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Abstract
In this article we attempt to provide empirical evidence on the role of uncertainty and job complexity in the pay-for-performance strength and autonomy provision decisions in the blue collar workers’ context. One of the predictions of the agency model is the trade-off between the workers’ pay-for-performance strength, intended to elicit effort, and the uncertainty on their performance realizations. The inconclusive evidence on this prediction has encouraged the development of alternative models. A common idea in them is that pay-for-performance is also a mechanism to take advantage of the workers’ private information observed in complex jobs. Strengthen pay-for-performance increases his interest to use his private knowledge. So, there is a positive effect on pay-for-performance of job complexity. Also, Prendergast (2002) suggests that this effect is through the provision of autonomy. Uncertainty is proxy by the demand variability and job complexity by an index on the complexity of several dimensions of the tasks. Relying on dataset of 358 Spanish industrial plants we found a positive effect on the provision of autonomy of job complexity and demand variability. We also found a positive effect on the pay-for-performance strength of workers’ autonomy. And then support for Prendergast (2002)’s suggestions. Also, once we control by autonomy, as suggested by the standard model, the effect of demand variability on the pay-for-performance strength is negative  
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1.
INTRODUCTION


Based on a dataset of 358 Spanish industrial plants this paper provides empirical evidence for the role of uncertainty and job complexity in the blue collar workers’ pay-for-performance strength and autonomy provision decisions. Despite recent efforts (Nagar 2002, Foss and Laursen 2005, Ortega 2009, Devaro and Kurtulos in press and Ben-Ner, Kong and Lluis 2010), the joint empirical analysis of these relationships is relatively scarce when compared with the theoretical attention it has received.          

One of the central predictions of the (standard) Principal-Agent Model (Holmström 1979, Shavell 1979, Holmström and Milgrom 1987, 1991) is the negative relationship between the workers’ pay-for-performance strength and the uncertainty about their performance realizations or, equivalently, effort exerted. In this model pay-for-performance is a mechanism to elicit workers’ effort. When the workers are more risk averse than the firms, the profits of higher effort derived from the incentives strengthen are counterbalanced with the costs of transferring risk to the workers. Therefore, the greater the uncertainty about the effort exerted by the worker the greater the risk cost imposed on him and the less the optimal pay-for-performance level. However, despite its intuitively appealing rationale, empirical literature reviews -comprising works for different types of workers and across different industries- show evidence of positive, negative or non significant correlations between pay-for-performance and uncertainty (see Prendergast 2002, Devaro and Kurtulos in press). 

This lack of empirical evidence has encouraged the development of several theoretical works (Zabojnik 1996, Prendergast 2000, 2002, Adams 2002b, Baker and Jorgensen 2003, Shi 2005, Raith 2008) concerned in explaining this empirical ambiguity. A common underlying idea of these papers is that (for the firms) pay-for-performance could be also a mechanism to take advantage of the workers’ information advantage (more likely observed in production contexts characterized by a high degree of complexity). In complex jobs, the worker -being closer to the production process- is in a better position than the firm to distinguish the most productive task or way to work, so strengthen his pay-for-performance increases his interest for selecting it.  The fact that most of the previous papers do not distinguish between the concepts of uncertainty and job complexity could explain the lack of conclusive evidence for the relationship between uncertainty and pay-for performance strength. Under measures of uncertainty they could have been capturing the effects of both informational contexts. Furthermore, Prendergast (2002) suggests that in those settings where job complexity is high, pay-for-performance and workers’ autonomy provision should be jointly determined. Therefore, controlling for a measure of delegation of decision making should cancel out the positive effect of job complexity on incentives provision. In other words, the inconclusive evidence of the empirical literature is of econometric nature, namely, of omitted variable bias if job complexity is positively correlated with uncertainty.


The empirical literature concerned in the analysis of the relationship between uncertainty and pay-for-performance is extensive
; however, evidence on the determinants of workers’ autonomy
 and on the joint determination of both variables of the organizational design (Nagar 2002, Ortega 2009, Ben-Ner et al. 2010) is scant, specially in the context of blue collar workers in industrial plants (Foss and Laursen 2005, Devaro and Kurtulos in press). 


The replication of studies using datasets of employees under similar working conditions (e.g. in the manufacturer sector) across different establishments can help scholars to find robust stylized facts as well as guidelines for further theoretical research. Also, aside the sources of the sample data, the paper presents some other differences with the afore-mentioned related empirical papers worthy to emphasize. Relative to the papers of Nagar (2002), Foss and Laursen (2005) and Devaro and Kurtulos (in press), and in the same fashion as Ben-Ner et al. (2010), we extend the set of theoretical predictions to be tested by introducing the concept of job complexity into the analysis. Furthermore, we propose a broad econometric strategy for summarizing the predictions stated in the theoretical part and distinguishing the differences with other papers’ econometric approaches. In this sense, other related papers can be understood as partial estimations of our comprehensive approach. For instance, Ortega (2009) does not consider the impact of autonomy on the pay-for-performance strength while Foss and Laursen (2005) do not control for the fact that the errors terms of the equations for pay-for-performance and autonomy could be correlated. Devaro and Kurtulus (in press) reject this possibility; however we can not reject the existence of error measurement in the -included or omitted
- explanatory variables that could influence both autonomy and pay-for-performance at the same time.    


Overall, the results of the paper are consistent with the ones in the previous empirical related literature. Like Ortega (2009) and Ben-Ner et al. (2010) we found a positive effect on workers’ autonomy of job complexity while like in Devaro and Kurtulus (in press) a positive effect on workers’ autonomy of uncertainty, which we proxy by the firms’ demand variability
. This result shows that even if demand variability is included in the estimations to capture the concept of uncertainty, it also captures the workers’ information advantage regarding how to work under changes in market conditions. Another point which we catch up the literature in is in the relationship between pay-for-performance strength and workers’ autonomy. Consistent with the works of Nagar (2002), Foss and Laursen (2005), Devaro and Kurtulos (in press) and Ben-Ner et al. (2007) we provide evidence of a positive correlation between these concepts. As we mention above the only paper that assess Prendergast (2002)’s predictions using measures for uncertainty and workers’ superior information is the one of Ben-Ner et al. (2010). In this paper (external) uncertainty, which is proxy by the variability of the firms’ net income, has no effects on individual pay-for-performance and has positive effects on delegation of decision making only when this concept is proxy by the degree of workers’ control over their work but not when it is proxy by the workers’ participation in an employee involvement program. Also, delegation of decision making has positive effects on individual pay-for-performance only when it is capture by the later proxy. These results assure no instrumental role for delegation of decision making in the uncertainty-incentives equation as suggested by Prendergast (2002). On the contrary, after controlling by workers’ autonomy, we recover the uncertainty-incentives trade-off predicted by the standard agency model.  


We organize this paper as follows. In section two we review the relevant literature and state the hypothesis to be tested. Section three presents a description of the sample data and the measures to be used in the estimations as well as of the econometric approach. Section four presents the results of the empirical estimations. Section six concludes.     

2.
THEORETICAL BACKGROUND
2.1
Main hypotheses
One of the central predictions of the standard principal-agent literature (Holmström 1979, Shavell 1979, Holmström and Milgrom 1991) is -under certain standard assumptions, e.g., an agent’s exponential utility and quadratic cost functions (Holmström and Milgrom 1987)- the negative relationship between uncertainty and the pay-for-performance strength (see Prendergast 1999 for a summary).  
In these models uncertainty comes from random events that arise from the external environment, like unexpected changes in demand (Milgrom and Roberts 1992 pp. 245), that add performance measurement error, or in other words, that randomize the variable performance, disassociating output realizations from effort exertion. A key assumption in this literature is that the agent (as well as the principal) does not observe the realizations of the random events before the action is taken (because it is resolved together with the output realizations) and therefore they do not affect the agent’s decisions about effort exertion
. Both parties face the uncertainty.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
In this theory the information asymmetry regarding the level of effort the agent exerts is source of moral hazard problems. If effort were perfectly observable moral hazard could be costless controlled through effort’s supervision and the optimal payment schedule would be a -Pareto-optimal risk-sharing- straight salary. However, given that effort is not observable, the provision of incentives implies the principal contracting on an imperfect signal related to the true level of effort exerted, namely, performance. That is, she has to rely on a second-best Pareto-optimal risk-sharing compensation mechanism. But the provision of incentives faces limitations. Given that besides the effort exerted performance depends on random events beyond the agent’s control (uncertainty) and that he is assumed to be risk averse, the provision of incentives imposes risk costs. Therefore, highly uncertain environments expose the agent to greater levels of risk and make the provision of incentives more expensive. Consequently, upon increases in uncertainty, the principal reacts decreasing the incentives strength. This rationale predicts a negative relationship between uncertainty and pay-for-performance strength.

