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Abstract

Experts tend to herd if they can communicate among themselves. I show that every expert can be induced to
do independent research and report truthful results if and only if payments to the expert depend on other experts’
reports. If the experts are risk-averse then the prevention of herding is costly.
 2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction

Consider the following situation. For predicting market returns, a financial company uses the
services of several experts who can communicate and share their results. The first problem is that an
expert may shirk responsibilities if the client does not offer sufficient incentives. The second problem
arises when these incentives are offered because in these cases the expert may choose to bias his own
results towards results of the other experts. The difficulty of contract design in this situation is that
inducing research may simultaneously create stimuli for misrepresenting the results obtained.

For example, reports of financial analysts who track a company for a corporate client are often
1biased by prior reports. It is also well known that the analysts are paid on the basis of their relative

performance.Institutional Investor publishes a ranking of the analysts and they get paid according to
their position in the ranking. Do relative performance payments cause herding, or do they help reduce
herding? And, do analysts enjoy any rent from the possibility of herding?

This paper derives two results about contracting in this situation. (1) It proves that the client can
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induce research and truthful reporting by all experts only if she can make the payment to an expert a
function of all experts’ reports. (2) The expected payment to an expert is greater if the client uses the
herding prevention scheme, if we compare it to a case in which the experts cannot communicate.
These results suggest that relative performance payments are a useful but costly tool in reducing
herding.

Several studies examined similar situations where attempts to solve problems of asymmetric
information creates new incentive problems. Eichberger et al. (1999), Bergemann and Valimaki
(2000), and Osband (1989) are all recent examples. These studies, however, are not concerned with
the problem of herding, which is central for my work. On the other hand, there is a large literature
about herding in finance and economics applications (e.g. Banerjee, 1992; Bikhchandani et al., 1992;
Devenow and Welch, 1996) but it has not asked the question of herding prevention. Maskin and Riley
(1984) and Cremer and McLean (1988) are also related studies. My model is, however, about the
simultaneous inducement of research and truthful reporting, which is different from the focus of these
papers.

The remainder is organized as follows. Section 2 describes the model, Section 3 formulates
auxiliary results for the case with only one expert, Section 4 presents the main results, and Section 5
concludes.

2 . Model

• Timing: the first one of a finite sequence of experts decides whether to conduct the research or not.
Then he makes the alleged results of the research available to all other experts, but not to the
client. Next, the second expert decides whether to conduct research or not, and what to report, and
so on. The order of research is exogenous and not known to the client. This assumption is meant to
capture the real-life difficulties in resolving priority questions. Next, all the experts simultaneously
submit their reports to the client. The results in the reports are not necessarily the same as the
results that were made available to other experts, although it will be shown that they are in the
equilibrium. Next, the client takes an action based on the reported research results; then the true
state is revealed. Finally, the experts are paid.

• Preferences: the preferences of the client are assumed lexicographic in that her main goal is to
insure that the maximal amount of research is undertaken and that truthful results are reported to
her. Given that this goal is assured, the client wants to minimize the expected amount of money to
be paid to the experts. This simplifying assumption is taken to isolate the problem of herding
prevention from the trade-off between costs of implementing this goal and benefits of knowing
truthful results. In reality, high costs can force the client to abandon the goal of herding prevention.
This possibility is left outside of the model.

Each expert has a vNM utility function of the form2g 1 u(t), wheret is the payment to the
expert,g is c . 0 if an expert does research and 0 otherwise, andu( ? ) is an increasing and concave
function. For simplicity, I assume that experts always resolve indifferences in favor of the client.

• Research: there is a finite number of the states of the world, and every expert who undertakes
research gets a signal from a finite set. The signals are i.i.d. conditional on the state of the world.
The prior probability of statei is p .0. The probability of obtaining signals conditional on thei

realization of statei is p(sui), the joint probability of signals and statei is p(s, i)5 p(sui)p , and thei
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conditional probability of statei given signals is p(ius). Similar notation is used for the joint
probabilities of several signals. For example,p(s , s ui) is the conditional probability that the first1 2

expert gets signals , and the second expert gets signals given statei. Likelihood ratio of statesi1 2

and j given signals is l (s); p(sui) /p(su j). States are identifiable by signals, that is for anyi and jij

there are suchs and s9 that l (s)± l (s9).ij ij

• Communication: an expert makes a report available to all other experts. I assume that if the experts
are indifferent then they will report truthful results.

