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~ Abstract ~

In this study we analyze the impact of a switclpéoformance pay on negative stereotypes in
a model of statistical discrimination. We introdwféort incentives in the model by Coate and
Loury (1993) and analyze discriminatory outcomedeurdifferent wage regimes. We show
that negative stereotypes are possibly eradicatednwperformance pay is introduced.
However, we find that a weak relationship betweenker effort and firm output might result

in an increase in the absolute level of discrimoratvhen performance pay is introduced.
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1. Introduction

Traditionally, the literature in the field of perstel economics focuses on the effects
of providing incentives on organizational perforrmanThe effects of performance pay (e.qg.
Lazear, 2000), tournaments (e.g. Lazear and Rd®81,) and non-monetary-incentives (e.qg.
Akerlof and Kranton, 2005) are evaluated in a buo€lstudies. The literature on racial
discrimination mainly focuses on the mechanisms d@laount for inequalities between races.
Two main models have been developed: models ofsstal discrimination (e.g. Arrow,
1972; Phelps, 1972) and models of taste-basedirdisation (e.g. Becker, 1957; Welch
1967). In models of taste-based discriminationjatadifferentials are caused by personal
racial preferences of employers, co-workers or austs. On the contrary, in models of
statistical discrimination, racial differentialdss due to negative beliefs of employers about a
certain group of workers. In this study we buildooghe model of statistical discrimination
developed by Coate and Loury (1993).

Despite the fact that both performance pay andakagiscrimination are widely
discussed topics in modern microeconomics, thermisnuch (theoretical) literature on the
link between the two issues. Some empirical stufies Belman and Heywood, 1988; Fang
and Heywood, 2006; Heywood and O’Halloran, 200%)nfib evidence for a reduced racial
wage gap in companies where wages were based twrrpance of workers. Furthermore,
Heywood and O’Halloran (2006) present a theoregeg@lanation for the reduced racial wage
gap when workers are paid according to their outphé studies mentioned focus on racial
earnings differentials within firms. These studfesm an interesting starting point for our
study.

However, we are not particularly interested in lih& between performance pay and
racial earnings differentials. We are interestedistriminatory practices at the appointment
or promotion stage of the labour market. Curreralyly a few studies have focused on this
effect. For example, Elvira and Town (2001) haveni empirical evidence for differences in
supervisors’ performance evaluations dependenhemdce of their subordinates. The focus
in our study is on the link between performancatesl pay and negative stereotypes held by
employers. We ask ourselves the question whetreermtinoduction of performance related
pay can eradicate negative stereotypes. Startomg & situation with flat wages and negative

stereotypes we analyze the impact of a switchgertormance pay regime on discrimination.




We are the first to compare appointment rates &emdint identifiable groups of
workers under different wage regimes in a modaetafistical discrimination. In such a model
employer beliefs play an important role. When ampleyer believes that a worker from group
A is less likely to be productive than a workemfrgroup B, it is said that the employer holds
negative stereotypes against group A. The modedtatistical discrimination by Coate and
Loury (1993) forms the basis for the analysis omithpact of performance pay on negative
stereotypes.

The Coate and Loury model describes a job-assighgeene, in which workers and
employers are randomly matched with each other.|&meps have to decide whether they
assign the worker to a high-skilled job or to a 4dskilled job. Workers have to decide
whether or not to make a costly investment whiclkesahem productive in the high-skilled
job. The employer observes the group identity efworker, though he does not observe the
productivity of the worker. In addition, the empéryobserves a noisy signal which gives an
indication about the likelihood that the workegisalified. Qualified workers are more likely
to emit a high signal. Employers form beliefs abthé productivity of the different groups
based on prior experiences. In equilibrium, theskefs must be confirmed. That is, the
fraction of investors in a particular group mustuaqthe employer's belief about the
investment rate in that group.

In a discriminatory equilibrium employers beliewerkers from one group to be less
productive than workers from another group. In caksuch negative stereotypes it is less
likely that an employer assigns a worker from tlsadvantaged group to the high-skilled job.
This, in turn, reduces the investment incentivesaikers from the discriminated group. It is
possible that a discriminatory equilibrium pergsen when the different groups are ex ante

identical.

We extent the model of Coate and Loury by incorfppegaeffort incentives. This
makes it possible to analyze different wage regiméke high-skilled job. We use a standard
principal-agent model to derive optimal contracteler a flat wages regime and a regime
characterized by performance pay. From the optooatracts we can specify employer and
worker payoffs associated with assigning a quaife an unqualified worker to the high-
skilled job. We show that these payoffs vary urttlerdifferent wage regimes.

In order to be able to analyze the impact of pertnce pay on negative stereotypes,
we start in a situation with flat wages and disaniation against one group of workers. We

argue that the switch from flat wages to perfornearetated pay decreases the likelihood that




a discriminatory equilibrium persists. This candxglained by the changes in the employer
and worker payoffs. Under performance pay, emplgyefits associated with assigning a
gualified worker to the high-skilled job are high@his leads them to be less strict in their
assignment standards. Workers get extra investment incentives undefoperance pay, since
only qualified workers are eligible for an extrannbg payment. The combination of these two
effects increases the likelihood that negativeestigpes are eradicated under performance
pay.

The effects of the introduction of performance p#gscribed above might sound
obvious. Employers become less strict in theirggssaent standards and workers become
qualified at a higher rate because of increasedetaoy incentives. We show that negative
stereotypes are more likely to be eradicated whemndlationship between effort and output is
stronger. A strong relationship between the e#orrted by the worker and the output of the
firm results in higher monetary incentives. Nexttt@at employer profits of assigning a
qualified worker increase in the strength of theortfoutput relationship. As a result, the
decrease in employer standards and the incredke orker investment rate are more severe
the stronger the effort-output relationship. Thenbmation of these two effects makes it
more likely that negative stereotypes are elimidiatden the effort-output relationship is
relatively strong.

However, the mechanism described above is noteas-cut as it seems. We show that
the effect of introducing performance pay on negastereotypes becomes uncertain when
the effort-output relationship is relatively wedk. that case the possibility that negative
stereotypes persist exists. Besides that it is epessible that the absolute level of
discrimination increases. That is, the fractionirofestors increases in both groups but the
investment rate of workers from the advantagedgioareases more than the investment rate
in the discriminated group. A policy implicationlifawing from this finding is that the
stimulation of performance pay programs is not gefinition a good policy when the
objective is a reduction of discrimination at tippaintment stage of the labor market.

The outline of this study is as follows. Sectiogi?es a short literature overview. We
discuss several (empirical) articles on the linkkween performance pay and racial
discrimination. Besides that we will explain thentrdoution of our study to the existing
literature. For those who are not familiar with thedel of Coate and Loury we start with a
review of that model in section 3. We give the agstions of the model and we derive

optimal behavior of employers and workers. Afteatttwe explain the equilibrium concept in




the Coate and Loury model. In the second part cicge 3 we develop the framework of our
study. Starting from the baseline model we intr@deffort incentives, which enables us to
analyze different wage regimes. We will focus oo tiifferent wage regimes, namely flat
wages and performance related pay. We derive optiordracts under the two regimes and
we present the payoffs we need for our analysis.

In section 4 we use the payoffs derived in secBoto study optimal behavior of
employers and workers under the different reginiés.formulate the impact of performance
related pay on employer and worker behavior in prapositions. Starting from a situation
with flat wages and negative stereotypes we loothatimpact of performance pay on this
discriminatory equilibrium. We show how the intration of performance pay impacts the
equilibrium outcome of the model. Furthermore wealgre the effect of the relationship
between worker effort and firm output on the likelod that negative stereotypes are
eradicated. The impact of the introduction of perfance pay on negative stereotypes is
formulated in two other propositions. At the end sdction 4 we look at the social
consequences related to the introduction of perdoga pay and we try to find out whether
social interests are always aligned with the imisreof the individual firm. Section 5
summarizes the most important results of our amalyge give an interpretation of the results
we obtained and we formulate an answer to questi@ther the introduction of performance
pay can eradicate negative stereotypes.

2. Literature

There is a list of empirical work on the link beeweperformance pay and racial
earning differentials. For example Belman and Heyiv(1988) analyze a dataset including
individual wage and industry data on performanceyse in the US. They find that incentive
pay tends to have (at best) a very small effedhenearnings of whites, but a major positive
effect on the earnings of blacks. This reducesptn¢ of the wage gap that can be explained
by discrimination. Next to that it indicates thiaisi more difficult to discriminate when pay is
based on output measures as compared to the @ituatiere pay is related to subjective
evaluations of output.

