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Abstract: We investigate determinants of work effort using novel data from compressed air 

powered machinery in a large automotive plant. Work effort decreases monotonically across 

shifts, as industry-standard shift differentials do not fully compensate for the disutility of 

irregular shift times. Workers reduce their effective labor supply by exerting less effort rather 

than resorting to separation/renegotiation. Additionally, workers are found to respond to 

declining macroeconomic conditions by increasing work effort, presumably to avoid plant 

closure/layoff. Further support for this is seen by examining shift interactions with economic 

conditions which show the strongest effort effects for third, then second shift workers, in line 

with layoff risks. 
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1. INTRODUCTION 

Simple hours worked, though commonly used in economic studies, is an incomplete picture 

of labor input due to the variation in effort with which workers may apply themselves to their job.  

This impacts “effective” labor supply and a firm’s productivity.  Work effort is thus an important 

but hard-to-measure determinant of labor supply in most settings.  The recent emphasis on reviving 

manufacturing in many developed economies has put renewed focus on work effort and the need 

to better understand how it is determined in an industrial setting.  In this paper, we take an empirical 

approach to investigate the work effort question with novel data from an automobile manufacturing 

plant in the U.S. during the 1980’s, where work effort could actually be measured on a continuous 

basis by air flow readings coming from the plant’s compressed-air-operated machinery.  These air 

flow readings track aggregate work effort in this plant very precisely across various dimensions of 

time and economic conditions.  We will investigate how work effort varies across time by shift, 

shift-hour, and changing conditions of the macroeconomy using these air flow measures.   

The air flow measures allow us to investigate the efficiency of industry-standard shift pay 

differentials, an arrangement which has been used extensively in manufacturing in the effort to 

bring about labor equilibrium.1  In doing this, our work extends and broadens the general literature 

on the disutility from irregular work hours.  Working outside standard times can cause workers to 

get out of sync with normal family life, and experience greater work-family conflict and work 

stress (Hamermesh, 1999; Mas & Pallais, 2016; Iskra-Golec et al. 2016).  The significant 

differences in work effort by shift and shift-hour found in our study indicate inefficiencies in how 

the standard industrial pay differential system adjusts for this disutility.  Differences in effort 

expended by workers allow them to more efficiently adjust their effective labor supply in an 

                                                 
1 See Kostiuk (1990) and Lanfranchi, Ohlsson and Skalli (2002) for a discussion of shift preferences and pay 

differentials. 
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attempt to reach an equilibrium where their marginal rate of substitution of income for leisure 

equals their wage rate.  Our research thus documents another possible mechanism of labor 

adjustment toward equilibrium without job separation or renegotiation.  It also provides a rare 

opportunity to examine work effort on an hour-by-hour basis at a firm that operated around the 

clock. 

In another use of our work effort measures, we relate their patterns of variation to changes 

in the macroeconomic environment.  Our study adds to a growing strand of post-Great Recession 

literature examining productivity changes across the business cycle (Gordon, 2010; Mulligan, 

2011; Syverson, 2011; Berger, 2012; Hicks, 2013; Lazear, Shaw, and Stanton, 2013; Burda, 

Genadek, Hamermesh, 2016).  Here we use an unambiguous measure of effort in a manufacturing 

setting with no layoff, and thus directly control for the possibility that the laid-off workers could 

have been less productive than the retained workers.  We find that the threat of job loss in times 

of poor economic conditions brings forth greater economic effort, even in a strong union 

environment, presumably to forestall plant closure.  This interpretation is supported by the fact 

that the effect is found to be greatest for the third shift, followed by the second shift, which would 

be the first to be successively suspended during production cut-backs. 

2. BACKGROUND AND LITERATURE ON WORK EFFORT AND SCHEDULES 

In the early 20th century, attempts to understand work effort were associated by many with 

controversial time-motion studies of scientific management that went under the general label of 

“Taylorism” after its leading proponent Frederick Taylor (Woodham, 1997; Mitcham, 2005).  

Taylor advocated for a piece-rate compensation system based on labor outputs, rather than an 

hourly wage compensation system based solely on labor input in time units, as a mechanism which 

can increase effort or prevent shirking.  By the middle of the 20th century, however, direct and 
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explicit Taylorism had fallen out of favor and had begun to take a backseat to purely time-based 

pay systems.  

In the 1970’s, economists began to focus more attention on the intensity and diligence of 

work effort as component of labor input rather than simply measuring labor input over time.  

Pencavel (1977) estimated that 7 percent of the higher pay for piece work as compared to time 

work can be thought of as the value that piece work provides in signaling productivity or effort to 

employers.  Economists also began to examine other aspects of workers’ contracts besides pure 

monetary remuneration which can influence effort choices.2   

One of the important influences that the current research finds on work effort is the timing 

of work, and in particular shift.  Previous researchers have examined the relationship of shift work 

to a wide range of production and ergonomics factors.  The resulting census is that productivity 

and error rates vary systematically throughout the day, as well as over other time periods (Folkard 

and Monk 1979, 1980, 1985; Carrier and Monk, 2000; Borsh-Supan and Weiss, 2016).  A number 

of studies have also found risk on the job to increase linearly across shifts (Quaas, and Tunsch 

1972; Levin, Oler and Whiteside1985; Smith, Forkard and Pool 1994).  There has also been related 

research examining the number of hours of work and production outcomes (Pencavel, 2015).  Our 

research with its novel measure of work effort thus adds another approach to the issues studied in 

this strand of literature. 

Finally, shift work has become increasingly important in the health and neuroscience 

literature.  Sleep disorders are, of course, one area where much shift-related health research has 

been centered.  Shift work has also been shown to increase the risk of many medical conditions 

ranging from hypertension, epilepsy, and cluster headaches to obesity.  While it is beyond the 

                                                 
2 See Parsons (1986) for a survey of this work. 
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scope of the present paper to discuss this research in detail, the reader is referred to the following 

reviews of the health-related literature on shift work: Sparks et al. (1997); Fido and Ghali (2008); 

and Barger et al. (2009). 

3. DATA 

The data on work effort used in this research document the effort of workers in a unionized 

automotive manufacturing plant in the Midwestern United States from 1983 through 1989.  The 

study site was a plant of one of the three main American automobile manufacturers in the 20th 

century.  During the period of this study, this plant employed approximately 1,800 production 

workers.  

