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Abstract

I analyze a principal-multiple agent model in which agents have imperfect informa-
tion about their abilities. When performance is affected by shocks that are common to
everyone (such as task difficulty), performance comparisons with others are useful in
forming beliefs about own ability. Beliefs, in turn, affect effort and hence subsequent
performance. In this context, I explore the principal’s organizational design prob-
lem where the amount of interim information disclosed to agents about each other’s
performances is a choice variable. I find that the optimal disclosure policy depends
on: (1) the degree of substitutability of the agents’ performances in the principal’s
payoff function; and (2) the amount of discretion the principal has over manipulating
contracts. With exogenous contracts, if agents’ performances are sufficiently com-
plementary, withholding social comparison information may be optimal. However,
when the principal can choose the wage scheme in addition to the information policy,
full information revelation, coupled with a “cooperative” incentive scheme, is univer-
sally optimal. The paper also presents findings from a laboratory experiment, which
confirm many of the theoretical predictions. The results are potentially applicable
to many real-world situations, ranging from the revelation of grade distributions in
classrooms to interim performance evaluations and team formation policies in firms.
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1 Introduction

Self-perception is an important determinant of behavior in many settings that are char-
acterized by imperfect self-knowledge. In the workplace, especially in the early phases of
employment, individuals rarely have a precise idea of how suited they are for a particular
task or career, and their prospects of advancement in it. In educational settings, students
are often unsure about their propensity to succeed in a particular course or area of study,
and tend to develop an academic self-concept over time. In the presence of imperfect
self-knowledge, individuals tend to use previous successes and failures to learn about their
unknown traits such as ability. Perceived ability, in turn, determines the return to taking a
particular course of action, and affects crucial decisions such as whether or not to undertake
a task, how much effort to exert, and whether to persevere or drop out in response to a
failure. Given the effects on behavior, how much and what kind of interim performance
information to give agents in order to influence their beliefs and maximize the potential for
future success is an important organizational question. The issue of performance feedback,
in fact, has long been a central issue in the management literature (e.g. Barr and Conlon
(1994), Gibbs (1991), Ilgen, Fisher and Taylor (1979), Morrison and Cummings (1992)).
Social comparison information is a particularly important type of information that af-
fects self-perception. In performance settings, individuals often compare their performance
or progress with others doing the same task. Failing in a task, for instance, usually has
different implications on what we think about ourselves, depending on whether everyone
else succeeded or not. Such dependence is especially well-documented in educational set-
tings: gifted students in special programs for the gifted have been found to have lower levels
of perceived ability than gifted students in normal programs (e.g. Zeidner and Schleyer
(1999)), and academic self-concept is known to depend crucially on one’s peer group, which
has been termed the “big-fish-little-pond effect” (Marsh (1984), Marsh and Parker (2000)).

Social comparisons also have important effects on behavior. An individual’s motivation to



exert further effort or to persevere in a task, her decision of whether to choose a particular
career path etc. are likely to be influenced by how well she has done relative to others
facing the same situation. The effects of comparisons on behavior suggest that manipu-
lating the availability of social comparison information may potentially be an important
tool in organizational design, for a principal who cares about the performance of multiple
agents doing the same task. This paper presents a new theoretical model in which social
comparisons affect effort through their effect on beliefs and self-perception, and analyzes,
using a multi-agent framework, whether and when it would be optimal for a principal to
release social comparison information to enhance future performance by her agents. The
main predictions of the theoretical model are then tested with a laboratory experiment.
The effects of social comparisons on self-perception and their implications for organi-
zational design have not been studied much in economics, although they constitute an
important part of the relevant literature in psychology and management'. In many of the
economic studies, social comparisons are taken to refer to relative income, wage, or status
differences (e.g. Clark and Oswald (1996, 1998), Falk and Knell (2004), Hopkins and Ko-
rnienko (2004), Ok and Kockesen (2000)), and are usually built on the assumption that
individuals are exogenously motivated by an intrinsic utility from rank, i.e., they get disu-
tility from being worse-off than others, or utility from being ahead. Rather than assuming
such an external, exogenous payoff dependence, this paper models social comparisons as a
source of information. This is motivated by the idea that especially when the comparison
concerns task performance, the impact of the comparison on behavior usually hinges on
what the comparison has to say about one’s aptitude in the task. For instance, it is usually
not the same to be outperformed in an exam for which one has not studied at all while peers
have been studying very hard and vice versa, or to be outperformed by someone who has
had more previous training in the task. Such examples suggest that the informativeness of

the comparison about ability matters. This informational aspect, which has thus far been

!Suls and Wheeler (2000) provide a good selection from the vast psychology literature on the topic.



neglected in economic models of social comparisons, is likely to be crucial in settings such
as the workplace or the classroom, where individuals do not know their abilities perfectly
and performance comparisons are commonplace.

The paper consists of two main parts: the first part presents the model and the the-
oretical results, and the second part reports on the design and results of an experiment
conducted to test the theory. The theoretical model formalizes the idea that the effects of
social comparisons are linked fundamentally to the ability inference that they lead to, and
presents a new theory of social comparisons where comparisons affect behavior through
their effect on an individual’s perceived absolute ability. 1 take a setting where agents
do not know their abilities in a task, but use previous performances in the task to make
inferences. Others’ performances are valuable information for an individual who does not
know her own ability, because of determinants of performance that are common to everyone
performing the same task. A good example of such common shocks, taken from the realm
of education, is the difficulty of the test or the lenience of the grader, which is unknown.
When performance depends both on the common shock and the individual’s ability (which
is an idiosyncratic shock), learning how well others did is useful for separating the effects
of the two factors in the inference process. If everyone succeeds in a test, it is more likely
that the test was easy. Therefore, a failure when others succeed more strongly implicates
low ability than in the case where one learns that others also have failed, or in the case
where she does not know about others’ performances at all. In this sense, the presence
of correlated shocks, coupled with imperfect self-knowledge, leads to the result that "self-
concept" is relatively formed?. One’s self-concept, in turn, affects her perceived return to
exerting effort or investing in the task and thereby her effort level and future performance.

Given the potential effects of social comparisons on behavior, an important question

that arises is whether a principal could use comparisons to generate higher effort and

2T use the term "self-concept" interchangeably with "perceived ability" or "self-confidence" throughout
the paper. All definitions refer to the distribution of an individual’s beliefs over her ability.



performance by her agents. There are several different ways in which this can be achieved.
The first one is direct revelation or withholding of information, such as making the results
of interim performance evaluations (e.g. pre-promotion or mid-career reviews) public or
private in firms, or revealing the whole grade distribution as opposed to each student’s own
test score only in a classroom.? A more indirect way to achieve the same effect is to form
work groups or teams consisting of agents with particular characteristics (manipulating the
type and content of the information that agents will likely receive, rather than directly
withholding the information). Another indirect way is to use uniform (as opposed to
differentiated) wage schemes, or to make performance bonuses public or keep them private,
the idea being that agents can make an indirect inference about their abilities through the
wage offered to themselves and others. In the current paper, I focus on direct performance
feedback policies and analyze, using a two-period, two-agent model, whether it would be
beneficial for a principal to create an environment where agents can observe the interim
performances of each other, as opposed to one where they can only observe their own
performance, or one where they cannot observe any interim information at all.

I start the analysis with the case where contracts are exogenous and only the informa-
tion policy can be chosen, and then allow the principal to choose the compensation scheme
in addition to the information policy. The main result is that the ranking of different infor-
mation policies in terms of expected payoffs to the principal is fundamentally linked to (1)
the degree of complementarity of the agents’ performances in the principal’s payoff, (2) the
amount of discretion that the principal has in manipulating contracts. Complementarity
in this context means that the principal gets extra payoff when both agents succeed at
the same time, i.e. her payoff when both of the agents perform well is more than twice
as high as her payoff when only one of the agents performs well. With continuous perfor-

mance levels, this would correspond to a preference for a moderate performance by both

3For instance, the online grade entry/viewing software of UCLA, "Gradebook", gives the instructor the
option of making the whole distribution of scores available to the students as opposed to their own scores
only.



agents instead of a very good performance by one agent and a very bad one by the other.
The importance of complementarities is likely to vary across organizations, depending on
organizational goals and the production function. The funding that schools obtain from
the government, for instance, may depend on the number of students that pass a certain
threshold, rather than the achievement level of the best students, in which case complemen-
tarities would be important. Another setting characterized by strong complementarities is
industries with "weakest-link"-type production functions, where the lowest effort or output
matters immensely. With exogenously given contracts, I find that withholding social com-
parison information and revealing only one’s own performance can be better than revealing
social comparison information in addition to own information, if the complementarities
between the agents in the principal’s payoff function are strong enough. This exogenous
contract setting captures situations where the compensation scheme is determined by an-
other authority or institution, but a division manager in a firm, a coach or a teacher, who
has no discretion in setting the wage levels and does not take into account the monetary
costs of inducing effort, aims to maximize the motivation and performance of her agents
using the amount of interim information they receive.* When contracts can be fully ma-
nipulated along with the information policy, however, it becomes optimal to allow social
comparisons even for strong levels of complementarity, since the shape of the contract can
now be adjusted to mitigate any negative effects of social comparisons on motivation.
The second part of the paper reports results from a laboratory experiment designed
to test the validity of the "informational theory" of social comparisons, i.e. to find out
whether individuals use social comparison information in the correct way (if at all) when
updating their beliefs, and to study how decisions are affected by the information received.
An experimental analysis is very useful for assessing the validity of the theoretical model,

since it allows beliefs and decisions to be observed, making it possible to pit them against

4Indeed, attempts at confidence-management are commonly observed on the part of people who have
less control over material incentives—parents, coaches, friends etc.



optimal benchmarks, as well as analyze how beliefs and decisions respond to information. I
closely replicate the structure of the theoretical model in the experimental design, and use
a within-subject framework where participants are asked to submit their beliefs and make
a decision once before and once after seeing others’ outcomes. I find that the direction
of the belief updating in response to social comparisons is generally in line with the main
theoretical prediction, i.e. higher outcomes by the others lead to lower posteriors keeping
own outcome fixed, although the absolute level of beliefs are sometimes different from their
Bayesian counterparts.

The current paper fits into the broader research agenda of using economic models to
study self-perception and its implications for organizations. It is therefore related to several
branches of the literature in terms of its content and method of modeling. Because of the
focus on self-perception, it is linked to the recently growing literature that studies imperfect
self-knowledge in the context of organizations (e.g. Koszegi (2000), Gervais and Goldstein
(2004), and especially to studies on "confidence management" using policies such as the
reward structure or grouping (e.g. Benabou and Tirole (2003)). Since it analyzes incentives
and performance in multi-agent settings, it is related to Prat (2000) who analyzes optimal
team formation, and to Che and Yoo (2001), who study optimal incentives for teams.

Although the interpretation is based on social comparisons and ability perception, the
type of model used in the paper can be applied to other situations in industrial organization,
such as the decision of a small business owner of whether or not to persist operating
in an industry in response to receiving information about other firms’ profits. In this
sense it is linked, on an abstract level, to studies that focus on information revelation
policies in different settings such as auctions and oligopoly (e.g. Mares and Harstad (2003),
Molnar and Virag (2004)). Direct studies of the effects of interim performance appraisals
in economics are few, although research in the subject seems to have gained momentum

in the very recent years (e.g. Lizzeri, Meyer, and Persico (2003) and Fang and Moscarini

(2005)).



Among the set of related papers mentioned above, the ones closest in motivation to the
current paper are Prat (2000), Lizzeri, Meyer, and Persico(2003), and Fang and Moscarini
(2005). Prat studies a team formation problem, in which the question is whether to form
homogeneous or diverse work teams, i.e. whether to put agents with different or similar
information structures into the same team. He shows that if the actions of the agents are
complements in the team payoft, it is better to form teams of agents with similar infor-
mation structures, and if they are substitutes, it is better to employ a diverse workforce.
The reason is that agents with the same information structure commit positively correlated
errors, which is good in the presence of complementarity. The current paper is based on
a similar intuition in the sense that complementarity is key in determining the optimal
information policy, but the main difference is that in my paper the correlation between
the agents’ outcomes arises endogeneously due to social learning and the information and
compensation policies in effect. Lizzeri, Meyer and Persico, as I do, consider the effects of
conducting interim performance evaluations on incentives in a two-period model. However,
in their work the information is about one’s own previous performance and not that of
others, and the effect of the performance evaluation operates through a different channel,
namely through the adjustment of first and second period effort to marginal incentives that
are related to the reward scheme. Their paper does not include agent learning, whereas in
my model the effect of interim information on effort is tied to the agents’ learning about
their unknown ability and the marginal productivity of effort. Fang and Moscarini, on the
other hand, look into how differential wage policies reveal information about an agent’s
own ability, thereby affecting morale and motivation, when agents are overconfident. The
current paper shares a similar intuition, in that learning affects motivation and subsequent
effort, but it differs in two important ways: In Fang and Moscarini, the information revela-
tion is mediated through the principal’s contract, rather than through direct feedback, and
agents are assumed to be overconfident, a necessary condition for information withholding

to occur in their model. In contrast, the current paper analyzes the effects of direct perfor-



mance feedback rather than focusing on the signaling aspect of wage contracts, and does
not assume that agents are overconfident, although this case is considered as an extension.

Although there are theoretical and experimental studies that deal with wage compar-
isons in the workplace where agents with relative payoff-dependent utility functions com-
pare their levels of pay with each other or the principal (e.g. Englmaier and Wambach
(2004), Gichter and Fehr (2001), Grund and Sliwka (2005), Itoh (2004)), the effects of
social comparison information regarding task performance on ability perception, motiva-
tion and subsequent behavior remain mostly unexplored. To my knowledge, this paper is
the first to analyze the effects of social comparison information on subsequent performance
and its implications for optimal feedback policies, without assuming any external payoff
dependence among the agents, either in terms of the utility function or through the reward
scheme®.

The organization of the paper is as follows: in Section 2, I present the general model.
In Section 3, I analyze the optimal information policy with different assumptions on the
principal’s payoff function and the endogeneity of contracts. Section 4 considers some
extensions to the theoretical model, Section 5 discusses the design and reports the results

of the experiment, and Section 6 concludes.

2 Model
2.1 Setup

I consider a simple setting where there is one principal (she), and two risk-neutral agents
(he) who engage in a task for two periods. The ability of agent i is denoted by a; > 0,
and 7 denotes a common shock which affects all agents’ performances in the same way.

