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Abstract  
This paper investigates the effectiveness of a monthly lottery in reducing sick leave 
among workers in a manufacturing firm. Conditions of participation are not having 
reported sick in the previous three months and not having won the lottery earlier. It 
turns out that the lottery results in a decrease in the rate of sick leave of 1.6 
percentage point. From the perspective of the firm, the lottery is found to be highly 
beneficial – that is, the benefits associated with the decrease in the sick leave rate 
exceed the costs of the lottery. Workers seem to be primarily driven by the first 
upcoming lottery. After winning the lottery, winners resume their previous (rate of) 
absence. 
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1. Introduction 

 At present, there is strong empirical evidence that worker absenteeism 

behavior responds to negative financial incentives. First, a well-known empirical 

finding is that absenteeism is inversely related to the unemployment rate. Since 

absence-prone employees are more likely to be laid off, the threat of being laid off 

has a disciplining effect and employees are less likely to shirk when unemployment 

is high (see e.g. Leigh (1985) and Kaivanto (1997)). Second, there is empirical 

evidence that employees have reduced rates of absenteeism when they experience a 

wage decrease upon absence (e.g. Barmby et al. (1995); Johansson and Palme 

(1996); Henrekson and Persson (2004)). 

 One common feature that drives the outcomes of these empirical studies is 

that absenteeism is associated with negative incentives for the employee. Yet, in 

many employer-employee relationships in various European countries, negative 

incentives for absenteeism are not an easy option due to income and job protection 

for the absentees. For instance, although Dutch employers are obliged to continue 

to pay only 70 percent of gross earnings during sickness, most of the collective 

bargaining agreements between employers and employees stipulate that employers 

supplement the benefits to net earning levels (De Jong and Lindeboom (2003)). 

Income protection for absenteeism is not a typically Dutch phenomenon. Also in 

surrounding countries, like Germany and Denmark, most of the employees do not 

experience an immediate wage drop when being on sick leave. Sickness benefits 

are usually topped up by extra-legal-arrangements, which have been laid down in 

(collective) labor contracts (Einerhand et al. (1995); Barmby et al. (2002)). 

When firms cannot apply negative incentives for reasons of income 

protection, they may use bonuses instead to attain a lower rate of sickness absence. 

So far, few empirical studies have investigated the impact of incentive pay on 

absenteeism (Wilson and Peel (1991); Brown et al. (1999); Engellandt and Riphahn 

(2004)). All of these studies find incentive pay to reduce absenteeism, but reduced 

absenteeism is only one of the mechanisms that increase the productivity of 

workers – or, stated differently, incentive pay is not directly linked to absenteeism 

behavior. 

By contrast, the attendance bonus system we will investigate in this paper is 
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related directly to individual sick leave behavior. We analyze a unique monthly 

lottery set up in two plants (with in total about 400 employees) of a large Dutch 

manufacturer. Participation in the lottery is related to the incidence of sick leave in 

the past months, with the intention to stimulate workers to reduce their 

absenteeism. Only those employees who had not been on sick leave for the past 

three months were eligible for the lottery. Each month, seven randomly selected 

winning workers received a gift coupon of 75 euros. Winners were excluded from 

subsequent lotteries. Hence, the setup of the lottery makes it possible to use 

information on sick leave in three stages of the lottery: the period prior to the 

lottery; during the lottery when a worker has not been selected a winner; and in the 

period after a worker had won the lottery. The aim of this paper is to analyze 

empirically whether the financial incentives associated with the lottery have 

resulted in a lower rate of sick leave.1 

 The outline of this paper is as follows. Section 2 discusses the literature on 

absenteeism and incentives. Section 3 describes the lottery in great detail. Section 4 

presents the empirical model, and in Section 5 the estimation results are discussed. 

Section 6 presents the conclusion. 

 

2. Literature on absenteeism and incentives 

Economic studies of sick leave and workplace absence are based on the 

assumption that employers can only imperfectly monitor their employees’ 

activities. When employees regard work as a disutility, they may have a higher 

incidence of absenteeism than is indicated by their health status.2 The rate of 

absence is affected by the costs incurred by both the employer and the employee. 

When unanticipated sick leaves are costly to employers due to foregone production, 

employees with lower rates of absenteeism may be compensated through higher 

(hedonic) wages (e.g. Allen (1981)). For employees, higher costs attached to sick 

                                                 
1 A complete evaluation of the incentive system should take account of the externality effects. The 
incentive system may stimulate workers not to report sick, with the unintended consequence that 
they infect their co-workers on the work floor; i.e. workers do not internalize the external effects of 
their sick leave decision. Consequently, the incentive system may lead to an increase in absenteeism. 
We leave this issue unanswered. 
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leaves may stimulate them to reduce their absenteeism. We distinguish three types 

of incentives that have been reported in the literature. 

The first class of studies addresses the employees’ responses to an 

immediate wage decrease upon absence. Winkler (1980) shows that income 

protection against sick leave is associated with a higher absence among teachers. 

Doherty (1979) demonstrated that in the U.K. higher sickness benefits resulted in 

moral hazard with higher sick leaves. Studies into the social insurance system in 

Sweden have a similar outcome (Johansson and Palme (1996, 2002); Henrekson 

and Persson (2004)). Next to incentives due to nationwide or sectoral insurance 

systems, employees may be confronted with firm-specific incentive schemes. 

Barmby et al. (1991, 1995) investigated the consequences of such a scheme for a 

large industrial firm. In the scheme, workers get points in case of “unacceptable” 

sickness that has not been certified by a general practitioner or hospital. After two 

years, workers may receive a bonus or a sanction, depending on the number of 

points they have gathered. Barmby et al. demonstrated that this scheme led to lower 

absenteeism. 

The second class of studies focuses on future consequences of absenteeism. 

With frequent absenteeism it may become more unlikely that employees get 

promoted or that they receive merit pay. They may even get fired when the 

employer discovers them shirking. Consequently, and following standard efficiency 

wage theory arguments, as monitoring costs are higher in large firms, the rate of 

absence is positively related to firm size (Winkler (1980); Winkelman (1999)). 

Similarly, since the costs of shirking are higher in slack labor markets due to 

increased layoff probability, the rate of absence is negatively related to the 

unemployment rate (e.g. Leigh (1985); Kaivanto (1997)). Shirking is particularly 

costly for temporary workers, as firing costs are low here (see e.g. Arai and 

Thoursie (2005)). Ichino and Riphahn (2004) demonstrated that white-collar 

workers who were hired by a large Italian bank had a lower absence rate during 

their probation period, when they were unprotected against dismissal. 

