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Abstract

We study optimal incentive contracts in teams which consist of
two groups of agents differing in their productivity, and in situations
where team members feel a social pressure to exert similar effort levels.
We show that it is first-best optimal to induce the more productive
agents to exert higher effort. We then characterize the equilibrium
under agency. The general conclusion we obtain regarding economic
incentives is that the principal always chooses to give the less produc-
tive agents the strongest incentives. That is, less productive agents
are offered a salary scheme that is more responsive to the team out-
put than it is the case for the more productive agents. Furthermore,
we show that the principal is able to implement the unique first-best
solution. In this solution less productive agents exert less effort, and
all agents experience peer pressure.
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1 Introduction

In many organizations, individuals feel a social pressure to exert similar effort
levels. In such organizations intra-group effort comparison between its mem-
bers may lead to effort norms. This means that informal interactions among
the group members make it costly for individuals to perform an effort level
that differs from the effort norm established in their work group, (Encinosa,
Gaynor, and Rebitzer, 1997). Effort norms can be sustained by feelings of
guilt or shame when not carrying one’s share of the group’s work (Kandel
and Lazer, 1992). Alternatively, effort norms can result from the praise a
group member receives from working harder than others in the group.

Effort norms are studied empirically in Encinosa, Gaynor, and Rebitzer
(1997). These authors find that intra-group effort comparisons among physi-
cians matter in medical partnerships. The fact that peer pressure (or intra-
group comparisons) affect individuals’ choice of effort is also supported by
experimental data. In a laboratory study, Falk, Fischbacker, and Gichter
(2002) find that the same individual contributes more to a public good in
a group with high average contributions then in a group with a low contri-
bution level. Falk and Ichino (2003) show in a controlled field experiment
that the behavior of subjects working in pairs is significantly different from
behavior of subjects working alone.

While it might be the case that peer pressure can raise the effort levels
in a group, and hence the group’s production, peer pressure will typically
also affect the employee’s profits or utility negatively since workers have to
be compensated for the potential negative utility effects that originate from
peer pressure. A question that naturally arises is thus how peer effects af-
fect individuals’ behavior, and thereby the employee’s profits. How can the
employee affect individual workers’ behavior by use of economic incentives
when peer pressure effects are present? How do the optimal incentive con-
tracts look like in the present of peer effects? These are the questions we
attempt to answer in this paper.

To do so we put forward a simple principal-agent model of team pro-
duction when peer effects are presents. In the model, individual output
depends on the effort chosen by the individual and on his productivity (or
talent). Team output equals the sum of all individuals’ production. Indi-
vidual production, and hence each individual’s effort level, is unobserved by
the employee (or the principal), but total team output can be observed and
verified. Furthermore, we assume that the principal observes a signal of each
individual agent’s productivity (or talent), and that the principal is able to
condition individual pay on this signal. Examples of such signals can be the



individual’s years of schooling, formal levels of training, his position etc.! In
this way we are able to analyze a situation where the agents’ productivities
differ.

The following example illustrates the type of situations we have in mind.
Consider a team consisting of a specialist physician and of an assistant physi-
cian working at a hospital department. Each physician’s ability and choice
of effort determines how many patients the department as a whole is able to
treat within a certain time period. As in Encinosa, Gaynor, and Rebitzer
(1997), let the informal interactions among the physicians make it costly for
each physician to perform an effort level that differs from the effort norm
that is endogenously established among the physicians. Hence each physi-
cian is exposed to peer pressure. The hospital management (the principal) is
not able to observe each individual physician’s production, but the depart-
ment’s output (number of patients treated) can be observed and verified.
Furthermore, the hospital management can identify if an individual is a spe-
cialist or an assistant physician, and treats this information as a signal of the
physician’s productivity (or talent). Moreover, the fact that a physician is
either an assistant or a specialist is verifiable information, such that the hos-
pital management can use this information when determining an individual’s
incentive scheme.

The general conclusion we obtain regarding economic incentives is that
the principal always chooses to give less productive agents the strongest in-
centives. That is, less productive agents are offered a salary scheme that is
more responsive to the team output than it is the case for more productive
agents. Furthermore, we show that the principal is able to implement the
unique first-best solution if the agents are risk-neutral. In this solution less
productive agents exert less effort, and all agents experience peer pressure.