Hypothesis 1: Pay-for-performance strength is negatively related with uncertainty.

This hypothesis has been largely tested in various articles. For instance, Prendergast (2002) provides an extensive review of this empirical literature. He reviews several works that have been made for various classes of occupations: executives, sharecroppers, franchises and sale force workers and other occupations. For the case of executives, franchises and sale force and other occupations the evidence is inconclusive. From the eleven articles reviewed for executives, three shows a positive, three a negative, and five no correlation between uncertainty and pay-for-performance strength. In the case of franchises, three shows a positive and two no correlation. And for the sales force and other occupations, two shows a positive, one a negative, and four no correlation. With regard to sharecroppers, the evidence is in favour of a positive correlation; the three articles reviewed show that pay-for-performance strength is increasing in the uncertainty of the environment. The same pattern of inconclusiveness is found by Devaro and Kurtulos (2007) in a literature review that includes 28 articles across different industries and workers types. From them, only eight support the predictions of the standard principal-agent model, thirteen show a positive correlation and the other seven no significant correlation.       

This evidence has driven scholars to look for explanations for this inconclusiveness observed in the empirical literature. In the last years there have appear several theoretical works (Zabojnik 1996, Prendergast 2000, 2002, Adams 2002b, Baker and Jorgensen 2003, Shi 2005, Raith 2008) suggesting that under measures of uncertainty previous empirical works have been capturing other informational context besides of the one explicitly modeled in the standard agency model
. These authors suggest that after a contract is signed and the worker is placed into the job he gets, or can exert effort to get (Shi 2005), information or knowledge (e.g. he receives an informative signal) regarding how to carry out the job, i.e., he observes the events that can change his effort’s marginal productivity and therefore the value of his actions. This information is local, in the sense that it affects the way in which a specific job or task has to be performed, and private, because just the worker knows this information while the firm or supervisors do not. So, from now on we will refer to this afore-acquired information as local private knowledge. However, the way in which this local private knowledge affects positively the pay-for-performance strength varies according to the specific model. 

In most of them (Zábojnik 1996, Adams 2002b, Baker and Jorgensen 2003, Shi 2005 and Raith 2008) when the workers take the action after the local private knowledge is acquired, its use, i.e., adapt actions or decisions to account for variations in the expected marginal productivity of those actions caused by the random shocks, is always beneficial to the firm because it has a positive effect on her expected profits. Consequently, it is in the firms’ interest to provide incentives to make the workers use their local private knowledge. Moreover, as more valuable or larger is the local private knowledge greater is the interest of the firm to provide incentives. The cited authors also show that (the value or amount of the) local private knowledge is increasing in the magnitude of the random events or, in more formal terms, in the variance of the possible productivities (a priori) observed by the agent before the knowledge is acquired. Therefore, these models predict that the pay-for-performance sensitivity is increasing in this a priori -by the agent- observed variance. This variance, interpret as the value or amount of local private knowledge, has been termed in the literature in several ways: Ex-ante uncertainty (Zábojnik 1996), Volatility (Baker & Jorgensen 2003), Respondable risk (Shi 2005), Technological uncertainty (Raith 2008) and Internal uncertainty (Ben-Ner et al. 2010).
For empirical purposes, some authors (Prendergast 2002, Raith 2008, Ben-Ner et al. 2010) suggest that the concept of agent’s amount or value of local private knowledge is closely related to the degree complexity of the jobs or tasks that the workers have to perform. When the production process is simple there is not much room for differences between the workers and supervisors to identify the best course of action for a given task. But when the task is complex, the worker, who is closer to the production process, is in a better position to determine how a task should be done
. So, job complexity is interpreted as a measure of the value or amount of the agents’ local private knowledge or a priori -by the agent- observed variance in possible productivities and a positive relationship of this measure with the pay-for-performance strength is expected.
Hypothesis 2: Pay-for-performance strength is positively related with job complexity.

Ortega (2009) and Ben-Ner et al. (2010) are efforts attempting to provide empirical evidence on this hypothesis. Using a dataset of 24 000 individuals taken from the last three European Working Conditions Survey, Ortega (2009) found a positive effect of job complexity on the implementation of group performance pay, profit sharing and stock ownership; however he fails to find a significant effect on the implementation of piece rates. On the contrary, Ben-Ner et al. (2010) present empirical evidence supporting the positive relationship between the implementation of different measures of pay for performance (individual incentives, group bonus and profit sharing) and a compound of three attributes of the tasks carried out by the shop-floor workers (the degree of variability, routine and complexity). Using a sample of 530 firms taken from the Minnesota Human Resources Management Practices Survey as well as from COMPUSTAT, they found, in a specification where delegation of responsibility is not controlled for, a positive relationship between local private knowledge and individual incentives and group bonus and a negative relationship between local private knowledge and profit sharing. However, when delegation of responsibility is controlled for the effect of local private knowledge on the different measures of pay for performance cancel out. The literature also provides examples of studies assessing the effect on pay-for-performance strength of other proxies for the concept of local private knowledge. For instance, Baiman, Larker and Rajan (1995), with data taken from confidential data files of two human resources consulting firms as well as from primary sources data collected via mail survey for CEO’s, found that compensation risk imposed on the business unit manager is increasing in the expertise of the parent company relative to the one of the business unit manager.

Unlike the afore-mentioned models, Prendergast (2002) proposes a model where the agents’ local private knowledge or job complexity affects the workers’ autonomy decision, which in turn affects the provision of pay-for-performance. He asserts that when the amount of local private knowledge will be low, the principal has good idea of what the agent should do in order to align private and social benefits, so she tells the workers what to work, i.e., she centralize decisions, and assuming that effort is perfectly observable, monitors actions directly and pay a straight salary based on the effort done. On the contrary, if the amount of local private knowledge is high, even if effort were perfectly observable, the principal is likely to have less idea about what the agent should do in order to align the parties’ interests; therefore she delegates decision making and in order to use the local private knowledge of the agent to her advantage or to avoid an inappropriate use of the workers’ discretion (for example the worker could choose the project he likes the most instead of the project with the highest productivity), offers pay-for-performance contracts.  


A first empirical proposition of this argument is that pay-for-performance is more likely to be observed in cases in which employees have decision making. The joint nature of the provision of autonomy and incentives is a topic largely studied in the management and economic literature. In general, this literature predict a positive relationship between pay for performance and autonomy or decisions’ delegation (Stiglitz 1975, Mirrlees 1976, Melumad and Reichelstein 1987, Melumad et al. 1992, Jensen and Meckling 1992, Holmström and Milgrom 1994, Prendergast  2002, Baiman and Rajan 1995, Bushman et al. 2000, Baldenious 2003). 
Hypothesis 3: Pay-for performance strength is positively related with autonomy.
Most of the empirical work concerned in testing this prediction provides supportive evidence (MacLeod and Parent 1999, Nagar 2002, Abernethy et al. 2004, Foss and Laursen 2005, Moers 2006, Wulf 2007, Ben-Ner, Kong and Lluis 2007, Devaro and Kurtulos 2007, Itoh, Kikutani and Hayashida 2008); however, Adams (2002b), with a sample 247 managers and 1358 production line workers in 166 British firms taken from the Workplace Employee Relations Survey 1998, did not find empirical support.    

But, the most distinctive prediction of Prendergast (2002)’s argument is perhaps the positive relationship between the degree of local private knowledge, or job complexity, and the provision of workers’ autonomy.  
Hypothesis 4:  Autonomy is positively related with job complexity.

Recent empirical studies provides support for the relationship between delegation of decision making and measures of job complexity (Ortega 2009, Ben-Ner, Kong and Lluis 2010) or other measures intended to capture the principal-agents’ asymmetric information (Baiman, Larker and Rajan 1995, Colombo and Delmastro 2004). Moreover, the literature also provides attempts for analysing the hypothesis above using measures of local private knowledge closer to the concept of uncertainty. Evidence of a positive relationship can be found in the franchising (Lafontaine 1992), Sharecropping (Rao 1971), Banking (Nagar 2002) and manufacturing industry (Foss and Laursen 2005 and Devaro and Kurtulos 2007). 

Note that in the models that brought along hypothesis 2 (Zábojnik 1996, Adams 2002b, Baker and Jorgensen 2003, Shi 2005 and Raith 2008) there is no role for workers’ autonomy. In fact, they implicitly assume that workers have already been granted discretion. The positive relationship between job complexity and incentives strength follows directly from the positive effect of the job complexity on firms’ profits without affecting any other variable of the organizational design. However; in Prendergast (2002) the positive effect is exclusively through out the provision of workers’ autonomy (hypotheses 3 and 4). So, he predicts that when we are able to control for a measure of delegation of decision making the positive effect of job complexity on incentives provision should disappear or, in other words, that the inconclusive evidence of the empirical literature is of econometric nature, namely, of omitted variable bias if job complexity is positively correlated with uncertainty. 