The third class of studies investigates whether positive incentives through 

rewards and bonuses result in a better performance of absenteeism. Probably the 

most prominent examples of such (positive) incentive schemes at the group level 
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are employee profit sharing and shared ownership. Although these schemes do not 

primarily aim at reducing sick leave, they may lead to improved work conditions, 

higher morale, better motivation and more job satisfaction – thus decreasing the 

sick leave rate. Wilson and Peel (1991) (for U.K. firms) and Brown et al. (1999) 

(for French firms) showed that employee sharing leads to lower absence rates. 

Engellandt and Riphahn (2004) investigated the effect of performance-related pay 

for employees of a Swiss organizational unit of an international company. They 

found that higher pay leads to lower absence rates.  

 

3. The lottery 

The incentive scheme for sick leave that we will investigate is aimed at 

workers in two plants with capital-intensive technologies. Machines are operated 

24 hours a day, except for weekends and public holidays. Workers are employed in 

shifts, in order to keep the machines running. Consequently, absenteeism is 

expensive to the firm, since it needs to recruit additional workers at considerable 

costs in case of severe shortages of labor. On July 1st 2001, both plants were 

acquired by a large Dutch manufacturing firm. In the first months, the manufacturer 

reorganized the departments and changed some of the job titles. The number of 

workers declined by about 10 percent from 419 to 376 workers, from July 1st 2001 

to July 31st 2003. 

Shortly after the acquisition, the daily rate of sick leave was high, ranging 

between 10 and 15 percent. In April 2002, it induced the firm to announce to its 

workers a monthly lottery, starting at June 2002. The lottery was based on the 

following scheme. At the beginning of each month, the firm selects the workers 

who have not been on sick leave in the previous three months.3 From this group of 

workers, seven winners are selected randomly, for which the firm uses two 

sampling strata: Three winners in the smaller plant (with about 40% of the total 

number of workers) and four in the other plant. Each lottery winner receives a 

coupon gift with a value of 75 euros. Furthermore, the names of the winners are 

made publicly known through the entire company. Winners are excluded from 
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future lotteries, even if they have not been on sick leave during a period of three 

months. Hence, lottery winners loose an incentive to reduce their sick leaves. 

Our data were obtained from the individual personnel records of all workers 

for the period July 1st 2001 – July 31st 2003. It results in an unbalanced panel 

dataset of 481 workers; over the period of investigation, the firm hired 62 workers 

and 105 workers left the firm. Furthermore, we observed the absence records of 

these workers at a daily basis over the same period. As the lotteries were organized 

on a monthly basis, we have transformed the daily information into a dummy 

variable that measures the monthly incidence of sick leave. It equals one if the 

worker was on sick leave at any of the working days during the month, and zero if 

otherwise. In addition, we calculated the individual duration of sick leave by 

constructing a variable that registers the fraction of working days for which the 

worker was on sick leave during the month. Thus, the sick leave data were 

aggregated over time from a daily basis to a monthly basis, which resulted in a data 

set of 9,637 monthly observations.4  

From this broad data set we selected two samples. First, for all workers we 

excluded the monthly observations in which a worker was on sick leave on all 

working days of the previous month. As we will motivate more extensively in 

Section 4, workers who were temporarily in bad health are not able to respond to 

the lottery anyway. We claim that these observations are no part of the population 

of workers for whom the lottery was set up. Thus, we exclude these monthly 

observations, yielding a selected sample of 9,088 (monthly) observations. Second, 

we used a selected sample of employees consisting of all of the winners. In all, the 

number of monthly observations of the winners added up to 2,183, with 2,116 with 

no sick leave on all working days of the previous month. The empirical analyses in 

Section 5 are based on these two data sets. 

<Table 1> 

We discuss the observable characteristics of the workers for both sub-

samples. In Table 1 we distinguish between the (gross) population and the selection 

                                                 

 
 5

4 For all of these monthly observations, the worker was employed with the firm at all of the working 
days of the calendar month. Consequently, workers who were hired during a month (or left the firm 
during a month) are included in the sample from the first calender month after hiring (up to and 
including month before separation). 



of workers who were not on sick leave on all working days of the previous month. 

Furthermore, the table presents two sick leave measures. First, the monthly 

incidence of sick leave is defined as the occurrence of reporting sick in a particular 

month, irrespective of the number of sick leave days. This variable is (primarily) 

used in the estimation of the model, as the lottery incentive is based on the 

incidence of reporting sick in a particular month as well. Second, the monthly 

duration or the rate of sick leave is defined as the number of days a worker reported 

sick in a particular month, and is expressed as a percentage of the number of 

working days. Obviously, and in contrast to the monthly incidence of sick leave, 

this variable is informative on the lottery incentive effect in terms of reduced wage 

costs.  

The average monthly incidence is lower for the selected sample (15.4 

percent) than for the gross sample (20.0 percent). The average sick leave rates for 

these groups (weighed for both the duration of sick leave within the month and the 

length of the working week) are 9.9 percent and 5.4 percent, respectively. Thus, by 

selecting workers who were not ill on all working days of the previous month, a 

(small) group of workers, who are relatively prone to be absent and not likely to 

participate in the lottery, and constitute a major part of the total sick leave rate, is 

excluded from the sample. The remaining observable characteristics do not differ 

substantially between both samples: about 19 percent of the observations are 

female workers; about 32 percent of the workers have non-native parents; about 17 

percent of the workers have a part-time job; the average age is 41.6 years and the 

average tenure is 12.7 years.5 About 41 percent of the workers are employed in the 

smaller plant.6 

Table 1 also compares the sick leave incidence and sick leave rates before 

and during the lottery. We find only the sick leave rate to have changed 

significantly after the introduction of the lottery, both for the gross and the selected 

sample. This is somewhat surprising, as participation in the lottery depends on the 

past incidence of absenteeism rather than the rate. We also compared the 

                                                 
5 As we know the date of birth as well as the (exact) date of entry at the firm of individual workers, 
we know exactly the age and tenure. 
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composition of workers who were hired before and after announcement of the 

lottery. Although the introduction of an incentive system could lead to an additional 

inflow of less risk-averse workers (Lazear, 2000), it seems not to be very likely that 

it happened in the lottery of this firm, in which the lottery bonus was non-recurrent. 