Throughout the paper, I will interpret this common shock as the difficulty of the task. a;’s

°In my model, social comparisons can affect behavior even in the absence of any external payoff de-
pendence. However, I also have a section in which I analyze the optimal information policy when there is
external payoff dependence, through positively or negatively interdependent contracts.



are independent draws from the same distribution, and are independent of task difficulty.
Abilities and task difficulty are unknown to all parties at all times, but distributions are
common knowledge. The first period is a learning stage, in which performance depends
on ability and the difficulty of the task. Therefore, performance in this period potentially
provides some information about ability and difficulty. I henceforth refer to agent i’s
performance in the first period as his “signal”, denoted by s;. These signals are assumed
to be payoff-irrelevant for both the principal and the agents. After signals are realized,
agents update their beliefs about ability using the signals they observe (if any), and based
on these beliefs decide how much effort to exert in the second period. The effort exerted

then leads to a distribution over final outcomes and therefore payoffs.

2.1.1 Timing

Period 0: a; and 7 drawn
Period 1: s; realized and possibly observed; efforts chosen

Period 2: Final performance and payofts realized

2.1.2 The Signal Structure in the First Period

Performance in the first period depends on ability and a common component that affects
all agents in the same way. Throughout the paper, I use two different signal structures,
continuous and discrete, to maintain analytical tractability in different contractual settings,
and for implementability in an experimental framework. The use of either signal structure
does not change the main qualitative results of the paper. I start below with a continuous,
multivariate normal model to illustrate the optimal information policy with independent
contracts, and then move on to a discrete model for the analysis of dependent contracts.

The discrete model is also used in the experimental design.

The Multivariate Normal Model 1 assume that the first period performance signals

are realized according to s; = a; + 1, where a; is the ability level of agent i and 7 is a



common shock to performance.’ I also assume that a; and 1 are normally distributed, a;,
s1 and s are jointly normally distributed, and abilities are independent of each other and

the common shock. All distributions are common knowledge. Formally:

a; ~ N(a;,0?), @ >0, i=1,2
1~ N(0,9%)
cov(a;,m) =0, i=1,2.
cov(ay,asz) =0

and therefore

a; a; o? o? 0
s;i | ~N @ |, 0% 24yt P
S_i a; 0 ¢ o4’

where @; = a_;, since agents are assumed to be identical.
Notice that because of the common uncertainty factor affecting performance, the signals
of the two agents are positively correlated, but are independent conditional on difficulty,

due to the independence of ability and difficulty.
2.1.3 Performance Technology and Compensation

After the learning stage, each agent chooses an effort level, which determines a probability
distribution over final outcomes and payoffs. The performance (production) technology is

given by ¢; = a;e;, where e; > 0 denotes agent i’s effort level and a; his ability”. Notice

that ability and effort are complements in performance ( af?‘ge > 0).The cost of effort is

given by the function c(e;), with /(e;) > 0, ¢”(¢;) > 0 and /(0) = ¢(0) = 0.8

6Notice that 1 should be interpreted as the "easiness" rather than "difficulty" of the task, since it has
a positive effect on performance.

"In the discrete outcome model which I will consider later in the paper, this technology will correspond
to m; = a;e;, where 7; is the probability of getting a good outcome. The two frameworks are equivalent.

8Notice that I abstract from task difficulty in the second period. This is consistent with an interpretation
in which the common shock is independent across periods, such as the difficulty of a particular exam, or
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2.2 Principal’s Payoff

The principal’s payoff depends on the final (second period) performances of the two agents,

and is given by:

(g1, q2) = Elkqig2 + V(1 + q2)] = El[karerases + V(arer + ages)] (1)

This particular form for the principal’s payoff is chosen because it is the direct con-
tinuous equivalent of the payoff function in the discrete framework that will be used in
the dependent contract case and the experimental analysis. Notice that the multiplicative
term in the payoff function captures a complementarity between the agents’ performances
in the principal’s payoff. Complementarity in this context means that the principal obtains
a higher payoff when both agents have an average performance rather than one doing very
well and the other doing very badly (k > 0). The case of kK = 0 would correspond to perfect
substitution, in which case the principal’s payoff is just the expected sum of the agents’

performances times a constant:

(q1,q2) = E[V(q1 + ¢2)]

Complementarities will turn out to play an important role in the optimal policy of the

principal.

2.3 Information Policy

The main focus of the paper is the manipulation of the agents’ information set by the
principal. Specifically, I analyze whether or not the principal would be better off making
others’” and/or own first-period signals observable to the agents, before they make the effort
decision. I assume that the principal commits to an informational policy ex-ante (before

signals are realized). Also, interim performances are assumed to be non-contractible.” Let

the lenience of a particular grader.
91 discuss this point in more detail in Section 4, which talks about extensions to the model.
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S denote the set of signals observable to agent i before he makes the effort decision. Then,
the principal’s options for agent i’s interim information set are S° = {s, so} (information
about others revealed), S? = {s;} (information about others withheld), or S* = & (all
information withheld).

The optimal information policy will naturally depend on the objective function of the
principal. In what follows, I analyze the effects of the principal’s payoff function and
especially the level of complementarity of the two agents’ performances on the optimality
of information revelation. In order to do this, I first consider the information revelation
problem of a principal for an exogenously given compensation scheme, and leave aside the
issue of choosing a compensation scheme. I then proceed to analyze the case where the
principal can choose a general menu of contracts in addition to the information policy. The

cases analyzed are given below:

e Exogenous, Independent Contracts (perfect substitutability vs. complementarities)

e Endogenous, Potentially Dependent Contracts (perfect substitutability vs. comple-

mentarities)

3 Results

3.1 Optimal Information Policy with Fixed, Independent Con-
tracts

In this section, I analyze the information revelation policy of a principal whose payoff de-
pends only on a function of the outcomes of the agents, but not on the wages paid to
them. I assume that the principal has no control over the compensation scheme, which is
exogenously given, and does not bear the cost of paying agents, although she has incen-
tives to maximize a function of their performance. As mentioned before, this case reflects
situations where the principal is a division manager within a firm, a teacher, or a coach,

who can employ only non-monetary policies to influence the motivation and performance
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of her agents, in a case where monetary incentives are determined by another authority.
I also assume that the exogenously given compensation scheme is "independent", i.e. one

agent’s outcome has no effect on the other agent’s payoff.
3.1.1 Beliefs and Effort Choice

To be able to analyze the optimal information policy of the principal, I start by studying the
agent side of the model. In the presence of imperfect information about ability, Bayesian
agents update their beliefs about ability using the first period signal(s). Beliefs, in turn,
are crucial in determining subsequent effort. The common uncertainty that affects the

realization of the signals gives rise to the following lemma:

Lemma 1 (Relativity of Self-Concept) An agent’s posterior beliefs about ability in-
crease with his own signal. In the case where the other agent’s signal s_; is observed, the

ability posterior also depends on s_;, and decreases with it.

Proof. Using the properties of the multivariate normal distribution (see Appendix for
a derivation), it is possible to show that agent i’s expectation of ability conditional on
observing signals s; and s_; will be

(0 + %) (si — @) — ¢* (s — a5
o2 4+ )?

E(a;|si,s-i) =a; +

(2)

If each agent observes his own signal only, then the conditional expectation of ability is

given by:
o2 (s; — @)
o2 4 9?

The claims follow immediately from the above equations. m

(3)

The agents in this model basically face a signal extraction problem that requires them
to filter the effects of difficulty and ability on the signal(s) observed. The intuition for
the result that observing a good signal by the other agent lowers beliefs about own ability

comes from the fact that the observation of a good signal by the other agent increases the
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likelihood that the task was easy, making it statistically less likely that ability was high.
Therefore, keeping own performance constant, the decrease in difficulty perception induced
by a better performance by the other agent leads to a downward revision in beliefs about
own ability. This result is in accordance with evidence from psychology, which suggests that
self-confidence decreases with unfavorable social comparisons (e.g. Alicke (2000), Brickman
and Bulman (1977)).

After observing the first period signal(s) and updating their beliefs, agents decide on
how much effort to exert in the second period. Optimal effort will naturally be influenced
by the incentive scheme faced by the agent. For the purposes of this section, I assume a
linear, independent compensation scheme, where an agent is paid w; = a4+ ¢;, with a > 0
and 8 > 0.1°!! Effort, along with true ability, determines the ultimate performance of the

agent, according to the production technology ¢; = a;e;.

Lemma 2 Keeping one’s own signal constant, the optimal effort level decreases with the

other agent’s signal.

Proof. With independent, linear contracts, agent i’s problem is to choose effort e; > 0
to maximize:

maxFEla + Bg¢; — c(e;)| S’

From the first order condition (which is also sufficient), the optimal effort of agent i, e}

solves:

E (ai| §')B — d(ei) = 0 (4)

Now consider an increase in the conditional expectation F (a;| S?). Notice that because of
the convexity of the cost function, the second term in equation 4 increases with an increase

in effort (¢’(e;) > 0), whereas the first term is independent of the effort level. This implies

10Within the class of independent contracts, restricting attention to linear contracts is without loss of
generality by standard arguments.

1By the symmetry of the agents, wages will depend on performances only and not identities. Therefore,
« and B will not be agent-specific.
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that the optimal effort has to increase when posterior beliefs about ability increase. That
is, higher self-confidence leads to an increase in effort. The result that observing a higher
signal by the other agent decreases effort follows directly from Lemma 1. m

As can be seen from equation (4), the optimal effort of an agent is increasing in his
perceived ability, which I interpret as “self-confidence”, or “self-concept”. In the presence
of imperfect knowledge about ability, self-confidence affects the agent’s perceived prospects
from exerting more effort, and hence his effort decision. The result stems from the fact that
ability and effort are complements in the production function, and implies that an agent
who is exposed to unfavorable comparisons will lose motivation and decrease his effort.!?

Given the effect of comparisons on behavior, I now analyze the principal’s optimal
information policy in this independent, exogenous contracts case. From now on, I assume
that the effort costs are quadratic, given by c(e;) = e?/2. With this specification, it is easy
to verify that the optimal effort level will be equal to the conditional expectation of ability
times the piece-rate, i.e. ef = F (a;| S*) 8. Since the principal does not bear the costs of
inducing effort, her payoff function depends only indirectly on the contract, through the
agents’ optimal effort levels.

Recall that the principal’s expected payoff, which is a function of the performances of

the two agents, is given by:
Il = Eal,a2,81,82 [k(Q1q2) + V(Q1 + Q2)] (5)

= Eal,a2,81782 [k(CLleTCLge;) + (alei + GQQZ)V]

Notice that the expectation is taken over the joint distribution of abilities and signals.

This is because the principal commits to an information revelation scheme ex-ante, before

12However, it should be noted that the informational model of comparisons outlined above is also able to
generate the opposite prediction (higher effort in response to an unfavorable comparison), with a different
specification of the production technology or the reward scheme. If there is a “pass-fail” scheme in place,
for instance, where a performance threshold must be met for a fixed reward to be obtained, a very confident
agent may well choose to work less than a less confident one, and an unfavorable comparison that pulls
beliefs downward may actually improve effort if initial confidence is too high to start with.
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signals are realized. In what follows, I drop the subscripts in expectations to avoid nota-
tional clutter, unless necessary. Upon substitution of the equilibrium effort levels e}, the

principal’s expected payoff becomes
Il = kB*E[a\E (a1] S")axE (az| S*)] + VBE[a1 E (a1] S*) + a2 E (a2| 5?)]

Define II*¢, I1°*"  and II™ to be the expected payoff to the principal when she commits
to revealing social comparison information, own performance information only, and no

information at all, respectively!?.

Proposition 1 When k=0 (perfect substitutability), revealing all useful information to the

agents is optimal for the principal, i.e. 11°¢ > I1°%™ > TI"°.

Proof. See Appendix. m
To gain some intuition for this result, it is useful to note that the principal’s expected

payoff can be decomposed as

I = (E[aE (a1 SY)] + ElayE (as| S*)])V A
= (E(a1) + cov(ay, E (a1| SY)) + E(ay) + cov(as, E (as] S*))V B (6)

The result that more information is better follows from two observations. First, as can
be seen from Equation 6, the principal’s expected payoff is increasing in the covariance
between an agent’s true ability and his ability posterior. Observing the other agent’s signal
provides better information about own ability for each agent, and the principal (ex-ante)
prefers this because her payoff function is such that the marginal return to higher effort by
an agent is increasing in the agent’s ability, due to the complementarity of effort and ability
in the production technology. In this sense, on an individual level, the principal would like

to match higher beliefs with higher actions, and choose the information structure that

3Throughout the paper, the term "revealing social comparison information" will always mean revealing
others’ performances in addition to own performance.
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makes self-confidence (effort) more tightly linked to true ability. Second, the separability
of the principal’s payoff in the two agents’ performances and the agents being ex-ante
identical ensures that the "more information is better" result will hold with two agents
also. With substitutability, social comparison information only serves to provide better
information from the perspective of the principal. Therefore, the principal prefers giving
agents information about themselves and others to giving them information only about
themselves; and giving information only about themselves to not giving any information
at all. This "ability-effort alignment effect" is the first main effect that plays a role in

determining the principal’s optimal information policy.
3.1.2 The Case of Complementarities

The assumption that agents’ performances are perfect substitutes for the principal is likely
to be unrealistic in many settings. A coach or a teacher, for instance, may prefer all her
players or students having a reasonable performance to some performing extremely well and
some extremely badly. Likewise, in a team production setting, success may require that
everybody put some effort rather than some working very hard and others slacking. Such
cases can be modeled through complementarities among the agents’ performances in the
principal’s payoff function. As noted before, complementarity in this setting is captured
by k > 0. The following proposition shows that withholding social comparison information

can be better for the principal, if complementarities are strong enough.

Proposition 2 a) For all k, I1°“" > 11"°. b) There exist parameter configurations for which
there is a threshold level of complementarity, Escown, such that for k > Escown, TIOW™ > TI%.
c)There exist parameter configurations for which there is a threshold level of complemen-
tarity kseno such that for k > keeno, 1" > 1I°¢, and kecown < Kkseno holds in the relevant

region.

