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Abstract 

Using US survey evidence, we show an elevated risk of workplace injury for those paid piece 

rates and bonuses. While consistent with Adam Smith's behavioral conjecture, this could also 

reflect sorting by workers. In response we control for a risk proxy, for worker fixed effects and 

for worker with employer match effects.  The estimates suggest that injury risk increases when 

blue-collar workers become paid by piece rates and bonuses. This evidence hints that a portion 

of the estimated returns to these payment methods may reflect compensating differentials for risk 

of injury. 
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1.  Introduction 

At its best, performance pay more closely aligns the interests of workers and firms.  A wide 

variety of studies confirm that performance pay (especially a reward tied to output) is associated 

with increased productivity (see for instance Lazear 2000, Banker et al. 1996, Haley 2003, Jones 

et al. 2010, Gielen et al. 2010, Heywood et al. 2011, and the cites within Frick et al. 2013). Yet, 

increases in productivity can be offset by other worker behavior that ultimately hurts profitability 

and efficiency. Thus, Freeman and Kleiner (2005) emphasize that output based incentives cause 

workers to skimp on quality, to use excessive materials and not share valuable information. 

Critically, they emphasize that output based incentives cause workers to increase their speed and 

to take greater risks increasing the probability of injuries on the job. These injuries often generate 

substantial costs for both workers and their employers. 

We add to the literature testing for the presence of a link between injuries and 

performance pay. Using broad US survey data, we confirm higher on-the-job injury risk 

associated with the provision of such incentives. We show that the risk of injury remains 

elevated when controlling for worker characteristics, detailed occupational and industry controls, 

and complex error structures. Nonetheless, we suggest that this could reflect workers sorting 

according to risk preferences and present a series of estimates in response.  First, we account for 

a proxy for risk preferences and second, estimate the relationship holding worker fixed effects 

constant and then holding worker in employer fixed effects constant. These approaches are 

unique to this literature and affirm a link between incentives and injury. The evidence suggests 

that the link is largely driven by blue-collar occupations, as might be anticipated, and that it 

holds for injury on-the-job rather than for work related illness more broadly. 

The idea that output based incentives may reduce worker safety and health is as old as 

modern economics and summarized in Adam Smith's famous dicta that “workmen…when they 



3 
 

are liberally paid by the piece, are very apt to overwork themselves, and to ruin their health and 

constitution in a few years” (Smith, 1776, p.83).  Our evidence confirming such an association is 

important for several reasons. First, the strong, robust relationship between injuries and 

incentives suggests that the benefits to firms of increased productivity may be partially offset by 

higher costs for absence and workers’ compensation / sickness insurance payments (increased 

premiums paid to public or private schemes). Second, the relationship suggests that the 

frequently estimated wage premium for output based incentives (Pekkarinen and Riddell 2008, 

Parent 1999, Seiler 1984) may be, in part, a return to greater risk of injury. In this way, 

performance pay may serve as a mechanism for workers to capture compensating differentials, 

not simply to be rewarded for greater productivity.
1
  Third, to the extent that there are public 

good rationales for the creation and enforcement of health and safety regulations, our findings 

point to blue-collar jobs providing output incentives as being particularly relevant for attention.  

We emphasize that our results do not demonstrate that workers paid such incentives are worse 

off or have lower job satisfaction, only that the injury rates appear higher (see Green and 

Heywood 2008 for evidence that overall worker satisfaction is greater with performance pay).  

In what follows, we briefly review the relationship between output based incentives 

schemes and injury emphasizing that there have been relatively little use of broad survey data to 

explore this relationship and that they have not controlled with worker sorting.  The third section 

presents our data which has good, if imperfect, information on both injuries and payment 

schemes.  The fourth section presents our empirical approach while the fifth section establishes 

the relationship between incentives and a heightened risk of workplace injury.  We follow this by 

estimation designed to control for worker heterogeneity through fixed effects estimation. The 

final section concludes and suggests avenues for future research. 
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2. Background 

In a simple agency model of piece rates, the principal faces a worker utility constraint from the 

labor market and so sets the earnings contract such that it just offsets effort and earnings risk 

costs leaving workers equally satisfied as without piece rates (e.g., Holmstrom and Milgrom 

1987, Gibbons 1998).  Presumably in such a model, allowing for the increase in injuries 

associated with increased output or speed of production requires an even more generous piece 

rate to offset not only effort and earnings risk costs but to compensate for the increased risk of 

injury.  Thus, if a firm finds the increased output sufficient to pay such compensation, we would 

anticipate that the resulting piece rates are associated with greater output, earnings and injury. In 

this simple model, all workers are typically assumed to be identical along the critical dimension 

of risk preferences. 

In alternative models, Lazear (1986) and Booth and Frank (1999) among others view 

piece rates as generating a self-sorting process by heterogeneous workers. The firms face a zero 

profit market constraint allowing workers with greater ability to capture the rent associated with 

their ability by sorting into performance pay.  In a similar way, those with lower inherent risk 

aversion will sort into performance pay to capture the associated rent. Cornellissen et al. (2011) 

provide a formal model and evidence demonstrating sorting into performance pay by both the 

more able and the less risk averse. Curme and Stefanec (2007) and Grund and Sliwka (2010) also 

show the importance of sorting by the less risk averse into performance pay. The critical point of 

such sorting for our investigation is that it may spuriously generate a higher risk of injury 

observed among workers on output based incentives.  Those with lower aversion will sort into 

jobs with such incentives and their low aversion for risk causes them to naturally engage in fewer 
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activities to mitigate the risk of injury or to more willingly take on activities that increase the risk 

of injury.
2
  To the extent that workers differ in their attitudes toward risk and so in their efforts to 

reduce risk, one might even think of the sorting as attracting the inherently more accident prone 

(the less risk averse). Put differently, workers with lower risk aversion will respond to the 

presence of output based incentives by increasing output more and accepting the larger 

associated increase in risk of injury. The higher risk of injury of those paid incentives then 

reflects not only the incentive effect but also the sorting of those most likely to respond to the 

incentive.  

