
Frederiksen, Andres; Takáts, Előd

Working Paper

Layoffs as part of an optimal incentive mix: Theory and
evidence

MNB Working Papers, No. 2006/2

Provided in Cooperation with:
Magyar Nemzeti Bank, The Central Bank of Hungary, Budapest

Suggested Citation: Frederiksen, Andres; Takáts, Előd (2006) : Layoffs as part of an optimal incentive
mix: Theory and evidence, MNB Working Papers, No. 2006/2, Magyar Nemzeti Bank, Budapest

This Version is available at:
https://hdl.handle.net/10419/83564

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/83564
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


MNB WORKING

PAPERS

2006/2

ANDERS FREDERIKSEN–ELÕD TAKÁTS

Layoffs as Part of an Optimal Incentive Mix: 

Theory and Evidence





Layoffs as Part of an 

Optimal Incentive Mix: 

Theory and Evidence

February 2006



The MNB Working Paper series includes studies that are aimed to be of interest to the academic community, as well as

researchers in central banks and elsewhere. Starting from 9/2005, articles undergo a refereeing process, and their 

publication is supervised by an editorial board.

The purpose of publishing the Working Paper series is to stimulate comments and suggestions to the work prepared

within the Magyar Nemzeti Bank. Citations should refer to a Magyar Nemzeti Bank Working Paper. The views

expressed are those of the authors and do not necessarily reflect the official view of the Bank.

MNB Working Papers 2006/2

Layoffs as Part of an Optimal Incentive Mix: Theory and Evidence*

(Elbocsátások az optimális ösztönzési csomag részeként: elmélet és bizonyíték)

Written by: Anders Frederiksen**–Elõd Takáts***

Magyar Nemzeti Bank 

Szabadság tér 8–9, H–1850 Budapest 

http://www.mnb.hu

ISSN 1585 5600 (online)

* We are grateful for the comments and suggestions given by Ann Bartel, Francine Blau, Patrick Bolton, Henry Farber,

Jeremy Fox, Mike Gibbs, Bo Honoré, Larry Kahn, Gábor Kátay, Ed Lazear, Bentley MacLeod, Jesse Rothstein, Kathryn

Shaw, and Niels Westergaard-Nielsen. We are also thankful for the comments given by workshop and conference par-

ticipants at Princeton University, the Center for Corporate Performance (CCP), the European Economic Association

Amsterdam Conference, the First Annual IZA Workshop on Behavioral and Organizational Economics, the Aarhus

School of Business, and the 12th Panel Data Conference at the Center for Applied Microeconometrics (CAM). Anne

Raaby Olsen has provided able research assistance.

This research project has been supported financially by the Danish Social Science Research Council through a grant

to the Center for Corporate Performance.

Elõd Takáts is grateful for hospitality while conducting research at the Center for Corporate Performance and the Ma-

gyar Nemzeti Bank; and for financial support from the Gregory C. Chow Econometric Research Program.

** Stanford University, Hoover Institution, National Fellow, 2005-2006; email: Frederiksen@hoover.stanford.edu.

*** Princeton University, Department of Economics; email: elod@princeton.edu.



Abstract 4

1. Motivation 5

2. Basic model 7

2.1 Contracting problem 9

2.2 Solving the basic model 10

3. Job-assignment model 11

3.1 The observed incentive mix 11

3.2 Characterizing employee careers 13

3.3 Comparative statics 14

3.4 Empirical predictions 15

4. Data 16

4.1 The empirical contract, and the theoretical assumptions 17

5. Empirical analysis 19

6. Discussion 24

7. Conclusion 27

8. Appendix 28

8.1 Proofs 28

8.2 Managerial rent 30

8.3 Action-set conditioning 30

8.4 Additional regressions 31

References 33

MNB WORKING PAPERS · 2006/2 3

Contents



Firms offer highly complex contracts to their employees. These contracts contain a mix of various incentives, such as fi-

xed wages, bonuses, promise of promotion, and threat of firing. This paper aims at explaining the reason why this incen-

tive-mix arises. In particular, the model focuses on why firms are combining promotions and bonuses with firing. The the-

oretical model proposed is a job-assignment model with heterogeneous employees. In this model the firm is concerned

about job assignment, because the overall productivity of the firm depends upon the quality of the employees and their

allocation to jobs. The model shows that firing has a dual role. Firing creates incentives for the employees, and it is used

as a sorting device that allows the firm to improve workforce quality. Thus, quality-concerned firms might want to com-

bine cost-efficient incentives such as promotions and bonuses with firing. To comply with the Gibbons and Waldman cri-

tique, a large set of the model’s broader predictions is stated explicitly and tested on the personnel records from a large

pharmaceutical company. The model’s predictions are shown to be consistent with the data.

JEL codes: J30, J41, M50.

Keywords: personnel economics, incentive mix, layoffs.

Abstract

A gazdasági vállalkozások bonyolult ösztönzési csomagot kínálnak alkalmazottaiknak: a fix fizetésen kívül eredményfüg-

gõ bonusz, az elõléptetés lehetõsége és az elbocsátás fenyegetése motiválja a dolgozókat. Ez a tanulmány azt magya-

rázza meg, hogy a cégek miért is alkalmaznak ilyen sokféle ösztönzõt. Az elméleti modell a munkaerõ-allokációt vizsgál-

ja heterogén munkavállalók esetében. Ebben a modellben a munkaerõ-allokáció a cég számára a profitmaximalizálási

probléma része. A modell megmutatja, hogy a leépítések szerepe kettõs: Egyfelõl ösztönzi a munkavállalókat, másfelõl

hozzájárul az optimális munkaerõ-allokációhoz. Azok a cégek használják az elbocsátásokat – más költséghatékony ösz-

tönzõkkel együtt -, amelyek számára fontos a munkaerõ minõsége. A Gibbons-Waldman kritikának megfelelõen a modell

elõrejelzéseit széleskörûen teszteli a tanulmány egy nemzetközi gyógyszergyártó cég adatbázisán. Az elméleti modell

elõrejelzései konzisztensek az adatokkal.

Összefoglalás
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Firms use a variety of economic incentives to motivate their employees. Fixed wages, bonuses, promise of promotion,

and threat of firing are the most frequently used ones. In general, economists understand why firms choose to use vari-

ous incentives, but not why firms would prefer a specific mix. Understanding the reasons why such a mix arises has

strong policy implications, besides contributing to our understanding of personnel economics. The reason is that in many

markets firing, an important piece of the incentive mix, is constrained. Thus, understanding the economic role of the

incentive mix, and in particular the role of firing, provides yet another angle to evaluate the effects of labor-market regu-

lations. This paper presents a theoretical model of how incentives are used in firms, and provides empirical evidence

showing that firms that are concerned about the quality of the workforce, may have strong interests in using firing.

Consequently, quality-concerned firms in heavily regulated markets might face comparative disadvantage when com-

peting internationally, because they are forced to undertake second-best personnel policies.

Traditionally, it has been difficult to obtain detailed information on the compensation systems used in firms. Nevertheless,

the evidence that firms use a rich set of incentives is accumulating see Medoff and Abraham [1980, 1981]; Baker, Gibbs,

and Holmström [1994a,b]; Gibbs [1995]; and Lazear [1992, 2000]. To conduct the present analysis of within firm incen-

tives we have successfully obtained the personnel records from a large pharmaceutical firm, in which the four incentives:

fixed wages, bonuses, promise of promotion, and threat of firing are observed. This detailed information, and in particu-

lar the observed role of firing, makes these data well-suited to investigate the incentive-mix in a joint theoretical-empiri-

cal framework.

Conventional economic theory motivates the use of the different incentive mechanisms in separate frameworks. First, the

performance-pay literature, which originates from Mirrlees [1974, 1976] and Holmström [1979, 1982], explains why pay

should be linked to output. According to this theory, wages should include variable elements, such as bonuses or piece

rate, to reward employee effort. Second, the efficiency-wage literature started off by Shapiro and Stiglitz [1984] empha-

sizes the incentive-effect of firing, or the threat of firing. Intuitively, if employment involves rents, then the fear of losing

the job provides incentives.

Tournament theory, initiated by Lazear and Rosen [1981], integrates the usage of the incentives in a competitive frame-

work. If the number of workers rewarded, fired, or promoted is preset, then workers have an incentive to exert effort. In

principle, tournament theory explains why firms would use any element of the mix. Tournament theory cannot explain,

however, why the firm would prefer a specific mix of incentives.

MacLeod and Malcolmson [1998] analyze the relative merits of different incentive tools. They contrast efficiency-wage

and performance-pay incentives, that is, firing and bonus payments as incentive tools. Under the efficiency wage sys-

tem, firms pay rents ex-ante, and provide incentives by firing shirking workers. Under the performance-pay regime, firms

pay bonuses ex-post, conditional on effort. The model shows that, in general, efficiency-wage incentives are more expen-

sive. Yet, efficiency wage might arise because it gives compensation up-front. Hence, if the firm cannot commit to pay

bonuses, then efficiency wages might be the only way to motivate employees. The results, however, do not answer the

question why the observed incentive mix can arise. In the MacLeod and Malcolmson [1998] setup, either efficiency wage

or performance pay prevails.

