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1 Introduction

The benefit of sampling data sequentially relative to gathering a complete sample of observations

all at once has been a fact of statistical life at least since Wald (1947). The source of benefit

is fundamentally economic. Consider the problem of a statistician who wishes to test the

hypothesis that car parts made by company A are more durable than those made by company

B, and would reject this hypothesis if 40 out of 100 times, B’s parts performed better than

A’s. Further suppose that to buy each pair of parts and compare them, the statistician must

pay a cost c. Regardless of whether the 100 pairs of parts form evidence against or in support

of the null, the statistician would be very unfortunate to sequentially draw the parts and not

have stopped, satisfied with observing the relative durability of company B’s parts 40 times,

or of company A’s 60 times, before the 99th draw. To buy 100 parts and perform a classical

statistical test would cost 100c, while under sequential sampling the statistician would pay a

cost c only as he goes along, with 100c being the upper bound that only the unluckiest of

statisticians pays.

This economic benefit is an important reason why not only individuals, but committees,

charged with making a one-time decision to accept or reject some null hypothesis collect data

sequentially. A typical argument in favor of these “fact-finding” committees is that there is a

strength in numbers: “two heads are better than one”. The Condorcet Jury theorem (Con-

dorcet, 1875) formalizes this logic. Suppose a group of identically able individuals must vote

on whether to acquit or convict a suspected criminal. If each individual has say .60 probability

of correctly interpreting the evidence presented to him and making the right decision, even a

3 member committee will vote in the wrong direction (using majority rule) with probability

.352. However, by the law of large numbers, as the size of the committee becomes arbitrarily

large, we expect a fraction of .60 of the members to vote in the right direction, and thus the

probability of reaching the wrong direction under majority rule goes to zero. Implicit in this

argument is that players observe evidence all at once and for free.

The essence of Condorcet is that larger groups are better. We would like to argue that

this is not always true. Baylis (1989), in a study on governance by committee, notes that

“The dynamics of group interactions have been known to produce riskier decisions than an

individual might undertake alone.” Of the many factors that he discusses, the one we find to be

particularly interesting is that shared decision-making authority makes responsibility unclear.
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This characteristic of group decision making can be observed in many settings of social and

political importance. Many decisions of consequence are delegated to “fact finding” committees

of equally able and equally powerful individuals, and further, the adoption of new uncertain

technology in communities or industries is often decided upon after members of the community,

or firms in the industry, have had a chance to experiment with the technology. In this paper

we consider the problem of a group of identically able individuals that must decide whether

to accept or reject some null hypothesis. We assume the group, or committee, may sample

sequentially and terminate the process at any time just as the statistician comparing car parts

could. Though the observations come at an economic cost, paid privately by members of the

committee, the data is always publicly observable.

To analyze the problem, we set up a dynamic game where at each stage of the sequential

process an experimenter is randomly recognized by nature to perform the information gathering

role. This player has the choice to terminate the game and make a decision, pay for an obser-

vation, or delay the game and “pass the buck” to another committee member. We consider two

cases, first when there is a finite (but arbitrary) number of observations that the committee

can make, and second when there is no limit to the number of observations a committee can

make. The former case captures the idea that “you can only go to the well so many times”;

data can not be collected forever, because there is a finite supply of data available. The latter

case relaxes this assumption.

We find and characterize the unique symmetric stationary Markov Perfect equilibrium in

pure strategies in the finite observation game, and show that, if players are sufficiently patient,

these strategies remain equilibrium strategies when there is no limit on the number of obser-

vations that can be made. By comparing the equilibrium to the relevant statistically optimal

procedure, or planner’s problem, we find two sources of inefficiency. The first stems from a

free-rider problem; when individual group members decide privately whether to make an obser-

vation or not they do not consider the value of the additional observation to the other members:

Information is a public good in the traditional sense. The second source of inefficiency is due

to delay. When deciding whether to pay for an observation, players know that future experi-

menters delay, or “pass the buck”, increasing the waiting time until a decision is made. Current

experimentation is less attractive, because players are impatient.