Our recognition that the observed probability of injury may reflect individual worker 

specific characteristics mimics that behind the association of performance pay with productivity.  

Output based incentives may increase worker productivity regardless of inherent productivity 

(ability) but they also attract the more able.  Similarly, output based incentives may increase 

worker risk of injury but also attract the less risk averse who more willing take on a greater risk 

of injury. While others have recognized this potential (Bender et al. 2012), we are the first to 

empirically address such sorting using standard longitudinal survey data. While we will control 

for a typical proxy for risk aversion, smoking behavior, most of our attention will focus on using 

repeated observations on individuals to control for individual fixed effects (see Lazear 2000).   

While accounting for an individual specific component of injury risk can be crucial, we 

recognize that other dimensions of sorting could exist. While we suspect that output based 

incentives are not randomly distributed across workers, they may also not be randomly 

distributed across jobs (see Parent 2002). Jobs that provide such incentives may be inherently 

more dangerous.  This could cause what looks like an elevated risk of injury for incentives to be 

driven by omitted technology factors that increase the likelihood of both injury and incentives.  
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Thus, working with a dangerous piece of equipment (say a drill press) might make it easy to 

measure productivity (completed pieces) and be inherently dangerous.  Thus, some of the 

elevated injury risk could be associated with the production technology that allows output based 

incentives, not the incentives themselves.  

We make a strong effort to control for the possibility of unmeasured employer and job 

heterogeneity.  We will use highly detailed controls for occupation in a variety of estimates as 

one potential correction.  More fundamentally, while we cannot easily follow workers from job 

to job we can follow them across employers.  We exploit this by augmenting our worker fixed 

effect estimates to control for worker with employer matches.  The fixed effects identify each 

worker with an employer.  The remaining variation in injury risk is then generated by changes in 

the incentive pay variable for a given worker at the same employer. While still imperfect, this 

should help control for variation in the inherent risk of jobs.  First, that inherent risk may have a 

large employer element for which we control.  Second, most of the observations (obviously not 

all) of a given worker at a specific employer will be in the same or similar jobs. We view 

controlling for first worker and then employer match fixed effects as important steps in this 

literature as it addresses issues of sorting in a manner not yet undertaken. 

While any simple correlation may have multiple causes (including sorting), the 

suggestion by Adam Smith that workers facing output based incentives take additional risks with 

their health cannot be easily ruled out and seems worthy of empirical inquiry. The number of 

past studies that explore this suggestion is modest and several are case studies by occupational 

health specialists focusing on specific occupations in specific locations. Thus, Sundstroem-Frisk 

(1984) studies the transition from piece rates to hourly earnings among Swedish loggers finding 

that the former was associated with significantly higher accident rates. Toupin et al. (2007) 
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present evidence on heart rates from tree cutters in Canada showing that piece rates cause 

workers to dramatically increase their intensity in less difficult plots in order to make "easy 

money." The resulting heart rate data suggested "negative consequences for worker health and 

safety." A five year medical study of workers in fertilizer production in India concludes that 

piece rate workers are more vulnerable to occupational accidents (increased probability and 

severity of an accident) than otherwise similar time rate workers (Saha et al. 2004 p. 240).  The 

authors suggest a path of causation from the financial incentive to the speed of work to the 

increased accident risk. Evidence has also been presented suggesting increased risk for over-the-

road truckers in the United States paid by the mile (Williamson et al. 2009, Rodriquez et al. 

2006, Belman et al. 2005, Monaco and Williams 2000).  While the evidence is not unanimous, 

Monaco and Williams (2000) find that hourly wage drivers have significantly smaller 

probabilities of being in an accident and of violating safety standards even when controlling for 

training, demographics, firm size and type, unionization, characteristics of the vehicle and actual 

miles being driven. Frick et al. (2013) provide a detailed case study from a German steel plant 

finding that introducing team production bonuses generated increased absence but not an 

increase in reported accidents.  

Direct broad survey evidence by economists is limited. Using the Finnish Quality of 

Work Survey, Bockerman et al (2012) examine the influence of "high performance work 

practices" on the probability of a worker having an accident on the job.  They include incentive 

pay among the "bundle" of practices but discover no relationship between this bundle and 

accidents. Somewhat different results are presented by Bender et al. (2012) who use the cross 

country data of the European Working Conditions Survey. They examine the link between being 

paid by piece rates and the probability of an injury on the job after including a wide range of 
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controls and accounting for country specific fixed effects and error structures.  They present a 

robust positive relationship between piece rates and accidents but, critical for our purposes, each 

worker is observed only a single time in the repeated cross-sections.  Bender and Theodossiou 

(2013) use the British Household Panel Study to examine the relationship between a very broad 

measure of performance related pay and worker health.  They show that the hazard of falling out 

of good self-reported health is greater when receiving performance pay even when accounting 

for worker heterogeneity. This is matched by similar results for the hazard of reporting specific 

aliments such as anxiety and heart difficulties.  These results obviously do not focus on injuries 

and the general health measures are not explicitly tied to the job but they nonetheless are 

supportive of a link. 

Less direct evidence on the link between incentives and injuries can be found in the shoe 

manufacturing case study by Freeman and Kleiner (2005) who present simulations indicating 

that piece rates are associated with much higher Worker’s Compensation costs.  Further indirect 

evidence comes from Foster and Rosenzweig (1994) who find a link between piece rates and 

lower overall health for agricultural workers.  