This prediction has been explicitly addressed in the works of Foss and Laursen (2005), Devaro and Kurtulus (in press) and -the concomitant work of- Ben-Ner et al. (2010) using datasets of production workers. The two former works carry out their analysis using as proxies for local private knowledge measures traditionally used by the empirical literature to capture the concept of uncertainty as understood in the traditional agency model. While Foss and Laursen (2005) found no evidence supporting Prendergast (2002) prediction, Devaro and Kurtulus (in press) found it. On the other hand, Ben-Ner et al. (2010) asses Prendergast (2002)’s prediction using a variable intended to capture the random shocks coming from the task environment (what they call internal uncertainty) finding strong support. 
An alternative logic for explaining the empirical ambiguity regarding the predictions of the agency model is provided by Core and Quian (2001). They propose a model where the agent has to perform two tasks, evaluate projects or courses of action (with different profit and risk profiles) and produce accordingly with those decisions. And concentrate in the study of the effects of project selection uncertainty on incentives strength. In this model, besides the productive effort, the agent is allowed to exert effort to evaluate the projects to get an informative signal about their profit and risk profiles. More project selection uncertainty is interpreted as less quality of the informative signal and vice verse. An important distinction with the models formerly described is that evaluation effort does not influence the production task. The most important result of this model is that when the agent performs the evaluation task the relationship between project selection uncertainty and pay-for-performance strength is positive. The main assumption behind this result is that when the project is selected after proper evaluation it has higher profits and less (project specific) risk than if it is blindly selected. Therefore, the evaluation effort is valuable to the principal. If after evaluation the agent gets a good project profile it is in the principal interest that he adopts the project. The problem is that even if the principal can see if the new project has been adopted or rejected she does not know if it was adopted after proper evaluation or blindly. Then, given that effort is not observable and agent is risk averse, the principal contract contingent on performance to make the agent to exert effort to adopt the project with less risk. On the other hand, as in the standard agency model, when the agent performs the production task the project selection uncertainty has a negative effect on incentives strength. The net effect of project selection uncertainty on incentives strength will depend on the importance of the evaluation task relative to the production one. When the environment is uncertain, and the quality of the private signal is low, it is difficult to motivate the agent to evaluate and to adopt new projects; therefore the evaluation contract receives a high weight relative to the production contract. On the contrary, when the environment is more certain it is easier to motivate the agent to evaluate and to adopt new projects, so the production contract receives a high weight relative to the evaluation contract. So, this analysis leads to predict that in firms where project selection uncertainty is high further increases in this uncertainty increases the pay-for-performance strength while in firms low project selection uncertainty further increases in this uncertainty decreases the pay-for-performance strength. Accordingly, assuming that our measure of uncertainty envelopes also the uncertainty facing by the workers regarding the quality of their curses of actions evaluation, hypothesis 1 should be accomplished only for low levels of uncertainty while for high levels the relationship between pay-for-performance strength and uncertainty should be positive.  
2.2
Other considerations


For testing the hypotheses above it is necessary to control for other factors that determine the use of pay-for performance and/or autonomy. The study of the conditions under which pay-for-performance should be implemented has been object of a large scrutiny by the economic and management literature. Concepts such as unions (Estrin, Grout and Wadhwani 1987, Baron and Kreps 1999), the degree of product market competition (Jensen and Meckling 1976, Hart 1983, Schmidt 1997, Raith 2001), the need of coordination (Roberts 2004) or the existence of turnover costs (Yang 2008) have been highlighted in the literature as determinants of the provision of pay-for-performance. 

With regard to unions, some scholars assert that they have tended to oppose to the implementation of piece rates because they fear exploitation and division of the workforce (Baron and Kreps 1999, pp. 275). However the literature also provides arguments supporting a positive effect; for instance, Estrin, Grout and Wadhwani (1987) suggest that managers are prone to introduce sharing schemes because they are likely to weaken workers’ monopoly in the long run (e.g. reducing the role for unions in the wage setting process, transferring power from them to management). Previous empirical work has found evidence supporting a positive relationship (Gregg and Marchin 1988) while some others evidence of no significant relationship (Devaro and Kurtulos 2009). Therefore, the expected sign of the correlation between unions and pay-for- performance is an empirical issue. 

Regarding the role of product market competition, the arguments provided by the literature also leads to ambiguous conclusions. Most of them assert that firms will provide stronger incentives in highly competitive environments in order to enhance productive efficiency (Harth 1983, Schmidt 1997, Raith 2003). However; there are also other arguments supporting the idea that the product market competition has no significant (Jensen and Meckling 1976) or negative effects (Schmidt 1997) on managerial incentives. Jensen and Meckling (1976) argue that slack exists so in monopolies as in competitive firms and therefore there is no reason to offer different incentive schemes in each of these market structures; while Schmidt (1997) that the reduction in profits caused by high competition could lead to a decrease in the profitability of cost reduction and therefore on the value of effort.   

In reference to the need of coordination, we expect it will have a negative effect on the provision of individual incentives. In environments where workers have to act in unison or coordinate it would be better to pay based on group performance instead of based on individual performance (Roberts 2004 pp. 121). This argument becomes especially important in settings were the piece rate is determined based on relative -instead of absolute- performance, i.e., through tournaments. In such arrangements the probability of getting the prize is not only linked to the effort and good luck of the worker but also to the effort and bad luck of his colleagues. Therefore, it could be in his interest to sabotage the performance of his colleagues (Lazear 1989). 

Last, the relationship between pay-for-performance and turnover costs is studied by Yang (2008) in the context of a model of contract selection between pay for performance and efficiency wages. In general, from the firm’s point of view, pay-for performance is less expensive than efficiency wages. However the former compensation scheme may be not credible because -in markets with unemployment- the firm could fire the worker just before the bond has to be paid. But the existence of turnover costs could preclude this misbehaviour by the part of the firm leading to a positive relationship between turnover cost and pay-for performance. However; we do not provide prediction for the sign of this variable because the characteristics of the firms or workers associated with turnover costs, such as job stability, could also be associated with specific human capital accumulation and then with a larger provision of low power incentives (Carmichael 1983, Prendergast 1993), such as internal promotions, at expenses of pay-for-performance. 


In addition to these factors, the management and personnel psychology literature have highlighted the positive effect of the degree of congruence or match between a worker and the firm environment, person-environment fit, on job performance (Edwards and Shipp 2007) and therefore on the pay-for-performance strength. The two most extensively studied types of person-environment fit are the person-job fit and the person-organization or -culture fit (Sekiguchi 2004)
. The first concept refers to the compatibility between individuals and specific jobs, that is, to the fit between the abilities of the person and the demands of a job or task, while the second to the compatibility between a person and the organization in terms of needs satisfaction and/or characteristics sharing (Kristof 1996). To proxy the concept of person-job fit, former related empirical literature has used variables such as skill level requirements (Adams 2002b) or education level (Nagar 2002). On the other hand, Bowen et al. (1991) argues that the personal-organization fit is a desired outcome of the hiring process. As largely stressed in the personnel psychology literature (Schneider et al. 1995, Kristof 1996) the selection criteria has to look for the soft skill requirements of the workers.

Some of these variables formerly analysed could also have effects on the provision of workers’ autonomy. For instance, such as Osterman (1994a) points out, there is considerable anecdotal evidence of unions opposing as well as facilitating the introduction of flexible work organization practices. Previous empirical work provides examples of a negative (Adams 2002b) or insignificant (Osterman 1994a) correlation between unions and delegation of decision making. Moreover, we also expect that the person-environment fit concept has positive impact on the delegation of decision making. The fact that better personal-environment fit enhances higher levels of workers’ commitment or job satisfaction (Edwards and Shipp 2007) could lead to higher levels of trust from supervisors to workers and in turn to a higher likelihood of providing autonomy. Osterman (1994a) also presents empirical evidence on the positive relationship between the skill levels required by an enterprise’s technology and the use of flexible work organization practices. Last, given that the job stability of the employee also captures in part the accumulation of experience and knowledge we expect it also can have a positive effect on the provision of autonomy (Adams 2002b). 