To understand the intuition behind these results note that while it is
the case that peer pressure can encourage additional effort from co-workers,
peer pressure also imposes costs on the other workers. These costs must be
compensated by the principal. Hence, peer pressure causes the principal to tie
the effort levels of the agents more closely together relative to the case where
peer effects are absent. In a situation with agency, i.e., when the principal
cannot write contracts directly on the agents’ effort level, the principal’s only
way to tie the effort levels of different agents together is by using economic
incentives. Since the agents respond by exerting more effort when exposed to
stronger incentives, the principal induces more effort from the low-productive
workers by increasing their incentives. Similarly, the principal reduces the
incentives of the high-productive workers compared with a situation without

'Tn this respect we follow Spence’s (1973, 1974) idea of job-market signaling.



peer effects, entailing that these agents choose lower effort in equilibrium.

Our analyzes of peer pressure is related to the work of Barron and Gjerde
(1997) and of Huck, Kiibler, and Weibull (2002). The first of these papers
develops an agency model of peer pressure to identify factors that affect
the extent of mutual monitoring. That is, they analyze how the incentive
scheme presented by the principal affects the agents’ incentives to costly
monitor other agents’ effort choices. Since monitoring efforts are costly for
the agents, the principal has to compensate agents for their monitoring costs.
Barron and Gjerde (1997) establish conditions under which the principal
reduces the incentives given to the agents as a mean to lower the monitoring
efforts. We do not include monitoring in our model. This is because we
do not want to exclude the possibility that peer effects arise from internal
pressure (as opposed to external pressure). Here, internal pressure refers
to situations where an individual experiences disutility from not satisfying
the social norm, although his peers cannot identify him (Kandel and Lazear,
1992). Alternatively, if the peer effects arise from external pressure, it might
be the case that monitoring is costless so that the principal does not have to
compensate the agents for their monitoring efforts.

Huck, Kiibler, and Weibull (2002) do also focus on the interplay of eco-
nomic incentives and social norms. More specifically, these authors raise the
question if the interplay of social norms and economic incentives implies that
multiple equilibria may exists in teams of identical agents.? We do however
follow the avenue chosen by Kandel and Lazear (1992) and rule out multi-
plicity by imposing certain convexity restrictions on the model. Furthermore
we note that both these papers consider the case where agents have identical
productivity.

The paper is organized as follows. In section 2 we outline the model,
and section 3 contains the analysis of first-best. Section 4 considers first-best
implementation, and section 5 presents some concluding remarks.

2 The Model

Imagine a situation where two groups of agents work for a principal. The two
groups differ with respect to their marginal productivity. Each agent decides
on the effort he would like to exert on a single task. Making his decision,
he will weigh his marginal gains from the contract provided by the principal
and his marginal cost, which is assumed to arise from exerting effort and

2Intuitively, multiplicity arises when a social norm introduces a coordination problem
into the agents’ effort choices: Choose high (low) effort if you expect others to exert high
(low) effort.



from peer pressure. Taking the agents’ reaction into account, the principal
decides on the contract offered to each agent.

To fucus of the effects of different productivity among agents we imagine
that individuals from one group only interact with individuals from the other
group, respectively. Correspondingly, they observe the effort level only of
individuals of the other group. As a result, peer pressure of an individual
relates to how his own effort compares to a measure of the effort level of the
other group. To facilitate comparison with Encinosa, Gaynor, and Rebitzer
(1997) and Huck, Kiibler, and Weibull (2002) we let this measure be the
average effort level of the individuals of the other group. We denote the
two groups by I = {1,....k} and J = {k+1,...,n}, where n is the total
number of agents, and 1 < k < n. Whenever ¢, represents the effort level
of an individual of the one group, say h € I, then let e_5 represent the

average effort of individuals in the other group, i.e. €7 = ﬁ > jes€j and
—_ 1
=L e
Let each risk-neutral agents’ payoff function be given by?
Ap+ apfler,....,en) —clep) — Plen —e—g), YhelUJ, (1)