3.1 The Plant Set-Up 

The plant’s production equipment operated on a centralized compressed air system.  The 

“power house” at the plant contained compressors, and they were monitored at all times around 

the clock.  As workers exerted more effort and produced more output, there would be a greater 

utilization of the air compressors; air flow readings from the machinery, as registered by a standard 

Bailey Recorder, would then increase.  Conversely, at times of lower work effort, these air flow 

readings dropped.  According to interviews with the production engineers who oversaw this part 

of the operation, work effort, air flow, and output moved directly in step.   

The plant primarily manufactured parts for door frames and latch assemblies.  Workers on 

all shifts worked in the same physical spaces with the same equipment doing the same production 

tasks under the same targets.  The work organization and methods of production were standardized 

between the different shifts by both the physical configuration of the plant and equipment and by 

the stipulations of the union contract.   
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The company’s stated goal was to have approximately the same number of workers 

assigned to do the same tasks on each of the shifts.3  Although it is not possible with our data to 

account for absenteeism, the degree of this variation would be kept in bound by basic agreements 

in the union contract which contained “Additional Help (Replacement)” clauses that allowed for 

replacement of absent workers where it was deemed necessary when operating conditions warrant 

such replacement to avoid impacting production standards.  

Workers bid for shift assignments according to seniority; however, since the youngest 

seniority or tenure in the plant was 11 years, workers on all shifts were sufficiently trained, 

experienced and “proven” in the eyes of management to be considered of comparable potential 

productivity.  Workers each had an assigned task, but the process was not linear and would not be 

described as “assembly line” in the sense that term conjures.  Rather production ran in parallel as 

often as possible, with different phases working towards the final product.  Due to the alignment 

and design of the factory, it was difficult for a single worker to become a production bottleneck, 

and union shop stewards kept control to prevent this from occurring. 4  A more detailed description 

of the work process is given in part D of the Appendix.  

3.2 Shift Factors 

This plant operated on three 8-hour shifts, five days per week.  A sample chart that 

captured the compressed air usage is shown in Figure 1 below.  A stylus moved in sync with the 

air flow, making a continuous trace around the chart representing the 24 hours of the day, where 

each mark represents a particular point in time.  The heavier trace (red line), which is the focus 

of our study, is in hundreds of cubic feet per minute (cfm), which measures the volume flow of 

                                                 
3 An informational brochure published by the plant’s parent company in March 1989 states that factory employed its 

work force “… evenly across three shifts.”  
4 It is also useful in this context to consider the Coles and Treble (1996) equilibrium model of absenteeism where 

reliable attendance is less important, as well as the Kremer (1993) model of O-ring production. 
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compressed air through the system.  The thinner trace (blue line) represents air pressure, which 

was held roughly constant while the machinery was in operation.  The air compressor was rarely 

ever turned off due to the long lead up time required to get it back up and running; thus the air 

flow readings virtually never fall to zero.  

Figure 1: Sample Bailey Recorder Chart Measuring Air Flow 

 

In 1989, managers at this plant provided the daily air flow charts covering roughly a six-

year period to researchers who were studying various aspects of labor utilization for the company 

(Dunn 1990).  These air flow charts were used by management as evidence of work trends in the 

plant to evaluate performance.  The data in this study were subsequently collected by digitally 

recording data points taken at roughly 15-minute intervals from a randomly selected sample of 
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days from the set of charts that the company provided.  Altogether 20,796 individual air flow 

observations have been obtained from these charts, covering the period from 1983-1989. 

The unit of analysis is at the plant level.  Hence our analysis refers to effective labor supply 

as measured by the aggregate work effort of those employees who were working in production at 

the time the data were recorded.  The plant management attempted to utilize the machinery around 

the clock; and for the production line to operate, a certain number of workers had to be present 

each shift.  Hence, even though absenteeism is not observed in our data, it is reasonable to assume 

that absenteeism was managed by the “Additional Help (Replacement)” clause of the union contact 

described above and would not affect the air flow readings from the production unit.   

Also note that management and union officials confirmed in interviews that quit rates were 

very low, largely attributable to the fact that this plant’s pay levels, based on UWA pay scales, 

were substantially higher than other jobs that were available in the area.5  Finally, the fact that we 

are dealing with a stable and experienced work force, with the youngest seniority or tenure in the 

plant being 11years, also limits fluctuations in air flow related to work error.  As a last additional 

precaution, air flow readings below 3,000 cubic feet per minute have been omitted in our analysis 

to avoid periods of possible equipment failure, shift closure, and other such events.  

Personality differences, educational differences, differences in substance use, and other 

factors will always play some role in productivity in any manufacturing situation.  It is the premise 

of the current study that if any of those differences were present, they are part of the work effort 

outcome by shift that we are trying to capture and not part of the fundamental production set-up 

or output expectation in the plant.  Additionally, it is possible that differences in airflow could 

have been due to inter-shift differences in workers’ abilities rather than a choice over effort 

                                                 
5 For reference, the most highly paid worker in the plant earned almost double what the MSA median worker made 

in 1980, and 79% more than the median worker in 1990. 
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exertion levels.  We discuss this possibility in detail in Section 5.1 below and provide evidence 

that we feel argues convincingly against the difference in abilities explanation.   

3.3 Pay Arrangements 

According to the union contract, the workers were paid on an incentive system.  The 

worker’s pay was constructed from a base wage plus a COLA adjustment that was guaranteed to 

all production workers (hourly wage hereafter).  An incentive component was added to this hourly 

wage if a work unit’s production met at least 150% of a predetermined target production level as 

agreed upon in the union contract.  The target production level was derived from time-motion 

studies which included total distance moved and time spent performing a certain task to determine 

standardized best practice.  These three components formed the total hourly pay for production 

workers, which came to about $18 per hour for most workers during the 1987-1989 union contract.  

Shift differentials were then added on top of this total hourly pay.  There was a 5% premium for 

work on the second shift and a 10% premium for work on the third shift.6  There were additional 

overtime/weekend/holiday differentials, but the plant’s management deliberately kept these hours 

to negligible levels.  The data confirms that management was generally successful.  Thus we do 

not factor any overtime rates into any of our wage examinations. 