Our basic model, which is a traditional principal-agent model with hidden effort, is set in a two period setup. In the first

period, which is the focus of our investigation, the firm offers an employment contract in terms of fixed wages, bonuses

and firing and promotion probabilities. It is shown that the optimal behavior of the firm is to motivate the employees

through bonus payments and promotions, but it should not fire employees. Thus, the incentive mix observed in firms does

not arise. The reason is that in contrast to promotions and bonus payments, firing is wasteful. Firing is costly both for the

firm (recruiting and training of new employees) and for the worker (job search), and in equilibrium the firm shoulders all

these costs. Thus, the firm prefers to offer promotions and bonuses over threatening employees with layoffs.

1. Motivation



The basic model is extended to accommodate employee-heterogeneity. The profit-maximizing firm is now concerned

about job assignment, because the overall productivity of the firm in the second period depends upon the quality of the

employees and their allocation to jobs. These concerns create a trade-off for the firm. Increasing firing induces addition-

al costs on the firm. Firing, however, also increases second period employee quality. This trade-off explains why the firm

might prefer to use the delicate mix of incentives, which is observed in the data.

The paper shows that the incentive-mix, and, in particular, firing, has profound implications for the within-firm dynamics.

These implications are explored to characterize employees’ careers. In particular, it is shown that within organizational

rank, selection on tenure is not necessarily negative as argued in earlier research by Medoff and Abraham [1980, 1981],

Lazear [1992, 2000], Gibbs [1995], and Gibbons and Waldman [1999a,b]. The empirical analysis confirms this theoret-

ical result by providing the first example for positive within organizational rank selection on tenure. This finding shows,

as Guasch and Weiss [1980] suggest, that selection constitutes an interesting alternative to on-the-job human-capital

acquisition to explain the effects of tenure on earnings. In fact, selection alone can justify a positively sloped earning pro-

file in tenure.

The model’s additional predictions about the employee’s careers are tested formally in the empirical section of the paper.

Contrasting the broad set of predictions to data is used to comply with the Gibbons and Waldman [1999a,b] critique,

namely that many models may be able to explain a single empirical finding (such as the observed incentive mix), but

they often fail to explain a broader pattern of empirical evidence. First, it is confirmed that the firm engages in sorting

based on performance which is a basic assumption of the job assignment model. Second, it is established that the firm

has a positive selection, i.e., individuals with higher rank and higher tenure are more likely to be of high-ability. Also, the

model’s predictions about the likelihood of receiving bonus payments, being promoted and being laid off, are shown to

be consistent with the data.

In the next section, the basic model is outlined. Section 3 extends this model to accommodate employee heterogeneity

and address the consequences of sorting and selection for the employees’ career evolution. Furthermore, the predic-

tions of the theoretical model are stated here. The data are presented in section 4, and the close relation between the

empirical contract and the theoretical model is emphasized. In section 5, the model’s predictions are tested empirically.

A detailed discussion of the model’s limitations and suggestions for future research takes place in section 6. Finally, sec-

tion 7 summarizes and concludes.

MAGYAR NEMZETI BANK
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The basic model entails the contracting relationship between a risk-neutral firm and a continuum of risk-neutral employ-

ees in a two-period game. The firm and the employees form a principal-agent relationship. The firm maximizes expect-

ed profit, while the employees maximize their expected utility.

The game is divided into two periods. The first period, where the firm offers an employment contract in terms of fixed

wage, bonus, firing and promotion, is the more interesting one for our purposes. The timing of events is as follows:

1) The firm offers a contract to prospective employees. If they accept it, they are hired.

2) Employees decide about the effort level.

3) Output is realized and observed by all.

4) Bonuses are paid; employees are promoted or fired.

In the second period, the firm has two actions. First, it has to fill management vacancies which can be done either by

promotions or external hiring. Second, employees leaving the non-management level due to layoffs or promotions have

to be replaced. Furthermore, retained and newly hired employees produce output without an explicit incentive problem.

1

The employees produce binary output in the first period, which is normalized to 0 (low) or C (high), where C > 0. The

probability that the output is C, is θ and naturally θ � (0,1). The employee, once having accepted the job, can influence

the probability of high output by exerting effort. The utility cost of effort exertion is e, and effort increases the probability

of success by δ > 0. The table below summarizes the probabilities:

without effort with effort

low output (0) 1 – θ 1 – θ – δ
high output (C) θ θ + δ

The effort is worth undertaking, i.e. the private costs of effort are strictly less than the production gains, formally: e < δC.

We further assume that θ + δ < 1.

The utility of the employee’s alternative job option is denoted by U

–

> 0. Furthermore, the additional utility of a promotion

is U
P

> 0, and the utility cost from being fired is U
F

> 0. The utility of promotion stems from managerial rents and is dis-

cussed in detail in the appendix. The utility loss from firing reflects that if an employee is laid off, then he or she must

search for a new job, which is costly, as there are frictions on the labor market.

The firm sets the first period employment contract through the following four parameters: {w, b, π
P

, π
F

}. First, a fixed wage

(w) is offered to all individuals who accept the job irrespective of performance. The remaining three parameters are con-

ditioned on performance. It is assumed that bonus payments (b) are paid to well-performing agents, that the firm con-

siders promoting employees with high observable output (high performance), and considers firing employees with low

observed output (low performance). The conditional promotion probability and the conditional firing probability are

denoted by π
P

and π
F

, respectively. The parameters are (realistically) constrained as follows: w, b ≥ 0; π
F

, π
P

� [0, 1].

2
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2. Basic model

1

Thus, the second period can be interpreted as the long run consequence of first period job assignment decisions. Incentive problems are abstracted

away to help focus on the first period problem.

2

Conditioning bonus, promotion and firing on output as above can be done without the loss of generality, which can be seen from the discussion in the

appendix.



Turnover is costly, as the firm has replacement and training costs. These costs are summarized in the turnover-cost

parameter K > 0. This implies that costs are imposed on the firm when it fills management vacancies but also when it

decides to lay off employees. The equilibrium volume of firm-initiated separations is (1 – θ – δ)π
F

in equilibrium.

3

The employees desire promotion to management, because promotion entails rent. The number of employees who can

be promoted is, however, constrained by the number of vacant positions at the management level. That is, the volume

of promotions (θ + δ)π
P

is constrained by the volume of exogenous job openings at the managerial level, which is nor-

malized to 1/H. Parameter H can be interpreted as a hierarchy size difference between employee and managerial rank.

The above argumentation is summarized in the promotion-constraint (P):

(1)

It is assumed that (θ + δ) < H, which implies that not all well-performing employees can be promoted.

4

HP
1)( ≤+ πδθ

MAGYAR NEMZETI BANK
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{0;C } output realizations

M managerial output

F output in the second period

θ probability that output is high

δ probability increase with effort

e effort cost

U

–

utility of alternative job option

U
P

utility of a promotion

U
F

utility cost from being fired

H size-ratio of managerial and employee rank

w fixed wage

b bonus paid conditional on high output

π
P

probability of promotion conditional on high output

π
F

probability of firing conditional on low output

Table 1

Model parameters

3

In equilibrium the firm will elicit high effort.

4

The assumption is realistic and used only to ease the exposition. It does not change the results.

5

The two-layer hierarchy provides the simplest setting to analyze the employee incentive mix without analyzing complicated multi-layer hierarchies.

Furthermore, only 5% of the observations in our data consider managers, thus theoretical findings on management rank would be hard to verify empiri-

cally.

6

Modeling managerial incentives is thus entirely absent from the model. The reason is twofold. First, it suffices for our theoretical point to show the emer-

gence of the observed incentive mix at the employee level. Second, as our data is sparse on managers, the theoretical results would be difficult to test.

In the second period, the firm has two hierarchical ranks: Employees and managers.

5

Employees uniformly produce out-

put F. Furthermore, employee compensation in the second period is normalized to zero. Managers consist of promoted

non-management employees and individuals hired from the external labor market directly into management. Managerial

incentives and participation are not modeled explicitly and their contribution to the firm’s profit is the fixed-value M. We

assume that F < M, i.e. managerial output is more important than employee output in the second period. This follows from

the fact that managers affect the output of multiple non-management employees. Managers’ pay is also normalized to

zero.

6



In order to keep the analysis tractable, it is assumed that the firm has all the bargaining power. Furthermore, two tie-

breaking rules are imposed. First, indifferent players act such that the other player is better off. Second, employees are

assumed to prefer less risky payments with the same mean.

7

The models parameters are presented in Table 1.

Finally, the observed incentive mix is defined:

Definition 1 The observed incentive mix is the equilibrium in which the firm strictly prefers to set all the parameters {w, b,

π
P

, π
F

} to non-zero values.

2.1 CONTRACTING PROBLEM

The contracting problem is summarized in the following equations:

(2)

subject to

Intuitively, the program above states that the firm maximizes profit. Employees contribute to firm profit by providing the

high output C, with probability (θ + δ) in the first period. In the second period, managers and employees both contribute

to firm profitability. Each manager contributes to the profit by M, and their number is 1/H, employees produce F output.

In exchange, employees are compensated. The firm pays fixed wages (w) with certainty and bonuses (b) with probabil-

ity (θ + δ). In addition, the firm has to incur costs of turnover (K) from two sources. First, the firm fires badly performing

employees with probability π
F

. Second, the firm has to hire the volume 1/H employees either to fill management positions

or to replace promoted employees. Finally, managerial and employee pay is normalized to zero in the second period, so

it is not displayed.

