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ABSTRACT: Optimd incentive mechaniams may require that agents are rewarded
differentidly even when they are completdy identical and are induced to act the same. We
demondtrate this point by means of a smple incentive model where agents decisons about
effort exertion is mapped into a probability that the project will succeed. We give necessary and
sufficient conditions for optima incentive mechanisms to be discriminative. We dso show that
full discrimination across dl agentsis required if and only if the technology has increasing return
to scde In the non-symmetric framework we show that negligible differences in agents
atributes may result in mgor differencesin rewards in the unique optima mechanism.

1. Introduction

The tendon between efficiency and equdity in incentive schemes is an issue which is often
debated in organizations. The notion that benefits should be assigned to individuds in a non-
uniform manner that takes into account qudifications and performances is well established. Yet
it is sometimes dlaimed that favoritism and discrimination often leed to differentia rewards even
when individuas do not differ sgnificantly in ther atributes, a phenomenon which is regarded as
counter-efficient. The purpose of this paper is to argue that, from the point of view of optima
incentives, differentid rewards may be unavoidable even when individuds are completdy
identica and when the mechanism ams at inducing al agentsto exert effort.

The fact that optima incentive mechaniams may require non-symmetric rewards even
when agents are identicd in their qudifications may not be surprisng in some environments. If
agents, for example, are asymmetricaly informed about each other’s exertion of effort, it may
require different levels of incentives to induce each of them to exert effort. In this case optimal

mechanisms are expected to yield non-symmetric rewards that depend on the information that
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agents have about each other (see Winter, 2001, for a full andyss of such a modd). Another
cae in which non-symmetric mechanisms seem trividly unavoidable is when the principd’s
objectiveis to induce some but not al agents to exert effort (for example, when contributions by
only a subset of agents are sufficient to guarantee the project’s success). In this case it will be
wasteful to reward al agents equaly. Promising postive rewards (contingent on the success of
the project) to some and zero to others seemsto be the optimal incentive scheme.

What we find more surprising is that optima mechanisms may have to be discriminative
even when dl agents are completely identicd (in terms of dl ther characteridics including
information) and when the objective of the mechaniam is to induce dl of the agents to exert
effort. We demondtrate our point with a smple mode of organization smilar to the one used in
Winter (2001) in the context of optimal adlocation of responghility in hierarchica organizations.

A project is managed by n agents each of which is responsible for a different task. If an
agent exerts effort in performing his task he increases the probability that his task will end
successfully from a to 1 a a cost ¢, which is constant across agents. The overal project
succeeds only when al tasks end successfully. Neither the principa nor the agents themselves
can observe each other’s effort. Therefore, the mechanism must reward agents only as a
function of whether the project ends successfully or not. An optima mechanism induces agents
to exert effort in any Nash equilibrium, and it does so a a minimum tota reward.

Our firgt observation in Proposition 1 isthat any optima mechanism mugt treet al agents
differently. We then extend the framework in Section 3 by referring to generd success
technologies that map agents decisions to a probability of the project’s success. We provide a
necessary and sufficient condition for the existence of symmetric mechaniams indicating that the
nonexistence of symmetric mechanisms is more genera than might gppear in our benchmark
modd.

The intuition behind the fact that optima mechanisms may have to be non-symmetric is
quite smple. If agents exertion of effort induces a postive externdity on the effectiveness of
other agents effort, it is optima to promise high rewards to some agents so as to make the
others confidently believe that these highly paid agents will contribute, hence dlowing the