Besides these variables, we also will consider other variables that have been used in related empirical literature to control for specific characteristics of the firms or plants or the environment where they operate that could affect the implementation of pay-for- performance or and/or autonomy, namely, the size of the plant, the fact that the firm is uniplant or multiplant and the plant technological intensity. The inclusion of variables related with the size of the firm or the business unit is standard in the literature for its effects on all organizational design choices (Nagar 2002), specially for the ones that concern the present study, such as pay-for-performance (Shi 2005, Adams 2002b, Nagar 2002, Foss and Laursen 2005, Ben-Ner et al. 2007, Devaro and Kurtulos 2007) and workers’ autonomy (Adams 2002b, Nagar 2002, Foss and Laursen 2005, Ben-Ner et al. 2007, Devaro and Kurtulos 2007). We do not provide empirical prediction of this variable because the arguments provided by the literature leads to ambiguous conclusions. For instance, smaller establishments could have fewer resources to invest in human resource innovations; however they also could be more agile and more likely to adopt new production techniques than are large establishments (Osterman 1994). We also control for the existence of additional plants belonging to the same headquarter because the decisions related with the organizational design could be made by the headquarters instead of by the plant directors (Foss and Laursen 2005). Last, controlling by industry is also a common practice in the related literature (Devaro and Kurtulus 2007, Ben-Ner, Kong and Lluis 2007). The industry type could has particular characteristics, in terms of technology or capital intensity (Foss and Laursen 2005), with direct effects on the variables of the organizations design.   
3.
METHODS

3.1
Data description 


The data for testing the hypotheses is taken from a survey
 designed to obtain information on the human resources practices and work organization policies of Spanish industrial establishments. The original questionnaire was fine tuned with a pre-test sample to 15 plant directors. The use of subjective assessments by the interviewee on various scales to get information on the theoretical concepts above examined is a common practice in the related empirical literature (Adams 2002b, Wulf 2005, Nagar 2005, Shi 2005). This approach allows the possibility of getting information about some concepts even if objective information is not available and therefore to has a wider sample of firms. In fact, similar databases for the US, UK and Denmark have been used previously for the analysis of the adoption of pay-for-performance and delegation of decision making policies for manufacturing workers (Ben-Ner, Kong and Lluis 2010, Devaro and Kurtulus 2007, Foss and Laursen 2005).


The target group was the manufacturing establishments in continental
 Spain with 50 or more workers, with or without more plants in the Spanish territory or abroad, and whose economic activity is included in one of the 13 manufacturer sectors of the CNAE classification for 1993
. The firms or manufacturing plants sample was identified in CAMERDATA (databases of the chamber of commerce of Spain) and comprised 3000 plants. A stratified random sample, guaranteeing stratums by size, industrial sector and regions, based on 402 (13.5% of the target group) interviews was finally got. The questionnaire forms were filled between December 2007 and April 2008 through out personal interviews of approximately 60 minutes length by a specialized firm, in most of the cases, with the directors or the production or human resources managers of the plants
. Because some questionnaires were incomplete we end up with 358 observations. Table 1 compares the distribution of the plants by size, economic sector and region between the population and the sample. As we can see, overall, the percentages or quotes of each category, between the sample and the population, are very close, indicating no sampling selection bias problems.       
-Insert Table 1-
3.2
Measures


Pay-for-performance (p)

The survey contains a question related with the provision of pay-for-performance to the blue collar workers in the plants. Concretely, it asks the interviewer to asses if the result of the evaluation of workers’ performance is linked to incentives or used to take decisions on salaries. The answer ranks in a Likert scale from 1 to 5, where 1 means total disagreement, 2 disagreement, 3 neither agreement nor disagreement, 4 agreement and 5 total agreement. The distribution of plants for the five categories is 16.48, 11.45, 18.72, 48.88 and 4.47 percent, respectively. Because the last category contains only 4.47 percent of the observations, we gathered together the categories 4 and 5 and create the 4-categories ordinal variable Pay-for- performance (p). Table 2 shows the frequencies by categories of the categorical variables used in the estimation. The individual nature of the variable (so in performance evaluation as in compensation), unlike other measures based on group or plant performance, match well the spirit of the theories under scrutiny, which considers that individual compensation is linked to individual performance.

Uncertainty (u)


Following other works related to production workers (Adams 2002, Devaro and Kurtulus 2007) we use variability in demand as a measure of uncertainty. In fact, measures related with variation in sales, stock returns or profitability are ones of the most used proxies of uncertainty or risk in the empirical agency literature (Bushman et al. 1996, Prendergast 2002, Foss and Laursen 2005). Even tough workers could be at to some extend able of controlling variations in demand (Devaro and Kurtulus 2007) we believe that this controllability is limited (Lewellen, Loderer and Martin 1987, Bushman et al. 1996, Foss and Laursen 2005) and that therefore this measure is closer to the theoretical concept of uncertainty discussed in the theoretical section, i.e., the one that is common to both production workers’ and firm’s managers, than to the concept of private local knowledge. 
To be precise, in the questionnaire the interviewee has to evaluate the magnitude of the variability in demand from year to year. The answers ranks in a Likert scale from 1 to 5, where 1 means that the demand variability is very low, 2 that it is low, 3 that it is normal, 4 that it is high and 5 that it is very high. The distribution of plants for the five categories is 1.96, 12.57, 57.26, 24.02 and 4.19 percent, respectively. Like variability in demand many of the variables used in the empirical part have been measured by Likert scales from 1 to 5. To consider all the categories would imply for each variable to include in the regression four dummies. Aside of the expositional issues and collinearity in the estimations, this fact would imply to compare dummy variables with uneven number of observations, many of them sub represented. So, we proceed to group categories in order to assure an appropriate representativeness of each resulting dichotomous variable. In this case, we have gathered together categories 1 and 2 and 4 and 5 and create three dummy variables: Low uncertainty, Middle uncertainty and High uncertainty. In all the estimations the omitted variable will be Low uncertainty. 

Job complexity (c)


The questionnaire contains 6 statements related to the job complexity of the production process of the plant (see appendix 1)
, which have to be evaluated by the interviewee on five scales, where 1 means that the interviewee totally disagree with the statement, 2 that she disagrees, 3 that she neither agrees nor disagrees, 4 that she agrees and 5 that she totally agrees. For summarizing all of this information we apply principal component factor analysis. The application of this technique resulted in one index with a Cronbach alpha of 0.75, which will be considered in the analysis as the variable Job complexity. 

Previous empirical literature concerned in testing Prendergast (2002)’s prediction has used other variables to capture (together with the concept of uncertainty) the concept of local private knowledge. For instance, Foss and Laursen (2005) use the following five measures: degree of innovation new to the firm, degree of innovation new to the country, degree of innovation new to the world, degree of competition and within industry variance in profitability while Devaro and Kurtulos (2007) the degree of market turbulence. Even tough it is true that the random events coming from the external environment could capture some of the asymmetric information regarding how to carry out the job and therefore have some effects on the provision of workers’ autonomy; we believe that measures capturing the random events derived from the task environment (e.g. job complexity) are more adequate to capture the Prendergast (2002)’s idea. 
Autonomy (a) 

The survey provides a question that measures the level of autonomy that the blue collar worker has at performing her job. The answer ranks in a Likert scale from 1 to 5, where 1 means that the worker’s autonomy is null or very low, 2 that it is low, 3 that it is normal, 4 that it is high, and 5 that it is very high. The distribution of plants for the five categories is 15.08, 24.02, 53.63, 6.70 and 0.56 percent, respectively. In this case, we create the dichotomous variable Autonomy, whose value of zero (former categories 1 and 2) is interpreted as the existence of low autonomy and 1 (former categories 3 to 5) as the existence of high autonomy. 

Other variables (x)

Following the theoretical discussion above as well as the related empirical literature we control for the existence of collective agreements, the degree of unions influence, the product market competition, the needs of coordination in the production process, the job stability of the plants’ workers, the skill requirements for the worker, the blue collar worker’s selection criteria emphasis on soft skill requirements, the size of the plant, the fact that the firm is uniplant or multiplant, and the plant technological intensity.


With regard to the institutional factors, the survey provides two questions. The first one asks if there is a specific collective agreement that regulates the labor conditions of the blue collar workers. Based on this question we create the dichotomous variable Collective agreement, which takes the value of 1 if the firm has a collective agreement and 0 otherwise. The second question asks the interviewee to assess the degree of influence of unions on the blue collar workers. The answers ranks in a Likert scale from 1 to 5, where 1 means that it is very low, 2 that it is low, 3 that it is average, 4 that it is high and 5 that it is very high. The distribution of plants for the five categories is 6.15, 17.04, 44.13, 25.42 and 7.26 percent, respectively. We group categories 1 and 2 and 4 and 5 and create three dummy variables: Low, Middle and High unions influence. The first one will be the omitted category in the estimations.