The IC-constraint implies that the employee accepting the contract is better off by exerting the first-best high effort in the

first period. The left-hand side shows the worker’s utility given effort. The employee receives the fixed wage (w) and

incurs the cost of effort (e). Furthermore, the probability (θ + δ) of high output leads to a relatively high probability of

receiving bonus payments (b) and promotion (π
P

), which provides utility (U
P

). Also, the employee has a lower probabil-

ity (1 – θ – δ)π
F

of being fired, and hereby incurring the disutility (U
F

). The right-hand side shows the worker’s compen-

sation without effort-exertion. Here the chances for bonuses and promotions are lower (θ), and that of firing (1 – θ)π
F

is

higher. Thus, in principle, bonuses, promotions, and firing are used to induce effort.

The IR-constraint states that the employee is better off accepting the contract. The left-hand side of the equation is the

same as in the IC-constraint, i.e., the utility with exerting effort. This utility must exceed the utility of the employee’s out-

side option (U

–

).

]1,0[,probability

0, non-negativity

1)(

)1(])[(
)1(][)1(])[(

∈

≥

≤+

≥−−−+++−

−−++≥−−−+++−

PF

P

FFPP

FFPPFFPP

bw
H

)(P

UUUbew)(IR
UUbwUUbew)(IC

ππ

πδθ

πδθπδθ

πθπθπδθπδθ

H
KKbwFHMC F,,b,w PF

−−−−+−−+++ πδθδθδθ
ππ

)1()(/)(max

BASIC MODEL
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7

This can be interpreted as a moderate form of risk aversion.



The other constraints follow from the assumptions directly. Wages and bonuses must be non-negative, as the non-neg-

ativity constraints say. Finally, conditional firing and promotion probabilities must be on the unit interval.

2.2 SOLVING THE BASIC MODEL

Notice first, that in equilibrium the promotion constraint (P) is always binding.

8

If P is slack, then the firm can increase

promotions, and in exchange decrease bonuses, fixed wages and the costly layoffs which naturally leads to higher prof-

its. Alternatively, the firm can increase employee welfare. Hence, even in the case where wages, bonuses and firing all

take zero values, the firm can increase the welfare of its employees without additional costs. Thus, in equilibrium the P

constraint is binding. In other words, there are ports of entry as suggested in Doeringer and Piore [1971].

By definition the observed incentive mix arises only if all four parameters are set to non-zero values. Thus, it is enough

to focus our attention to binding IR- and IC-constraints. To see that, consider the following. First, in the profit-maximizing

equilibrium either the individual rationality (IR) constraint binds or the wage is set to zero. If it does not bind, then the

wage must be zero else the firm would reduce the fixed wage and thereby increase its profit.

Similarly, the incentive compatibility constraint (IC) binds or the bonus is set to zero in equilibrium. If the IC-constraint

does not bind, then the bonus must be zero else the firm would decrease bonus payments. If IR-constraint binds, the

firm can lower bonus payments (and increase fixed wages) to make the employees better off. If the IR-constraint does

not bind, the firm can lower bonus payments without wage compensation and increase profits.

In sum, the observed incentive mix can only arise, when all the IR-, IC- and P-constraints bind. Consequently, whenev-

er the observed incentive mix is possible, the original four-parameter incentive problem is reduced to a single-parame-

ter optimization. Expressing the profit as a function of π
F

, the first-order condition reveals that the objective function is

maximized when the firing rate is minimized and set to zero. Thus, the observed incentive mix cannot arise in the basic

model.

The intuition is that firing is more costly than bonuses to motivate workers. Firing creates two social costs: cost of hiring

and utility loss of firing. In equilibrium, these two costs are born by the firm. Consequently, firing is necessarily set to zero.

Lemma (1) summarizes the result. The proof of the lemma is provided in the appendix as well as the proof of other state-

ments.

Lemma 1 In the basic model, incentives are given through bonuses and promotions, but not through firing. Thus, the

observed incentive-mix does not arise.

The results of the basic model can be interpreted as evidence for a hierarchy of incentives. The firm prefers to use pro-

motions, because they exploit costless residual rents. If additional incentives are needed (to satisfy the IC-constraint),

then the firm turns to using bonuses. Finally, to ensure worker participation (and to satisfy the IR-constraint), the firm uses

fixed wages, but only if bonuses and promotions are insufficient. Firing, however, is never used, because of its cost-dis-

advantage.

Finally, a few words about rents in the model. There is no ex-ante rent by assumption (as the individual rationality con-

straint (IR) is binding). However, the fact that firing causes disutilities (U
F

) shows that interim there is rent. The interpre-

tation is, that even though the worker is initially indifferent between the firm’s offer and other offers, going back to the la-

bor market and starting to search is costly. Thus, interim, there is rent from retaining the job, and the firm can exploit this

feature to motivate the worker. Lemma (1) states, however, that motivating through layoffs is more costly than motivating

through bonus payments.

MAGYAR NEMZETI BANK

MNB WORKING PAPERS · 2006/210

8

Binding P constraint implies a less than unity promotion parameter by the restriction on H.



In this section, the basic model is extended to accommodate employee heterogeneity. The profit-maximizing firm is now

concerned about job assignment, because the quality of the workforce and the allocation of employees to jobs (non-

management vs. management jobs) are important for the firm’s overall productivity. This implies that the firm has an addi-

tional motivation (besides incentive purposes) to promote and to lay off employees, as the two devices can be used to

adjust the quality of the workforce at both hierarchical levels.

9

The job-assignment model is used for two purposes. First, it is shown that sorting and selection considerations lead to

the observed incentive mix. Second, the model is utilized to characterize the career path of individual employees. This

proves to be useful for testing the model’s predictions.

3.1 THE OBSERVED INCENTIVE MIX

Potential employees are heterogeneous. There are good employees (G), with high ability, and bad ones (B), with low

ability. The good employees are more likely to produce a high output, as compared with the bad employees, i.e., θ
G

> θ
B

However, neither the firm nor the employee is able to observe the ability of the employee. Consequently, employees (both

good- and bad-ability ones) face a single outside option, providing utility U

–

.

10

The firm’s external labor market consists of a proportion μ of high-ability individuals. Since the firm can use promotions

and layoffs to sort and select employees in the first period, second-period employee composition can differ from the

composition in the external labor market. For this reason, the proportion of high-ability types in the second period at the

non-management level of the firm is denoted by μ
F

, and the proportion of high-ability types at the management level is

denoted by μ
M

.

Employee quality affects production in the second period as both managerial (M) and employee (F) output depend on

workforce quality i.e. M(μ
M

) and F(μ
F

). The output functions are assumed to be concave. Hence, the first derivatives are

positive, M’, F’ > 0, and the second derivatives negative, F”, M” < 0.

11

Furthermore, managerial quality is assumed to be

weakly more important than employee quality, formally M(x) ≥ F(x) and M’(x) ≥ F’(x) : ∀x � [0, 1].

First, the contracting problem is outlined. As prospective employees do not know their ability, the firm is unable to write

a contract to elicit self-selection ex-ante. Thus, necessarily a pooling equilibrium arises, which can be summarized as

follows:

(3)

H
KK

wFbC
H

M

FBGB

FBGB
M

,,b,w PF

−−−−−−

−+−+−++

πδθθμθ

μδθθμθ
μ

ππ

])(1[
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3. Job-assignment model

9

Furthermore, we continue to assume that sorting is based on performance in the job assigment model. The assumption is without the loss of generailty

as discussed in the appendix.

10

Mutually unknown ability can be thought of as modeling fresh college graduates entering a firm. The graduates might not have significant information

advantage, because they do not know the actual work environment. Nevertheless, as it is discussed later, the information structure provides a promis-

ing avenue for future research.

11

This corresponds to assuming that the marginal return to quality is decreasing.



subject to

12

Second, managerial and employee second-period equilibrium composition is determined in Lemma (2).

Lemma 2 In the second period, the equilibrium proportion of good workers (μ
F

) in the non-management level depends

on the firing and promotion probabilities: 

(4)

and the proportion of good quality workers at the managerial level (μ
M

) is determined as: 

(5)

Furthermore, μ
F

increases in the firing rate.

The first term in equation (4) states that employee quality is affected by the quality of the workforce in the external labor

market (μ). The second term summarizes the effects of on-the-job selection. In particular, it shows that employee hetero-

geneity affects the efficiency of the selection regime. Heterogeneity can be measured as the difference between the abil-

ities of good and bad employees θ
G

– θ
B

, and also by the variance of the distribution of the two types (μ(1 – μ)). Firing

(π
F

) affects employee quality positively, as firing is more likely to weed out bad employees. Promotion (π
P

), however,

decreases quality, because better employees are more likely to be promoted.

Managerial quality depends on the quality of employees promoted from the employee level and the quality of those hired

from outside. The first term in (5) shows the effect of promotions. The second term summarizes the quality effects of hir-

ing from the external labor market. As only well-performing agents are promoted, employees promoted from inside are

on average better than managers hired from outside of the firm.

To solve the model notice again, that the promotion constraint (P) is binding in equilibrium. The firm would like to pro-

mote as many well-performing employees as possible to increase either firm profit or employee well-being as in the basic

model. Furthermore, job assignment considerations are also calling for promotion of high performers instead of hiring

untested outsiders into management. Promoting high-output employees improves on the equilibrium composition of the

managerial rank through equation (5) in Lemma (2). On the other hand, the increased promotions decrease employee

composition by equation (4). However, the net effect of promoting high performers is positive, because second-period

managerial quality is more important than employee quality: M(x) > F(x) and M’(x) ≥ F’(x) : ∀x � [0, 1]. In sum, ports of

entry prevail also in the job assignment model.