4. THE TRADEOFFS      

As our data measure aggregate air flows resulting from aggregate work effort at this plant, 

we are unable to address many of the labor choice issues that a theoretical model of effective labor 

supply in a utility-maximizing framework would ideally incorporate.  This paper is therefore 

primarily an empirical investigation of work effort using our unique data. Nevertheless, we should 

note some general features of the situation faced by workers at this plant that have bearing on the 

                                                 
6 1st shift was 7:30 am-3:30 pm; 2rd shift was 3:30 pm-11:30 pm; 3rd shift was 11:30 pm- 7:30 am. 
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choices that they made to maximize their expected utility as it would be represented in the standard 

labor supply model.   

The salient tradeoff for these workers that we will address was between exerting work 

effort and the adverse consequences of reducing work effort, such as termination or plant closure 

– both carrying negative utility.  This situation shares some aspects in common with efficiency 

wage models, where the payment of a wage above the market-clearing wage may provide 

employees incentives to be more productive.  Additionally, in models on equilibrium 

unemployment (Salop 1979; Shapiro and Stiglitz, 1984), workers either work or shirk depending 

on the probability of being caught and fired.  Given the low probability of individual employee 

termination under the union contract in force at this plant, there was not a realistic tradeoff between 

shirking and being fired.  Also, given the relatively low production standard incorporated in the 

workers’ incentive pay system, the minimal required effort level to earn the extra pay was virtually 

always met; so in this case, the term shirking does not apply in its usual sense.   

Hence the true adverse implication of lowered work effort for the workers in this setting 

was an increase in the probability that the plant would be shut down due to low productivity.  In 

extensive interviews conducted with workers, this was the primary employment security issue that 

was raised at the time.  The period of this study coincided with the beginning of large-scale 

offshoring trends and increased international competition.  During our study period, the parent 

company closed 6 similar factories.  Over the whole of the 1980’s, the parent company closed just 

under 20% of its domestic factories; thus, plant closure was a real possibility that depended 

collectively on the worker’s effort level.7  Therefore, the relevant tradeoff for these employees was 

between the level of work effort and potential unemployment resulting from plant closure.  The 

                                                 
7 The issue of layoff of an entire shift was raised less often in interviews with workers, but the possibility will be 

examined below.  This plant did eventually close permanently some years after the study. 
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lower the work effort (and productivity), the greater the probability that the plant would be shut 

down.  

Given the aggregate, plant-level nature of our data, the one worker-specific job 

characteristic that we can identify is shift.  Thus shift will be a major focus of our investigations.   

Under the terms of the union contract in place at the plant, workers were required to work an eight-

hour shift each of the five work days for a total 40-hour work week.  While employees bid for the 

shift they wanted to work using a standard seniority system, as noted, the most junior worker had 

11 years of job tenure.  We do not have data on the average seniority per shift; however, from 

interviews with management and workers at the plant, we know that it was not the case that the 

earlier shifts were not populated uniformly by the highest seniority workers.  Different personal 

traits and idiosyncratic factors seem to have led to some diversity in seniority over the shifts.   For 

this analysis, we thus assume shift to be exogenously assigned to a particular worker.8   As noted, 

the wage rate was also fixed by union contract, conditional upon effort due to an incentive payment 

scheme whereby workers received a fixed bonus payment if aggregate output exceeded a certain 

level.  Therefore, the workers’ decision is to select the effort level that will maximize their 

discounted stream of utility balancing their distaste for effort against the threat of job loss. 

In line with the literature cited here, conventional thinking in this area, and plant interviews, 

the first shift is generally preferred because it aligns with the usual schedule of life and family.  

Thus, as the disutility associated with working an “undesirable” shift increases, the wage needed 

to counteract the desire to exert low effort increases – hence the across-the-board 5% pay 

differential for work in the second shift and 10% pay differential for work on the third shift 

respectively relative to the first shift.  These differentials were primarily designed to compensate 

                                                 
8Although there was limited opportunity to permanently change shifts, there was movement among jobs within 

shifts. 
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workers for non-standard hours.  Thus we would expect that if the differentials were set efficiently, 

the work effort across the shifts should be the same.  However, if the shift differentials did not 

adequately compensate workers, then we should observe that less work effort would be exerted on 

the second and third shifts relative to the generally preferred first shift. 

Hence the basic question we are addressing with regard to shift is whether the differences 

in air flows across shifts show a lack of adequate compensating differentials.  This finding would 

not be surprising if the shift differentials were negotiated for the industry as a whole.  So it is 

important to point out that in UAW contracts in this period, the company and its employees were 

bound by both the national contract with the parent corporation and a local agreement that was 

specific to the plant in question.  Specific details regarding working hours, pay and other conditions 

in a plant were adjusted in accordance with local circumstances through the local agreement; and 

the local agreement took precedent over the national agreement.  Thus the management of the plant 

in question had latitude to adjust pay standards, hours, and various non-pecuniary aspects of the 

jobs to equilibrate the local labor market in which it operated.  The current study provides a data-

based example in an industrial manufacturing setting which will hopefully shed light on these 

kinds of situations and on issues that call for closer scrutiny of standard shift differentials. 

Finally, as we have indicated, the most serious threat to these, and many other 

manufacturing employees, in the U.S. in the late 20th century was the prospect of plant closure.  

Hence the contemporaneous macroeconomic environment was a relevant factor in workers’ 

decision about work effort since it was thought to be a reliable signal of management’s current 

sensitivity to considerations of plant closure based on productivity.  In the specification of our 

empirical fits presented below, the influence of the macro economy on workers will be 

incorporated into the mechanism of the framework expressed above.  Our expectation with this 
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specification is that during poor economic times, when plant closures become more likely, workers 

will optimally choose to exert more effort to minimize the risk of a plant closure. 

5.  EMPIRICAL MODEL AND RESULTS 

For our initial empirical investigation of the issues discussed above, we fit the following 

regression model using time fixed effects (Year, Month, Day of Week), a daily time trend (T), a 

shift indicator (Shift), and a set of macroeconomic factors (Macro) which are specified in Section 

5.3:   

Effortt = α + β1,i Yeari, t  +β2,i Monthi, t +β3,i DayofWeeki, t +β 4,i Shifti, t  +β5,i Macroi, t  

+ β6 Tt  +  εt  

 

To take account of possible serial correlation, the work effort measure was averaged from 

four observations taken over every hour to calculate hourly work effort.  Durbin-Watson and 

Breusch-Godfrey LM tests find no correlation at the level of days, weeks, and months.  However, 

at the hourly level, the DW test is inconclusive, and the Breusch-Godfrey LM test rejects the null 

hypothesis of no serial correlation.  Serial correlation does not affect the unbiasedness or 

consistency of our estimates, just the efficiency.  We account for this by using Huber-White 

standard errors in all of our regressions.   