where f(eq, ..., €,) is the production function, P(-) is the peer pressure func-
tion and Ay, + ay f(es, ..., e,) is agent h’s salary given his effort level e, and
given the incentive contract (A, ay,) provided by the principal. We assume
expected production to be

y=fler,..,en) = [r (Z 62') + fJ (Z €j> ,
i€l jeJ

where f is the expected marginal productivity (or talent) of agents from
group H, H = I,J. We imagine that expected individual productivity is
related to certain group-specific characteristics of the agents that are observ-
able for the principal. Examples of such characteristics include an agent’s
year of schooling (master or Ph.D. level), his level of training (number of
job-specific courses taken) or his position (laboratory assistant or professor).
Since these types of information can easily be verified by a third party, it is
possible for the principal to tie individual pay to expected individual pro-
ductivity. In addition, the principal observes team output, while she cannot
observe the agents’ choice of effort. Without loss of generality, let group J
contains the more productive agents, i.e. f; > fr > 0.

3We choose to focus on risk-neutrality to highlight the effects of peer pressure on
incentives. In section 5 we comment on how the analysis will be affected if agents are
risk-averse.



Each agent’s cost of exerting effort e > 0 is ¢(e) which we assume to
satisfy the following assumption:

Assumption (C) Let the cost function c(e) be twice differentiable, in-
creasing, strictly convex and display zero marginal cost at the origin, i.e.

(i) (en) >0, (ii) "(en) > 0 for e, > 0 and (iii) ¢'(0) = 0.

Notice that (i) and (ii) imply that c(e) is unbounded; for all 0 < ¢ < co
there exists some e € [0, 00) such that c(e) > ¢.

The peer pressure function captures that each agent h feels a social pres-
sure to exert an effort level similar to that of the other agents.

Assumption (P) Suppose the peer pressure function P(z), where z =
e;—eyfori eI and z = e; —e; for j € J, is twice differentiable and satisfies
(i) P(0) =0, (i) P'(0) =0, (iii) P"(z) >0 for z >0 and P"(z) > 0 for
2z <0, and () P(—z) > P(z) Vz > 0.

Part (i) states that a single agent does not fell peer pressure if his effort
is identical to the effort level of the other agents. Parts (ii) and (iii) guar-
antee that peer pressure is minimized in that case (possibly, with existing
other minimizers, z, which necessarily have to be positive). Finally, part
(iv) states that falling below the social norm induces no lower peer pressure
than exceeding it by the same absolute amount. Notice that the agent with
the highest effort level might not experience peer pressure at all. Example 2
below represents such a case.

To illustrate the flexibility of Assumption (P), we include the two follow-
ing examples:

Example 1 Conformity preferences (Huck et al, 2002 ). Suppose Pa(z) =
(e, —e_g)?. With conformity preferences, exerting higher effort is as bad as
exerting lower effort that is lower by the same amount.

Example 2 Loss aversion (Encinosa et al, 1997 ). Suppose Pg(e, —e_p) =
p-(min{(e, —e_g)/2,0})?. Under loss aversion, peer pressure is present only
for effort below average. The parameter p > 0 measures the intensity of peer
pressure.

Let the agents choose their effort level with the objective of maximizing
individual payoft,

mz;%({Ah +apfler,...,en) —clen) — Ple, —e—g)} Vhe U
€nZ

The corresponding first-order conditions are

apfrler,....en) —d(ep) — P'ley —e_g) =0 VhelUJ, (2)
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where 3/(-) denotes the first-order derivative of any function y(-).

The first-order conditions define effort levels as functions of incentives,
e, = ep(ar,ay), h € I UJ, (ie., the agents’ incentive constraints). The
agents’ participation constraints are given by

Ap+anf(-) —clen) — Plen —e—g) >u) VYhelUlJ,

where u!) represents the monetary value of some exogenous outside option
for agent h € T U J.

The principal, who only observes aggregate production, is risk-neutral
and maximizes her (expected) payoff,

fler,en) —k[Ar+arf()]+ (n—k) [As+asf(-)]

subject to the participation constraints and taking into account the agents’
optimal response to the incentives oy, h = 1, J.