Therefore, with appropriate parameter restrictions, the ranking of the policies is as

follows:
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0 [kscown] N _ [k?scno} k

no<own<sc no<sc<own sc<no<own

The intuition for this result is the following: In the presence of complementarities, the
principal’s expected payoff depends on both the marginal distribution of each agent’s per-
formance, and the association between the performances of the two agents. When agents
can observe their own performances only, from an ex-ante perspective their self-confidence,
effort, and performance levels will co-vary positively, due to the common uncertainty that
affects the performances. Specifically, an agent is more likely to observe a high signal when
his peer has observed a high signal as well, leading to a positive correlation in efforts. When
agents can observe each other’s signals and update their beliefs accordingly, however, the
correlation between their posterior beliefs becomes negative, since one’s perceived ability
is negatively related to others’ signals, and loosely speaking, one person’s success is bad
news for the other in terms of beliefs. This translates into a negative covariance between
the efforts of the two agents, which the principal does not like if the agents’ outcomes are
complements in her payoff function. Therefore, with complementarities, there is a new
effect that pushes the principal in the direction of withholding social comparison informa-
tion. However, the previously mentioned ability-effort alignment effect is still present at the
individual level (the expected performance of a single agent is higher with more valuable
information). For certain parameter restrictions, the negative effect of social comparisons
start to dominate at high enough levels of complementarities. The reason why the neg-
ative correlation does not always imply withholding of social comparison information for
high enough complementarities is because the complementarity affects the importance of
both the marginal distributions and the associaton between outcomes in the principal’s
expected payoff. Social comparison information increases the expected performance of a
single agent ex-ante, although it decreases the co-movement of performances, and these two
factors have conflicting effects on the principal’s payoff. When the effect of a particular

information system on the marginal distributions of and the association between outcomes
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go in the same direction, as is the case with own performance information, the effect on
the principal’s payoff is unambiguous, giving the result that providing agents with own
performance information is always better than giving them no information. With social
comparisons, however, the net effect depends on the trade-off between the within-person
and across-person effects on the principal’s payoff.

The comparison between giving social comparison information and no information at
all also builds on the same type of intuition. That is, social comparisons can be dominated
by giving no information at all, at high levels of complementarity. The threshold level of
complementarity needed for that, however, is higher than that needed for own information
to dominate, since withholding all information generates lower expected payoff in terms of
the marginal distributions than giving own information only, in addition to a zero covariance

between performances.

Example 1 The below graph plots I1°¢ — 11°*" and 11I°¢ — I1"° against k, the level of com-
plementarity, for § = 0.5, 0 = 0275, > =1, a = 2 and V = 1. As can be seen in the
figure, social comparisons dominate "own information only" and "no information" policies
for k small enough, and the ranking reverses after a threshold level of complementarity in

both cases.
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-0.2 4 1 2 3 4 5
-0.4
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-0.8 - --- -Payoff(sc)-
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Figure 1. Expected Payoff Differences
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Analyzing the threshold level of complementarity, ks.own, yields the following insights

about the parameter restrictions required for the above results to hold:

Proposition 3 There exists a positive threshold level of complementarity, kseown, after
which withholding social comparison information is optimal, if the mean of the ability dis-
tribution, a is high enough. This threshold a is increasing in the variance of the common

shock, ¥* and the variance of the ability distribution, o?.

Proof. See Appendix. m

The above proposition reflects the trade-off between the standard value of information
and its effects on motivation. It shows that withholding social comparisons may be optimal
when the initial self-confidence of the agents is high enough, in which case they stand to
lose more from an unfavorable social comparison. Also, increasing the variance of the
common shock makes comparisons more informative, and this works to increase the value
of information revelation.

The results of this section show that with exogenous, independent contracts and when
the principal does not bear the cost of incentives, it may be optimal to withhold social
comparison information for strong enough complementarities. A question that comes to
mind at this point is whether the information withholding result would hold if the principal
took into account the cost of providing incentives. The following proposition shows that
if the principal bears the cost of incentives without the power to manipulate them, she
would still want to withhold social comparison information if complementarities are strong
enough. The result is driven by the fact that agents’ expected utilities will always be higher
with more information in this model, giving the principal reason to withhold comparison

information.
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Proposition 4 With exogenous contracts, if it is optimal to withhold social comparison
information when the principal does not bear the cost of incentives, it will also be optimal

to withhold information when payments to the agents are accounted for in the principal’s

payoff function.

Proof. See Appendix. m

The above analyses show that social comparisons can affect effort and subsequent per-
formance even in the absence of any external payoftf dependence, through a purely informa-
tional channel. In many contexts, however, the reward scheme in place is not completely
independent across agents: in tournaments or relative reward schemes, or team-based or
cooperative incentive schemes, an agent’s payment depends not only on his own perfor-
mance or outcome, but also those of others. I now analyze how such dependence in the
reward scheme might affect the results. To be able to analyze equilibrium beliefs and effort
in this case, which now involve expectations of non-linear functions of random variables , I
use a discrete model in the rest of the paper. This model closely replicates the multivari-
ate normal model presented above, and all the results stated up to now continue to hold.
The next section presents this discrete model, briefly reiterates the previous results as they

apply to this signal structure, and analyzes the case of dependent contracts.

3.1.3 The Discrete Model

Assume that the ability of agent i takes on one of two values, high and low, i.e. a; €
{ag,ar}, with 0 < a, < ay < 1. The difficulty of the task can be either high or low as
well, and is denoted by 1 € {n,,ng}, with Pr(n = n;) = A, where 0 < X\ < 1. @;’s are
independent draws from the same distribution, with Pr(a; = ay) = p and 0 < p < 1, and
abilities are independent of task difficulty.

Fixing task difficulty, a higher ability level leads to a stochastically higher signal distri-
bution for the agent, and vice versa. Specifically, I assume that high ability agents observe

a good signal in an easy task for sure, low ability agents observe a bad signal in the difficult
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task for sure, and the probability of observing a good signal is p > 0 if the agent is of
low ability and the task is easy, or the agent is of high ability and the task is difficult.
Notice that this uncertainty reflects an additional idiosyncratic risk, which is assumed to

be independent across agents.!*

wiftn=mny and a; = ay
0ifn=mny and a; = ar,
lifn=mn,and a; = ay
wifn=mn; and a; = ay,

After the learning stage, each agent chooses an effort level, which determines a probabil-
ity distribution over final outcomes and payoffs. 1 assume that the second period outcome
for each agent can be either a "success" (S) or a "failure" (F), and the probability of suc-
cess is given by 7% = a; e;, where e;€(0, 1] denotes the effort level of the agent and a; his
ability. The cost of effort is given by the function c(e;), with ¢/(e;) > 0, ¢’(e;) > 0 and
d(0) =¢(0) =0.

The principal’s payoff depends on the final (second-period) outcomes of the two agents,

as summarized by the following table:

Agent 2
Success Failure
Agent 1 | Success  Vss Vsf
Failure Vfs VIf

where Vsf = V fs by the symmetry of the agents, and I assume Vss > Vsf >V ff > 0.
V ff is normalized to be zero without loss of generality. The complementarity of the
outcomes for the principal is fundamentally linked to the supermodularity of the principal’s
payoff, i.e. whether (Vss+V ff)—(Vsf+V fs) > 0or not. Intuitively, complementarity in
this context means that the principal’s payoff when both agents succeed at the same time is
more than twice as high as her payoff when only one of the agents succeeds. Notice that if

the principal does not obtain extra utility from both agents succeeding (or extra disutility

14This extra idiosyncratic risk is not necessary for the results of the model to hold, but turns out to be
more convenient for the experimental design.
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from both failing), her payoff function would be linear and (Vss+V ff)—(Vsf+V fs) =0
would hold. Let Vsf =V, and define k£ = Vss—2V. In this case, k > 0 captures the degree
of complementarity of the two agents in the principal’s payoff, and k = 0 corresponds to the
case of perfect substitutability. A general compensation scheme in this context specifies
a wage corresponding to each possible outcome in the set {(5,S5), (S, F), (F,S),(F,F)},
where the first element in (.,.) denotes the first agent’s outcome. I denote these wages
by wssi, Wsri, Wrsi, Wspi, where wgg; is the payment to agent ¢ when he succeeds and the
other agent fails. By the symmetry of the agents, wages will depend on outcomes only, and
the subscript for identity is dropped henceforth.

It is straightforward to show that Lemma 1 applies in this discrete case as well: keeping
own outcome constant, a higher outcome by the other agent decreases ability perception.
Moreover, observing a good outcome by the other agent leads to a reduction in perceived

ability as compared to the case where one observes only her own performance:

Lemma 3 a) An agent’s posterior beliefs about ability increase with his own signal. In the
case where the other agent’s signal s_; is observed, the ability posterior also depends on

s_;, and decreases with it. Specifically,
E(CLZ'|81' :O,Sj = ].) < E(CLZ'|S¢ = O,Sj :0) < E(CLi|Si = 1,Sj = 1) < E(CLL’|SZ' = l,Sj = 0)

b) Observing that the other agent had a good (bad) signal lowers (increases) one’s beliefs
from their level when only one’s own signal is observed. The complete ranking of beliefs is

as follows:
E(a;)|s; = 0,s;=1) < E(a;i|si =0) < E(a;| s; =0,s; =0)
< E(CLZ‘|SZ':1,S]‘ :1) <E((Zz‘|5i = 1) <E(ai]si = l,Sj :0)
Proof. See Appendix. m

With this discrete-outcome framework, an "independent" wage scheme corresponds to

one where one agent’s outcome has no effect on the other agent’s payoff. Notice that this
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implies wgg = wgr = wg and wpg = wrpr = wp. As before, it is possible to show that
lower beliefs will lead to lower effort with such wage schemes. Finally, the result about
information withholding being optimal for high enough complementarities goes through in

this case as well (see Appendix).

3.2 Dependent Contracts

This section maintains the assumption that the reward scheme is exogenously given and
that the principal does not internalize payments to agents, and only drops the independence
assumption in the contract. Studying this case first proves to be useful for building intuition
for the endogenous contract case.

When contracts are dependent, we will no longer have wgs = wsr = wg and wrpg =
wpp = Wr, since an agent’s payment will now depend on the other agent’s outcome also.
Recall that with independent contracts that are monotonically increasing in output (or a
good outcome), a change in beliefs directly translates into a change in effort in the same di-
rection: effort goes down when self-confidence goes down, and up when self-confidence goes
up. Therefore, unfavorable social comparisons directly imply a decline in effort. With de-
pendent contracts, the effect of comparisons on beliefs will still be the same: self-confidence
will decline after an unfavorable comparison and increase after a favorable one. However, it
is no longer clear whether a decline in beliefs will necessarily lead to a decline in effort. With
independent contracts, the effort decision of an agent is influenced by his expectations about
his own probability of success only, and hence only by his posteriors about his own ability,
and this is why effort changes in the same direction in response to a change in beliefs. With
dependent contracts, on the other hand, each agent’s optimal effort will depend on his be-
liefs about the likelihood of all of the four possible states (success-success, success-failure,
failure-success, failure-failure), and thereby his beliefs about the other agent’s ability in
addition to his own, given the signals he observes.

Formally, the equilibrium effort of agent i given his information set S? solves the follow-

24



ing problem:

ef(S") € argmaz
0<e;<1

(asei(S")azes(S7) wss + (aiei(Si)(l — a;ei(S))wsr ‘
{E +a;e;(S7)(1 — a;ei(S"))wrs S} (7)
+(1 — a;ef(S))(1 — aje;f(SJ))wFF —c(e;)

Notice that an agent’s effort level also depends on his perception of what the other agent’s
effort and ability are likely to be. When social comparison information is revealed, rational
expectations imply that given the signals observed, the effort level of each agent will be
known by the other in equilibrium. When own information is given only, the equilibrium
effort of an agent will depend on his expectations about the signal that the other agent might
have received, conditional on his own signal, and therefore on a probability distribution on

the other agent’s equilibrium effort.

Lemma 4 The equilibrium effort level of agent i will be given by:

(wSF - wFF)((E (ai\ S1, 82)
+E (a—i| s1,52)E (a1a2] s1, 2)(wss + wpr — (Wsp + wrs)))

1 — E(aras]| s1,52)%(wss + wpr — (wsp + wrs))?

when soctal comparison information is observed, and

63(517 S9) =

o Ela;|(wsp — wrr)
' 1-— E[al]E[aQ] (wss + Wrp — (UJSF + U)FS))2

when no information is observed.

With own information only, the equilibrium effort levels given observation of s; € {0,1},

denoted by €*(0) and e*(1) solve:

(Pr(s_; =1|s;)e"(1)E [aras| siys—i = 1]
+Pr (s = 0[s;)e"(0) Earag| si,5-; = 0])((wss +wpr — (wsp + wrs))
+E (a; $;)(wsp — wpr) —ei(s;)) = 0.
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for i=1,2.

Proof. From the direct solution of the two agents’ first order conditions for each infor-
mational specification, and application of the properties of expectations. See the Appendix
for explicit expressions for the equilibrium efforts in the case of own information only. m

With dependent reward schemes, an agent’s payment can depend on the other agent’s
outcome positively or negatively. Assuming that wpg = wpr = 0'°, the nature of the
dependence boils down to the comparison of wgs and wgp. If wss > wsp, an agent is
rewarded more for his success when the other agent has succeeded than when he has failed,
which I will call a "cooperative" incentive scheme. If wgg < wgp, on the other hand, success
is rewarded more if it comes at a time when the other agent has failed, which means that
the incentive scheme is "competitive".

Recall that in the case of independent contracts, it was shown that the effort level of each
agent is an increasing function of his own self-confidence only, and therefore, the ranking of
beliefs (the fact that an agent thinks less highly of himself when others have received a good
signal) translated directly into effort choices, i.e. €*(0,1) < €*(0) < €*(0,0) < €*(1,1) <
e*(1) < e*(1,0). With dependent contracts, however, this may no longer be the case,
since an agent’s effort level is not only affected by his beliefs about his own probability of
success but the probability of both agents succeeding. When the reward scheme is highly
cooperative, learning that the other agent has observed a good signal, although it still
decreases the agent’s own ability perception, can lead to higher effort because it increases
the marginal return to effort, which now depends on both agents’ perceived productivities.
The following example illustrates a potential reversal in the belief ranking given in Lemma

3, with dependent contracts.