planner to save resources by offering other agents substantialy less. Invoking this argument
iteratively shows that when the project technology involves increasing returns to scae, no two
agents should earn the same reward in spite of the fact that al agents are identicdl. In fact the
optima mechanisms give rise to an endogenous hierarchy of incentives at the top of which one
agent is induced to exert effort regardless of his beiefs about other agents actions, and a the
bottom of which one agent is provided sufficient incentive to exert effort only when he believes
that al the rest will do so aswdll. Interestingly, the property of increasing returns to scaleis not
only a sufficient condition for full discrimination. We aso show thet it is dso a necessary
condition -- if it falls to hold, some agents must be paid identicaly at any optima mechanism. In
Section 5 we address the non-symmetric case to point-out that discrimination plays a role even
when the optima mechanism is unique. We show that under increasing returns to scale negligible
differences in agents characteristics may result in mgor payment differences in the now unique
optima mechanism. We provide the andlyss for the case of differentid effort costs as well as
the case of differentiad probabilities of success under no investment. However, in contragt to the
symmetric case in which the dlocation of agents and tasks to the different levels of the incentive
hierarchy mentioned above was abitrary, now this dlocation is uniquely determined.
Specificdly, agents with low effort costs are assigned to higher levels of the incentive hierarchy
and tasks which are more sengitive to the effort decison are assigned to higher levels as well.

Findly, in Section 6 we condder environments in which agents can make credible
commitments about effort exertion. We modd it by smply changing the solution concept for
implementation - from Nash equilibrium to Strong Nash equilibrium (see Maskin, 1979). This
latter concept takes into account not only unilateral deviations but dso deviations by groups.
We show that in such environments the optima mechanism is symmetric for any monotonicaly
increasing technology.

In our modd the effort decisions by some agents affect other agents' incentives to exert
effort. To this extent this paper is reated to the literature on network externdities eq., Farrell
and Saoner (1985) Katz and Shapiro (1986). The intuition behind the advantage of
discrimination in our incentive mechaniams is reaed to the idea of price discrimination by

monopolies producing goods with postive consumption externdities, for example in the form of



introductory pricing (see for example Bensad and Lesne (1996) and Cabral, Sdant and
Woroch (1999)). It isaso related to Segd's (2001) generd mode of trade contracts where he
observed that when trade generates positive externdities on other agents, the principa gains by
discriminating whenever he wants to sudain his preferred trade as a unique equilibrium.
However the incentive modd here differs from those used in the literature above in severd
features. The most important of them is the fact that agents effort decison are unobservable.
Hence contracts in our modd are adlowed to make contingencies only on the find outcome of
the project (and not on the actud “trade’ chosen by the agent). Furthermore, our framework
dlows the establishment of increasing returns to scde as a necessary condition for full

discrimination and addresses other organizationa issues in the non-symmetric case.

2. The Mod€

The organizationd project involves n tasks each performed by a different individua (agent).
Each agent has to decide whether to exert effort towards the performance of his task or not.
The cogt of effort isc and is constant across dl players. We henceforth use the term investment
for the action of exerting effort.

If an agent invests, his task ends successfully with probability 1. If he doesn't inved, the
probability of his task ending successfully isonly a, which is again congtant across dl agents.
Agents are not informed about each other’s investment decisions. Thus these decisons will be
modded as if made smultaneoudly.

For our benchmark mode we will assume that the project as a whole ends successfully
if and only if al the tasks are preformed successfully. We will later consder a generd class of
technologies that do not necessarily have this“O-Ring”? property.

Since the effort decision of an agent is unobservable to the rest of the players and the
principd agents rewards in the mechanism depend only on whether the project ends
successfully or not. Specificdly, if the project fails dl agents receive a zero reward, but if it
succeeds they are paid the rewards v = (vy,...,Vn). We identify here the vector v with the

% See Kremer (1993)



incentive mechanism. We note that each such mechaniam gives rise to anormd form game G(v)
in which each player i has two Srategies. d; = 1 for investment and d; = 0 for non-investment.
The payoff function of the game is given as follows. For astrategy combination d = (d,...,d.) T
{0,1}" the payoff function for player i, is given asfollows:

fi(d) = via¥@- cif d = 1 and fi(d) = via¥@if d. = 0, wheres(d) = |{j| d; = 0}/ is the number
of individuas who choose to shirk.

We say that amechanism v isincentive-inducing (INI) if v induces dl playersto invest in
every equilibrium, i.e, d = (1,1,...,1) isthe only Nash equilibrium of the game G(v).