Indeed, for the averages of the hirees’ observables, we do not find significant 

differences between both periods. 

<Table 2> 

Table 2 presents the statistics for the group of lottery winners. When 

comparing this information on sick leaves with the information in Table 1, the 

incidence (7.0 percent) and monthly duration (1.9 percent) of sick leaves are 

considerably smaller. This is not surprising, as (on average) lottery winners 

participated in more lotteries than non-winners, and one of the conditions for 

lottery participation is not having reported ill for three consecutive months. Thus, 

winners are likely to be healthier than non-winners. Furthermore, we find both the 

incidence and the rate of sick leave to have decreased after the start of the lottery, 

suggesting that – all else equal – the lottery incentive was effective. The remaining 

variables show no substantial differences between the two samples, with the 

exception of the location of the plants. This stems from the fact that the 

stratification of the lottery across the plants (3:4) does not exactly correspond to the 

fraction of workers in both plants (2:3). 

<Table 3> 

We have information both on the worker’s department within the firm and 

on his job title. Based on information from the personnel department, we 

distinguished the workers into 22 departments and the job titles into 12 job levels, 

corresponding to salary scales. It should be noticed that we do not observe the 

(exact) wages that are earned. Table 3 gives the fraction of workers in each of the 

salary scales, as well as the minimum and maximum monthly gross salary. A 

substantial fraction of the workers is concentrated in the lower-ranked job levels. 

More particularly, about 80 percent of the workers have a function below job level 

8. The maximum gross monthly salary varies between 1,868 euros and 3,582 euros, 

but for the higher-ranked job level information on the salary is lacking. Thus, in 

terms of a percentage of the net wage, winning the lottery results in an additional 
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monthly net pay of 4 to 6 percent.  

<Figures 1,2> 

Figure 1 presents the monthly rate of sick leave over the period July 2001 – 

July 2003. The rate is weighed for the duration of sick leave during the month as 

well as for the length of the working week. As from September 2001, we observe a 

downward trend in the monthly rate of sick leave. It is however unclear if, and to 

what extent, this trend can be attributed to the lottery, which started in June 2002. 

Figure 2 portrays the development of the average monthly incidence of sick leave, 

which we will use as dependent variable in the regression analysis. Again, we 

observe a downward trend in the rate of sick leave. 

 <Figure 3> 

Next, we focus on the workers’ eligibility for the lottery, for the period June 

2002 – July 2003. Figure 3 distinguishes between three groups of workers: workers 

who have won a previous lottery and therefore are no longer eligible to the lottery 

(lower area); workers who participate in the lottery as they had neither been on sick 

leave in the previous three months nor have won a lottery (upper area); and workers 

who had been on sick leave on any working day of the past three months and 

therefore are not eligible for the lottery (middle area). Figure 3 shows that by the 

end of July 2003 about 20 percent of the work force have won one of the lotteries. 

The probability of being on sick leave in the past three months varies between 20 

percent and 30 percent during the lotteries. Finally, conditional on participating in 

the lottery, the monthly probability of winning increases from 2.7 percent (June 

2002) to 3.4 percent (July 2003). The reason for this is that the number of eligible 

workers declines over time, whereas the number of (monthly) winners remains 

constant. As a result, the stimulating effect from the lottery scheme increases 

somewhat for workers who have not yet won the lottery.7  

<Figures 4,5> 

Figures 4 and 5 consider participation in the lotteries in more detail. At the 

one extreme, if all lottery winners had participated in all lotteries (before they 

actually won), we would observe a downward sloping fraction of lottery winners 
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over the number of lotteries. Figure 4 clearly does not support this hypothesis – 

winners did not participate in all lotteries. Furthermore, for the non-winners in 

Figure 5, we find a substantial fraction of workers (35%) who have participated in 

all lotteries. This stresses the importance of the heterogeneity of workers in the 

sample: some of them have a very low sick leave probability and are likely to 

participate in (almost) all lotteries; others participate in the lottery occasionally. 

 

4. Empirical model 

In this section, we discuss how the incentive of the lottery can be 

incorporated in an empirical model of the monthly incidence of sick leave. For ease 

of exposition, we start by investigating the consequences of the lottery bonus for 

the sick leave decision within a month. For the moment, we assume that in the 

coming months there is a lottery and that the worker has not yet won any of the 

lotteries. In this setting, we have modeled the worker’s sick leave decision as a 

standard reservation strategy (in the appendix of this paper). For an algebraic and 

detailed exposition of the lottery incentive effect, we refer to the appendix of this 

paper 

Due to the introduction of the lottery the reservation strategy of a worker 

changes over time, causing the incidence of sick leave to change over time as well. 

Within a particular month, we may expect the lottery incentive of an individual 

worker to increase. As time proceeds and the worker has not become sick, the more 

likely the prospect of participating in the lottery will become – thus strengthening 

the incentive. At the same time, the fraction of workers that in fact has reported ill 

increases, thus decreasing the overall lottery incentive. If workers are risk-neutral, 

it can be shown that both effects are equal. Hence, the incentive effect will remain 

constant within a particular month. 

 The lottery incentive over three consecutive months is more complex, since 

absenteeism in the current calendar month m has consequences for participation in 

the lotteries of the next three months. Each of these lotteries may give a stimulus to 

the worker, although future incentives may have a lower value to the worker, which 

is picked up by a monthly discount rate ρ. In what follows, subscript i refers to the 

i-th worker (i = 1,…, N) and subscript m to the m-th calendar month (m = 1,…, M). 
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Furthermore, we introduce an indicator for the monthly incidence of absenteeism 

Si,m which is 1 if the i-th worker has been on sick leave during the m-th month and 

zero if otherwise. Given that there will be a lottery in the coming months and the 

worker has not won any of the lotteries yet, three future lotteries may affect the 

current decision not to report sick in the m-th month. The compound of these three 

incentives is represented by I ρ , which measures the incentive of (future) lotteries:  

(1) 2
, , 1 , 2 , 1(1 )(1 ) (1 )i m i m i m i mI S S Sρ ρ ρ− − −= − − + − +   1,..., ;i N=   1,...,m M=

Equation (1) shows that there are three impetuses to abstain from absence in the 

current month m. First, when he has not been on sick leave in the months m-1 and 

m-2, the worker may participate in the next lottery at the beginning of month m+1.8 