Example 2 Suppose that wps = 0,wpr = 0, and let wsrp = 0.5. Also suppose that p =
0.25, ag = 0.8,ar, = 0.6, u = 0.6, and A = 0.8. The graphs below plot e*(0,1) — e*(0,0) and

15T will show later, in the endogenous contracts section, that this is indeed optimal when contracts can
be chosen.
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e*(1,1) — e*(1,0) against the level of "cooperativeness” of the wage scheme, as measured
by wss — wsp. When wss — wgr s high enough, observing that the other agent succeeded
when you have failed can increase effort, as compared to the case of observing that he has

failed also. Likewise, the other agent failing can decrease the motivation to exert effort.

€*(0,1)-e%(0,0)

0.01

0.005 4

T T o T T wSS-wSF
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Figure 2a.
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Figure 2b.
Since contracts are exogenous, the principal’s expected payoff, as before, does not contain
wage payments, and is given by

2
II = E(alelageQ)k + Z E(aiei) Vv

=1

or

I =

(2

(E(a; €;))V + (E(a1e1)E(az e2) + cov(aser, azes)) k

2
=1
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The comparison of informational policies again boils down to an assessment of the

marginal distributions and covariances, with and without information:

Lemma 5 The expected performance of a single agent, FE(aiey) is higher with social com-

parison information, for allwgs and wsp. Specifically, E(aie1)se > E(ai1€1)own > E(a1€1)no-
Proof. See Appendix. m

Lemma 6 a) With own information, the covariance between effort levels (and outcomes)
is positive, for all wgs and wsp . b) The covariance of effort levels when social comparison
information is given increases in the "cooperativeness” of the reward scheme, wss — wgp.
There is a threshold level of wss — wsp, call w, such that if wss — wsp > (<)w, the

covariance of effort levels (and outcomes) is positive (negative).

Proof. See Appendix. m
The following figures plot the covariance between efforts against the cooperativeness of

the reward scheme.

cov (el,e2)
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Figure 3a: The Covariance Between Effort Levels with Social Comparison Information
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Figure 3b: The Covariance Between Effort Levels With Own Information
As can be seen, dependent (cooperative) contracts can create an external effect on the
covariance of outcomes that counteracts the negative effect that social comparison infor-

mation generates.

3.3 Optimal Information Policy with Endogenous Contracts

The above analyses assumed that the principal’s payoff depends only on a function of
the agents’ outcomes, to reflect a setting where the compensation scheme is determined
by a separate authority and the principal can choose only the information policy. In
many contexts, however, the principal can manipulate not only the amount of information
available to the agents, but also the incentive scheme. Therefore, I attempt next to answer
the question of whether the optimal informational policy would be different when the
principal can also choose the contract, along with the information policy. When contracts
are variable, the principal chooses, along with the information policy, payments to be made
to each agent in the four possible states, denoted by wggs, wsr, wrs and wrr. Recall that
here, wgr denotes the payment to be made to the agent that succeeds, when the other agent
fails. Due to the symmetry of the agents, wages will depend only on the outcome vector,
and not on identities. We assume that the principal maximizes her ex-ante expected payoff

subject to incentive compatibility, individual rationality and limited liability constraints.
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Formally, the principal’s objective function is given by:

II = E[(aie1a9e2)(Vss —2wgs) + (are1(1 — ages)
+ases(l —arer))(Vsf — (wsp +wrs)) +

(1 —are1)(1 — agex)(Vff — 2wpp)]
Therefore, the principal’s problem can be written as:

max {E(are1a262)(k — 2(wgs + wrp — (Wsp + Wrg))
O<wgs,wsp,wrps,Wrppr<l

+<E[a1€1] + E[CLQ@Q])(V — Wsp — Wpg — QwFF) +Vff— 2wFF}

s.t.
(aieiae;)(wss + wrr — (Wsk + wrs)) '
el € argmax{FE +(a;e;)(wsp — wrp) S (IGy)
O<ei<l +a262(wps — U)FF) + Wrpp — 612/2
El(aiejaje)wss + (ae; (1 — aje}))wsr
+ajei(1 — aef)wrs + (1 — a;ef)(1 — ajef)wpr — c(ef)] > 0 (IR)
wss 2 0,wsp 2 0, wpg 2 0, wpp 20 (LL)

Notice that (wss+wppr—(wsr+wrs)) measures the supermodularity of the reward scheme,
i.e. the reward scheme is supermodular if this expression is nonnegative. This property

will play an important role in the analysis.

Lemma 7 For any informational specification, the principal’s optimal compensation policy

will ivolve setting wrps = wpp = 0.

Proof. See Appendix. m

Given wpg = wpp = 0, the principal’s expected payoff reduces to

I = Elayeages(k — 2(wgss — wsr))] + (Elarer] + Elages])(V — wgr)
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and the supermodularity of the incentive scheme boils down to the comparison of wspg
and wgg.'The following proposition gives more insight into the workings of the optimal

contract in this case.

Proposition 5 When the informational policy in place is to give no interim information
at all, the principal’s mazimum payoff can be attained by independent, cooperative, or com-

petitive contracts.
Proof. See Appendix. m

Proposition 6 When the outcomes of the agents are perfectly substitutable for the prin-
cipal (k=0), then the maximum payoff for the principal can be attained by independent,

cooperative, or competitive contracts, regardless of the information policy.

Proof. See Appendix. m

The above proposition says that the shape of the optimal contract does not have an
interaction with the information policy when there are no complementarities. Therefore, it
is without loss of generality in this case to restrict attention to independent compensation
schemes, in which case our previous results on the optimality of full information revelation
holds, since in the absence of complementarities between the agents, only the within-person
effort-ability alignment effect is at work, making full information revelation optimal with
general compensation schemes.

When there are complementarities (k > 0) and some information revelation, however,
the shape of the contract may no longer be irrelevant. In this case, it is not possible to
analytically solve for the optimal contract of the principal by inserting optimal efforts into
the principal’s payoff function and maximizing with respect to wgs and wgg. I therefore
use numerical methods to illustrate the best information policy in such a case with general

contracts and various levels of complementarity.

16 Cooperative contracts correspond to supermodular incentive schemes, competitive contracts to sub-
modular incentive schemes, and independent contracts to linear incentive schemes.
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3.4 Numerical Illustrations

In this section, I numerically solve the wage-setting problem of the principal for all three
informational policies (social comparison information and own information, own informa-
tion only, and no information at all), and compare the maximum payoff attained under the
different informational policies, given that wages are set at their respective optimal levels
under each informational policy. I start by writing out the objective function of the prin-
cipal for each informational policy, using the optimal efforts e} (S?) given in Proposition 3.
Plugging in the relevant ef(S*), I then numerically solve the constrained optimization prob-
lem of the principal, which amounts to selecting wggs, wsr subject to the limited liability

constraints and restrictions on the efforts.

3.4.1 The Optimal Wage Structure

Before analyzing the information policy, I first analyze the shape of the optimal contract
under different informational structures.

Result 1 Cooperative incentive schemes, i.e. schemes that involve wgs > wgp are
optimal under all informational structures. While the same maximum payoff can also be
achieved by competitive or independent wages when k£ = 0 or when the information policy
is to give no information, with positive complementarities and an information policy that
gives any kind of interim information (own or social comparison), cooperative wages do
strictly better. Figures 4 plots the difference between the maximized payoffs for different
levels of k, under the best competitive and cooperative contracts when social comparison
information is given, with the following parameter settings: V = 0.3, 4 = 0.7,A =0.4,p =
0.4,ar, = 0.4,ay = 0.7. Trials with different configurations of parameters do not change

the qualitative nature of the result.
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Payoff Difference with the Best Cooperative and Best
Competitive Wage, SC Information
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Figure 4

3.4.2 The Optimal Information Policy

Result 2: The principal’s payoff is always higher with more information when general
wage schemes can be chosen, i.e. I1°¢ > [1°%" > [1"°, with strict inequality for k # 0.
Figure 5 illustrates the principal’s payoff under the three informational choices, as k
varies. As can be seen, giving social comparison information along with own information
is superior to giving own performance information only, which in turn is better than giving

no interim information at all.

For u=0.7, A=0.4, p=0.4, aH=0.7, aL=0.4, V=0.3

T sc
0.013 OWN
0128 | NO|
0126
0124
0122 ]

0.05 0.1 0.15 0.2 0.25 0.3 0.35

Figure 5. Expected Payoffs with Different Information Policies
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The intuition for the result is that cooperative wage schemes increase the covariance
between the efforts of the two agents, thereby mitigating the negative effects of social
comparison information and restoring the optimality of full information revelation. Recall
that when social comparison information is given, it leads to an increase in one agent’s self-
confidence and a decrease in that of the other, which leads to a decrease in the covariance of
the efforts. Cooperative wages serve to mitigate this effect, since they induce an incentive
for the agents to increase effort when the other agent does so. Figure 6 plots the covariance
between the efforts at the best cooperative wage scheme (which is the optimal scheme), and
the best competitive scheme (which actually is the same as the best independent scheme,
because the constraint that wsr > wgs will bind at the optimal solution). As can be seen
from the figure, the covariance of efforts is higher with the cooperative wage scheme, and

the difference increases with the level of complementarity.
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3.4.3 Some Comparative Statics Results

I now look at how a change in the parameters of the model affects the difference between
the maximized payoffs with social comparison information and own information. The fol-

lowing figures illustrate the effects of a change in A\, ag — ay, and i on the payoff difference.
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As seen from Figure 8, the payoff difference becomes higher as ay — ay, increases, because
the variance of ability increases with the spread of the ability levels, making information
more necessary and desired by the agent. Likewise, the payoff difference is at its highest
when A=0.5, which corresponds to the highest variance for the common factor, making
social comparison information more valuable.

Looking at the third graph, which plots the maximized payoff difference against p (the
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probability of the idiosyncratic risk being high), we see that the difference is at its lowest
when g is equal to 0.5, the point where the variance of the idiosyncratic shock is at its
highest. The intuition for this result is that social comparisons are less informative when
the variance of the idiosyncratic shock is high, blurring the informational value of the

comparison.

3.5 Discussion

The above analysis illustrates that the principal’s choice of whether to withhold or reveal
social comparison information is based fundamentally on three main factors: (1) the com-
plementarity between effort and ability on an individual level, (2) the complementarity of
performances across agents, (3) the degree of control the principal has on monetary incen-
tives. Recall that the within-agent complementarity pushes the principal toward revealing
as much useful information as possible (including social comparison information), whereas
the across-agent complementarity might work against revealing social comparison informa-
tion under certain parameter restrictions. The complementarity at the individual level is
fixed by our specification of the production (or probability of success) function. When the
across-agent complementarity increases, assuming that the parameter restrictions are met,
revealing social comparison information, which induces a negative correlation in efforts and
outcomes, becomes worse than revealing own performances only.

Suppose, for a moment, that the only options available to the principal were to give
own performance information or no information at all. In this case, the within-person
effort-ability alignment effect and the presence of complementarities would both push the
principal toward the revelation of own information, since the correlation of outcomes when
only own information is given is positive, because of the common uncertainty. Likewise, if
a finer individualistic information structure were available (say, each agent observing two
signals of own performance rather than one), this would always be preferred to observ-

ing only one signal, due to the better ability-effort alignment it induces. Although social
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comparison information, like any other kind of valuable information, is also beneficial for
better alignment of effort and ability, letting agents observe each other’s performances is
fundamentally different than letting them observe another performance signal of their own,
in the presence of complementarities, because of the across-agent outcome alignment issue.
That is why we have a region where the optimal policy is to withhold social compari-
son information but reveal own performance information, if complementarities are strong
enough.

In the above analysis, I have made several modeling choices and assumptions that
deserve further discussion. I assumed, for instance, that the first period signal realizations
depend on ability and difficulty, but not effort. This assumption is made mainly to be able to
focus on the signal extraction problem caused by common uncertainty, and involves no loss
of generality for the main result on belief updating. Given that agents start with identical
priors and therefore exert the same effort, this equilibrium effort would be accounted for
in the inference process and would not distort the belief updating in response to observing
social comparison information. However, the first period effort levels would be influenced
by a learning effect, whereby agents have an incentive to make their signals more precise
by exerting more effort, depending on what kind of information policy is in effect, which in
turn would be another factor that influences the optimal information policy. Such learning
effects have been studied in Meyer and Vickers (1997) and elsewhere, so I choose to focus on
the subsequent motivational effects of information by bringing effort into the picture only in
the second period. Another assumption worthy of mentioning is that I abstract from task
difficulty in the analysis of the second stage. This captures situations where the common
uncertainty is uncorrelated across periods (e.g. an easy exam today does not make it more
or less likely that the next exam will be easy). If the common shock is correlated across
periods, however, agents’ belief updating would now affect their optimal effort not only
through ability perception but also through the inference of the common shock. In that

case, observing good outcomes by other agents could generate a positive impact on effort
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through a decrease in difficulty perception, working against the negative impact generated

by the decline in ability perception.

4 Extensions
4.1 Different Priors and Overconfidence

The current model assumes that the distribution of the agents’ abilities are the same,
and that this is common knowledge. This assumption can be relaxed in two main ways.
First, in contexts where social comparisons generate information about abilities, it may be
important to consider the possibility that agents’ perceptions of themselves can be different
than their perception of others—for instance, agents may be overconfident (e.g. Santos-
Pinto and Sobel (2003)). Second, all agents may share the belief that one agent is likely to
be more able than the other (the expected abilities may be different), or simply less may
be known about one agent than the other (the variance of the ability distribution may be
different across agents). To capture such effects, the model can be generalized to account
for differences in beliefs. In this section, we study one of the above possibilities: the effects
of overconfidence on the information disclosure policy.

Suppose the principal’s prior beliefs about the agents’ abilities differ from those of the
agents. Specifically, suppose the principal’s prior is normal with mean of and variance o2,
whereas each agent has beliefs about himself that are normal with mean a4 and variance
o2 , where af < a”. Assume each agent’s prior beliefs about the other agent’s ability are
the same as the principal’s. In a sense, each agent has optimistic beliefs about himself, but
“correct” beliefs about the others. I assume that the performances of the agents are perfect
substitutes for the principal, and that the reward scheme is independent and exogenous.
The below proposition shows that if overconfidence on the part of the agents is severe
enough, it would be better for the principal to commit to withholding social comparison

information, even when performances are perfectly substitutable.!”

170One might think of different ways to model overconfidence, such as assuming that all agents have the
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Proposition 7 Suppose the principal’s expected payoff is given by I1 = Elaje; + ages|V
(perfect substitutability). If agents are sufficiently overconfident ( a? — aP is high enough),
the expected payoff of the principal is higher if she makes the other agent’s signal unobserv-

able to each agent.

