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Summary

In this thesis, I study the problems of optimal grading, employee per-
formance evaluation by unaccountable managers, and the evolution of
inequity-averse preferences. 1 approach these problems with contract-
theoretic models and demonstrate how certain patterns observed in re-

lated empirical work could have emerged.

In Chapter 1, I analyze a teacher-student relationship as a principal-
agent model with a costless reward structure. Based on the predictions
of my model, I argue that the stylized fact of a mismatch and low corre-
lation between students’ abilities and their grades can be the expected-
effort-maximizing outcome of teachers’ optimal grading. In Chapter 2,
I develop a three-tier model of a firm’s economic organization, which is
centered on the observation that managers do not fully internalize the
payroll expenses they incur. Assuming that the degree of manager ac-
countability varies inversely with firm size, I show that the large-firm
wage premium and the inverse relationship between wage dispersion and
firm size can be the equilibrium outcomes of the agency problem studied
in this chapter. The last chapter of my thesis deals with the empirical
regularity that members of a market-integrated society are more pro-
social than members of an isolated society. I present an evolutionary
argument for this endogeneity of people’s preferences by showing that

inequity aversion with respect to money distribution could have evolved

1



2 SUMMARY

as an optimal response to merchants’ price discrimination.

Chapter 1: Optimal Grading

In this chapter, I study a principal-agent model in which the principal
elicits effort from the agent without bearing any cost of rewarding the
agent. I develop the model around the premises of a teacher-student
relationship with a grade as a costless reward. Other applications of the
model could be a job performance appraisal with ratings, where a man-
ager is not held accountable for the payroll expenses he or she incurs,
and a parent-child relationship with praise as a reward. Significantly, the
existing empirical evidence supports my modeling assumptions and the
theoretical findings I obtain, lending credibility to my modeling frame-
work chosen.

In the model, on the part of a teacher (the principal) I solve for the
incentive compatible grade-for-learning-effort allocations that maximize
a student’s expected learning effort. I obtain that irrespective of distri-
bution for student abilities the teacher finds it optimal to pool some of
the most efficient student types subject to the highest grade. In other
words and more generally, the "no distortion at the top" property does
not hold for optimal allocations with costless rewards. I also get that,
in classes with lower ability students, teachers should apply more lenient
grading standards, and vice versa. This can lead to heterogeneous dis-
tributions of grades among classes different in student abilities, and, in
particular, to a mismatch and low correlation between students’ grades
and their abilities, ubiquitously observed in field studies (Goldman &
Widawski (1976)). Based on these findings, I conclude that a teacher-

student relationship can be considered as an agency relationship with
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costless rewards.

Similarly, applying the findings of the model to a job performance
appraisal with ratings, I argue that the compression of ratings (Murphy
& Cleveland (1995))—which in the model takes the form of a pooling
equilibrium among some of the most efficient agent types—can be an
average-effort-maximizing outcome as well. I explore this result more

closely in Chapter 2 of this thesis.

Chapter 2: Manager Accountability and Employee
Wage Schedules

This chapter deals with the empirical regularities of the compression of
ratings in job performance appraisals (Murphy & Cleveland (1995)) and
firm-size effects on employee wage schedules: the large-firm wage pre-
mium and inverse relationship between wage dispersion and firm size (Oi
& Idson (1999), Stigler (1962)). I attempt to relate and jointly explain
these phenomena with the help of a three-tier agency model of a firm’s
economic organization. The model is developed around the observation
from manager and employee compensation practices that managers do
not fully internalize the payroll expenses they incur in evaluating their
employees’ performance. There is also evidence indicating that the de-
gree of manager accountability varies inversely with firm size: the owner
of a smaller firm can more closely align her managers’ incentives with
the firm’s profit maximization, and vice versa.

I show that incorporating these features of vertical managerial rela-
tionships into an otherwise standard agency model produces theoretical

predictions that offer a good match with the empirical stylized facts on
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wage patterns. My model predicts that the softer a manager’s budget
constraint is, the more the owner of a firm limits the manager’s dis-
cretion by lowering an upper bound on employee rewards. In response,
the manager designs a flatter pay-for-effort allocation schedule for his
employees. As a result, it leads to a coarse distribution of rewards (or
ratings), which, I argue, could be behind the compression of ratings phe-
nomenon. With the problem of a soft budget constraint more aggravated
in larger firms, the model predicts that the average wage will increase
but wage dispersion will decrease with firm size.

All these findings of the model are consistent with the empirical evi-
dence of employee wage patterns in firms. Therefore, I argue that man-
ager accountability (or rather the lack of it) can be a cause of the com-

pression of ratings and firm-size effects on wages.

Chapter 3: How Exposure to Markets Can Favor

Inequity-Averse Preferences

In this chapter, I present an evolutionary argument for the recent em-
pirical finding that members of a market-integrated society are more
pro-social than members of an isolated society (Henrich et al. (2004)).
The main idea is that non-individualistic preferences can be individual
fitness maximizing in the presence of general equilibrium externalities.
In particular, I show how inequity aversion with respect to money dis-
tribution could have evolved as an optimal response to merchants’ price
discrimination.

I develop a model—a prototype of a traditional small-scale society—

in which people’s preferences for money distribution are endogenously
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determined by the economic environment they live in. In the model,
individuals share an endowment among themselves and use the proceeds
either for immediate consumption or for the purchase of consumption
goods from merchants on the external market if such exists.

When facing a monopolist merchant on the external market, an indi-
vidual who is selected to distribute the endowment among the members
of their society may find it own-consumption maximizing to share with
others (instead of keeping the endowment all for himself). The intuition
is that by sharing with others one can avoid the merchant’s full rent ex-
traction and, consequently, increase the purchasing power of one’s own,
even diminished, endowment share. Then, assuming that increased con-
sumption means increased individual fitness, I argue that inequity-averse
behavior with respect to endowment distribution can be an optimal re-
sponse to external merchants’ price discrimination and lead to the evo-
lution of inequity-averse preferences. At the same time, if in the model
a society is isolated from any external trades, selfish preferences should

prevail—exactly as the empirical evidence indicates to be the case.
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Chapter 1
Optimal Grading*

Abstract

In the framework of static mechanism design games with costless non-pecuniary
rewards, we solve for optimal student grading standards and attempt to explain
the observed mismatch between students’ grades and their abilities. The model
predicts that the lower the expectations the teacher holds about her students’
abilities, the more lenient the grading standards she should set up. Generally, the
“no distortion at the top” property does not hold for optimal contracts with cost-
less rewards. As a result, we also argue that the compression of ratings witnessed
in job performance appraisals could be an equilibrium outcome. The theoreti-
cal findings presented herein are strongly supported by empirical evidence from

related literature in psychological and educational measurement.

1. Introduction

The vast literature on subjective evaluation has long dealt with the phe-
nomenon of the compression of ratings, which concerns raters’ shallow
differentiation of good from bad performance of their ratees as witnessed,
for example, in job performance appraisals. (See Murphy & Cleveland

(1995) for a review of related studies from the psychological strand of

*I am indebted to Tore Ellingsen and Magnus Johannesson for their research guidance. I would
also like to thank Drew Fudenberg, Wayne Grove, Jean Tirole, Karl Warneryd, Jorgen Weibull,
and seminar participants at the University of California, Santa Barbara. Financial support from the
European Network for Advancement of Behavioural Economics (ENABLE) and the Jan Wallander and
Tom Hedelius Foundation is gratefully acknowledged. School of Economics. Financial support from
the Torsten and Ragnar Soderberg Foundation and the Jan Wallander and Tom Hedelius Foundation
is gratefully acknowledged.



10 CHAPTER 1.

the literature, or Prendergast (1999) for economists’ account on the is-
sue.) We can also position the phenomenon of mismatch or the low
correlation between students’ university grades and their abilities in this
literature, which similarly raises the question of why teachers turn out to
be lenient in grading their students (Goldman & Widawski (1976) and
Johnson (2003)). In general, and quite surprisingly, these phenomena
persist universally in different settings despite the fact that they seem-
ingly lead to inefficient outcomes of principal-agent relationships. Coarse
rating and grading schemes are bound to fail to elicit higher effort levels
from more able agents. At the same time, there must be some rationale
behind those enduring coarse incentive schemes, and this work attempts

to contribute toward an understanding of this.

The approach in the current study is to look at the phenomena raised
through the perspective of a static principal-agent model with hidden in-
formation, the distinct feature of which is a costless and, in most cases,
non-pecuniary reward structure. Examples of such rewards and applica-
tions of the model are grades in a teacher-student relationship, ratings
in a job performance appraisal, and, less tangibly, praise in a parent-
child relationship. For ease of exposition, we build the model around
the premises of a teacher’s designing grading standards to evaluate her
students’ performance. But we also apply the theoretical results ob-
tained here to other agency problems—a job performance appraisal with

ratings, in particular.

Specifically, we consider a grading standard as an implicit contract be-
tween a teacher and a student, which the teacher sets up to assign grades

for different observable and verifiable student performance levels (such
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as test scores).! The key assumption of the model is that a grade en-
ters only the student’s payoff function, while the teacher herself bears no
cost of grading the student. Furthermore, there is no scarcity of rewards
(grades) in the model, basically implying that the student’s expected
utility from a targeted grade is independent of the actual distribution of
grades in the class.> Assuming a deterministic relation between learning
effort and performance, we solve for the optimal grading standards on
the part of the teacher, who aims at eliciting the highest expected effort
from the student.

Based on the theoretical results obtained, we argue that the empir-
ically observed mismatch between students’ grades and their abilities
and the compression of ratings can be the optimal solutions to partic-
ular agency problems. In the model, we show that if the teacher holds
low expectations about her students’ abilities, then she should apply
more lenient grading standards (in order to elicit on average higher ef-
fort levels), and vice versa. This can lead to heterogeneous distributions
of grades among classes different in student abilities, and, in particular,
to a mismatch and low correlation between students’ grades and their
abilities. Similarly, applying the findings of the model to a job perfor-
mance appraisal with ratings, we argue that the compression of ratings—
which in the model takes the form of a pooling equilibrium among some
of the most efficient agent types—can be an average-effort-maximizing
outcome.

Significantly, the existing empirical evidence strongly supports the

IThe assumption of verifiability is in contrast to the modeling framework of MacLeod (2003) and
Levin (2003)—two related papers on subjective evaluation—where the results mainly hinge on the fact
that performance or effort levels are not verifiable.

2This assumption makes the model different from other related models with non-pecuniary rewards,
such as status incentives, where those rewards are not valuable per se, but are valuable because of
their scarcity, see Moldovanu et al. (2007); Besley & Ghatak (2008); or Dubey & Geanakoplos (2005).
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findings of the model. For instance, Goldman & Widawski (1976) report
a negative correlation between students’ Scholastic Aptitude Test scores
(which could be seen as a proxy measure of students’ abilities) and the
grading standards in the classes the students were majoring in. Accord-
ing to this study (conducted at University of California, Riverside), the
negative correlation observed is due to the fact that professors in a field
consisting of students with high abilities tend to grade more stringently
than do professors in a field with lower-ability students—precisely as our
model predicts. These empirical findings were confirmed by similar stud-
ies conducted at Dartmouth College (Strenta & Elliott (1987)) and at
Duke University (Johnson (2003)).

This work has been largely motivated by findings from behavioral and
experimental economics literature on contractual relationships. There
are a growing number of theoretical and empirical studies arguing that
along with pecuniary incentives people also tend to care about non-
pecuniary incentives and rewards such as intrinsic motivation, perceived
trustworthiness and importance, or elicited praise and esteem (Brennan
& Pettit (2004); Frey & Osterloh (2002); Berg et al. (1995); and Falk
& Kosfeld (2006)). As a result, the standard principal-agent model with
merely monetary incentives may fail to explain the variation in exerted
effort levels by employees in fixed-wage jobs with no other present or
future pecuniary stimuli, as discussed in Akerlof (1982). The obvious
direction for further research is now to enrich the standard model with
more elaborate mechanisms aimed at more closely capturing the com-
plexities of a principal-agent relationship (see Bénabou & Tirole (2003);
Moldovanu et al. (2007); Besley & Ghatak (2008); or Sliwka (2007)).

The current study can also be seen as a part of this more general re-
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search line.

The proposed refinement that, unlike the agent, the principal is in-
different to a transfer between them is by no means new in the contract
theory literature. It was formally studied, for example, in Guesnerie &
Laffont (1984), one of the founding articles on mechanism design aimed
at providing an all-encompassing solution to a broadly defined principal-
agent problem. In particular, they distinguish between “type A” and
“type B” preferences, where with the former preferences the principal’s
utility does not depend on a transfer, while with the latter (conventional)
preferences it does. In their study, however, the “type A” preferences
are primarily used to analyze a social planner’s problem of social welfare
maximization. There, a transfer between the social planner (principal)
and the agent is equivalent, figuratively speaking, to distributing money
between two pockets of the same jacket, leaving the social welfare intact.
Therefore, the framework of Guesnerie & Laffont (1984) does not apply
to the problem studied here. In our model, the principal is, in fact, more
of “type B”, i.e., she cares only about her own utility but does not pay

for motivating the agent.

Nor does this study stand alone in designing optimal grading rules.’
Dubey & Geanakoplos (2005) also target the same problem but from
a different perspective: they model a teacher-student relationship as a
game of status with private information and stochastic output similar to
a tournament. Hence, unlike in our study, they present a multiple-agent

model, where an agent’s utility from a grade depends on his or her class

3However, it needs to be reckoned that not much theoretical work has been done on modeling
a teacher-student relationship as a principal-agent model on its own, whereas this relationship has
typically been modeled as part of a more global game involving potential employers or university
administration (see Ostrovsky & Schwarz (2003)). At the same time, more research has been done on
the empirical side of the problem (see Johnson (2003)).
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ranking, i.e., status, resulting from the grade rewarded, but not on the
grade per se. Also given some other modeling differences, we draw differ-
ent conclusions about optimal grading schemes. Dubey & Geanakoplos
(2005) find that teachers should use coarse grading schemes and “pyra-
mid” the allocation of grades: in equilibrium the highest grade would
be available to fewer students than the second-highest grade, and so on.
Our model similarly predicts that teachers should apply coarse grading
schemes, but the level of “coarsening” depends on the distribution of
student abilities. Furthermore, we do not find “pyramiding” to be an
optimal grade allocation rule, especially, when there is a large mass of
less able students in the class.

The remainder of this chapter is organized as follows. Section 2 in-
troduces the model, which is solved in Section 3. Section 4 discusses the
main findings of the model and relates them to the phenomena raised in
the introduction. Section 5 reviews the existing empirical evidence, and

Section 6 concludes the study.

2. Model

This section presents a principal-agent model with costless non-pecuniary
rewards, or more specifically, a teacher-student model with grades as
a reward. For expositional tractability and whenever it is possible, it
closely follows the textbook variants of the related static models with
hidden information and the single agent as in, e.g., Bolton & Dewatripont
(2004) or Fudenberg & Tirole (1991).

Referring to the empirical findings in Arcidiacono (2004), students

select majors in college primarily because of their intrinsic preferences

‘Moldovanu et al. (2007) makes a similar prediction as well.
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for those majors and not so much because of their expected future earn-
ings (which are, on the other hand, correlated with university grades).
In our model, therefore, we assume that teachers find students’ class se-
lection exogenous with respect to the grading standards to be used in
class. Restricting the model’s application to university majors only, we
shall ignore possible reputational concerns that teachers are thought to
face when designing grading standards such as a concern that stricter
grading practices may scare some students away. (See, for example,
Johnson (1997), which, however, admits that reputational concerns are
more prevalent for optional classes than for classes in the students’ ma-
jor.) Neither will the empirical evidence of the model’s findings be prej-
udiced, for the evidence presented in this chapter comes from grading

standards in classes in the students’ major.

Therefore, consider a teacher who has to set up grading rules for the
students enrolled in her class, who come from the population of stu-
dents with a preference for the subject taught by the teacher. A grading
rule assigns grades to students’ performance levels, which are observable
and verifiable, and are assumed to be perfectly correlated with students’
costly learning efforts. The teacher’s utility increases in her students’
effort levels, but is independent of grades. In contrast, students derive
utility only from their own grades’ and incur disutility from studying
(say, because of opportunity costs). By this, we assume that the ex-
pected distribution of grades in class does not affect a student’s learning

effort choice decision (accordingly, his or her ez ante utility from a tar-

5... due to, for instance, better signals sent to their parents, to friends, or even to themselves about
their personal characteristics. Ideally, one would want to think of grades as ability signals to be sent
to the labor market, but then the model would need to be closed by introducing one more stage,
the recruitment stage (e.g., Ostrovsky & Schwarz (2003)). This extension, however, would eventually
require elaborating on the school entry decision as well.
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geted grade). Furthermore, even though students are identical with
respect to their attempts to save on effort needed for a given grade, they
are different in learning abilities, which are their private information,
and the teacher knows only the population distribution for student abili-
ties. These assumptions allow us to treat the teacher-student relationship
described as a single-agent model with hidden information.”