The principal’s problem of maximizing her expected payoff subject to the
incentive and participation constraint is equivalent to maximizing the total
collective surplus of the agents and the principal taking into account the
agents’ optimal response to the incentives she provides. Assuming that the
participation constraints are satisfied in equilibrium, the principal’s maxi-
mization problem is

max {f(el,...,en)—Zc(eh)—ZP(eh—m)} (3)

ar,ay
h

st. e, =-ep(anay) helUld

The corresponding first-order conditions are given by

aez 86j , de; / aey / — ( €i — @)
(e 25 P'(e A& )
fI + fjaOéH ¢ (el)aaH 8aH zEZI J 8OLH
Sy PG _e—l%_ ZP’(eh—ﬁ)M—O VH =1,J.
Jed OH heluJ an

These equations implicitly define the optimal incentives for this principal-
agent problem. Without knowing the functional form of the cost and peer
pressure it is not possible to determine an explicit solution. We are however
able to establish that it is always optimal for the principal to give stronger
incentives to the less productive agent, i.e., a; < «j. First, we prove existence
of unique first-best effort levels.



3 First-Best Effort Levels

Suppose it is possible for the principal to write contracts on effort levels
directly. From the principal’s objective function, we can derive the following
characterization of first-best effort levels

fi—c'(ei)—P’ —eJ ZP’ —61 —0 Viel (4)

]EJ

f;i —(ej) — P'(ej — kZP i—€7)=0 Vje (5)

el

Since the principal’s objective function is symmetric within groups of
players, existence of a maximizer to (3) implies existence of an intra-group
symmetric solution to (3). Moreover, the principal is indifferent between all
these solutions. Therefore, it is sufficient (and convenient) to show existence
and uniqueness of an symmetric intra-group solution, i.e. where e = e} for
alli € I and €} = e for all j € J.

Proposition 1 Suppose the principal-agent problem satisfies Assumptions
(C) and (P). Then there exists a unique pair of intra-group symmetric first-
best effort levels (e}, e%). Moreover, the less productive player exerts less
effort (i.e., f; > fr > 0 implies €% > €5 > 0).

The above proposition states that, in first-best, more productive agents
should exert higher effort. Moreover, even if the less productive group of
agents is not productive at all, i.e. if f; = 0, it will be socially optimal to
induce him to exert positive effort.

This implies that there will always be peer pressure in social optimum.
Notice that it would be possible for the principal to completely eliminate the
externality arising from peer pressure. She could simply require both types
of agents to exert identical effort. Nevertheless, Proposition 1 tells us that
it would not be optimal for the principal to do so. The main reason is that
eliminating peer pressure would require identical effort levels, e; = e;. In
that case marginal cost would be the same for both groups of agents, while
peer pressure and hence marginal peer pressure would be zero. Therefore,
marginal cost cannot equate to expected marginal productivity for both group
of agents. Identical effort levels can thus never be first-best.

We now give the proof of Proposition 1.



Proof of Proposition 1. We first prove the statement regarding the rank-
ing of efforts.

(Effort-ranking) First, suppose f; > f; > 0 and e} = e%. From Assump-
tion (P) it follows that P'(e} —e%) = P'(e% —e}) = P'(0) = 0. Therefore, the
first-order conditions (5) reduce to f; = (e}) and f; = /(e¥). Moreover,
el = e implies ¢ (eF) = ¢(e%) and hence

fr="<d(ep) =d(e)) = 1,

which contradicts f; > f;. Hence, we conclude that e’ # ej.

Suppose now f; > fr > 0 and that e} > e’ were first-best effort levels.
Then the principal could increase his pay-off by inducing agents ¢ = 1 and
Jj = n to switch effort levels, i.e. €, = €% and €, = e} (while €; = e} for
i=2,...,kande; =e¥ for j=k+1,...,n—1). For, it follows that

Z clep) = Z c(én) and

heluJ heluJ
> Ple—e¢ty)= > P@En—e_n)
heluJ helUJ

Moreover, 0 < f; < f; and e < e} imply f(e;—e¥) < fs(ej—e*) and hence

fler.e5) — fler,e5) = freq + foeh — (fres + frep) <0,

in contradiction to (e}, e) having been chosen optimally.