Proof. See Appendix. m

By abstracting from the effect of complementarities, the perfect substitutes case enables
us to identify the difference that overconfidence makes for the optimal feedback policy.
Notice that, in the presence of overconfidence, we still have the "alignment effect" at the
individual level, which tends to make more information better from the perspective of the
principal. However, now there is also a new effect which makes the principal believe that
information is likely to bring bad news for the agents, giving her an incentive to withhold
signals (notice that given the principal’s information set, she calculates expected confidence
as ET(EA (a;|si,5-1)) < E4(a;)). Notice also that social comparison information, in this
context, is not different from any other type of “better information". For cases with
complementarities, the intuition gleaned from the above analysis suggests that the threshold
levels of substitutability required for the optimality of information revelation would go
up in the presence of overconfidence, since overconfidence pushes the principal toward

withholding information.

4.2 Partial or Selective Information Revelation

In this paper, I restrict attention to three types of information policies (no information at all,
own performance information only, and social comparison information), and motivate this
by the assumption that the principal will not have access to the interim performance signals
herself, or that the interim signals are not contractible. Such a restriction is reasonable in

some contexts and not in others. If If we interpret information revelation as the decision

same priors about their own and others’ abilities, which are more optimistic than the principal’s. It is
possible to show that the result of this section extends to that case. Moreover, the results directly extend
to the discrete case as well.

39



of whether or not to create a setting where agents can observe each other (such as having
two people work together on a similar task etc.), this restriction in focus is warranted.
If, however, the principal has access to all the interim performance signals and decides
on the disclosure policy after observing them, possibilities such as partial disclosure (e.g.
disclose all information whenever both agents get a good signal but not otherwise) or
selective disclosure (e.g. disclose only to the agents that have observed a good signal)
may arise, although they may not be practical in real-life feedback policies. An obvious
extension to the current model, therefore, would be to pursue the extension of generalizing

the information policy.

4.3 Informed Principal

The model in this paper assumes symmetric information between the principal and agents
at the time the information policy is chosen, i.e. neither the principal nor the agents know
abilities or the common shock at that point. An alternative would be for the principal
to have private information about the agents’ abilities before designing the information
disclosure policy. This is especially realistic in educational settings, where the principal
(teacher) accumulates superior information about the agents (students) through her exper-
tise in judging performance. In this case, posterior beliefs would not only depend on the
signals observed, but also on the disclosure policy itself.!® When the information policy
is chosen without knowledge of abilities, as in the current model, observing a bad per-
formance by another agent along with his own bad performance helps the agent preserve
favorable beliefs about himself. If the principal’s equilibrium policy, however, is such that
only groups of agents with sufficiently low ability are shown each other’s performances, the
ability inference given others’ bad outcomes may not be so favorable, since now the agent
also updates his beliefs about the ability composition in the group. Ability grouping policies

in education, for instance, may generate a conflicting impact on self-concept. On the one

8 Ertac, Molnar and Virag (in progress) study a related model with imperfect self-knowledge, where the
agents use the principal’s wage offer to update their beliefs about ability.
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hand, for a struggling student, it may be morale-boosting to observe other students’ bad
performances in the same task. However, the very fact that the student has been grouped
with low-performers might tell him something negative about his ability, if the grouping
by the principal was made with knowledge of abilities. It might be interesting to contrast
the equilibrium information disclosure policy in such a case with the current version where

the principal does not have an informational advantage.

5 An Experimental Test of the Theory

In this section, I report the main results from an experiment designed to test the informa-
tional theory of social comparisons. Assessing the validity of the theoretical model in the
paper is crucial for evaluating the reliability of its policy implications. Controlled experi-
ments are very useful for this purpose, since they provide a setup where the value of the
comparison information can be clearly assessed and optimal decisions calculated. More-
over, laboratory experiments make measurement of individuals’ beliefs possible, which,
given the importance of “self-perception” in the issue of social comparisons, is of utmost
importance, and especially hard to achieve in field settings. The experiment presented here
tests the agent side of the theoretical model, which is a prerequisite for the validity of the

implications regarding the principal’s optimal policy.

5.1 Experimental Design

The experiment is designed to test the informational theory of social comparisons by an-
alyzing whether individuals use valuable social comparison information correctly in (1)
forming judgments and (2) making decisions. Subjects are faced with a decision problem
in which the optimal solution should depend on the perceived value of an individual-specific
random variable, which I call "individual factor" for neutrality in wording. This variable
corresponds to ability in the theoretical model. The individual factor is randomly assigned

to be either high or low for each subject each round, with equal chance. Individual factors
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are independently distributed across subjects, and over the rounds.

Part of the payoffs come from an investment decision, where investing more has higher
return if the individual factor is high. Before the investment decision is made, there is a
learning stage where each individual observes an interim outcome (a good or a bad signal),
which is determined by the interplay of the individual factor and a "common factor" (an
unknown random variable that affects the outcome of everyone in the same group in the
same way). The common factor, like the individual factor, can be either “high” or “low”,
with equal chance, and is drawn independently of the individual factor.’® The computer
randomly matches subjects in 5-person groups each round, with each group being assigned
a particular common factor in that round. Observing a good interim outcome is more likely
when one’s individual factor is high or when the common shock is favorable. Specifically,

the probability of a good outcome is given by the following table?’:

Common Factor High | Common Factor Low
Ind. Factor High 1 0.5
Ind. Factor Low 0.5 0

Social comparison information in this context refers to information on how many individ-
uals have observed a good interim outcome in a given round, coupled with the information
on an individual’s own outcome. As shown in the theoretical section, keeping one’s own
outcome constant, Bayesian updating implies a posterior belief about ability that decreases
in the number of good outcomes in the group. Therefore, letting s; denote subject i’s in-
terim outcome, IF; her individual factor, C'F’ the common factor and ng the number of
good outcomes in the rest of the group, we have the following:

(i)Pr; (I1F; = H| s;,ng) is decreasing in ng.

(ii)Pr; (CF = H| s;,ng) is increasing in ng.

9The "common factor" is meant to capture "difficulty" in the theoretical model, except for the slight
change in interpretation that a "higher common factor" refers to an easy task (a good shock).

20Notice that this specification corresponds to the parameterization p = 0.5, A = 0.5, = 0.5 in the
theoretical model.
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The following figures show the Bayesian posterior beliefs about the individual and the

common factor, after different levels of social comparison information.
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1

0.8 4

0.6

. —e— Good Own
Pr(IF=High) Outcome
0.4 1 —=—Bad Own
Outcome
0.2 4
0 T T T
0 1 2 3 4
Number of Good Outcomes by Others
Figure 10.
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Figure 11.
I use a within-person design in order to analyze how individuals update their beliefs and
decisions when they see their own outcome and when they see others’ outcomes. The stages

of a given round is as follows:

e Individual and common factors are randomly chosen by the computer (true values

never observed by the subjects).
e Own outcome is observed (good or bad).
e Beliefs about individual factor and the common factor are submitted.
e An investment decision is made.
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The number of good outcomes by the other people in one’s group is observed.

Beliefs about individual factor and common factor are revised.

Another investment decision is made.

One of the two belief-decision pairs is randomly picked to "count" for payoffs in that

round.

In what follows, I explain the procedures in more detail.

Belief Elicitation: To obtain insight into how beliefs are updated when social compari-
son information is observed, subjects’ beliefs about the individual factor and the common
factor were elicited using a quadratic scoring rule, which rewards the individual for more
accurate beliefs (see Selten (1998) and Sonnemans and Offerman (2001) for a discussion
of such rules in experiments). The elicitation procedure amounts to subjects submitting
probabilities for the individual factor or the common factor being high and low, and is
incentive-compatible under the assumptions of risk-neutrality and expected payoff maxi-
mization. The belief elicitation procedure is implemented twice in a given round: once after
observing own outcome, and a second time after observing the number of good outcomes
in the group. In each belief elicitation stage, subjects submit their beliefs about both the

individual factor and the common factor.

The Decision Problem: After submitting beliefs, subjects are asked to choose a level
of investment. The investment decision is structured such that an individual with a high
individual factor obtains a higher marginal return from investing than one with a low
individual factor. Specifically, every unit invested has a return of 12 points if the individual
factor is high and 3 if the individual factor is low. Investment costs are increasing, and
convex in the level of investment, given by C'(I) = I?/2, where [ is the level of investment.

Therefore, if individual factors were known, the optimal level of investment by a subject

44



with a high-individual factor would be higher than that of one with a low individual factor.
When individual factors are unknown, more positive beliefs about the individual factor
should translate into a higher optimal investment choice. Maximizing the expected payoffs
from investment yields

I* =3+ 9(Pr(IF = H))

as the optimal investment choice given beliefs about the individual factor being high.
Rather than the costs and benefits of investment, subjects were given a table that di-
rectly presents the net payoff from investment depending on ability being high or low. As
with belief elicitation, the investment decision was made twice in a given round: pre- and

post-social comparison information.

Payoffs: The payoffs in the experiment come from three sources: payoffs from beliefs,
payoffs from decisions, and a fixed payoff to be paid in every round. The computer randomly
picks either the pre-social comparison or post-social comparison sets of beliefs and decisions
to use in the calculation of the actual payoffs in a given round?!. The specific quadratic
scoring rule formula used in the calculation of payoffs from estimation is given in the online

appendix, along with the payoffs to different levels of investment.

5.2 Hypotheses

The hypotheses generated by the experimental design are as follows:

Hypotheses About Beliefs: Hypothesis 1: (Actual versus Bayesian posteriors) Pos-
terior beliefs (both pre- and post-social comparison information) are equal to their Bayesian
counterparts.

Hypothesis 2: (Within-subject ranking of posteriors) Each individual’s posterior beliefs

about the individual factor should be increasing in her own outcome and decreasing in the

21 This is done in order to give incentives for the subjects to pay as much attention to pre-information
choices as the post-information ones.
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number of good outcomes by the others. Posterior beliefs about the common factor should
be increasing in own outcome as well as the number of good outcomes by the others.

Hypothesis 3: (Direction of the change in beliefs with social comparison information)

a)The probability assigned to having a high individual factor should increase, compared
to its pre-social comparison information level, if less than two of the four outcomes of the
remaining people in the group are good. If more than two good outcomes are observed,
the probability should decrease, and it should stay the same if exactly two good outcomes
are observed.

b)The probability assigned to the common factor being high should increase (decrease)
compared to its pre-social comparison information level, if at least (less than) two of the
four outcomes of the remaining people in the group are good.

Hypotheses About Investment:

Hypothesis 4: (Optimality of Investment Given Beliefs) Subjects’ investment levels are
given by I =3+ 9(Pr(IF = H)), where Pr(/F = H) is the submitted belief about having
a high individual factor.

Hypothesis 5: (Actual versus "Truly Optimal" Investment) Subjects’ investment de-
cisions reflect the optimal investment level given their outcome (and given the Bayesian
posterior given that outcome).

Hypothesis 6: (Within-subject ranking of investment levels) Each individual’s invest-
ment levels should be increasing in her own outcome and decreasing in the number of good
outcomes by the others.

Hypothesis 7: (Direction of the change in investment levels with social comparison
information) Investment should increase (decrease), compared to its pre-social comparison
information level, if less (more) than two of the four outcomes of the remaining people in
the group are good. Investment should stay the same if exactly two good outcomes are
observed.

This within-person design enables us to test the predictions of the informational theory
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of social comparisons by generating data on (1) whether individuals use social comparison
information “correctly” in forming their perceptions, and (2) whether their investment
decisions are affected by their beliefs (and indirectly the social comparison information

they observe) in the way that the theory predicts.

5.3 Procedures

The experiments were conducted at the California Social Science Experimental Labora-
tory (CASSEL) at UCLA, using a Java-based computer program designed for this exper-
iment. Seventy undergraduate students participated in the experiments®?, and typically
the sessions lasted close to one and a half hours. Twenty rounds were run for pay, and
subjects participated in 3 practice rounds before the "real rounds". After the practice
rounds, they were given a computerized quiz, which they needed to complete correctly to
be able to proceed. Earnings in the experiment were denominated in "points", with an
exchange rate of 100 points=$0.70. Average earnings in the experiment were around $20.
Subjects were given two handouts at the start of the experiment: one describing the po-
tential payoffs from estimation (derived from the quadratic scoring rule), and the other
the payoffs to different levels of investment, depending on whether the individual factor
was high or not. At the end of each round, the subjects were given information about
which of their two investment choices was picked, the payoff they obtained, and their total
payoff up to that point in the experiment. At the end of the experiment, a survey was
given, which collected information about their perceived level of understanding of the de-
cision problem, gender, and major. Below, I present the results from the analysis of the
20 rounds of data from 67 of the 70 subjects that participated.?> The full instructions,

handouts, and payoff tables used in the experiment as well as screenshots of the computer

22 Apart from the sessions whose results are reported here, two pilot sessions were also run.

23 Three subjects were taken out of the analysis because they either submitted extremely high investment
choices that left them with a hugely negative payoff over the rounds, or their behavior in the experiment
as well as their own response to the survey question of how well they understood the setup indicated poor
understanding of the instructions.
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program and the derivation of posterior beliefs can be found in the online appendix at

http://www.bol.ucla.edu/ " sertac/research/appendix.html.

5.4 Results

Consistent with the hypotheses stated above, there are several dimensions in which the
data from the experiment can be analyzed. First of all, we can pit the actual beliefs and
investment chioces of the subjects against the optimal benchmarks given by the theory,
and analyze how close to the theoretical model actual behavior is, in terms of magnitude.
Second, we can focus on submitted beliefs alone, to see whether the ranking of submitted
beliefs after different kinds of social comparison information is observed is consistent with
the theoretical ranking. Third, since we have within-subject data on how beliefs change
upon receiving social comparison information, we can test whether the direction and mag-
nitude of belief-updating is consistent with the theory. In what follows, I analyze first the
beliefs and decisions after observing own outcomes only, and then move on to the analysis

of social comparisons.
5.4.1 Pre-Social Comparison Information Results:

I first start by analyzing the submitted beliefs and decisions after observing own outcomes.
The following table shows some descriptive statistics regarding the mean and variances of
the submitted beliefs and investment choices in the first stage, before social comparison
information is observed. The first number in the optimal investment cell gives the optimal
investment level given the subject’s submitted beliefs, and the second number gives the
optimal investment level given the posteriors that should have been submitted if subjects

were perfectly Bayesian.