Again, performance pay may mitigate agency problems by creating incentives to work 

harder or faster.  Yet, performance pay is well known to generate adverse specialization 

(MacDonald and Marx 2001) in which workers perform only those aspects of the job that are 

best rewarded and ignore other aspects of the job. Thus, a piece rate may not reward machine 

maintenance, the taking of work breaks, visiting the infirmary for minor issues or many other job 

aspects that would otherwise reduce the risk of a reported injury.  We add to the literature by 

examining broad US survey data for a link between on-the-job injuries and performance pay.  

We ultimately focus on blue collar workers, controlling first for worker and then for worker in 
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employer fixed effects to hold constant heterogeneity and sorting.  We build up a series of 

sensible estimations and routinely confirm an elevated level of injury risk associated with 

performance pay. 

 

3. Data from the NLSY  

We draw our data from the National Longitudinal Study of Youth 1979 (NLSY).  The 

key advantage of the NLSY is that it contains information on payment methods, injury/illness 

arising from work and a reasonable set of worker controls. Also, despite critical questions not 

being asked in all waves, there remain multiple complete observations on most workers. An 

obvious disadvantage is that the NLSY follows a single cohort that may not be fully 

representative of the population.  

The key dependent variable is a self-reported measure documenting an injury or illness 

that occurred at the workplace.  Specifically respondents report whether they had an incident at 

their job since their last interview that resulted in an injury or illness.
3
 This generates a binary 

variable that takes the value of 1 if respondents report an injury or illness and 0 if they do not.  

This question is not asked in either the early or later waves but is available for 1988 through 

2000. If the respondent indicates they had such an incident, a subsequent question asks them to 

identify it as either an "injury" or an "illness."  

Among the waves in which the injury/illness question is asked, respondents are asked 

about their receipt of performance pay in the 1988, 1989, 1990, 1996, 1998 and 2000 waves. The 

waves of the survey are annual in the first three of these waves and are biannual in the last three 

waves. Thus, the resulting longitudinal panel is comprised of 6 NLSY waves.  While we 

typically use all six waves, we recognize it might be seen as two sets of three adjacent waves and 



10 
 

explore whether the gap between the two sets drives our results.  Thus, we are able to track 

workplace injury/illness incidents and performance pay schemes for individual workers across 

time by focusing on these six waves.   

The NLSY performance pay indicators follow from an initial statement telling the 

workers that "earnings are sometimes based on job performance" and asking if that is the case for 

them.  If they respond that it is the case, a subsequent question asks them to identify any of the 

following five types of such pay that they received on their job in the last year: piece rates, 

bonuses, commissions, stock options and tips. Some of these categories represent only a very 

small share of the respondents. Piece rates, in particular, represent only 2 or 3 percent of the 

observations depending upon the wave (Parent 2002). Much more common are bonuses based on 

performance yet the dimension of performance being rewarded is not made explicit. We do know 

these are not bonuses associated with profit sharing as these are asked about elsewhere in the 

survey.
4
 For blue collar workers many of these bonuses will likely be for speed or quantity and 

will share important elements with piece rates in terms of potentially changing worker behavior 

toward risk. Thus, we pair piece rates and bonuses together as the indicator of interest while 

controlling for the other types of pay in a combined category of "other".  We recognize that the 

combination of piece rates and bonuses could introduce an errors-in-variables problem of 

unknown magnitude. Some bonus schemes may be rewarding performance dimensions not 

thought to change the risk of injury but as a first cut this would seem to bias the coefficient 

toward insignificance. While we conduct several robustness tests to explore combining the two 

categories, the resulting imprecision remains. Thus our critical performance pay indicator equals 

one if a worker receives either piece rates, performance bonuses or both and zero if the worker 

receives neither.   
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Descriptive statistics for the crucial independent and dependent variables are shown in 

Table 1. As shown, 6.4% of all workers report an incident on the job that resulted in an 

injury/illness.  As expected, blue collar workers are more likely to report such an incident than 

white collar workers, 8.0% and 4.8% respectively.  Moreover, the raw averages suggest workers 

paid piece rates or bonuses are also more likely to report an injury or illness.  At the extremes, 

blue collar workers paid piece rates or bonuses report the highest rate of injury/illness at 10.0% 

while white collar workers paid another type of performance pay have the lowest rate at 4.4%.   

 

INSERT TABLE 1 

 

The raw differences shown in Table 1 could reflect, at least in large part, both observable and 

unobservable differences in workers and jobs.  We now describe our estimations that seek to 

control as best we can for these differences. 

 

4. Empirical Approach 

We focus on the role played by the piece rate/bonus indicator in increasingly complete 

specifications of the determinants of injury/illness. Our estimates can be expressed as variants on 

the following equation: 

 

                            itt
k

iit
PayType

it
W

it
X

it
I  

0
*

                                   (1) 

where i, and t index workers and survey waves.  I is the risk of injury, X is a vector of personal 

characteristics, W is a vector of work-related characteristics including occupational and industry 

dummies, Pay Type is the vector of performance related pay schemes (piece rate/bonus and 



12 
 

other), and σi and kt, are worker and year fixed effects. Eventually, the worker fixed effect will be 

a unique indicator for each worker employer match. As mentioned, we will build up toward this 

full specification.  In all cases the likelihood of being injured at work is an unobserved latent 

variable Iit
* that is proxied by the dichotomous NLSY indicator assumed to be one above a 

threshold, h:  Iit = 1 if Iit
* >h,  Iit = 0 otherwise.  We will present the marginal effects for each 

logit estimate to allow easy comparisons of magnitudes associated with our critical performance 

pay variable. Logit estimates are chosen to allow an easy translation to the conditional or fixed 

effect logits that control for time invariant heterogeneity. At that point we will present the 

influence on the log-odds to facilitate comparison with the pooled estimates. We note, however 

that probit estimates on the pooled sample are very similar and return the identical patterns of 

sign and significance. All estimates use the sample weights and we cluster errors by worker to 

account for repeated observations. 