• Contracting: the client can pay an expert depending on the realization of the state of the world and
on the set of all experts’ reports. The functiont(s, S, i) represents the payment to an expert ifs is
his own report and ifS is the set of the other experts’ reports. The model assumes limited liability
of an expert:t(s, S, i)$ 0. In the case of only one expert, I abuse notation and denote the payment
as t(s, i).

3 . Results for one expert

This section considers the case with only one expert. There is no communication in this case but I
anticipate its appearance in the next section by focusing on the dependence of optimal schemes on the
expert’s prior. Indeed, the main role of communication is to change the experts’ priors.

Doing research and reporting truthfully requires that the following set of conditions be satisfied: for
ˆeach pair of true signals and reported signals

ˆO p(ius)u(t(s, i))$O p(ius)u(t(s, i)) (3.1)
i i

ˆOO p(i, s)u(t(s, i))$O p u(t(s, i))1 c. (3.2)i
s i i

The first equation is the truthtelling condition, the second guarantees doing research.

Proposition 1. The client can always induce the expert to do the research and report his results
truthfully.

Outline of proof. We take two states (0 and 1) and order the signals so that a measure of the signals’
information supporting state 1 against state 0 declines. Then we construct a payment scheme with the
following properties:t(s, 1) is decreasing andt(s, 0) is increasing. It is easy to fine-tune the payments
so that the experts with the true signals will never want to switch to a neighboring signals9. The
crucial point is that this local property implies the global property: the expert will never want to
switch to any false signal. As a result, the truthtelling and research can be strictly encouraged. An
appropriate scaling can amplify this incentive so that research is profitable for the expert. The size of
the scaling, of course, will depend on the cost of research and on the informational structure of the
signals. The general case can be easily reduced to the case with only two states.

Proof. If paymentst(s, i) satisfy (3.1) and (3.2) for priorp, then payments
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pi21
]t9(s, i)\u u(t(s, i)) (3.3)S D9p i

will satisfy (3.1) and (3.2) for priorp9. Thus, without loss of generality, we can assume a uniform
prior on the states. Firstly, consider the case where the number of states is 2. Let

x 5 u(t(s, 0))2 u(t(s9, 0)),ss9 (3.4)
z 5 u(t(s, 1))2 u(t(s9, 1)).ss9

The problem is to definex and z in such a way that they are consistent, that they satisfyss9 ss9
2truthtelling constraints for anys, s9:

x 1 l (s)z $0, (3.5)ss9 10 ss9

and that for eachs9 there is at least ones such that the constraint (3.5) is strict. This third condition
ensures that knowledge of true signal provides some positive benefit to the expert. By scaling the
payments appropriately, the client can make this expected benefit greater than the cost of research.

Without loss of generality, assume that

l (s )$ l (s )$ ? ? ? $ l (s ). (3.6)10 1 10 2 10 n

Define

z 5 j 2 i,;i, j, (3.7)s si j

choosex in a way such thats ,si i11

2 l (s )$ x $ 2 l (s ), (3.8)10 i11 s ,s 10 ii i11

and definex (with j . i 11) bys si j

x 5 x 1 x 1 ? ? ? 1 x . (3.9)s s s s s ,s s ,si j i i11 i11 i12 j21 j

It is easy to check that the conditions are satisfied. Since the client can arbitrarily choose two states of
the world and restrict herself to schemes that pay only if one of the two states is realized, she can
induce doing research in the general finite-state case.h.

The minimal expected payment to the expert depends on his prior. This dependence is convex as
the following proposition shows.

Proposition 2. For the case of a risk-averse expert, the minimal expected payment R(p) is convex.

Proof. Let x (s)5 u(t(s, i))p . Then the client’s expected payment isi i

2Indeed, the truthtelling constraint isp(s, 0)u(t(s, 0))1 p(s, 1)u(t(s, 1))$ p(s, 0)u(t(s9, 0))1 p(s, 1)u(t(s9, 1)), which is the
same asp(su0)p x 1 p(su1)p z $ 0, which is equivalent to (3.5) because of the uniform prior assumption.0 ss9 1 ss9
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x (s)i21
]]f(x,p)5OO p(sui)u p . (3.10)S D ips ii

The client chooseshx (s)j by solvingi i,s

R(p)5inf f(x,p) (3.11)
x (s)i

subject to linear constraints onx (s). The conclusion of the proposition follows from the followingi

lemma and from elementary calculations that show thatf(x, p) is convex in both arguments.