Wewill say that amechanism v isan optimd NI if it minimizes the totd reward among
al INI mechaniamns'.

Propostion 1 clamsthat in any optima NI mechanism no two players are rewarded
equaly.
For apermutation g on the set of agents, and a vector x, we denote by g(x) the vector

with qi(X) = Xq(iy-

Proposition 1: Let v* = (c/(1-a), c/a(l-a), ..., c/a™(1-a)). A mechanism v is an optimal
INI mechaniam if and only if v = g(v*) for some permutation g.

Proof: We firgt note that g(v*) isan INI mechanism. Since dl agents are symmetric we will
denote by v(k) the reward that would make an agent indifferent between investing and shirking
given that he believesthat exactly k other agents are investing, where 0 £ k < n. Note that if i
chooses to invest his expected payoff is v(k)a™" - ¢, wheress if he chooses not to invest the
expected payoff isv(K)a™. Hence, v(k) sttisfiesv(k)a™* - ¢ = v(k)a™, or v(k) = c/a™?*(1-
a). We can therefore st v* = (v(n-1),v(n-2),...,v(0)). Note aso that v(k) > v(k+1) and in

*Wewill also allow the reward-minimizing mechanism not to be INI initself. The formal definition should be
the following: visan optimal INI mechanismif (1) there exists no INI mechanism with less total reward and
(2) for any e{v;+€};; y isan INI mechanism. Thistechnical caveat isinnocent and is needed because rewards
take continuous val ues.



partticular gi(v*) 2 v(n-1), whichmeansthat d = (1, ... , 1) isa Nash equilibrium of G(q(v*)).
Hence, to show that g(v*) isan INI mechanism, it is sufficient to show that no equilibrium exigts
in which some group of agents shirks if we increase rewards by an arbitrarily small amount.
Consder a strategy combination in which exactly k agents choose to invest where O £ k < n.
Consider the players who are assigned the rewards v(0), ... ,v(K). Any arbitrarily smdl increase
in these rewards will make each of these players better off investing if one believes that k other
players are investing as well. Hence, by an arbitrarily smal increase of rewards beyond q(v*)
wegetd= (1, ..., 1) asthe unique equilibrium. We now have to show that q(v*) is optimd. We
assume without loss of generdity that q is the identity permutation. Congder a mechanism u
such thet u; < vi* for some playersand u; = v;* for therest. Let r be the largest index for which
Ur < V¢*; then thereis an equilibrium of G(u) in which players 1,2, ..., r shirk and r+1,...,n
invest and this equilibrium survives for a sufficiently small increase of the rewards beyond u.
This equilibrium will cease to exist only if we increase the reward of one of the playersin 1,2, ...
, I to become at least v,*. Hence, no INI mechanism can have atotal reward which is less than

é.i Vi*.

3. General Success Technologies

In our benchmark model, agents' investments were mapped into a probability of the project’s
success in a particular way. In this section we will argue that the lack of symmetric optimal
incentive mechanisms is aso obtained in a more generd framework. To this end we will view
the project’ s technology as afunction p from the set investment strategy profiles{0,1}" to [0,1]

specifying the probability of success for any given profile. Since our interest lies with the case in
which dl agents are identicd, we will define a symmetric technology as a function p:
{0,1,2,...n}® [0,1] which gives the probability of the project’s success as a function of the
number of agents who choose to invest. We assume that extra investment aways raises the
probability of success, i.e, p is drictly increesng. Findly, as before, we assume that the



principd isinterested in inducing dl agents to invest. The definition of an optima NI mechanism
remains the same,

A mechaniam v issaid to be symmetric if it assgns the same reward to dl agents.
Proposition 2 asserts that a necessary and sufficient condition for symmetry is that the “last”
agent’s margind contribution to the project’s success cannot exceed that of any other player.
This condition implies a certain degree of subgtitution between the agents.

Propostion 2: A symmetric INI mechanigm exigsif and only if p(n) —p(n-1) £ p(k+1) — p(Kk)
foradl 0£ k< n-1.