The teacher’s goal is to elicit the highest expected effort from the
student subject to the individual rationality and incentive compatibility
constraints as described below. Using the direct mechanism approach,
the teacher designs for the student a grading rule, which is a set of
effort-grade allocations {x(6), r(@)}(,e[ﬂ], where the parameter 6 is the
student’s ability distributed according to a twice differentiable cumula-
tive distribution function F over the student ability space [Q, 5] with
the probability density function f (f > 0). The grade function r maps
the ability set [6,6] into [0,1] so that the maximum grade the teacher
can offer is 1%; the effort function x maps [Q, 5] into a bounded interval
[0, Z], which, when needed, is assumed to be large enough to allow for
an interior solution.

From the set of effort-grade allocations {z(0),r(0)},. [07] offered by the

6An important refinement that students have inter-dependent preferences is left for future research
(also, see Dubey & Geanakoplos (2005)).

“If a hidden-information framework seems restrictive, as it could be thought of when consider-
ing teacher-student relationships, then we can, alternatively, allow that the teacher is able to tell a
student’s type (similarly to Bénabou & Tirole (2003)). Then, we would require that the teacher can-
not discriminate among her students by applying ability-specific grading rules. With this alternative
formulation, the optimization problem would basically remain intact as in the case with the hidden-
information framework adopted, and, therefore, the latter is retained for its link with the existing
literature.

SWithout an upper bound on the reward function, the optimal grading rule would be to demand
the maximal feasible effort from every student type and to reward them whatever abundantly. Putting
an upper bound on the reward function not only remedies the implausibility of the solution that arises,
but it is also a very natural thing to impose when considering a teacher-student relationship, where
there is typically a formal, institutionally set highest grade. Similarly, job performance is also normally
appraised on a finite rating scale, and, finally, even praise, which could be thought of as unbounded,
may still have only a limited effect on the agent’s utility resulting from it.
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teacher, the student chooses a type b e [Q,ﬂ to report to the teacher.
Then, the assigned allocation (z(f),(f)) renders the student of ability
0 a net utility of

where C' is a learning effort cost function with the properties C, > 0,
Crr >0, Cy <0, and Cpp < 0. The student’s reservation utility is set to
be equal to 0 (for all ability types). The teacher’s utility resulting from
the implemented allocation (:(0), () is equal to

Up((8),7(8)) = V(x(9)),

which is concave in effort x. Next, the above utility levels are assumed
to satisfy the von Neumann-Morgenstern axioms, and the teacher and
the student are both rational utility maximizers.

Applying the Revelation Principle, with respect to direct effort-grade

allocations {x(6),7(0)},. [07] the teacher maximizes her expected utility

/9 V(£(6))f(6)d6 (1.1)

subject to
r(0) — C(x(0),0) > r(0) — C(x(),6), (1.2)
r(0) — C(x(),0) > 0, (1.3)
0 <r(0) <1, for all § and 6 in [6, ). (1.4)

In the above, (1.2) is the incentive compatibility constraint, (1.3) is the
individual rationality or participation constraint, and the last constraint

imposes an upper bound on the teacher’s rewards.
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The solution to the above problem characterizes the Bayesian-Nash
equilibrium of the teacher-student agency problem studied above. The
equilibrium consists of the set of effort-grade allocations designed by the
teacher and the ability type reported by the student of every type such
that the teacher and the student of every type play their best replies
given the strategy of the other.

Prior to deriving the conditions that characterize the equilibrium play,
we place some further structure on the model to ensure the uniqueness of
the problem’s solution. First, the single-crossing condition holds (in fact,
it has been imposed by the cost function’s property C,y < 0). Second, we
impose the assumption of the monotone increasing hazard rate, which
is defined as h(0) = f(0)/(1 — F(#)), and the assumption implies that
R'(6) > 0. Finally, we assume that the cost function C' is separable in
effort = and type 6, and takes the form of C' = g¢(z)/6, where g is a

convex function, implying that C,,y < 0.

3. Solution

The standard principal-agent model with monetary (i.e., costly) transfers
is solved using the method attributable to Mirrlees (1971). Its main idea
is to obtain a functional equation with one unknown by merging the
agent’s optimization problem with that of the principal. In our case
with costless rewards, we need to modify this solution method. The
reason is that, unlike in the standard model, the intercomparison of the
agent’s and principal’s utilities is not possible in our model, for there
is no linking term between the two utility functions (as is typical for
the transfer function). The existence of an upper bound also makes our

model different from the standard model. Therefore, to look into the
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main properties of the solution to the optimization problem (1.1)—(1.4),
we, firstly, approach it through its discrete version, as suggested below.
Then, we take the limit of the discrete-case results to arrive at the general

solution with the continuum of agent types.’

Discretization

We discretize the student ability type space [va into n discrete
types (04,...,0;,...,6,), where a student type 6; = 6 + (i — 1)00, for
i=1,..,n, and 99 = (§ — 0)/n. Then, we discretize the initial (con-
tinuous) distribution F for student types by defining probability weights
p(0;) = 09:+ae f(6)do for every 6;, which is the probability mass of the
student types within the interval [0;,0; + 06]. (From this discretization,
we later switch to the continuous case by taking the limit n — oo, or
00 — 0.)

The discrete version of the optimization problem (1.1)—(1.4) is de-
fined below, where the teacher with respect to effort-grade allocations

{z(0;),7(0;)}_, maximizes her expected utility

> b6V (a(6,)
subject to
r(0;) — C(x(6;),6;) > 0, (IR))
r(0;) — C(x(0;),0:) = r(0;) — C(x(6;),0,), (1C))

0<r() <1, foreveryi=1,...,n and j # 1.

In footnote 7 we suggest that, instead of the hidden-information framework, we could use the
perfect-information framework with the condition that all the students irrespective of their abilities
are subject to the same grading rules. Under this alternative framework, if there are a finite number
of students in the class, then we face a discrete-type problem, as defined in the main text that follows.
The limiting continuous case is then just a convenient way of summarizing the properties of the solution
to the discrete-type problem.
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To solve the above maximization problem, we start with reducing it
by getting rid of redundant constraints. Then, from the reduced problem
we derive the first-order conditions that characterize the optimal effort-

grade allocations. But first, we make the following conjecture.

Conjecture 1.1 For any partition of the student type space, the equilib-

rium effort-grade allocations are distinct for every student type.

Setting up the Lagrangian

As it is standard in principal-agent models with hidden information,
among the agent types, who are subject to non-zero allocations, the
only individual rationality constraint that binds is that of the least ef-
ficient agent. For the rest of the chapter, we assume that the teacher
contracts upon all the student types (actually, the incidence of the shut-
down of some types is much less likely with costless rewards than it is
with costly rewards). Then, it is [ R, constraint that binds. Furthermore,
in the solution the adjacent incentive compatibility constraints need to

be downward binding;:
T(ei) — C(.’L’(Ql), 91) = 7’(91‘,1) — C(I(Qifl), Qi), 1= 2, N (15)

Supposing that in the solution the effort schedule z is increasing in stu-
dent type (as also implied by Conjecture 1.1), which has to be checked
separately, then due to the single-crossing condition we can ignore the
rest of constraints. Next, we make an observation that it must be op-
timal for the teacher to make at least some type subject to the highest
grade of 1 since it costs nothing to the teacher. Then, as follows from
Conjecture 1.1, in the equilibrium it is only the most efficient student

type that receives the highest grade, i.e., r(6,) = 1.
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Having said that, we can eliminate the reward allocations r from the
optimization problem by combining all the binding constraints together

with 7(6,) = 1 into one optimality constraint:

1— Z C(x(0,),0,) + Z C(x(0,.1),0;) = 0. (1.6)

Finally, we set up the Lagrangian of the reduced optimization problem

(without the monotonicity constraint on the effort x), which is
L{z(0:)}o, ) = > p(0:)V (x(6:)) + (1.7)
i=1
+u(1 - Z C(x(0:),0:) + Z C(x(0;-1),0:)),
i=1 ;

where p is a Lagrange multiplier on constraint (1.6).

The first-order conditions with respect to effort levels z(0;) for

1=1...,n—1are

and with respect to z(6,) it is

P (0n) Va(2(6h)) = pCa(z(6r), 0,). (1.9)

The equilibrium effort-grade allocations need to satisfy the above first-
order conditions, which means equating the teacher’s gains and losses

from a marginal change in the equilibrium allocations.
Dividing the last two first-order conditions (of the two highest con-
tracted effort levels) renders

p(0)V(w(0,) Cu((8),6.)
P(0,-)Va(@(00-1))  Co(@(04-1), 001) — Col(00-1), 00)°

(1.10)
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Multiplying both sides by 06 and then taking the limit 06 — 0 give us the
left-hand side of (1.10) which tends to 0 (with 96 — 0, p(0,))/p(0,,-1) — 1
and V(2(0,))/V(2(0,-1)) — 1), while the limit of the right-hand side
stays positive:

Co(z(),0)/(—Cup(z(6),0)) > 0.

Therefore, condition (1.10) cannot hold for fine enough partitions of the
student type space and, in particular, for the continuum of types 6 (i.e.,
at the limit 99 — 0). Hence, the conjecture that the solution takes
the form of a separating equilibrium cannot be universally valid. This
implies that, for fine partitions of the type space, the perfect screening
of student types (actually, that of the most efficient types) cannot be

optimal for the teacher.

Intuitively, the finding that there is no separating equilibrium among
the most efficient student types should not be surprising. Suppose it were
the case. Then, consider the teacher increasing the effort level demanded
of the second-most-efficient student type from z(6,_;) to '(6,_1) against
the corresponding grade increase from 7(6, ) to 7(6,.1) = 1 so that
this change is acceptable to the student (otherwise, he would not report
truthfully). Compare the teacher’s gains and losses from this change:
the loss is the most efficient student type’s effort reduction from x(0,,)
to 2'(6,_1), where it must be that z(6,) > 2'(0,_1). At the same time,
the accrued gain is not only the increase in the second-most-efficient
student type’s effort level by 2/(6,, 1) — x(0,,_1) > 0, but actually it is the
whole string of follow-up increases in other effort levels z(0;,) — 2'(6;),
i=1,...,n—2, made at no extra cost (due to costless rewards) to fill the
slack in the incentive-compatibility constraints arising after the increase

in the reward r(6,,_,) to 7'(6,_1) = 1. Hence, unless the probability mass
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of the most efficient type 6, is big enough (which in the continuous case is
possible only for some irregular distribution F' for student abilities), the
teacher’s gain from the change described is larger than the corresponding
loss. Therefore, the teacher can do better by pooling some of the most
efficient student types by making them subject to the highest reward of
1 until their probability mass is big enough to offset the gains and losses

described above.

“Pooling at the top” interval

When condition (1.10) does not hold—which occurs, as we showed,
for fine partitions of the student type space—we continue by gradually
increasing the probability mass of student types subject to the highest
grade and denote this mass by P(0,) = >."_ p(0;), where m = n —
1,n—2,.... We repeat the above solution algorithm for different m (with
m replacing n in the above derivations) until we have the optimality
conditions met. In particular, for a given m, the first-order condition

equivalent to (1.9) is
P (0,) Val(6,)) = pCo((6,), 0,)

Accordingly, the updated condition (1.10) takes the form of

P(0,,)Vy(x(6,,)) _ Co(z(0,,),0,,)
p(em—l)‘/:c(x(em—l)) Cx(x(em—l)a Hm—l) - Cw (1‘(9,”_1), 9,”) .

Leaving the details of the discrete-case problem aside, from now on
we revert to the continuous case only. Again, multiplying both sides
of the previous expression by 06 and taking the limit 99 — 0 on both
sides (and applying L’Hoépital’s Rule) give the condition for the pooling
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equilibrium among the most efficient agents:

1-F(@®) _ Cu(x(0),0)

FO)  Cul(0),0)

Given our assumption that the cost function C(z,0) is separable in x

and 0, with C(x,0) = g(x)/0, the above condition becomes

1- F(9)
f(9)

Since there may be no type 6 in [6, 6] for which condition (1.11) holds",

"y (1.11)

then the starting value of the “pooling at the top” interval is defined as
0" =min{6 : (1 — F(0))/(0f(0)) < 1,0 € [0,0]}. (1.12)

Note that the expression (1 — F'(0))/(f(0)0) is monotonically decreasing
in 6 due to the monotone hazard rate assumption so that the pooling-
equilibrium starting point 6* is uniquely determined. All in all, the
pooling-equilibrium effort-grade allocation for every type # in [9*,ﬂ is
(x(67),1) , where the effort level z(6") is determined by the remaining

conditions as shown below.

The equilibrium effort-grade allocations

As for the student types in the interval [0, 6"), the equilibrium al-
locations need to satisfy the remaining first-order conditions (1.8), the

continuous version of which for any 6 in [0, 6") is
FO)WVa(x(0)) = —pCio(x(0),0). (1.13)

The Lagrange multiplier u, as determined by the updated expressions

""The pooling-equilibrium interval comprises the whole agent-type space if, for instance, student
types 0 are uniformly distributed with 6 > 6/2.
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for (1.9) and (1.11), is equal to

_ _JO)Va(a(67))
= T O (6).8) (114

From (1.13) and (1.14) one can observe that there is no discontinuity at
the equilibrium effort allocations at the point 0" since x(f) — x(6") as

6 — 6.

From condition (1.13) and the expression for u, we can express z(0)
for every 0 in [#,0") in terms of the starting point 6" of the pooling-
equilibrium interval, which is determined by (1.12), and the highest de-
manded effort allocation x(6"), which still needs to be determined. To do
so, we consider the continuous version of the optimality condition (1.6),

which takes the form of
1-C(x(60),07) +/ Cy(z(0),0)do = 0. (1.15)
0

Then, after plugging in the expression for x(f) from (1.13) and (1.14)
into the above optimality condition, we can integrate out the parameter
f and obtain the expression for the highest demanded effort allocation.
After having determined z(#"), the remaining equilibrium effort levels
immediately follow from (1.13). The constraint for the effort function x
to be non-decreasing is met, which follows from equation (1.11) and the

monotone hazard rate assumption."

Denote the derived equilibrium effort levels by x*(#) for 6 in [0, 6"].

The equilibrium grade levels 7*(6) for 6 in [0, 6") are found from the set

1From equation (1.11) it follows that f(0)/(1—F(#)) < 1/ for 6 in [0, 0™), and from the monotone
hazard rate: f'(6) > —f2(0)/(1 — F()). Then, taking the internal derivative of (1.13) together with
the above properties renders that dz/df > 0.
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of the binding incentive-compatibility constraints and are given by

0
r*(0) = C(2*(0),0) — / Cy(z*(0),0)de, (1.16)
0
where x*(#) is the optimal effort allocation for student type 6.

Special case

Below, we illustrate the solution by considering a special case, where
the teacher’s utility function is linear in effort x, V(z) = z, and the
student’s cost function is C(z,0) = z*/(20).

The pooling-equilibrium condition (1.11) remains intact, while the

first-order condition (1.13) becomes for 6 in [0, §")

_ z(0") 2
0) = S IO

Plugging this expression into the optimality constraint (1.15) renders

(2(07) (@0 (" PO

from which we can determine the pooling-equilibrium effort level (%) :

o 00 1

. 1 ) T2 a0 .
Having determined the highest contracted effort level, from the above
expression for z(f) we can find the remaining equilibrium effort levels.

Finally, the equilibrium grade levels follow immediately from (1.16).

The Equilibrium
Proposition 1.1 below characterizes the Bayesian-Nash equilibrium of

the teacher-student agency problem studied above.
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Proposition 1.1 Given the assumptions of the model, the solution to
the optimization problem (1.1)-(1.4) constitutes the Bayesian-Nash equi-
librium, where the teacher’s designed effort-grade allocations (xz*(0),r*(0))

and the student’s reported type é*(ﬁ) for every 6 in [Q,m are such that

e for every student type 0 in [9*,9] , where 0" as in (1.12), the effort-
grade allocations are r*(0) = 1, x*(0) = x(0"), where x(0") is deter-
mined by (1.13), (1.14) and (1.15); and the student of type 0 reports
0'(0)=0,0¢c[07,9].

e for every 6 in[0,0"), given 0° and x(6") from above, the effort-grade
allocations (z*(6),r*(0)) are defined by (1.13) and (1.16), respec-
tively; and the student of type 6 reports 9*(9) =4.