Regarding the product market competition, the survey provides a question that asks the interviewee to evaluate the degree of market competition that the plant faces. The answers ranks in a Likert scale from 1 to 5, where 1 means that it is very low, 2 that it is low, 3 that it is normal, 4 that it is intense and 5 that it is very intense. The distribution of plants for the five categories is 0.56, 3.63, 15.08, 45.53 and 35.20 percent, respectively. In this case we have grouped categories 1, 2 and 3 and create three dummy variables: Low, Middle and High market competition. The variable Low market competition will be the omitted category in the estimations.


In reference to the needs of coordination, the question that brings along the variable for this concept asks the interviewee to evaluate if at performing her job a worker has to coordinate with her fellows. The answers ranks in a Likert scale from 1 to 5, where 1 means that she totally disagree with the statement, 2 that she disagrees, 3 that she neither agrees nor disagrees, 4 that she agrees and 5 that she totally agrees. The distribution of plants for the five categories is 1.40, 4.47, 11.45, 67.04 and 15.64 percent, respectively. We dichotomize this variable to create the dummy variable Coordination. Specifically, when the original variable takes the value of 1, 2 or 3, it is recoded to take the value of 0 and 1 otherwise.   

The question that brings the variable Job stability along asks the interviewee if the commitment to keep indefinitely the employment relationship with the blue collar workers is: 1. very low, 2 low, 3 normal, 4 high or 5 very high. The distribution of plants for these five categories is 1.68, 3.35, 43.30, 43.85 and 7.82 percent, respectively. We include this variable in a dichotomized way. Concretely, when the original variable takes the value of 1, 2 or 3, it is recoded to take the value of 0 and 1 otherwise. 

Following the literature (Osterman 1994a, Adams 2002b) we capture the concept of person-job fit through out a question that asks the interviewee how does she consider is the required qualification level of the blue collar workers of the plant to perform the job. The answers ranks in a Likert scale from 1 to 5, where 1 means that she believes it is very low, 2 that it is low, 3 that it is average, 4 that it is high and 5 that it is very high. The distribution of plants for the five categories is 2.23, 17.60, 62.29, 17.32 and 0.56 percent, respectively. In this case, we have gathered together categories 1 and 2, and 4 and 5 and create three dummy variables: Low, Middle and High education requirements. The variable Low education requirements will be the omitted category in the estimations.


Following Schneider et al. (1995), Kristof (1996) and Bowen et al (1991), the concept of person-organization fit is measured through out a question that asks the interviewee if the selection criterion takes into consideration the learning capabilities, interpersonal abilities, cultural adjustment and attitude or even personality of the workers. The answers ranks in a Likert scale from 1 to 5,  where 1 means that the interviewee totally disagree with the statement, 2 that she disagrees, 3 that she neither agrees nor disagrees, 4 that she agrees and 5 that she totally agrees. The distribution of plants for the five categories is 1.68, 6.42, 17.32, 68.72 and 5.87 percent, respectively. In this case, we create the dummy variable Soft skill requirements, which take the value of zero when the original variable is 1, 2 or 3 and the value of 1 otherwise. 


The Size of the plant is measured as the number of workers. To capture the existence of additional plants we construct a dichotomous variable Multiplant, which takes the value of 1 if the firm has additional plants to the one been interviewed, in Spain or abroad, and 0 otherwise. And, last, in order to capture the effect of the firm technology we classify the industrial sectors according to their technological intensity in four categories (see appendix 1). Then, if one plant of the sample belongs to the first category it is classified as having low, if it belongs to the second category as having Middle, if it belongs to the third category as having High and if it belongs to the fourth category as having Very high technological intensity. The first one, Low technological intensity, will be the omitted category in the estimations. 


Table 2 presents descriptive statistics for the variables defined above. With regard to the variable Pay-for-performance we observe a concentration of firms within the last category, high pay-for-performance; however any of the other categories comprises less than 10 percent of the observations, fact that assures sufficient variability. Regarding the variables Uncertainty and Autonomy, both are skewed, around the middle uncertainty and the high autonomy categories, respectively; however, as in the former case, any of the other categories are sub represented. The same pattern is observed in the rest of (control) variables; in all the cases, the observations are well balanced across the categories, assuring that any of them has less than five percent of the observations.   
-Insert Table 2-
3.3.
Econometric approach

According with the theoretical section and given the construction of the Pay-for-performance (p) and Autonomy (a) variables (a four ordered categories and a dichotomous variable, respectively) we propose the next general econometric approach:
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> 0. From the theoretical discussion, we do not expect that uncertainty affect the provision of workers’ autonomy. Note, however, that measures of uncertainty have been used by other authors (Lewellen, Lodorer and Martin 1987, Bushman et al. 1996, Foss and Laursen 2005, Devaro and Kurtulos 2007) as a proxy of local private information given that workers can controll, at least in part, shocks arising from the external environment. Therefore, we expect that demand variability will have positive effects on the delegation of decision making, 
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> 0, although we expect it to be less strong than in the job complexity case. From the theoretical considerations and previous related empirical literature we also expect a negative relationship of Pay-for-performance with Coordination and a positive relationship with Education and Soft skill requirements. With regard to Autonomy we expect a positive relationship of this variable with Education and Soft skill requirements and with Job stability. For the rest of control variables we provide no prediction. 
A main concern we face is that we can not estimate all the parameters of the general model due to identification problems (Maddala 1983, Mohanty 2002). So, in order to provide the estimations, we have to exclude some parameters (see Monfardini & Radice 2008 for a detailed discussion on exclusion restrictions in bivariate probit models). In this sense, for estimating Equations 1 and 2, we will provide three different models with different assumptions about the parameters. To estimate Model 1, we assume that 
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-Insert Table 3-
From Column 3 of Table 3 we do not detect any statistically significant relationship between Autonomy and Market competition, Job stability or plant Technological intensity. Furthermore, one can see that the impact on Pay-for-performance of Size, Multiplant, Unions and Market competition is not statistically significant in the estimations of Columns 1 and 2, and that the significant impact of Collective agreements, Coordination and Education requirements detected in Column 2 is due to the fact that we do not control for Autonomy, as we do in Column 1. Note also that from estimation of Model 1 it is difficult to maintain the assumption that the level of Autonomy has no impact on the Pay-for-performance decision (
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=0) and consequently that the error terms of both equations are unrelated, or in other words, that the variable Autonomy is exogenous.  
Given these results we propose a third model, Model 3, in which we assume equal to zero all the coefficients associated with those control variables that were not statistically significant in Equation [1] of Model 1 (
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= 0 for Size, Multiplant, Unions, Market competition, Collective agreements, Coordination and Education requirements
) and Equation [2] of Model 2 (
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= 0 for Market competition, Job stability and Technological intensity) and estimate jointly Equations [1] and [2] by a semi-ordered bivariate probit model (Greene & Hensher 2009, Buscha & Conte 2009). With these exclusion restrictions both equations are identified (Maddala 1983, Mohanty 2002). The results are presented in Table 4.
-Insert Table 4-
The likelihood ratio tests reject at the 6% level the null hypothesis that error terms are not correlated (
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), confirming the suitability of the bivariate specification, and at the 1% level the null hypothesis that all the explanatory variables are zero. So we consider the results of Model 3 as our more confident estimation of the general econometric model proposed. The next section is mainly based on this estimation.

4.
RESULTS

4.1. Results summary
The first column of Table 4 presents the results of the estimation of the Pay-for-performance equation, which is the relevant one for hypotheses 1, 2 and 3. These results provides some support for the predictions of hypothesis 1 (Pay-for-performance strength is negatively related with Uncertainty). The coefficients of the variables middle uncertainty and high uncertainty are negative; although just the former is significantly different from zero at the 5 percent level, suggesting a concave function like those predicted by Core and Qian (2001). Hypothesis 2 (Pay-for-performance strength is positively related with job complexity) receives only weak support. The coefficient of the variable Job complexity is positive but statistically significant only at the 15 percent level. On the contrary, hypothesis 3 (Pay-for performance strength is positively related with Autonomy) receives strong support. The coefficient of the variable Autonomy is positive and statistically significantly different from zero at the 1 percent level. 
With regard to the control variables, the results show that the Job stability of the workers decreases the Pay-for- performance strength. The coefficient of this variable is negative and significantly different from zero at the 5 percent level. Another control variable associated with the Pay-for- performance strength is the Soft skill requirements. Increases in this variable raise the strength of Pay-for-performance. The coefficient of this variable is positive and statistically significantly different from zero at the 1 percent level. Last, the negative and statistically significant sign of the variable Middle Technology shows that in the plants in the middle-level technology industrial sector pay-for-performance is less strong than in the plants in the low technology one.