Fang and Heywood (2006) are the first to do re$eancthe link between the payment
method and ethnical wage differentials in CanadeeifThypothesis is that performance pay
must reduce ethnic wage differentials for two reasd-irst of all the intensity of prejudice

must be greater for an employer to discriminateeargerformance pay than when effort is




evaluated subjectively. Secondly, when productiistyneasured using a standardized norm,
the practice of discrimination becomes more traresga This will result in an increased
probability of detection of discriminatory practgeavhich increases the cost of discrimination
and reduces its extent. Using data from the Canadlarkplace and Employee Survey they
find evidence for a significant ethnic wage diffietial for those paid by time rates. However,
they did not find evidence for an ethnic wage dédfgial for those receiving wages dependent
on output.

In a same vein, Heywood and O’Halloran (2005) w&lUS data from the National
Longitudinal Survey of Youth. They compare the @ays of blacks and Hispanics to the
earnings of non-blacks and non-Hispanics. They fndignificant racial earnings gap for
those receiving time rates. For those receivingutdbased pay they did not find evidence for
a racial earnings difference. An interesting adddil finding is that for those receiving
individual bonus payments the racial earnings gdprger than for those receiving time rates.
This can be explained by the fact that bonus paysreme based on the subjective evaluation
of a supervisor. This analysis is more or less armaipe to the two studies we described
above. They focus on earnings differentials betwsem groups and the relation with the
method of pay. In addition to the previous studitsywood and O’Halloran present a
theoretical model which gives a possible explamata the findings. They assume a model
of taste-based discrimination in which the utilifythe employer increases with the extent of
discrimination. On the other hand, the utility bétemployer decreases in the probability that
the discriminatory practices of the employer argected. Under performance pay the
detection probability increases which results laveer optimal level of discrimination.

The studies described above are all related tditkebetween performance pay and
racial wage differences. The literature on the libktween performance pay and
discrimination at the appointment or promotion stegmore limited. For instance, Elvira and
Town (2001) investigate the role of the racial cosipon of the employee-supervisor pair
and worker productivity on (subjective) performamsluations within a large US company.
They find that the subjective performance evalumtignificantly depends on the race of the
worker. Controlling for actual productivity whick measured using an objective performance
measure, they find that blacks receive lower ratithgan whites. The subjective performance
evaluation directly influences wages and careepdppities.

It is even more interesting to see that they finflecent outcomes for different
employee-supervisor pairs. A white worker workimmg & white boss receives significantly

higher ratings than a black worker working for aitetsupervisor. The same holds when they




compare black workers working for a black boss whie worker working for a black boss.
That is, they find that the evaluation of a workdepends on the races of the supervisor and
the worker.

In the study by Elvira and Town, wages depend ubjestive performance measures
executed by the supervisor. They investigate tfexedf the racial composition of employee-
supervisor pairs on discriminatory outcomes. In stwdy we exclude the effect of racial
differences between supervisors and subordinatessyming that an objective performance
measure is used to evaluate the performance ofvirker. We contribute to the existing
literature by studying the effect of different waggimes on appointment or promotion rates
of minority workers. In the section below we wilikg with an overview of the model by

Coate and Loury (1993) which forms the framewonkdor analysis.

3. Model

In this section we will build the framework in whicwe analyze the impact of
performance pay on negative stereotypes. The framieis largely based on the model of
statistical discrimination developed by Coate andry (1993). The Coate and Loury model
is a job-assignment model in which employers argloanly matched with workers from a
large population. Employers offer two types of joadow-skilled job and a high-skilled job.
Employers do not observe the productivity of thekeo, they only observe the group identity
of the worker. This leads to a situation in whichptoyers form beliefs about the productivity
of certain groups. In an equilibrium of the mode beliefs of the employer are confirmed.
Employers have negative stereotypes about a cegtaup when they believe that group to be
less productive on average. An employer holdingahieg stereotypes about a certain group
of workers is less likely to assign workers of tgedup to the high-skilled job. Workers have
to decide whether or not to make a costly investmBEme investment makes them productive
in the high-skilled job. In case of negative stéypes about a group of workers, it is less
likely that workers from that group make the inwesnt. After all, even when they make the
investment, employers are less likely to assigmth@the high-skilled job.

We start this section with a formal overview of tbhasic assumptions and the
workings of the Coate and Loury model. We will shbew workers and employers react in
the basic model and we will explain the equilibrisoncept. In the last part of this section we
explain how we change the baseline model in ordeanalyze different wage regimes. We
present a variant of the Coate and Loury model hickv effort incentives are included. This




version of the Coate and Loury model helps us wnmere the impact of performance pay on

negative stereotypes in section 4.

3.1 Coate and Loury Model

The Coate and Loury model is a job-assignment ineith a large number of risk-
neutral employers, offering two types of jobs: ghhskilled job and a low-skilled job. The
model can also be used to evaluate promotion nas¢ésad of appointment rates. In that case
one should imagine that workers are contractedafprobationary period. After that period
the employer has to decide whether or not to agkigrworker to the high-skilled job. Each
employer is randomly matched with a lot of workimn a large population. The population
consists of two identifiable groups of workers, Wfgaction 1) and B’s (fraction1 — 4).
Once matched with a worker, the employer has tigraske worker to one of the two jobs.

Workers need to decide whether or not to make #ycos/estment, which makes
them valuable in the high-skilled task. The cod$tthis investment are distributed identically
in both groups according to some CDOFc). Both qualified and unqualified workers want to
get assigned to the high-skilled job, which yielgrass return equal t@. Employers want to
assign as many qualified workers to the high-sftijleb as possible, since this yields a net
return ofx, > 0. Assigning an unqualified worker to the high-sdlljob yield a payoff equal
to —x,, < 0. The ratior is defined ax,/x,.. The gross return for a worker in the low-skilled
job is normalized to zero. The net return for thepkyer of assigning a worker to the low-
skilled job is normalized to zero as well.

The problem is that the employer is not able teeobe the investment decision of the
worker at the assignment stage. The only inforrmatibserved by the employer is the group
membership of the worker (W or B) and a noisy digiiae [0,1]). The signal gives an
indication about the likelihood that the workerqgsalified. One could imagine the signal
emitted by the worker as the outcome of a job uiev or a period of intensive monitoring in
a probationary period. The employer is still noteswhether the worker is qualified for the
high-skilled job, but after the interview or theopationary period he has an indication about
the likelihood that the worker is qualified.

The Monotone Likelihood Ratio Property (MLRP) eresuthat higher signal are more
likely to be emitted by qualified workers. The distition from which the signad is drawn
depends on the investment decision of the workdreMthe worker has made the investment

F,(0) represents the probability that the signal doesexeeedd and f,(8) is the related




probability density function. In case of no investrhF,(8) gives the probability that the
signal does not exceeédandf, (0) is the related probabilty density function. THeslihood
ratio atf is defined as the ratio of the two probability siénfunctions:p(8) = £,(0)/1,(6).

It is assumed thap(68) is non-increasing i@ on the interval0,1]. Under that assumption it
must hold thatf, (6) < F,(8) for all values of the signal. In words, higher values of the
signal are more likely to be emitted by qualifiedrikers. The implication is that workers who
made the investment are more likely to emit a Hsigimal. This is important because we will
see below that employers base their assignmergidean the signal emitted by the worker.
Workers who emit a higher signal are more likehygét assigned to the high-skilled job than
workers sending a low signal.

Under these conditions, employers optimally chaosset threshold standards of the
signal 8. These standards depend on the prior belief th@ay®r has about a certain group.
The employer assigns a worker from graugp the high-skilled job, only when the worker
meets the threshold standard applicable for grioufyorkers have to decide whether they
become qualified or not. In order to become quedifihey need to make a costly investment.
The fraction of workers with investment costs belswnec, G(c), becomes qualified. The
level of investment costs for which it is worthwhito become qualified depends on two
factors: the gross return from being assigned ® high-skilled job and the increased

probability of assignment to the high-skilled jdtea making the investment.

3.1.1 Optimal Standards
Knowing the assumptions of the Coate and Loury hosle are now able to derive

optimal employer behavior. As described above eggroptimally set a threshold standard
s*(n'), wherer! is the prior belief held by the employer about fiteportion of qualified
workers in groug. After observing the sign@l emitted by the worker, the employer updates

his beliefs according to Bayes’ rule. The postebieliefs are given by:

i g) = m'fq(®) - -
f(ﬂﬁ)—nifq(e)+(1-ni)fu(e) 1+[(1-nt)/m](6) @)

After observing the worker's group identity and kignal, the employer is able to
determine the expected payoff from assigning thekeroto the high-skilled task. The

employer decides to assign the worker to the higlted job when the benefit of doing so
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exceeds the benefit from assigning him to the l&lNesl job. This policy can be expressed by

the following inequality:

§(m',0)xg — (1 ¢(n',0))x, 2 0 )

Rearranging terms and using our definitionrofesults in the expression for the
optimal standards given by equation (3). It captmven thas*(r') is decreasing im’. This
implies that more optimistic prior beliefs resuitless strict standards. The intuition behind
this is that employers do not attach any valueneosignal when they believe (almost) every
worker to be qualified. In contrast, when employeeteve that a very low percentage of the
workers becomes qualified, they will only assignrkess emitting very high signals. The
result is that standards are very low for high ipheliefs, while standards become very strict
for low prior beliefs about worker productivity.