4. Main Findings and Discussion

Here, we provide an intuitive account of the solution obtained for the
agency problem with costless (non-pecuniary) rewards studied earlier.
Simultaneously, in this and subsequent sections, we try to relate the pre-
dictions of the model to the empirical evidence relevant to the framework

examined here.

Compression of Ratings

One of the main theoretical findings of this study is that in a principal-
agent model with costless rewards there must be a pooling equilibrium
for at least some of the most efficient agents. This result is in sharp
contrast to the properties of the standard model with costly rewards,

where the “no distortion at the top” property typically holds.

12While the “no distortion at the top” property is characteristic of principal-agent models with
monetary rewards, see, e.g., Mirrlees (1971) , it has also been shown to hold for agency problems with
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Proposition 1.2 For an agency problem with costless rewards, the “no

distortion at the top” property does not hold.

The proof of this result was provided in the previous section, where we
showed that a uniform effort-grade allocation applies to all agent types
from the non-empty interval [9*,9}. Moreover, the above proposition is
silent about the reward structure having an upper bound, for neither the
size of this bound nor its mere existence has any impact on the result. (In
a principal-agent model with costly rewards, imposing an upper bound
on the reward function does not lead to a pooling equilibrium among the
most efficient agents as long as this constraint is not binding, i.e., when
the upper bound is big enough.)

Bearing this result in mind, we can address the phenomenon of the
compression of ratings in job performance appraisals. The incidence of a
pooling equilibrium—which, as been noted, can stretch out to comprise
the whole agent type space—means that, within the setting studied, if
the agent, for any reason, exerts an effort level above the highest con-
tracted effort level z(0"), he will still receive the reward of 1. Hence, de-
spite variability in effort levels one can still observe compressed rewards,
but it could be the outcome of the contractual arrangement optimally set
by the principal. As has been analytically argued, it may not be optimal
for the principal to differentiate much among her agents in evaluating
their performance. Distinguishing the most efficient agents can only be
achieved by suppressing the motivation of less efficient agents. But it
may have a larger adverse effect on aggregate (or average) performance

than the higher contribution achieved from the most efficient agents.

status incentives, see Moldovanu et al. (2007). (However, recently, there have also been papers in
which this property does not hold in the optimum, see Levin (2003) or MacLeod (2003).)
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Hence, the “leniency bias” rating scheme could, in fact, be optimal.®

Furthermore, the compression of ratings phenomenon becomes even
more prevalent the more concave the principal’s utility function is. De-
spite the fact that in our model the functional form of the principal’s
utility function does not affect the size of the pooling-equilibrium in-
terval, as one can see from (1.11), it does, however, affect the range of
effort-grade allocations. Intuitively, and as can also be shown analyt-
ically, if the teacher, referring back to the teacher-student framework
studied here, puts a relatively higher weight on the performance of less
able students, then we should observe a flatter effort-grade allocation
schedule in place. This observation shows that changing teachers’ in-
centives can have direct implications for student grading standards and,
accordingly, effort levels demanded.

This finding is especially important in light of recent merit-pay pro-
grams introduced to improve teachers’ incentives for motivating their
students (see Lavy (2002); Atkinson et al. (2004); Lazear (2003)). Ar-
guably, it is in the hands of social planners to affect the functional form of
the teacher’s utility function through pay-for-student-performance incen-
tive schemes for teachers. Then, our model could be of help in designing
optimal incentive schemes for teachers in order to align teachers’ incen-
tives more closely with those of social planners (or with socially desirable
outcomes).

With respect to a job performance appraisal with ratings and its link
to our model, it remains true that a manager wants to elicit more ef-

fort from her employees. Still, unlike in a teacher-student relationship,

3The above explanation is in sharp contrast to explanations from the psychological literature on
subjective evaluation, a common example of which is given in Prendergast (1999, footnote 34): “An
obvious reason for this [leniency bias] is that it is simply unpleasant for supervisors to offer poor
ratings to workers, so they avoid this pain.”
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a manager’s designed rating scheme is typically linked to the employ-
ees’ pay, with a higher rating implying a higher pay, which, of course,
does not fit the definition of “costless non-pecuniary rewards.” However,
having inquired into the inner workings of rating-pay schemes', in many
instances we can still think of job performance appraisals in terms of
a principal-agent model with costless rewards. Commonly, employees’
performance is evaluated by their line managers, i.e., by low-rank man-
agers. At the same time, managers’ own incentive scheme may not fully
internalize the payroll cost resulting from their evaluations of employees’
performance, but it does depend on their aggregate performance (say,
through bonuses at the end of the year). Therefore, we may obtain a sit-
uation where a line manager faces a soft budget constraint in designing
rating schemes to elicit the highest effort expected from her employees.
The possibility described, then, falls within our model. But, given its
specific nature, it needs to be studied separately, and here it serves only

as a potential alternative application of the model.

Mismatch between Grades and Abilities

Consider two classes of students, who come from two different popula-
tions of students, whose abilities are distributed on the same support
9, 5} according to twice differentiable distributions F; and Fj, respec-
tively. Denote the student types from the two classes by #, and 6,,
respectively, and let student type 6, be smaller than 8, in the likelihood
ratio order, i.e.,

f2(0)

f1(0)

4] largely owe the following discussion to Ailko van der Veen.

decreases for all 6 in [Q,ﬂ )
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The above stochastic dominance condition can be interpreted to mean
students from the first class are held to be more able than those from the
second class. Let {z,(6),r,(0)} and {z,(6),r5(6)} for 6 in [6,6] be the
solutions to the optimization problem (1.1)—(1.4) for the student ability
distributions F; and F, respectively. Then, the following holds.

Proposition 1.3 If student type 0y is smaller than the student type 6,
in the likelihood ratio order, then the grade allocations in the two classes

satisfy ro(0) > r1(0) for every student type 0 in |0, 5].

To put it in words, the lower the expectations the teacher holds about

her students’ abilities, the more lenient she should be when setting grad-
ing standards.
Proof. With reference to the pooling-equilibrium condition (1.11), de-
fine G;(0) = (1 — F;(0))/(0f:,(0)), and let 07 = min{f : G;(0) < 1,0 €
[Q,ﬂ}, i = 1,2. Since the likelihood ratio order implies the hazard
rate order (see Shaked & Shanthikumar (1994)), which is f;(0)/(1 —
Fi(0)) < f2(0)(1 — Fy(0)) for every 6, then it immediately follows that
G1(0) > Go(0), leading to 0] > 0,. Hence, we have ry(0) = 1 > r,(0) for
NS [6’;,@. Next, consider 6 in [0, 65]; denote the Lagrange multipliers
from the two optimization problems, as defined in (1.14), by p,, i = 1, 2.
Then, divide the equilibrium conditions for the effort levels z; and x, as
in (1.13) to obtain for any 6 in [0, 65

Ve (1(6))g:(22(6)) _ ﬂfz(‘g)
Vi(@2(0))ga(21(0))  pz f1(6)

Since the effort level z5(0;) must be at least as large as x;(63;), which

stems from the second teacher’s incentive to expand the pooling equi-

librium even further, then at 6 = 6, the left-hand side of the above
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equation is greater than or equal to 1, and so is the right-hand side.
Due to the decreasing likelihood ratio f,/fi, the right-hand side stays
greater than 1 for any  in [0,0;), and so does the left-hand side, imply-
ing that z,(6) > x,(0) for every 6 in [0, 65), which subsequently leads to
r2(0) > ri(0). m

Propositions 1.2 and 1.3 are illustrated in Figure 1. It depicts the
optimal grading standards for two classes with the student type space
© = [0.5,1.5], where in the first class student type 6, is distributed
according to the distribution with pdf f,(0) = 6, for every 6 € O, and in
the second class student type 6, is distributed uniformly over ©; and the
functional forms are V' (z) = z, C(z,0) = x*?/(20). The middle diagram of
Figure 1 shows the optimal effort allocations (the dashed line for the first
class and the dotted line for the second class), and the bottom diagram

shows the optimal grade allocations for the two classes, respectively.
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As we can see, both teachers pool some types of the most efficient
student types. The teacher of the first class, however, offers the highest
grade of 1 to fewer student types but against a higher cost (effort), while
the teacher of the second class optimally chooses to be more lenient.
This happens because the second teacher focuses on less able but more
numerous students and attempts to extract more effort from them leaving
more able students with high so-called information rent instead. The
incentive compatibility constraint dictates vice versa that the teacher of
the more able class of students offers a steeper grade-effort schedule in

her attempt to extract more effort from more talented students.

In this light, it should not be surprising from the analysis perspective
above that, given differences in student abilities among different classes,
some teachers turn out to be more lenient than others. But, as we argue,
this can be an outcome of the optimal design of grading standards, and
not necessarily an outcome of some teachers’ rent-seeking behavior, as
sometimes is suggested (e.g., Johnson (1997)). In particular, our model
predicts that high grades should be more easily attainable in classes with
less able students, resulting in a mismatch and low correlation between
students’ grades and their abilities. For instance, if the population of
mathematics students contains more talented people than, say, the pop-
ulation of economics students, then we should observe stricter grading
standards applied in mathematics classes (as ample empirical evidence
shows to be the case, which is explored in the following section). Fur-
thermore, we could extend our argument to provide additional insight
on grade inflation at universities (for an extensive study of this problem,
see Johnson (2003)). With the number of students enrolled increasing

(say, because of more accessible entry to universities) the overall distrib-
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ution for students’ abilities may become more skewed to the end of less
able students. As a result, teachers may optimally respond by lowering

grading standards (in order to maximize average effort).

5. Empirical Evidence

The theoretical predictions of the model, in particular that in Proposi-
tion 1.3, look to be empirically testable, because the data needed for this
purpose, such as student grades and their ability proxy (like their per-
formance on university entry exams or Scholastic Aptitude Test [SAT]
scores), should be available at any university. Then, we would need,
roughly speaking, to compare grading patterns for classes with different
student ability distributions. However, and not surprisingly, there have
been a number of empirical studies of the kind in the special literature
of educational measurement (e.g., in academic periodicals such as the
Journal of Educational Measurement or Fducational and Psychological
Measurement). Most importantly, those studies without exception re-
port results that are fully in line with the model’s predictions: fields with
lower ability students studied as compared with those with higher abil-
ity students employ less stringent grading criteria. Even though many
of those studies are fairly comprehensive in empirical matters, they lack
any rigorous theoretical explanation for this phenomenon, their explana-
tions hinging mainly on intuition or reference to similar phenomena from
the adaptation-level theory in psychological literature. In what follows,
we attempt to review in detail some of the empirical studies comparing
grading standards over time and in different fields, and to show that our
model proves helpful in explaining the empirical evidence obseved.

Aiken (1963) is one of the first empirical studies that suggest that
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grading behavior is dictated by the quality of students in the current class
and not by some absolute invariant standards. Aiken (1963) presents
time-series evidence from the Woman’s College of the University of North
Carolina that could imply that, with more able students in a class (as
measured by their SAT scores and high-school rankings), teachers tend to
apply more stringent grading standards. As for the theoretical explana-
tion for this finding, the study only briefly mentions that it conforms with
the adaptation-level theory or central tendency phenomenon, which ba-
sically concerns the tendency of supervisors to evaluate the performance

of people supervised in relative terms rather than in absolute ones.

A much more comprehensive study Goldman &Widawski (1976) first
notes the weaknesses of previous studies on grading patterns because of
their using the total grade point average (GPA) as the criterion of grad-
ing standards. As they rightly argue, GPAs are not perfectly comparable
either over time or among individual students because of the possibly dif-
ferent composition of courses included to compute grade averages. To
remedy that, Goldman &Widawski (1976) employ a between-subjects de-
sign aimed at making grade comparisons more effective. They compute
an index of grading standards using pairwise comparisons of grades in
17 major fields at the University of California, Riverside, from a random
sample of 475 students. In particular, they perform the comparison of
grading standards in one class (say, psychology) against those in another
class (say, biology) by computing the difference in average grades of only
those students who took both classes. After obtaining differentials in
grading standards between any two classes (from the 17 classes available
in their study), they construct an index of grading standards for each

class, which is an average of all the differentials between that particular
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class and the rest of the classes. Finally, they correlate the computed
indices of grading standards with the average scores on the verbal and
mathematical portions of the SAT test and high-school GPAs (i.e., stu-
dent ability proxies) of all the students majoring in those 17 classes.
The main empirical finding in Goldman &Widawski (1976) is that the
constructed index of grading standards correlates highly in a negative
direction with student ability proxies. In other words, they conclude
that professors in a field containing more able students tend to grade
more stringently than do professors in fields with lower ability students.
As a result, they find that the past performance and abilities of stu-
dents account for only slightly more than 50 percent of the variance in
grades, and suggest introducing some grade adjustment mechanism to
make grades more informative of students’ true abilities. Again, in giv-
ing an explanation for the empirical results obtained, they restrict their
argument simply by making a reference to the adaptation-level theory

that people are judged in comparison to their peers.

A similar study Goldman & Hewitt (1975), which along with present-
ing the empirical results (which draw the same conclusions about grading
behavior as in the studies mentioned above), also provides a more elabo-
rate theoretical explanation for the results obtained. The authors think
that the antecedents (e.g., student ability levels, work habits, etc.) and
consequences (grading standards) of college grading are inextricably tied
together by a personal characteristic of college instructors. This char-
acteristic is the phenomenon of adaptation level, and it is so pervasive
among college instructors and perhaps people in general, Goldman & He-
witt (1975) continue, as to be considered an almost inevitable factor in

the college grading process. Consequently, through that personal charac-
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teristic link, grading standards would be partly determined by the ability
level of the student population. However, along the lines of our model
developed above, this personal characteristic, as envisaged by Goldman
& Hewitt (1975), is not some intrinsic feature of human behavior but

rather the outcome of optimal behavior.

A decade later, Strenta & Elliott (1987) replicated the study of Gold-
man &Widawski (1976) using data from a different institution, Dart-
mouth College, just to find that the differential grading standards exist
in the same magnitude and in roughly the same order. Therefore, Strenta
& Elliott (1987) argue that it remains the case that students with higher
SAT scores tend to major in fields with more rigorous grading standards,
and that factors attracting more talented students result in their being
graded harder. (However, we would argue for the reverse direction of
causation: since some fields attract more talented students, professors in
those fields will grade their students more stringently, which is optimal
in order to extract more effort.) As in previous studies, Strenta & Elliott
(1987) argue that these differential grading standards serve to attenuate
the correlation between the GPAs and SAT scores of the students, and
they also show that the correlation increases sizably if GPAs are ad-
justed by accounting for differences in departmental grading standards.
Finally, a similar study conducted at Duke University ((Johnson (2003))
confirmed the conclusions about systematic differences in grading stan-

dards from the previous studies.

Concerning the normative side of the differential grading standards
discussed, there have been a number of papers proposing grade adjust-
ment mechanisms (see, e.g., Johnson (1997)) in order to make grades

more informative of students’ actual abilities. Without going into the
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details of this literature, it is worth noting that, typically, those papers
tend to assume that the true reason for differential grading standards lies
with some personal features of the instructor (e.g., the adaptation level,
unwillingness to spend office hours on dealing with students’ complaints
about low grades, etc.). Therefore, the proposed grade adjustment mech-
anisms would attempt to correct for presumed instructor-specific factors
failing to recognize the possible endogeneity of those factors, which could

lead the mechanism astray from the projected goals.

6. Conclusion

In this chapter, we solve for the optimal contract in an agency prob-
lem featuring costless (non-pecuniary) rewards, and apply the results
obtained to provide alternative explanations for the compression of rat-
ings and mismatch between students’ abilities and grades. We argue
that in equilibrium the variation in assigned rewards can be coarser than
the underlying distribution for abilities. In particular, with the principal
holding reasonable expectations about the overall distribution of agent
abilities, setting uniform incentives for some most efficient agents can
constitute an optimal contract. Specifically for student grading stan-
dards, if the teacher’s goal is to induce her students to study as hard
as possible (subject to the incentive-compatibility constraint), we should
observe higher grades in classes with fewer able students. Significantly,
the existing empirical evidence strongly supports the predictions of the
model presented in this chapter, lending validity to the modeling tech-
nique chosen.