In addition, when he has not been on sick leave in m-1, he may participate in the 

lottery of month m+2 (discounted by ρ). Finally, the worker may participate in the 

lottery of month m+3 (discounted by 2ρ ), irrespective of sick leave behavior in the 

past months.9 

 In equation (1), I ρ  explicitly depends on the discount factor ρ, which gives 

the value the worker attaches to the two consecutive lotteries following the 

upcoming lottery. For ρ = 0, the worker appreciates the upcoming lottery only, 

which could be due to myopic behavior. Experimental studies often stress the 

importance of hyperbolic discounting and awareness of the incentive (Frederick et 

al., 2002). This may also be relevant within the context of the lottery we 

investigate. That is, workers may not be (fully) aware of the consequences of their 

absenteeism on consecutive lotteries, or they are interested in the upcoming lottery 

only. We return to these issues when discussing the estimates of the model. For ρ = 

1, the worker values the three lotteries equally. Discounting may occur as a result 

of time preferences, as well as with respect to the probability of reporting sick in 

the next (relevant) months. From this perspective, we may expect ρ to be higher for 

                                                 
8 As the decision is taken for the whole month, and the lottery is held on one of the first working 
days of the next month m +1, we do not need to discount the revenue. 
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, 1i mI ρ ρ ρ= + + ; in June 2002, it becomes 
2

, , 1(1 )i m i mI Sρ ρ ρ−= − + + . Our empirical results do not change substantially when we exclude all 
observations of May 2002 and June 2002 from the sample. 



healthy workers.  

In addition to the incentive I ρ in equation (1), two conditions have to be met 

for participation in the lottery. The first condition is that a lottery is held in the 

coming month, which pertains to the observations from May 2002 onwards. The 

second condition for lottery participation is that the worker has not won one of the 

previous monthly lotteries yet. By implication, equation (1) becomes invalid when 

a worker wins the lottery.10 Conditional on participation in the lottery, winning the 

lottery is random. Consequently, this source of variation can be considered 

exogenous. All together, the incentive variable we will use in the empirical analysis 

equals: 

(2) , , * *i m i m m i m,Z I L Eρ ρ=   1,..., ;i N=  1,...,m M=  

where the indicator function  is 1 when a monthly lottery is held, (in m+1), and 

zero if otherwise (thus, is 1 from May 2002 onwards).  is 1 if the i-th worker 

has not won any lottery up to the m-th month, and zero in all other cases including 

the month in which the lottery was won.  

mL

mL ,i mE

In general, the monthly incidence of sick leave is 

(3) , , ( , , )i m i m i i m i mS Z f X Tρ
,α θ= + +ε   1,..., ;i N=   1,...,m M=

with 0α ≤ . Besides the influence of the monthly lottery, the monthly incidence 

depends on a function f(.) of unobserved worker-specific effects ( iθ ), a vector of 

observed characteristics of the worker ( iX ), and a vector of time-varying 

information (T ). m ,i mε is an i.i.d. random error term. 

Basically, the worker-specific effect, iθ , allows for differences in general 

health status across workers. However, there may be a severe, temporal drop in a 

worker’s health condition, which results in a prolonged term of sick leave. 

Individual workers who are incapable of working through a severe illness cannot 

respond to the incentive during such a period at all. We assume that workers in 

protracted illness are no part of the population of workers who are capable to 

respond to the monthly lottery. This assumption results in the following sampling 
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criterion: those observations  for which worker i has been on sick leave on all 

working days of the previous calendar month m-1 have been excluded from the 

sample. It implies that for all of the observations of the sample, showing up on the 

work floor is within the bounds of possibility of individual workers. 

,i mS

β γ

ρ

To estimate equation (3), we follow the Probit specification, in which the 

monthly incidence of sick leave S depends on:11 

(4)  
, , ' 'i m i m i i m i mZ X Tρ ρ

,S Zα δ ε= + + + +  1,..., ;i N=  1,...,m M=  

where X is a vector of time-invariant,12 observable worker characteristics, which 

include age, tenure, dummies for gender, part-time, non-native parents and plant, as 

well as dummies for both the function level and the department of the worker. T is a 

vector of calendar month dummies (24 dummies). ε  is a Normally distributed error 

term. The parameter values of the vectors γ and δ as well as the scalars α and β 

register the effect of X, Tm, Z and Z ρ , respectively. As the incentive variable Z ρ  is 

the only independent variable that varies both across workers and over time, we 

included its average per worker Z ρ  (averaged over all months in which the worker 

is observed) to control for the unobserved worker effect.13 The intuition behind this 

approach is that β is estimated by changing Z ρ , but holding the time average 

constant.14 As a result, we arrive at the Random Effects Probit model. Maximum 

likelihood gives a consistent estimator of our parameter of interest, β, as the 

correlation of Z ρ  with ε does not seriously affect exogeneity – that is, M = 25 

months is fairly large. 

The incentive Z ρ variable depends on the discount rate ρ. In order to 

estimate the model, we will apply a grid-search procedure, in which we opt for the 

value of ρ that gives the lowest absolute value of the log likelihood function. 

                                                                                                                                        
remainder of this month. 
11 We estimate the model at the monthly level, as it corresponds to the frequency of the lotteries, 
which is sufficient to obtain a consistent estimate of the incentive effect.  
12 Of course, the age and tenure of workers increase slightly over the period of investigation (25 
months). 
13 In order to obtain standard errors of ρ, we should have estimated the model with ρ as a separate 
variable. Estimation of such a model is however rather cumbersome, as this would involve nonlinear 
constraints in the model (see equation (1)). Moreover, as we will show in the following, there is a 
risk of obtaining corner-solutions  (ρ ≥ 0 ). 
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Moreover, the estimation results for the various model versions can be used as a 

robustness check. At the one extreme, with ρ = 0, workers are stimulated only by 

the next lottery. At the other extreme, with ρ = 1, workers fully take into account 

the two subsequent lotteries as well. 

 

<Table 4, 5> 

 

5. Estimation results 

5.1 The benchmark model 

This sub-section discusses the estimates of equation (4) for those 

observations for which the worker was not on sick leave on all of the working days 

of the previous calendar month. For various values of ρ, we calculated the 

corresponding value of the log likelihood. Table 4 gives the outcomes for both the 

net sample and the sample of winners. Note that the coefficient estimates in the 

table are expressed as marginal effects (in percentage points). Apparently, the 

lowest absolute value of the log likelihood is for ρ = 0. At this extreme, workers are 

driven by the first upcoming lottery only, and myopic in their valuation of future 

lotteries. Two explanations for this result are that workers were not (fully) aware of 

the consequence of current absenteeism for future lotteries, or that they were only 

interested in the first upcoming lottery due to hyperbolic discounting. Still, careful 

interpretation is needed when analysing our grid-search estimation results. In 

particular, we can reject the null hypothesis that workers value all upcoming 

lotteries equally (ρ = 1), but we cannot conclude from this that ρ equals zero. 