We also evaluated specifications allowing the macroeconomic variable to affect work 

effort nonlinearly; however, those variables were economically and statistically insignificant while 

producing lower adjusted R2, AIC, and BIC.  Table 1 below reports the empirical results for our 

model where Column (A) includes only current macro variables, and Column (B) includes lagged 

macroeconomic variables as well.  These results will be discussed in detail in the following 

subsections of this paper. 9  While these results include shift dummies, the estimated effects from 

                                                 
9 An alternative specification with detrended macroeconomic variables yielded qualitatively similar results. 
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using hourly fixed effects instead of shift indicators are presented in Appendix A. 10  These results 

are not materially different from the shift fixed effects presented here.  For brevity, the time effects 

coefficients are not shown, but they are available from the authors upon request.   

Table 1: Regression Results including Shift, Current and Lagged Macro Variables 
Average Air Flow  

(Hundreds of Cubic Feet 

per Minute) 

(A) (B) 

Coef. Std. Err. Coef. Std. Err. 

Shift 2 -23.86*** (0.79) -23.83*** (0.78) 

Shift 3 -54.57*** (0.92) -54.64*** (0.92) 

Unemployment 14.99*** (4.03) 17.03*** (4.27) 

Real GDP per capita -5.95*** (2.19) -5.37** (2.24) 

Inflation 1.13 (1.23) 2.27 (1.91) 

Fed Funds -4.68*** (1.06) -3.22*** (0.62) 

Monthly Car Sales -0.17* (0.09) -0.08 (0.11) 

Lag Unemployment   6.36* (3.77) 

Lag Real GDP per capita   -13.20** (6.61) 

Lag Inflation   2.48 (1.93) 

Lag Fed Funds   -4.81*** (1.31) 

Lag Monthly Car Sales   -0.24*** (0.07) 

N 5,206  5,206  
R2 0.5239  0.5282  

Adj R2 0.5212 
 

0.5251 
 

Note: Huber-White Standard errors in parentheses. A Daily Time Trend, Year, Month, and 

Day of Week FEs not shown. *** Significant at 1% level; ** 5% level; * 10% level. 

 

5.1 Impact of Shift on Work Effort 

To get a sense of the inter-shift differences in work effort, Table 2 displays summary 

statistics for air flow by shift.  As can be clearly seen, work effort decreases monotonically across 

the shifts, roughly 3,000 cfm for each shift, with all the differences being significant at the 1% 

level.  These means and medians are unconditional; however, they concur with the regression 

results in Table 1 which control for time and macroeconomic conditions.  The results are robust 

across specifications.  

 

                                                 
10 Hourly fixed effects are collinear with shift and cannot be used in the fits presented in Table 1. 
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Table 2: Air Flow Summary Statistics by Shift 
Average Air Flow 

(Hundreds of cfm) 
Mean Median Std. Dev. N 

Shift 1 119.50 123.29 27.06 1,652 

Shift 2 96.25 94.26 23.18 1,747 

Shift 3 66.17 61.82 28.37 1,807 

 

Compared to the first shift, second shift exerted 2,383 less cfm and third shift exerted 5,464 

less cfm of effort.  To put these reductions into a more understandable context, it is helpful to think 

of the changes in work effort relative to peak work effort.  Peak effort is the effort level which the 

management considered to be the desired optimal utilization of the plant, 18,000 cfm.  The second 

shift exerted 13.2% of peak work effort less and the third shift exerted 30.3% of peak effort less 

than the first shift, respectively.  Put another way, the reduction in effort on the third shift is 2.29 

times greater than the reduction in effort on the second shift.  Thus the most significant equilibrium 

problem at this plant appears to be on the third shift.  

Compensating Differentials 

Having shown that work effort differs significantly across shifts, we now address the utility 

impacts of shift work and use our data to document an important way that workers might adjust to 

the imbalance between wages and work disutility.  The relationship between disutility and shift 

differentials undoubtedly varies across industries.  However, our study covers a major industry 

which has influenced the industrial landscape throughout the country.  It can thus provide an 

interesting insight that may represent a wide range of industrial settings.   

While it is known that effort and wages are positively correlated in unionized firms 

(Andrews and Simmons, 1995), increasing effort has also been found to cause reductions in 

workers’ welfare (Warr, 1987).  Thus an interesting question is whether the standard industry shift 

differentials are fully compensating for the disutility of working non-standard hours and the 

supplying of high effort.  Here we argue that the industry standard shift differentials in effect in 
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this manufacturing plant were not full compensating and that the observed declines in work effort 

over the shifts were a response to this. 

First let us consider another possible explanation that could account for our observed 

decline in effort across the shifts– namely that earlier shift workers were more experienced and 

productive.  We now present evidence that argues against the inter-shift ability hypothesis, but 

aligns with the effort choice explanation. (1) All three shifts had the same maximum potential 

productivity, as there are many examples of all shifts posting air flow values over management’s 

full-utilization threshold of 18,000 cfm of air flow. (2) Interviews with managers revealed that 

during weeks of corporate inspection and monitoring, all shifts recorded sustained air flow levels 

at peak effort. (3) Management reported that the learning curve flattened out fairly quickly, and, 

as noted earlier, the lowest seniority in the plant was 11 years.  Additionally, the union contract 

required any worker to remain in a particular job for a minimum of 7 months before requesting a 

transfer to another position. (4) There were extensive sections in the contract relating to 

“Production Standards” with provisions that allowed management the right to transfer workers 

performing at a sub-par level. (5) Finally, and perhaps the strongest argument that the air flow 

readings capture a true reflection of work effort, comes from interviews with the long-time plant 

engineers who oversaw the working of the equipment on all three shifts firsthand.  They initially 

pointed out the connection between air flow and effort to the research team and provided the air 

flow charts as evidence of how the work effort varied by shift.  Thus we feel that the most likely 

explanation for air flow variation is that workers on later shifts were not adequately compensated 

for their disutility of working irregular work times by the second and third shift pay differentials 