Lemma 1. Suppose f(x, p) is convex in both arguments, X is a convex set, and

F(p)5 inf f(x,p).
x[X

Then F(p) is convex.

The proof of Lemma 1 can be found in Boyd and Vandenberghe (2003; Section 2.2.5).

4 . Results for multiple experts

This section applies the results of the previous section to the situation with multiple experts and
communication. Firstly, the following impossibility result holds.

Theorem 1. If the client can only pay each expert according to his own report and the realized state
of the world, she cannot guarantee that all experts always conduct research and report truthfully.

Proof. Suppose instead that such a scheme exists, and the second expert reports the results of his own
research independently of what was reported by the first expert. The second expert’s ex-ante expected
payoff is

O p(s , s, i)t(s, i)2 c 5O p(s, i)t(s, i)2 c, (4.1)1
s ,s,i s,i1

wheres is the signal of the first expert. The ex-ante expected payoff from the strategy of doing no1

research and repeating the results of the first expert is

O p(s , i)t(s , i)5O p(s, i)t(s, i), (4.2)1 1
s ,i s,i1

which is higher. This is a contradiction with incentive compatibility.h

Of course, this theorem does not imply that the optimal strategy of the second expert is to mimic
the first expert independently of the result of the first expert. The claim is only that the client cannot
avoid cases where the second expert finds this imitation beneficial.

The conclusion is reversed if the client can condition the payment on the reports of the other
experts. Then the following theorem holds.
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Theorem 2. If the payments to each expert can depend on the reports of the other experts, then the
client can design a scheme such that doing research and reporting the results truthfully is a Nash
equilibrium for the experts.

Proof. Suppose that the client knows the order of research and an expert is the last in the sequence.
From the results of the one-expert case, we know that there is such a scheme that

ˆE(u(t(s, S, i))uS, s)2E(u(t(s, S, i))uS, s)$ 0 (4.3)

ˆfor everyS, s, s, whereS is the set of reports by the previous experts andE( ? uS, s) is the expectation
over the distribution of states conditioned on the realization of signalshS, sj. Consider a scheme where
every expert is paid as if he were the last in the sequence of the experts. We need to check only the

2 1incentives of an expert who is not the last in the sequence. LetS andS denote the sets of reports
2ˆbefore and after the expert has made his own report. His expected utility is thenE(u(t(s, S, i))uS , s).

2 1 1ˆThis is an expectation ofE(u(t(s, S, i))uhS , S j, s) over the distribution ofS . By taking the
1expectation of inequality (4.3) overS it follows then that

2 2ˆE(u(t(s, S, i))uS , s)2E(u(t(s, S, i))uS , s)$0 (4.4)

2 2ˆ ˆfor everyS , s, s; and, givenS , s, inequality (4.4) is strict for some choice ofs. It follows that this
scheme guarantees that doing research and reporting truthfully to the client is an equilibrium.h

The intuition behind the result is clear: under the proposed scheme an expert knows that he would
do research and tell the truth if all information about other experts’ results were available to him. So
he conducts research and reports truthfully, even though he does not know all reports at the moment
when he is obliged to make his decisions.

Note that this payment scheme is a sophisticated relative performance scheme, in which an expert’s
payment depends on his incremental contribution to the final posterior belief. This is the reason why
an expert prefers not to herd: even if he gets only a weak or unprobable signal the contribution of this
signal to the final posterior is positive while the incremental contribution of a repeated signal is zero.

Concerning the question of the cost of communication for the client, the following result holds.

Theorem 3. If the experts are risk-averse, the minimal expected payment is greater in the situation
with communicating experts and herding-preventing schemes comparing to the case when the experts
cannot communicate.

Proof. The expected payment to an expert without communication isR(p). In the case with
communication, the ex-ante expected paymentop(S)R(p ) wherep 5 p( ? uS) is the posterior of theS S

expert after the set of other experts’ signalsS is communicated to him andp(S) is the ex-ante
probability of this set of signals.R( ? ) is a convex function from Proposition 2 andp 5op(s)p . Its

follows that R(p),op(s)R(p ). hs

Thus, the client is always expected to pay more if she is going to prevent herding among experts.
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5 . Conclusion

I have shown that the client cannot induce both research and truthful reporting by all experts if the
payments only depend on the expert’s own report and the realized state of the world. The client can
always achieve this goal, however, if the payments depend on the reports of other experts. If experts
are risk-averse, then communication increases the cost of research for the client.
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