 The result that discounting is important holds for both the net sample and 

the sample of lottery winners. Lottery winners, who are more likely to be in good 

health, are also more likely to participate in future lotteries. Therefore, we may 

expect this group to have a higher rate ρ. Our results suggest that there is no 

evidence for this, but the power of our grid search test is limited here.  

Table 5 presents the estimated parameters for ρ = 0, i.e. the model where 

workers are driven by the first upcoming lottery only. Most of the coefficient 
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14 This model is often referred to as Chamberlain’s Random Effects model (Chamberlain, 1982). 



estimates of γ are insignificant. Only the dummies describing calendar time effects 

and the dummies for the various departments of the firm and for the function levels 

(salary scale) differ significantly from zero. 

Generally, we find the estimated coefficient on the lottery incentive to be 

significant different from zero and economically substantial. For the net sample, 

participation in the lottery induces workers to report sick less frequently, with the 

effect amounting to a 2.1 percentage point reduction in the monthly sickness 

incidence. Their average sickness incidence is 15.4 percent (see Table 1). 

Remarkably, we find the estimated coefficient on the lottery incentive to be higher 

for the sub-sample of winners than for the net sample. For the winners, the 

estimated marginal effect equals 4.1 percent point. This is substantial, in particular 

compared with the average sickness incidence in the sample of winners of 8.8 

percent (see Table 2). It suggests that the lottery winners responded strongly to the 

lottery incentive. As we have argued earlier, workers who are in good health are 

likely to participate in the lottery more frequently, making it more likely that they 

will win a lottery. Furthermore, healthy workers who report sick are likely to have 

short sickness durations, e.g. one or two days. Thus, the lottery incentive induces 

these workers to decide whether they should not report sick at all. When they do so, 

it causes a sizeable reduction in the incidence of sickness rather than in the rate of 

sickness.  

The estimates results suggest that, from the perspective of the firm, the 

lottery was highly beneficial. For an average monthly salary of 1800 euros, and a 

50% participation rate in the lottery, the estimated monthly amount of benefits in 

terms of sickness pay reduction equals 5,760 euro.15 Hence, the benefits dwarf the 

monthly costs of the lottery, which are a mere 525 euro. In the first lotteries, 

workers may have overestimated the probability of winning the lottery. However, 

this effect is not likely to persist over time, and – given the size of the effect – can 
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15 The average estimated lottery effect on the sickness rate equals 1.6%-point (this can be derived 
from the Tobit model, as we will show in Sub-section 5.2); the average number of workers in the 
sample was about 400, and on average about 50% of these workers met the conditions for 
participation in the first upcoming lottery (see Figure 3). With an average wage of 1,800 euros, the 
savings on sickness absenteeism costs equal 400 x 1.6% x 50% x 1,800 euros = 5,760 euros per 
month. 



only be a modest and partial explanation. Non-monetary aspects are more likely to 

drive our results. Workers may be intrinsically motivated16 to participate in the 

lottery, just because of fun. Furthermore, winning the lottery entails more than 

receiving a bonus. Lottery winners are publicly announced, thus acting as a signal 

that these workers are less likely to report sick than their colleagues. Workers may 

also like the idea of earning more than their colleagues, rather than the exact 

amount of money that is involved.17  

 

5.2 Robustness checks 

So far, we have made various assumptions regarding the specification of 

equation (3), in particular with respect to the response mechanism of individual 

workers to the lottery scheme. This sub-section investigates the consequences of 

relaxing or changing these assumptions.  

To start with, we re-estimate the model following the (conditional) Logit 

specification with fixed worker effects, instead of the Random Effects Probit 

model.18 It results in an insignificant estimate of the incentive effect for the full 

sample, and an estimated coefficient of about –0.060 (which is statistically 

significant at the 5%-level) for the sub-sample of winners.19 However, this 

estimation procedure may be hampered by the fact that the model cannot be 

estimated using information of healthy workers who have not been on sick leave for 

the whole sampling period. 

                                                 
16 Another explanation is that extrinsic motivation has crowded out the intrinsic motivation of 
workers not to report sick. In particular, workers who are not or no longer eligible for the upcoming 
lottery may be triggered to report sick more often. This causes the incentive effect – which is based 
on the comparison of those who are eligible with those who are not eligible for the lottery – to be 
overestimated. A natural way to test for this effect is to compare absenteeism behavior of workers 
before the lottery, during the lottery, and after winning the lottery (see Sub-section 5.2).  
17 In addition, we find no difference in the effect of the incentive variable for various specific 
groups of workers. We added in equation (4) an interaction term in the incentive variable and one of 
the following dummy variables (as well as the average per worker of this cross term): a dummy for 
older workers, for workers with long tenure, female workers, part-time workers, workers with non-
native parents, and workers with high-function levels. We estimated this equation for each of these 
cross-terms separately. For none of these specifications, the estimated coefficient on the cross-term 
is significantly different from zero. 
18 Within the context of the Conditional Logit model, we should be aware that the number of 
explanatory variables decreases considerably; parameter estimates can only be identified for those 
variables that vary over time. We included 24 monthly dummies and the lottery incentive.   
19 The Conditional Logit estimates are based on a sub-sample of 344 workers (65 lottery winners) 
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As a second robustness check, we investigate sick leave behavior of 

workers after they won the lottery. As we have argued earlier, we can distinguish 

between two meaningful types of information that identify the lottery incentive 

effect. Hence, the incentive effect is over-identified. First, there is variation in past 

sickness behavior, which determines eligibility for the lottery. Second, workers are 

no longer eligible for the lottery after they have won the lottery, which also results 

in variation in the incentive. The over-identification of the incentive effect enables 

us to test for the presence of persistency in sickness behavior. Suppose that lottery 

winners show a (permanently) reduced incidence of sickness, then the incentive 

estimate that is based on the second type of information – comparing lottery 

winners before and after winning the lottery – will be underestimated. We test 

persistency behavior by including a ‘persistency dummy’ as an additional variable 

in the model – that is, a dummy describing the effect after winning the lottery. We 

rewrite equation (4) as 

(5)  , 1 , 1 2 , 2 ' 'i m i m i i m i i m i mS Z Z W W X Tρ ρ
,α β α β γ δ ε= + + + + + +   

with 

(1 )im imW E= −  

and 

   1,..., ;Wi N= 1,...,m M=

where  is the number of lottery winners over the full sampling period. The 

‘persistency’ dummy variable W  is one once a worker has won a lottery (so it 

becomes one in the month of winning) and zero elsewhere. If persistency behavior 

is important, we may expect 

WN

im

2α to be smaller than zero, indicating that the incentive 

effect persists and sickness incidence does not fall back to the level without lottery 

incentive. 