Proof: Congder again the reward v(k) for which an agent is indifferent between investing and
shirking if he believes that exactly k other agents are investing. With a genera technology p a
player’s expected reward if he investsis v(k)p(k+1) —c, and with no investment it is v(k)p(K).
Thus v(k) solves p(K)v(k) = p(k+21)v(k) - cor v(k) = c/[p(k+1)-p(k)]. The condition in
Proposition 2 impliesthat v(n-1) 3 v(K) for dl k < n-1. Consider now the mechanism v = (v(n-
1), ..., v(n-1)). For thismechanisn d = (1, ... ,1) is a Nash equilibrium and for any arbitrary
amall increase of rewards, it is dso the unique Nash equilibrium. Furthermore, if we decrease
the reward for any agent d = (1, ...., 1) isno longer not an equilibrium. Hence, v isa symmetric
optima INI mechanism. We now show that the condition of the propostion is necessary:
suppose by way of contradiction that p(n-1) - p(n) > p(k+1) - p(k) for some k < n-1 and that
a symmetric optima INI exigs in which v; © u. Clearly u must be one of the vaues
(V(0),v(D),v(2), ... v(n-1)). By the definition of v(k) we have v(n-1) < v(k) for some k < n-1.
Let k* = argmaxy(k). We fird assume that u < v(k*). Note that in order to sugtain
investment by al playerswe mus have u 3 v(n-1). Since v(n-1) £ u < v(k*), there must exist
somek £ n-2 such that v(k-1) £ u < v(k). We now clam that under the mechanism u there
exigs a Nash equilibrium in which k agents invest and n-k agents shirk. Indeed, no shirking
player can profit by deviating to investment as investment requires a grester incentive given by
the reward v(k). Furthermore, no investing player will deviate by shirking because v(k-1) £ u
and 0 any arbitrarily small increase of rewards results in agents preferring invesment when k-1



other invest. Hence, uisnot an INI mechaniam asit yields equilibria in which some agents shirk.
We now condder the case in which u = v(k*). Indeed, such a uisan INI mechaniam. Thisis
because v(k*) impliesthat d = (1, ... ,1) isan equilibrium and v(k*) 3 v(k) for dl k implies thet
no other equilibrium exists. However, the mechanism u* = (v(n-1),v(k*), ... ,v(k*)) isan INI
mechanism aswell. Sncev(k*) > v(n-1) this mechanism involves a smdler reward for the first
agent and the same for the rest. Hence, u is not an optima INI and we obtain the desired
contradiction.

4. Increasing Returnsto Scale

In this section we characterize the technologies under which the optima mechanism rewards dl
agents differently. We show that this property is equivalent to the technology having increesing
returns to scale. More specificaly, we say that an NI mechanism v isfully discriminating if v; *
v; for every pair of agentsi,j. We say that the technology p has increasing returns to scale if
D(K) = p(k+1) - p(k) (k=0, ... ,n-1) isincreasing in k.

Proposition 3: The technology p has increasing returns to scde if and only if dl optima INI
mechanisms are fully discrimineting.

Proof: If p hasincreasing returnsto scdethen v(k) = c/[p(k+1) - p(k)] and v(k) is decreasng
in k. Hence, usng the same argument as in the proof of Propostion 1, we obtain that the
optima mechaniams are given by q(v(0), ... ,v(n-1)) where q is some permutation of the set of
agents. Hence, dl mechaniams are fully discriminative. We now show thet if dl optima NI
mechaniams are fully discriminating, then p must have increasing returns to scae. As argued
ealier, the payoffsin an INI mechanism mug involve only the vaues v(0), ... ,v(n-1), so by
assumption al these vaues are digtinct. Consider an optimal INI mechanism and assume the
following order of the values v(k):

V(Ko) > V(ky) > ... > V(Kn.1) (WhereKo, Ky, ... Kn1 iISSOme permutation of 1,2,3 ... ,n). We firgt
note that v(Kn.1) = v(n-1). Otherwise, there is some k; with v(kj) < v(n-1) and d = (1, ..., 1)



cannot be a Nash equilibrium of the game because the player receiving v(k;) is better off
deviating by shirking. We now establish by induction that v(j) 3 v(k;) for j = 0,1, ... ,n-2. Firs,
V(ko) 3 v(0) by the definition of v(ko) asthe largest among the vaues.