(5% and 10% respectively), and hence took steps to reduce their effective labor supply (i.e., effort).   
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Presumably any voluntary adjustment in a worker’s labor supply should represent that 

worker’s attempt to reach an individual equilibrium where their marginal rate of substitution of 

income for leisure (MRS) equals their wage rate.  In the case of a negative adjustment-- be it 

through absenteeism or shirking-- the signal from this action is that the worker’s MRS is greater 

than their current wage rate and the worker thus desires more leisure.  A similar situation has been 

found in studies of absenteeism (Dunn and Youngbood, 1986 and Dunn, 1990).  The current study 

thus documents another mechanism by which workers may adjust when confronted with a non-

equilibrium situation without resorting to job separation or renegotiation.11   

Increasing pay differentials across later shifts has been an almost universal norm in 

American manufacturing industries.  It is a standard feature of union contracts and is widely 

applied in non-union plants as well.  The Society for Human Resource Management reports that 

among all hourly employees, 96% are eligible for second shift differentials and 97% are eligible 

for third shift differentials, with the third shift differentials typically being higher than the second 

shift differentials.12  Shift differentials apply in the public sector as well.  The pay differential for 

Federal Wage System Employees is 7% higher on the “second” shift (3 pm to midnight) and 10% 

higher on the “third" shift.13  Our findings suggest that the disutility of work outside of “normal” 

hours may be greater than is allowed for in many wage systems.  A broader implication of this 

result is that if shift differentials are used as an incentive for non-standard work times, the 

premiums may need to be reevaluated periodically to accurately reflect the disutility imposed on 

the workers.  Additional results regarding time of work factors are presented in Appendix A. 

                                                 
11 During the time period of our study’s data (1983-1989) unemployment rates ranged between 5.3 and 9.6 percent, 

and this limited the choice to seek employment elsewhere, especially in the wage range of this sample.   
12 https://www.shrm.org/ResourcesAndTools/hr-topics/compensation/Pages/ShiftDifferentials.aspx 
13 https://www.opm.gov/policy-data-oversight/pay-leave/pay-administration/fact-sheets/night-shift-differential-for-

federal-wage-system-employees/ 



18 

In on-site interviews, workers discussed the difficulties of adjusting to third shift hours.  

Many tried to maintain normal routines at the weekends and holidays with their families, which 

would have added additional difficulties to their adjustments.  This may also be a factor which led 

to the persistently low level of effort observed on the third shift and is an important consideration 

for personnel management in this kind of industrial setting.  These findings reinforce and have 

further implications for the medical and occupational safety literature regarding shift work, where 

it has been found that circadian patterns are hard to shift in humans (Barger, et al., 2009).14 

With our current data, we infer the relative utility differences by shift quantitatively.  We 

note that these results are consistent with previous work that finds (a) productivity declines during 

non-standard work times (Carrier and Monk, 2000; Borsh-Supan and Weiss, 2016.); and (b) 

disutility for workers rises with atypical hours (Hamermesh, 1999; Mas and Pallais, 2016; Iskra-

Golec et al., 2016). 

5.2. Detailed Patterns of Work Effort 

There were several work effort patterns that could be utilized to minimize the disutility of 

work while still making the required production standard for full pay.  Assuming a worker desires 

to adjust to equilibrium, the following three intuitive strategies with regard to the distribution of 

effort across the shift were feasible given the constraints of the production setting in this plant.  

(1) Exert high effort to reach the production standard and then rest for the remainder of the shift. 

(2) Exert roughly uniform effort to reach the production standard over course of the entire shift.15  

                                                 
14 The findings for the third shift workers are different from those of Pencavel (2015) in his study of World War I 

munitions workers who were found to increase their effort with hours of work but at a decreasing rate.  These 

differences may be attributable to the different production target arrangements in the automobile plant, as well as 

differences in the nature of the work itself; in norms among workers at the different time periods, especially with 

regard to war efforts; demographic differences in the work forces; management expectations and enforcement; or a 

number of other factors.   
 
15 This pattern could lead to a production surplus over the production quota.  This is seldom seen in studies of 

industrial settings as it can lead to an increase in norms which would be undesirable to workers. 
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(3) Exert low effort until the last few hours and then exert high effort to hit production target. 

Figure 2 presents 95% confidence intervals of the demeaned work effort for each individual 

hour of the three shifts over the course of the work day.16  We observe that the first and second 

shift workers exerted more effort in the first portion of the shift and generally lessen effort over 

time, while third shift workers exerted more effort in the second half, with differences all being 

significant at the 1% level.   

Figure 2: Deviation from Average Air Flow by Hour for Each Shift 17 

 
Even after controlling for other factors, this finding is further supported by our regression 

results in Appendix A, which include hourly fixed effects.  For robustness, we present Table 3 

below which further illustrates this pattern.  First and second shift workers are estimated to exert 

                                                 
16 The median and other quartiles of the hourly work effort exhibit a similar pattern. 
17 The vertical scale is relative to the overall mean. Bars on the graph represent the 95% confidence interval of air 

flow relative to the mean for each shift. 
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on average 5% and 6% of peak effort more on the first four hours of their shift.  On the other hand, 

third shift workers exert on average about 13% of peak effort less on the first half of their shift. 

Additionally, we see in Table 3 that first and second shift workers exerted less effort in the 

last two hours of their shift, while third shift workers put in more effort during the last two hours.18  

These differences are significant at the 5% level.  Thus the first and second shift workers appear 

to exert more effort early on and then reduce effort later in the shift, while third shift workers start 

out with lower effort levels and then work harder at the end of the shift to reach their quota.  Hence 

the work effort choices of employees on the first and second shifts are consistent with strategy #1 

above, while employees on the third shift utilized strategy #3. 

The major dips in the air flow series for the first and second shifts seen in Figure 2 

correspond roughly to meal times.  The third shift does not span a time which would be considered 

“normal” for a meal, and hence we see no such pattern.  Since workers had some flexibility over 

when they actually took their meal break, workers on the first and second shifts grouped around 

the typical biological reference points.  Lacking that natural reference point, the meal break was 

taken more uniformly across the third shift.   

Table 3: Within Shift Robustness Check 
Average Air Flow 

(Hundreds of cfm) 
Coef. Std. Err. 