We begin by including typical worker and job characteristics. These include demographic 

and human capital controls, the hours worked, union status, tenure and employer size among 

others. The set of these variables and their descriptive statistics are shown in Table 2.  

 

INSERT TABLE 2 

 

After estimates that control for industry and occupation, we narrow the sample by focusing on 

blue-collar workers (while showing the influence for white-collar workers).  

We also control for a proxy of individual risk preferences. Such preferences could drive 

sorting into performance pay and identify workers who take less care avoiding injury.  We 

exploit a long recognized association between cigarette smoking and risk preference. Thus, 



13 
 

Hersch and Viscusi (1990) and Hersch and Pickton (1995) use cigarette smoking to identify 

individuals with greater risk preference.  Experiments confirm that those who undertake larger 

risks in the laboratory are significantly more likely to smoke (Barsky et al 1997).  Moreover, 

cigarette smoking has been correlated with important labor market choices.  Viscusi and Hersch 

(2001) demonstrate that US workers who smoke take substantially more risky jobs (in terms of 

injuries on the jobs) while Brown et al. (2006) show that smokers are more likely to accept jobs 

with greater earnings and employment risk.  The critical point from this literature is that smokers 

(as a proxy for the less risk averse) can be expected to both report greater injury risk and be in 

jobs that offer greater earnings risk, those with performance pay. 

We follow these estimates with those that control explicitly for worker fixed effects and 

so the individual invariant component of injury risk.  We finally replace this estimate with the 

ultimate estimate that controls for worker in employer fixed effects so that the variation in injury 

risk is generated by changes in the provision of performance pay on a given worker with a given 

employer.  We continue to show that a positive association that is driven by blue-collar workers 

and we show it is unique to work related injuries and not to illnesses. 

We recognize two limitations before presenting our estimates.  First, workers who suffer 

particularly severe workplace injuries (including death) will likely not appear as working in the 

NLSY. If more severe injury types are highly correlated with productivity incentives our point 

estimates may be biased down.  Second, we have no indication what portion of the workers' 

earnings are actually paid through incentives.  Thus, the estimates provide a single estimate 

across workers who may have all or only a portion of the earnings at risk through performance 

pay. 
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5. Results 

Table 3 presents the marginal effects from logit estimates of the determinants of workplace 

injury. These are pooled estimates across all individual wave observations in the six relevant 

waves. In the first column only the two performance pay variables are included repeating the 

pattern shown in the descriptive statistics of Table 1 and showing a weak positive statistical 

relationship between injury/illness risk and the performance pay indicator. The second column 

adds the worker controls and indicates a strengthening of the role of the indicator. The third 

column adds the job controls and the final column adds controls for broad industry and 

occupation. Among other results, the specifications suggest that there are higher injury rates for 

males, union members, those who work more hours and who have less education. The most 

complete specification suggests that those paid by piece rates or bonuses face an increased risk 

of injury/illness of 1.1 percentage points. This seems a meaningful marginal effect as the average 

of the dependent variable is 6.4 percent. The size and strength of the relationship seems to 

increase modestly with the addition of the controls and is not apparent for the other performance 

pay types. 

 

INSERT TABLE 3 

 

 The evidence that performance pay influences injury risk may differ by jobs.  Jobs that 

involve strenuous activity and work with dangerous machines will entail more injuries but may 

also show a stronger relationship between worker effort or speed and the extent of injuries. We 

explore this conjecture by making a distinction between blue-collar and white-collar occupations 

(Bender et al. 2012). Columns 1 and 3 of Table 4 report estimates of workplace injury incidence 

split by these occupational groups. Blue-collar workers on piece rates and bonuses have an 
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incidence of injury of nearly 2.5 percentage points higher than workers without performance 

related pay. The estimate easily clears all standard tests of statistical significance. At the same 

time, there is no statistically significant relationship between piece rate/bonuses and risk for 

white-collar workers.   

 As a further control, we include a variable available in two waves which indicates whether or 

not the worker's job requires routine physical exertion.  While such exertion might be a response 

to performance pay, it serves as a further control for job type.  As columns 2 and 4 show, 

workers with such jobs are significantly more likely to report an injury or illness.  Yet, including 

this variable changes neither the basic coefficient magnitude nor the significance of the critical 

performance pay indicator. It does not appear that strenuous physical labor is such a meaningful 

excluded variable that it drives both injury risk and performance pay for blue collar workers. 

  

INSERT TABLE 4  

 

We next investigate the consequences of detailed occupational controls and our proxy for 

risk preferences. Table 5 drops the measure of physical exertion and so returns to the full six 

waves of data. The estimates first increase the occupational detail by accounting for each 3-digit 

code.  This includes 138 occupational dummies across the sum of blue- and white-collar 

workers.  It is easy to reject the hypothesis that the additional detail adds nothing to explanatory 

power but including such detail shows only modest influence on the relevant coefficients (these 

comparisons and tests are available upon request). The difference between blue-collar and white 

collar samples remains evident in the Table. Blue-collar workers paid by piece rates/bonuses are 

significantly more likely to have injuries than those blue-collar workers not paid performance 

pay. Moreover, the estimates change little when the worker's smoking status is included.  We 
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have only a single question asked of workers at one point in time that indicates whether or not 

they have been or are regular smokers. The suggestion from past literature that smokers take on 

more risk in aspects of their work life receives evident support.  Among both blue-collar and 

white-collar workers, those that have been or are regular smokers are significantly more likely to 

have been injured on the job.  Yet, as columns 3 and 5 show, this proxy for risk preference does 

not materially change the coefficient on the piece rate/bonus indicator.  The blue-collar workers 

face a 1.7 percentage point increase in the risk of injury when paid by piece rates or bonus.  

Although, the influence is absent for white-collar workers, it is sufficiently strong among blue-

collar workers that the full sample estimate in Column 1 continues to show a significant 

relationship between injury and piece rates or bonuses. 

