipate the action of their competitors and thus consider the eventual equilibrium when making their adoption decision. In such a case, initial adopters do not shape later adoption processes but are representative of the emerging equilibrium. 

Where institutional theory alone predicts the effect of initial adopters, we find strong support for institutional theory.  Specifically, we find that if initial adopters are larger, subsequent adoption tends to be greater.  We also find that adopting facilities exert stronger influence over more similarly sized firms.  Thus, as predicted by institutional theory, we find evidence that managers consider the initial adopters and use size and similarity in size in deciding whether to adopt an industry standard. 

Where we contrast institutional and game strategic models, we find adoption patterns that perfectly match neither theory.  Where the initial adopter’s operational performance is below average, institutional models seem to be more accurate, and where the initial adopter’s performance is above average game strategic predictions hold sway.  Thus, it seems that while institutional pressures drive part of the adoption pattern, strategic rationale moderates these pressures such that adoption patterns – in some industries – are contrary to institutional models and follow the prediction of a signaling model.

Recall Figure 1 in which we presented the adoption patterns as predicted by institutional theory and game strategy. The game strategic signaling model predicted a downward sloping curvilinear relationship between the first adopter and later adoption rates.  The slope of this curve increases dramatically when the performance of the initial adopter is greater than the industry average.  In Figure 2a, we combine the adoption pattern of the two models. Combining the patterns results in an inverted U shape relationship between performance of initial adopters and later adoption.
 

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

Insert Figures 2a and 2b here

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

Comparing the plotted results with the expected adoption patterns (compare Figure 2a to Figure 2b), we find that combining the predictions of institutional and game strategic models results in an adoption pattern that is similar to the empirical adoption pattern of ISO 9000. This further confirms that strategic foresight as well as institutional pressures simultaneously drive adoption decisions. Specifically, as initial adopters have a below average performance, an institutional adoption pattern occur. Strategic rational may moderate this pattern such that where initial adopters are above average performance, the pattern as predicted by a game strategic model reflects better our data. 

Finally – and importantly – recall that we find no evidence that the signaling model holds any predictive power for attributes that are readily observable to both industry members and stakeholders (e.g. organizational size).  In this case, strategic rationale as suggested by the signaling model is implausible, and we find that for the impact of size of initial adopters on later adoption only the predictions from institutional theory apply.  

While we find evidence that strategic rationale and institutional pressures both are combining to influence adoption patterns, there remains reason to be cautious.  Industry standards like ISO 9000 have numerous attributes.  We may have failed to model some important elements of the standard.  In fact, we focus on the signaling value that the standard provides, and do not consider that adoption may occur for reasons other than signaling. For example, companies may adopt ISO 9000 as a tool for improving their quality management system. We also have not yet fully modeled how the two theories combine.  One possibility is that separating equilibrium gradually degrades under institutional pressure but while in existence provide a valuable signal.  However, we have not yet created a formal model of this process.

Empirical limits also suggest reasons for caution.  Our measure of process performance only captures some elements of process quality.  Use of another measure would strengthen our analysis, but at present census data is the only other source of facility level data that would cover the sample.  Access to these data is closely controlled.  Firm level data on publicly traded firms is more readily available. Yet restricting our analysis to publicly traded firm would considerable reduce our sample. Furthermore and more importantly, adoption of ISO 9000 occurs on the facility and not on the firm level. Firm level variables are therefore unsuitable. We also may be missing variables.  Adoption may be influenced by facility-specific supplier networks.  While we control for the aggregate effect of these networks, we cannot measure them at the facility level.

Conclusion

In this study we used the predictions of a institutional theory and game theory to model the adoption process of an industry standard given the characteristic of the initial adopter. The two models have different assumptions about the degree to which managers use strategic foresight in their decision whether to adopt a standard. We used data on the adoption process of the ISO 9000 quality management standard to test whether and when strategic foresight may moderate institutional adoption patterns. Our data supports both institutional and game strategic signaling models.  We find that where application of the strategic signaling model is unsuitable, the institutional model correctly predicts the adoption process. Where institutional and game strategic predictions compete, we find that both forces have predictive power. Thus, strategic rational may indeed combine with institutional pressures to shape the adoption process of an industry standard. To fully understand adoption processes, both perspectives are needed.