Shift 2 -22.58*** (1.17) 

Shift 3 -37.90*** (1.16) 

Shift 1 First Half 10.98*** (1.14) 

Shift 2 First Half 8.70*** (1.12) 

Shift 3 First Half -22.42*** (1.21) 

N 5,206  

R2 0.5699  

Adj R2 0.5672  

Note: Huber-White Standard errors in parentheses. Daily Time Trend, Year, Month, and 

Day of Week FE and Macroeconomy Variables not shown.  *** Significant at 1% level; 
** 5% level; * 10% level. 

                                                 
18 Table A of the Appendix displays the full regression results with hourly fixed effects. 
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5.3. The Impact of the Macroeconomic Environment on Work Effort 

Our air flow measures can also be used to shed light on discussions of labor productivity 

and the business cycle that became prominent in the literature after the Great Recession.  

Traditionally, the most common explanation for observed increases in productivity during 

economic downturns has been that the least effective labor has been laid off, thus moving a 

company back up their average and marginal product curves.  Syverson (2011) provides a review 

and general discussion of various possible determinants of productivity.  A number of differing 

interpretations of the causes of productivity changes have emerged from research on the recent 

recession.  The diverse nature of recent research on this topic can be seen in work by Gordon 

(2010) who emphasizes changes in labor markets over technology; Mulligan (2011) who examines 

the increases in output per hour in terms of labor distortions and the role other production inputs; 

Berger (2012) who argues that productivity is acyclical or counter-cyclical; and Hicks (2013) who 

concludes that labor’s contribution to productivity growth has been negative.  

As early as 1997, deVries and Balazs studied work effort and found that downsizing can 

be a short-term way to improve a firm's productivity as surviving employees work harder.19 Along 

similar lines, Lazear, Shaw and Stanton (2016) find that while a part of productivity changes is 

due to a change in the composition of the work force, the primary cause of the increase in 

productivity in their study is extracting more effort from the workers who remain employed.  In 

related research, Burder, Genadek and Hamermesh (2016) used the American Time Use Survey to 

study “non-work” on the job and find that the fraction of workers reporting spending any time on 

                                                 
19 These authors also note, that this increase is generally short lived as retained workers at plants that were 

downsized can easily become demoralized and reduce work effort over the longer term. 
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non-work activity declines during a weakening economy.20  These results in general suggest that 

the increased cost of termination during a downturn can be a strong motivator to induce more effort 

from workers.21  

The current research differs from the majority of previous studies in that we use an 

unambiguous measure of work effort (not self-reported) in a manufacturing plant where there was 

no layoff.  This controls directly for any possible productivity impacts that could have resulted 

from lay-off including those related to complementarities among workers.22  While other studies 

have found that direct and individual threats of termination can elicit increased effort, our study 

finds that even a general threat of layoff is sufficient to induce more effort.   

Specification (B) in Table 1 displays results from adding the current and lagged standard 

national macroeconomic data to gauge the general health of the American economy: monthly 

unemployment rate (seasonally adjusted), quarterly real GDP per capita (seasonally adjusted, 

annual rate), monthly inflation rate (seasonally adjusted CPI with 1982-1984 indexed to 1), the 

daily federal funds rate, and monthly sales of domestically produced cars.  Table C1 in the 

Appendix displays the key summary statistics of these variables for our sample.  Again, the time 

period of our sample is 1983 to 1989.  The median real GDP per capita and unemployment rate 

for our sample period are $33,336 and 6.3%, respectively.  The median of monthly domestic car 

sales is 647,700 cars.  To put this in perspective; in 1985, 915,000 cars (foreign and domestic) 

were sold in the USA on average every month. 

                                                 
20 They also find, however, that “among those who shirk at all, the intensity of their non-work is strongly counter-

cyclical.”  
21 In earlier related work using British data, Green and McIntosh (1998) found that the presence of a powerful union 

reduces the effect that external threat of job loss has on productivity; but this was not found to be the case in our 

setting in the U.S. 
22 Note also that the usual explanation that increased productivity during economic downturns results from the least 

effective labor being been laid off might be questioned for plants where seniority rules prevent pure productivity-

based layoff. 
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The results including the current and lagged macro variables show that work effort, as 

measured by air flow, increases significantly with rising unemployment and falling GDP per 

capita, which would be periods of deteriorating economic conditions.  Presumably this observed 

effect is motivated mainly by the desire for job preservation.  Since air flow is directly related to 

work effort and work effort is directly related to output and productivity, this result is 

unambiguous.   

We find that the current unemployment rate has a larger and more significant effect on 

worker effort than last month’s unemployment rate.  A single percentage point increase in the 

current unemployment rate increases average air flow by 1,703 cfm.  To translate that into more 

practical terms, a one percentage point increase in the unemployment increases work effort by 

about 9.5% of peak effort.  The fluctuation in lagged domestic monthly car sales captures macro 

variation that is more specific to the automotive industry.23  The coefficients show a negative 

impact on work effort, implying that as larger domestic sales generally decrease the probability of 

plant closure, workers have less incentive to exert effort.  A one standard deviation decrease in 

previous month’s sales increases average air flow by 1,267 cfm or about 7% of peak effort. 

Macroeconomic Effects by Shift 

We also investigate the question of the influence of the macroeconomy on work effort by 

examining the effect by shift.  It is standard industrial practice in plants with multiple shifts that 

during economic downturns entire shifts may be furloughed before resorting to plant closure.  This 

almost universally starts with the third shift workers, then moves to the second shift.  Hence we 

also introduce interaction terms between measures of macroeconomic conditions and shift with 

                                                 
23 Workers were given information on the previous month’s car sales at meetings. 
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the expectation that any macroeconomic effect on work effort should be stronger for the later shifts.  

The results are presented in Table 4.  

Interacting the macroeconomic measures with the shift indicators, we find that the effect 

of the macroeconomic indicators on work effort is indeed largest and most significant for the third 

shift, followed by second shift, in line with the likely order of shift furlough.  For current period 

variables, the third shift interactions with unemployment and monthly car sales are statistically 

significant.  For lagged variables, unemployment, real GDP per capita, and monthly sales are all 

statistically significant for the second and third shift, with the third shift having the larger effect.  

These findings provide further empirical evidence for the notion that a declining economy brings 

forth greater work effort. 