<Table 6> 

Table 6 presents the estimation results of equation (5), based on the sub-

sample of workers who have won the lottery.20 The coefficient on the persistency 

                                                                                                                                        
who have been on sick leave in at least one of the 25 months of the sampling period. 
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20 Obviously, estimation of the specification with persistency dummy for a sample of winners and 
non-winners is likely to result in biased estimates. Therefore, the persistency effect is estimated 



dummy W  is insignificant. Furthermore, the estimated coefficient on the incentive 

– which is now based on the first type of information (variation in the past sickness 

behavior of workers) only – does not change substantially. It suggests that 

persistency effects are not important. 

im

As a third robustness check, we concentrate on the impact of the lottery 

incentive on the rate of sickness vis-à-vis the incidence. In the benchmark model 

(defined in equation (4)), we concentrated on the impact on the monthly incidence 

of sickness only – the (implicit) assumption being that the distribution of sickness 

rates has remained unaffected. However, it may be that the effect of the incentive 

has led to a reduction of short sickness durations only – causing the sickness rate to 

decrease only slightly compared to the sickness incidence.  

In order to get a more complete picture of the effect on the sickness rate, we 

re-estimate the model using a Tobit specification, in which the dependent variable 

is the fraction of working days of the month in which the worker is on sick leave. 

First, it helps us to obtain the marginal effect of the incentive variable, on both the 

incidence and the rate of sickness. Second, the comparison between the estimation 

results of the Probit and the Tobit model provides us with a natural test on 

sensitivity of worker groups on the incentive effect. For the Probit model, the 

incentive coefficient estimate is identified from the (discrete) data on sickness 

incidence only. For the Tobit model, identification follows from data on both the 

sickness incidence and the (conditional) sickness rate. Now, if the incentive effect 

is confined to (the density of) low sickness rates only, the estimated marginal 

effects of both models will not coincide. In particular, the coefficient estimate of 

the marginal effect of the incentive in the Probit model would exceed that of the 

Tobit model. 

<Tables 7 and 8> 

Tables 7 and 8 present the parameter estimates of the Tobit model for the 

sickness incidence and the sickness rate of the net sample and the sample of 

winners, respectively. Note that the coefficient estimates are again expressed as 

marginal effects. We find the estimated impact of the lottery incentive on the 
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using the information on winners only, whereas the effect of the lottery is based on information of 
both winners and non-winners. 



incidence and the rate of sickness for the net sample to equal 3.5 percentage points 

and 1.6 percentage points, respectively. Similarly, the estimated effects are 5.1 

percentage points and 1.8 percentage points for the sub-sample of winners. Thus, 

there is no significant difference between the incentive effect on the rate of sickness 

for the net sample and for the sub-sample of winners.  

The estimated coefficients on the sickness incidence exceed those in the 

Probit model – the difference being insignificant for both samples. From this, we 

conclude that the incentive effect has equally affected the incidences of sickness 

spells of short and long durations.  

 

6. Conclusion 

We have investigated the effect of a unique monthly lottery established by a 

large Dutch manufacturer with the intention to stimulate work floor attendance. So 

far, the literature on sickness absence behavior has mostly focused on negative 

incentives – that is, the effect of wage decreases upon absence, or the future 

consequences of absence for the labor market position of workers. Our study 

contributes to this literature by analyzing the effect of a bonus system on individual 

absenteeism. In the lottery we investigated the incentive bonus system was directly 

related to individual absence behavior in the past three months. Furthermore, our 

analysis is related to the empirical literature on the effect of incentives on 

productivity (initiated by Lazear (2000)). In general, these studies show that 

incentive pay has a positive effect on individual productivity. Loosely speaking, the 

lottery bonus may be interpreted as a kind of incentive pay and absenteeism as a 

measure of productivity. 

We have estimated a semi-structural model; i.e. we specified the incentive 

effect (which depends on past absenteeism) to be highest for those workers who are 

(still) eligible for all of the three upcoming lotteries. According to our estimation 

results, the lottery leads to a substantial decrease in the incidence of sickness of 3.5 

percentage point. This corresponds to a reduction in the rate of sickness of 1.6 

percentage point. Interestingly, it seems that workers are mainly driven by the first 

upcoming lottery. When looking at the effect of the lottery on the incidence of 

sickness, we find it to be particularly strong for those workers who have won the 
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lottery during the period of investigation. Presumably, these workers were in better 

health, making it more likely for them to win the bonus. In addition, healthy 

workers who report sick are likely to have short sickness durations, of e.g. one or 

two days. Thus, the lottery incentive induces these workers to decide not to report 

sick at all, causing a sizeable reduction in the incidence of sickness, rather than the 

rate of sickness. 

Our results suggest that the lottery was highly beneficial to the firm. It 

therefore seems that non-monetary aspects to workers are important in explaining 

the substantial incentive effect. One of these aspects may be the public 

announcement of the winners among the colleagues. Furthermore, the idea of 

earning more than colleagues may be more important to workers than the exact 

amount of money involved. However, we may expect that the effect of the lottery 

will diminish after some time, since we find that winning workers resume their 

(higher) rate of absence prior to the lottery. It seems that this incentive system 

cannot alter workers’ identities (Akerlof and Kranton, 2005). Probably, the 

incentive system might have a longer lasting effect on absenteeism if the lottery 

winners remain eligible for future lotteries or if the criteria for participation in the 

lottery were loosened, by e.g. extending participation to workers who do not report 

sick for two, instead of three months. However, from our results we cannot 

conclude that such changes would reduce absenteeism to a greater extent. Clearly, 

the number of workers who are stimulated not to report sick will increase, but in 

turn this might reduce the incentive effect of the lottery as a signaling device. 
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Appendix: Modeling the effect of the lottery incentive 

In this appendix we analyze the effect of the lottery incentive on 

absenteeism. In particular, we are interested in the variables driving the effect of 

the lottery incentive, as well as its evolution within a particular month. We start by 

modeling the workers sick leave decision as a standard reservation strategy: 

 

(I)  (d dS I h H= > *)

 

with d = 1,.., D. Sd  represents the rate of sick leave of a worker at day d, hd  the 

health status at d , and H* the reservation value of h for which the worker is 

indifferent between sick leave and being at work. H* is determined by the value of 

leisure of a particular worker, and the health status h is drawn from a distribution 

G. I indicates the event between parentheses. Under these assumptions, the 

probability of reporting sick at day d is equal to 1 – G(H*).  