Our finding confirms previous research by Mezias (1990) who compared an economic with an institutional model to predict the adoption of financial reporting practices. He also finds that consideration of both economic and institutional factors explains best adoption behavior. His study, however, considered economic and institutional factors that focused on different aspects in the adoption process and that – unlike this study – were not in immediate contrast to explain observed behavior. Thus, while his results suggest that both economic and institutional factors deserve attention when explaining adoption, they did not indicate how economic factors may moderate the adoption process as suggested by institutional theory, or, vice versa, how institutional pressure may moderate the adoption process as suggested by economic theory. 

Oliver (1991) discusses the need and possibility to integrate the potential for strategic behavior into the institutional framework. She moves away form the assumption that organizations are invariably passive and their behavior merely driven by institutional pressures, and identifies a set of conditions under which firms may respond to institutional pressures by choosing strategies that range from acquiesce to manipulate.  We suggest that theory should also consider how strategic foresight might moderate institutional pressures.  In our example, high performing organizations that seek certification with ISO 9000 in order to signal to stakeholders about their performance may assess who else is likely to adopt the standard, and they only seek certification if they expect that the adoption patterns are such that the signaling value of the standard is preserved.  As a result, we do not observe an adoption pattern as suggested by institutional theory.  Future research needs to determine which organizations are likely to have such strategic foresight, and the conditions under which such behavior occurs. In this paper we merely provide the starting point to this endeavor. We have contrasted a ‘pure’ economic signaling model in which organizations behave strategically with a ‘pure’ institutional model in which organizations are limited in their strategic foresight in order to investigate the predictive power of each perspective. We have not yet theoretically integrated these contrasting views. Yet we find empirical evidence that both views are valid, and thus urge future research to explore the possibilities to pursue a theoretical integration.
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Expectations from the signaling model and institutional theory for the relationship between the performance of first adopter and later adoption.

Figure 2a
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A combination of signaling and institutional pressure would lead to an inverted U shaped relationship between the performance of first adopters and later adoption.
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Figure 2b

Relationship between the performance of the initial adopter in year t and the probability of a facility adopting in t +1 as observed in the ISO 9000 adoption data.

Table 1a

Descriptive Statistics for Independent Variables

	Variable
	Description

	Mean

	Standard
Deviation
	Min.

	Max.


	perform_INITIAL
	Relative waste generation (compared to industry and size) of first ISO adopter in the same SIC code as the current non-adopter
	-0.28
	0.57
	-2.40
	2.29

	SIZE_INITIAL
	Relative size (compared to industry and size) of first ISO adopter in the same SIC code as the current non-adopter
	0.75
	0.83
	-2.67
	3.21

	PERFORM_COMP
	Binary Variable taking on 1 if the relative waste generation of potential adopter is greater than the relative waste generation of initial adopters in same SIC code.
	0.43
	0.50
	0
	1

	SIZE_COMP
	Binary Variable taking on 1 if the size of potential adopter is greater than the relative size of initial adopters in same SIC code.
	0.73
	0.44
	0
	1

	PERFORM_SIM
	Similarity in relative waste generation between initial and potential adopter.
	-0.87
	0.83
	-7.56
	0

	SIZE_SIM
	Similarity in size between initial and potential adopter.
	-1.19
	0.90
	-6.57
	0

	PEFORMANCE
	Relative waste generation compared to sector and size
	0.02
	1.01
	-4.35
	7.35

	size*
	Natural log of employees
	4.69
	1.47
	0
	11.27

	supply_chain
	Probability for a 4 digit SIC code to supply ISO certified buyers
	0.04
	0.05
	0
	0.32

	ind_cert
	Percentage of 4 digit SIC code that is ISO certified
	0.05
	0.07
	0
	0.62

	distance
	Natural log of distance to nearest ISO adopters
	1.58
	1.31
	0
	8.46

	firm_press
	Percentage of facilities within firm that is ISO certified
	0.05
	0.12
	0
	0.90

	export
	Percentage of exports of shipments in 4 digit SIC code
	0.16
	0.19
	0
	2.08

	fac_num
	Natural Log of Number of facilities within firm
	1.73
	1.55
	0
	5.76

	time_1 – TIME 11
	Time variables indicating the time since the first adoption in an industry
	0.07
	0.22
	0
	1


N = 87219

* Note that facilities have 0 size if they are closed at the end of the year but have some remaining operations (waste generation) during some part of the year.