Finally, to show e} > 0, notice that ej = 0 would imply e% # 0 (if not so
then e = ej = 0 would imply that all but the first expression in (4) vanish
so that equation (4) could not be satisfied). Hence

n—=k J— . n—k
2 P'(ey —ej) = P'(—ej) —

c(ep) + P'(e; — e5) — P'(e}) < 0. (6)
Here, the inequality holds true, because P'(—z) — "T_’“P’ (z) is decreasing in
z and equals zero for z = 0. From f; > 0, it hence follows that the left-hand
side of equation (5) is strictly positive, which yields a contradiction.

We now prove the statements regarding existence and uniqueness.

(Existence and Uniqueness) Define

n—=~k
k

pleres) = d(er) + P'ler — &) — P'(e; —e1)

and
k

n—k

Y(er,es) == c(es) + Pes —er) — P'(e; —€5),



where in intra-group symmetric equilibria we have e; = ¢; and €; = e.
Notice that @(es,es) is increasing in e; and decreasing in e;, because
c(y) is increasing in y and P'(z) — £ P'(—z) is increasing in z. Similarly,
W (er, ey) is decreasing in e; and increasing in e;. Moreover, by Assumptions
(C) and (P) both functions are differentiable.
Given these definitions, we can write (5) equivalently as

()0(6176«]) = fI and
Y(er,es) = fr.

Define the functions e;(e;) and e;(ey) implicitly by

vler(ey),es) = fr and (er,es(er)) = f7, respectively. (7)

By Assumptions (C) and (P), both functions are continuously differentiable.
In order to establish existence of a unique solution to (5), it is hence sufficient
to show that e;(e;) and e;(er) have a positive interception, e;(0) > 0, that
they intersect with the e; = e;-line and that they have a slope less than one,
ei(e;) <1 (see also Figure 1).

First, to see e;(0) > 0, notice that (i) (e, 0) is (strictly) increasing and
continuous in ey, (ii) ¢(er,0) = 0 for e; = 0, and (iii) there exists € < oo such
that ¢(e,0) > f;. By the intermediate value theorem there exists e; € (0, €)
such that ¢(er,0) = f;. Uniqueness follows from monotonicity of ¢(ey,0).
(Observe that we can apply the same argument to any arbitrary e; > 0. It
hence follows that the functions e;(e;) and e;(e;) are well defined.)

Second, the functions e;(e;) and e;(e;) intersect with the (e;=e;)-line,
respectively, since e; = e; implies p(er,e;) = d(er) and Y(er,ey) = (ey).
Consequently, the system (7) for e; = e, reduces to ¢(e;) = f and d(ey) =
f7. This system has a (finite) solution because ¢/(-) is strictly increasing.

Third, the derivative €/(e;) can be calculated using the implicit differen-
tiation theorem,

. ( ) P”(ej eJ) n;k P”(ej 61)
e (e;) = .
A c(er) + P"(er —ey) +—”;kP”(eJ—eI)

Obviously, Assumptions (C) and (P) imply €;(e;) € [0,1). Since the proper-
ties of e;(e;) can be shown similarly, this completes the second part of the
proof. |

Insert Figure 1 about here

To shed light on the comparative statics of our model, the following propo-
sition establishes that the socially optimal effort levels increase monotonically
in productivity.

10



Proposition 2 First best effort levels, e} and €Y, increase with each produc-
tivity, fr and f;.

Proof. Suppose f; > fr > 0. We prove the claim for effort level ej and
an increase in f; and f;. Recall the functions e;(e;) and e;(e;) implicitly
defined in (7) and consider an increase in f; first. By definition, the function
ey(er) is not affected by the increase in f;. On the other hand, the function
er(ey) now assigns a higher value to each fixed e; > 0. One only has to see
that an increase in f; = p(ey, e;) implies a strictly higher value of e; for each
fixed e; > 0, because p(ey, e;) is increasing in e;. Consequently, we have for
the 'new’ function e;(e;) that e;(e;) > er(ey), for all e; > 0. Since €7(ey)
has a slope less than one, €;(e;) < 1, there still exists a unique solution,
(e7*,€e%"), and this has the property ej < ej* and e’ < e**.