Next to that employers set lower standards for hejjef 7!, when the ratior
increases. When the gains from assigning a quahfierker are relatively high compared to

the losses associated with assigning an unqualifee#er, standards become easier.

s*(nt) = min {6 € [011r = (2F) 9(6)) 3)

3.1.2 Worker Investment

Now that we know the standards set by the empJayercan derive optimal worker
behavior. A worker will invest if and only if thexpected benefit of doing so exceeds the
expected benefit of not investing. The expectedebewnf investing is determined by the
probability of meeting the standard, the grossrretiom assignment and the investment
costs. The expected benefit of not investing ielgotetermined by the probability of
assignment and the gross return of getting assigmeg the worker does not have any costs
of investment. The probability of assignment to thgh-skilled job is higher for qualified
workers as compared to unqualified workers as altre$ our assumptions on the signaling
technology. Signals for qualified workers are drdvam another distribution than signals for
unqualified workers. As explained above, highemalg are more likely to be emitted by
gualified workers. This, in turn, increases thebaduility of assignment. The probability of

assignment equald-F,(s) for unqualified workers andl-Fq(s) for qualified workers.

Therefore, the expected benefit of investing eq[{hls Fq(s)]w —¢; . The expected benefit
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of not making the investment equdlls— E,(s)]w. This leads us to conclude that a worker
will make the investment if and only i; < [F,(s) —Fq(s)]w. The second part of this

inequality is defined as the expected benefit fionesting excluding investment costs for

any worker, given standad

E[B(s)] = w[E,(s) — Fy(s)] 4)

Given the assumptions about the signaling teclyylid can be proven that equation
(4) is a single-peaked function @fThe benefits of investing increase whg€g)>1, while the
benefits are decreasing whefs)<1. Together with the fact thai(s) is non-increasing is on
the interval [0,1], we can conclude th%(B(s)) Is single-peaked is. When standards are
very high or very low, the benefit of investing ¢isnto equal zero. For very low standards the
explanation is that a worker has a high chance edting the standards, even when he does
not make the investment. In contrast when standasery high, the chance of meeting the
standard is very low independent on the investrdeaision.

Using equation (4) and the fact that the costeneéstment are distributed according to
some CDF G(c), it is possible to derive the prdparof investors. It is important to notice
that, under assumption, investment costs are loigéd identically in both groups. This
implies that both W- and B-workers react in the saway for a given standard. The
individual worker will become qualified wheo! < E(B(s)). The proportion of workers
becoming qualified might differ among the two id&éable groups, according to equation (5)
(Wwheres denotes the standard faced by gréug-urthermore we assume that there are no
workers with zero investment costs, such that tlo@grtion of investors tends to go to zero
when standards become very high or very low. Thek&roinvestment curve described by
equation (5) is single-peaked as well.

nt = G(E[B(sY)]) (5)
3.1.3 Equilibrium
In a self-confirming equilibrium, the prior belibéld by the employer is exactly equal
to the investment rate of the workers. In otherdsorn equilibrium the employer sets a
standard consistent with his prior beliefs or eigere about the proportion of qualified
workers in group. By setting the standard at the optimal level, ¢éneployer induces the

workers from group to become qualified at a rate exactly equal tophisr belief about the
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proportion of qualified workers. An equilibrium therefore defined as a pair of beliefs
(", ?) for which it holds that:

i = G(E [B (s*(ni))]) i=bw (6)

It is helpful to draw the optimal standard curvel dhe worker investment curve in a
(z,9)-diagram. Figure 1 shows the downward-slopingrogtistandards curve and the single-
peaked worker investment curve. According to théndmn in (6), a self-confirming
equilibrium arises when the optimal standard cuave the worker investment curve intersect.
A discriminatory equilibrium, or negative stereodgp might occur when there are multiple
intersections between the two curves as in figurddl is shown in the figure employers
believe that the proportion of investors among iB’ower than among W’st{’ > n?). For
that reason, employers set a stricter standardBfaorkers €2 > s%). This reduces the
expected benefit of investing for B-workers whi@sults in a lower proportion of investors

among B-workers compared with the investment rateray W-workers.

Figure 1: Equilibrium in the Coate and Loury model

worker
T investment

optimal
standards

Prior Belief/Proportion of Investors

Standard

In figure 1 four solutions of equation (6) can tistinguished, since the optimal
standards curve and the worker investment curwergatt four times. However, only the
equilibrium %, n?) lifted out in the analysis above is a discrimamgtlocally stable
equilibrium. Local stability is an important contap the analysis of negative stereotypes.
Suppose that the employer's prior belief in perbdr?t=°) slightly deviates from the
equilibrium belief {?"). This deviation, in turn, leads to a slightly fdient standard and

investment rate in period 0. This impacts the phielief of the employer in period Z{*=1)
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etc. When the equilibrium is locally stable, thel @quilibrium @?°) is reached by the
adjustment process described above. An equilibrgutacally stable under the condition that
the absolute value of the slope of the optimal ddaals curve exceeds that of the worker
investment curve. Local stability is important imroanalysis, since only locally stable
equilibria are likely to persist over time. When equilibrium is not locally stable a small
error made by the employer can completely breakndavdiscriminatory equilibrium. Such
non-stable equilibria are therefore much more Vikeldisappear over time. That is the reason

why we will only focus on locally stable equilibriia the remaining part of the analysis.

3.2 A Model with Effort Incentives

The model of Coate and Loury described above fahasasis for our analysis on the
impact of performance pay on negative stereotyplevertheless, we need to change the
model to some extent in order to be able to analygzempact of different wage regimes. The
Coate and Loury model simply assumes a gross gaifof each worker assigned to the high-
skilled job. In addition the employer is assume@aonx, when assigning a qualified worker
to the high-skilled job and to incur a loss equattwhen assigning an unqualified worker to
the more demanding job.

We will make more specific assumptions on the gaind losses of workers and
employers by incorporating a principal-agent moitethe Coate and Loury model. The
principal-agent model allows us to analyze twoetdght wage regimes: a flat wage regime
and a performance pay regime. We will distinguiskttwleen different situations and
corresponding payoffs. Below we will start with averview of the principal-agent model we
incorporate in the model. After that, we will sggdihe optimal contracts offered under the
different regimes. From the optimal contracts we alole to derive the payoffs received by
workers and employers under the different wagemegi These payoffs form the basis of the

analysis in section 4.
3.2.1 Employers

We make the assumption that employers maximiz& ghefits. The profits of
assigning a worker to the high-skilled job are duteed by pricep, outputy and the wage

(w) paid to the qualified worker.

n=py—w (7)
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In addition to that we assume a simple linear i@hahip between outpwt and the
effort exerted by the (qualified) worker:= ye. In this simple case the factpdetermines to
what extent worker effort and output are relatedjhH/alues ofy correspond to a very direct
relationship, whereas low valuesjoindicate that output is not necessarily the restitiigh
worker effort. In the latter case, high worker effdoes not necessarily result in high output.
It might be the case that factors beyond the cowofrthe worker, such as fortune or market
conditions, play an important role in the outpw&lization.

When the employer assigns a worker to the higleskjob, profits do also depend on
the qualifications of the worker. When the workeruinqualified, the effort exerted by the
worker does not contribute to the profits of theptyer. In that case, the employer faces a
loss equal to the wage paid to the qualified warkdrin all we can distinguish between three
different cases with corresponding payoffs. Paydépend on the job to which the worker is

assigned and the investment decision of the worker.

1. The employer assigns a qualified worker to the {sighied task. In this case, the
effort exerted by the worker contributes to thefipgaf the employer:

) =pye —w (8)

2. The employer assigns an unqualified worker to tigh-8killed task. In this case,

the effort exerted by the worker does not conteldotemployer profits:

nm=—w (9)

3. The employer assigns a worker to the low-skillesktad he profits associated with

this action are normalized to zero:

nt=o (10)
3.2.2 Workers

Workers are considered to be utility maximizingig. The worker utility depends on
the wage the worker receives)( the effort he exertsel and the costs of the investment
needed to become valuable in the high-skilled @b [(n the first place we recognize that
exerting effort is costly to the worker. For thaason we assume a standard convex cost of

effort function, which is the same for both quadiand unqualified workers. Next to that we
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assume that qualified workers in the high-skilleb jare to some extent intrinsically
motivated to exert effort.