Therefore, the proposed framework could be used potentially as the

“microfoundations” of student grading or job performance appraisal to
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analyze other related problems. For instance, one could explore how to
design the performance evaluation process in order to reduce the inef-
ficiencies observed (such as coarse grading/rating outcomes) or, with a
dynamic version of the model, one could look into the phenomenon of
grade inflation over time. Using the framework of this study, further re-
search could also be done on studying the implications on student effort-
grade allocations after the introduction of incentives for teachers or on
developing grade-adjustment mechanisms to make the intercomparison

of grades between various classes, departments, or schools feasible.
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Chapter 2

Manager Accountability and
Employee Wage Schedules™

Abstract

The goal of this study is to relate and jointly explain the empirical regular-
ities of the compression of ratings and firm-size effects on wages. We develop a
three-tier model of a firm’s economic organization, which is centered on the em-
pirical observation that managers face a soft budget constraint when evaluating
their employees’ performance. The model assumes that in small firms managers
are held more accountable for payroll expense incurred than they are in large
firms (because of lesser informational asymmetries). Incorporating these features
into an otherwise standard agency model, this study predicts differences in pay
schedules between small and large firms of the kind that is empirically observed.
In particular, we argue that the large-firm wage premium and inverse relation-
ship between wage dispersion and firm size can be the optimal outcomes of the
agency problem with unaccountable managers that is studied here. The model
also shows that the compression of ratings in job performance appraisals can be

an equilibrium outcome.

1. Introduction

This chapter deals with the empirical regularities of the compression
of ratings in job performance appraisals (Murphy & Cleveland (1995);

Prendergast (1999)) and firm-size effects on employee wage schedules:

*1 would like to thank Ailko van der Veen and Karl Wérneryd. Financial support from the Jan
Wallander and Tom Hedelius Foundation is gratefully acknowledged.

43



44 CHAPTER 2.

the large-firm wage premium and inverse relationship between wage dis-
persion and firm size (Brown & Medoff (1989); Oi & Idson (1999)). We
attempt to relate and jointly explain these phenomena with the help of
a three-tier agency model of a firm’s economic organization, where the
tiers are the owner of a firm, the managers, and the employees. The
model is developed around the observation from manager and employee
compensation practices that managers do not fully internalize the pay-
roll expenses incurred in evaluating their employees’ performance (see,
e.g., Longenecker et al. (1987)). There is also evidence indicating that
in a small firm managers are held more accountable for their payroll
expenses than they are in a large firm. This is because of lesser informa-
tional asymmetries between the owner of a smaller firm and her managers
related to, in the words of Alchian & Demsetz (1972), “metering input

productivity and metering rewards.”

In the current chapter, we show that incorporating these features
of vertical managerial relationships into an otherwise standard agency
model produces theoretical predictions that offer a good match with the
empirical stylized facts on wage patterns. Therefore, we argue that man-
ager accountability (or rather the lack of it) can be a cause of the com-
pression of ratings and firm-size effects on wage schedules. Our model is
also consistent with the empirical evidence from the financial literature
on small firms’ higher stock returns and, supposedly, their higher prof-
itability, see Banz (1981) and Fama & French (1992). We use the latter
evidence to distinguish our explanation for the wage patterns observed

in empirical studies from other alternative explanations.

Differently from Alchian & Demsetz (1972), here we study the prob-

lem of metering employees’ inputs and rewards from the perspective of
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an owner-manager relationship. The idea is that the interests of an
owner and a manager with respect to employee compensation may ac-
tually diverge. In practice, the monitoring and appraisal of employees’
individual effort levels are done by managers—low- and middle-ranking
managers in the corporate world—who are not residual claimants; nor
can their pay be perfectly related to the firm’s profits.! As an alterna-
tive to profit-sharing rules, the owner of a firm offers her managers a
compensation scheme, which depends on their accomplishing individual
objectives (so-called management by objectives), or on their performance
evaluation adjusted for the firm’s overall profitability (see Bruns & McK-
innon (1992); Milkovich & Wigdor (1991)). In addition, the owner im-
poses objectives on managers that are to be achieved within a certain
framework—performance appraisal standards on how to reward (or mon-
itor) the performance of their employees. This is done in order to prevent
managers from incurring great payroll expense when maximizing their

compensation.

But, as is suggested from the incidence of the compression of ratings
and other evidence of managers’ lack of accountability, which will be dis-
cussed later, the existing practice of managerial compensation seems to
have inefficiencies. By directly rewarding for managers’ accomplishments
and controlling for the costs they incur, the owner of a firm may fail to
perfectly align managers’ incentives with the firm’s profit maximization.
When designing a compensation scheme for her managers, the owner

draws on her own knowledge about the workings of the manager’s job—

! According to surveys by the US Bureau of Labor Statistics, in 1999 only 1.4 percent of US business
establishments granted stock options to their nonexecutive employees. It is suggested that the reason
for this is the limited incentive effects associated with stock options, see Besanko et al. (2007, p. 499).
Moreover, among those firms that do offer stock options to all their employees, an incentive-based
explanation for it is rejected, see Oyer & Schaefer (2005).
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its contribution to the firm’s profits and share of total costs—which may
nonetheless be inaccurate. It allows managers to bargain for a compen-
sation scheme more advantageous to them than to the firm.> As a result,
in pursuing their goals, managers are likely to enjoy some leeway with
respect to the payroll costs resulting from their evaluations of employees’
performance.

According to surveys of business organizations (for a review, see Mur-
phy & Cleveland (1995, p. 4)), most public and private companies in the
US—more precisely, between 74% and 89% of those surveyed, with large
companies somewhat more prevalent—practice a formal job performance
appraisal system. Performance appraisals are mainly used for employee
salary administration purposes (including managers). The usual way
performance appraisals work is that a supervisor (manager) is asked to
rate various aspects of his or her subordinates’ performance on a pre-
specified scale, with their pay made proportional to the supervisor’s rat-
ing.

However, the practice of performance appraisals has fallen short of the
expectations about their utility. The distribution of ratings given typ-
ically exhibits a shallow differentiation of good from bad performance,
arguably, leading to inefficient performance outcomes in the end. In the
psychological literature, this has been labeled the “compression of rat-
ings” phenomenon with, it is suggested, a “leniency bias” behind it (for
comprehensive reviews, see Landy & Farr (1983) and Murphy & Cleve-
land (1995); for a case study, see Murphy (1992)). Economists see this
phenomenon as one of the causes of the dominance of fixed wages in

company payrolls (Prendergast (1999)), and, accordingly, raise the ques-

2See Milkovich & Wigdor (1991) for more on managerial compensation practices and managers’
bargaining advantages.
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tion of why the underlying economic incentives behind job performance
appraisal do not work as planned (for a comprehensive discussion, see

Bruns (1992)).

Another systematic pattern of employee pay practice is the large-
firm wage premium, i.e., that large firms on average pay higher wages,
ceteris paribus. It remains unclear (especially, in times of a slack labor
market) why large firms pay higher wages when employees are ready
to work for lower pay. This has been widely observed across different
countries and industries: It seems that firm size matters. A number
of explanations have been offered, some of which are discussed in the
next section, but more research on this question seems called for (see
Brown & Medoff (1989) and Oi & Idson (1999) for reviews). At the
same time, despite paying on average lower wages, small firms reward
their employees’ abilities and acquired skills, such as experience, at a
greater rate than do large firms (see Garen (1985); Evans & Leighton
(1989)). Generally, an inverse relationship has been observed between
wage dispersion and firm size (Stigler (1962)). All this hints at the
possibility that economic incentives for employees are possibly better

designed in small firms.

We approach these issues through a three-tier agency model of a firm’s
economic organization. In the firm, output is produced only by employ-
ees, who have different but privately observed ability levels. Managers
are hired to supervise the employees’ performance, and the owner su-
pervises the managers. It is a two-stage agency problem. In the second
stage, a manager provides incentives for and evaluates the performance
(effort levels) of his employees in order to maximize his own compensa-

tion. In the first stage, the owner designs a compensation scheme for her
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managers. It rewards them for employee efforts extracted and controls
payroll costs incurred through performance appraisal standards, which
are assumed to have inefficiencies proportional to the size of the firm.
Performance appraisal standards are modeled to take the form of an
upper bound on employee pay that is at a manager’s disposal, and inef-
ficiencies take the form of a soft budget constraint that a manager faces
when evaluating his employees’ performance. The crucial feature of our
model is that managers do not fully internalize the payroll cost resulting
from their ratings, and it is the owner who bears the unaccounted part

of this cost.

It will be shown that the softer a budget constraint is (i.e., the less
accountable managers are), the more the owner limits her managers’ dis-
cretion by lowering an upper bound on employee rewards. In response,
a manager designs a pay-for-effort allocation schedule for his employees
that pools some of the most efficient employee types subject to the high-
est reward. As a result, it leads to a coarse distribution of rewards (or
ratings), which, we argue, could be behind the compression of ratings
phenomenon. Furthermore, we show that the length of the pooling-
equilibrium interval of employee types varies inversely with the man-
ager’s degree of accountability. Therefore, with the problem of a soft
budget constraint more aggravated in larger firms, the model predicts
that the average wage will increase but wage dispersion will decrease
with firm size. At the same time, however, we find that small firms are

more profitable than large ones.

The remainder of this chapter is organized as follows. Section 2 dis-
cusses related literature and provides motivation for the model, which is

developed and solved in Section 3. Section 4 discusses the equilibrium
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properties obtained with respect to firm size, and Section 5 relates them

to the existing literature. The last section concludes the study.

2. Background and Motivation

Industrial and organizational psychologists have traditionally viewed job
performance appraisal and its consequences—the compression of ratings,
in particular—as a measurement problem. They distinguish the three
most frequently encountered measurement biases: the “halo effect”, a
tendency to rate the same on all dimensions, “centrality bias”, an over-
reliance on the middle of the rating scale, and “leniency bias”, a tendency
to give extreme ratings (which is the main focus of this study). Psychol-
ogists found no evidence that personal characteristics of raters or ratees
have any explanatory power for the systematic patterns observed in per-
formance appraisal, see Landy & Farr (1980). Instead, psychologists
have come to think that performance appraisal cannot be adequately
understood outside its organizational context, which is a major determi-
nant of a rater’s goal-oriented rating behavior, see Murphy & Cleveland
(1995). In economic terms, this implies that job performance appraisal
is an agency problem but, possibly, with some intrinsic inefficiencies.
The related psychological literature offers strong support for the mod-
eling assumptions that are made in this work. As regards the assumption
that managers may be facing a soft budget constraint, there is enough
evidence to argue that managers do enjoy leeway when evaluating their
subordinates’ performance. For instance, Longenecker et al. (1987) show
that managers manipulate the whole appraisal process to their own ad-
vantage; or they are not held accountable for their lenient appraisals, see

Mero & Motowidlo (1995).
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Furthermore, it has also been observed that employee performance
appraisal standards vary greatly across different organizations, and one
of the factors behind those differences is organization size. Landy & Farr
(1983, p. 104-105) describe how many smaller organizations hold super-
visor conferences to evaluate and, accordingly, reward the performance
of each employee in turn, which is not feasible in large organizations.
Murphy & Cleveland (1995, p. 355) see decentralization as a way to in-
crease the efficiency of performance appraisal practice in organizations,
because it would allow performance appraisal standards for every func-
tional unit to be tailored more accurately. There is also experimental
evidence showing that the degree of task interdependence among group
members inversely affects the differentiation of good from bad perfor-

mance, see Liden & Mitchell (1983).

The related literature in economics is too broad to be comprehensively
discussed here in any greater detail; instead, the discussion is restricted to
a few selected papers only. When it comes to explaining the compression
of ratings phenomenon, this study is most closely related to principal-
agent models with subjective evaluation, see MacLeod (2003) or Levin
(2003). The distinctive feature of these models is that effort levels are
non-contractible and are rewarded according to the principal’s subjective
evaluation. Under the threat of a conflict, the principal may find it futile
to differentiate rewards solely on her subjective performance evaluations,
when there is a great likelihood that the agent will think differently of his
own performance. Unlike this strand of literature, the current study al-
lows for verifiable and contractible employee effort levels, and our results
hinge on asymmetric information and contract incompleteness between

the owner and managers. In our model, the compression of ratings is the
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outcome of the optimal (effort-maximizing) incentive scheme offered by

a manager to his employees.

As for the firm size effects—the large-firm wage premium and higher
wage dispersion in smaller firms—there are numerous empirical and the-
oretical papers on the issue (for reviews, see Brown & Medoff (1989)
and Oi & Idson (1999)). For instance, Stigler (1962) shows that in large
companies the dispersion of wages is lower than that observed in small
companies. He attributes this finding to the fact that the owner of a
small company can better judge the quality of her employees’ perfor-
mance. Along the lines of “Stigler’s conjecture”, Garen (1985) develops
a model based on the assumption that employees’ monitoring and evalu-
ation costs rise with firm size because of larger imperfections in acquiring
information. He provides empirical evidence supporting his model’s pre-
diction that larger firms pay a smaller return to measured ability, but
have a larger intercept in their wage equations, which also found sup-
port in Evans & Leighton (1989). (In our model, as will be shown, the
same differences in pay schedules arise from the fact that the owner of a
smaller firm can more accurately relate her managers’ pay to the firm’s

profits, and vice versa.)

Regarding the large-firm wage premium, which means larger firms
pay on average higher wages, everything else equal, one of the most fre-
quently accepted explanations for this phenomenon is given in Idson &
Oi (1999).> They argue that the shape of wage-size relation depends on
worker preferences, working conditions, and, most importantly, technol-
ogy. The idea is that large firms, exploiting their returns to scale, can

invest in more productive labor tools. Idson & Oi (1999) argue that

3See also Bulow & Summers (1986) and Weiss & Landau (1984) for alternative explanations.
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the systematic differences observed in wage schedules can arise because
in larger firms employees, being better equipped, are more productive,
as measured by output per hour, and, therefore, they command higher
wages.! But this explanation fails to explain why there is a lower wage
dispersion in larger firms or why large firms are less profitable (especially
if it is argued they are more productive), as the financial empirical ev-
idence indicates to be the case (Banz (1981); Fama & French (1992)).
Here, we present a different interpretation of the empirical findings of
Idson & Oi (1999). We argue that in a larger firm employees exert
on average higher effort levels (and get paid more) because of more le-
nient incentive schemes set by their less accountable managers, which is,

nonetheless, not in the best interest of the firm.

3. Model

Framework

Consider a profit-maximizing firm, where production is split among dif-
ferent production divisions. Every division consists of one employee and
one manager, and it produces an input to the firm’s final product using
only the employee’s labor services. A division manager’s job is to extract
effort from the employee, which the manager does by designing and im-
plementing a pay-for-effort incentive scheme for his employee. It requires
that the manager possesses specific knowledge about the division’s pro-
duction process which is not available to the owner of the firm to the
full extent. At the same time, the owner designs a compensation scheme

for her division managers that would maximize the firm’s profits subject

1See also Hamermesh (1980) for a related argument.
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to her informational constraints as defined later. We assume that the
degree of asymmetry in information between managers and the owner
varies inversely to the size of the firm (as measured, say, by the number

of production divisions in the firm).

Next, consider a representative division of the firm, the workings and
contribution to the firm’s profits of which are similar to those of other
divisions. An effort e, exerted by the division employee, results in the
production of the division’s output V' (e), where V' is a production func-
tion with the properties V, > 0 and V.. < 0. It costs the employee a
disutility of C(e, #), where C is an effort cost function, and the parame-
ter 6 is the employee’s privately known productivity level distributed on
the finite support [Q, ﬂ according to a twice differentiable common prior
distribution F' with the probability density function f (f > 0) satisfying
the non-decreasing monotone hazard rate condition. For analytical con-
venience, assume that the effort cost function is separable in effort e and
ability € with its functional form C(e, ) = g(e)/0, where g is a strictly
convex twice differentiable function. If offered a pay r in return for an

effort e, the employee of ability # can enjoy a net utility of
U(r,e,0) =r — C(e,0), (2.1)

which needs to be at least non-negative for the employee to accept the
offer (r,e).