Table 1b:

Correlation Among Independent Variables

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	1  PERFORM_INITIAL
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2  (PERFORM_INITIAL)2
	0.04
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3  SIZE_INITIAL
	-0.01
	-0.13
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	4  (SIZE_INITIAL)2
	0.02
	-0.01
	0.59
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	5  PERFORM_COMP
	0.43
	-0.04
	-0.01
	0.00
	1.00
	
	
	
	
	
	
	
	
	
	
	

	6  SIZE_COMP
	-0.04
	-0.08
	0.53
	0.25
	-0.02
	1.00
	
	
	
	
	
	
	
	
	
	

	7  PERFORM_SIM
	-0.04
	-0.27
	0.02
	-0.01
	0.22
	0.00
	1.00
	
	
	
	
	
	
	
	
	

	8  SIZE_SIM
	0.00
	0.02
	-0.29
	-0.48
	0.03
	-0.25
	0.03
	1.00
	
	
	
	
	
	
	
	

	9  PERFORMANCE
	-0.02
	0.00
	0.00
	0.00
	-0.59
	0.00
	-0.61
	0.00
	1.00
	
	
	
	
	
	
	

	10  SIZE
	0.12
	0.02
	-0.13
	-0.09
	0.07
	-0.53
	0.03
	0.51
	0.00
	1.00
	
	
	
	
	
	

	11  supply_chain
	-0.01
	-0.08
	0.07
	0.04
	0.00
	0.06
	0.01
	-0.05
	0.01
	-0.05
	1.00
	
	
	
	
	

	12  ind_cert
	0.01
	-0.14
	0.09
	0.03
	0.02
	0.07
	0.02
	-0.05
	0.01
	-0.02
	0.67
	1.00
	
	
	
	

	13  distance
	0.00
	0.04
	0.00
	0.04
	0.00
	-0.01
	-0.02
	-0.01
	-0.01
	0.02
	-0.34
	-0.23
	1.00
	
	
	

	14  firm_press
	0.01
	-0.04
	0.00
	-0.02
	0.04
	-0.06
	0.03
	0.08
	-0.03
	0.16
	0.27
	0.32
	-0.15
	1.00
	
	

	15  export
	0.03
	-0.09
	-0.16
	-0.02
	0.03
	-0.08
	0.00
	-0.01
	0.00
	0.11
	0.03
	0.13
	0.05
	0.12
	1.00
	

	16  fac_num
	0.04
	0.03
	-0.09
	-0.02
	0.08
	-0.22
	0.03
	0.13
	-0.07
	0.31
	-0.06
	0.06
	0.07
	0.34
	0.11
	1.00


N = 87219

Time variables omitted from table. 

TABLE 2 

Maximum Likelihood Estimates predicting the probability of ISO 9000 adoption

	VARIABLE
	MODEL 1
	MODEL 2
	MODEL 3
	MODEL 4

	PERFORM_INITIAL


	
	-0.09*

(0.04)
	-0.07

(0.04)
	-0.04

(0.04)

	(PERFORM_INITIAL)2


	
	
	-0.34**

(0.05)
	-0.33**

(0.05)

	SIZE_INITIAL


	
	0.13**

(0.03)
	0.11*

(0.04)
	0.18**

(0.04)

	(SIZE_INITIAL)2

	
	
	0.00

(0.02)
	0.02

(0.02)

	PERFORM_COMP


	
	0.10

(0.05)
	0.02

(0.06)
	0.10*

(0.04)

	SIZE_COMP


	
	-0.05

(0.06)
	-0.04

(0.06)
	-0.34**

(0.05)

	PERFORM_SIM


	
	0.11**

(0.03)
	0.02

(0.03)
	0.07*

(0.03)

	SIZE_SIM


	
	0.08*

(0.03)
	0.08*

(0.03)
	0.19**

(0.03)

	CONTROLS
	
	
	
	

	PERFORMANCE


	-0.10**
(0.02)
	-0.01

(0.03)
	-0.08*

(0.03)
	