Column 2 of Table 4 presents the results of the estimation of the workers’ autonomy equation, which is relevant for hypothesis 4 (Autonomy is positively related with Job Complexity). The result provides strong support for the predictions of this hypothesis. The variable Job complexity is positive and statistically significantly different from zero at the 5 percent level. Moreover, the effects of the variables Middle and High uncertainty, although less strong, are also important. The signs of the coefficients are positive and statistically significantly different from zero at the 10 percent level. This result is in line with the assertion that even if variability in demand is included in the estimations to capture the concept of uncertainty, it could also capture some local private knowledge of the workers about market conditions. 
The results of this estimation also show the importance of several control variables at determining the delegation of decision making. Being the firm multiplant increases the likelihood of granting workers’ autonomy. The sign of the coefficient of this variable is positive and statistically significantly different from zero at the 10 percent level. Also, in compatibility with former empirical results (Osterman 1994, Adams 2002b), the existence of collective agreements has negative effects on the provision of workers’ autonomy. The sign of its coefficient is negative and significantly different form zero at the 1 percent level. In addition, the need of coordination in the production process enhances the likelihood of granting workers’ autonomy. The coefficient of the variable Coordination is positive and statistically significant at the 5 percent level. Moreover, being more demanding the education requirements to perform a job increases the likelihood of granting workers’ autonomy. The coefficients of the variables middle education requirements and high education requirements are positive and the former statistically significantly different from zero at the 1 percent level. The coefficient of the variable Soft skill requirements is positive and statistically significant at the 1 percent level.

The estimated coefficients in the Autonomy equation [2] are quite stable among the models 2 and 3. The only striking change occurs in the variable size, which goes from a significance level of 5 percent (Model 2) to 13 percent (Model 3) after we control for possible correlation between error terms. However the coefficients associated to the pay-for-performance equation [1] are less stable. For example, comparing model 2 and 3, the inclusion of Autonomy (Model 3) reduces the significance and magnitude of the coefficient associated to Job complexity, which is in this last model, only significant at the 15 percent level. A similar pattern is observed for the variables related to uncertainty. Relative to the coefficients associated with the variables Middle and High uncertainty in the pay-for-performance equation of Model 2, the coefficients of these variables in the pay-for-performance equation of model 3 are also higher. These results, implied by hypotheses 3 and 4, are in line with Prendergast (2002) predictions (without controlling by autonomy, we are likely to find a positive relationship between uncertainty and pay-for-performance, but if we were able to control for it, this positive relationship should vanish). However, the fact that Hypothesis 2 is accepted at the 15 percent level warns us that some direct relationship could remain between pay-for-performance and job complexity beyond the indirect one via autonomy. For the control variables, Job stability, Soft skill requirements and Technological intensity, we only appreciate minor changes along the three specifications.       
4.2. Results comparison

The works closest in spirit to ours are the ones of Foss and Laursen (2005), Devaro and Kurtulos (2007) and Ben-Ner et al. (2010). All of them are concerned in testing Prendergast (2002)’s predictions using datasets of production workers
. While the two former papers asses this prediction using measures traditionally used in the empirical literature to capture the concept of uncertainty such it is understood in the agency theory, Ben-Ner et al. (2010), much in the same fashion as we do, also asses this prediction using a variable intended to capture the concept of workers’ local private knowledge.  

Overall, the results found in our work are consistent with the results provided by these related empirical literature. Like in Ben-Ner et al. (2010), who uses a compound of three attributes of the task environment to capture the degree of workers’ private local knowledge, namely, task complexity, task variability and task routine, (which they call internal uncertainty), we found a positive effect on workers’ autonomy of job complexity. As we mention in the literature review, evidence on this positive effect is also provided by Ortega (2009). In addition, with other measures intended to capture the concept of agents’ local private knowledge, other papers (Baiman, Larker and Rajan 1995, Colombo and Delmastro 2004) also present evidence supporting this hypothesis.

A second point in which we catch up the literature (Nagar 2002, Foss and Laursen 2005, Devaro and Kurtulos in press and Ben-Ner et al. 2010) is the provision of supportive evidence for the positive effect of workers’ autonomy on the pay-for-performance strength. Note however that in the case of Ben-Ner et al. (2010) this evidence is achieved only when they capture the concept of delegation of decision making by the degree of workers’ participation in an employee involvement program but not when it is proxy by the degree of workers’ control over their work. 

The combination of these two former results provides supportive evidence for Prendergast (2002)’s prediction. With our dataset and specification we found that the positive effect of local private knowledge, captured as suggested by the theoretical literature (Prendergast 2002, Raith 2008) by the degree of complexity of the task, is through the provision of workers’ autonomy. This finding, at the same time, provides only limited supportive evidence for the models (Zábojnik 1996, Adams 2002b, Baker and Jorgensen 2003, Shi 2005 and Raith 2008) predicting that a positive relationship between measures of workers’ private knowledge and the pay-for-performance strength should exist without role for workers’ autonomy. Using as a measure for agents’ local private knowledge the degree of complexity of the job, the only paper that replicate this result is the one of Ben-Ner et al. (2010). However, as we noted above, this result is obtained only when they proxy the concept of workers’ autonomy by the degree of workers’ participation in an employee involvement program.

With a different measure for workers’ local private knowledge we got similar results. Consistent with the paper of Devaro and Kurtulus (in press) we found a positive effect on workers’ autonomy of demand variability. Note also that with other measures traditionally intended to capture the concept of uncertainty, other related papers (Rao 1971, Lafontaine 1992, Nagar 2002, Foss and Laursen 2005) provides too evidence of this positive effect. Ben-Ner et al. (2010), who proxy the concept of uncertainty with the variability of the firms’ net income, find supportive evidence for this positive effect only when delegation of decision making is proxy by the degree of workers’ control over their work. Combined with the fact that they found evidence of a positive effect of workers’ autonomy on pay-for-performance only when delegation of decision making is proxy by the degree of workers’ participation in an employee involvement program, supportive evidence for Prendergast (2002)’s prediction is, in this case, not found. In addition, before and after controlling by workers’ autonomy, Ben-Ner et al. (2010) did not find any significant relationship between uncertainty and individual pay-for-performance provision. On the contrary, with our measure of demand variability we are able to provide strong support for Prendergast (2002)’s institution about the reasons for the lack of supportive evidence for the predictions of the standard agency literature. Once we control by workers’ autonomy we recover the negative relationship between uncertainty and pay-for-performance strength.   

5.
Concluding remarks 

In this article we rely on a rich dataset of 358 Spanish industrial plants to provide empirical evidence on the role of uncertainty and job complexity in both pay-for-performance intensity and workers’ autonomy provision decisions for blue collar workers. 


We organize the empirical study around four hypothesis derived from the relevant literature. Following the predictions of the standard principal-agent model, the first one states a negative relationship between pay-for-performance and the uncertainty about performance realizations or effort exerted. As documented in literature reviews on this topic, evidence supporting this prediction is scant. Motivated by these findings, the theoretical literature has responded arguing that the previous literature has failed to realize that some of the firms’ performance randomness could be observed by the workers. For empirical purposes this literature also specify that the sources of (for firms) randomness most likely associated with this informational context is the task environment. Concretely, in more complex jobs the worker will have information advantage regarding how to work more productively. Therefore, paying based on performance could also be a mechanism to make the worker to use his local private knowledge. This rationale gives cause to our second hypothesis, which states a positive relationship between pay-for-performance strength and job complexity. Furthermore, Prendergast (2002) suggests that the effect of the job complexity on the pay-for-performance strength is through the provision of workers’ autonomy. This idea gives raises to our third and four hypotheses, namely, a positive relationship between the pay-for-performance strength and workers’ autonomy and between workers’ autonomy and job complexity, respectively.            