The division manager designs pay-for-effort allocations for the em-
ployee to choose from, which the manager does trying to maximize his
own reward coming from the compensation scheme offered by the owner.
For the reasons previously explained, the owner offers the manager a

compensation scheme that directly rewards the manager for his accom-
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plishments by granting a fraction « € (0,1) of the output V' and that
controls his payroll cost . Because of asymmetric information, the owner
can make the manager internalize only an a) fraction of the payroll cost
r, where the parameter A € (0, 1] is inversely related to the size of the
firm, which is exogenously given. Furthermore, to alleviate the problem
of the manager’s having a soft budget constraint, the owner can impose
an upper bound 7 on employee rewards that the manager can offer to his

employee.®

Hence, the pay-for-effort allocation (7, ¢) implemented by the manager

results in his reward of
UM(r,e) = aV(e) — alr, (2.2)
and the net profit accrued to the firm is equal to
w(r,e) = (1—a)V(e) — (1 —aN)r, (2.3)

which is the output V less the employee payroll cost r and less the

manager compensation.

The exogenously given parameter A\, observed by all the parties, can
be interpreted as a characteristic of firm size, with a larger firm having
a lower value of A. The parameter A is assumed to capture all the dif-
ferences in information between the manager and the owner. A smaller
value of X implies a larger degree of asymmetric information, which trans-

lates into a softer budget constraint for the manager.

5 An upper bound on employee rewards comes naturally from managers’ practice of evaluating their
employees’ performance on a finite rating scale, which, together with ratings’ monetary values, is set
from above. In the model, setting an upper bound is all that the owner does when designing employee
performance appraisal standards, other aspects of which are ignored for simplicity.
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Game

Suppose that every division of the firm functions as the following two-
stage game between the owner, manager, and employee, who are all
rational utility maximizers. Given the framework described above, in
the first stage the owner sets a compensation scheme for the manager.
In the second stage, the manager, upon observing his own compensation
scheme, designs a set of pay-for-effort allocations for his employee to
choose from. The employee chooses the allocation that maximizes his
utility, and after its implementation payoffs to all the parties follow.

More specifically, assuming that the manager’s reward fraction « is
exogenously determined, say, by the outside labor market for managers,
the owner’s action concerning the manager’s compensation scheme is to
set an upper bound 7 € R, on employee rewards. The manager designs
direct pay-for-effort allocations z(0) = {r(0),e(d)} for every employee
ability type 0 € [Q, ﬂ, where the reward and effort allocations are func-
tions defined, respectively, as 7 : [Q, 9] — [0,7] and e : [Q, 5] — R,.
The employee of ability 6 announces a type 0 from the type space [Q, ﬂ ,
which leads to the implementation of the allocation (e(f),r(f)). The
resultant utility levels follow from (2.1) for the employee, from (2.2) for
the manager, and, respectively, from (2.3) for the owner. All the util-
ity levels are assumed to satisfy the von Neumann-Morgenstern axioms.
Finally, to solve the game, we use the concept of Bayesian-Nash Equilib-
rium, which, in our setting, is a strategy profile {7, z*, 9*(0)} such that
each type of every player plays her best reply given the strategies of the
others.

Next, we solve the model by backward induction. Then, we discuss

the properties of the solution obtained with respect to the parameter A
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(firm size). It will be shown that the smaller the value the parameter A
takes, the more the owner limits the manager’s discretion by imposing
a lower upper bound on employee rewards. It eventually leads to the
manager’s designing a flatter employee pay schedule with the ensuing
compression of rewards (ratings) and firm-size effects of the type that

are documented in the empirical literature.

The manager’s problem, Stage 2

The manager faces a hidden information problem since the employee
ability type 6 is privately known. Given his own compensation scheme
(o, 7), with respect to direct pay-for-effort allocations {r(6), 6(9)}96[@9]

the manager maximizes his expected utility

/e a(V (e(0) — Xr(0))dF (6) (2.4)

subject to
r(0) — C(e(0),0) > 0, (2.5)
r(0) — C(e(6),0) > r(0) — C(e(6),0), and (2.6)
0 <r(f) <, for all 0 and 0 in [0, 6]. (2.7)

The first two constraints are the employee’s participation and incentive
compatibility constraints, respectively; and the last one is a constraint

on employee rewards imposed by the owner in the first stage.

The solution to the manager’s utility maximization problem without
the upper-bound constraint, eq. (2.4)—(2.6), can be found by the well-
established methods, following Mirrlees (1971). It is characterized by
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the functional equation

1— F(0)
f(0)

Let the effort function e* : [6, 5] — R, solve the above equation; then,

Ve(e(0)) — AlCe(e(0),0) — Cep(e(0),0)] = 0. (2.8)

the corresponding pay levels r*(6) are found from
9
F(0) = C(e"(9), 0) — / Cole"(8),0)dD, for 6 € [0,  (2.9)
0

The assumed non-decreasing monotone hazard rate condition ensures
that the effort schedule e“(6) is increasing in ability type 6 and that the
“no distortion at the top” property holds. The solution to the reduced
problem z"(f) = {r"(f),e"(0)}scjp5 also constitutes the solution to the

full problem if the left-out constraint is not binding, i.e., if () < 7.

If constraint (2.7) is binding, in order to solve the manager’s problem
we need to modify the solution method, which we do in the Appen-
dix. But then, as our solution to the full problem will show, the “no
distortion at the top” property is no longer preserved for the optimal
pay-for-effort allocations. In particular, provided that the manager does
not find it optimal to exclude some of the least efficient employee types—
which is assumed to be the case throughout this chapter, implying that
the mass of inefficient types is large enough—we show that the man-
ager should offer a uniform pay-for-effort allocation to some of the most
efficient types. The pooling of employee types takes place because the
manager cannot design distinct incentive-compatible allocations for all
the employee types if constrained in rewards. More precisely, since the
manager cannot elicit the first-best effort level from the most efficient

type due to the pay cap imposed, he has to revert to an effort level
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that is lower than the first-best one and make it available to a pool of
employee types.

With a reference to the Appendix for the details of solving the full
problem (2.4)-(2.7), its solution 2*(6) = {r*(9),e*(#)} for 6 € [0,0] is

given in Proposition 2.1 below.

Proposition 2.1 Let z"(6) = {r*(9),e"(0)} for 6 € [0,0] be defined as
in eq. (2.8) and (2.9). The solution x*(0) = {7’*(0),6*(9)}96[@75] to the
manager’s problem (2.4)-(2.7) is as follows

o if 7"“'(5) < 7, where 7 is the owner’s imposed upper bound reward,

then z*(0) = x"(0);

e otherwise, for employee ability types 6 in [0,0") the optimal pay-
for-effort allocations are {r*(0),e*(0)} and for types 0 in [0”,0] —
{F,e*(6")}, where the starting point 6° of the pooling interval [0”, 0]
and the effort levels e*(0) for 6 € [0,0"] are jointly determined by

— F(07) _ [Ve(e'(6") = ACe(e7(67), 6")]Ce(e*(67))

F@) T VAe @) Cule@),7) (210
Cle*(67), 0°) — /9 " Cy(e*(0),0)d0 = 7, (2.11)
and
V(€' (6)) — ACL(e'(0), )] + A%cw(e*(e), O+ (212)
P A S e e 0).0) =

The pay levels r*(0) for 6 € [6,0") are equal to

r*(0) = C(e"(0),0) — /9 Cy(e*(0),60)do. (2.13)



3. MODEL 59

Proof. See the Appendix. m

The owner’s problem, Stage 1

The owner’s expected residual profit resulting from the manager’s de-

signed incentive scheme x = {r, e} is given by

M(z) = /6 (1= a)V(e(®) — (1 — aNr(O)dF(@).  (2.14)

The owner’s problem is to maximize (2.14) when designing a compensa-
tion package for her manager, i.e., when imposing an upper bound 7 on
employee rewards. Since the rational owner can discern for herself the
optimal employee incentive scheme x*, designed by the manager in the
second stage for a given upper bound 7, the owner’s expected profit can

be expressed solely as a function of her action 7.

Denote the expected profit function by II, which is a mapping of an
upper bound 7 € R, into the profit II(z*) as in (2.14), where x* is the
optimal pay-for-effort allocation schedule from Proposition 2.1 for a given

7. The function II is then defined by

7 (7)
fi(F) — /9 (1= )V (e (0) = (1— aNr(O)dFO)+  (2.15)

~p

+ (L= F" ()L = )V (e(d'(7)) = (L = aN)7,

where 0 is a mapping of an upper bound 7 into the starting point 6" of
the pooling interval [¢”, 0], as defined in Proposition 2.1; e*(#) and r*(0)
for 6 € [0, 0"] are the optimal pay-for-effort allocations from Proposition

2.1.

The owner finds the optimal upper bound 7 maximizing (2.15) from



60 CHAPTER 2.

the first-order condition of (2.15) with respect to 7, which is

V(e @ )yl () = =22 (2.16)

l—«o

Differentiating (2.11) in Proposition 2.1 with respect to 7 gives

0P (=N (7)) — !
ey(0°(7))0,(r) = C.(e*(0(F), 8" (7))

and plugging it into (2.16) renders the optimality condition for an upper

bound 7 : e 7P
Ve(fp(H (r)~2)) _1l-ax (2.17)
Co(er(0"(m),0°(r))  1-a

Without going into any detail, the second-order condition is assumed to

be satisfied (although ensuring this may require adding some additional
mild assumptions on the functional forms of the production function V'

and effort cost function C' or, alternatively, restricting parameter values).

Condition (2.17) has a natural interpretation. It requires setting an
upper bound 7 so that in the optimum it equates the owner’s mar-
ginal revenue (1 — a)V,(e*(6" (7)) from the highest effort level e*(6' (7))
contracted by the manager with the corresponding marginal cost of
(1 = aN)C.(e*(8"(7)),0"(F)). When A < 1 (i.e., when the manager does
not internalize his payroll expense incurred in full), the right-hand side of
(2.17) is greater than one, implying that it is not in the owner’s interest
to have any first-best (socially optimal) effort level implemented (where
the first-best level is determined from V,(e?(0)) = C.(e"?(), 6) for any
). Therefore, if A < 1, the owner imposes a binding upper-bound re-
ward 7 on the manager in order to reduce the employee efforts he elicits

below the socially optimal levels.
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Equilibrium

Having established the conditions of the manager’s and the owner’s opti-
mal play—Proposition 2.1 and eq. (2.17), respectively—we can solve for
the Bayesian-Nash equilibrium of the game. In our derivations below,
we make use of the assumption that the employee’s effort cost function
C(e,0) is separable in effort and ability, i.e., C(e,0) = g(e)/0, which, of
course, has no qualitative impact on the properties of the equilibrium

obtained.

Plugging (2.17) into (2.10) from Proposition 2.1 renders the condition
for the starting point 6” of the pooling interval [¢”, ﬂ:

1—F(") ., 1-2)

fr) T 1—aX (2.18)

Since there may be no § from [Q7 ﬂ satisfying the above condition, then
the starting point 6” of the pooling interval is more generally defined by

: 1—F(0) 1—A _
P _ . — < <60<L0). .
6" = min(6 70 91_a/\ <0, 0<60<0) (2.19)

Similarly, plugging (2.17) into (2.12) from Proposition 2.1 renders the
condition for the optimal effort levels e*(f) for ability types 6 in [¢, 6”]:

V(€' (6) = AC(e"(8),0)] + Cuale”(6), ) x (2.20)
(1-F0) (1-F@)1-A
ST R ) B

It is straightforward to see that the effort function e* is continuous in
employee type 6. The optimal pay schedule 7*() for 6 in [0, 6”) is given

by (2.13), and it is also continuous in . Finally, the owner determines
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the optimal upper bound 7, ensuring condition (2.17) holds, from
91’
™ =C(e"(0"),0") — Cy(e*(6),0)do. (2.21)

9

Proposition 2.2 below summarizes the above results and characterizes

the equilibrium of the game studied above.

Proposition 2.2 The Bayesian-Nash equilibrium of the game in ques-

tion is the strategy profile {7, z*, 9*(0)} for 0 e [Q, 5] , where
e the manager’s optimal strateqy x* = (r*, e*) is defined by:

— for employee ability types 0 in [0,0"), with 6" as in (2.19), the
optimal allocation is x*(0) = (r*(0),e*(0)), where the optimal
effort and reward levels e*(0) and r*(0) are defined by (2.20)
and (2.13), respectively;

— for ability types 6 in [67,0], z*(0) = (7", e*(6")), where the effort
e*(0") and reward 7 are found from (2.20) and (2.21), respec-
tively;

e the owner’s optimal strategy 7 is defined by (2.21);
e the employee of ability 6 in [0, 0") announces 9*(9) =0, and of ability
0 in [0°,0) — 0 (0) = 06"
4. Equilibrium properties

Below, we discuss the properties of the equilibrium obtained in their

relationship to the parameter A (firm size).
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Pooling at the top

As it follows from Proposition 2.2 and the derivations preceding it, for
the parameter A\ values less than 1, the incentive scheme offered by the
manager features a uniform pay-for-effort allocation for employee types
6 from the non-empty interval [6”, 6] (if A < 1, then 6" < 0 from (2.18)).
The underlying reason for the existence of the pooling equilibrium is the
misalignment of the owner’s and manager’s interests. When the man-
ager is not fully accountable for the payroll costs incurred, the owner,
who then bears a disproportionately larger share of costs, attempts to
limit the manager’s discretion by imposing a binding upper bound on
employee rewards. Consequently, in response to the upper bound con-
straint imposed the manager optimally pools employee types and makes
them subject to the highest available reward.

Moreover, the lower the value the parameter A\ takes, the more the
manager extends the pooling-equilibrium interval. Supposing that the
starting point ¢° from (2.19) is in (6, 9), it follows from (2.18) that the

internal derivative df”/d\ is positive:

Ao 0 (G55y)

— = - >0 (2.22)
—F(6P _ )

dA d(alp(lf(e(i’) )) - (ll—o:\/\)

where in the denominator the derivative of the inverse hazard rate is
negative (due to the assumption).

Proposition 2.3 summarizes the above findings.

Proposition 2.3 With A < 1, the employee types 0 in [07,0], where
0" < 0 due to (2.19), are subject to the uniform pay-for-effort alloca-
tion (7*,e*(6")), defined in Proposition 2.2. The length of the pooling-

equilibrium interval [0, 0] decreases in .
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With this result in mind, we argue later that the lenient job perfor-
mance appraisal practice with the ensuing compression of ratings can, in

fact, be an equilibrium outcome.

Wage dispersion

In this subsection, we argue that in equilibrium the range of rewards
[r*(9), 7] increases in the parameter \, i.e., the smaller a firm is, the
higher wage (pay) dispersion in the firm is. To make this argument,
we take the internal derivatives de*(6")/d\ and de*(0)/d\ of equilibrium
conditions (2.17) and (2.20), respectively, and show that the first one is
positive and provide conditions when the second one is negative, from
which the postulated result follows (in particular, we then have di*/d\ >
0 and dr*(9)/d\ < 0).

The owner’s optimality condition (2.17) shows that with the parame-
ter A decreasing (which makes the right-hand side of (2.17) increase), the
owner wants the manager’s highest effort level contracted e*(6") to be

lower. Formally, the internal derivative de*(6”)/d\ of (2.17) is positive:

de*(a]’]) _ 0406(6*(91)), 97’) - 0
dA (1= a)Vee(e(07) = (1 — aX)Cie(ex(07),07)) =

Therefore, with smaller values of A, in order to attain a lower effort level
in equilibrium e*(6”), the owner has to impose a lower upper bound on
employee rewards, implying that dr*/d\ is positive. To put it in words,
the more unaccountable her managers are, the more the owner constrains

their discretion about employee compensation.

Next, we take the internal derivative de*(6)/d\ of (2.20) to obtain
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that for every 0 in [0,6") :

. g4 1FO) _ a0 1 _ 1 F@r
de'(0) _ —#El0+ 56 — B Iw e~ j@0-w)
- ee ee (lfF(e)) (17F('9p) 1-) ’
dA Vee — /\gT o %f[/\ 1(0) + 700) Ta]

where the arguments of functions V' and C' are dropped for more clarity,
and we also use C'(e, 0) = g(e)/6. Since V., < 0 and g.. > 0, the denomi-
nator of the above expression is negative. The numerator is also negative
if the expression in the square brackets is positive, which, however, is de-
pendent on parameter values. To have this expression positive, we make
the following assumptions: the employee is cost-efficient enough, i.e.,
the parameter 6 takes high enough values and/or the manager’s share
of output, the parameter «, is not too large. If these (well justifiable)
assumptions are met, then de*(0)/d\ is negative for every , and so it is
for 0 = 0, implying that dr*(0)/d\ < 0 (as follows from (2.13)). Since
the optimal effort and reward allocations are continuous in type 6, the
dispersion of rewards increases in parameter \.