Second, consider an increase in f;. Similar to the above, it is now the
function er(e;) that is not affected by this increase. The function e;(e)
assigns a higher value to each fixed e; > 0, because ©(ey, ey) is increasing
its second argument. Then the aforementioned graphical argument estab-
lishes existence and uniqueness of the new solution, (e}*,e**), which has the
property e%* > e7". |

To illustrate the effect of increasing peer pressure and increasing cost,
respectively, we temporarily introduce a peer pressure parameter p > 0 and
a cost parameter v > 0 into the objective functions of the agents and the
principal:

max {An +anfler,...,en) —yclen) — pPlen, —e—g)} Yh e IUJ (agent).
En2

max {f(el, ) — VZ clep) — pz P(ey — m)} (principal)

ar,a g
st. ep=eplar,ay) helulJ

Note that doing so is without loss of generality, since the functions ¢(e;,) =
~ve(en) and P(z) = pP(z) satisfy Assumption (C) and (P), respectively, if and
only if the functions c(e,) and P(z) satisfy these assumptions. Therefore,
Propositions (1) and (2) and the results in the following section cover this
case.

Proposition 3 (i) The first-best effort level of the less productive agents, €,
increases in the peer pressure parameter p, while the first-best effort level of
more productive agents, €%, decreases with p.

(i1) Both first-best effort levels, e} and e, decrease with the cost parameter
7.

Proof. See the Appendix. |
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4 First-Best Implementation

In this section we analyze the case of agency, i.e., the case where the principal
cannot write contracts directly on the effort levels. We first show that for any
given incentives (ay, ay) there exists a unique pair of effort levels, (e;,e;),
which the agents will choose. Subsequently, we turn towards analyzing the
principals problem of determining the optimal incentives.

Proposition 4 Suppose the principal-agent problem satisfies Assumptions
(C) and (P). Then, for any given pair of incentives (c, avy) such that oy, ay >
0, there exists a unique pair of effort levels (er,ey), e, > 0Yh € I U J. Con-
sequently, the e;(ay, ay) are well defined functions.

Proof. Fix aj,a; > 0. Consider the agents’ first-order conditions. Using
the definitions provided in the proof of Proposition 1, one can rewrite these
conditions as

¢(er,es) = arfr and

@D(el, €J) =ayf;.

Similar to the proof of Proposition 1, these conditions implicitly define func-
tions €;(es) and €;(e;) such that

p(er(es),er) = arfr and

Y(er,esler) = ayfy.

The rest of the proof can be established along the lines of Proposition 1. W

How incentives relate to effort levels, will be analyzed in Lemma 1 below.
At this stage we merely remark that the comparative statics properties of
the first-best analysis allows us to conclude that each effort level increases
with each single incentive, a; and «.

The following Theorem establishes that the principal can implement the
first-best solution. To this end she gives stronger incentives to the less pro-
ductive agents. More precisely, the less productive agents receive incentives
above the 100 percent level, while the more productive agents face incen-
tives strictly below 100 percent. In this regard notice that incentives of 100
percent (given to both types of agents) represent the first-best solution in
absence of peer pressure.

Theorem 1 Suppose the principal-agent problem satisfies Assumptions (C)
and (P). Then, the principal can implement the first-best effort levels (€7, ¥ )
such as characterized by equation (5). The implementation of this solution
requires that ay > 1 > ay.

12



To prove the Theorem the following Lemma is helpful. It derives condi-
tions that provide the promised link between incentives and effort levels. In
particular, it shows that the principal will always implement incentives that
induce more productive agents to exert higher effort.

Lemma 1 Suppose the principal-agent problem satisfies Assumptions (C)
and (P). Then, (i) e; < ey if and only if arf; < ayf;, (i) arfi < ajfy,
(iii) e; # ey, and (iv) e; > 0. From (i) to (iii) it thus follows that e; < e.

Proof of Lemma 1. Statement (i) First, suppose e; < ey and oy fr > ayf;.
It follows that /(e;) + P'(e; —ej) < ¢(ey) + P'(e; — €7), which implies a
contradiction because of ¢/(e;)+P'(e;—€;) = a;f1 > ayf; = (ey)+P(e;—
e7). To show the converse, suppose e; > e;. It follows that ¢/(e;) + P'(e; —
ey) > d(ey) + P'(e; — €71). Because of the agents’ first-order conditions this
is equivalent to oy f; > ayf;.