‘ | Own Outcome=Good ‘

Mean(Submitted) | Optimal | Std.Dev.(Submitted)
Pr(IF = high) | 0.7035 075 | 0.1625
Pr(CF = high) 0.6528 0.75 0.1680
Investment. 7.785 9.331/9.75 | 2.841
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‘ | OwnOutcome=Bad ‘

Mean(Submitted) | Optimal | Std.Dev.(Submitted)
Pr(IF = high) | 0.3519 0.25 0.1919
Pr(CF = high) | 0.399 0.25 0.1787
Investment 5.013 6.175/5.25 | 2.594

Actual versus Bayesian posteriors:

The first result to be noted about the first-stage beliefs is that subjects attribute a
lower probability than they should to having a high individual factor when they see a good
outcome, and a lower probability than they should to having a low individual factor when
they see a bad outcome. The same pattern is observed with the common factor: subjects
underattribute to having a high factor when they see a good outcome, and underattribute
to having a low factor when they see a bad outcome. The Wilcoxon sign-rank test?* shows
that when a good outcome is observed, submitted beliefs for having a high individual
factor are significantly lower than Bayesian beliefs (z=-2.920, p=0.0035). When a bad
outcome is observed, on the other hand, we have that the probability assigned to having
a high individual factor is higher than the Bayesian benchmark (z=4.881, p-value=0.0000)
Likewise for the common factor, the probability assigned to the high state is lower than
it should be when a good outcome is observed (z=-4.800, p=0.0000), and higher than it
should be (z=5.843, p=0.0000) when a bad outcome is observed. In general, subjects seem
to have a strong tendency to assign lower probability than the Bayesian benchmark to the
state that is more likely given the outcome (low state when bad outcome is observed, high
state when good outcome is observed) 2.

Ranking of Beliefs:

Next, we look at the ranking of beliefs when a good outcome is observed versus a bad
outcome. As expected, the probability assigned to the high state is higher when a good

outcome is observed than when a bad outcome is observed, for both the individual factor

24To avoid the effects of dependence arising from potential subject-specific effects, the data is averaged
across rounds for each subject in the nonparametric tests.

Z5For all the reported results from non-parametric tests, parametric counterparts such as the t-test give
the same result, with similar p-values.
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and the common factor. Mann-Whitney tests show that this difference is statistically very
significant with a p-value of 0.0000 (z= -9.513).

Comparing the payoffs that subjects would get from estimating the individual factor
and the common factor, we see that there is no statistically significant difference between
the two (p=0.8628).

Investment Levels:

The second question is how beliefs translate into decisions. There are two different op-
timality benchmarks, against which actual investment levels can be compared: optimality
given submitted beliefs, and optimality against a full Bayesian benchmark (optimal deci-
sion given Bayesian posteriors rather than submitted beliefs). Analyzing the investment
decisions in the first stage, subjects seem to have a significant tendency to underinvest
given their beliefs, and this tendency is present both after observing a good outcome and a
bad outcome (the Wilcoxon sign-rank test statistic is z= -5.168 when outcome=good, and
z=-4.712 when outcome=bad, both signifcant at p=0.000). If we compare the observed
investment levels with the optimal investment levels with optimal beliefs (rather than the
actual beliefs submitted by the individual), we get the interesting result that subjects sig-
nificantly underinvest when they see a good outcome, but the hypothesis that investment
levels are equal to the optimal levels when a bad outcome is observed cannot be rejected.
The reason for this difference is that subjects tend to underinvest given their beliefs, but
this effect is counteracted by their tendency to overestimate the probability of having a
high individual factor when they see a bad outcome, as mentioned above, which makese
observed investment levels closer to the optimal ones with Bayesian beliefs.?S.

We now move on to the analysis of the effect of social comparison information on beliefs
and decisions, to test the main premise of the theoretical model, which is that beliefs about

ability (the individual factor) are decreasing in the number of good outcomes in the group.

26 There are possible explanations for the underinvestment behavior, such as risk-aversion, but we bypass
those issues since the within-person design allows us to focus on the change in beliefs and decisions when
comparison information is observed and analyze the effects for a given risk-aversion parameter.
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5.4.2 Post-Social Comparison Information Results:

Beliefs: The first question, as before, is how close post-comparison information posteriors
are to the Bayesian benchmarks. The following figures plot the beliefs (averaged across all
subjects and rounds) about the individual and the common factor, given different levels of

social comparisons, against the Bayesian posteriors.
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Actual vs. Bayesian Posteriors for the Common Factor
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Figure 14

As can be seen from Figure 14, mean beliefs about the common factor being high increase
with the number of outcomes, as the theory predicts, but the submitted belief profile seems
to be more conservative than Bayesian posteriors (especially at the extremes), which may
be a consequence of risk-aversion. Results from sign-rank tests that pit the observed beliefs
against the optimal benchmarks for different types of comparison information sometimes
indicate significant differences between the actual beliefs and the Bayesian posteriors, both
for the individual factor and the common factor estimation. Mainly, the observation that
subjects assign too low a probability to having a high individual factor when the outcome is
good and too high a probability when the outcome is bad seems to be preserved. Another
observation is that subjects update much less than they should when they see "extreme"
types of social comparison information that are in the same direction as their own outcome
(i.e. observing 4 good outcomes when one’s own outcome is good, or observing 4 bad
outcomes when one’s own outcome is bad)?".

Comparing the actual beliefs with the Bayesian posteriors is not very informative about
the way subjects process the social comparison information, however, because the absolute

level of the submitted second-stage beliefs does not say much about the true effect of social

27Tt should be noted that the optimal change in beliefs is lower in these cases too. Suppose that the first
stage outcome is good. In this case, observing 4 good outcomes will change beliefs less than observing 4
bad outcomes.
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comparison information, since any such effect will be confounded with the general updating
errors and tendencies of the subjects. The more interesting analysis involves looking at
the change in beliefs after social comparison information is observed, to see whether the
direction of belief updating in response to the observation of others’ outcomes is correct.
Recall, from Hypothesis 4, that beliefs about the individual factor should go down (up)
when more (less) than 2 good outcomes are observed, and beliefs about the common factor
should go up when at least 2 good outcomes are observed. I use a random-effects model
to test the direction of the learning. Specifically, I regress the change in beliefs after social
comparison information is observed on a constant and outcome dummies, allowing for
subject-specific effects®.

The following tables illustrate the results of the regressions for the individual factor
and the common factor?®. We are interested in the effects of the outcome dummies on the
change in beliefs when social comparison information is observed. The dependent variable,

therefore, is the second-stage belief minus the first stage belief.

Change in Beliefs About the Individual Factor
GLS Regression When Own Outcome=Good

Coeff. | Change | Std. Dev. | z
constant | 0.1689 | 0.1689 | 0.025 6.75%
numG=1 | -0.1104 | 0.0585 | 0.0294 -3.76*
numG=2 | -0.1835 | -0.0146 | 0.026 -7.06*
numG=3 | -0.1963 | -0.0274 | 0.248 -7.9%
numG=4 | -0.2077 | -0.0388 | 0.0269 ST

28Gession dummies used to account for potential session-specific effects turn out to be insignificant and
are not included.
29% denotes statistical significance at the 1% level.
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GLS Regression When Own Outcome=Bad

Coeft. Change | Std. Dev. | z
constant | 0.0361 0.0246 | 0.0187 1.32
numG=1 | -0.0156 | 0.0205 | 0.2027 -0.77
numG=2 | 0.0004 0.0365 | 0.0249 0.02
numG=3 | -0.01826 | -0.1465 | 0.0238 -7.65%
numG=4 | -0.2182 | -0.1822 | 0.0279 -7.82%

Change in Beliefs About the Common Factor
GLS Regression with Group Outcome Dummies |
Coeff. | Change | Std. Dev. | z
constant | -0.2246 | -0.2246 | 0.0239 -9.38*
numG=1 | 0.0238 | -0.2007 | 0.0283 0.84
numG=2 | 0.0983 | -0.1263 | 0.0306 3.21%*
numG=3 | 0.2910 | 0.0664 | 0.0282 10.3*
numG=4 | 0.4159 | 0.1914 | 0.0275 15.12%
numG=>5 | 0.4834 | 0.2589 | 0.0331 14.59*

The coefficients of the outcome dummies in the above tables illustrate the effect on
beliefs compared to the benchmark case, which is the case where the number of good
outcomes in the rest of the group is zero (captured by the constant in the regression).
Therefore, in order to understand the effect of observing a particular outcome on the pre-
and post-information belief difference, I add the coefficient of the constant to the other
coefficients, as given in the "change" column. For instance, looking at the first table, we
see that seeing one good outcome by the others increases beliefs by about 6%.

Recall that the prediction of the model is that subjects should increase their beliefs
about the common factor being high if they see more than two good outcomes by the other
subjects, and decrease them otherwise. Looking at the third table, we see that this is
very much borne out in the data: the change in beliefs from the first round to the second
round is negative up to three good outcomes, the direction of belief change with different
numbers of good outcomes is always in the correct direction, and almost always statistically
significant.

The prediction of the model is that first-stage beliefs should be reduced (increased)
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when more (less) than two outcomes by the remaining subjects are observed, and kept the
same if exactly two outcomes by the remaining subjects are observed. The first and second
tables above present the results from two separate regressions, depending on the subject’s
own outcome. When own outcome is good, it is possible to see that the direction of belief
updating between stages with different types of social comparison information is correct.
That is, beliefs about the individual factor decrease with the observation of more good
outcomes by others. Also, the revised beliefs are higher than first-stage beliefs up to two
good outcomes, and lower after that, in line with the theory. One observation that is worth
noting is that there is not a big change in beliefs when four good outcomes are observed as
opposed to three.

The behavior when own outcome is bad is somewhat more erratic in the sense that
there is little updating in terms of magnitude when 0 to 2 good outcomes are observed by
others, although it is mostly in the correct direction (the updating becomes statistically
significant if we have fewer social outcome dummies, e.g. smaller than, equal to, and
greater than 2 good outcomes). After 2 good outcomes, however, we see a marked and
statistically significant decline in beliefs, which theoretically should be the case. Looking
at both regressions (when outcome is good and bad), the general tendency seems to be
that subjects update less strongly than they should when they see extreme observations
of social comparison information that go along with their own outcomes: i.e. observing 4
good outcomes when one’s own outcome is good or observing 4 bad outcomes when one’s
own outcome is bad. In terms of direction, however, the predictions of the informational
theory of social comparisons are mainly upheld by the data.

Looking at the first table (where we analyze the effect of social comparisons when
own outcome is good), we can see that beliefs increase up to two good outcomes, and
decrease after that, consistent with the theoretical prediction, and that social comparison
has a statistically significant effect on the change in beliefs. Looking at the second table,

the direction of the belief change with a bad own outcome is such that when the good
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outcomes observed by the rest of the group is greater than or equal to 3, an decline in
beliefs are observed, and an increase is observed otherwise, but the effect of observing 0 or
1 good outcomes is not statistically significant.

Another dimension to analyze the data along is to look at the ranking of the beliefs for
different levels of social comparison information. Mann-Whitney tests that test the equality
of beliefs when less than two or more than two good outcomes by others is observed (keeping
own outcome constant) shows that beliefs about the individual factor are significantly
higher when less than two good outcomes by others is observed (p=0.0001, p=0.0000 for
good and bad own outcomes, respectively). Likewise, beliefs about the common factor are
significantly higher when more than two good outcomes by others are observed (p=0.0000
for both good and bad own outcomes), in line with the theoretical prediction.

One important question, of course, is how valuable social comparison information is for
payoffs. A comparison of the pre- and post-information estimation payoffs gives the result
that information is valuable for both estimating the individual factor and the common
factor, although more so for the common factor ( z = 2.861, p=0.0042 for the individual
factor and z = 10.115, p= 0.0000 for the common factor). Related to this, looking at
the payoft difference in the second-stage estimations of the individual and the common
factors, it is possible to see that subjects have an easier time using the social comparison
information in updating beliefs about the common factor. The payoffs from estimation of
the common factor are significantly higher than those from estimation of the individual
factor in the second stage (Sign-rank test, z=-4.722, p=0.0000), a difference which was

absent in the first stage when only own information is observed.
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Decisions:

The above graphs plot the actual investment level (averaged across individuals) against
the optimal investment given submitted beliefs, and the optimal investment given Bayesian
posteriors. It is possible to see that the tendency of the subjects to underinvest continues
after observing social comparison information, with a notable exception in the extreme case
of a bad own outcome and 4 good outcomes by others. The reason for this difference is
twofold: First of all, subjects do have a tendency to overassign a probability to having a
high individual factor when they observe a bad outcome, which tends to make investment

levels higher than optimal. Second, subjects do not update as much as they should when
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they see extreme cases of social comparison information (in this case they do not update
downward enough). These two effects make the actual investment level higher than optimal
in those cases.

A Mann-Whitney test shows that there is a significantly more positive change in in-
vestment levels as compared to the first stage when less than two good outcomes by others
are observed, for any given own outcome (p=0.07 for a good own outcome, and p=0.0324
for a bad own outcome). A comparison of absolute investment levels in the second stage,
when less or more than two good outcomes by others are observed, shows that investment
is higher in magnitude when less than two outcomes are observed, but this effect is not
significant at the 5% level.

Overall, it is possible to say that the predictions of the informational theory of social
comparisons is borne out by the experimental data in that subjects seem to update their
beliefs about the individual and the common factor in the right direction most of the time.
The magnitude of the change, however, is not always in line with what the theory predicts.
In particular, subjects seem to be less responsive than they should be to extreme outcomes
by the group that are in the same direction as their own outcome. In other words, they
do not decrease their beliefs enough when they have observed a good outcome and see
that everyone else has also observed a good outcome, and they do not increase their beliefs
enough when they have observed a bad outcome and see that everyone else has also observed
a bad outcome. As for investment levels, a major tendency that is observed in the data is
for the subjects to invest less than the optimal amount given the beliefs they submit, but
the underinvestment tendency is in some cases mitigated by the inaccuracy of the beliefs
they submit (assigning a higher probability to the individual factor being high), making
investment levels closer to the true optimal level (with Bayesian beliefs). Investment levels

also seem to be less sensitive to social comparison information than beliefs are.
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6 Conclusion

This paper puts forward a novel framework for analyzing social comparisons; modeling com-
parisons as a source of information for ability inference when individuals have imperfect
self-knowledge. The model captures, using a standard economic framework and without the
need for any external payoff dependence, the fundamental insight that performing worse
than others makes an individual feel less competent. It also explains many related findings
from the psychology literature. This framework is likely to prove useful for thinking about
the effects of comparisons in several different settings, and for predicting when the same
comparison is likely to have an effect on behavior and when not (for instance, the model
predicts that only "informative" comparisons, e.g. with similar agents, would have an
influence on beliefs and hence behavior). Moreover, the results suggest policy recommen-
dations for improving overall performance in multi-agent settings such as the workplace
or the classroom, through the manipulation of the availability and content of information,
and hence agents’ beliefs.