We move on to consider games with the same structure, but with an arbitrary number
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of committee members. Condorcet’s theorem says that committees with more members are

less likely to come to an incorrect conclusion. As committees learn sequentially and must pay

an economic cost for information in our model, we phrase the question in the form of: do

committees with more members make more informed decisions than committees with fewer

members? As we show, answering this question in our set-up proves to be difficult, as the

equilibrium of the R member game is of an interesting but analytically confounding nature.

In equilibrium, at each stage of the game, there are “cycles” of delay, the length of which is

endogenous in R. Comparative statics with respect to R prove elusive, as the length of the

cycles are not monotonically related to the number of actual periods of delay before an action

is taken.

However, we are able to show that for extreme parameter values, in particular when players

are very patient, beyond some threshold committee size, larger committees gather less infor-

mation. When players are very patient the cycle of delay lasts through the entire stage, and

the trade-off to increasing the size of the committee becomes clear; on the one hand, the prob-

ability of getting a free ride at the next stage increases, making experimentation at the present

stage more attractive. But on the other hand, the delay at each stage of the process increases,

making the pie smaller and experimentation less attractive. For large committees the latter

effect outweighs the former.

2 Literature Review

The approach to sequential analysis of data used in this paper is drawn from Blackwell and

Girshik (1954) and DeGroot (1970), who provide a thorough treatment of the problem when

there is one statistician that is indifferent between a decision today and a decision tomorrow

(perfectly patient). The issues that arise when hypothesis testing is done “by committee” is

studied extensively in Li (2001) and Li, Rosen and Suen (2001). Li (2001) shows that when

a committee is restricted to collecting data all at once, but obtaining data is costly in terms

of effort, even if individual committee members can commit ex-ante to pool the data they

will privately collect in a “statistically optimal” fashion ex-post, a free-riding problem natu-

rally arises and distorts the incentives of committee members to exert effort in the first place.

Individuals are unable to internalize the full “public value of information” to the committee,

and thus choose a socially inefficient amount of effort. This failure is one explanation for why
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committees take longer than seemingly necessary to reach a decision; by committing ex-ante

to pool information in a “conservative” manner ex-post, which deviates from the statistically

optimal rule, the free rider problem can be overcome.

Li, Rosen and Suen (2001) consider a different aspect of the decision by committee problem.

Namely, they assume that the information committee members possess is private, and that

members of the committee have conflicting preferences over the costs of type 1 and type 2

error. Information sharing is problematic in this context because individuals have incentives

to exaggerate and manipulate their private information when reporting to other members. It

is shown that the garbled information that pertains to pooling in such committees is preferred

by all members to decision by dictatorship. The result is driven by the appropriate choice of

decision procedure, which limits the obfuscation of data by individual members, thus controlling

conflict.

For a comprehensive but non-technichal treatment of the Condorcet Jury theorem, see

McLean and Hewitt, (1994). Most of the recent work on Condorcet’s theorem and its limits

and criticisms has been done in the field of political science. Most relevant of these to our work

is Austen-Smith and Banks (1996), who show that the logic of the Condercet theorem fails

when information is not symmetric across committee members.

3 Model

The problem at hand is as follows. A committee of two individuals with identical preferences

over type I and type II error must decide whether to accept or reject a null hypothesis about

the state of the world, ω ∈ {L,H}. The players place common prior probability, γ0 on ω = H.

Players receive rewards λ1, λ2 if they reject the null when ω = L and accept the null when

ω = H respectively. The players are impatient (identically), and discount the future at rate

β < 1. For now assume a finite number N of observations, or signals, which may be observed by

the players at cost c > 0 per observation. These signals are informative in the following sense.

Whenever an individual experiments, the outcome of his experiment is a commonly observed

signal x, a random variable that can take one of two values: x ∈ {l, h}. The likelihood of

observing either signal realization depends on the underlying true state of the world:

Pr(x = h|ω = H) = Pr(x = l|ω = L) = p >
1
2
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The observations are thus conditionally independent and identically distributed. Henceforth

define the conditional signal distribution as Pω(x).The belief on the state of the world is updated

according to Bayes’ rule.

The game works in the following way. Denote by j the number of observations remaining to

the players. From this point forward, when we refer to the stage of the game, we refer to j, the

number of observations remaining. At each stage, or equivalently, after an observation is made,

one of the two players is recognized by nature with equal probability to be the next experimenter.