Intuitively, this equilibrium property stipulates that with less account-
able managers in her firm the owner tries to limit the payroll expenses
they incur by lowering the upper bound on employee rewards. It eventu-
ally makes a reward-constrained manager distort the incentives of most
efficient employee types even further by eliciting more effort from less
able types.

Proposition 2.4 below summarizes the equilibrium property discussed,

which is also illustrated in the numerical example of the next subsection.

Proposition 2.4 The highest available employee reward 7 and lowest
contracted reward r*(0), defined in Proposition 2.2, are, respectively, in-

creasing and decreasing in parameter A if the employee is cost efficient
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enough and the parameter o is not too large. Then, given the continu-
ity of the equilibrium reward schedule r*, the range of wage dispersion

[r*(0), 7] increases in parameter \.

Average wage

In this subsection, for different values of A we estimate the employee’s
expected equilibrium wage, defined as f; r*(0) f(0)df, where r* is the re-
ward function defined in Proposition 2.2. In the previous subsection,
we showed that the pattern of wage dispersion with respect to A is
parameter-dependent, and so is the pattern of the expected wage. There-
fore, instead of deriving an analytical expression for the relationship be-
tween the expected wage and parameter A\, we present the argument with
the help of a numerical example. We show how the large-firm wage pre-
mium can arise (i.e., that the expected equilibrium wage declines in \)
and that it is consistent with larger firms having lower profits.

For expositional convenience, consider the following specification of
the model. The production function V is linear in effort, V(e) = e; the
effort cost function takes the form C/(e, ) = e?/(26); the employee types
are uniformly distributed on [5,10], i.e., # = 5,0 = 10; the manager’s
output share ov = 0.15; and the parameter A takes values from [0.5,1].
Using this specification, we calculate the equilibrium results of Propo-
sition 2.2, which are illustrated in Figure 1. Its diagrams a), b), and
c) illustrate for different values of A the employee’s expected wage and
the firm’s expected profit, wage dispersion, and the pooling-equilibrium
starting point 67, respectively.

Diagram a) of Figure 1 shows that the firm’s expected profit monoton-

ically increases in A (see the dotted line; this result naturally follows from
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Figure 1: a) Expected wage and profit
T T I

the model’s setting). There is also an interval [\, 1], with A = 0.814,
at which the employee’s expected wage declines in A\ (see the dashed
line; the employee’s expected effort level, not shown in the diagram, also
declines at this interval). To put it in words, a small firm’s expected
profit and payroll expense, everything else equal, can be respectively
higher and lower than those of a larger firm (matching the empirical ev-
idence of firm-size effects on average wages and profits). The reason for
this, as we argue, is managers’ lower degree of accountability in larger
firms, which boosts employees’ payroll expenses (and, correspondingly,
their efforts exerted) above the firms’ profit-maximizing levels, leading
to profitability losses.

At the same time, as discussed in the previous subsections, we obtain
the inverse relationship between firm size and wage dispersion: the gap

between the highest and lowest pay increases in A, see Diagram b). And
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Diagram c) depicts the compression of ratings (rewards) phenomenon.
For any A less than one, different employee types at the high end of ability
distribution are pooled for the same reward, and the pooling-equilibrium
interval decreases in .

Furthermore, the patterns of wage variation in firms, demonstrated
in Figure 1, are robust against other specifications of the model. For
example, the same patterns—including the existence of a threshold value
of A, after which the expected wage declines in A—are also observed
for monotonically increasing, decreasing, or “bell-shaped” probability
density functions f. Neither does the result change if the production
function is taken to be strictly concave in effort e, e.g., V(e) = e’ with
B < 1, or to have returns to scale—V(e) = e?/)\*, where s € R, is a
returns-to-scale parameter (then, there is a range of parameter s values,
for which profitability still decreases with firm size).

Based on the above discussion, we make the following proposition.

Proposition 2.5 Numerical tests of the model show that there is a re-
striction of parameter \ values, for which the employee’s expected pay

decreases in \.

5. Discussion

In the introduction, we raised the empirical stylized facts of the com-
pression of ratings (rewards) and of the firm-size effects that we want to
explain in this study. Below, we relate these facts with our theoretical
results obtained. In addition, drawing on our findings, we provide differ-
ent interpretations of some empirical evidence presented in the related

literature.
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Compression of ratings

It has been long observed that variation in rewards (ratings) is smaller
than variation in the actual performance for which the rewards have been
granted, see Murphy & Cleveland (1995). Relating this observation to
our model, we argue that the compression of ratings can, in fact, be
an outcome of managers’ optimal performance evaluation strategy. If
constrained in employee rewards, which he is only partially accountable
for, a manager finds it optimal to extract more effort from low-ability
employee types even at the expense of distorting the incentives of high-
ability employee types. Given the results in Proposition 2.2 and 2.3, the
manager differentiates only among those effort levels that are within the
range [e*(0),e*(0")], and the width of this effort range decreases with
firm size. So if an employee for one or another reason exerts an effort
level above e*(#”) the manager would still give her the same reward of
.

Akerlof (1982) provides a specific example, where the incentives in
place for cash posters at the Eastern Utilities Co. seemed to be subop-
timal either from the employees’ or the employer’s perspective. In this
example, employees were paid the same wage provided they recorded at
least 300 postings per hour, and no bonuses or promotion promises were
given for exceeding the limit. Some cash posters, however, did exceed
the limit, but still were paid the same wage. It raised the question of why
those “overworking” cash posters did not reduce their effort levels, or, on
the other hand, why the employer did not provide additional incentives
for them to extract even more effort.

In addition to the “gift-exchange” explanation by Akerlof (1982), our

model can give another insight into the agency problem described. The
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fixed pay offered for at least 300 recorded postings could, in fact, consti-
tute an optimal employee incentive scheme, where “optimal,” from the
manager’s perspective, is to maximize the number of postings recorded.
Technically, in our model, for low enough values of A the pooling equi-
librium may stretch out to comprise the whole employee type space (see
condition (2.19)). To put it in words, if the manager is not held very
accountable for the payroll expense he incurs, to set a uniform incentive
scheme, just meeting the participation constraint of low-ability employ-
ees, can be optimal for the manager. However, why all the cash posters
would not simply meet the prescribed limit is a question beyond the

scope of our model.

Firm-size effects

The firm-size effects on wages take the form of a higher average wage
and lower wage dispersion in larger firms (see Oi & Idson (1999); Garen
(1985); Brown & Medoff (1989)). Given our assumption that a larger
size means a larger asymmetry in information between the owner and
managers, our model shows that the empirical regularities observed in
practice can constitute an equilibrium outcome as well.

With regard to wage dispersion, we argue that the smaller a firm is
(or the more accountable its managers are), the more efficient economic
incentives for the firm’s employees are put in place, and vice versa. It
accordingly leads to the inverse relationship between wage dispersion
and firm size (see Proposition 2.4). The reason for this result is that a
larger firm has a more aggravated soft-budget-constraint problem, which
prompts its owner to curb her managers’ discretion about employee pay

in order to avoid excessive payroll expenses. Managers respond to that,
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as discussed in the preceding subsection about the compression of ratings,
by setting coarser reward schemes leading to a shallower differentiation
of good from bad performance levels. This result has strong empirical
support. Stigler (1962, Table 5) reports wage dispersion to vary inversely
with firm size; Garen (1985) and Evans & Leighton (1989) report returns

to employee ability and skills (experience) to be higher in smaller firms.

As for the large-firm wage premium, our model also offers a different
view of this phenomenon. In Proposition 2.5, we argue that it can be
an equilibrium outcome of the agency problem studied here that the
larger a firm is, the higher its average wage is. A higher average wage
comes from a higher average effort exerted, which empirically can be
interpreted as meaning that workers are more productive in larger firms
(see Idson & Oi (1999)). But as our model shows, it may not necessarily
be the case. In larger firms, for the reasons explained before, managers
design employee incentive schemes that elicit more effort from low-ability
employees (whose incentives, otherwise, would be distorted to elicit more
effort from high-ability employees). As a result, one can observe that
employees in larger firms exert on average more effort, which, however,
does not mean that they are more productive per se. It could be the
incentive schemes offered by their managers that make them exert more

effort on average, but this may not be in the firm’s best interest.

In fact, our argument is reinforced by the empirical findings from
financial studies about smaller firms having higher stock returns and,
supposedly, higher levels of profitability (see Banz (1981); Fama & French
(1992)). Hence, if workers in smaller firms are less productive (as argued,
for example, in Idson & Oi (1999)), then how does this match with the
fact that smaller firms have higher levels of profitability? Nonetheless,
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in our model, we do obtain that small firms are more profitable, which
immediately follows from the model’s structure. The owner of a smaller
firm can more accurately align her managers’ compensation scheme with
the firm’s profit maximization. At the same time, our model predicts
that the average effort level decreases with firm size, but this is optimal

from the firm’s profit maximization perspective.

6. Conclusion

Based on the observation that managers have a soft budget constraint
when evaluating their employees’ performance, this study argues that
the documented empirical regularities of the compression of ratings and
firm-size effects can be the equilibrium outcomes of the model presented
here. Given the idea that the owner of a firm cannot perfectly align
her managers’ incentives with the firm’s profit maximization, the owner
attempts to restrain her managers’ payroll spending by putting an up-
per bound on employee rewards. This, subsequently, leads to managers
designing flatter pay-for-effort allocations for their employees, which can
be behind the compression of ratings phenomenon. Assuming that in
smaller firms managers are held more accountable for their actions—as
empirical evidence indicates—the model makes predictions that are in
line with the empirical evidence from the industrial psychology, labor,
and finance literature on firm-size effects. All in all, manager account-
ability can be a cause of the systematic differences observed in employee
wage schedules. A further research direction could be to empirically test
various predictions of the model in order to distinguish them more clearly

from other alternative theories.
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Appendix
The manager’s problem, eq. (2.4)—(2.7)

Here, we prove Proposition 2.1, which is to solve for the optimal pay-
for-effort allocations when the upper-bound constraint (2.7) is binding.
First, we approach the problem through its discrete version, and then

take the limit of the results obtained to arrive at the general solution.

Discretization

We discretize the employee type space [Q,ﬂ into n discrete types
0y, ...,0;,...,0,), where an employee type 6; = 6 + (i — 1)d0, for i =
1,...,n, and 90 = (6 — §)/n. Then, we discretize the initial (continuous)
distribution F for employee types by defining probability weights p(0;) =
f;jﬁae f(0)d for every 6;, which is the probability mass of the employee
types within the interval [6;, 6; + 06]. (From this discretization, we later
switch to the continuous case by taking the limit n — oo, or 90 — 0.)

The discrete version of the manager’s optimization problem eq. (2.4)—

(2.7) is as follows. With respect to pay-for-effort allocations {r(0;),e(6;)},

1 =1,...,n, the manager maximizes his expected utility

Zp(ei)a[‘/(e(ei)) — Ar(6:)]

subject to
r(0:) — C(e(6:),0;) = 0, (F)
r(6,) — C(e(0,).0) = r(0,) — C(e(0,). 0., (1)
0<r() <7, foreveryi=1,..,nandj#i. (2.23)

Let us assume that the solution to the manager’s problem is unique
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(the assumptions of our model ensure that it is indeed so). We start

solving the problem by making the following conjecture.

Conjecture 2.1 For any partition of the employee type space, the solu-
tion to the manager’s problem consists of distinct pay-for-effort alloca-

tions for every employee type.

Setting up the Lagrangian

As a standard approach to principal-agent problems with hidden infor-
mation, we start with reducing our problem by getting rid of redundant
constraints. First, the only binding participation constraint is that of
the least efficient agent type from those contracted upon. We impose it
to be P, assuming that in the population there is a large enough mass of
inefficient employee types. In the optimum, the adjacent IC' constraints

need to be downward binding;:
7”(02‘) - 0(6(97;), 91) = 7’(9,'_1) — C(e(ei_l), 97;), 1= 27 o, n. (224)

If in the solution the effort schedule is monotonically increasing in the
employee type (which has to be checked separately), then due to the
Spence-Mirrlees property the rest of incentive compatibility constraints
are met.

The constraints in (2.24) together with the binding P, constraint de-
termine the pay levels r(6;) for every i = 2,...,n as

r(0;) = C(e(0;),0;) — Cle(0j-1),0;). (2.25)

J=1 J=2

Since the upper-bound constraint (2.23) is binding, it follows from Con-
jecture 2.1 and the monotonicity of effort levels that only the most ef-

ficient employee type is subject to the highest reward. Then, together
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with (2.25) for r(6,,), the upper-bound constraint takes the form of

- Z Cl(e(6,),6;) + Z Cle(0;1),0;) = 0. (2.26)

Next, we set the Lagrangian of the reduced optimization problem, which
is

L{e(0:)}iy, 1) = p(01)a[V(e(01)) — AC(e(61), 01)]+

n—1 . .
1 1

+ ZP(@:)@[V(Q(@:)) — X C(e(0;),0;) — C(e(0-1),05))+

+p0)alV (el6,)) = 7] + 7 = 37 Cle(6:),0) + 3 Clelti1),00),

where p is a Lagrange multiplier on the upper-bound constraint (2.26).

(Other constraints enter the Lagrangian through r(6;) replaced by (2.25).)
The first-order conditions with respect to the effort levels e(6;) for
1=1,....,n—1 are
n—1
p(0:)alVi(e(0:) = AC(e(0:),00)] = [aA D p(0)) +plx (2:27)

x(Ce(e(0:),0:) — Ce(e(8:),0i41)) = 0,
and with respect to e(6,) it is

p(0n) aVe(e(0n)) — pCe(e(0n), 0,) = 0. (2.28)

Solving these n first-order conditions together with constraint (2.26)
should give us the optimal effort levels e*(6;) for i = 1,...,n, with the
corresponding pay levels 7*(6;) following from IR, and (2.25). If at the
limit n — o0, the pay-for-effort allocations obtained are distinct for every

employee type with the effort schedule monotonically increasing, then it
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is the solution to the manager’s problem (2.4)—(2.7).
But, as is shown below, for fine partitions of the employee type space
the perfect screening of employee types cannot be optimal. The manager

can do better by pooling some of the most efficient types.

Pooling at the top
Let €(0;), i = 1,...,n, solve the above first-order conditions. It must
be that the effort level é(6,) aimed at the most efficient employee type is
less than the first-best effort level defined as e/°(6,,) = {e(6,,) : V.(e(6,,))—
AC.(e(0,),0,) = 0}.° It results in the efficiency loss of V.(é(6,)) —
AC.(€(0,,),0,) > 0 and implies 1 > p(0,)aA.
Next, through the Lagrange multiplier ;1 we combine the adjacent
first-order conditions for é(6,) and é(6, 1) to get
p(n) _  [Ve(e(0n1)) = ACe(€(0n1), 0 1) C(E(0n))
p(bn-1)  V(E(O.)Ce(E(0n1),0n-1) = CelE(n1), 0)]

Multiplying both sides by 06 and taking the limit 00 — 0 (equivalent

(2.29)

to taking the limit n — oo) render that the left-hand side of the above
expression tends to zero (since the limit lim p(6,)/p(0,-1) = 1). At the

same time, the right-hand side is equal to

~—~
[QoR
—
|
N~—
N~—
|
>
8
—
[QoH
—
|
SN—
|

which remains strictly positive because of V,(€(0)) — AC.(é(6),6) > 0.
Hence, for the continuum of employee types (or for fine partitions

of the employee type space) the derived optimality (first-order) condi-

6To see this, if &(0,) = ef*(0,), then u = Aap(d,), from which it follows that the effort levels
e(f;) for all ¢ are identical to the optimal effort levels from the problem without the upper-bound
constraint. But it would inevitably violate some incentive-compatibility constraints of the full opti-
mization problem (provided, of course, the manager does not exclude any low types, and that is ruled
out).
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tions cannot support the distinct pay-for-effort allocations conjectured—
Conjecture 2.1 does not hold at the limit. For fine type space partitions,
to meet the optimality conditions the manager has to pool some of the
most efficient employee types by making them subject to the highest

reward of 7.

Then, we continue with gradually increasing the probability mass of
employee types subject to the highest reward and denote this mass by
P(0,,) = >, p(0;), where m = n—1,n—2,.... We repeat the above so-
lution algorithm for different m (with m replacing n in the above deriva-
tions) until we have the optimality conditions met. In particular, for a

given m, the first-order condition equivalent to (2.28) is:
P () aVe(e(0n)) = pCe(e(Om), 0m) = 0, (2.30)

while the rest of the first-order conditions for ¢ = 1,...,m — 1 remain
intact (again conjecturing that the effort schedule is increasing in the

employee type).