Now assume by induction that v(j) £ v(k;) fordl j £ r-1 < n-2 and consider j = r. Suppose
by way of contradiction that v(r) > v(k;). We argue that the mechanism admits a Nash
equilibrium in which r agents invest and n-r shirk. Indeed, consider the set of agents whose
payoffs are v(Ko), ... ,\V(kr.1). Cdl this st R= {0,1,...,r-1}. Usng iterative diminaion of
dominated strategies with the inductive hypothes's, we obtain that none of the agentsin R shirk
in any Nash equilibrium. This is done as follows for player O who receives v(ko) invesing is a
dominant drategy. Given tha player 0 invedts, it is a dominant drategy for player 1 who
receives v(K,) to invest aswel. Continuing in this manner the result is that al playersin R inves.
It istherefore sufficient to argue that when the agentsin R invest, no other agent can increase his
payoff by shifting from shirking to investing. But this follows from the fact that for every player |

iNnN\Rthereward v; satisfiesv; £ v(k:) < v(r). We thus obtained that v(j) £ v(kj)) for O£ j £

n-1. But since the sets {v(k;); Ofj£n-1} and {v(j); OEj£n-1} are identicd — these inequdities
must imply equdity. Hence, we have v(0) > v(1) > v(2) >, ..., > v(n-1). But as we argued a
the beginning of the proof, the v(j)’s are the inverse of the D(j) = p(j+1) - p(j), which is

therefore increasing. Hence, p has increasing returnsto scae.

5. The Non-symmetric Case

We now turn to the issue of discrimination in the non-symmetric case by pointing out that dight
differencesin agents characteristics may result with mgor differences in rewards even when the
optima mechaniam is unique. This is done by dlowing ether the effort cods or agents

probabilities of success to vary across agents. For the case of differentid effort costs we show
that under increasing returns the optima mechaniam is unique. Furthermore, if agents effort
cogts are sufficiently close to each other it prescribes higher payments to agents of lower effort
cos. However, the more interesting implication of this observation is the fact that agents who

differ only dightly in their cost of effort may end up with mgor differences in rewards. Thisisa



direct consequence of the fact that an agent’s payoff in the optima mechanism does not only
depend on his own cogt of effort (or skills) but dso on the way he ranks relative to others. A
amilar finding applies when we consder differentia probabilities of success in the benchmark
mode discussed in Section 2. In this case we show that agents with lower a; are paid more in
the unique optima mechanism. In the sequel we will argue that these results can be interpreted

as explaining the role of hierarchies as a coordination device’.

Propostion 4: Let p be an increasing returns to scale technology and let ¢, < ¢ <, ... < G,
denote agents’ effort cogts, then the (unique) optima mechanism pays player |
vi* = ¢/[p() - p(-1)], i.e, v;*/c; isdecreasing with j.

Note that the denominator of v;* depends only on how the agents effort costs are ordered and
not on ther actud vaues. Hence, a dight difference in these vaues may result with mgor

differences in the optima rewards.

Proof of Proposition 4: Take any order g: N® N and consider the mechanism v with
vi* = ¢/[p(a()) - p(a(i-1))], i.e, the payoff for each agent is his effort cost divided by his
margina contribution with repect to some codition size. Denote by di* = p(q(j)) - p(a(-1)) the

payment per unit of cost for agent j. Setting up the incentive compatible equations as in the
proof of Propogition 2 we find that any such mechanism is incentive-inducing (sustaining effort
by iterative dimination of dominated strategies). Consider some agent for which d* = p(k+1) —
p(k), k=0,1, ... ,n-1. Suppose that we drop j’s payoff by e without changing the payoffs of
the ret, then there will exist an equilibrium in which dl agents i with di* 3 df shirk and the rest
exert effort. To diminate this equilibrium we now consder trandferring this e to a different agent
i for which d* > d;% For suffidently smdl e such atransfer will not change the incentive of i,
and the same equilibrium will prevail. The change in incentive will occur when ¢/d* + e 3 ¢/d*