The empirical analysis is carried out with two measures that could envelope the effect of workers’ information advantage, job complexity and demand variability. While the first variable is specifically chosen to capture that informational context characterized by the worker information advantage, the demand variability variable has been used by previous empirical related literature to proxy the concept of uncertainty such as it is understood in the traditional agency model. The use of these two proxies for the workers’ local private knowledge allows us to shed light on this current debate on the relationships between different informational contexts and the two variables of the organizational design highlighted in this debate. Such as it was stated in Hypothesis 3, we found a positive correlation of our two measures of workers’ local private knowledge and workers’ autonomy. And, as it was expected, the effect of job complexity was stronger. In line with the assertions of Hypothesis 4, we also found a positive correlation between workers’ autonomy and the pay-for-performance strength. These results provide strong support for Prendergast (2002) intuition about the reasons of the literature’s fail to provide empirical evidence on the predictions of the agency model. The fact that we also provide different sources of performance’s randomness helps us to asses the predictions of the other two theoretical predictions that have been considered in the literature review. One of the most important results found in this paper is that after we control by workers’ autonomy the relationship between the pay-for-performance strength and demand variability is negative, that is, we are able to recover the risk-incentives trade-off predicted by standard agency model. This result provides support for the first hypothesis stated in this paper. But, as suggested by Core and Quian (2001), we found that this negative relationship is only accomplished for low levels of uncertainty. Given the nature of the variable job complexity, which is chosen specifically to capture differences in parties’ information and adds no performance measurement error, we expect no negative effect on the pay-for-performance strength of this variable even after controlling by workers’ autonomy. As suggested by a stream of the literature we found a positive effect on pay-for-performance of job complexity; however this effect, although it remain positive, is not longer statistically significant once we control by workers’ autonomy.   
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Appendix 1 

Definition of variables from the questionnaire
Pay-for-performance

Please indicate your degree of agreement or disagreement with each one of the following statements about the Human Resource management practices applied to the workers of your plant (from 1: Total disagreement to 5: Total agreement)  

	
	Total disagreement
	Disagreement
	Neither agreement nor disagreement


	Agreement
	Total agreement

	The results of the evaluation performance are linked to incentives or used to take decisions about salaries…


	1
	2
	3
	4
	5



Autonomy


Please indicate the degree of suitability of the following Human Resource management practices among your workers (1: Nil or very low; 5: Very high)

	
	Nil or very low
	Low
	Average
	High
	Very high



	The autonomy of the worker to decide the implementation (when, how, and in which order) of her tasks is…


	1
	2
	3
	4
	5


Demand Variability

How do you qualify the amount of orders received by your plant in relation with the following aspects? 

	
	Very low


	Low
	Average
	High
	Very high
	NS/NR



	Its variability from year to year


	1
	2
	3
	4
	5
	9


Job Complexity 

Please, indicates your degree of agreement with the followings assertions in relation with the products made in this plant (From 1: Total agreement to 5: Total agreement)  

	
	Total disagreement
	Disagreement
	Neither agreement nor disagreement
	Agreement
	Total agreement

	A large number of products are made in your plant.
	1

	2
	3
	4
	5

	The products made in the plant are very different among them.
	1
	2
	3
	4
	5

	The mix of products made in the plant can be easily changed. 
	1
	2
	3
	4
	5

	Many new products are introduced every year
	1
	2
	3
	4
	5

	The new products are usually very different of the existing ones
	1
	2
	3
	4
	5

	The modifications in the products usually means very small changes 
	1
	2
	3
	4
	5


Size

How many workers approximately did you have in 2005?

Number of workers…

Subsidiary

Has the parent company any other production plant in Spain besides this one?  

1. Yes 

2. Not

9. NS/NR 


Has the parent company production plants in foreing countries (out Spain)? 
1. Yes 

2. Not 


9. NS/NR

Tenure


Please, indicate us the degree of application of the following practices of human resources among your workers (1: Nil or very low; 5: Very high) 

	
	Nil or very low

	Low
	Normal
	High
	Very high



	The commitment to keep indefinitely the employment relationship with our workers is… 

	1
	2
	3
	4
	5


Skill Requirements 

How do you consider the required qualification level of the production workers of the plant to perform the job?
1. Very low

2. Low

3. Average

4. High

5. Very High

9. Ns/Nc


Selection Criterion
Please indicate your degree of agreement or disagreement with each one of the following statements about the Human Resource management practices applied to the workers of your plant (from 1: Total disagreement to 5: Total agreement)  

	
	Total disagreement
	Disagreement
	Neither agreement nor disagreement


	Agreement
	Total agreement

	The selection criterion takes into consideration the learning capabilities, interpersonal abilities, cultural adjustment and attitude or even personality of the workers…


	1
	2
	3
	4
	5



Collective Agreements

There exist a plant- or firm-specific collective agreement that regulates ther working conditions of your production workers?


1. Yes


2. Not


9. Ns/Nc

Unions
How do you asses the influence of the unions on the blue collar workers? 

1. Very high; 2. High; 3. Average; 4. Low; 5. Very low; 9. Nd.  
Helping Efforts
Please indicates your degree of agreement with the following assertions (From 1: Total disagreement to 5: Total agreement)
	
	Total disagreement
	Disagreement
	Neither agreement nor disagreement

	Agreement
	Total agreement
	Nd.

	At performing her job, a worker of this plant has to coordinate with her fellows…  


	1
	2
	3
	4
	5
	9


Market competition

Please answer the following question about the competition  

	
	Very intense
 
	Intense
	Average
	Low
	Very low

	The competition in the market where the plan brings along its activities is …

	1
	2
	3
	4
	5



Technological Intensity
	Table 1: Distribution of the Plants by Economic Sector

	Variable
	Category
	Firms
	Percentage

	Low Technology
	Food, drink and Tobacco
	52
	16.48

	
	Textile Industry, dressmaking, leather and footwear
	31
	8.66

	
	Wood, cork, paper and graphic arts
	36
	10.06

	
	Furniture and various manufacturing industries

	15
	4.19

	Middle Technology


	Rubber, plastic materials and non-metallic mineral products
	71
	19.83

	
	Machinery and metall equipment
 
	43
	12.01

	High Technology
	Chemical industry
	11
	3.07

	
	Mechanical equipment and machinary 
	30
	8.38

	
	Electric Equipment
	11
	3.07

	
	Motor vehicle and transport supply
 
	32
	8.94

	Very High Technology
	Electronical, medical, optical and computer equipment
	10
	2.79

	
	Pharmaceutical industry
	7
	1.96

	
	Aeronautical industry
	2
	.56

	
	Total
	358
	100


	Table 1

Distribution of the Plants by Size, Economic Sector and Region

	Variable
	Category
	% Sample
	% Population

	Size

	From 50 to 99 employees
	47.49
	55.07

	
	From 100 to 199 employees
	33.52
	24.39

	
	From 200 to 499 employees
	13.97
	15.22

	
	More than 500 employees 
	1.12
	5.32

	
	Total
	100
	100

	Industry
	Food, drink and Tobacco
	16.48
	16.05

	
	Textile Industry, dressmaking, leather and footwear
	8.66
	6.39

	
	Wood, cork, paper and graphic arts
	10.06
	10.96

	
	Furniture and various manufacturing industries
	4.19
	5.36

	
	Rubber, plastic materials and non-metallic mineral products
	19.83
	16.21

	
	Machinery and metall equipment 
	12.01
	16.98

	
	Chemical industry
	3.07
	5.54

	
	Mechanical equipment and machinary 
	8.38
	8.71

	
	Electric Equipment
	3.07
	3.86

	
	Motor vehicle and transport supply 
	8.94
	4.63

	
	Electronical, medical, optical and computer equipment
	2.79
	2.78

	
	Pharmaceutical industry
	1.96
	2.01

	
	Aeronautical industry
	.56
	.48

	
	Total
	100
	100

	Autonomous communities
	Andalucia 
	10.34
	8.20

	
	Aragón
	4.19
	4.54

	
	Asturias
	2.23
	2.15

	
	Cantabria
	.56
	1.45

	
	Castilla León
	6.15
	4.94

	
	Cataluña
	29.05
	26.78

	
	Comunidad Valenciana
	16.20
	14.18

	
	Galicia
	6.98
	6.78

	
	Madrid
	8.94
	12.47

	
	Murcia 
	0.56
	2.82

	
	Navarra
	4.47
	3.97

	
	País Vasco
	9.22
	10.23

	
	La Rioja
	1.12
	1.47

	
	Total
	100
	100


	Table 2

Frequency distribution and descriptive statistics

	Variable
	Categories
	Plants
	Percent
	Mean
	S.d.