Local Economy Impacts.  The local area unemployment rate is also relevant since it affects 

the chances of re-employment without relocating if there is a plant closure.  As a robustness check, 

we also ran our analysis using local macroeconomic variables, and the results are qualitatively 

similar.24  The national and local unemployment rates are highly collinear and so cannot both be 

included in the regression.  It is worth noting that a possible implication of the positive link 

between work effort and an economic slowdown may be that it acts to lower the employment 

chances of the unemployed and could prolong unemployment spells for some workers and impede 

economic recovery from recessions.  The full influence of the macroeconomy on work effort bears 

further investigation.  

                                                 
24 Full results are available from the authors upon request.   
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Table 4: Effect of U.S. Macroeconomic Conditions Interacted with Shift 

Average Air Flow  

(Hundreds of cfm) 
Coef. Std. Err. 

Shift 2 -23.36*** (9.10) 

Shift 3 -39.09*** (8.61) 

Unemployment 14.27** (6.46) 

Real GDP per capita -10.63*** (2.49) 

Inflation 4.52*** (1.77) 

Fed Funds -3.78*** (0.74) 

Monthly Sales -0.09 (0.18) 

Lag Unemployment 6.78** (3.11) 

Lag Real GDP per capita -15.41*** (4.52) 

Lag Inflation 2.16 (3.22) 

Lag Fed Funds -4.95* (2.74) 

Lag Monthly Sales -0.26*** (0.08) 

Unemployment Shift 2 1.51 (1.86) 

Unemployment Shift 3 4.22*** (1.52) 

Real GDP per capita Shift 2 -1.47 (1.02) 

Real GDP per capita Shift3 -1.97 (1.63) 

Inflation Shift 2 3.49 (3.42) 

Inflation Shift 3 5.51 (4.29) 

Fed Funds Shift2 -0.18 (3.20) 

Fed Funds Shift3 -3.78 (3.48) 

Monthly Sales Shift 2 -0.02 (0.08) 

Monthly Sales Shift 3 -0.09 *** (0.03) 

Lag Unemployment Shift 2 7.56*** (3.41) 

Lag Unemployment Shift 3 13.03*** (4.67) 

Lag Real GDP per capita Shift 2 -3.95** (1.67) 

Lag Real GDP per capita Shift3 -5.91*** (1.83) 

Lag Inflation Shift 2 2.36 (3.43) 

Lag Inflation Shift3 1.83 (2.16) 

Lag Fed Funds Shift2 -1.46 (3.09) 

Lag Fed Funds Shift3 -1.96 (3.43) 

Lag Monthly Sales Shift 2 -0.05*** (0.02) 

Lag Monthly Sales Shift 3 -0.12*** (0.03) 

N 5,205   

R2 0.5479   

Adj R2 0.5428   

Note: Huber-White Standard errors in parentheses. A Daily Time Trend, Year, Month, and 

Day of Week FEs not shown.  *** Significant at 1% level; ** 5% level; * 10% level. 
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6. CONCLUSIONS 

This research has examined a unique dataset which provides an objective measure of work 

effort from workers at a large, unionized manufacturing plant.  The machinery in this plant 

operated on compressed air, and the data used in this research are continuous air flow readings 

which moved directly with the intensity of work operation on all three shifts.  Thus we have an 

unusual opportunity to study aggregate work effort or effective labor supply under various 

circumstances. 

We find that work effort is significantly lower on the second shift compared to the first, 

and lower still on the third shift.  We infer that the standard 5% and 10% premiums for second and 

third shift work, respectively, failed to equilibrate the shift work in this labor market.  The 

reduction in work effort on the latter two shifts, or reduced effective labor supply, is thus 

interpreted as an action taken by workers to adjust toward the standard labor market equilibrium 

where their marginal rate of substitution of income for leisure was equal to their wage rate as far 

as was possible within the constraints of the plant’s production quota pay system.  We thus 

document a mechanism that workers can use to adjust to equilibrium without resort to job 

separation or renegotiation. 

The different work effort patterns that emerge for the different shifts raise interesting 

questions about the influence of biological clock factors on the inherent physiological motivation 

for work.   We find that first and second shift workers exerted more effort early in the shift while 

third shift workers do the exact opposite, suggesting that workers do not fully change their typical 

personal life arrangements to better conform to their work schedules.  These results indicate that 

certain times of night may be unproductive for fundamental biological reasons, and this contributes 

to the growing medical and occupational safety literature on sleep patterns, as well as the economic 
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literature on work effort and productivity.  The results of examining work effort on an hourly basis 

bring into question the rationale of around-the-clock utilization of physical capital as a profit 

maximizing strategy that is seen in many industries.25 

Finally, we have found evidence that work effort is significantly connected to the 

macroeconomic environment.  Work effort increased with declining economic conditions 

measured by the unemployment rate, real GDP per capita, and car sales and decreased with 

improving conditions.  This study thus demonstrates this relationship in a manufacturing setting 

with no layoff, which directly controls for the possibility that work effort and productivity rise 

naturally as the inherently least productive/motivated workers are laid off first.  Shift effects related 

to macroeconomic conditions are also found as would be expected, with third shift workers (at 

most risk of layoff in the event of entire shift furlough) showing the largest positive effort response 

to declining conditions, followed by second shift workers (with the second highest shift furlough 

risk).   We conclude that it is likely that the workers in this study consciously weighed a reduction 

in work effort against the possibility that this productivity-lowering action would increase the 

chance of shift furlough or plant closure.26  This adds to a diverse literature about the movement 

of productivity over the business cycle.  

                                                 
25 Around-the–clock equipment utilization was often adopted as a profit-maximizing strategy in early 

industrialization in order to avoid long lead times in restarting equipment, in addition to other considerations. 
26 Note that disciplinary termination was rare in this unionized setting. 
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APPENDIX 

A. Full Regression Results with Hourly Fixed Effects 

The table below presents the regression results including current and lagged 

macroeconomic variables and hourly fixed effects.  Shift effects are omitted due to collinearity.   

Table A: Full Regression Results with Hourly Fixed Effects 

 
Average Air Flow  

(Hundreds of Cubic Feet 

per Minute) 

Coef. Std. Err. 