There are clear analytical reasons for assuminghént motivation among qualified
workers. In a set-up without intrinsic motivatiomorkers are not willing to exert any effort
under a flat wage regime. In that case a compatietween a flat wage and a performance
pay regime would not be very interesting. Neverhg| the concept of intrinsic motivation is
not only introduced for analytical reasons. A diti@in which none of the workers is willing
to exert effort does not seem to be very realislice can imagine that a qualified worker
actually likes to work in the more demanding tadslcould for instance give him the feeling
that he is important and it could give rise to ifegd of self-esteem. In contrast, unqualified
workers are less likely to love working in the dfiedl job. The job might be too demanding,
which demotivates them to exert some effort.

Even when feelings of importance and self-esteenmatoplay a role, workers are
always facing an indirect monetary incentive, ewdren they work under a flat wage regime.
Qualified workers choose to exert effort underah Wage regime, since they fear that they get
fired when exerting zero effort. For unqualified neers this does not hold. Even when they
exert effort, it does not contribute to the probfsthe employer. For that reasons we assume
that only qualified workers have some intrinsic ivation to exert effort.

We model this intrinsic motivation by assuming ata@e level of effort at which the
qualified worker feels ‘comfortable’. Effort beloar above this level is costly. The intuition
behind this way of modeling is twofold. At one hamdhen effort is too low workers fear that
they get fired and are willing to increase effét.the other hand, when effort comes above a
certain level, the cost-of-effort-effect takes oaad exerting extra effort becomes costly.

Now we can distinguish between four different cagéh corresponding payoffs.
Again, payoffs depend on the job to which the workeassigned and the investment decision

made by the worker.

1. A qualified worker gets assigned to the high-skilleb. This worker is to some

extent intrinsically motivated to exert effort:

Ul =W—%(€—1)2—Ci (11)
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2. A qualified worker gets assigned to the low-skiljed. The gross utility of getting
assigned to the low-skilled job is normalized teozeHowever, the worker still

faces the investment costs,

Ucl[ = —C; (12)
3. An unqualified worker gets assigned to the highiettijob. For this worker effort
is just costly and there is no intrinsic motivattorexert effort:

Uk =W—%€2 (13)

4. An unqualified worker gets assigned to the lowiskiljob:
ut=0 (14)

3.2.3 Optimal Contracts

Now that we know the profit and utility functionsie can determine the optimal
contracts under the different wage regimes. Befrare able to do so, we need to define the
different wage regimes. We distinguish between tlifferent wage regimes: a flat wage
regime and a performance pay regime. Under a fmjearegime workers in the high-skilled
job earn a flat wage, which does not depend onlakel of effort they exert. Workers
determine their optimal level of effort and emplsydetermine the optimal level of the wage.
We will see that the optimal level of effort undeflat wage regime will not depend on the
wage the worker receives.

Under a performance pay regime, workers in thda-Biglled job are (partly) paid
according to their productivity. Workers receivease wageg, which is independent on the
level of effort they exert. In addition workers caarn a bonus which depends on the level of
effort they exert. Again we will show how workerstermine their optimal level of effort and

how the employers respond by defining the optinoati@act.

Flat wage regime
The optimal levels of effort under a flat wage ineg are given by maximizing
equations (11) and (13) with respect éo The optimal level of effort depends on the

investment decision of the worker:
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eg=1 (15)
e, =0 (16)

We see that qualified workers are motivated tortegeme positive level of effort
under a flat wage regime. This is caused by themagson we made about the intrinsic
motivation of qualified workers. Unqualified worlseare not inclined to exert some positive
amount of effort.

In this set up the level of effort exerted by therkers is not affected by the level of
the flat wagew. As a consequence the employer optimally choasssttthe wage as low as
possible. In that case the profits of assigningi@aified worker to the high-skilled job (8) are
maximized and the loss of assigning an unqualifsexker to the high-skilled job (9) is
minimized. In fact, this means that the employelt sat the wage at the legally determined
minimum level or at the level determined by colleetlabour agreements. In such a case we
can state that the limited liability constraintoisiding. In the analysis below; indicates the
optimal level of the flat wage. To be sure that émeployer makes a profit on assigning a

qualified worker to the high-skilled job, we assuthatpy — w > 0.

Performance pay regime

We first need to specify the wages which qualifeed unqualified workers can earn
in the high-skilled job under a performance payimeg Both qualified and unqualified
workers receive the base salatyHowever, only qualified workers are eligible the effort
dependent bonus. Once assigned to the high-skdledemployers evaluate the performance
of the worker using some objective performance mreaslhis enables us to abstract from

discriminatory practices at the performance evanaitage.

o =a+Pe (17)

w,
wh =« (18)

Inserting equations (17) and (18) into equatidlk) @nd (13) and maximizing with
respect tce yields the optimal effort levels for qualified andqualified workers in the high-

skilled job under performance pay:

e;=1+p (19)
e, =0 (20)
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The optimal level of effort for the qualified wak increases in the level of the
incentive intensity parametgr The higher monetary incentives, the higher tiellef effort
exerted by the qualified worker. Next to that we et the optimal level of effort equals 1 in
absence of monetary incentives. This correspondieddlat wage case, in which monetary
incentives do not play a role. The optimal levekébrt for the unqualified worker does not
change compared to the flat wage case. Unqualfi@dkers are not influenced by monetary
incentives since their effort is not valued by émeployer. For that reason, they are not able to
earn the bonus provided under the performancegmme.

Under a performance pay regime the employer is &blaffect the level of effort
exerted by the qualified worker. The employer caa the incentive intensity paramefieas a
tool to influence that level of effort. By inserjrthe optimal level of effort (19) and the
formula for the wage contract (17) into equatiop (Be employer is able to determine the

optimal level ofp.

pr=t= (21)

The first conclusion we can make is that not iath$ are willing to provide positive
monetary incentives. For some firms, the effortrede as a result of the intrinsic worker
motivation is sufficient. In some cases firms eveant to restrict worker effort by providing
negative monetary incentives. If we fix pripeat p*, we observe that only those firms will

provide positive monetary incentives for whichalds that:
> (22)
14 -

When the relationship between effort and outputsisong enough, employers
optimally provide a bonus related to the effortrée@ by the (qualified) worker. That is, when
v is high enough, employers are able to increasétpioy providing a bonus to qualified
workers. In this study we are interested in thee@f of performance pay on negative
stereotypes. For that reason we limit the analgsfsms for which equation (22) holds. Only
when incentives are positive, we can talk almaformance pay. In the next part, in which
the two wage regimes are compared, we will proae dmly when equation (22) holds firms

are willing to switch to performance pay. We bediethat the effect of the effort-output
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relationship on negative stereotypes is the mastesting effect. Therefore we will continue
to fix the price ap” to lift out the effect of the parametelin subsequent sections.

In order to formulate the optimal contract, weoateed to make a statement about the
optimal base salarg. For the employers, there is no reason toaset a level above the
minimum wage to be paid under a flat wage reginteer@fore we state that < w. In the
remaining part of the analysis we will assume thas legally not allowed to set the base
salary under performance pay at a level belowebally or collectively determined minimum
wage. In that case the employer optimally getd the same level as.

Comparison

With the optimal contracts under the two wage reggimm the back of our minds, we
can make a comparison. From the previous part wevkhat firms switching to performance
pay will setg >0. This results in higher worker effort under penf@ance pay as compared to
the flat wage regime. As a result of higher workéfort, employer revenue (price times
output) increases. However, wages paid to qualifiedkers in the high-skilled job do
increase as well. We assumed thias set at the same level @sand that qualified worker
can earn an extra bonus equalfte;. This makes the total effect on employer profits
uncertain.

In Appendix A we prove that employer profits asateidl with assigning a qualified
worker to the high-skilled job are strictly higharder a performance pay regime as compared
to the flat wage situation. This result holds untther condition given by equation (22). Only
wheny is high enough, firms are able to increase profiten they switch to performance
pay. For other firms, switching to performance Epot a serious option, since it will result
in a decline in profits. The employer loss asseclavith assigning an unqualified worker to
the high-skilled job does not change, siace w. This is an important result for the analysis
in section 4.

For qualified workers payoffs are different as weillder the different wage regimes.
Under performance pay, qualified workers earn highages in the high-skilled job.
However, they exert a higher level of effort aslw8ince effort is, according to equation
(11), costly above some specified level, we neethexk which of the two effects dominates.
In Appendix B it is proven that the utility of qufséd workers working in the high-skilled job

increases under performance pay. Si@ce w, the utility of unqualified worker assigned to
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the high-skilled job remains unchanged. They eamdame wage and optimally exert the

same level of effort.