Furthermore, if the observed incentive mix prevails, then again the IR- and IC-constraints must bind. The logic is the

same as in the basic model. Consequently, the observed incentive mix can only arise if all of the three constraints are

binding. Assume for now and verify later, that the observed incentive mix can arise. Given the binding constraints, the

profit function can be expressed as a function of the firing parameter (π
F

). The profit-maximizing first order condition with

respect to π
F

can be expressed as:
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The IC-constraint displayed below saves on notation and it is a straightforward simplification.



(6)

The left-hand side of (6) summarizes the gains from firing. Gains from firing are indirect and stem from improved employ-

ee quality in the second period. The term shows that this indirect effect is positive. The right-hand side of equa-

tion (6) summarizes the costs of firing. The term shows that the higher the expected level of firing, the higher the firm’s

costs are. First, employees need higher compensation to join the workforce in order to offset expected job search costs.

Second, the firm incurs higher training costs, because of the increased turnover.

The first order condition shows that in the job assignment model firing is not necessarily set to zero. Hence, the observed

incentive mix arises in the following case: First, the optimal firing rate implied by equation (6) and the corresponding sec-

ond order condition is on the [0, 1] interval.

13

The condition is satisfied, if the left-hand side of the first order condition

exceeds the right-hand side at some π
F

� [0, 1]. Remember, that promotion is positive by the binding P constraint.

Second, the firm pays positive bonuses only if promotion and firing do not provide strong enough incentives. Third, the

firm pays positive wages only if the promotions, firing and bonuses do not compensate sufficiently for the outside job

offer. Lemma (3) summarizes the conditions required for the observed incentive mix to arise.

Lemma 3 In the job-assignment model, an observed incentive mix of fixed wages, bonuses, promotions, and firing aris-

es in equilibrium, if the following three conditions are satisfied. First, π*
F

implied by (6) is strictly positive. Second, pro-

motions implied by binding P:

and π*
F

does not provide enough incentives, so positive bonuses (b*) are needed:

Third, with π*
P

, π*
F

, b* positive fixed wages (w*) are required for employees to accept the contract

The results in Lemma (3) are explicit about the hierarchy of incentives. In the job assignment model, promotions and fir-

ings are used first.

14

Second, remaining incentives are provided through bonuses. Finally, wages are used to make the

employee accept the firm’s offer.

3.2 CHARACTERIZING EMPLOYEE CAREERS

In the above discussion, it is established that in a firm where the optimal contract involves paying an incentive mix, com-

position and allocation of the workforce are important for profit maximization. We used Lemma (2) to establish the rela-

tion between the offered incentives and the composition of the workforce. Lemma (2), however, is silent about the con-

sequences of these policies for individual workers.

Promotions and layoffs affect the firm’s selection scheme. As these decisions are based on employee performance, they

have different consequences for high- and low-ability employees. In particular, for the high-ability worker, the probabili-
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Note that the second derivates are necessarily negative (as F” < 0), thus the first order condition suffices for the analysis.

14

For the sake of completeness note, that if there are no bonus payments (the IC-constraint is satisfied with slack in equilibrium), then equation (6) will not

determine optimal firing.



ty of being fired in any given period is (1 – θ
G

– δ)π
F

, and for the low-ability worker, the probability is (1 – θ
B

– δ)π
F

. Hen-

ce, it is more likely that the bad worker loses his job. By the same logic, good workers are more likely to be promoted,

as (θ
G

+ δ)π
P

> (θ
B

+ δ)π
P

.

This allows for investigating the effects of the optimal contract on selection on rank and tenure. Selection on rank is always

positive, as well-performing agents, who are more likely to be of good quality than the average employee, are promoted.

Selection on tenure depends upon the relative strength of firing and promotion. Firing weeds out the low-ability employees,

whereas high-ability employees are more likely to be selected for promotions. These results are formalized in Lemma (4).

Lemma 4 The selection process in the firm is positive in rank (conditional on tenure). Selection on tenure (conditional on

rank) is negative if 

and positive if 

Previous studies have analyzed the selection mechanism, Medoff and Abraham [1980, 1981], Lazear [1992], Gibbs

[1995], and Gibbons and Waldman [1999b]. For instance, based on a series of empirical findings, Medoff and Abraham

[1980, 1981] write “... the negative within-grade-level correlation which we suspect exists between experience and abil-

ity”. Lazear [1992] continues this discussion, arguing that “Individuals who remain on the job longer, do worse than those

who are promoted out early. Wages actually decline with job tenure, probably reflecting the fall in the average worker’s

quality with length of time in the job.” In the context of our model, it is clear that if only selection due to promotions is at

work, the quality of the workforce that is passed over for promotion will decline with tenure. The optimal contract, how-

ever, shows that the firm has incentives to lay off a proportion of the low-performing workers each period. That this behav-

ior affects the selection process is a point that is often missed in the literature. Gibbs [1995] comes closest to this point

and concludes that “... employees are continuously selected out through promotions, demotions, or exits. Because of

these selection effects, ability of the group should decline with tenure...”

From this discussion, it is clear that negative selection on tenure is a possibility, but not the rule. If the firing probability

exceeds the promotion probability, the selection scheme in tenure shifts from negative to positive. As it will turn out in

the empirical analysis conducted below, our firm has a positive selection on tenure (conditional on rank), which provides

a counterexample to the earlier conclusions drawn about negative within-rank employee selection.

3.3 COMPARATIVE STATICS

Employee sorting is important, not only for the observed incentive mix to be an optimal contract, but also because the

selection regime predicts the outcome of other key variables in the firm. This makes it interesting to understand what

components in the underlying market structure will lead to a particular selection regime. In general, it is more likely that

the firm will have positive selection on tenure if firing is relatively common and promotions are relatively rare.

Examining the first order condition of the job-assignment model (equation (6)) provides interesting comparative statics.

The variables on the left-hand side of the equation contribute to more firing. First, the stronger long-run employee output

(F) responds to quality improvements, the more the firm is interested in improving the quality of its workforce. Second,

employee heterogeneity also increases the firing rate. Employee heterogeneity can be measured as the variance of

employee quality, μ(1 – μ), where larger heterogeneity corresponds to μ values closer to 1/2. Employee heterogeneity

can also be measured by the quality difference between the high- and the low-ability individuals (θ
G

– θ
B

). Both meas-

ures of heterogeneity increase the indirect gains from firing. Intuitively, the more heterogeneous newly hired employees

are, the more is to be gained from on-the-job sorting.

15

FP ππ <

FP ππ >
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Note, that the heterogeneity measure μ(1 – μ)(θ
G

– θ
B

) is the first derivative of the second-period employee quality (μ
F

) with respect to the firing param-

eter (π
F

).



Variables on the right-hand side of (6) reduce firing. The social costs of firing (U
F

and K ) have a negative effect on the

firing rate. Hence, it reduces the likelihood of positive selection. This follows from the fact that the firm shoulders all the

costs of turnover in equilibrium. A reduction of these costs, however, implies that the firm can rely more on firing.

This discussion indicates that the value of production, employee quality and variation in the cost of firing, are important

determinants for the firm’s choice of selection scheme. Hence, variation in these parameters across time, sectors, and

economies will be useful predictors for the type of selection that will be observed in firms.

3.4 EMPIRICAL PREDICTIONS

The model describes the incentive structure in the firm and its consequences for employee selection, i.e. positive and

negative selection on tenure (conditional on rank). Knowledge about the selection scheme allows for the formulation of

predictions about other key variables in the firm. In particular, the model provides two important empirical predictions

besides producing the observed incentive mix.

First, bonus payments can be used to test for selection in the firm. A basic assumption of the model is that the firm

rewards high performance with bonuses. Thus, the firm’s selection scheme has direct consequences for the way bonus-

es are paid to the individuals. For instance, in the positive selection case, the probability of being high-ability is increas-

ing in tenure and rank, and thus the probability of receiving bonuses is also increasing in tenure and rank.

16

If the firm

has a negative selection, the probability of receiving bonuses would decrease in tenure.

Second, selection has implications for the evolution of promotions and layoffs in tenure as well. Given that promotions

are conditioned on high output, positive selection implies that the probability of being promoted is increasing in tenure.

Similarly, with positive selection the probability of experiencing a layoff is declining in tenure.

These predictions are outlined below, and they will be tested empirically in the following sections. The predictions are

derived directly from the basic assumptions of the model and its lemmas, so they are not proven formally again.

Predictions 1 (Sorting) Sorting based on performance is a necessary condition for the observed incentive-mix of fixed

wages, bonuses, promotions, and firing to be an optimal contract.

Prediction 2 (Selection) The firm has a positive selection on rank (conditional on tenure). Furthermore, it has a positive

selection on tenure (conditional on rank), if and only if π
F

> π
P

. Otherwise, it has a negative selection on tenure.

Prediction 3 (Bonus) The probability of receiving a bonus depends positively upon the employee’s ability. Thus, with ports

of entry, the likelihood of receiving a bonus increases in rank. Furthermore, the probability of receiving a bonus is increas-

ing in tenure, if and only if the firm has a positive selection on tenure.

Prediction 4 (Promotion) The likelihood of being promoted depends positively upon the employee’s ability. Thus, the

probability of being promoted increases in tenure, if and only if the firm has a positive selection on tenure.

Prediction 5 (Firing) The likelihood of being fired depends negatively upon the employee’s ability. Thus, the probability

of being fired declines in tenure, if and only if the firm has a positive selection on tenure.

JOB-ASSIGNMENT MODEL
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From this prediction it follows that positve selection could imply an increasing earnings profile.