Unemployment 16.88*** (3.25) 

Real GDP per capita -5.87*** (2.93) 

Inflation 2.21*** (0.84) 

Fed Funds =3.22*** (0.62) 

Monthly Sales -0.05 (0.08) 

Lag Unemployment 6.28** (2.73) 

Lag Real GDP per capita -16.03*** (5.010 

Lag Inflation 2.95** (1.31) 

Lag Fed Funds -4.81*** (1.31) 

Lag Monthly Sales 
-0.25*** (0.07) 

1984 47.02*** (22.22) 

1985 64.12*** (19.34) 

1986 85.65*** (25.28) 

1987 122.65*** (33.96) 

1988 168.16*** (43.45) 

1989 209.16*** (52.55) 

February 4.15** (2.03) 

March 9.54*** (2.89) 

April 21.75*** (5.38) 

May 28.33*** (6.28) 

June 32.07*** (7.49) 

July 39.48*** (9.65) 

August 54.53*** (10.63) 

September 60.37*** (11.62) 

October 70.53*** (13.87) 

November 82.21*** (15.17) 

December 76.74*** (15.81) 

Tuesday 5.94*** (0.92) 

Wednesday 5.74*** (0.90) 

Thursday 6.35*** (0.90) 

Friday 0.89 (1.03) 
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Daily Time Trend -0.31*** (0.03) 

1:00 -3.39** (1.38) 

2:00 -4.90*** (1.47) 

3:00 -3.37** (1.40) 

4:00 -1.29 (1.59) 

5:00 5.35*** (1.53) 

6:00 30.37*** (1.62) 

7:00 77.80*** (1.99) 

8:00 80.76*** (1.80) 

9:00 70.99*** (1.78) 

10:00 66.94*** (1.75) 

11:00 57.06*** (1.71) 

12:00 75.89*** (2.29) 

13:00 65.23*** (1.74) 

14:00 53.63*** (1.78) 

15:00 27.42*** (1.36) 

16:00 51.83*** (1.60) 

17:00 47.75*** (1.56) 

18:00 47.02*** (1.51) 

19:00 38.02*** (1.46) 

20:00 40.01*** (1.57) 

21:00 44.48*** (1.61) 

22:00 34.01*** (1.65) 

23:00 20.04*** (1.69) 

_cons 246.11*** (201.79) 

N 5,206   

R2 0.7222   

Adj R2 0.7195   

Note: Huber-White Standard errors in parentheses. *** 

Significant at 1% level; ** 5% level; * 10% level. 

B. Other Intertemporal Variations in Air Flow 

In this section, we briefly describe other variations in work effort using our air flow 

measure over broad periods of time.  Air flow varied in the plant across various time dimensions 

in response to various circumstances.  Below we present plots of work effort that show the basic 

variations of work effort across (a) months of the calendar year and (b) days of the week. 
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B.1. Variations across Months and Quarters 

Figure B1a presents quantiles of work effort at the monthly level, where it appears to follow 

a slightly inverted U, or concave, shape.  Workers exert lower effort at the beginning and the end 

of year.  Figure B1b displays quantiles of work effort at the quarterly level.  The difference between 

effort in the first and fourth quarters of the years in our data set are significantly different at the 

5% level.  Work effort at the plant is not found to be significantly different between the second 

and third quarters of the year. 

Figure B1a. Distribution of Air Flow by Month 

 

Thus looking at seasonal effects, what Figure B1a and B1b demonstrate is that work 

effort may be affected by the weather and/or traditional seasonal events such as the end-of-year 

holidays.  Note that the dip in work effort in July is due to the company policy of concentrating 

workers’ vacation time at that point in the year. 
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Figure B1b. Distribution of Air Flow by Quarter 

 

B.2. Variations across the Days of the Week 

A less pronounced inverted U, or concave, pattern is observed when examining work effort 

over the five-day work week, as seen in Figure B2 below.  At the beginning of the week on 

Monday, work effort is at low levels.  It then increases and is relatively constant through Tuesday, 

Wednesday, and Thursday.  It declines on Friday.  The means of consecutive days are significantly 

different at a 5% level except for Tuesday and Wednesday. This agrees with previous literature on 

labor productivity across days of the week.1 

                                                 
1 See Bryson (2007) for a survey of empirical week on the productivity variation across days of the week. 
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Figure B2. Distribution of Air Flow by Day of the Week 

C. Description Statistics 

Table C1 displays summary statistics for the macroeconomic explanatory variables used in 

this research and explained in Section 5.3 above.  Table C2 shows more details about the 

distribution of average air flow by shift. 

Table C1: Descriptive Statistics of Air Flow and Macro Variables 

 Max P75 Mean Median P25 Min SD 

Air Flow  189.73 120.60 93.17 91.96 66.55 12.49 35.88 

Unemployment 10.40 7.20 6.38 6.30 5.40 5.00 0.92 

Real GDP per capita 35,654 34,637 33,276 33,336 31,649 28,750 1,636 

Inflation Rate 26.30 18.50 13.14 12.70 7.19 -2.10 6.89 

Federal Funds Rate 11.64 9.43 8.07 8.01 6.85 5.85 1.48 

Monthly Car Sales 756.7 672.6 638.9 647.7 598.7 487.2 52.8 

 

Table C2:  Distribution of Average Hourly Air Flow by Shift 
 Max p95 p90 p75 p50 SD Skewness N 

Shift 1 189.73 166.38 156.26 137.88 123.29 27.06 -0.208 1,652 

Shift 2 185.61 141.92 134.14 111.96 94.26 23.18 0.342 1,747 

Shift 3 180.53 128.92 107.86 77.35 61.82 28.37 1.477 1,807 
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D.  The Work Process 

As noted in the text above, the work process was not linear or “assembly line” in the usual 

sense of that term.  Rather production ran in parallel as often as possible with different phases 

working to toward the final product.  Workers each had an assigned task and were stationed in 

clusters where each cluster produced a different part which went into an inventory of parts.  Other 

clusters of workers took those parts and assembled them together, producing a more fabricated 

part which then went into a finished inventory.  So multiple sources were thus feeding the next 

step in production; and since this factory at this time was not practicing just-in-time production, 

there was a certain amount of buffer inventory between each phase in production that workers 

could have applied effort to.   

As to how the compressed air is related to production, the first phase involved stamping 

and pressing parts out of metal.  The limiting factor in the production here was how quickly the 

workers could load, press, check product for defect, and toss the part into the finished pile.  While 

each turn of the machine took a fixed amount of air to run, the amount of air flow in a given time 

is equal to the number of turns times this fixed amount per turn. The same is true for the other 

phases of production, so that the measure of air flow, indicative of the shift’s output, is directly 

related to the worker’s effort given the level of capital available to them.  