® This of course in addition to other roles of hierarchies like authority (see Aghion and Tirole (1997)) or
|eadership (see Hermdin (1998))
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inwhich case i contributes if he believes that he isin a group of | contributors. But for such e,
we have:

e 3 c¢/d- c/d and agent j’s remaining payoff will be not more than ¢/d® - ci/d® + c/d“.
Sincec < ¢ and d > d thisremaining payoff is grictly less than ¢/d®. So j is not provided
enough incentive to contribute when he believes that heisin agroup of i contributors (replacing
the role of agent i). This shows that the only candidates for INI in the non-symmetric case are
the n! reward vectors described at the beginning of the proof. To notice that v* is the least
expensve among them, note thet if ¢ > ¢ and d > d, then changing the order by flipping the
rolesof i andj (i.e, paying j the reward c/d® and paying i the reward c;/d“) without affecting
the payoff of others, gets usan INI mechanism of alower cogt.

We now turn to the case of differentia probabilities of success providing our andyss for the
benchmark modd discussed in Section 2.

Proposition 5: Consder the benchmark mode! in Section 2 and assumethat a; < a, <, ...,
< a, and that c isthe condant effort cost. Then the optima mechanism is unique and is given by

V. =

fori<nand v, =
1l-a

B e—
Oaj(l' ai) "

j=i+l

. Furthermore, negligible differences in the values

of a;’sresult in mgjor differencesin rewards.

We have seen that the optimal NI mechanisms generate hierarchy of incentives in the
sense that different players have different stakes in the success of the project: agent 1 is induced
to exert effort regardless of other agents decisions whereas agent n will do so only if he believe
that al the rest will exert effort as wel. We submit that this observation can explan how
hierarchies may emerge in organizations even when agents of different levels ded with smilar
tasks and when authority plays little role. Such hierarchies serve as a coordination tool by which
each agent is guaranteed that those placed above him in the hierarchy will indeed exert effort —
providing sufficient incentive for him to do so as wel. We point out that when usng this

1



interpretation of hierarchies, Propostions 4 and 5 tel us how hierarchies are endogenoudy
determined when individuds or tasks differ in their attributes. Specificaly, Proposition 4 implies
that if agents differ in their cost of effort, then agents with low costs should be assigned to higher
levels of the hierarchy. Furthermore, Proposition 5 asserts that if tasks differ in the probability of
success under no investment (i.e., the probability a;) then tasks with low a; (those which are

more sengtive to the effort decision) should be assgned to higher hierarchy levels as well.

Proof of Proposition 5: Take any order g = iy,i», ... i, and consider the mechanism V* given by

Cc
(1' ain)

V= forj<nadV = . We first daim thet any such mechanism

Oa, (-a,)

k=j+1
(and there are n! of them) is incentive inducing. For that we will show that with these rewards
exeting effort emerges as a unique Nash equilibrium with iterative dimination of dominated
drategies. Consder first player i, if this player chooses 1 and the rest shirk, then the probability

A P
of successis Qa, whieitis Qa, if he chooses 0. Hence if dl other agents shirk, V]

k=2 k=1
renders i, indifferent between shirking and exerting effort. This means that choosng effort is a
dominant strategy for i; under vfi . Assume now thet iterative dimination impliesthat iy, iy, ..., ij-

1 dl exert effort then if ij chooses 1 and ij+ 1, ij+2, ..., in @l choose O, the success probability is