4. Analysis

In this section we use the results derived from model with effort incentives to
study the effects of performance pay on negativerestypes. The model with effort
incentives enables us to analyze different wagemeg within the standard Coate and Loury
model. This section is divided into five subsecsion

The first two subsections are on optimal standarasworker investment. These two
subsections are divided into three parts. We stdlt the results we obtain under the two
different wage regimes. We use the optimal cordgractder both wage regimes and the
corresponding payoffs to find expressions for optistandards and worker investment in our
model with effort incentives. At the end of eaclbsection we compare the outcomes of our
model to the outcomes of the Coate and Loury mddeke importantly, we analyze the
differences between the two wage regimes and wev dlmw performance pay impacts
negative stereotypes. These two subsections erd amitproposition about the impact of
performance pay on optimal standards and workezsitmrent.

The third subsection is on the equilibrium of ousdal with effort incentives. In this
subsection we take a discriminatory equilibriumhwitat wages as the starting point. The
reason is that we are interested in the impactfiech from flat wages to performance pay
on negative stereotypes. Given our starting paetanalyze possible impacts of performance
pay on negative stereotypes. We start with the sfiéxt of optimal standards, followed by
the effect of worker investment. We end with thembined equilibrium effect of the
employer and worker decision on negative stereastypext to that we take a closer look at
the impact of the effort-output relationship) ©n the likelihood that negative stereotypes are
eventually eliminated under performance pay. Thissection ends with two propositions
about the impact oy on the likelihood that negative stereotypes aimiehted under
performance pay.

The fourth subsection is about the social consempgenf switching to performance
pay. Is a switch from flat wages to performance pagially optimal? Even when negative
stereotypes are reduced or eliminated, we neeldeickovhether the overall investment rate in
society is maintained. In the last subsection wetdr answer the question whether social
interests are always aligned with the interesthefindividual firm. We show that a switch to
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performance pay might be optimal from a social poinview, while it might not be optimal

from the employer’s perspective.
4.1 Optimal standards

Flat wage

Recall from the previous section that employersgéat wage to all workers who get
assigned to the high-skilled job under a flat wegggme. From equations (8) and (15) and the
assumption on the wages paid to the worker we edermiine the profits obtained by the
employer when he assigns a qualified worker tohilgh-skilled job. The loss associated with
assigning an unqualified worker to the high-skiljeld equals the wage paid to the worker. In
terms of the Coate and Loury model we can stateitha py —w and —x, = w. r/is
defined as the ratie, /x,, when workers are paid a flat wage. From equat)re are able

to derive the following expression for the optimmtdndards under a flat wage regime:

s*(r') = min {9 € [0,1]|r/ = p*)‘;w > (1;—1Ti)<p(9)} (23)
Performance pay

In the same vein we can check how employers tgaidér a performance pay regime.
From the previous section we know the employeritfg¢fosses) associated with assigning a
qualified (unqualified) worker to the high-skilledb. In this casex, =p*y(1+ ") —
[@ + £*(1 + B*)] and—x, = @. We definer/ as the ratioc, /x,, under performance pay and
substitute this in equation (3) to find the follogi expression for optimal standards under

performance pay:

S*(Tl.'i) — min {9 € [0,1]]rP = p*y(1+ﬁ*)—[_ﬁ+ﬁ*(1+ﬁ*)] > (1;?i)(p(9)} (24)

a

Comparison
We observe that the general shape of the optitaakdards curve is identical to the
downward sloping optimal standards curve of theaddads Coate and Loury model. The only

thing that changes is that we have specified thiel lef the payoffs under different wage
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regimes. Instead of fixing payoffs &f andx,, we found payoffs under the two wage regimes
dependent on the parameters of the maalet,(w, @ andp).

We are able to compare the optimal standards swweler the two wage regimes
using the results from the previous section. Wevkiimat both revenue (price times output)
and wage costs increase under performance payw8Buwlso know from Appendix A that
revenue increases more than wage costs. This isrpied the gain associated with assigning a
qualified worker to the high-skilled task is higherder performance pay as compared to that
gain under a flat wage regime. Next to that, ties lof assigning an unqualified worker to the
high-skilled job is equal under both wage reginigss is under the assumption thiat= w.

These results have their impact on the ragifx, under the two regimes?, the ratiox, /x,,

under performance pay is strictly greater thanthe same ratio under a flat wage regime.

We still have to check the impact of the differamge regimes on optimal standards.
From equation (3) it follows that the higher théiaar, the lower optimal standards for any
prior belief . This means that optimal standards are strictiyelounder performance pay
than under a flat wage regime for any prior betiefOptimal employer behavior is described
by the optimal standards curve derived in sectigfigBire 1). Comparing the expressions for
the optimal standards under the two wage regimes;am conclude that the optimal standards
curve under a performance pay regime lies strioiow the flat wage optimal standards
curve. When an employer shifts from flat wages éofgrmance pay, the optimal standards
curve shifts inward.

The magnitude of this inward shift is determinediy effort-output relationship. In
Appendix C it is proven that the ratid is increasing iry. This is completely explained by
the fact that the gain of assigning a qualified keorto the high-skilled job increasesyinThe
stronger the effort-output relationship, the higtrer gains, in terms of profits, from assigning
a qualified worker to the high-skilled job. Howeyéne loss from assigning an unqualified
worker to the high-skilled job is not affected lpy Consequently, optimal standards are
decreasing iry for any prior beliefz:. The stronger the effort-output relationship, there
severe the inward shift of the optimal standardsewhen the employer switches from a flat
wage regime to performance related pay. This léadbe following proposition about the

difference in employer behavior under the two wasggmes.
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PROPOSITION 1Under performance pay optimal standards S*(ni) are lower for any prior
belief ¢ compared to optimal standards under flat wages, given that @ < w and p*y > 1. In
addition, higher values of y correspond to larger decreases in optimal standards for any
prior belief t.

4.2 Worker investment

Flat wage

In section 3 we explained how the worker investirdatision is related to optimal
standards and the expected benefit from investimgler a flat wage regime the worker can
earn the wagev in the high-skilled job. Optimal effort levels foualified and unqualified
workers are given by equations (15) and (16). rsgethe wage and the levels of effort into
the worker utility functions yieldslg = w — ¢; andU» = w. Using the utility levels from the
optimal contracts we are able to derive the investndecision of the worker. As explained in
section 3 equation (25) gives the expected befrefit investing, excluding investment costs.
The proportion of workers becoming qualified can degived from equation (25) using

equation (5) in the previous section.

E[B(s)] = W[E,(s) — F;(s)] (25)

Performance pay

Under performance pay all workers who get assigoeithe high-skilled job receive
the base salary. However, only qualified workers are able to etdu® bonus which depends
on the level of effort exerted by the worker. Thaimal levels of effort under this type of
contract are given by equation (19) and (20). Theesponding utility levels are equal to
Ul=a+p1+p")- %,8*2 —¢; for qualified workers andU! = a for unqualified
workers. The worker is willing to invest when thepected utility associated with investing
exceeds the utility level he expects to obtain whemloes not make the investment. Again we
derive the expected benefit from the investment|ughng the investment costs (equation 26).
From equation (26) we can derive the proportionwafrkers becoming qualified using

equation (5).

E[B()] = a[F,(s) - Fy(s)] + [1 = B ()] (8" +36°7) (26)

24

——
| S—



Comparison

Basically, the worker investment decision undat Wages is similar to the investment
decision in the standard Coate and Loury model.edtide assumptions about the signaling
technology, the worker investment curve will halie same shape as the one in figure 1.
When performance pay is introduced, the proportbnnvestors changes drastically. We
made the assumption that the base sal@yyifder performance pay equals the flat wage
That is, the first part of equation (26) is ideatito equation (25), which points to an equal
proportion of investors for all standards.

However, under performance pay there is a wagerdifice between qualified and
unqualified workers. Qualified workers are ableetwn a bonus once they are assigned to the
high-skilled job. In contrast, the effort exerteg dn unqualified worker is not valued by the
employer which ensures that unqualified workersenegceive the bonus. Under performance
pay workers have an additional reason to becoméifigda It is not only the increased
probability of getting assigned, it is also the b®payment which induces workers to become
gualified. Since only qualified workers are ableetrn the bonus, the expected benefit from
becoming qualified goes up. This is representethbysecond part of equation (26). This part
of the equation shows that the benefit from invegtiexcluding investment costs) gets an
extra boost, only for qualified workers.