The equivalent expression to (2.29) is

P0,) _ _[Velel0n) = ACe(e(On1), Om1)]C(e(0)) (2.31)
POn-1)  V(e(@n)Ce(e(Om), Om) = Ce(€(Om-1), )] '

Multiplying both sides by 06 and taking the limit 90 — 0 on both sides

render the optimal pooling condition:

1= F(07) _ [Ve(e(67)) — AC.(e(0"), 6")]Ce(e(67)) (2.32)
f@") Ve(e(0")(=Cep(e(07),07)) '

where #” is the employee type for which the above optimality condition

holds (which is exactly (2.10) in Proposition 2.1). The ability type 6" is

the starting point of the pooling interval [, 6], for which the uniform



78 CHAPTER 2.

allocation (e(0”),7) applies. The effort level e(#”) is pinned down by the

remaining optimality conditions as defined below.

The optimal allocations {e*(6),7*(0)}sc7
Having established the pooling condition (2.32) and reverting to the
continuous case henceforth, from (2.30) the Lagrange multiplier is equal

to
u= - PO S

Plugging it into the remaining first-order conditions (2.27) and taking

the continuous version of them render for any 6 < #”

(1-F(9))

[Ve(e(0)) — ACc(e(0),0)] + A Ceo(e(0), 0)+ (2.33)

f(0)
(1 — F(0") Vo(e(6”)) — AC.(e(67),0) B
1) Ce@). o) Ctel®)0) =0,

which is (2.12) in Proposition 2.1. Finally, the last condition that needs

to be met is constraint (2.26), the continuous version of which is
oP
7 =C(e(0),6") — / Co(e(0),0)do, (2.34)
[

which is (2.11) in Proposition 2.1.

All in all, conditions (2.32)—(2.34) together determine the optimal
effort levels e*(6) for all @ in [#,f]. Given the modeling assumptions im-
posed, one can easily verify from (2.33) that the monotonicity constraint
for e* to be increasing that has been omitted holds. Finally, the opti-

mal pay levels 7*(0) for 6 in [0, 6”) follow from the continuous version of

(2.25), which is (2.13) in Proposition 2.1.
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Chapter 3

How Exposure to Markets Can

Favor Inequity-Averse Preferences®

Abstract

This study shows how non-individualistic preferences can be individual fitness
maximizing in the presence of general equilibrium externalities. In the model,
individuals share an endowment among themselves and use the proceeds either
for immediate consumption or for the purchase of consumption goods from mer-
chants on the external market if such exists. Assuming that increased consump-
tion means increased individual fitness, inequity-averse behavior with respect to
endowment distribution can be an optimal response to merchants’ price discrim-
ination and lead to the evolution of inequity-averse preferences. The finding
that members of a market-integrated society are more pro-social as compared to

members of an isolated society is supported by empirical evidence.

1. Introduction

There is vast empirical evidence on people sharing money that shows that
people seem to care, alongside their own pecuniary interest, about the
well-being of other parties affected, to a larger or smaller extent, (for a

comprehensive review, see Fehr & Schmidt (2006)). As documented and

*I am indebted to Karl Wirneryd for valuable comments throughout the progress of this work.
I also thank Kaushik Basu, Martin Dufwenberg, and Cheng-Zhong Qin. The financial support from
the Jan Wallander and Tom Hedelius Foundation and Inga och Sixten Holmquists stipendiestiftelse is
gratefully acknowledged.
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tested in numerous experiments, people’s behavior seems to exhibit cer-
tain regular patterns such as inequity aversion—which will be the main
subject of this study—described as “people are willing to give up some
material payoff to move in the direction of more equitable outcomes.”"
This led to the thought that pro-social preferences—with inequity aver-
sion, in particular—can be more characteristic of human nature than
selfish ones. Popular representations of inequity-averse preferences are
given in Fehr & Schmidt (1999); Bolton & Ockenfels (2000); Charness
& Rabin (2002)), which are, in crude terms, extensions of own-regarding

preferences to include inequity-aversion terms.

Further research has also shown that the form of revealed preferences
(and, supposedly, the degree of inequity aversion) varies from society to
society suggesting that preferences can, actually, be context dependent
and shaped by the environment people live in. (For empirical evidence,
see Buchan et al. (2002); Henrich et al. (2001); Henrich et al. (2004);
whereas Bowles (1998) offers a systematic review of related theoretical
and empirical literature.) The most compelling evidence on between-
group differences in people’s behavior comes from a project conducted
in 15 remote small-scale traditional societies scattered around the globe,
which is documented in studies Henrich et al. (2001) and Henrich et al.
(2004). In particular, with the help of experiments, the researchers have
discovered certain regularities in people’s revealed amount of sociality.
One of the regularities is that members of a market-integrated society
(as measured, primarily, by the society’s exposure to market exchange)
behave on average more pro-socially than do members of an isolated

society. Henrich et al. (2004, p.50-51), however, leave open the question

1Fehr & Schmidt (1999, p. 819)
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of what explains this empirical pattern, calling for more research on this
important finding, and the current study attempts to contribute toward

a better understanding of this.

This study offers an evolutionary argument for inequity-averse prefer-
ences and shows how situational factors can influence their appearance.
Aiming to explain the findings of Henrich et al. (2004), we provide
a general equilibrium framework, where people’s preferences for money
distribution are endogenously determined by their society’s exposure to
merchandise markets and the structure of those markets. We demon-
strate how, in societies with market exchange, inequity aversion can be
individual fitness maximizing and eventually be favored by natural or
rather cultural selection. The essence of the argument presented herein
is that we measure evolutionary fitness not in terms of monetary returns,
which are the direct object of people’s decision making, but rather in
terms of the consumption that those monetary returns can afford. Since
these different measures of fitness in general equilibrium are not necessar-
ily equivalent, sharp differences in the results can be obtained depending

on what measure is used.:

We present the argument in a model-—an extended dictator game
with consumption—where in equilibrium the dictator can be better off
(in terms of expected own consumption) by sharing the monetary en-
dowment with others. As a simple example, illustrating the main idea
presented here, consider a two-player dictator game with consumption,

where the dictator is randomly chosen from the two identical individuals

2In a similar fashion, Huck & Oechssler (1999) develop an evolutionary argument for revengeful
behavior presuming that the individual subjective payoff and subsequent evolutionary fitness resulting
from strategies employed are not equivalent. The general models of evolution of preferences (see Ely &
Yilankaya (2001); Ok & Vega-Redondo (2001); Dekel et al. (2007)) also differentiate between people’s
subjective and objective preferences.
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to split a monetary endowment given exogenously. Suppose that the en-
dowment distribution resulting from a split is public information, but the
players’ individual endowment shares are their private information. Let
an individual’s utility from an endowment split be measured in the units
consumed of the only available good that the individual’s endowment
share can afford. Finally, there is a monopolist producer, who produces
the good at some constant marginal cost, and, after learning about the
endowment distribution, charges the price for a unit of the good that
maximizes her profits from following simultaneous trades. Within the
setting described, we raise the question of what is the optimal sharing
rule maximizing the dictator’s consumption? Obviously, it is not optimal
for the dictator to keep all the endowment for himself, because in that
case the producer targets only the dictator by setting the price equal to
the whole endowment, leaving the dictator with only one unit of the good
consumed. Instead, the dictator could increase his consumption by giv-
ing away to the other individual a portion of the endowment large enough
to make the rational producer set the price aimed at both individuals,
which would leave the richer one—the dictator—with some consumer
surplus (or rather information rent) and more units consumed. Hence,
from a conventional utility function for consumption we obtain a non-
monotonic indirect utility function of money, which can be interpreted
as having underlying inequity-averse preferences for money distribution.
The intuition behind this result is that by sharing with others one can ac-
quire information rent and, consequently, increase the purchasing power

of one’s own, even diminished, share.

In this chapter, we develop the above idea into a formal model. We

take an evolutionary perspective to argue that, because of general equi-
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librium externalities, inequity-averse preferences for money distribution
can render a higher material payoff than that rendered by individualis-
tic preferences and, correspondingly, be favored by natural or cultural
selection. We use an evolutionary approach in order to relax the ra-
tionality assumption & la “homo economicus” and allow the players to
maximize their subjective preferences rather than their objective prefer-
ences, which, nevertheless, determine the players’ reproduction success.
While we adopt the “indirect” evolutionary approach (see Giith & Yaari
(1992); Ely & Yilankaya (2001)), when showing that the equilibrium
play of the game in question is evolutionary stable, the standard ap-
proach (Weibull (1995)) would render the same results, too. In fact, in
our setting the two approaches are interchangeable, allowing us to relate

the findings obtained with the literature on both approaches.

This study also contributes to the evolutionary literature by providing
a distinct and empirically supported argument on how non-individualistic
preferences in the individual selection framework may survive evolution-
ary pressures. Typically, evolutionary models in favor of non-individualistic
preferences have required either a group-selection argument in the stan-
dard approach (for a review, see Bergstrom (2002)) or certain informa-
tional assumptions about the observability of the players’ preferences
in the “indirect” approach (for a concrete example, see Bester & Giith
(1998); for a more general argument, see Dekel et al. (2007)). This study,
however, bypasses all of the above: the result primarily hinges on general
equilibrium effects.? Therefore, this study instead falls into the “game of

life” paradigm, arguing that people’s behavior should be examined in a

3Certainly, the current study is not unique in showing how individual selection can favor pro-social
preferences. For instance, Becker (1976) presents a model in which egoists take actions as though they
had altruistic preferences in order to benefit from others’ altruism.
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wider social context (see Binmore (1994, 1998); or Giith & Napel (2006)
for an example related to the evolution of inequity-averse preferences).
The remainder of this chapter is organized as follows. Section 2 ex-
pands the example given above into a more general model and solves it.
Section 3 discusses the results obtained, links them to empirical studies,

and offers possible extensions. The last section concludes the study.

2. Model

Framework

After the land rewards a group of farmers* with a publicly observed har-
vest surplus, henceforth, the endowment S, the farmers share it among
themselves, and, if used for their own consumption, a share x € [0, 5]
renders the material payoff of U%(z), U? > 0, U? < 0. In the event the
group is exposed to external trades, endowment shares can also be used
as a means of exchange, i.e., as money, to purchase goods from mer-
chants. It is assumed that the endowment distribution within the group,
ensuing after an endowment split, is public information, while individual
shares are only privately known.

Suppose that merchants can offer one type of goods—*“the good”—
which, on the other hand, can be produced in various quality ¢ greater
than or equal to some ¢ > 0 (this condition is for modeling purposes, as is
explained later) with the production function C(q),C, > 0,C,, > 0, and

the returns to scale from producing a given variety are constant. Assum-

4The “farmers” are chosen in order to allude to the historical division of labor into farmers, nomads,
and merchants, which could potentially serve as a “real life” example in the subsequent argument about
the evolution of inequity-averse preferences for money distribution. In addition, “farmer” economy is
intended to refer to the traditional societies in Henrich et al. (2004), from which comes the empirical
support for the results of the model.
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ing that every farmer has a demand for at most one unit of the good,
and accounting for the income distribution observed within the group
and market competition, described more precisely below, merchants of-
fer the farmers a menu of price-quality (p,q) bundles of the good to
choose from, where the price p is gauged in terms of the endowment.
The consumption of a (p,¢) unit and of the remainder of the endow-
ment share z renders a farmer the material payoff of U%(x — p, q), U, qG >
0,U$ <0,UY > 0,US <0,US > 0. The farmer will consider purchasing
a variety (p, q) only if it results in a non-negative net utility level U, de-
fined as U(q, z,p) = U%(x —p, q¢) — U°(z), which needs to be greater than
or equal to 0 for the trade to take place. Correspondingly, the properties
of the net utility function U are U, > 0,U,, < 0,U, > 0,U,, < 0, and
U, > 0. For convenience, let the function U be of the quasi-linear form
in the price p :

U(g,z,p) =V(g,z) — p. (3.1)

Finally, we shall consider three different scenarios of the external mar-
ket structure: 1) merchants are absent (the farmers’ economy is autar-
kic), 2) monopoly (there is a monopolist merchant), and 3) perfect com-

petition (there are many competing merchants).

Game and natural selection

Along the lines of the above framework, consider a large population of

farmers randomly and repeatedly matched to form separate groups of two

>All the listed properties of the utility function U are related to consumer preferences for normal
goods (as in, e.g., Mas-Colell et al. (1995)). In particular, the positive partial derivative U, implies
that a richer individual derives a higher utility from the consumption of the good (due to, say, smaller
opportunity costs). Similarly, the positive cross derivative Ug, can be interpreted as meaning that a
richer consumer values quality more, which can be motivated by the convexity of the Engel curves for
high-quality goods.
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farmers, and every group is endowed with the same-size endowment S.
In a group, Nature randomly selects a farmer, henceforth, the dictator,
to divide the endowment into shares s € [0, S] for herself and (S — s) for
the other farmer.© Suppose that farmers have subjective preferences over
endowment distribution (or, to put it differently, preferences for money
distribution), characterized by the subjective utility function U® with
preference parameter (type) s € [0, S] such that the (subjective) utility
from an endowment share z, accrued to a farmer with a preference type
3, is

US(s,5) = —|s — 3.

Therefore, in what follows, a farmer of preference type 5, when selected to
share the endowment, always keeps 5 for herself, leaving S—3 to the other
farmer in the match.” Next, suppose that the population distribution of

subjective preference types is given by some distribution F over [0, S].

The objective payoffs from a split, or the evolutionary fitness, are
measured by the resulting material payoffs U° and/or U, which, on the
other hand, depend both on the own-endowment share and on the menu
of consumption bundles offered on the external market. The farmers,
however, cannot discern for themselves what material payoffs their ac-
tions result in. Instead, they can be thought of as living behind the “veil
of ignorance” about external markets or about what “global game” they

are part of, and, therefore, they just divide the endowment according to

6As for the endowment sharing rule, we adopt the dictator-game framework, which is done mainly
for modeling convenience; the main results are also robust against other modeling frameworks, e.g.,
the ultimatum game. What matters in the end is the presence of general equilibrium effects.

"While we are following the “indirect” evolutionary approach (Giith & Yaari (1992) and Ely &
Yilankaya (2001)), alternatively, we could think of the farmers as being pre-programmed to split the
endowment according to their preference types as in standard evolutionary models, see Weibull (1995).
Due to the specificity of the game studied, the two approaches would render identical results, which
is not necessarily the case in general (e.g., Huck & Oechssler (1999)).



2. MODEL 89

their subjective preferences only. Significantly, knowledge of other farm-
ers’ preferences or the population distribution of preferences will not play
any role in this game, although that is not generally the case (see, e.g.,
Ok & Vega-Redondo (2001) or Dekel et al. (2007)). Next, for model-
ing convenience, merchants are assumed to design consumption bundles
for every match separately, and these bundles are not available to the
farmers from other matches. This sequential structure of the model with
merchants assumed to act in their profit maximizing way allows us to
“prune” the production and consumption stages and to consider the re-
duced game only, with the external market structure and merchants’
optimal play embodied in the players’ (i.e., farmers’) material payoff

function.

As already specified above, we distinguish three cases of merchants’
market: autarky, the monopolist market, and the perfectly competitive
market, which give rise to three distinct farmers’ material payoff func-
tions, and we analyze the three cases in three different games I'*, T and
', respectively. On the whole, each of these games will be a two-player
dictator game with modified payoffs, measured in affordable consump-
tion. More precisely, in every game, there are two players (two farmers),
their action space is to choose an endowment share s € [0, S] for himself
or herself, and the payoffs to the players from their actions are their ex-
pected material payoffs (evolutionary fitness), as will be defined below.
Finally, every player has subjective preferences over an endowment split,
characterized by a parameter 5, according to which he or she divides
the endowment. Then, for every game examined separately, we shall
tackle the question of what subjective preferences yield the greatest ma-

terial payoffs and, accordingly, will be favored by natural selection, with
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their population share increasing at the expense of other less successful
preferences.

We adopt the “indirect” evolutionary approach with a static stability
concept of equilibrium so that in the equilibrium no mutation can give a
higher payoff than that of the incumbent types. Based on the results of
Ely & Yilankaya (2001) and applying them to our setting, evolution will
select those subjective preferences, or, equivalently, actions over an en-
dowment split that constitute an equilibrium of the global games I'*, T'M
and ', respectively, as more accurately discussed below and we shall

call those preferences evolutionary stable.®

Equilibrium play in a match

Case 1: Autarky

Consider game I'*, where the farmers are not exposed to any external
trades, making it a standard two-player dictator game. The material
payoff from an endowment share z is U°(x); given the optimal play of
the players (with respect to their subjective preferences), the expected
material payoff to a farmer of preference type 5 when matched with a

farmer of preference type § is

7(3,5) = 0.5U°(5) + 0.5U°(S — &).