Restricting attention to exogenous, independent reward schemes, I find that the com-
parison of different information policies boils down to two main effects: an effort-ability
alignment effect at the individual level, and a performance alignment effect across agents.
Variants of the first effect has been discussed in other information-economic models in the
literature (e.g. Athey and Levin (1998)). The second effect, which may lead the principal
to withhold useful social comparison information from the agents is new. In the presence
of complementarities across agents in the principal’s payoff function, the principal does
not like the fact that social comparison information induces a negative correlation between
self-confidences, efforts, and outcomes. Consequently, I find that there exist parameter con-
figurations for which the principal would prefer to disclose to agents own performance in-
formation but withhold social comparison information, when complementarities are strong

enough. When a general incentive scheme with potentially dependent payments across
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agents can be chosen along with the informational policy, however, the principal now has
another tool for manipulating the correlation of agents’ efforts and outcomes, and chooses
to use "cooperative contracts", which mitigate the negative effects of social comparison
information on the association of performances between agents, and makes full revelation
optimal.

The model generates several testable implications, and the results relate to organiza-
tional design in a fundamental way. The first set of results, as noted above, are based on
the nature of the principal’s objective function. In settings where the substitutability of
performance is high (such as when only the "best" performance matters, as in R&D con-
texts, or where agents do not possess individual-specific skills that make them irreplaceable
in production), the model suggests that social comparisons should be allowed to the maxi-
mum extent, whereas in settings where each agent’s effort and performance is not perfectly
substitutable for the principal, it may be best for the principal to supress social compar-
isons. It is worth noting again, that the policy recommendations from the model need not
be exclusively interpreted in terms of direct performance feedback revelation. The same
type of effect on motivation may be achieved through a reduction in the comparability of
performances across agents (e.g. by making agents who will necessarily observe each other
work on different tasks, or forming work groups or teams of agents with divergent back-
grounds), instead of the principal directly revealing or hiding the performances of agents
from each other. The main results of the paper would be applicable with the appropriate
interpretation in such settings as well.

Another important area where results can be applied is educational settings. The self-
concept that students develop in school is often crucial for the effort they put into classes,
their drop-out decisions, aspirations and, career choices; and an important source of in-
formation that shapes the academic self-concept is comparisons with peers. The effects of
social comparisons on self-concept and behavior suggest that manipulating the availability

and content of comparisons may potentially lead to an improvement in overall educational
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performance. One way that this can be achieved, where the paper’s results would directly
apply, is to decide whether to make grade distributions publicly available, or to reveal to
students their own scores only. Another, less direct policy tool is ability grouping, since
by manipulating the comparison group of students, it might be possible to influence their
self-perception and therefore effort. As mentioned before, this has been found to be impor-
tant in the case of gifted students, and is likely to be important in general in cases where
“confidence-management” is an important objective of policymakers.

The second set of results links the optimal policy to the amount of discretion the prin-
cipal has in choosing the compensation scheme. In some settings, feedback policies and
compensation policies are determined by separate authorities (as in the case of a division
manager who has no control over the compensation scheme), and in others, the principal
has full control of any policy; monetary or informational. The results indicate that in the
presence of complementarities, it would be optimal to use cooperative wage schemes along
with full information revelation. This is because cooperative wage schemes where each
agent’s payment depends positively on the performance of the other agent mitigate the
negative effect of social comparisons on the correlation between the two agents’ outcomes,
thereby restoring the optimality of full information revelation. In terms of testable implica-
tions of the model, this suggests that in team-based settings with endogenous cooperative
monetary rewards, we should expect to see more frequent interim performance evaluations,
and that cooperative wages can be used by employers who are concerned about the effects

of relative performance evaluations on morale.
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7 APPENDIX

Derivation of Posterior Beliefs for Lemma 1. (e.g. Ruud (2000)) Let y ~ N(pu, £2).

Ifwepartitiony:lzi],u:{Z;1andﬂzlgi g;zl,then

yalyz ~ Ny + Q1295 (y2 — pa), Q11 — Q12055 Q5

Using the distributions of the random variables in the model,

2+v? ot 1 si—a
. _

E(ail|si,s—;) =a;+ [0 0] {

P? o? +1? —i — Q-
Hence, ) )
2 J—
+ i — Q) — —i — O
Elaslsnss) =i L) = @) = 02 (s~ )
02+ 21
|

Proof of Proposition 1. When k=0, the principal’s payoff function reduces to
I1 = (Elai€e]] + Elages])V
Inserting the agents’ equilibrium efforts yields:
I = B(Es[a1 E (a1]| SY)] + Es[azE (as| S*)])V
By the law of iterated expectations, this is equal to:

II = BE,[E[mE (1]S")|S"]+ ElagE (az] 5?)]| S|V
= BE[E (m|S")? + E (as| S*)*|V
= B(E(a1)?* + E(a2)* + Var(E (a1 SY)) + Var(E (ag| S*))V
We are interested in the difference in expected profits in the two informational scenarios,

S* = {s;,5_;} (information about others revealed) and S* = {s;} (information about others

withheld), for i = 1,2, which will be given by:
2
Z Var (E (a;] siys—i)) — Var (E (a] s;))
i=1
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Since agents are ex-ante identical, the above difference is greater than zero if and only if
Var (E (a;] si,s—i)) > Var (E (a;] s;)) . Since the variance of posterior beliefs will always be
higher with more information, more information always increases the principal’s expected

payoff. In fact, with this particular signal structure, it is possible to show that®’

Var (E (a;] siys—;)) = %
Var (E (a;] s;)) = ﬁ

and

Var (E(a;)) =0

Therefore, Var (E (a;| si,s—;)) > Var (E (a;] s;)) > Var(E(a;)), which implies IT°¢ >
mewn > 11, m

Proof of Proposition 2. The principal’s expected payoff is given by:

I = E(alelageg) k+ ZE(aleZ)(V>

i=1

= B’ElaE (a1| S)azE (az| S)k + 8 E(a;E (a;] $))V

i=1

Using the law of iterated expectations, the above equation becomes:

I = B*(E(a)?+ cov(ar, E (a1] S))(E(az)? + cov(ay, E (as] S))

+cov(arer, azes)) k + B(Z(E(ai)2 + cov(a;, E (a;] 5)))V

i=1

or alternatively,

I = (BslE(a|S")’] Es[E (a2] S?)°]
+cov(arey, azes)) k + (Z ES[E (a;] S*)?]V)

=1

30Derivations of the variances and covariances sometimes involve quite messy calculations and manip-
ulations. In such cases, the exact steps involved can be found in the online appendix to this paper at
http://www.bol.ucla.edu/ “sertac/research.html
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where S? denotes the set of signals available to agent i before he makes his effort decision.

a) The optimal effort level will be equal to e = FE(a;) when no interim information
is given. By Jensen’s inequality and the law of iterated expectations, Es[E (a;|s;)?] >
E(a;)?. The term cov(ayey, ases) in this context captures the correlation in the perfor-
mances of the agents. If the performances were independent, notice that we would have
E(ajejazes) = E(ajer)E(azes). When no interim information is given, performances are
independent (cov(ajeq,azes) = 0), since effort is equal to the unconditional expectation
of ability, and abilities are independently drawn.When own information is given, we will
have cov(ajer, azes) > 0, because of the common uncertainty assumption, and therefore
E(ajejazes) > E(aje1)E(azeq). The specific expression for the covariance with the current
distributional assumptions is:

0_4

cov(aier, ages)own = BQW-
The result that I1°¥" > I1"° follows.
b)

[1%¢ — [Iown —

B2(E(ay)? 4 cov(ar, E (a1] 51, 52))) (E(az)? + cov(ay, E (az] 51, 52)))
—((E(a1)* + cov(ay, E (a1] 51)))(E(az)? + cov(ag, E (az| s2))

-~

>0
+ 52§0U(@1E (a1] s1,52)), aaE (az| s1,52)) — cov(a1 E (a1 81)), a2 E (as| 52))),k
<0
2
—|—B(Z cov(a;, E (a;| 1, s2) — cov(a;, E (a;] 5;)))V
i—1
>0

It is possible to show that
cov(a;, B (a;] $1, $2)) > cov(a;, E (a;] s;))

because of better alignment between the true state and the posteriors with more informa-

64



tion. However,
cov(E (a1 s1,82)), E (az] s1,$2)) <0 < cov(E (a1] s1)), E (as| s2))

and therefore the second set of terms in the principal’s payoff is negative. After deriving
the above expressions with our assumptions on the signal structure (please see online Ap-
pendix), we can show that there exist parameters for which revealing social comparison
information is dominated by revealing own information only, for k£ high enough. Since
cov(ay,e1) = cov(ay, E(ay)) = 0 and cov(aey, azes) = cov(aiE(ay),asE(ay)) = 0 with no
information, the expected performance of a single agent will be lower with no information
than with social comparison information, but the association between the performances
will be higher. Therefore, revealing no information at all can dominate revealing social
comparison information also, if k£ is high enough. Specific expressions for the covariances

are given by: 22 2y
o’(o® + 1
(02 + 2¢7)

0.4

(02 + %)
, @2t ot
(02 + 2/J2)2
2 0% 0 (Y° o? =3 a%((0” + 2¢%))
(02 + 2¢2)2

Solving for the level of complementarity that sets the payoff differences equal to zero, we

cov (a;, E (a;| 8i,5-)) =

cov (a;, E (a;] s;)) =

COU(CLlel, a2€2>own = 5

cov(aier, agez)se =

obtain

Focoum = 20%(0* + 0*)(0* + 20°)
scown — 3 <_¢20_2(2¢4 + 677/120'2 + 30-4) + d2(02 + 277/}2)(40'4 + 6@[120'2 + ¢4))

(8)

and
. 2(0% +9?) (02 + 2¢?)
scno — 3 (_0_2(21/14 + 2w202 + 04) + 52(—202 + 1/]2)(02 + 2w2))

(9)
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The derivative of the payoff difference between social comparison and own information with
respect to k is given by:
a(Hsc _ Hown) B 5¢202(¢202(304 + 2w4 + 61ﬂ202) . &2(02 + 22/)2)(1/}4 + 6¢202 + 404)
ok (02 + 207202 + )2

(10)
Using (8) and (10), it is possible to see that the payoff difference will be decreasing in k if
and only if kyeown > 0. Therefore, when &k > Egepwn > 0, withholding information is optimal.
Comparing the expressions for kseown and kseo, it is possible to show that if kg, > 0, then
Eseno > Kscown > 0. ®

Proof of Proposition 3.  Since kypun > (<)0 whenever the payoff difference is
decreasing (increasing) in k, we look for conditions under which Escown > 0. Solving Escown =

0 for a yields:

e \/( 1/120'2(21/14—%602@[}2—%30'4) (11)

2% + 0?) (" + 602)° + 40?)
Noting that
Okiscoun —4a? (0 + ¥?) (0% 4+ 20?2 (Y* + 6402 + 4ot)
00 BP0 (200 + 60207 + 30%) — (207 + o) (U2 + 6o20? + do))? !
and evaluating the derivatives of the right-hand side of Equation 11 with respect to 1/* and

*

9a’ ~ () and % > ( establishes the result. =

2 . .
0*, which yleldsa—w2

Proof of Proposition 4. When the principal bears the cost of incentives, her payoff

function is given by
IT = E(ajeiaqes)(k) + (Elarer] + Elages))(V — ) — 2«
Agent i’s expected utility, when he exerts effort e; will be given by
Ui = Ela+ ae;3 — e /2]

The principal’s payoff, therefore, can be written as

II = E(alelageg)(k) + (E[alel] + E[GQGQDV — Z Ui — Z E(C(GJ)

i=1 i=1
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The cost of effort function, c(e;) = €2/2, is a convex function of the conditional expectation
and therefore of the posterior probabilities. Likewise, the expected utility of the agent is
also convex in beliefs. By Blackwell’s theorem, better information (more signals in our
context) raises the expectation of any convex function of posterior beliefs (see Kihlstrom
(1984) for a proof). So, 22: U z'—l—i El[c(e;)] will be higher with social comparison information
than it is with own pe;Fgrmang:el information only. Therefore, keeping wages constant, it
will be better for the principal to withhold information when payments are made by the
principal, in all cases where withholding information would be optimal when wages do not
enter directly into the principal’s payoff. m

Proof of Lemma 4. To reduce notational clutter, let Pr (s_; = 1| s; = 0) = Pr (1]0),
Pr(s_;=1|s;,=1)=Pr(1]1),Pr(s-;=0|s; =1) = Pr(0|1) and Pr(s_; =0|s; =0) =
Pr(0]0). Also let d = wgs + wpr — (Wgr + wrg).

Solving

(Pr(s_; =1]s)e*(1)E [a1as]| s—; = 1,s]
+Pr(s_; =0|s)e"(0)E[araz| s—i = 0,s])((wss +wpr — (wWsr + wrs))

+FE (a;] s;)(wsp — wpp) —e;(s;)) = 0.

for i=1,2 for e*(1) and €*(0) yields the following equilibrium effort levels in response to own

signals:
((wsp — wpp)(F [a;] 1] = E [a;| 1] E [aiaz| 0, 0] Pr (0| 0)d+
Ea;|0]E [aya2|0,1)Pr (0] 1)d)

(1 — a(E [ajas| 1,1]Pr (1] 1) + E [ayas] 0,1]2Pr (0] 1) Pr (1] 0)d)+
E'la1a3]0,0]Pr (0] 0)d(—1 + E[a1az| 1, 1] Pr (1] 1)d))

((wsp — wrp)(E [a;] 0] — E [a;| 1] E [aiaz| 0, 1] Pr (1] 0)d+
E [a;|0]E [ayaz| 1,1]Pr (1] 1)d)
(1 — d(E [a1az|1,1]Pr (1| 1) + E [ayaz| 0, 1]>Pr (0] 1) Pr (1| 0)d)+
Elayas] 0,0](Pr (0]0)d(—1 + E [a1az| 1, 1] Pr (1| 1)d)))
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Proof of Lemmas 5 and 6. Calculation and simplification of the covariances, which
involve quite messy algebra, are given in the online appendix to this paper (http://www.bol.ucla.edu/~serta
[

Proof of Lemma 7. In the social comparison information case, recall that the effort

level was given by:

(wsp — wpr)((E (ai s1, 52)+
E (a_;| s1,52)E (aras| s1, 52)(wss + wpr — (Wsp + wrs)))
1 — E(a1az| 51, 82) (wss + wpr — (wsp + wrs))?