We are now able to consider the impact of the iffe wage regimes on the
proportion of investors. Under flat wages the prtipa of investors follows a similar pattern
as in the standard Coate and Loury model. Botheat iow and at very high standards the
proportion of investors tends to equal zero. At klandards, the probability of assignment is
always high, even when the worker is unqualifietlvéry high standards, the probability of
assignment is very low, even when the worker mhderntvestment.

Under performance pay the situation is very diffier&low some workers are willing
to invest, even when the standard equals zero.s€bhend part of equation (26) is strictly
positive at any standard. The probability that akeo meets the standartl { F,(s)) tends to
equal 1 when standards are low. So when the warlakes the investment, it is almost
certain that he gets assigned to the high-skildedand that he earns the bonus. Now consider
the situation in which the worker does not makeithweestment. At low standards it is still
very likely that he gets assigned to the high-sHiljob. However, in this situation the worker
does not earn the bonus because he is unqualifebtiia effort is not valued by the employer.
At very high standards, the probability that therkes gets assigned after making the
investment tends to go to zero. In that case, very uncertain whether the worker receives
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the bonus after making the investment and thisaeslinvestment incentives. However, since
we assumed that = w, the proportion of investors under a performanag gegime would
never fall below the investment rate under a flage/regime.

The worker investment curve will shift outward wheam employer switches from flat
wages to performance pay. For any standard, morkemn® are willing to make the
investment as a result of the monetary incentiewigded to qualified workers. In Appendix C
we check how the effort-output relationsipigffects the magnitude of this outward shift. We
find a positive relationship betwegrand investment incentives. The stronger the miatiip
between effort and output, the higher monetaryntiges. This, in turn, leads to an increase
in investment incentives. The bonus to be gainecbines higher which induces extra
workers, with higher investment costs, to makeitkestment. All in all we can formulate the

following proposition:

PROPOSITION 2Under performance pay the proportion of workers making the investment
G(E[B(s")]) is higher for any standard s(z') than under a flat wage regime, given that
a@ = w and p*y > 1. In addition, higher values of y correspond with stronger increases in the

proportion of investors for any standard s(r*).
4.3 Equilibrium

4.3.1 Flat wage

What do the results derived above mean for eqiuhit? We want to check the impact
of performance pay on negative stereotypes withénGoate and Loury model on statistical
discrimination. The only way to answer this questis assuming a baseline situation
characterized by a wage regime different than perdmce pay and discrimination in
equilibrium. We take the flat wage regime analyadabve as the starting point for our
analysis and we assume negative stereotypes ifibegum. Starting from that situation we
analyze the impact of performance pay on optinaiddards and worker investment. From the
movements of the optimal standards curve and th&ewonvestment curve we are able to
derive the relationship between performance payn@gative stereotypes.

We found that the expressions for optimal standards worker investment under a
flat wage regime do not differ conceptually fronodk in the standard Coate and Loury

model. Therefore we take figure 2 below, whichnscapy of figure 1 in the previous section,
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as the starting point for the analysis. In figur&v@ observe the standard downward sloping
optimal standards curve. Next to that we see tmatproportion of investors tends to equal
zero both at very high and very low standards.duiléorium B’s face higher standards than
W'’s, which induces B’s to become qualified at a éowate than W’s. The employer holds

negative stereotypes against B’s and his beligfanfirmed in equilibrium.

Figure 2: Equilibrium under a flat wage regime
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4.3.2 Performance pay

Optimal standards

We know from proposition 1 that optimal standandsler performance pay are lower
for any prior beliefr‘. The magnitude of the inward shift of the optirstdndards curve is
determined by the effort-output relationship. Wartseinalyzing the impact of a relatively
minor inward shift of the optimal standards curlaelding the worker investment decision
constant for the moment. Figure 3 shows that threstment rates of B’s and W’s converge
compared to the flat wage situation. Both B’s antk \lace lower standards in the new
situation. This results in a higher investment eateong B’s, while W’s invest at a lower rate.

Negative stereotypes are not eliminated in thisaion. Employers continue to hold
negative stereotypes against B’s. Since the relship between effort and output is not very
strong, employers are not able to gain very mucteims of profit from the introduction of
performance pay. This induces employers to setdatas relatively close to the standards
under a flat wage regime. However, the absolutellef discrimination £ — n?) reduces

since investment rates and employer beliefs alh@utvto groups converge.

27

——
| S—



Prior Belief/Proportion of Investors

!
)
!
]
!
!
o L_J
!
[J
[J
]
i

Figure 3: optimal standards under performance pay
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When the relationship between effort and outpuklatively strong, we know from
proposition 1 that we can expect a more severerohwhift of the optimal standards curve.
This situation is shown in figure 4. In this casdyoone locally stable equilibrium persists.
This means that negative stereotypes are complelielynated as a result of the introduction
of performance pay, holding the worker investmeatision constant. Employers hold one
and the same belief about the proportion of inwesio both groups, resulting in equal

standards for the two types of workes® & s%). Workers from both groups confirm this

belief in equilibrium by choosing to become qualifiat the same rate{ = 7*).

Prior Belief/Proportion of Investors

Figure 4: optimal standards under performance pay
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It is not likely that the new equilibrium is reachimmediately. Employer beliefs about the
proportion of investors in the two groups do nadredpe instantly after the introduction of
performance pay. However, these beliefs are nogloognfirmed by the investment rates of

the workers. For example, the investment rate efvidll be higher than expected by the
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employer. As a result standards will change, wimichuces worker to invest at another rate

etc. Following this logical adjustment process, e/ equilibrium will be reached.

Worker investment

Recall from section 4.2 that worker investmenésawill be higher under performance
pay for any standard(ni). The outward shift of the worker investment curgeshown
graphically in figure 5. Next to that we know tlsmtime workers are willing to invests, even
when the standard set by the employer equals keffigure 5 we assume a relatively weak
relationship between effort and output, resultingai moderate inward shift of the optimal

standard curve. This is basically the same sitoa®in figure 3.

Figure 5: optimal standards under performance pay
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Starting from the discriminatory equilibrium ingtire 3 we adjusted the worker
investment curve to the new situation. Investmaogmtives go up for any standard, because
of the bonus a qualified worker receives in thehksgilled job under the performance pay
regime. The effect of the increased investmentritices is intuitive. Workers from both
groups become qualified at a higher rate.

The overall effect on discrimination is uncertamthis case. Negative stereotypes
continue to exist when the relationship betweeonretind outputy) is relatively weak. As a
result of lower standards, the investment rate & Wecreases while that of B’s increases.
However, the increase in investment incentivesdeada higher investment rate among both
groups. When the effort-output relationship is tiekly weak, the introduction of
performance pay certainly leads to a higher investmate among B’s. The overall effect on

the investment rate among W’s is uncertain. Theeeifois uncertain whether or not absolute
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discrimination " — n?) is reduced under performance pay for low valifea @hese results
might be important for policy makers. When the adiuction of performance pay is
stimulated as a means to reduce discriminatios important to realize that performance pay
does not necessarily decrease or eliminate distatmiy practices. It might even backfire in
the sense that investment gap between two grouwpsrikrs increases.

But what happens when the effort-output relatiomsghiis a little bit stronger? We
know the effect ofy on the optimal standards curve and the workersiment curve. A
stronger relationship between effort and outputddeto an inward shift of the optimal
standards curve, while the worker investment cshitts outward. These two effects together
work in the same direction, namely the completmiglation of negative stereotypes. When
is large enough we get a situation identical to diteation depicted in figure 4. All locally
stable equilibria but the one on the upward slogpag of the worker investment curve are
eliminated. The new fraction of investors is thenean both groups and might be above the
old % as well as in between the attf andr?. That is, the investment rate of B’s goes up,
while the effect on the fraction of W’s becomingatified is uncertain. We summarize the

results we find above in the following propositions

PROPOSITION 33arting from a discriminatory equilibrium under flat wages, there exists a

Yt > %, such that if y > y* negative stereotypes are completely eliminated when the firm

moves to performance pay.

PROPOSITION 4:Sarting from a discriminatory equilibrium under flat wages, with

Yy >y >% negative stereotypes persist when the firm moves to performance pay. The

investment rate of the disadvantaged group increases, while the total effect on the fraction of
investors in the advantaged group is uncertain. Therefore, the absolute level of discrimination

(m¥ — ?) might either increase or decrease.

The mechanism behind this relationship betweamd the likelihood that the negative
stereotypes are eliminated is intuitive. The stesrtge relationship between effort and output,
the more an employer gains from the introductiop@&fformance pay. After all, the effort of
the worker is more closely related to the profitshe employer, which induces the employer
to choose for higher monetary incentives. Despigeltigher wage costs of hiring a qualified
worker, we have proven that the profits associatigld assigning a qualified worker increase
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in y. Holding the loss of assigning an unqualified vesrkonstant, optimal standards decrease
in y for any prior belief.