Statement (ii) Suppose agfr > ayf; (or equivalently e; > e;). Then the
principal could induce two agents — one of each group, say i =1 and j =n
— to switch effort-levels by choosing @, = «;f;/f; and @y = a;f;/f;. The
switch in effort levels does neither affect total cost nor total peer pressure,
but increases production. Hence ag f; > «;f; cannot be optimal.

Statement (iii) If e; = ey, then peer pressure is zero for both agents, and
marginal costs are equal across players. Since marginal cost equals marginal
productivity, f; < f; implies a contradiction.

Statement (iv). From statements (i) to (iii), it follows that e; < e;.
Hence, P'(e; —€;) < 0. Then the first-order condition of agents from group I
implies c(e;) — arfr > 0. From «; f; > 0, it follows that ¢/(e;) > 0. Because
of ¢(0) = 0, we obtain e; > 0. [

Proof of Theorem 1. Inserting the agents’ first-order conditions given in
equation (2) into the first-order conditions that characterize first-best effort
levels (5) yields

Ples—¢5) Viel

Ple;—a)  Vjed ®)

These equations allow us to calculate the pair of incentives (ay, cvy) that
implements first-best. Notice that the corresponding pair of first-best effort
levels is uniquely determined because of Proposition 4. Since from Lemma
1 it follows that e’ > e}, we have P'(e} —ej) > 0 > P'(ej — e¥). Thus, (8)
implies a; > 1 > «. [ |

13



5 Conclusion

We have investigated a principal-agent model, where one principal offers
incentive contracts to two groups of agents with different productivity. It
turns out that it is always socially optimal to induce the more productive
agents to exert higher effort. We then established that it is indeed possible
for the principle to implement first-best. To this end, however, the principal
has to give lower incentives to the more productive agents than she gives to
the less productive agents.

To understand the intuition behind these results note that while it is
the case that peer pressure can encourage additional effort from co-workers,
peer pressure also imposes costs on the other workers. These costs must be
compensated by the principal. Hence, peer pressure causes the principal to tie
the effort levels of the agents more closely together relative to the case where
peer effects are absent. In a situation with agency, i.e., when the principal
cannot write contracts directly on the agents’ effort level, the principal’s only
way to tie the effort levels of different agents together is by using economic
incentives. Since the agents respond by exerting more effort when exposed to
stronger incentives, the principal induces more effort from the low-productive
workers by increasing their incentives. Similarly, the principal reduces the
incentives of the high-productive workers compared with a situation without
peer effects, entailing that these agents choose lower effort in equilibrium.

So far, we have chosen to set aside issues related to risk-sharing between
the principal and the agents. Our motivation for doing so was to highlight the
effects of peer pressure on the optimal incentives. This allowed us to compare
the optimal incentives to the one hundred percent compensation rule that
is obtained in the principal-agent literature when risk-neutral agents face a
linear compensation scheme. We now comment on how our main result will
change if the agents are risk-averse.

One way to introduce risk-aversion in our model is to follow Holmstrom
and Milgrom (1991) and assume that the agents’ utility functions are expo-
nential and that all random variables are normally distributed. With these
assumptions and with linear compensations, the agents’ certainty equivalence
utility are as given in equation 1 with an additional term subtracting the risk
cost. By maximizing the principal’s objective function, and taking the risk-
averse agents’ response into account, we get the following well known result
for the case where peer pressure is absent: The principal chooses to lower
the incentives below the 100 percent rule. The reason is simply that stronger
incentives expose the agents to more risk, and this is costly for the principal
which has to compensate them for their risk costs. Suppose now that the
principal has to decide on the incentives taking both peer effects and risk
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into account. First of all we see that there is no conflict between peer pres-
sure and risk costs for the high-productive agents in that both effects make
it optimal to lower these agents’ incentives. For the low-productive group,
however, the principal has to realize that strengthening their incentives af-
fects her utility in two opposite ways. First, stronger incentives reduces peer
pressure. This is beneficial for the principal. Secondly, stronger incentives
expose these workers for more risk which has to be compensated by the prin-
cipal. Hence we see that the strength of the incentives will depend on the
relative strength of peer pressure and risk-averion. If the former effect dom-
inates the results in this paper continue to hold since the gain of reducing
peer pressure outweighs the cost of risk compensation. On the other hand, if
risk aversion is relatively strong compared to peer pressure, the principal will
set incentives mainly to correct for the risk cost. For sufficiently, relatively
strong risk aversion our main result will not hold true anymore.