INSERT TABLE 5 

We now exploit the richness of the panel data to control for individual fixed effects. 

Specifically, we focus on blue collar workers and provide conditional logit estimates using the 

same set of controls. These estimates use the variation within a worker over time to examine 

whether changes in the method of pay influence that worker's risk of injury or illness.  We 

motivated these estimates with the concern that worker fixed effects could influence both the 

observed risk of injury and sorting into piece rate and bonus jobs. In the face of such fixed 

effects, the cross-sectional estimates are recognized to be inconsistent (Chamberlain 1980 and 

Maddala 1987).  As we've suggested, low risk aversion could result both in a worker taking less 

care on the job (and so facing higher injury risk) and seeking a piece rate or bonus job with its 

associated earnings risk. If the fixed effect was poorly proxied by the earlier smoking variable, 

these estimates should control for the unobserved but invariant individual component. Using the 
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repeated observations of the NLSY, the estimates that account for worker fixed effects are 

presented in Table 6.   

 

INSERT TABLE 6 

The first column of Table 6 shows the individual fixed effect estimate and continues to 

indicate a significant positive influence of being paid piece rates or bonuses upon the risk of 

injury for blue collar workers.  This estimate accounts for sorting on invariant characteristics 

including risk preference and continues to support the notion that workers take greater risks 

when paid for productivity.  A similar estimate for white collar workers continues to find no 

influence for piece rates or bonuses. The overall estimates (the sum of blue and white collar) are 

based on a reasonably large number of status changers.  The Appendix Table shows that there 

are 5437 transitions into and out of receiving piece rates or bonuses.  Moreover, these consist of 

approximately an equal number of movers in and movers out.  This makes it unlikely that some 

excluded secular phenomenon is causing large numbers of workers to move into such payment 

schemes and is also causing increased work place incidents.  

It might be thought that there exists asymmetry in the influence and we tested this with 

separate estimates of the whole sample of workers for those who move into and out of bonuses 

and piece rates.  The two estimates return virtually identical coefficients that also match the 

combined estimate but they fail to achieve statistical significance presumably because of the 

smaller sample sizes.  It might also be worried that the sample of movers (both into and out of 

piece rates and bonuses) is somehow not representative of the broader sample.  To test this we 

ran the original pooled logit on only the sample of movers and recovered significant positive 
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estimates of approximately the same size as those in the entire sample (these are available upon 

request).  Thus, the initial fixed effect estimates do not seem to be artifacts of sample selection. 

We recognize that we have two sets of three adjacent waves.  There are several waves 

between the 1990 and 1996 waves and this gap may account for a large share of the transitions.  

To examine this we limited our sample to only the second set of three adjacent waves which 

allows only two opportunities for transitions.  The resulting fixed effect estimator remains 

positive and significant despite the substantial loss of variation.  In the first set of adjacent 

waves, the estimate retains rough size but it misses statistical significance.  Statistical 

significance remains in the pooled estimate across the first waves.  Thus, while not definitive, we 

think it is unlikely that the break in the data is somehow generating the results.
5
 

Column 2 reproduces the fixed effect estimates but limits even further the source of the 

variation.  In this estimate each worker and employer match is held constant.  Thus, a worker 

changing from an employer paying time rates to one paying piece rates does not influence the 

coefficient as it would have in the first column. The estimated role of receiving piece rates or 

bonuses is now be measured by a given worker with a given employer changing the nature of 

their payment scheme. While this asks a lot of the data, it goes far in controlling for both 

invariant worker components and invariant employer components. Thus, even if workers are 

randomly distributed across employers, it may be the case that employers with technology that 

allows piece rates or bonuses are also those with higher inherent risk of injury. The transition 

data in the Appendix Table shows that about half of the previous observations used in the 

individual fixed effect are lost showing that many workers have a change in payment scheme 

associated with a change in employer.   
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Despite the loss of both observations and a source of variation, the evidence makes clear 

that the payment method continues to play a role.  The positive and significant coefficient for 

blue-collar workers remains in Column 2 as does the lack of significance for white-collar 

workers (available upon request).  Thus, even controlling for worker in employer invariant 

heterogeneity, Adam Smith's conjecture that the method of pay influences injury and illness 

appears to receive support.   

We now explore the difference between injuries on the job and illnesses on the job.  The 

raw statistics indicate that across the entire sample 2,198 worker wave observations report injury 

and 167 worker wave observations report illness.  We take this distinction to the estimates in 

Table 6.  Here we show the final worker with employer fixed effect estimates separately for 

injury and illness. As might be anticipated, the results for injury appear to be driving the previous 

results.  There is not a significant relationship between receiving such forms of pay and illness. 

These estimates are again for blue collar workers and no relationship for either injury or illness 

could be found for white collar workers. 

 This pattern seems reasonable for several reasons.  First, the number of years being 

observed may not be sufficient to generate a meaningful number of work related illnesses.  

Second, these illnesses may be more likely to appear later in careers and the NLSY cohort 

remains young at the time of our observation.  The average age in the latter three years is only 

37. Thus, using a longer panel with older workers might yield different results (See Bender and 

Theodosiou 2013).  While there is no evidence of an association with illness, the NLSY does 

provide evidence of a strong association between work place injury and payment method. 