	SIZE


	0.19**
(0.01)
	0.17**

(0.02)
	0.18**

(0.02)
	

	supply_chain


	2.47**
(0.57)
	2.70**

(0.57)
	2.52**

(0.58)
	2.45**

(0.57)

	ind_cert


	1.93**
(0.31)
	1.94**

(0.31)
	1.58**

(0.32)
	1.50**

(0.31)

	distance


	-0.07**
(0.02)
	-0.07**

(0.02)
	-0.07**

(0.02)
	-0.07**

(0.02)

	firm_press


	1.28**
(0.14)
	1.23**

(0.14)
	1.21**

(0.14)
	1.29**

(0.14)

	export


	0.55**
(0.08)
	0.67**

(0.09)
	0.59**

(0.09)
	0.69**

(0.09)

	fac_num


	0.06**
(0.01)
	0.07**

(0.01)
	0.07**

(0.01)
	0.09**

(0.01)

	CONSTANT


	-4.90**
(0.09)
	-4.79**
(0.14)
	-4.70**
(0.14)
	-3.63**

(0.09)

	N
	87219
	87219
	87219
	87219

	Wald Chi2
	1077.30
	1110.39
	1151.34
	1065.57


Standard errors in parentheses
** t-value of estimate exceeds Leamer’s suggested t-value (3.35)
* t-value of estimate exceeds conventional 0.05 probability cut off (1.96)

TABLE 3

Summary of Findings

	Hypotheses from New Institutional Model 
	Variable & Finding
	Hypotheses from Signaling Model 
	Variable & Finding

	H1a: The larger the initial adopters of an industry standard, the higher the probability that a potential adopter will adopt the standard 
	SIZE_INITIAL

Supported
	
	

	H1b: The better the operational performance of the initial adopters of an industry standard, the higher the probability that a potential adopter will adopt the standard.
	PERFORM_ INITIAL

Supported when initial adopters below average
	H4: The better the operational performance of the initial adopters of an industry standard, the lower the probability that a potential adopter will adopt the standard.
	PERFORM_ INITIAL

Supported when initial adopters above average.

	H2a: If the potential adopter of a management standard is smaller than the initial adopter, the more likely it is that the potential adopter will adopt the management standard.
	SIZE_COMP

Not supported 
	
	

	H2b: If the operational performance of the potential adopter of a management standard is inferior to that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard. 
	PERFORM_COMP

Not supported
	H5: If the operational performance of the potential adopter of a standard is better than that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard.
	PERFORM_COMP

Not supported.

	H3a: If the potential adopter of a management standard is of similar size to the initial adopter, the more likely it is that the potential adopter will adopt the management standard.
	SIZE_SIM

Supported
	
	

	H3b: If the operational performance of the potential adopter of a management standard is similar to that of the initial adopter, the more likely it is that the potential adopter will adopt the management standard. 
	PERFORM_SIM

Not supported
	
	

	
	
	H6:  The better the operational performance of the first adopters of an industry standard, the higher the average operational performance of subsequent adopters.
	Supported when initial adopters above performance average.


Appendix I 

A signaling game in the context of adoption of an industry standard 

Assume one industry with two players. One player has a high operational performance (γH), the other a low operational performance (γL). The cost of adopting the standard is a function of the performance (C = f(γ) with f(γH) < f(γL)). If the buyer can distinguish the high from low performer, the high performer receives a high premium (PH), and the low performer a low premium (PL). If the buyer cannot distinguish among the two, both players receive an average premium (PA). The premiums are ordered such that PH > PA > PL with PL = 0. The buyer knows f(γ), but he does not know which organization is the high performing one and which one the low performing. If the buyer believes that f(γ) is such that the low performing organization can potentially adopt the standard, the buyer does not believe in the differentiation value of the standard and only pays PA. Below are the payoffs given all strategy combinations.

	
	
	High Performer



	
	
	Adopt
	Reject

	Low Performer
	Adopt
	   PA - f(γH)

   PA – f(γL)
	   PA

   PA – f(γL)

	
	Reject
	   PH - f(γH)

   PL
	   PA
   PA


The equilibrium depends on the exact functional form of f(γ). If PH > f(γH) & PA < f(γL), playing ‘Reject’ is a strictly dominant strategy for the low performer. Anticipating this, the high performer will play ‘Adopt’ and a separating equilibrium with {High Performer = Adopt, Low Performer = Reject} occurs. If either condition does not hold, a pooling equilibrium with {High Performer = Reject, Low Performer = Reject} occurs. Specifically, if PH < f(γH) & PA < f(γL), playing ‘Reject’ is strictly dominant for both players. If PH > f(γH) & PA > f(γL), ‘Reject’ is the dominant strategy for the high performer. For the low performer, the best response to this strategy is playing ‘Reject’ also. 