In this model employers are a priori color-blindowever, based on experience they
(correctly) suspect a correlation between grouptitieand productivity. The fact that payoffs
change when switching from flat wages to perforneapay, induces them to change optimal
behavior. This, in turn, impacts worker investmdatisions. Workers face lower standards
for given prior beliefs. Next to that, the bonususture under performance pay provides an
extra incentive for worker to become qualified. TFhghery, the higher the bonus payment to
be earned and the more severe the increase irtnmsesincentives.

Total elimination of negative stereotypes becomesentikely when the relationship
between effort and output is stronger for the reasdescribed above. Employers are able to
gain more from assigning a qualified worker while tloss associated with assigning an
unqualified worker does not change. Similarly, weogkare able to gain more from getting
assigned to the high-skilled job. Both effects @ase iny and contribute to the elimination of

negative stereotypes.

4.4 Social optimality

In the analysis above we did not consider theas@mtinsequences of the introduction
of performance pay. A discriminatory equilibriumsswn in figure 2 is socially inefficient.
To see this we compare the two self-confirmingdfsli’¥ andn”. We see thatrV > n?,
which implies thats*(z%) < s*(n?). Comparingm® and n” we can conclude that both
workers and employers are better offriti. Workers have a higher chance of getting assigned
to the high-skilled job and employers hire work&msm a pool with a higher percentage of
qualified workers.

We define a switch to performance pay to be slycidficient when the average
proportion of investors in society increases. #ttis the case, both workers and employers are
on average better off. Suppose that the relatipnbbiween effort and output is relatively
weak. In that case we know that negative sterestyre not completely eliminated. The
introduction of performance pay is socially efficiaf and only if equation (27) holds. We
know that the proportion of investors among B’sr@ases as a result of performance pay
(n{; > n}?). The effect on the investment rate among W’sniseutain, but suppose that W’s

become qualified at a lower rate than befomg & mf’). It follows from (27) that the

introduction of performance pay is only efficienth@n the proportion of B’s in the population

31

——
| S—



(1 — A) is large enough. In case that the investment aateng W's increases as well, the

introduction of performance pay is always socielijcient.
Amy + (1= Nmp > Anf + (1 - D (27)

Now we turn to the other scenario we describedvebwith a strong relationship
between effort and output. In that case all locatgble equilibria are eliminated except the
one on the upward sloping part of the worker inmestt curve. In that case it is uncertain
how the new investment rate relates to the oldstment rate in society. Suppose that the

new investment rate for worker from both groups lie between the two old ratesg{ >

nz‘;"'b > n}’). Equation (28) gives the condition under whicis situation is socially efficient.
Again, social efficiency is only possible when tigare of B’s in the populatior 1) is
large enough. In the other possible situation WW’ > m7’, the introduction of performance

pay is always social efficient.
my? > Amf + (1 — Dn? (28)

4.5 The Individual Firm

It is interesting to see that a socially optimatamme is not always optimal for the
individual firm or employer. In this subsection i@k at the change in profits of the
employer when moving from flat wages to performapeg and we show that there is a
composition effect. In Appendix D we derive the employer profits iqudibrium. Optimal
standards for the two groups of workers as wethasnvestment rates among the two groups
influence profits in equilibrium. Next to that tipeofits of assigning a qualified worker and
the loss associated with assigning an unqualifiedker play a role. The last term that
determines equilibrium profits of an individual eloyer is the composition of the workforce
of the firm.

We have seen that different outcomes are possibhkn moving from a flat wage
regime to performance related pay. These outcomeefoanmulated in propositions 3 and 4. In
all possible cases the investment rate of B’'s gipesvhile the effect on the investment rate of
W’s is uncertain. From equation (D3) in Appendixwi2 know the factors that determine
equilibrium profits. In Table 1 we summarize in wiidirection these factors change when

switching from flat wages to performance pay.
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(1 - Fq(s*(nw))) (1 - Fu(s*(nw))) (1 - Fq(s*(nb))) (1 - Fu(s*(nb))) ™ | b | xg | x,

+ + + + +/-] +| +| =

Table 1: the change in parameters defining profits Wwen switching to performance pay.

From Table 1 we are able to analyze the impact sividch to performance pay on
equilibrium profits. We can divide the workers infimur different groups based on group
identity (W or B) and the investment decision (dfted or unqualified). Next to that we take
into account that the proportion of W’s becominglified might either increase or decrease.

For instance, take a look at the group of qualif#ewvorkers and assume that the
proportion W’s becoming qualified decreases aft@itching to performance pay. Since
standards are in any case lower under performaagetipe probability that a qualified worker
gets assigned to the high-skilled job increasesxt Ne that, the profit associated with
assigning a qualified worker is higher under perfance pay than under a flat wage regime.
These two effects have a positive effect on equuiib profits. However, the fact that W’s
become qualified at a lower rate has a negativeaanpn equilibrium profits. Therefore, the
total effect of qualified W-workers on equilibriuprofits is uncertain. In case of an increase
in the proportion of W’s becoming qualified afteowng to performance pay, the total effect
of qualified W-workers is strictly positive.

Following the same analysis for the three othemugsowe find the contribution of
these groups to equilibrium profits. A ‘+’ [-'] iTable 2 means that the contribution of the
group to employer profits increases [decreaseshvelatching to performance pay. The only
certain contribution to profits is that of the gtiatl B-workers. After moving to performance
pay B’s face a lower standard, they become qudlifd a higher rate and the payoff

associated with assigning a qualified B-worker éases.

A" | Qualified W-workers| Unqualified W-workers Qualifi@workers| Unqualified B-workers

>0 + +/- + +/-

<0 +/- - + + /-

Table 2: the impact on profits after switching to p&formance pay per group of workers.

Suppose that a switch to performance pay leadslexeease in the proportion of W’s
becoming qualified, but that this is offset by anrease in the investment rate of B’s. That is,

the introduction of performance pay is optimal fraansocial perspective according to
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equation (27). We can ask ourselves the questiatheh the shift to performance pay is also
optimal from the perspective of the individual eoyddr. Remember that workers and
employers are randomly matched with each otherh Wikarge number of workers and firms
we know that the average or representative firnesha proportion of W’s equal tb We
consider a situation in which the representativen fobserves an increase in equilibrium
profits after moving to performance pay.

As a result of the random matching process theresdme dispersion in the
composition of workforces of the firms. We considefirm with a relatively high fraction of
W's in its workforce 4 in equation (D2) is close to 1) and compare this fto the
representative firm. From table two it follows thie contribution of qualified W’s to
equilibrium profits either increases or decreaskhemmoving to performance pay, given that
the proportion of W’s becoming qualified decreasBse contribution of unqualified W’s
decreases when it is assumed that the proportionvelstors among W’'s decreases. The
intuition behind this result is that unqualified $\jet more easily assigned because of lower
standards, while the pool of unqualified W’s in@es.

Suppose furthermore that the total effect on W-wwskis negative. That is, under
performance pay, the contribution of W’s to equilion profits is lower than under flat
wages. Since we assumed that the representatmeofiserves an increase in profits when
moving to performance pay, we know that the contrdn of B’s to profits must be positive.
The implication of this results is that the profitsthe firm with a relatively high fraction of
W's are strictly lower than the profits of the repentative firm under performance pay. It
might even be the case that a firm with a relagivegh fraction of W’'s faces a decrease in
profits when moving to performance pay. This is tmua call the composition effect, in some
cases it depends on the composition of the firmiskiorce whether or not profits increase
after the introduction of performance pay.

All in all we can conclude that there might exissituation in which social interests
are not aligned with the interests of all indivitlfiams. We explained how the workforce
composition of an individual might differ from thevorkforce composition of the
representative firm. In our example we showed &hétm with a relatively high fraction of
W’'s might observe a decrease in profits when mouogperformance pay, while the

representative firm’s profits increase. The comipmsieffect accounts for this result.
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5. Conclusion

We asked ourselves the question whether the mttaxh of performance pay could
reduce or eliminate discrimination at the assignnséage of the labor market. This question
is analyzed in a model of statistical discriminaticomparable to that of Coate and Loury
(1993). Employers in these type of models do nslikdi a certain group of workers per se.
Discrimination arises because of negative beliefd by employers about the productivity of
an identifiable group of workers. We hypothesiZeat fperformance pay might help to reduce
or eliminate discrimination. The reasoning behihid hiypothesis was that employers would
set less strict standards, while workers investnma@ntives are higher under a performance
pay regime. The combination of these two effectuuldiadecrease the likelihood that a
discriminatory equilibrium persists under perforroapay.