 We now summarize the evidence on our original concern that time invariant worker 

characteristics such as risk preferences were correlated with both injury rates and the piece rate / 
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bonus indicator.  Despite this concern, the fixed effect estimates continue to show a relationship 

between payment method and injury.  In Table 7 we highlight the critical coefficient for the 

influence of piece rates and bonuses across six separate estimates.  All estimates are limited to 

blue collar workers. Those in the top row examine the combined injury and illness indicator 

while those in the bottom row examine only injury.  The first two estimates are for the pooled 

logit, the next two for the worker fixed effect estimate and the last two for the worker in 

employer fixed effect estimate.  All estimated influences are given in terms of the log-odds.  This 

provides a sensible way of comparing the pooled and fixed effect estimates (Long 1997).
6
   

The pooled estimate implies that those paid by piece rates and bonuses face odds of being 

injured that are 33 percent larger than otherwise equal workers receiving only time rates. In the 

worker fixed effect estimate, a worker that moves from a time rate to a piece rate or bonus 

experiences a 43 percent increase in the probability of an injury.  Finally, the last estimate 

indicates that a worker remaining with the same employer but moving from a time rate to a piece 

rate or bonus experiences a 48 percent increase in the probability of an injury.  The modest 

increases in the fixed effect estimates should probably be discounted as any two of the three 

estimates are within the confidence interval of the remaining estimate.  In essence, the three 

estimates return indistinguishable results. This suggests that invariant worker effects are not 

misleadingly driving an association between injury and performance pay.  This provides a unique 

suggestion that actual behavior of workers may change in response to performance pay to 

heighten the chance of injury. 

We now briefly describe several additional robustness exercises.  First, we observed that 

77 percent of workers who identify the fixed effect estimates for blue-collar workers were men.  

We estimated the fixed effect estimates separately for each gender and found that the point 
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estimates for each gender were positive and large but only that for males was statistically 

significant.  When carried over to the worker with employer fixed effects the coefficient for 

women was smaller but that for men remained large and highly significant.  Second, we 

experimented with separating out the piece rates and bonuses.  The pattern that resulted was 

mixed.  Despite the relatively small number of workers earning piece rates, the coefficient 

emerged as larger than that for bonuses in the worker with employer fixed effect estimate.  

Moreover, both were statistically significant at the one percent level (available from the authors).  

In the worker fixed effect estimates, the coefficient for piece rates remained larger for piece rates 

than for bonuses but fell just below statistical significance at the 10 percent level.  The 

coefficient for bonuses remained highly significant.  Thus, while these robustness tests provide 

additional detail, they do not undermine the association between injuries and payment schemes 

that rely on piece rates and bonuses. 

Confirming such an association is important because while a long string of research 

demonstrates that piece rates increase productivity, recent work has increasingly suggested a 

series of unintended consequences that reduce profitability. Increased injury risk and the 

resulting costs have been pointed to as one of those unintended consequences. Moreover, the 

association is important not only in its own right but also because it may imply that a portion of 

the return to piece rates and bonuses may represent a compensating differential.   

It might be tempting to use the injury variable to directly test for compensating 

differentials and then determine how piece rates moderate such a test. Yet, this proves 

uninformative as the variable measures an actual injury sustained by a worker rather than the risk 

of injury associated with a worker's job or detailed occupation.  It is the latter which is the typical 

variable used in the compensating differential literature (Black and Kneisser 2003).  Actual 
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injuries and the associated lost work time and disabilities are well recognized to be associated 

with reduced earnings (Boden and Galizzi 2003; Crichton et al. 2011) making it impossible to 

uncover a positive compensating differential. Thus, estimating a compensating differential with 

this data is hobbled by the absence of outside evidence on risk of injury by the job.  Finally, it is 

also hampered by the absence of key identifying variables such as wealth and non-labor earnings 

critical for controlling for income effects that tend to suggest that those with high incomes buy 

more of all on-the-job amenities including reduced injury risk (see Viscusi 1978). 

In the end, we cannot offer direct evidence on the implication that the return to piece 

rates may represent, in part, a compensating differential for increased chance of injury.  We have 

shown that our data follows the large literature confirming the return to piece rates and we have 

shown that those piece rates are associated with a higher chance of injury.  Superior data will be 

required for a proper test of the interaction between piece rates, injuries and compensating 

differentials.   

 

6. Conclusion 

We built up a series of estimates using the NLSY to explore a link isolated by Adam Smith.  He 

suggested that the incentive to produce more created by piece rates causes workers to take risks 

with their health. We show that piece rate and bonus workers have substantially higher risk of 

injury that cannot be explained by their personal or employer characteristics.  

 We show that the risk associated with these payments is largely a blue-collar 

phenomenon and that it applies to injury but not to broader illness. Yet, we recognize that the age 

of the NLSY cohort limits our ability to draw conclusions on illness. Throughout the series of 

estimates, the marginal effect associated with piece rates is not only statistically significant but 
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large and robust. It is typically in the neighborhood of 1 to 2 percentage points. Critically, our 

attempts to account for sorting do not fundamentally alter the basic result.  We controlled first 

for worker specific invariant characteristics and found a significant association remained.  We 

then controlled for worker and employer match specific invariant characteristics and continued to 

find a large significant association.  Thus, we are unable to rule out Adam Smith's conjecture that 

workers respond to output incentives by changing behavior in ways that are detrimental to their 

health.  We again emphasize that one should not assume such changes are detrimental over-all as 

workers may have an increased chance of injury but also higher earnings. 

While we have assumed that workers respond to incentives by working with greater 

speed and effort, our data does not allow tracing out that process. We recognize that the 

incentives may also result in reduced breaks or reduced investment and effort in safety and 

maintenance. These tasks are likely to be unrewarded by piece rates and bonuses and so adverse 

specialization moves workers away from them and toward production, and with production, 

injury. Future work might focus on exactly how the mix of activities changes as a result of 

performance pay. 
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Table 1:  Injury/illness rate by sub-sample (NLSY waves 1988, 1989, 1990, 1996, 1998, 2000) 

 
Whole sample Piece rates / bonuses 

Tips, stock options, 

commissions or other 

Whole sample 

0.064 

(0.245) 

[36,871] 

0.072 

(0.259) 

[6,083] 

0.055 

(0.228) 

[4,557] 

Blue collar 

0.080 

(0.271) 

[19,100] 

0.100 

(0.300) 

[2,887] 

0.083 

(0.276) 

[1,342] 

White collar 

0.048 

(0.213) 

[17,771] 

0.048 

(0.213) 

[3,196] 

0.044 

(0.204) 

[3,215] 

 

The standard deviation is presented in parenthesis and the sample size is in brackets. 
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Table 2:  Summary statistics and definitions 

Variable Definition 
Mean 

(St. Dev.) 