The experimenter moves first, and has the ability to stop the game, or to continue the game

for one more period of calender time by either choosing to delay or choosing to experiment.

If he decides to stop the game, he must make a decision d ∈ {A,R}, that is, he must accept or

reject the null hypothesis. If the belief at the time the game stops is γ, the expected terminal

reward is λ1(1 − γ) if rejection is chosen (d = R), and λ2γ if acceptance is chosen (d = A).

On the other hand, if the experimenter decides to continue the game for one more period of

calender time, he has the two choices mentioned above. He may simply delay by passing the

active role to the other (passive) player, in which case the state remains unchanged, or he may

pay the cost c and obtain an observation, in which case the number of observations remaining

and current belief transits from (j, γ) to (j − 1, Tγ), where we define:

Tγ =
PH(x)γ

PH(x)γ + PL(x)(1− γ)

We assume that once the experimenter role has passed to the second-mover, this player may

not pass it back. In the second appendix we consider a model where players can pass the active

role back and forth within a stage. The state of the game is completely described by three

elements, the current belief, γ ∈ [0, 1], the number of observations remaining, j ∈ {0, 1, ..., N},

and a variable indicating which of the players k ∈ {1, 2} was recognized to move first at stage

j, Wj = {1, 2}. The state space, S is then the product space:

S = {0, 1, ..., N} × [0, 1]× {1, 2}

As N is finite (an assumption that we relax in the next section) and each stage of observation

lasts only as many periods of calender time as there are players, the game has a finite horizon.

Our objective is to identify the Symmetric Pure Strategy Stationary Markov Perfect

Equilibria of this game, and characterize its efficiency properties, by comparing the equilibrium

to the solution to the relevant planner’s problem. Informally, stationary Markov strategies are
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a map from the space of all possible histories of the game into the space of possible actions,

such that any two histories of any length culminating in the same state are mapped to the same

action.

More formally, in the context of this game, stationary Markov strategies prescribe for each

possible state of the game a vector of indicator decision functions:

dk = {1k
S(j, γ, Wj),1k

E(j, γ, Wj)}

such that:

1k
S(j, γ) + 1k

E(j, γ) ≤ 1 if Wj = k

1k
S(j, γ) + 1k

E(j, γ) = 1 if Wj = −k

where, 1k
S(j, γ, Wj) indicates whether player k stops, and the 1k

E(j, γ, W) whether player k

experiments. We do not need a separate indicator function to indicate the acceptance/rejection

decision made conditional on stopping; in any Perfect Equilibrium the decision that maximizes

terminal reward is chosen upon stopping. These indicator functions sum to no more than 1 if

the player k is recognized at stage j(Wj = k), and must sum to exactly 1 if player k is the

second mover (Wj = −k) If both of these functions are zero at any (j, γ), the player chooses to

delay. Strategies for each player k ∈ {1, 2} are a mapping:

dk : {0, 1, ..., N} × [0, 1]× {1, 2} → {0, 1}2\{1, 1}

Planner’s Problem

The idea behind the planner’s problem in this environment is that there is a “statistically

optimal” procedure given the preferences of the members of the group {λ1, λ2}, the prior belief

γ0, signal precision p, the impatience of group members β, and the cost of an experiment

c. This procedure prescribes for each (j, γ) ∈ {0, 1, ..., N} × [0, 1] whether the process should

continue (and additional observations should be made), or learning should cease and the optimal

terminal decision taken by considering the sum of the group members’ welfare that accrues. It

is important to note that the planner does not care who is bearing the cost of experimenting

(which player is recognized). Additionally, a welfare maximizing planner never delays. To see

this, simply note that the payoff to stopping the game in terms of aggregate welfare is always
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positive. Thus in any instance where the planner chooses to continue the game, the payoff to

doing so must be positive. Then the payoff to the best action is always positive. Let v denote

the payoff to choosing the best possible action some state (j, γ). Delaying leaves the state and

thus the best decision, unchanged, so by choosing the best decision now the planner obtains

payoff v, while delaying one period yields βv < v.

We can write the functional equation of a welfare maximizing planner as:

hj(γ) = max{2Vd(γ),−c + βE[hj−1(Tγ)]}

Where we define Vd(γ) ≡ max{λ1(1 − γ), λ2γ}We now describe the solution to the planner’s

functional equation, and then move on to characterize the Symmetric Markov Perfect Equilib-

rium of the game. All proofs are in the appendix.