€ (s1,82) =

It is possible to see, looking at the above equation, that reducing wrp by an amount x and
increasing wgg by the same amount would lead to a higher effort. Since the total cost of
providing incentives would be the same in that case, and the principal is risk-neutral, the
principal’s payoff inceases. This means that wrpr > 0 cannot be optimal for the principal.
i.e, for any wrpp > 0, the principal could increase effort by lowering wrr and increasing
wgs, keeping the total wage bill the same. Therefore, w}.r = 0. Setting wpr = 0, the same
type of argument shows that wgg should be set equal to zero as well. The same logic is
applicable in the other cases (own information and no information). m

Proof of Proposition 5. Define A to be the cooperativeness of the wage scheme, i.e.
A = wgs — wgr. When no interim information is given, agents do not update their beliefs,

so their effort levels are known for certain ex-ante. The principal’s payoff is given by
Il = Elaierazea(k — 2(wss — wsr))] + (Elarer] + Elazes])(V — wsr)

Notice that in this case E|a; e;] = Ela;|Ele;] and that Ela;e;a;e;] = ElailEla;]Ele;| Ele;]
because of the independence of abilities, and the independence of abilities and effort levels.

Inserting the optimal effort in the case of no information, we obtain

E(a)*wsp(—2(=1+ AE(a)*V + (=2 + kE(a)*)wsr)
(—14+ A E(a)?)?
Maximizing this with respect to A yields

o VA4 (=2+kE(a)?*)wsr
A= E(a)?V - (12)

I =
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As can be seen, any wage policy (wgr, wgg) that satisfies 12 will be payoff-maximizing,.
It then follows that the set of contracts that satisfy 12 will include cooperative, competitive
and independent wages, since A* can be positive, negative, or zero. m
Proof of Proposition 6.  The proof relies on an envelope theorem. Again, let
A = wgs — wgr. Notice that the principal’s equilibrium expected payoff is given by:
II = E(amejaes)(—2(wss — wsr)) + (Elaie]] + Elazes])(V — wgr)

= (Flamel] + Elages])V — ((Elare]] + Elases))wsr + 2 E(ajejazes) A)
From agent i’s first-order-condition,

E (a7,| S)wSF + E (alagei‘ S)A = C/(e%()

)

Multiplying by ef and adding the two agents’ first-order conditions gives:

[E (a1] S)el + E (az| S)es]wsp + [e1E (ara2€3] S) + €3 E (araze| S)|A = efc/(e]) + e3¢ (€3)
and
Es[E (a1] S)ei+E (az| S)es|wspt[ei E (araze5] S)+es B (arazei| S)]JA = Egleid (e])+e3¢(€3)]

Applying the law of iterated expectations, it is possible to rewrite the principal’s equilibrium

expected payoff as:
II = (Elaye7] + Elae3])V — Esleic(e7) + e3¢ (€3)]

Therefore, the principal’s expected payoff does not depend on the shape of the compensation
scheme. m

Proof of Proposition 7. Expected profits for the principal can be expressed as
before; however, now the first expectation is taken over the principal’s beliefs about ability
and signals, which are different than the agents’, and therefore we need superscripts P and

A (for principal and agent, respectively) in the expectations. . Formally, we have:
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I = BEP[a E* (a1 S")] + EP[asE™ ((aa| S?)]
2
6] ZEP (a;) E(E4 (a; 15%)) + cov(as, E (a; |S*))
i=1
Using the above equation along with the formulas for posterior mean beliefs and the law of
iterated expectations, we can express expected profits when both signals are observed as

follows:

M, = BZ<“PEaA s b YO a7>]+—02(02+w2)>

(02 + 2¢7) (02 +2¢%)
_ o < (40 op oxy) PO )
— 52( + o7 1 207) (a®? ))+(02+2¢2)>

by

= ﬁZ(aPEaA (02+¢)( —aA)]“f—m)

= 52 (WP@A + o af(af —at)) + (02 + ¢2)>

With some algebra, it is possible to show that making only one’s own signal observable yields

higher expected profits than making both signals observable if and only if a_P(a_A—a_P) > o2,
|

Analogues of Some of the First Set of Results in the Discrete
Case:

Proof of Lemma 1. To cut back on notation, I will use the symmetry of the agents

and denote Pr(a; = H|s; =0,s; = 1) as Pr(H|0,1). Therefore, Pr (H]|s;, s;) denotes the
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posterior belief of someone who has observed s; as her own signal and s; as her peer’s signal

of having a high ability. Using Bayes’ rule, the posteriors are calculated in the following

way:
_ Pr(H,1) (u(1 =X+ N)p
Pr I )==p 0y~ =N TN+ (- s
_ Pr(H,0) (1-=p)(1=Xp
Prifl0) =50 = T=ma=Np+ A+ 0=V
_ Pr(H,0,0) (1=XNp(1 = p)(p(1 = p) + (1 —=p))

Prefi0.0) = 5000 NI = PO— B T 0 - N1 —mE+2 o= p) =)+ (L= )
Pr(H|1,0) = Pr(H,1,0) _ pA— A1 —p)+p(d -XNA—p+ (1A —p)p)

’ Pr(1,0) M1 —=p)(p2(1 = p) +p p) + p(p(1 = XN)p+ AMu(1 = p) + p)))
prgj1,1y = ZULLY p*(L = Np+ Ap(1 = p) +p))

’ Pr(L,1) AL =p)(p2(L = p) +p p) + p(p*(1 = N)p + AL = p) + p)))
Pr(H|0.1) = Pr(H,0,1) _ P2 (L= Np+ Au(l — p) + p))

Pr(0,1) A1 =p) (21 = p) +p p) + p(2(1 = X)p + Ap(1 = p) + p)))

Calculating the difference between the beliefs and some algebra gives us the belief ranking
given in Lemma 1. m
Proof of Proposition 3. When the principal bears the cost of incentives, her payoff

function is given by
II = E(aieraze2) (k) + (Elarer] + Elazes])(V — (ws — wr)) — 2wp.
Agent i’s expected utility, when he exerts effort e; will be given by
Ui = Ela;e;ws + (1 — azeq)wp — e7/2)]
The principal’s payoff, therefore, can be written as
2 2
II = E(alelageg)(k) + (E[alel] + E[GQGQDV — Z Ui — Z E(C(GJ)
i=1 i=1

Hence, the principal’s payoff when she bears the cost of incentives is her payoff without

contracts minus the total expected payoffs of the agents and the total cost of effort. Let p’
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denote the posterior probability of being of high ability. We can write the agent’s second-

period equilibrium payoff as
*2

2

Ui = pag(ej)ws + (1 — p')ar(ef)wr —

Inserting wr = 0, and e} =.E (a;] S?) ws = (p' ag + (1 — p')ar)ws, we have:
er?
2
= pau(plam + (1= pap)ws + (1 = par(pan + (1 - par)w?
(Plan + (1 — p')ar)*wi
2

Ui = paygeiws —

which is convex in the posterior beliefs, since

0*Ui

e = (ag — aL)ng' > 0.

The cost of effort, c(e;) = €;2/2, is also a convex function of the conditional expectation and
therefore of the posterior probabilities. By Blackwell’s theorem, better information (more
signals in our context) raises the expectation of any convex function of posterior beliefs (see
Kihlstrom (1984) for a proof). So, 22: Ui+ 22: Elc(e;)] will be higher with social comparison
information than it is with own pg%orma;q:cia information only. Therefore, keeping wages
constant, it will be better for the principal to withhold information when payments are

made by the principal, in all cases where withholding information would be optimal when

wages do not enter directly into the principal’s payoff. =

References

[1] Alicke, M.D. (2000). “Evaluating Social Comparison Targets” in J. Suls and L. Wheeler
(Eds.) Handbook of Social Comparison: Theory and Research (pp.271-293). New York:

Kluwer Academic/Plenum Publishers.

[2] Athey, S. & Levin, J. (1998). "The Value of Information in Monotone Decision Prob-
lems", MIT Working Paper, No. 98-24.

72



[3] Barr, S.H., & Conlon, E. (1994). "Effects of Distribution of Feedback in Work Groups"
Academy of Management Journal, 37(3), 641-655.

[4] Benabou, R., & Tirole, J. (2002). “Self-Confidence and Personal Motivation”, Quar-
terly Journal of Economics, 117(3), 871-915.

[5] Benabou, R., & Tirole, J. (2003). “Intrinsic and Extrinsic Motivation”, Review of
Economic Studies, 70, 489-520.

[6] Brickman, P., & Bulman, R. (1977). “Pleasure and pain in social comparison” in J.
Suls & R. L. Miller (Eds.) Social Comparison Processes: Theoretical and Empirical
Perspectives (pp. 149-186). Washington, DC: Hemisphere.

[7] Che, Y.. & Yoo, S. (2001). "Optimal Incentives for Teams", American Economic Re-
view, 91(3), pp.525-41.

[8] Clark, A. E., & Oswald, A. J. (1996). “Satisfaction and Comparison Income”, Journal
of Public Economics, 61(3), 359-381.

[9] Clark, A.E., & Oswald, A. J. (1998). “Comparison-Concave Utility and Following

Behavior in Social and Economic Settings”, Journal of Public Economics, 70, 133-155.

[10] Englmaier, F., & Wambach, A. (2002). “Contracts and Inequity Aversion”, IZA Work-
ing Paper, No. 1643.

[11] Ertac, S., Molnar, J. & Virag, G. (2005). “The Signaling Role of Contracts with

Imperfect Self-Knowledge and Type-Dependent Outside Options”, in progress.

[12] Falk, A. & Knell, M. (2004). “Choosing the Joneses: Endogenous Goals and Reference
Standards”, Scandinavian Journal of Economics, 106 (3), 417-435.

[13] Fang, H. & Moscarini, G. (2005). “Morale Hazard”, Journal of Monetary Economics,
52, 749-777.

73



[14]

[15]

[16]

[17]

[18]

[19]

Gervais, S. &. Goldstein, I. (2004) "Overconfidence and Team Coordination" Working

Paper, Duke University Fuqua School of Business.

Gibbs, M. J. (1994).“An Economic Approach to Process in Pay and Performance
Appraisals”, Working Paper.

Grund, C., & Sliwka, D. (2005), “Envy and Compassion in Tournaments” Journal of
Economics and Management Strategy, 14 (1), 187-20.

Hopkins, E. & Kornienko, T. (2004) "Running to Keep in the Same Place: Consumer
Choice as a Game of Status", American Economic Review, 94 (4), 1085-1107.

Ilgen, D.R., Fisher, C.D., & Taylor, S.M. (1979). “Consequences of Individual Feedback
on Behavior in Organizations”, Journal of Applied Psychology, 64, 349-371.

Itoh, H. (2004). “Moral Hazard and Other-Regarding Preferences”, Japanese Economic
Review, 55(1), 18-45.

Kihlstrom, R.E. (1984) "A Bayesian Exposition of Blackwell’s Theorem on the Com-
parison of Experiments", in M. Boyer and R.E. Kihlstrom (eds.), Bayesian Models of

Economic Theory, Elsevier.
Kozsegi, B. (2000). “Ego-Utility, Overconfidence and Task Choice”, Mimeo.

Lizzeri, A., Meyer, M. & Persico, N. (2003), "The Incentive Effects of Interim Perfor-

mance Evaluations", mimeo, New York University.

Mares, V. and R. Harstad (2003). Private Information Revelation in Common-Value

Auctions., Journal of Economic Theory, 109, pp. 264-282.

Marsh, H. (1987). “The Big-Fish-Little-Pond Effect on Academic Self-Concept”, Jour-
nal of Educational Psychology, 79, 280-295.

74



[25]

[31]

[32]

[33]

Marsh, H. W., Kong, C. K., & Hau, K. T. (2000). “Longitudinal Multilevel Models of
the Big-Fish-Little-Pond Effect on Academic Self-Concept: Counterbalancing Contrast

and Reflected-Glory Effects in Hong Kong Schools," Journal of Personality and Social
Psychology 78, 337-349.

Meyer, M. & Vickers, J. (1997). "Performance Comparisons and Dynamic Incentives",

Journal of Political Economy, 105(3), 547-581.

Molnar, J. &Virag, G. (2004). "Revenue Maximizing Auctions with Externalities and
Signaling", Working Paper, University of Rochester.

Morrison, E.-W., & Cummings, L.L. (1992). The Impact of Diagnosticity and Perfor-

mance Expectations on Feedback Seeking Behavior. Human Performance, 5, 251-264.

Ok, E.A. & Kockesen, L. (2000). “Negatively Interdependent Preferences”, Social
Choice and Welfare, 17, 533-558.

Prat, A.(2002) "Should a Team Be Homogeneous?" European Economic Review, 46(7),
1187-1207.

Ruud, P.A. (2000). "An Introduction to Classical Econometric Theory", New York:

Oxford University Press.

Santos-Pinto, L.& Sobel, J. (2003). “A Model of Positive Self-Image in Subjective

Assessments.” Department of Economics, University of California, San Diego.

Selten, R. (1998). “Axiomatic Characterization of the Quadratic Scoring Rule”, Ex-

perimental Economics, 1, 43-62.

Sonnemans, J., & Offerman, T. (2001). “Is the Quadratic Scoring Rule Really Incentive
Compatible?,” Working paper, CREED, University of Amsterdam.

75



[35] Suls, M.R. & L. Wheeler (Eds.) (2000). “Handbook of Social Comparison: Theory and

Research”, New York: Kluwer Academic/Plenum Publishers.

[36] Zeidner , M. & Schleyer, E. (1999). “The Big-Fish-Little-Pond Effect for Academic
Self-concept, Test Anxiety, and School Grades in Gifted Children”, Contemporary
Educational Psychology, 24, 305-329.

76