In section 3 we started with a review of the staddCoate and Loury model. We
discussed employer and worker behavior and we mquathe equilibrium concept of the
model. The basic assumptions of the model do nengé when we introduced effort
incentives using a standard principal-agent modk.specified employer profits and worker
utility. We assumed that employer profits dependh@nprice, output and wage costs. Output,
in turn, is affected by the effort-output relatibis Worker utility depends on the wage, the
cost of effort and investment costs. In additionassumed some form of intrinsic motivation
which guarantees that qualified workers are willingexert effort even in absence of direct
monetary incentives. Employers maximize profitseveas workers maximize utility in our
model.

The principal-agent model enabled us to analyzZerdifit wage regimes. We derived
optimal contracts under a flat wage regime and dopeance pay regime. The payoffs
resulting from the optimal contracts are used talyae the impact of performance pay on
negative stereotypes. This is where section 4sstéte derived expressions for optimal
standards and for worker investment under the tve@enregimes. These conditions are
dependent on the payoffs derived in section 3. \Walyaed the differences between the
expressions under the two wage regimes. The reardtsummarized in two propositions.
Under performance pay employers set lower stand&dsany prior belief about the
productivity of a group of workers. Next to thatetinvestment incentives of the workers
went up since they can earn an extra bonus unddorpmnce pay once they become

gualified.
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We continue with the effect of the changes in optiemployer and worker behavior
on equilibrium outcomes of the model. We are irgtge in the question whether performance
pay can lead to elimination of negative stereotypésr that reason we presented a
discriminatory equilibrium characterized by flat ges as the starting point of our analysis.
We showed how the introduction of performance papacts the equilibrium outcome of the
model. The less stringent assignment standardsombimation with higher investment
incentives among workers leads to a new equilibritmthe new equilibrium a reduction in
the absolute level of discrimination is possiblgt, ncertain.

The total effect depends on the parameters of tiieim\We are particularly interested
in the effect of the effort-output relationship tire likelihood that negative stereotypes are
eliminated. We found that a sufficiently strongateinship between effort and output goes
hand in hand with total eradication of negativeesigypes. This result is formulated in the
third proposition and it shows that total eradimatof negative stereotypes is possible when
switching to performance pay. However, when th& between effort and output is not that
strong, negative stereotypes persist. This is ftatad in the fourth proposition which states
that discrimination persist and might even get wosben the link between effort and output
is relatively weak. Additionally we give the condits for social optimality and we show that

social interests are not always aligned with therasts of all individual employers.

It is very interesting to take a closer look at ik between the effort-output
relationship ¢) and the likelihood that negative stereotypesedirminated. We expect that
discrimination at the appointment stage is lesslyiko occur in industries characterized by
performance related pay and a strong relationsiipden effort and output. A strong effort-
output relationship is likely to be found in relegly simple (manufacturing) tasks where the
input of the worker directly results in output.thmt case it is very easy to measure the input
of the worker and performance pay is meaningfudunh jobs. Both workers and employers
gain relatively much from the introduction of perfance pay. A reduced level of
discrimination or total elimination of negative itetypes is conceivable when performance
pay is introduced in such jobs.

When the task becomes more complex and the ougpéndls on more factors than
just the effort exerted by the worker, there se@mise less space for performance pay. The
employer optimally chooses to provide lower monetacentives when the effort-output
relationship is weak. The result is that workeremitves do not differ very much from the

incentives under a flat wage regime, while emplsydo not gain very much from the
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introduction of performance pay as well. In thasecghe introduction of performance related
pay is not a suitable way to reduce or eliminaseminination at the appointment stage. These
findings are important from a policy making poirftweew. Stimulation of performance pay
programs with the objective to reduce discriminatpractices does only make sense when
the link between effort and output is sufficiensyong. Otherwise it might backfire and the
investment gap between two groups might increase.

We can compare our findings to the results foundEbyra and Town (2001). They
found that the supervisor’s performance evaluatiamore complex tasks is influenced by the
race of the subordinate he evaluates. We can baotdrito this result by stating that
discrimination at the appointment or promotion stesgmore likely to occur in more complex
tasks, even when the supervisor or employer doedisicke minority workers per se. That is,
discrimination might occur as a result of belidi®at group productivity as well.

Our study is limited to a theoretical model desagbthe link between performance
pay and negative stereotypes in a model of sistiiscrimination. This gives rise to some
empirical question related to this topic. For fertlesearch, it would be interesting to focus
on the link between and the likelihood that discrimination occurs mempirical study. Is
discrimination at the appointment stage more likelypccur in industries with a weak effort-
output relationship? In a same vein it would benesting to find out whether a self-selection
effect exists. Do minority workers self-select inioms or industries characterized by

performance pay and a strong effort-output relstoo?
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Appendix A

In section 3 we derived the optimal levels of dffand the optimal contracts offered by the
employer. Using this information we are able todfithe profits of assigning a qualified
worker to the high-skilled task. The loss assodiatéh assigning an unqualified worker to
the high-skilled job is the same under the twomess, since we assume tlaats w. Under a

flat wage regime, fixing atp*, profits equal:
n}=py—w (A1)

Under performance pay the profits of assigning alified worker to the high-skilled job are
given by:

nr=pyA+p)—(a+pA+p) (A2)

Given thatp*y > 1 and thatx = w, we see that both revenue (price times output)veagke
costs increase under performance pay. The quesstiaich of the two effects dominates.
Therefore we compare the increase in reverg (0 the increase in wage costsy). By

substituting the expression f6r we find that:

Ar =p*y (p*y_l) (A3)

2

aw = () [1+ ()] (%)

We solve forAr > Aw and we find that this inequality holds if and omfyp*y > 1. This
means that employer profits under performance patictly higher than under a flat wage,
given thaty is high enough (see equation (22) in the main) t&aly wheny is high enough,
employers will consider a switch to performance .péjgat is, for low values of the

introduction of performance pay will result in stty lower profits.
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Appendix B
Using the optimal levels of effort and the optimahtracts derived in section 3 we are able to

find the equilibrium utility levels for qualified erkers in the high-skilled job.
Flat wage regime:
Uh =w — Ci (Bl)

q

Performance pay regime:

Up =a+p (1+p)—3p" —c (B2)
Given thatpy > 1, we know thaj§” is positive. We also know that= w. This implies that
the utility of a qualified worker working in the dh-skilled job is strictly higher than the

utility of the same worker under a flat wage regifext to that, the utility of an unqualified

worker assigned to the high-skilled job is the saméer both regimes.
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Appendix C

The parametey affects optimal standards through the ratics x,/x,:

'rp —_ p*y(1+/3*)—[_ﬁ+ﬁ*(1+ﬁ*)] (Cl)

a
Substituting for* and taking the derivative w.rjt.yields:

érP

_1 9 1
Sy—zpy+2'p>0 (C2)

From equation (C2) it follows that the rati = x,/x, increases iry. This is completely
explained by the fact that profits are increasingyi In addition we check whether the

increase in profits increasesyrby taking the second derivative w.t.

8%rp
6y?

=2p?>0 (C3)

From equation (C3) we can conclude that the iner@aprofits is increasing in.

The parametey affects worker investment as well. Substituting 6 yields the following

expression for the benefit from investing, exclydinvestment costs:
* * 2
E[B(s)] = a[F,(s) — Fy(s)] + [1 — Fy(5)] (”Z—V +1(z) ) (Ca)
Taking the first derivative af[B(s)] w.r.t.y yields:
SE[B(s)]

Tl = [1-F©]Gp +7p7) >0 (C5)

Equation (C5) shows that the benefit from investxgluding investment costs increases in
the parametey.
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Appendix D

In this appendix we derive the total profits earbgdhe employer in equilibrium. We assume
that the workforce of the firm is standardized tarid consists of two groups of workers. A
fraction A of the workers belongs to the W’s and a fractlon 4 belongs to the B’s. First of

all we calculate the total number of qualified wenk assigned to the high-skilled jdhlho:
NE = 2[(1 - Fy(s @) ] + 1 - 2) [(1 - Fq(s*(nb))) ] (D1)
The total number of unqualified workers assigneth&high-skilled joUVC? equals:

Nt =2](1-EB(s' @) @ - )]+ @ - D) [(1 _ Fu(s*(nb))> (1 -7 (D2)

Recall from the main text that the employer earns> 0 when assigning a qualified worker

to the high-skilled task, while he earrs,, < 0 when assigning an unqualified worker to the
high-skilled task. Using these payoffs it is easycélculate employer profits in equilibrium

from equations (D1) and (D2):

=2 [(1 —F, (s*(nw))) TV x, — (1 - Fu(s*(n‘”))) (1- nw)xu]
+(1-2) [(1 — Fq(s*(nb))) nPx, — (1 — Fu(s*(nb))) (1- nb)xu] (D3)
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