.

Appendix Ii

We apply Bayes’ Theorem to calculate the expected adoption given the performance of the initial adopter. Assume that the probability for any separating equilibrium (SE) to occur is constant. The probability of a specific separating equilibrium j (SEj) to occur given the performance of the first adopter (γa1) is as follows: 
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eq. 1

with

SEj = Separating Equilibrium j, 


γa1 = Performance of the first adopter


SEk = Separating Equilibrium k with k = 1, …N and k 
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Now, we compute the probability for any facility to adopt (ai = 1) in separating equilibrium j:
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eq. 2


= f(γi)
 
if γi > γ*

Thus, the percentage of adoption in separating equilibrium j is:
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eq. 3

with 


ai = Binary variable that equals 1 if the ith organization adopts


γi = Performance of the ith adopter

γ* = Critical performance level above which adoption in separating equilibrium j becomes feasible.

f(γi) = Normal density function

Aj = Percentage of adopters in separating equilibrium j

Last, we calculate the expected percentage of total adoption given that we observe γa1
E(A|(γa1) = 
[image: image7.wmf]å

=

N
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1

Aj * P(SEj | γa1)


eq. 4

with


A = total percentage of adopting organizations
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� Certification requires implementation of some management practices, but it does not require the organization to meet specific performance criteria.  In fact, research suggests that certification does not necessarily improve an organization’s performance (Naveh and Marcus, 2000).  


� The value of one of our explanatory variables is constructed by using multiple regression on the four digit SIC code level. Since estimation of the value may become unreliable for industries with less than 10 members (i.e., less than 10 data points). We choose to remove these industries from the sample. To ensure that our results are robust, we also calculated our variable on the 3 digit SIC code level and found that the significance of our results were unchanged.


�  Our sample contains 6155 facilities that gained certification. We have performance data for 3637 of them. 


� For the remainder of the paper, we refer to an industry as captured on a 4 digit SIC code level.


� Input tables provide the values of the different commodities that each industry used in a particular year. Output tables provide the value of the different commodities that each industry produced in a certain year. We converted the industry classification used in IO tables into 4 digit SIC classifications. We use the 1992 IO tables to calculate SUPPLY_CHAIN in 1992, and the 1997 IO tables for the corresponding probabilities in 1995 and 1998.  We use linear inter - and extrapolation to estimate values for missing years.


�  Some facilities received multiple certifications or adopted multiple versions of the standard. In such a case, we only consider the first adoption in our analysis.


� Leamer’s formula for is as follows Fr,n-K > [(n-K)/r]*(nr/n - 1). R is the number of restrictions in the test, n is the sample size, and K is the number of coefficients that are estimated in the specification (including the intercept). 


� To address the high correlation between SUPPLY_CHAIN and IND_CERT, we ran the base model including only one of the two variables at a time. Both variables remain significant and retain the same sign, suggesting that while correlation exists, it does not cause a misleading interpretation of our results.


� Our failure to support our hypotheses may be driven in part by the high correlation between SIZE_COMP and SIZE and PERFORM_COMP and PERFORMANCE.  If PERFORMANCE and SIZE are removed from the model, SIZE_COMP is negative and significant and PERFORM_COMP is positive and significant.  Thus, we find some evidence to support hypothesis 1b.  However, since we cannot prove that this effect is driven by the relative performance between the first and potential adopters (rather than just the performance of potential adopters) we conclude we cannot support the hypothesis.


� Note that PERFORM_ISO is mean centered. For an inverted U shape to occur the linear term needs to be small and the square term negative. 


� Of the 232 industries that have more than 10 industry members and in which adoption occurs, we have 197 industries in which there are more than one ISO 9000 adopter.


� We have some evidence that support economic predictions.  With the collinear PERFORMANCE variable removed, we find a significant effect.  If we recode PERFORM_COMP to reflect the relative performance to all previous adopters, we find a significant effect even when we include PERFORMANCE in the model.


� We arbitrary made the relationship as predicted by institutional theory linear. Changing it to a positive and curvilinear relationship only makes stronger the inverted U shape relationship that results from combining the effects. 
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