When expressing H* in terms of money utility value, the model can be 

extended with the bonus incentive. We denote the expected value of participating in 

the lottery as L. The possible prospect of a bonus lies at the end of the month, D, 

provided that the worker has not reported sick until d. Due to the introduction of the 

bonus, we may expect the reservation strategy of the worker to change over time. 

The dynamic programming problem of a worker – represented by the reservation 

value H*(d) – who has not reported sick until time d can then be written as: 

(II)  *( ) * exp{ [1 ( *( ))] }
D

d
H d H L G H s ds= + −∫

with 0 < d < D. 

Equation (II) shows that the incentive effect of the prospect of a bonus 

increases over time, provided that sick leave has not occurred so far. The expected 

money value of the bonus is equal to the expected value of participation in the 

lottery L, discounted by the survival probability of not reporting sick until D. If 

however a worker decides to report sick at time d, we return to the model as in 

equation (I). For small values of L, the effect of the incentive can be approximated 

by a first order Taylor series expansion at L = 0:   
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(III) ( *( ) | 0) ( *)exp{ ( )[1 ( *)]}G H d L g H D d G H
L

∂ =
= − − −

∂
 

 

This expression shows that the impact of the bonus incentive is determined 

by three variables. First, the model predicts the impact to depend on the density of 

G at H*, just as any other variable that affects H* and is constant over time. 

Second, the impact of the incentive increases over time. This is not surprising, as 

the prospect of participating in the lottery becomes more likely over time. Third, 

the model predicts this increase over time to interact with the ex ante sickness 

probability of workers. The intuition behind this result is that the incentive is 

stronger for healthy workers who are more likely to participate in the lottery.  

Combining the above findings, the net impact of H* on the bonus effect is 

ambiguous. On the one hand, for workers with a low sick leave rate (and small H*) 

the further downward potential of their sick leave rate is likely to be small – this 

can be labeled as the ‘density effect’. On the other hand, the incentive impact itself 

for this group is substantial – this is the effect that is due to a shift in the support.  

 So far, we have derived the impact for workers who have not reported sick 

until time d. In order to calculate the average (overall) impact for workers, we have 

to take into account that there is no further incentive for those workers who have 

reported sick. Thus, equation (III) is multiplied with the probability of not reporting 

sick until time d:  

 

(IV) ( *( ) | 0) exp{ [1 ( *)]} ( *)exp{ [1 ( *)]}G H d L d G H g H D G H
L

∂ =
− − = − −

∂
 

 

Expression (IV) shows that the overall impact of the bonus is constant 

within a particular month. This means that the incentive increases for workers who 

have not reported sick, but the size of this group decreases to the same extent. 
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Table 1 – Summary statistics, all workers  

 Gross sample Selection of population a) 

 Mean Std.deviation 
of mean Mean Std.deviation 

of mean 
Monthly incidence of sick leave 0.200 0.004 0.154 0.004 
  − before the lottery 0.207 0.005 0.158 0.005 
  − during the lottery 0.194 0.005 0.151 0.005 
Duration of sick leave  
(fraction of month) 0.099 0.003 0.054 0.002 

  − before the lottery 0.110 0.004 0.063 0.002 
  − during the lottery 0.090 0.003 0.047 0.002 
Proportion of part-time workers 0.177 0.004 0.173 0.004 
Proportion with non-native parents 0.326 0.005 0.321 0.005 
Gender (woman = 1; man = 0) 0.197 0.004 0.193 0.004 
Age  (in years) 41.57 0.10 41.54 0.10 
Tenure (in years) 12.76 0.10 12.66 0.11 
Location (plant A = 1; plant B = 0) 0.408 0.01 0.411 0.01 
     
Number of  
observations 9,637 9,088 
a) Excluded are observations of workers who were on sick leave on all working days of the previous 
month. 
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Table 2 – Summary statistics, lottery winners 
 Gross sample Selection of population a)

 Mean Std.deviation 
of mean Mean Std.deviation 

of mean 
Monthly incidence of sick leave 0.104 0.007 0.088 0.006 
  − before the lottery 0.149 0.011 0.118 0.009 
  − during the lottery 0.070 0.007 0.066 0.007 
Duration of sick leave (fraction of 
month) 0.043 0.004 0.029 0.003 

  − before the lottery 0.073 0.007 0.045 0.003 
  − during the lottery 0.020* 0.003 0.017* 0.002 
Proportion of part-time workers 0.168 0.008 0.166 0.008 
Proportion with non-native parents 0.357 0.01 0.350 0.01 
Gender (woman = 1; man = 0) 0.16 0.008 0.160 0.008 
Age  (in years) 41.96 0.21 41.98 0.21 
Tenure (in years)  12.96 0.20 12.94 0.21 
Location (plant A = 1; plant B = 0) 0.483 0.01 0.481 0.01 
   
Number of  
observations 2,158 2,116 
a) Excluded are observations of workers who were on sick leave on all working days of the previous 
month. 
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Table 3 – Job level, worker percentages, and minimum and maximum wages 
(481 Workers) 

Function 
level 

Percentage 
of workers 

Cumulative 
Percentage of 

workers 

Minimum monthly 
gross salary (Euros)

March 1st, 2002 

Maximum monthly 
gross salary (Euros)

March 1st, 2002 
1 3.74 3.74 1,616 1,868 
2 4.99 8.73 1,676 1,948 
3 20.79 29.52 1,735 2,013 
4 17.67 47.19 1,813 2,130 
5 12.27 59.46 1,896 2,319 
6 14.97 74.43 1,995 2,467 
7 6.24 80.67 2,120 2,658 
8 8.73 89.40 2,275 2,907 
10 0.83 90.23 2,698 3,582 
11 6.44 96.67 a) a) 

12 2.91 99.58 a) a) 