	Pay-for-Performance
	No pay-for-performance
	59
	16.48
	3.09
	1.30

	
	Low pay-for-performance 
	41
	11.45
	
	

	
	Middle pay-for-performance
	67
	18.72
	
	

	
	High pay-for-performance
	191
	53.35
	
	

	
	
	
	
	
	

	Uncertainty
	Low uncertainty
	52
	14.53
	2.14
	.41

	
	Middle uncertainty
	205
	57.26
	
	

	
	High uncertainty
	101
	28.21
	
	

	
	
	
	
	
	

	Job complexity
	Factor /continuous
	358
	100
	0
	1

	
	
	
	
	
	

	Autonomy
	Low autonomy
	140
	39.1
	1.61
	.24

	
	High autonomy
	218
	60.89
	
	

	
	
	
	
	
	

	Size
	Continuous
	358
	100
	206
	531

	
	
	
	
	
	

	Multiplant
	Yes
	200
	55.87
	.56
	.50

	
	Not
	158
	44.13
	
	

	
	
	
	
	
	

	Collective agreements
	Yes
	210
	41.34
	.59
	.49

	
	Not
	148
	58.66
	
	

	
	
	
	
	
	

	Unions influence
	Low unions influence
	83
	23.19
	2.09
	.55

	
	Middle unions influence
	158
	44.13
	
	

	
	High unions influence
	117
	32.68
	
	

	
	
	
	
	
	

	Market Competition
	Low market competition
	69
	19.27
	2.16
	.52

	
	Middle market competition 
	163
	45.53
	
	

	
	High market competition 
	126
	35.2
	
	

	
	
	
	
	
	

	Coordination
	Low coordination 
	62
	17.32
	1.83
	.14

	
	High coordination 
	296
	82.68
	
	

	
	
	
	
	
	

	Tenure
	Low tenure
	173
	48.53
	1.52
	.25

	
	High tenure 
	185
	51.67
	
	

	
	
	
	
	
	

	Skill requirements
	Low skill requirements
	71
	19.83
	1.98
	.38

	
	Middle skill requirements 
	223
	62.29
	
	

	
	High skill requirements
	64
	17.88
	
	

	
	
	
	
	
	

	Selection criteria
	Low soft skills
	91
	25.42
	1.75
	.19

	
	High soft skills
	267
	74.59
	
	

	
	
	
	
	
	

	Technological Intensity
	Low Technology
	142
	39.66
	1.94
	.84

	
	Middle Technology
	113
	31.56
	
	

	
	High Technology
	84
	26.46
	
	

	
	Very High Technology
	19
	5.31
	
	


	Table 3 

Results of the Ordered Probit and Probit Model Estimations

	
	Model 1

Dependent variable: 
[image: image43.wmf]p


	Model 2

Dependent variable:  
[image: image44.wmf]p


	Dependent variable: 
[image: image45.wmf]a



	Independent Variables
	Estimates
	p-values
	Estimates
	p-values
	Estimates
	p-values

	Autonomy
	.83***
	.000
	
	
	
	

	Middle uncertainty
	-.27
	.135
	-.18
	.334
	.39*
	.076

	High uncertainty
	.05
	.810
	.15
	.469
	.41
	.100

	Job complexity
	.14**
	.041
	.18***
	.007
	.18**
	.018

	Size
	.03
	.738
	-.03
	.746
	-.21**
	.048

	Multiplant
	.05
	.744
	.12
	.400
	.31*
	.058

	Collective agreements
	-.22
	.119
	-.44***
	.001
	-.87***
	.000

	Middle unions influence
	-.10
	.600
	.01
	.965
	.36*
	.078

	High unions influence
	-.04
	.810
	-.02
	.900
	.06
	.789

	Middle market Competition
	-.05
	.761
	-.08
	.678
	-.09
	.680

	High market Competition
	-.15
	.416
	-.16
	.393
	-.03
	.906

	Coordination
	.19
	.284
	.29*
	.088
	.48**
	.018

	Job stability
	-.31**
	..023
	-.34**
	.011
	-.16
	.302

	Middle skill requirements   
	.27
	.126
	.42**
	.013
	.66***
	.001

	High skill requirements
	.31
	.164
	.37*
	.093
	.30
	.253

	Soft skill requirements
	.90***
	.000
	1.01***
	.000
	.61***
	.001

	Middle technology
	-.37**
	.020
	-.44***
	.005
	-.28
	.126

	High technology
	-.18
	.292
	-.20
	.256
	-.04
	.853

	Very high Technology
	.20
	.525
	.15
	.641
	-.12
	.756

	Cons
	-
	-
	-
	-
	.10
	.866

	Chi2

Pseudo R2

N

Log likelihood
	137.55***

.16
358

-358.73
	.000


	106.71***

.12
358

-374.15
	.000
	107.50***

.22
358

-185.83
	.000

	*Statistically significant at the 10% level, ** at the 5% level, *** at the 1% level
Note: Model 1 is estimated by ordered probit while in model 2 the pay-for-performance equation is estimated by ordered probit and the autonomy equation by probit.


	Table 4 

Results of the Semi-Ordered Probit Model Estimations

	
	Model 3
Dependent variable:  
[image: image46.wmf]p


	Dependent variable: 
[image: image47.wmf]a




	Independent Variables
	Estimates
	p-values
	Estimates
	p-values

	Autonomy
	1.42***
	.000
	
	

	Middle uncertainty
	-.36**
	.050
	.39*
	.073

	High uncertainty
	-.03
	.866
	.40
	.101

	Job complexity
	.10
	.151
	.18**
	.019

	Size
	
	
	-.16
	.131

	Multiplant
	
	
	.27*
	.082

	Collective agreements
	
	
	-.89***
	.000

	Middle unions influence
	
	
	.28
	.152

	High unions influence
	
	
	-.03
	.889

	Middle market Competition
	
	
	
	

	High market Competition3
	
	
	
	

	Coordination
	
	
	.49**
	.010

	Tenure
	-.31**
	.016
	
	

	Middle skill requirements   
	
	
	.67***
	.000

	High skill requirements
	
	
	.33
	.172

	Selection criterion
	.78***
	.000
	.59***
	.001

	Middle technology
	-.36**
	.014
	
	

	High technology
	-.14
	.383
	
	

	Very high Technology
	.31
	.305
	
	

	Chi2
N
Log likelihood

Rho
	124.41***

358

-548.15
-.36
	.000

.06
	
	

	*Statistically significant at the 10% level, ** at the 5% level, *** at the 1% level
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� Osterman (1994a)


� Given the sample data limitations we have not include into the analysis some explanatory variables that could be relevant to explain the intensity of the pay-for-performance, namely, supervision, efficiency wages, internal promotions, degree of labor market competition, cooperation or  multitasking. 


� Using different measures for uncertainty some others empirical works (Nagar 2002, Foss and Laursen 2005) provides too evidence of a positive relationship.


� Note that as a matter of fact so the agent as the principal knows if the random events would arise or not, or in other words if the environment is or not uncertain, but they do not know the way this random shocks affect the agents’ effort’s marginal productivity.    


� For alternative explanations to the empirical relationship between uncertainty and pay for performance strength see for instance Raith (2003), Oyer (2004), Serfes (2005).


� Note that the work of this rationale needs that communication between the agent and the principal to be precluded. However, even if information is not completely precluded the fact that communication is more difficult in complex jobs (Ben-Ner et al. 2010) makes this argument still valid.   


� The literature also distinguishes other types of person-environment fit, namely, person-vocation fit and person-group fit (Kristof 1996). 


� The survey was jointly designed by a group of researchers from the Universitat Autònoma de Barcelona, Universitat Illes Balears, Universidad Pública de Navarra and Universidad de Zaragoza. The questions that bring along the variables can be found in appendix 1. The complete questionnaire can be provided under request.


� Due to budget restrictions the Canarian and Balears islands are excluded jointly with the two smallest (in terms of per capita GDP) Autonomous Communities, Castilla La Mancha and Extremadura.


� CNAE is the abbreviation in Spanish language for economic activity national classification used by the National Institute of Statistics of Spain. This classification is based on the guide lines of the Statistical Classification of Economic Activities in the European Community (NACE – abbreviation in French language), see appendix 1 for further information. 


� The status of the interviewer was required by the questionnaire. The results presented are not sensitive to this status.  


� Besides the 6 statements reported in appendix 1 -from which we construct the variable Job Complexity- the original survey contains 6 additional statements that could be related with complexity of the job. When we applied the principal component factor analysis to the full group (of 12 statements) it resulted three indexes, one related with the number of products produced, introduction of new products and changes in existing products (statements 1, 2, 3, 5, 6 and 9 –that are the ones reported in appendix 1), another  related with the intensity of products changes (statements 7, 10 and 11) and a third one related with the production process sensitivity upon products changes (statements 4, 8 and 12).  The Cronbach alphas for these factors are 0.75, 0.59 and 0.60, respectively. Because the reliability of the later two factors measured by the Cronbach alpha does not pass the standard 0.70 threshold, we will consider in the analysis only the first index which is our measure of job complexity.    


� If we include in the semi-ordered bivariate probit (Model 3) the variables statistically significant in Column 2 of Table 3 (Collective agreements, Coordination and Education requirements) the coefficients estimated remain statistically insignificant.


� Foss and Laursen (2005) use a sample of 993 Danish firms mainly taken from the DISKO project of Aalborg University database. This sample is complemented with information from the register data from statistics Denmark. Devaro and Kurtulos (2002) uses a sample of 1 245 British establishments taken from the 1998 Workplace Employee Relation Survey (WERS98). Ben-Ner et al. (2010) uses a dataset comprising 530 firms taken from the Minnesota Human Resources Management Practices Survey as well as from COMPUSTAT.





� The variable size used in the regressions is continuous
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