Finally, we note that social welfare was lower in the presence of peer
pressure than in its absence. With regard to the organization of teams, this
implies that one should organize teams such that agents of similar produc-
tivity work in the same team. Whether a team as such remains an optimal
form of work organization in the presence of peer pressure and under which
conditions this is the case, is a question we investigate in another paper.
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Appendix

Proof of Proposition 3. To start with, observe that first-best
levels are characterized by the following pair of equations:

effort

fr = glerenv,p):=7c (er) + g [kP'(er —ey) — (n—k) P’ (e —er)]

fr = wlenerng) = adlen + L = k) Pley - -

n—k

Denote the corresponding solution by (e} (v, p), €% (v, p)) -

P,(GI — E)

First, we analyze the effect of increasing peer-perssure (p 1) . To this end,

define
9o Op _9 ¢
M = %ﬁ %ﬁ and My =1| g_g % .
Oey dey ap Oey
Then by the Implicit Function Theorem, %—“;f can be expressed as %—“;f = ffcft]\]@l .
First we note that
dp Y Dy OV

det M = —F—— - 2=
¢ Gefﬁej 86J661

— {yc"(ej) - ,0% [kP" (e —ej)+ (n—k)P" (e — 61)]:|

1
X |:’}/C”(€J) + P

[(n—k)P"(e;—er)+ P"(ef — eJ)]}

P (kP (e — e) + (n — F) P" (e — 1)

P k=)
1
n—=k

=" (er)c"(es) +p

¢ (en)[(n— k) P" (e; = er) + kP" (er = )

pres) (= F) P (e 1) + kP (er = €.)]

>
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Second, we determine det M.

Op O dp Oy
M =220 ZP 08
det M, 3p86J+6’6J0p

1 ,
:—[E[kP (€I—€J)—(n—k)P(eJ_ef)]_

X |:"}/C”(€J) +p [(n—k)P"(e; —er) + kP"(e; — eJ)]_

n—=k

+ {—p% [kP" (er = es) + (n = k) P"(e; — ef>]:

" { L (= k)P e — er) — kP (e — ¢,)]

= 9es)y (0= W) P’ (e — e1) = kP (e = )
> 0.

It thus follows that
661 det M1
— = > 0.
dp  detM

To see %i; < 0, we combine the two first-order conditions to obtain

—k
fr =7 (en) + § |[==—=fs =€ (es)]

This is equivalent to
kfr+(n—k) f;=kd (er)+ (n—k)d(ey). 9)

Notice that the left hand side of (9) does not depend on p > 0. Therefore,
if an increase in p entails an increase in e; this implies a decrease in e; (and
vice versa), that is

861 8eJ
— >0 — <0
op dop ’

which completes the proof of %epl < 0.

Second, we investigate the effect of increasing cost (7 T) . Similarly to the
above, we can express %—ﬁ/’ and 86%’ as

de;r  det Ny p dey  det Ny

9y deem M oy T detM
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respectively, where
_9¢  Op 9o _0¢
Ne={ B %) and No=| B2 8 ).

and M is defined as above. Recalling det M > 0, we have to show det N; < 0
and det N, < 0.

Op O Op OY
No= -~ 4+ 7
det Ny 0y Oey + Oey Ov

= c(eg) [76” (es) + - f ’ [(n—k)P"(e;—er) +kP" (e; — 6J)]:|

+ [—g [kP"(e; —er) + (n—k)P" (e — 61)]] d(es)
<0,
dp OY N I 9P

Ny = 22 77
det Nz Oer Oy Ov Oey

__ [yc"(ef) n g kP" (1 — ey) + (n — k) P" (e — e,)]] dley)

- [(n—k)P"(e; —er) + kP" (ef — €J)]:|

< 0.

+c(er) [n

Both inequalities hold true because of /() > 0, ¢’(-) > 0, and P” > 0,
respectively. m
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