13 0.42 100.0 a) a) 
a) Salary is unknown for the highest job levels. 
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Table 4 – ML-estimates of parameters of Z ρ in equation (4) (heteroscedasticity 
adjusted standard errors), for different values of ρ; t-values between 
parentheses 
 ρ = 0 ρ = 0.25 ρ = 0.5 ρ = 0.75 ρ = 1 
Net sample      
Z ρ  -0.021 -0.021 -0.018 -0.013 -0.009 
 (-2.04) (-2.38) (-2.42) (-2.22) (-1.90) 
Log Likelihood   (N=9,088) -3503.0 -3529.8 -3557.4 -3578.0 -3591.6 
      
Winners      
Z ρ  -0.041 -0.041 -0.032 -0.024 -0.019 
 (-2.77) (-2.92) (-3.00) (-3.03) (-3.03) 
Log Likelihood   (N=2,116) -551.5 -552.2 -553.1 -553.9 -554.6 
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Table 5 – ML-estimates of the benchmark model: equation (4) with 0ρ = ; 
(heteroscedasticity adjusted standard errors)  
 Net sample Winners 

Independent variable 
Marginal 

effect t-value Marginal 
effect t-value 

, 0Z ρ ρ =  -0.021 (-2.04) -0.041 (-2.77) 

, 0Z ρ ρ =  -0.273 (-8.23) -0.144 (-2.75) 
Tenure 0.0004 (0.19) 0.002 (0.61) 
Tenure-squared / 100 -0.004 (-0.62) -0.010 (-0.85) 
Age 0.004 (0.76) 0.008 (1.31) 
Age-squared / 100 -0.005 (-0.88) -0.010 (-1.27) 
Dummy gender (woman=1, man = 
0) 0.028 (1.68) 0.009 (0.31) 

Dummy part-time -0.005 (-0.42) -0.031 (-1.69) 
Dummy non-native parents -0.018 (-1.57) 0.026 (1.51) 
Dummy plant 0.005 (0.20) -0.065 (-2.19) 

Calendar month dummies  
2

(24)
χ = 194.9 2

(24)
χ = 55.1 

Function level dummies 
2

(11)
χ = 47.1 2

(8)
χ = 20.6 

Department dummies 
2

(21)
χ = 108.7 2

(18)
χ = 39.4 

   
Number of independent variables 66 60 
Pseudo R-squared 0.104 0.128 
Number of observations 9,088 2,116 
Log likelihood -3503.0 -551.5 
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Table 6 – ML-estimates of equation (5), with 0ρ = , measuring persistency 
effects for winners (N=2,116); (heteroscedasticity adjusted standard errors)  

Independent variable 
Marginal 

effect t-value 

, 0Z ρ ρ =  -0.045 (-2.00) 

, 0Z ρ ρ =  -0.267 (-2.51) 

W  -0.008 (-0.31) 

W  -0.133 (-1.38) 
Tenure 0.002 (0.68) 
Tenure-squared / 100 -0.010 (-0.90) 
Age 0.009 (1.50) 
Age-squared / 100 -0.010 (-1.42) 
Dummy gender (woman=1, man = 0) 0.007 (0.30) 
Dummy part-time  -0.026 (-1.50) 
Dummy non-native parents 0.028 (1.57) 
Dummy plant -0.062 (-2.17) 

Calendar month dummies  
2

(24)
χ = 45.8 

Function level dummies 
2

(8)
χ = 17.4 

Department dummies 
2

(18)
χ = 30.7 

  
Number of independent variables 62 
Pseudo R-squared 0.130 
Number of observations 2,116 
Log likelihood -550.2 
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Table 7 – ML-estimates of the Tobit model, dependent: (number of working 
days of sick leave in month)/ (total number of working days in month); net 
sample 

 
Effect on Sickness 

Incidence 
Effect on Sickness 

Rate 

Independent variable 
Marginal 

effect t-value Marginal 
effect t-value 

, 0Z ρ ρ =  -0.035 (-3.78) -0.016 (-3.78) 

, 0Z ρ ρ =  -0.228 (-11.66) -0.103 (-11.58) 
Tenure 0.002 (1.70) 0.001 (1.70) 
Tenure-squared / 100 -0.008 (-2.11) -0.004 (-2.11) 
Age 0.004 (1.49) 0.002 (1.49) 
Age-squared / 100 -0.006 (-1.64) -0.003 (-1.64) 
Dummy gender (woman=1, man = 
0) 0.028 (2.83) 0.013 (2.83) 

Dummy part-time -0.004 (-0.34) -0.002 (-0.34) 
Dummy non-native parents -0.009 (-1.19) -0.004 (-1.18) 
Dummy plant 0.007 (0.38) 0.003 (0.38) 

Calendar month dummies  
2

(24)
χ = 149.9 

Function level dummies 
2

(11)
χ = 60.6 

Department dummies 
2

(21)
χ = 101.7 

 
Number of independent variables 66 
Pseudo R-squared 0.096 
Number of observations 9,088 
Log likelihood -3675.6 
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Table 8 – ML-estimates of the Tobit model, dependent: (number of working 
days of sick leave in month)/ (total number of working days in month); sample 
of winners 

 
Effect on Sickness 

Incidence 
Effect on Sickness 

Rate 

Independent variable 
Marginal 

effect t-value Marginal 
effect t-value 

, 0Z ρ ρ =  -0.051 (-2.65) -0.018 (-2.64) 

, 0Z ρ ρ =  -0.120 (-2.70) -0.042 (-2.67) 
Tenure 0.003 (0.84) 0.001 (0.94) 
Tenure-squared / 100 -0.011 (-1.15) -0.004 (-1.15) 
Age 0.009 (1.69) 0.003 (1.69) 
Age-squared / 100 -0.010 (-1.66) -0.004 (-1.66) 
Dummy gender (woman=1, man = 
0) 0.010 (0.45) 0.004 (0.45) 

Dummy part-time -0.028 (-1.31) -0.010 (-1.31) 
Dummy non-native parents 0.033 (1.93) 0.012 (1.93) 
Dummy plant -0.054 (-2.23) -0.019 (-2.22) 

Calendar month dummies  
2

(24)
χ = 56.0 

Function level dummies 
2

(8)
χ = 20.9 

Department dummies 
2

(18)
χ = 50.3 

   
Number of independent variables 50 
Pseudo R-squared 0.135 
Number of observations 2,116 
Log likelihood -546.9 
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Figure 4: Number of lottery participations of lottery winners
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