Four years of monthly personnel records from the main production site of an international pharmaceutical company are

used in the empirical analysis.

17

Average full-time employment in the firm over the period 1997 to 2000 is 5055 persons.

18

These workers are distributed across four hierarchical levels, ranging from CEO to non-management, see Figure 1. The

share of management workers in the firm is 4.75 percent, on average, over the four years.

The analysis given below uses only those individuals who participate in the performance-pay system, i.e., the employ-

ees who, besides their base salary, can get a bonus, given sufficiently high performance evaluations. The distinction

between strictly fixed-paid employees and employees having bonus options can be made by looking at the worker’s job

category. This exercise reveals that the group of fixed-paid employees constitutes 38.66 percent of the workforce, and

that it mainly consists of production workers.

The characteristics of the employees calculated from the monthly employee-based observations are presented in the

second and third columns of Table 2. On average, the employees included in the analysis, i.e., those who participate in

the performance-pay system (column 3), have 8.73 years of tenure. The same group of individuals consists of 60.80 per-

cent women, and the average age is 39.23 years.

The level of education in the firm is high. In fact, 22.0 percent of the employees have at least a master’s degree, and

11.6 percent have a degree that corresponds to a bachelor’s degree in duration. Only 12.6 percent of the labor force is

unskilled.

19

There are three reasons why this structure is observed. First, the firm is operating in an industry where prod-

uct development is essential for survival. Hence, a large proportion of the workforce is engaged in research and devel-

opment. Second, production is highly automated, suggesting that low-skilled labor has been substituted by capital.

Finally, in order to comply with the regulations from the Food and Drug Administration (FDA), extensive quality-control

programs are implemented, which require skilled labor.

MNB WORKING PAPERS · 2006/216

4. Data

17

The study is conducted on monthly observations, in contrast to yearly observations. The main motivation for doing this is that the timing of events within a year

proves to be important. In the regression results presented below, a correction for the use of high-frequency data is made by using clustered standard errors.

18

The analysis is focused on permanent full-time employment, which corresponds to 92.66 percent of all individuals employed on the production site.

19

Information on education is missing for 8.21 percent of the employees. However, for the group of employees receiving performance pay, only 2.84 per-

cent have missing information on education.

Figure 1

The hierarchy of the firm, 1997 to 2000

CEO
Executive vice presidents

Senior vice presidents
(7 persons)

Vice presidents
(53 persons)

Managers
(180 persons)

Non-management
Full time permanent employees

(4814 persons)



4.1 THE EMPIRICAL CONTRACT, AND THE THEORETICAL ASSUMPTIONS

According to the firm’s official remuneration principles, it offers wages to the employee such that: “The base salary is a

competitive pay for job function, responsibilities and competencies.” The data provide evidence for the fact that this prin-

ciple is taken seriously. For instance, a preliminary analysis of the fixed-wage component reveals that a set of individual

characteristics and information about the employee’s job category predicts wages precisely (R

2

= 0.865).

Individuals are rewarded for actual performance through a bonus system. The allocation of bonuses fulfills the criteria

that: “The principles, criteria and targets that will lead to bonus payments should be known by the relevant employee

subgroup.” The size of the bonus pool varies across the different employee subgroups and constitutes 2.5 to 4 percent

of the wage sum for non-management workers and 8 percent for non-executive managers.

20

The bonus system is wide-

spread, and according to the data 24 percent of workers in non-management receive bonus payments in a given year.

The numbers are closer to 75 and 80 percent for managers and vice-presidents, respectively.

The institutional settings impose no restriction on who to fire, and the firm seems to use firing frequently. The firm’s year-

ly separation rate is 10.96 percent. The turnover is costly for the firm, but nevertheless 12.64 percent of all separations

are initiated by the firm through layoffs. The separation rate for the employees participating in the performance-pay sys-

tem is 6.64 percent. Of these, 19.46 (!) percent are initiated by the firm. Thus, firing is a significant component of the

observed incentive mix.

There are two motivations for laying off workers. First, the firm’s official wage strategy is to: “Offer attractive salary and

employment conditions” in order to “attract, develop and retain qualified employees.” Given the “attractive” wages, the

firm can use the threat of a layoff to motivate the workers.

21

Second, the layoffs serve as a sorting device, where a pro-

DATA
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Mean

(standard deviations)

All employees Employees participating in

Observations = 237,539 the performance pay system

Observations = 145,717

Age 39.353 (8.701) 39.231 (8.226)

Gender (women = 1) 0.568 0.608

Unskilled 0.126 0.035

Skilled worker 0.269 0.159

Short theoretical education 0.192 0.282

Bachelor degree 0.116 0.173

Masters or PhD degree 0.220 0.351

Tenure 2 years or less 0.202 0.188

Tenure 3 to 5 years 0.159 0.154

Tenure 5 to 10 years 0.309 0.287

Tenure 10 to 15 years 0.165 0.186

Tenure 15 to 25 years 0.133 0.141

Tenure 25 years or above 0.033 0.044

Table 2

Descriptive statistics

20

The subsequent analysis is based on non-management employees, managers, and vice-presidents. The executive management is omitted, due to lack

of data.

21

All workers in the firm have defined contribution pension plans, hence a layoff will not change the value of the current pension account. In other firms,

where workers have defined benefit pension plans, the costs of a layoff in terms of lost pension may be significant. This effect could potentially create

large incentives in other firms.



portion of the employees with low performance are forced to separate from the firm in each period. Hence, in a pooling

equilibrium where both high- and low-ability workers are employed by the firm, layoffs can be used to control the work-

er composition.

Finally, the firm has ports of entry as the binding P constraint implies. This claim is based on the observation that 98.22

percent of the employees are hired into the lowest hierarchical level. One implication of ports of entry is that manage-

ment vacancies are filled with incumbent employees. Naturally this policy serves both sorting and incentive purposes.

The wage premium (unconditional on human capital) associated with a promotion from non-management and into lower-

and middle-management are 52.46 percent and 85.65 percent, respectively.

In the presentation of the firm, it becomes clear that the contract offered to the workers is highly complex in nature. First,

the firm pays fixed wages to all workers who accept the contract, unconditional on performance. Second, 62 percent of

the employees can be rewarded for performance through a bonus system. Third, even though turnover is costly for the

firm, a significant part of separations is firm-initiated, i.e., layoffs. Finally, the firm has ports of entry, which implies that

promotions to higher-level jobs take place (mainly) from the pool of incumbent employees. In sum, the data describes a

contract that contains four incentive parameters: w, b, π
P

, and π
F

.
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The predictions stated above will be tested empirically in this section. A first goal is to establish that the firm is sorting

its employees. According to the job-assignment model, this is a necessary condition for the observed incentive mix to

be an optimal contract. Secondly, the firm’s selection scheme is identified to be positive in rank and tenure. This infor-

mation provides predictions about other key variables in the firm, such as earnings growth, bonus payments, firing, and

promotions. For this reason, a test of the model’s broader predictions will be conducted in the final part of the analysis.

Prediction (1) stated that employee sorting based on performance is a necessary condition for the incentive mix to be

an optimal contract. Preliminary evidence for sorting is found in the description of the empirical contract where it is estab-

lished that layoffs and promotions are common in the firm, i.e., π
P

, π
F

> 0. The presence of layoffs and promotions are

necessary conditions for sorting, but are not sufficient in the sense that random decisions would produce no sorting.

Thus, a first test for the presence of sorting is to investigate whether the firm makes random decisions, or whether it bases

its decisions on information about the employee’s revealed performance (and thus on expected ability). The measure of

performance that will be used in the analysis is bonus payments.

22

To establish that the firm is sorting, a multinomial logit model is estimated. In the model, the individual is facing three options:

stay within rank, promotion, and layoff.

23

The point estimates of a multinomial logit are difficult to interpret, and, hence, the

results of the model are evaluated using its predictions.

24

The effect of a bonus payment on the transition probabilities is pre-

sented in Table 3. A person who receives a bonus payment (i.e., who’s had high performance) has a 0.136 percent chance

of being promoted in a given month, while the layoff probability is as low as 0.025 percent. In contrast, a person who did

not receive a bonus payment (low performance) has little chance of being promoted and faces a 0.241 percent risk of be-

ing laid off from the firm in any given month.

25

Hence, a bonus payment increases the promotion probability by 0.072 per-

cent and reduces the firing probability by 0.216 percent. This is clear evidence for the fact that the firing and promotion

decisions are based on employee performance, meaning the firm is consciously sorting its employees.
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5. Empirical analysis

22

Bonuses paid to the individual during the preceeding 12 months are used as an indicator for performance. The power of using this measure over a per-

formance scale created by subjective evaluation is that bonus payments induce costs on the firm, i.e. giving a high evaluation is costly for the firm due

to the associated bonus payment. This will force the firm only to pay for performance. In contrast, firms may want to distort subjective performance eval-

uations without associated payments, see MacLeod (2003).

23

It should be noted that individuals who separate for natural causes, such as retirement or death, and individuals who leave the firm for a new job have

been deleted from the sample.

24

The full regression results of the multinomial logit can be seen in Table 8 in the appendix.

25

The unconditional yearly promotion probability in the firm is 1.34 percent. In comparison, Lazear (1992) observes a yearly promotion probability close to

2 percent.

Note: The predictions are based on a regression with 96,639 observations. See the appendix for the full regression results.