O a, ,anditis Oa if i; chooses O under the same conditions. Since vq solves the equation
k=j+1 k=j

kY Y
vQa, - c=vQa, ,player i; is indifferent between exerting effort and shirking under the

k=j+1 k=]
specified condition which dlows usto diminate dj = 0. We now argue that the optimal NI
mechanism must be v° for some order g of the players. Consider such order g. If we pay some

player i; Vi - e for apogtive e without changing the rewards of other players, then the game

will have an equilibrium in which iy i, ..., ij shirk and the rest exert effort. This equilibrium will
survive when trandferring the e to another player iy aslong as e is smdl enough. Consder the

minimdl e for which this equilibrium fals to survive, then (V... V! - €.V +e,\!) =V,



whereq'’ is the order in which iy and i; exchange postions. A smilar algument is given in more
detail in the proof of Proposition 4. Findly, we argue that anong the mechanisms v, the optimal
one corresponds to q being the identity order and thus v corresponds to the rewards specified

in the statement of the propostion. For that we have to show that é vf‘J isminimd when q isthe

j=1

identity. Let g; be the identity and g, be the order in which i and i+ 1 exchange positions, i.e., O,

= (12, ...,i-1,i+1,i,i+2, ... ,n). Itisenough to show that Vi* +V: <2 +v*2 .
Indeed, V™ :;,v.qil: c and V"V = l-aa, ’
i A 1 A i i a. (1_ a-)(l- a )
Oai(l' a;) Oaj(]-' aiy) i+l : i+1
j=i+l j=i+2
whereas  V» =;,\ﬂf_ = ¢ and V2 +\2 = 1-aa, )
A A " a-a)1-a,,)
Oaj(l' a;) Oaj(l- a.,)a, i i i+1

j=i+2 j=i+2
The result now follows from the fact thet a; > ai.1. Findly, note that when the probabilities of
success are arbitrarily close to each other agents' rewards in the unique optima mechanism are

sgnificantly different. Furthermore, under these conditions agents with lower a; are paid more.

5. Commitment

If agents can make enforceable commitments to each other concerning investment and
coordinate actions, then the principal can implement investment at less expense. In this case he
can even achieve it with a symmetric mechanism. This is due to the fact that the possbility of
agents to coordinate joint deviations filters out the “bad” equilibria in which only a subgroup of
agents exerts effort. We andyze this framework by adopting the very same modd but assuming
that invesment is implemented via strong equilibria (see dso Maskin (1979) for strong
equilibriaimplementation of socid choice correspondences).

A draegy profiles isastrong equilibrium if there exists no codition of players Sand a
drategy profiless = {s;'}ii n for tha codition such that dl playersin S are made better off by
deviaing to ss assuming thet playersin N\Sare dill playing s ..

13



A mechanism v is an incentive-inducing mechanism via srong equilibria (NIS) if d =
(1, ... ,1) is the unique strong equilibrium of the investment game. Optimdlity is now defined in
the same way as before.

We point out that the choice of solution concept for implementation should reflect the
principa’s assessment regarding the nature of interaction that takes place within the
organizationa environment. If the principa believes that the environment is sufficiently open and
conducive to cooperation then the concept of strong equilibrium may be the appropriate one for
implementation. Otherwise, only the standard Nash implementation is viable, requiring the extra

burden of higher rewards and the necessity of discrimination.

Proposition 6: If the technology p is increasing,® then the unique optima  INIS mechanism is
givenby v; = c/[p(n) - p(n-1)] fordl j.

Proof: We show the following: (1) with v; © v = c/[p(n) - p(n-1)] the strategy profiled = (1, ...
,1) is a strong equilibrium. In this stipulated equilibrium a player earns vp(n) -c. If a group of
agents S of 9ze s chooses to shirk, each of its members will earn vp(n-s), which is less than
vp(n) -c since p(n) - p(n-s) > p(n) - p(n-1). Using the same inequditieswe have: (2) d = (1, ...
,1) is the unique strong equilibrium. This is because any Srategy combination in which s agents
shirk has a profitable joint deviaion for these players which is to invest’. Findly, (3) v as
specified above is optimd. For this note that if some player’sreward islessthan v = ¢/[p(n) -
p(n-1)],then d = (1, ... ,1) is not a Nash equilibrium (and therefore not a strong equilibrium)
gnce this player will choose to shirk when the rest invest getting vp(n-1) instead of vp(n) - c.
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