Piece rate / bonus Paid by piece rate or bonuses 
0.165 

(0.371) 

Other pay Paid by tips, commissions, stock options or another form 
0.124 

(0.329) 

College College degree or more education 
0.180 

(0.384) 

Married Worker is currently married 
0.510 

(0.500) 

Male Worker is male 
0.531 

(0.499) 

Age Age in years 
31.738 
(5.089) 

Age squared Age in years x age in years 
1033.185 
(331.800) 

Hispanic Worker is Hispanic 
0.173 

(0.378) 

Black Worker is Black 
0.266 

(0.442) 

Hours Usual weekly hours worked 
41.051 

(10.311) 

Big firm More than 200 employees at worker’s location 
0.286 

(0.452) 

Union member Worker is a member of  a union 
0.104 

(0.305) 

Tenure Worker’s time at employer in weeks 
196.972 

(222.134) 

Tenure squared Time at employer x time at employer 
88140.100 
(182695.0) 

Blue collar 
Worker is in the following occupations: administration support, 
farming, forestry, fishing, precision production, craft, repair, 
operators, fabricators, laborers 

0.518 
(0.500) 

Physical effort 
Worker’s job requires “lots of physical effort” all or most of the 
time.  (Only found in the 1998 and 2000 waves; n=10,438) 

0.339 
(0.473) 

Daily Smoker 
Worker has smoked daily at some point in their lives.  (Only found 
in the 1998 wave) 

0.450 
(0.498) 

 
Total number of observations equals 36,871 across all 6 NLSY waves unless otherwise noted.   
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Table 3:  Payment methods and risk of injury, NLSY (waves 1988 – 1990 and 1996 – 2000) 

 
Whole sample logit estimations 

 
(1) (2) (3) (4) 

Piece rate / bonus 0.117* 0.149** 0.180** 0.185*** 

 
(1.680) (2.104) (2.551) (2.565) 

 
{0.007} {0.011} {0.009} {0.011} 

Other pay -0.233*** -0.194** -0.152 -0.117 

 
(-2.603) (-2.184) (-1.611) (-1.301) 

College ----- -1.134*** -1.106*** -0.794*** 

 
----- (-10.021) (-9.581) (-6.279) 

Married ----- -0.068 -0.097 -0.094 

 
----- (-1.163) (-1.641) (-1.582) 

Male ----- 0.481*** 0.316*** 0.066 

 
----- (7.817) (4.890) (0.889) 

Age ----- 0.039 -0.018 -0.021 

 
----- (0.488) (-0.216) (-0.252) 

Age squared ----- -4.38x10-4 3.37x10-4 4.09x10-4 

 
----- (-0.360) (0.272) (0.328) 

Hispanic ----- -0.160** -0.142* -0.138* 

 
----- (-2.192) (-1.946) (-1.868) 

Black ----- -0.347*** -0.332*** -0.366*** 

 
----- (-5.106) (-4.848) (-5.259) 

Hours ----- ----- 0.017*** 0.017*** 

 
----- ----- (6.621) (6.665) 

Big firm ----- ----- -0.018 -0.024 

 
----- ----- (-0.267) (-0.353) 

Union member ----- ----- 0.569*** 0.421*** 

 
----- ----- (6.867) (4.889) 

Tenure ----- ----- 0.001*** 0.001*** 

 
----- ----- (3.601) (4.124) 

Tenure squared ----- ----- -1.47x10-6*** -1.60x10-6*** 

 
----- ----- (-3.092) (-3.376) 

Industries No No No Yes 

Occupations No No No Yes 

Constant -2.395*** -3.175** -3.005** -2.999** 

 
(-43.748) (-2.505) (-2.328) (-2.219) 

Observations 36,871 36,871 36,871 36,871 

All models include year dummies and survey population weights.  Marginal effects are in brackets 
and robust standard errors are calculated.  T-statistics are in parentheses with ***, ** and * 
indicating statistical significance at the 1%, 5% and 10% level, respectively. 
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Table 4:  Payment methods and risk of injury, NLSY (waves 1998 and 2000) 

 

 
Sub-sample logit estimations 

 
Blue collar workers White collar workers 

 
(1) (2) (3) (4) 

Piece rate / bonus 0.358** 0.350** -0.367 -0.346 

 
(2.117) (2.078) (-1.596) (-1.501) 

 
{0.025} {0.025} {-0.015} {-0.014} 

Other pay -0.221 -0.220 0.111 0.144 

 
(-1.297) (-1.288) (0.522) (0.677) 

Job requires lots of physical effort ----- 0.332** ----- 0.532*** 

 
----- (2.151) ----- (3.069) 

Worker controls Yes Yes Yes Yes 

Job controls Yes Yes Yes Yes 

Industries Yes Yes Yes Yes 

Occupations Yes Yes Yes Yes 

Constant -26.566** -26.492** 13.466 14.618 

 
(-1.975) (-1.970) (0.837) (0.911) 

Observations 5,120 5,120 5,318 5,318 

 

All models include year dummies and survey population weights.  Marginal effects are in brackets and 

robust standard errors are calculated.  T-statistics are in parentheses with ***, ** and * indicating 

statistical significance at the 1%, 5% and 10% level, respectively. 
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Table 5:  Payment methods and risk of injury, respondents to smoking variable, NLSY (waves 1988 – 

1990 and 1996 – 2000) 