Destinations

Promotion Layoff Stay within rank

Average transition probability 0.112 % 0.116 % 99.772 %

[sample means in brackets] [0.112 %] [0.116 %] [99.772 %]

Average transition probability 0.136 % 0.025 %

given bonus is received.

Average transition probability 0.064 % 0.241 %

given no bonus is received.

Change in probability due to 0.072 % -0.216 %

bonus

Table 3

Predicted monthly transitions



Prediction (2) gave conditions when sorting is positive or negative. They can be tested from the empirical evidence pre-

sented in Table 3. First, the results reveal that high-performance employees are relatively more likely to be promoted.

Since high-ability individuals are more likely to have a high performance, this finding provides evidence for a selection

scheme that is positive on rank. Second, the conditional layoff probability (π
F

= 0.241 percent) exceeds the conditional

promotion probability (π
P

= 0.136 percent). According to Lemma (4), this implies a positive selection on tenure.

Moreover, the positive selection might be even stronger than shown by these numbers, due to a potential bias in the lay-

off data. A bias arises in the case where the firm is signaling to the worker that the employment relation will end in the

near future. This signal will make the worker look for alternative employment, which may be obtained before the firm ter-

minates the match. From conversations with the firm, we have reason to believe that this procedure is common. The impli-

cation is that the layoffs observed in the firm only constitute a lower bound on the separations that in reality are layoffs.

26

Prediction (3) focuses on bonus payments. Since the likelihood of receiving bonuses depends upon employee ability,

the selection scheme used by the firm and the probability of receiving a bonus are closely linked. One consequence of

the positive selection identified in the firm is that more able workers in general will have longer tenure and will be

assigned to higher-rank jobs. Hence, with positive selection, employees who have longer job tenure and who are locat-

ed at higher ranks (conditional on tenure) will be more likely to receive bonus payments. This observation provides a first

test for the model’s broader predictions.

Table 4 presents logit regressions for the probability of having received a bonus payment during the preceding year. In

the first model, tenure, rank, and demographic information (gender, age and age squared) are included as explanatory

variables, together with dummies for job category and time. As expected, both tenure and rank have significantly posi-

tive effects on the probability of receiving bonuses.

In model 2, information on education is added. The positive relation between educational attainment and ability, and the

increased production capacity of educated workers, implies that workers with higher levels of schooling will be more like-

ly to receive bonus payments, see Becker [1964]. This result is confirmed by the data. Important for the analysis, how-

ever, is to note that the positive effects of tenure and rank on the probability of receiving bonuses survive in model 2.

This indicates that ability is signaled only partially through education. Thus, sorting and selection considerations are

important, even though the level of formal schooling is observed.

27

An additional test for the relation between tenure and bonus is conducted by estimating a model similar to model 2 in

Table 4, with the tenure categories substituted for yearly tenure dummies (detailed results are not shown).

28

Figure 2 illus-

trates the cross-sectional effect of tenure on the likelihood of receiving a bonus for the first 25 years of tenure. In accor-

dance with the predictions from positive sorting, the effect is increasing. Thus, the steady increase in the likelihood of

receiving bonuses during the first many years of employment reflects that sorting and selection are integrated parts of

the firm’s policy.
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26

For the sake of completeness, we remark here that selection might get weakened by employee-initiated turnover. High-ability employees, who are under-

appreciated, might leave the firm for better offers. This, however, does not seem to be a serious problem, as it would require outside firms to have sys-

tematically better information than the current employer. It seems, then, that employee-initiated endogenous turnover (if any) is about terminating a bad

match, rather than about ability.

27

The tenure effect identified in Table 4 could, in principle, be driven by the fact that managerial employees, who, in general, have longer tenure, are mo-

re likely to recieve bonuses. For this reason, model (3) has been estimated for the non-management employees only. The results show that the tenure

effect is robust.

28

The maximum level of tenure in the firm is 44 years, but less than 3.25 percent of the employees have a tenure above 25 years, causing large standard

errors on the point estimates of the tenure dummies exceeding the 25th year.



Finally, the cross-sectional relation between the probability of getting a bonus and tenure could arise if a bonus is paid

for tenure, and not for performance, as we argue in the model. For this reason, a fixed-effects model where the individ-

ual’s ability is conditioned out is estimated, model 3 in Table 4. In this model, the tenure effect is insignificant, reflecting

that ability, and not tenure, determines the probability of receiving bonus payments. This finding allows us to conclude

that the increasing cross-sectional bonus-tenure profile observed in the data is driven by positive selection.

29
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The models presented in the table provide detailed evidence of the tenure effect on bonus payments due to the inclusion of the six tenure categories.

The details come at the cost, however, that the standard errors for each tenure group become fairly high and may question whether the groups are sig-

nificantly different or not. To anticipate this criticism, the appendix (Table 8) provides estimates of models similar to those presented in Table 4, but where

the category dummies are substituted for a linear tenure effect. These regressions show that the tenure effect is highly significant and positive in the

cross-sectional models and insignificant in the fixed-effects models. Hence, they resemble the results of the table. The regressions also show that these

results are not driven by the very low probability of getting bonus payments for newly hired employees (whose tenure is less than one or two years).

Note: Standard errors are clustered with respect to individuals in the cross sectional models.

(1) (2) (3)

Logit model Logit model Fixed-effects

Logit model

Constant

-3.352 -3.804 -

(0.585) (0.608)

Tenure 2 years or less - - -

Tenure 3 to 5 years

0.279 0.277 -0.076

(0.080) (0.080) (0.139)

Tenure 5 to 10 years

0.361 0.370 -0.351

(0.079) (0.079) (0.208)

Tenure 10 to 15 years 

0.520 0.524 -0.476

(0.090) (0.090) (0.298)

Tenure 15 to 25 years 

0.455 0.476 -0.393

(0.102) (0.102) (0.407)

Tenure 25 years or above 

0.528 0.550 0.429

(0.146) (0.145) (0.660)

Non-management - - -

Managers 

0.675 0.718 0.629

(0.188) (0.183) (0.433)

Vice presidents 

1.676 1.665 0.719

(0.384) (0.383) (1.117)

Unskilled -

Skilled worker 

0.383

(0.158)

Short theoretical education 

0.442

(0.156)

Bachelor degree 

0.401

(0.163)

Masters or PhD degree 

0.622

(0.185)

Demographic variables YES YES YES

Job category YES YES YES

Time dummies YES YES YES

Log likelihood -5964 -5954 -1882

# observations 10,801 10,801 10,801

Table 4

Logit regression for bonus payments



Predictions (4) and (5) state the model’s predictions on promotions and layoffs. The positive selection identified in the

firm implies that non-management employees with longer tenure are of higher average ability than more recently hired

individuals. Above it is argued that this will lead to higher average performance of the tenured employees and conse-

quently to a higher probability of promotion. Since the tenure effect on promotions is working through the performance

variable, taking the employees performance into account would remove the tenure effect, allowing only performance to

have a significant effect on promotions. A similar argument goes for the layoff probability. The expected higher average

performance of the high-tenured individuals will at first create a negative relation between layoffs and tenure. However,

conditional on performance, tenure will become insignificant.

These hypotheses are tested empirically using logit models for the probability of being promoted and laid off. The results

are presented in Table 5. A first observation is that promotions and layoffs are very difficult to predict if information on

performance is missing. In model 1, where the probability of a promotion is estimated unconditional of employee per-

formance, the expected tenure effect is absent. Instead, there is a weak indication that skills are important for the pro-

motion process, since individuals with a master’s or a PhD degree have a marginally higher probability of being promot-

ed than do unskilled workers. This result, however, is washed out, when conditioning on performance (model 2), indicat-

ing that education is important for the promotion process, but only through its positive effect on the likelihood of getting

bonuses. This leads to the conclusion that the firm only promotes workers who have shown persistent high performance,

and that the direct effect of tenure on promotions is too weak to be identified in the present firm.

The first layoff regression (model 3) in Table 5 shows a pattern similar to the promotion-regression, namely, that layoffs

are difficult to predict if information on performance is absent. In model 4, it is reestablished that information on bonus

payments has a highly significant effect on the decision about who to lay off. Also, there is an indication that layoffs are

rare for newly hired individuals, i.e., employees with tenure less than two years.

An additional point that arises from the results is that some employee subgroups (defined by education) are more likely

to be laid off than others. This result seems to stay, even when performance is taken into account. This empirical result,
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Figure 2

Tenure-effect on the likelihood of receiving bonus payments
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however, may simply be an artifact of missing layoff information. The indicator of layoffs observed in the data only reflects

a lower bound on the real extent of layoffs (as discussed above). In particular, the empirical result observed will emerge

if the firm is more likely to signal that an employment match is about to end to some employee subgroups relative to oth-

ers. In this particular case, it is explained if skilled workers are more likely to get this information than other employee

subgroups. This can be due to increased sensitivity of information handled by more educated employees. Given the

available data, we can only speculate about these matters.

EMPIRICAL ANALYSIS
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In sum, the empirical evidence presented above provides support for the model’s predictions. First, using the descrip-

tion of the empirical contract and the multinomial logit regression, it is established that the firm is sorting, such that high-

performing employees are more likely to be promoted and, subsequently, are less likely to be fired. Furthermore, these

results show that the firm is using a selection scheme that is positive in both tenure and rank. Using the information on

sorting and selection, the model provides prediction about other key variables. The broader predictions related to bonus

payments, promotions, and layoffs are all supported by the data.

Note: Standard errors are clustered with respect to individuals. In the period studied individuals with a short theoretical education are not promoted. These regres-

sions consider only transitions out of non-management.