More generally, in game I'* the payoff (evolutionary fitness) to a prefer-

ence type §, given a population distribution of subjective preferences F’,

SEly & Yilankaya (2001) studies finite games, while in our model the action space is allowed to be
infinite: s € [0, .5]. However, since we design our games in such a way that the existence of equilibrium
is not an issue, then the results of Ely & Yilankaya (2001) apply to our setting as well despite a
continuous action space. Alternatively, we could make our games studied finite by simply discretizing
the players’ action and preference spaces, and then the results of Ely & Yilankaya (2001) would apply
directly.
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is the average material payoff I1(5) defined as
I1(5) = 0.5U°(5) + 0.5EgccmU°(S — §),

where C'(F') is the support of the distribution F', and F is the expecta-
tions operator.

Since the second term of the above fitness expression does not de-
pend on the own-preference type, the farmers of type 5§ = S attain the
highest fitness because of U’ > 0. Hence, the equilibrium of T'* (the
evolutionary stable strategy) is to keep the whole endowment, resulting
in the endowment split (.S, 0), which implies that in autarky selfish types
(s = S) would prevail.

Case 2: Monopoly

In game I'M, to specify the players’ material payoffs, first, we need to
solve for the optimal consumption bundles offered by the monopolist
profit-maximizing merchant. From the merchant’s perspective, it is a
mechanism design problem with hidden information, for a potential cus-
tomer’s wealth, i.e., his endowment share, is his private information.
Once the menu of bundles is set, it is not subject to change, by which
we rule out the possibility of the merchant’s updating her beliefs about
prospective buyers’ wealth distribution after some trade has taken place
(alternatively, we could assume that at the last stage only one trade with
a random farmer takes place). The exposition of the merchant’s problem

closely follows Mussa & Rosen (1978).

Merchant’s problem
After the endowment in a match is divided between the two farm-

ers, the merchant learns about the ensuing endowment shares §; and
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S, 8§ < &, and, accordingly, maximizes her expected profit 0.5(p; —
C(q1))+0.5(p, — C(qy)) with respect to price-quality bundles of the good
{(p1,q1), (P2, @2) }, where the second bundle is aimed at the richer farmer
(and the assumption is that every farmer has a demand for at most one
unit of the good). There is no need to state the problem and solve it
formally, for the solution to this type of problem is well established in the
contract theory literature once specific conditions are met (such as the
single-crossing property, which in our model is ensured by the assump-
tion of the positive cross derivative of net utility function U, U, > 0).
Hence, below we immediately proceed with describing the results for
various scenarios of the endowment split.

In the special case of the equal endowment split §; = 5, = S/2, the
merchant offers one price-quality allocation (pi,q1) = (p2,q2) = (p,q)
such that

Colq) = Vilq, %2), (3.2)
p="VI(g5), (3.3)

which coincides with the first-best allocation under symmetric informa-
tion, where consumers are left with no consumer surplus.

For an uneven split, 5; < 55, two cases need to be distinguished, de-
pending on what the merchant finds optimal: 1) to serve both farmers,
and 2) to ignore the poorer farmer and serve only the richer farmer.
When the merchant serves both farmers, the optimal price-quality bun-

dles (p1,q1) and (ps, ¢) are found from
CQ(qQ) = %(Q% 52)7 (34)

Colqr) =2V, (q1, 51) — V(au, 52), (3.5)
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for the quantities ¢; and ¢», and the prices follow from
U(Qh 517291) =0,

U(q% 527172) = U(Qb §2ap1)’

where the last two expressions are the binding individual rationality con-
straint of the poorer type (5;) and incentive-compatibility constraint of
the richer type (3,), respectively. In this case, the richer farmer enjoys
the information rent of size U(qy, S, p2), while the poorer one is left with
none. The condition for both farmers to be served is that the quality ¢
from (3.5) needs to be greater than or equal to the lowest feasible quality
level g, or the poorer farmer’s endowment share 5, to be greater than or

equal to the threshold share s* defined as

s*={5:q0(5) =q}, (3.6)

where §,(38;) is the quality mapping from share §; to quality ¢, as found
from (3.5), where 3, is replaced with S — §,.°

Hence, in the event of an endowment split with §; < s*, the merchant
does not serve the poorer farmer, but offers the first-best allocation to
the richer farmer as in (3.2) and (3.3), thus, leaving the latter with no

information rent.

Evolutionary fitness
As before, in game I'V the players’ payoffs, or their evolutionary fit-
ness, are their expected material payoffs. Given a population distribution

of subjective preferences F', the expected evolutionary fitness of a player

9Had we g € [0,00), then the threshold share s*, at which the merchant starts offering two non-zero
consumption bundles, would not be precisely determined; neither would the equilibrium of game T'™.
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of preference type § is
I1(5) = 0.5Y(5) + 0.5Eycc(m Y (S — &), (3.7)

where C(F') is the support of the distribution F', and E is the expec-
tations operator, and Y is the indirect utility function, which maps a
player’s endowment share into the resultant material payoff accounting
for the merchant’s optimal play. In particular, a player’s indirect utility

function Y of an endowment share § (with the other player’s share being

S — 3§) is defined as

U°(3) if 5<5/2,
Y(8) =14 U°3)+ Ulge, 8,p2) if S/2<5<8S— s, (3.8)
U°(3) if S—s"<5<S§,

where (ps, ¢2) is the price-quality allocation aimed at the richer player
(farmer) as defined above (which is itself a function of an endowment
share §); and s* is the threshold endowment share as in (3.6) that pro-
vides the condition when both farmers are served. Assuming that func-
tion Y is increasing in § € (5/2, .S — s*]", it takes the form as depicted in
Figure 1 with a discontinuity at the point S — s* (the left- and right-hand
limits of Y at S — s* are not equal because U(qy, S — s*,py) is strictly
positive).

From the definition of the function (3.8), we see that there is an
upward shift U(qs, $, p2) (which is also discontinuous at the right) in the
values of indirect utility function Y over (S/2,S — s*], which, otherwise,

takes the form of reservation utility U°(5) only. As discussed above,

10The assumed monotonicity of indirect utility function ¥ over (5/2, S — s*] is, in fact, dependent on
its own functional form as well as the merchant’s production cost function C; however, this assumption
has no impact on the main argument that follows and is made for expositional clarity to simplify the
determination of the maximizer of Y over (5/2,5 — s*].
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Figure 1. The indirect utility (material payoff) function ¥

when inequality in endowment distribution is not too sharp and because
of which the merchant finds it optimal to serve both farmers, the richer
farmer enjoys the information rent of U(qy, $,p2), which is, otherwise,
fully extracted by the merchant. Since the value of function Y drops
after § =S — s* (point A in Figure 1), which occurs when the merchant
optimally shuts down on the poorer farmer, it is not straightforward to
determine where function Y achieves its global maximum: at § = .5 — s*
(point A) or at § = S (point B). In other words, it is not obvious from
the material payoff perspective whether the dictator should keep all the
endowment for herself (and maximize her reservation utility U°) or give
away the share s* to the other farmer (and enjoy some information rent).
It depends on the size of information rent, which, on the other hand, is

dependent on the form of the utility functions. Formally, if
US — ")+ Ulq, S — s*,py) > U"(S),

or

US(g5, S = 8" = p2) > U°(S), (3.9)

where (py, ¢2) is the allocation aimed at the richer farmer at the endow-
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ment split (S — s*,s*), then the dictator attains the highest material
payoff when she shares the endowment with the other farmer (by giv-
ing the latter s*). Intuitively, it is to require that farmers after a certain
point become quickly satiated with the consumption of their own endow-
ment (which is their land’s produce) and value the outside good highly
enough.

Returning to evolutionary fitness expression (3.7), we see that if con-
dition (3.9) holds, the farmers with the preference type § = S —s* acquire
the highest expected material payoff. In other words, when the farmers
are exposed to external trades run by a monopolist merchant, inequity-
averse preferences may eventually be favored by natural selection, which
will counter the merchant’s monopoly power. All in all, the equilibrium
split in game T'M is (S — s*, s*) when condition (3.9) holds; otherwise, it

is (S,0).

Case 3: Perfect competition

Consider game I'?, where there are many competing merchants on the
external market. Given that all merchants’ profits have to be equal to 0
in perfect competition, the competitive solution to a merchant’s problem
is easy to describe. The level of quality offered has to be as in the first-
best case, while the price has to be equal to the total cost of producing
that particular quality. Therefore, the price-quality allocation (pj,g;)
aimed at a farmer with an endowment level 5, is determined by (3.2) for
the quality ¢;, and the price p; = C(g;), which, unlike in the monopoly
case, is not a function of the endowment share 5;. Following the same
logic as before, the selfish farmers with 5§ = S attain the highest material

payoff in game I'“, and this type of preference should eventually survive
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evolutionary pressures.

Summary

The proposition below summarizes the resultant evolutionary stable pref-

erences for the environments analyzed.

Proposition 3.1 In the two-player dictator game with consumption stud-
ied above, the evolutionary stable preference types 3., with respect to en-

dowment distribution are

e in autarky (no external trades) — 5., = S;

o with external trades run by a monopolist merchant — if condition
(3.9) holds, then 5., = S — s*, where s* is defined as in (3.6);

otherwise, 5., = S; and

o with external trades run by competitive merchants — S, = S.

3. Discussion
Endogeneity of inequity aversion

The main result of the above proposition is that external factors, such as
market exchange and market structure, can have an influence on people’s
behavior and the shape of their preferences. In particular, besides gen-
uinely altruistic considerations for other people (frequently adhered to
when explaining experimental evidence on people’s behavior, e.g., Levine
(1998)), people may also develop inequity aversion toward money distri-
bution as an optimal response to merchants’ monopolistic powers on the
merchandise markets. In other words, people’s preferences, as revealed

by their behavior, may be endogenous to the environment they live in.
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If we take the approach that behavioral traits are transmitted culturally
rather than genetically (Cavalli-Sforza & Feldman (1981)), then people’s
revealed preferences may not prove conclusive of their true nature. To
put it differently, the results obtained here can be interpreted as: Fven if
people are intrinsically selfish (with regard to their own consumption),
they can still exhibit behavior as if they had inequity-averse preferences

for money distribution (since it is own-consumption maximizing).

In the evolutionary literature, the group-selection argument is typi-
cally used to show how pro-social preferences can survive evolutionary
pressures (see, e.g., Bergstrom (2002)). Unlike in standard models, our
argument in favor of pro-social preferences does not hinge on the group-
selection idea. Our explanation does not require that pro-social types
of people, when matched with people like them, receive high enough
payoffs to offset lower payoffs when matched with selfish types, thus,
making their expected evolutionary fitness greater than that of the per-
fectly selfish types. Instead, our argument hinges on the idea that in
order to subdue a third party’s adverse impact people choose actions
that, even if they seem to be to the overall benefit of their group, are, in

fact, own-utility maximizing.

Needless to say, within the framework studied, other forms of evo-
lutionary stable preferences could emerge depending on the degree of
competition or monopoly on the market. A more general prediction
would be that the more monopolist markets are, the less selfish people’s
preferences should be, offering an empirically testable hypothesis on the
link between market structure and people’s preferences, which is left for
future research. At the same time, there is empirical evidence in favor

of the model, which is described in the following subsection.
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Empirical evidence

In empirical studies, it has been demonstrated that people’s preferences,
revealed by their exhibited behavior in sharing money, are not uniform
across different societies and are rather shaped by socioeconomic and
cultural factors (see, e.g., Henrich et al. (2001); Henrich et al. (2004);
Buchan et al. (2002)). As already noted in the introduction, the most
compelling evidence in support of our theoretical findings comes from
the empirical project conducted in 15 small-scale traditional societies,
which is documented in Henrich et al. (2001) and Henrich et al. (2004).
The aim of this project was to look into the foundations of human so-
ciality and its origins through studying small-scale societies, which could
possibly shed light on the evolutionary transition of modern people’s
preferences (which are, actually, less diverse, see Roth et al. (1991)).

Henrich et al. (2001) found that people’s preferences, revealed in play-
ing the ultimatum, public good, and dictator games, differ across differ-
ent groups, and that there are certain regularities in the documented
differences. One of the regularities, relevant to our model, is that mem-
bers of an isolated society behave less pro-socially than do members
of a market-integrated society (as measured, primarily, by exposure to
external market exchange). Henrich et al. (2001), however, provided
no theoretical explanation for this important empirical finding, which is
nonetheless fully in line with our theoretical predictions, presented in
Proposition 3.1. Our explanation for this finding is that when people
are exposed to external trades with merchants (who typically possess or
collude to have some monopoly power), they are better off by sharing
with others since it overcomes merchants’ full-rent extraction.

Certainly, to make this explanation more credible one would need
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to more closely explore the relationship between market structure and
preferences, for instance, as hypothesized in the previous subsection,

which is left for further research.

Model extensions and research directions

Within a given society, the distribution of people’s preferences is more di-
verse than just one type of preferences (see, e.g., Fehr & Schmidt (1999)).
In our model—in particular, for game I'" with condition (3.9) being
met—to achieve a non-trivial distribution of evolutionary stable prefer-
ences, we could elaborate by introducing a noisy signal that merchants
receive about the income distribution resulting from an endowment split
and depending on which they design consumption bundles. Then, due
to the noisiness of a signal, there would be no single type of subjective
preference that would be own-consumption maximizing for any realiza-
tion of a signal. Instead, a different type of subjective preference would
be evolutionary-fitness maximizing for a different realization of a signal,
leading, eventually, to a more diverse distribution of evolutionary stable
preferences. Similarly, we could subject the structure of the external
market to different competitive shocks, which would also lead to a more
diverse distribution of evolutionary stable preferences.

In a similar fashion, we can think of other mechanisms affecting the
form of revealed (inequity-averse) preferences. For instance, within our
model, consider the effect on people’s (optimal) behavior after the in-
troduction of a uniform sales tax on the outside good. If the public
authority aims to maximize tax revenues, then the model would predict
people responding to the tax by reducing inequality in wealth on the

grounds similar to the case with a monopolist merchant. On the other
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hand, if the tax imposed by the public authority is negligible, then it
would not have any impact on people’s behavior. In other words, the
importance of the government’s role in the economy can also shape the
appearance of people’s preferences, with its more central role adding to
inequity aversion among people.

An interesting extension would also be to consider an N—player dic-
tator game, where the number of farmers, matched to play the dictator
game, is larger than two (similarly to the framework in Ok & Vega-
Redondo (2001)). Qualitatively, it should not change the results: in
certain cases, inequity-averse preferences should still render the highest
material payoff. Interestingly, in game I'" it may not be optimal (from
the material payoff perspective) for the dictator to split the remaining
endowment evenly among the rest of the players, provided he finds it
optimal to give away some of the endowment. Instead, the dictator can
do better by dividing the remaining endowment unevenly as it can be
seen from the special case of N = 3 and V(q,z) = qx, which at the
same time poses an interesting question of what is the optimal income
distribution from the dictator’s perspective in the game with more than

two players.

4. Concluding remarks

We have argued that the inequity-averse preferences of the type docu-
mented in laboratory experiments may be a product of natural or cultural
selection. It has been shown that inequity aversion to money distribution
can be developed as an optimal response to the surrounding socioeco-
nomic environment—monopolistic merchandise markets, for instance.

The findings presented herein can be thought of as an attempt to rec-
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oncile experimental evidence on people’s (inequity-averse) preferences
with the conventional modeling assumption about own-regarding pref-
erences, which, as this study shows, can be consistent with each other.
Nonetheless, the question of what preferences should be used in economic
modeling remains open. In a partial equilibrium analysis, for instance,
using the form of preference that is most characteristic of a given society
or group of people (as, say, revealed with the help of experiments) would
probably render more accurate predictions than would using the conven-
tional assumption of own-regarding preferences. However, if a modeled
policy change may have a substantial general equilibrium reach, then,
along the lines of the model presented, it may also affect people’s prefer-
ences through the social transmission of behavioral traits, complicating
predictions of the modeled change in the longer run.

To make the results of this study more credible, more empirical re-
search needs to be done on the interdependence between people’s prefer-
ences and the environment they live in. In particular, one could examine
the link between market concentration and people’s preferences hypoth-
esized here by regressing a market concentration index on a measure of

inequity aversion across different countries.
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