 

 
Logit estimations 

 
Whole 
sample 

Blue collar White collar 

 (1) (2) (3) (4) (5) 

Piece rate / bonus 0.141* 0.220** 0.222** 0.027 0.031 

 
(1.737) (2.191) (2.220) (0.205) (0.232) 

 
{0.008} {0.016} {0.017} {0.001} {0.001} 

Other pay -0.047 -0.043 -0.042 -0.034 -0.032 

 
(-0.457) (-0.294) (-0.290) (-0.230) (-0.216) 

Worker has smoked daily 0.248*** ----- 0.217** ----- 0.296*** 

 
(3.513) ----- (2.397) ----- (2.716) 

Demographic controls Yes Yes Yes Yes Yes 

Job controls Yes Yes Yes Yes Yes 

Industries Yes Yes Yes Yes Yes 

Expanded occupations# Yes Yes Yes Yes Yes 

Constant -1.726 -3.813** -3.917** -0.381 -0.212 

 
(-0.987) (-1.978) (-2.032) (-0.148) (-0.082) 

Observations 28,947 15,046 15,046 13,901 13,901 

 

All models include year dummies and survey population weights.  Marginal effects are in brackets 

and robust standard errors are calculated.  T-statistics are in parentheses with ***, ** and * 

indicating statistical significance at the 1%, 5% and 10% level, respectively. #Occupation categories 

now total 138. 
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Table 6:  Payment methods and risk of injury or illness, blue collar workers, NLSY (waves 1988 – 1990 

and 1996 – 2000) 

 
Sub-sample conditional logit estimations 

 
Worker fixed 

effects 
Worker in employer fixed effects 

 
Injury or illness Injury or illness Injury only Illness only 

 (1) (2) (3) (4) 

Piece rate / bonus 0.307*** 0.333** 0.393*** -0.756 

 
(3.024) (2.449) (2.816) (-0.994) 

Other pay -0.213 -0.218 -0.235 0.313 

 
(-1.531) (-1.157) (-1.205) (0.430) 

College 0.156 0.532 0.398 2.533 

 
(0.319) (0.815) (0.538) (1.421) 

Married -0.142 -0.175 -0.224 0.769 

 
(-1.302) (-1.055) (-1.293) (0.712) 

Age -0.000 -0.307 -0.263 -1.097 

 
(-0.001) (-1.038) (-0.877) (-0.729) 

Age squared 0.002 0.007* 0.007* 0.009 

 
(1.128) (1.879) (1.794) (0.384) 

Hours 0.013*** 0.007 0.008 -0.079 

 
(2.637) (0.948) (1.037) (-1.332) 

Big firm 0.126 0.072 0.079 -0.942 

 
(1.141) (0.403) (0.439) (-0.603) 

Union member 0.387** 0.156 0.123 1.158 

 
(2.456) (0.632) (0.494) (1.063) 

Tenure 0.004*** 1.34x10-4 0.001 0.003 

 
(6.285) (0.042) (0.274) (0.271) 

Tenure squared -3.55x10-6*** -2.41x10-6*** -2.09x10-6** -1.37x10-5** 

 
(-5.037) (-2.918) (-2.498) (-2.279) 

Industries Yes Yes Yes Yes 

Occupations Yes Yes Yes Yes 

Observations 4,390 2,361 2,265 169 

 

Robust standard errors are calculated.  T-statistics are in parentheses with ***, ** and * 

indicating statistical significance at the 1%, 5% and 10% level, respectively. 
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Table 7: Impact of bonus/piece rate pay on risk of injury or illness, blue collar workers, NLSY (waves 

1988 – 1990 and 1996 – 2000) 

 
 

Pooled Logit Worker fixed effects 
Worker in employer 

fixed effects 
 

Injury or illness 
1.280*** 
(3.345) 

1.359*** 
(3.024) 

1.394** 
(2.449) 

 

Injury only 
1.328*** 
(3.782) 

1.433*** 
(3.438) 

1.482*** 
(2.816) 

 
All results are odds ratios and each entry comes from a separate regression estimate.  T-statistics are in 
parentheses and reflect robust standard errors.   
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Appendix: Number of movements into and out of piece rate / bonus payment schemes 

 Exit from piece rate / 
bonus pay schemes 

Entry into piece rate / 
bonus pay schemes 

 
Same worker movements 

 
2,699 

 

 
2,738 

 
Same worker in same employer movements 
 

 
1,429 

 
1,476 
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ENDNOTES 

                                                           
1
 See Dale-Olsen (2006) for a recent confirmation of compensating differentials for injury. 

2
 Garen (1988) similarly emphasizes the endogeneity of injury risk arguing that workers with the 

largest earnings capacity and most aversion will avoid the risk as safety is a normal good.   

3
 Specifically the question asks "I would like to ask you a few questions about any illness or 

injury you might have received or gotten while you were working on a job.  Since (date of last 

interview) have you had an incident at any job that resulted in an injury or illness to you?" In 

cases in which workers held more than one job, we limit ourselves to those that indicate they 

suffered such an incident on their "primary" job and then match all job characteristics to the 

same primary job (See Dembe et al. 2005 for more detail). 

4
 Starting in 2002 the NLSY replaces this narrower bonus question with one that asks about 

bonuses from virtually any source including profit sharing.  Yet, we emphasize that the injury 

questions were not asked after 2000. 

5
 We also split the estimates by gender which again reduces sample size.  When combining blue 

and white collar workers both genders show a significant positive coefficient in the fixed effects.  

When further splitting the sample, the blue collar result is highly significant for males but the 

separate estimates for females miss significance while both being positive. 

6
 Indeed, the two standard marginal effect routines available for the conditional (or fixed effect) 

logit in the current version of STATA are an unsatisfactory linear projection and a marginal 

effect projected on the assumption that all fixed effects are zero. 