Promotion Promotion Layoff Layoff

regression regression regression regression

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

Constant

-10.591 -10.348 -7.322 -8.652

(2.971) (2.979) (2.604) (2.660)

Bonus payment 

0.762 -2.303

(0.246) (0.289)

Tenure 2 years or less - - - -

Tenure 3 to 5 years

0.143 0.061 0.499 0.657

(0.320) (0.317) (0.499) (0.501)

Tenure 5 to 10 years

0.329 0.233 0.589 0.770

(0.311) (0.308) (0.457) (0.461)

Tenure 10 to 15 years

0.264 0.156 0.765 0.942

(0.377) (0.376) (0.481) (0.482)

Tenure 15 to 25 years

0.016 -0.104 0.662 0.833

(0.557) (0.553) (0.497) (0.495)

Tenure 25 years or above

0.142 0.021 0.638 0.743

(0.863) (0.866) (0.571) (0.562)

Unskilled - - - -

Skilled worker 

-0.936 -0.939 -1.502 -1.444

(1.230) (1.229) (0.542) (0.542)

Short theoretical education

- - -0.476 -0.585

(-) (-) (0.429) (0.432)

Bachelor degree 

1.211 1.080 0.331 0.698

(1.041) (1.043) (0.427) (0.428)

Masters or PhD degree 

2.159 1.974 -0.368 0.281

(1.027) (1.029) (0.428) (0.434)

Demographic variables YES YES YES YES

Time dummies YES YES YES YES

Log likelihood -749.86 -744.54 -768.83 -723.03

# observations 66,655 66,655 96,639 96,639

Table 5

Layoff and promotion regressions



In the seminal work by Gibbons and Waldman [1999a,b], they argue that: “Any single (empirical) fact may be consistent

with a variety of theories, so one way to choose among theories is by evaluating the extent to which each is consistent

with a broad pattern of (empirical) evidence.” This paper has attempted to do exactly that.

As to the initial research question of how the incentive-mix observed in firms can be seen as an optimal contract, this

paper focuses on the job-assignment model. Within this context, it is argued that the firm’s sorting and selection con-

cerns, and its interest in creating incentives for employees, provide the answer. This is a contribution in a theoretical

sense, but according to the Gibbons and Waldman critique the true test of the model lies in its ability to predict addition-

al empirical findings. For this reason, we conduct an empirical analysis, where evidence for sorting and selection is iden-

tified and the model’s broader predictions are tested. In general, there is a close fit between the model’s predictions and

the empirical evidence.

However, our model cannot predict the evolution of fixed wages. This suggests that the job-assignment model should

be extended by other building blocks in a larger integrative model, as suggested in Gibbons and Waldman [1999a,b].

In the following, we discuss the empirical findings that an integrative model has to accommodate. Also, we explore pos-

sible theoretical explanations and provide suggestions for future research.

Table 6 presents a set of wage equations. In contrast to the standard case, these regressions include information on the

firm’s hierarchy. Thus, the results obtained reflect within-rank wage dynamics. Model 1 shows that the wage is increas-

ing in the levels of education, tenure, and rank. Model 2 explores the effect of a bonus payment on current wages. The

point-estimate shows that a bonus payment last period (which also can be interpreted as high performance) leads to sig-

nificantly higher current wages. An extension of this analysis is conducted in model 3, where information of up to three

years of lagged bonus payments is included. The remarkable result reveals that lagged bonus payments are highly sig-

nificant. Furthermore, they have similar effects on current wages. Hence, it is not the timing, but instead the event of

bonus that seems to be important.

To investigate this issue further, model 4 estimates the effect of the last two years’ bonus payments on the wage, togeth-

er with an interaction effect, capturing the consequences for current wages of receiving bonuses in both years.

30

The

interaction term in this regression is insignificant, reflecting that bonuses are increasing wages every time they are

observed. In other words, the bonus effect is not deflated or magnified when the employee is observed to have a per-

sistent high performance. These empirical observations are not easily explained by the job-assignment model, but a vari-

ety of other theoretical explanations provide possible explanations. Here, on-the-job human-capital acquisition, symmet-

ric learning, and asymmetric learning with probabilistic outside offers are discussed.

The first potential explanation for the fixed-wage dynamics is on-the-job human-capital acquisition. Gibbons and

Waldman [1999a,b] show how on-the-job human-capital acquisition, in conjunction with other building-block models (job

assignment and learning), can be used to explain a large set of empirical evidence. The Gibbons and Waldman model

distinguishes between the employees’ innate ability, which can be high or low, and effective ability, which is a function

of the employees’ innate ability and labor-market experience. An assumption on symmetric information and steady

changes in the employees’ effective ability caused by continuous growth in labor-market experience leads to fixed-wage

dynamics. Thus, on-the-job human-capital acquisition implies a simple, upward-sloping fixed-wage scheme for all work-

ers. On-the-job human-capital acquisition, however, cannot explain, without a stretch, the significant and positive coeffi-

cient on bonus payments, which we observe in our data.
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The focus on the last two years’ bonus payments is only for expositional reasons and could easily be extended to include all three years and their inter-

action terms.



Second, symmetric learning, first investigated by Farber and Gibbons [1996], offers an alternative explanation. Under

symmetric learning, outside firms can be expected to condition offers on the very same signals as the currently employ-

ing firm. In the context of the theoretical model and given the empirical evidence provided in Table 6, the relevant qual-

ity signals are education, bonus payments, survival in the firm, and promotions. As potential outside employers observe

these signals, the employee’s alternative option (U

–

) becomes a function of the employee’s perceived type. Raising U

–

could, in principle, raise the fixed wage in order to secure that the participation constraint continues to be satisfied.

DISCUSSION
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Note: Standard errors are clustered with respect to individuals in models 1 to 4. The lagged variables included in theregressions determine the number of observa-

tions used in the estimation.

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

Constant 

9.314 9.395 9.596 9.497

(0.036) (0.037) (0.045) (0.040)

Bonus payment last year 

0.023 0.016 0.021

(0.002) (0.003) (0.003)

Bonus payment two 0.012 0.025

years ago (0.003) (0.004)

Bonus payment three 0.018

years ago (0.003)

Bonus payment last year -0.008

and two years ago (0.005)

Tenure 2 years or less - -

Tenure 3 to 5 years 

0.027 0.026 - -

(0.003) (0.004)

Tenure 5 to 10 years 

0.061 0.061 0.039 0.045

(0.004) (0.004) (0.004) (0.004)

Tenure 10 to 15 years 

0.084 0.084 0.062 0.069

(0.005) (0.005) (0.005) (0.004)

Tenure 15 to 25 years 

0.085 0.086 0.072 0.073

(0.006) (0.006) (0.006) (0.006)

Tenure 25 years or above 

0.120 0.121 0.097 0.105

(0.010) (0.009) (0.010) (0.009)

Unskilled - - - -

Skilled worker 

0.045 0.044 0.034 0.043

(0.010) (0.010) (0.011) (0.010)

Short theoretical 0.060 0.062 0.046 0.058

education (0.010) (0.010) (0.011) (0.010)

Bachelor degree 

0.074 0.075 0.066 0.073

(0.010) (0.010) (0.012) (0.011)

Masters or PhD degree 

0.107 0.103 0.102 0.101

(0.011) (0.011) (0.013) (0.012)

Non-management - - - -

Managers 

0.006 0.012 0.014 0.015

(0.007) (0.007) (0.008) (0.008)

Vice presidents 

0.285 0.299 0.309 0.307

(0.015) (0.015) (0.015) (0.015)

Demographic variables YES YES YES YES

Job category YES YES YES YES

Time dummies YES YES YES YES

R-squared 0.865 0.878 0.890 0.885

# observations 145,717 104,413 31,971 66,180

Table 6

Wage equations



The third explanation is based on asymmetric learning with probabilistic outside offers. If outside firms cannot observe

bonus payments within the firm, the firm still might want to increase the fixed wage for those employees who are more

likely to be of high ability. Let us suppose, for instance, that outside firms are uncertain with respect to the worker’s qual-

ity and give imprecise, probabilistic offers. Thus, sometimes, good employees leave the firm for alternative jobs. Yet, if

the firm learns about the type of the worker, it might increase the wages of those employees who are likely to be of high

ability. The reason to do this is that the firm can reduce the probability of high-quality employees leaving the firm. Thus,

probabilistic outside offers can also lead to wage increases in perceived type, as predicted above. The advantage of

the probabilistic outside-offer explanation is that it does not necessarily require that the current firm and outside firms

have the same information about employees.

31

In sum, a variety of explanations are available to answer how signals create fixed-wage dynamics. These theories imply

that our job-assignment model can be extended to capture wage dynamics. Yet, to step further more research is need-

ed on firm-level data in order to evaluate the relative merits of the above theories. At this stage, we can only say that

wage dynamics can be made consistent with the model.
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Asymmetric information could, in principle, lead to strategic rewards; that is, the current employer may give bonuses and promote strategically. The rea-

son is that bonuses and promotions are signals to the market about the employee’s quality. Waldman [1984] argues that these concerns may lead to

inefficiencies.



Firms are known to offer highly complex incentive contracts to their employees. Such contracts most often contain fixed

wages, bonus payments, promotions, and layoffs. In this paper, we aim at understanding why firms prefer such an incen-

tive mix. In order to do so, a theoretical model is built, and subsequently it is tested on personnel data. The key result is

that firms that are concerned about the quality of the workforce have an interest in using the full incentive mix. In partic-

ular, these firms use firing, because it contributes to selection besides its incentive role.

This finding is important for two reasons. First, it shows that regulating firing has profound implications for firm profitabil-

ity. The reason is that quality-concerned firms might want to fire badly performing employees, even when the level of

employment is constant, to improve the average quality of their workforce. Thus, labor-market regulations limiting firing

might well put these quality-concerned firms at a comparative disadvantage when competing on the international mar-

ket.

Second, this paper refocuses attention on firing in personnel economics by illustrating that firing has profound and unex-

pected consequences. For instance, it is shown theoretically, that positive selection on tenure within a given rank is a

possibility. This finding, which is supported by the data, challenges previous research in the area.

In addition, this paper shows that a hierarchy of incentives prevails. In particular, firms with homogeneous employees,

or without quality concern, would like to introduce incentives in the following order: promotions, bonuses, and, finally, fi-

xed wages. Promotions are preferred over bonuses, because they use free, residual incentives, such as managerial rent.

This rent can be exploited through promotions to elicit effort from the lower ranks. Fixed wages, absent firing, do not pro-

vide incentives, yet they might be necessary to secure employee participation if bonuses and promotions prove to be

insufficient. In contrast, when firms are concerned about the quality and allocation of the workforce as is the case in the

job-assignment model, the hierarchy of incentives is modified. The reason is that firing together with promotions con-

tribute to sorting and selection of the employees, hence firing becomes essential for profit maximization. Consequently,

bonuses will only be used to provide additional incentives besides the ones given by promotion and firing.

This paper also uses the optimal contract to derive predictions about the employee’s career dynamics within the firm.

These predictions describe the probability of receiving bonus payments, promotion, and layoff for the individual employ-

ee. In the empirical analysis, they are found to be consistent with the empirical evidence. The success in testing a broad

set of predictions besides the single prediction of the incentive mix allows us to state that the paper accommodates the

Gibbons and Waldman critique.

In conclusion, this paper casts a fresh new light on employee incentives by investigating them in a joint empirical-theo-

retical framework. The results advance our understanding of the incentive role of firing in firms and its consequences for

employee selection. Equally important, the paper paves the way for future research. In particular, adding other building

blocks such as human capital acquisition and learning to the job-assignment model seems to be a fruitful way to

improved understanding of observed firm behavior.
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8.1 PROOFS

Proof of Lemma (1). Notice that with binding constraints the profit is a function of the firing probability:

and that the bonus (b) is canceling out of the equation. Then the first-order condition, in terms of the firing parameter,

can be written as: 

Thus, firing is minimized in equilibrium.

Proof of Lemma (2). Consider second-period employee quality (μ
F

) first. Notice, that determining the volume of good

quality employees determines employee quality as the firm employs a unit volume of employees. Thus, the equilibrium

proportion can be determined as the sum of good employees newly hired into non-management and the number of good

employees surviving to the second period.

Straightforward simplification yields the result in (4).

Managers are promoted either internally or externally. The quality of managers can be determined along a similar logic

used above to determine employee quality. The number of good promoted employees should be divided by the number

of managers (1/H). The number of internally promoted managers is given by:

Next, note that externally hired managers have an average quality μ. The volume of external hiring is given
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Thus, the volume of externally promoted good quality managers is:

Combining the terms yields the solution.

Finally, to see that μ
F

is increasing in the firing rate, differentiate (4) with respect to π
F

.

Proof of Lemma (3). The proof of the lemma follows from the discussion preceding it. It is straightforward to show param-

eter values where the incentive mix arises and is left to the reader.

Proof of Lemma (4). To see that selection on rank is positive, notice first that in equilibrium, the promotion constraint is

binding, then:

which expression can be simplified to

where both terms on the right-hand side are smaller than unity.

To see the statement on the selection on tenure, focus on the employees staying in employee rank, after the first period.

The number of surviving employees is given by:

The number of surviving good ability employees is given by:

Thus, the quality composition of tenured employees can be written as:

and it can be rewritten as

which is trivially higher than μ, if and only if π
F

> π
P

.
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8.2 MANAGERIAL RENT

The model assumes that managerial rent exists, yet it only handles it in a closed form. Here we provide some reasons

for this closed-form representation. There are two major explanations, and both of them build on the same observation,

namely that managers affect the work of many subordinates.

The first approach justifies rents by incentives. Calvo and Wellisz (1979) argue that rent is an increasing function of hier-

archical rank. Their model is based on costly supervision, where shirking employees are punished by firing. This punish-

ment, however, is only effective as long as there are rents with respect to the job. As managers affect the work of many

subordinates, they are given more rents to ensure no shirking. Thus, the firm might be tempted to offer higher compen-

sation for managers, even if the nature of the work is not different, and all the workers and managers are identical. In

sum, a wage (and rent) ladder might prevail, even absent quality differences.

The second rationale, suggested here, stems from the firm’s desire to curb managerial turnover (more than the turnover

of the non-management level). The intuition is simple, and again it rests on the observation that managers affect the out-

put of many other employees. If a non-management employee leaves, it disrupts his own output. If a manager leaves,

the leave disrupts the output of the manager and all his subordinates. Consequently, the firm would like to give stronger

incentives to stay for managers than for workers. If outside offers are probabilistic, rents can be used to induce loyalty.

Thus, in this setting the manager’s compensation will include rents (and higher ones than that of the employees).

Finally, managerial rent has empirical support. It is generally understood that employees prefer to be promoted with the

ongoing conditions. Thus, managerial work is more desirable, supporting the first incentive explanation. Also, voluntary

managerial turnover is lower than voluntary employee turnover, which lends support to the second explanation. In our

data set, for instance, lower-level managers and vice-presidents have a 9.80 percent and a 15.35 percent lower turnover,

respectively, than do employees.

In conclusion, then, we are comfortable with the closed-form modeling of managerial rents. The available empirical and

theoretical evidence seems to support its existence.

8.3 ACTION-SET CONDITIONING

Conditioning the action set on output, as it was proposed in the model, is without the loss of generality.

In the basic model, the assumed action setup is general. The fact that the action set was constrained on output realiza-

tions does not change the equilibrium. It is straightforward to check that the firm would promote only high-performance

employees and only fire low-performance ones. Similarly, the firm would not pay bonuses to low-performers, even if the

action set would allow for that.

Under employee heterogeneity, the firm still prefers to promote well-performing employees and to lay off individuals with

low performance. The reason is twofold. First, promoting well-performing employees and laying off badly performing

ones is useful for incentive purposes. Second, selection considerations also strengthen the promotion and layoff policy.

As managerial output is relatively more important than non-managerial output, better-quality employees are more desir-

able for promotion. Thus, the firm prefers to promote high-performance individuals, as they are more likely to have high

ability. Similarly, conditioning layoffs on low performance make sure that the fired individual is relatively more likely to be

of low ability. This improves the overall quality of the workforce, and hence, has a positive impact on productivity. Again,

it is straightforward to see that bonuses are only paid to well-performing agents, just like in the homogeneous case.
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8.4 ADDITIONAL REGRESSIONS

APPENDIX
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Note: Reference category is: “Stay within rank”. In the period studied individuals with a short theoretical education are not promoted.

Layoff Promotion

Constant 

-10.912 -8.603

(1.023) (1.117)

Bonus payment received -2.222 0.768

during the preceding year (0.268) (0.249)

Tenure less than 2 years - -

Tenure 2 to 5 years 

1.211 0.155

(0.736) (0.388)

Tenure 6 to 10 years 

1.456 0.038

(0.736) (0.412)

Tenure above 10 years 

1.651 -0.170

(0.734) (0.432)

Unskilled - -

Skilled worker 

-1.314 -0.925

(0.504) (1.225)

Short theoretical education 

-0.589 -

(0.403) (-)

Bachelor degree 

0.798 1.088

(0.391) (1.032)

Masters or PhD degree 

0.343 1.959

(0.402) (1.009)

Demographic variables YES YES

Time dummies YES YES

Log likelihood -1545.22

# observations 97,925

Table 7

Predicted monthly transitions
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Note: Standard errors are clustered with respect to individuals in the cross sectional models.

Logit model Fixed-effects model

No restrictions Conditional on Conditional on Conditional on Conditional on

on tenure tenure > 1 tenure > 2 tenure > 1 tenure > 2

Constant 

-4.304 -4.131 -4.459 - -

(0.580) (0.636) (0.698)

Tenure 

0.022 0.015 0.014 0.061 0.135

(0.004) (0.005) (0.005) (0.117) (0.172)

Non-management - - - - -

Managers 

0.722 0.726 0.762 0.704 0.780

(0.184) (0.192) (0.197) (0.483) (0.541)

Vice presidents 

1.665 1.662 1.622 0.735 0.764

(0.382) (0.384) (0.385) (1.117) (1.114)

Unskilled - - - - -

Skilled worker 

0.389 0.357 0.373

(0.160) (0.165) (0.170)

Short theoretical 0.450 0.398 0.432

education (0.159) (0.163) (0.168)

Bachelor degree 

0.408 0.378 0.414

(0.165) (0.171) (0.177)

Masters or PhD 0.633 0.604 0.693

degree (0.187) (0.198) (0.207)

Demographic variables YES YES YES YES YES

Job category YES YES YES YES YES

Time dummies YES YES YES YES YES

Log likelihood -5,964 -5,230 -4,763 -1,741 -1,561

# observations 10,801 9,674 8,872 5,740 5,167

Table 8

Bonus regression
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