Proposition 1 (Optimal Statistical Decision)

a) The solution to the planner’s problem when N observations are available, hN (γ0), is

convex in the prior γ0.

b) For each j ∈ {0, 1..., N} there is a set ΓjP of beliefs such that social welfare is maximized

by stopping and choosing the decision that maximizes expected terminal reward. Furthermore,

these sets are monotonically decreasing in the number of observations remaining, that is: Γ0P ⊇

Γ1P ⊇ ... ⊇ ΓNP

c) hN+1(γ0) ≥ hN (γ0). That is, allowing for an extra observation never makes the planner

worse-off ex-ante.

4 Equilibrium

Definition: A Markov Perfect Equilibrium is a vector σ = (d∗1(s), d
∗
2(s)) which forms a Nash

equilibrium in each possible state s of the game. That is, σ is a Markov strategy profile and

forms a subgame-perfect equilibrium (Mailath and Samuelson, 2006). A symmetric MPE is an

MPE in which players take the same action at each state.

Equilibrium

I introduce the following notation:
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• Let Xj denote the set of all sequences of data j observations long, and {γr}j
r=0 denote

the sequence of beliefs induced by the sequence of observations, {xr}j
r=1 ∈ Xj and initial

prior γ0.

• Γ̂j ⊆ [0, 1] is the set of beliefs for which the game stops in equilibrium after N − j

observations have been made.

• SjN (σ) = {x ∈ Xj : γr 6∈ Γ̂N−r∀r < j, γj ∈ Γ̂N−j} is the set of sequences of data of

length j such that equilibrium experimentation stops at exactly the jth observation and

not before.

• Wj and Lj denote the recognized experimenter (first mover) and unrecognized player

(second mover) at stage j.

• V W
j (γ, σ), V L

j (γ, σ) and vj(γ, σ) are respectively: the equilibrium value of being the first-

mover, the second mover, and the ex-ante equilibrium value of a game with j observations

remaining, conditional on the strategies σ being played, with prior belief γ.

I now describe the Markov Perfect Equilibrium strategies with a recursive argument.

Consider any state (0, γ,W0). There are no observations remaining available, and thus

player L0 must stop and choose the decision that maximizes his terminal reward. The payoffs

to players in any subgame in which player W0 delays is βVd(γ). Then, it is straightforward to

see that W0 does not delay, and chooses the decision that maximizes terminal reward. So we

have, in any Markov perfect equilibrium:

• Γ̂0 = [0, 1]

• v0(γ, σ) = Vd(γ)

Now consider any state (1, γ,W1), and let 1k1
S ,1k1

E indicate player k’s decision to stop and

experiment when there is one observation left, respectively1 . Given the equilibrium behavior
1Of course these indicators depend on the current belief γ as well, but I suppress γ to save on space and

notation
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at any state (0, γ), the functional equations are given by:

V W
1 (γ) = max

{
Vd(γ),−c + βE[Vd(Tγ)], β

[
1L1

S Vd(γ) + 1L1
E βE[Vd(Tγ)]

]}
V L

1 (γ) = 1W1
S Vd(γ) + 1W1

E βE[Vd(Tγ)] + (1− 1W1
S − 1W1

E )β max
{
Vd(γ),−c + βE[Vd(Tγ)]

}
v1(γ) =

1
2
V W

1 (γ) +
1
2
V L

1 (γ)

I argue that the following actions at (1, γ) are part of any Markov Perfect Equilibrium:

Player W1

• Stops (1W1
S = 1) whenever Vd(γ) ≥ −c + βE[Vd(Tγ)]

• Otherwise

- Delays (1W1
S = 1W1

E = 0)when β2E[Vd(Tγ)] ≥ −c + βE[Vd(Tγ)]

- Experiments (1W1
E = 1) when β2E[Vd(Tγ)] ≤ −c + βE[Vd(Tγ)]

Player L1

• Stops (1L1
S = 1) whenever Vd(γ) ≥ −c + βE[Vd(Tγ)]

• Experiments (1L1
E = 1) Otherwise

To see that this behaviour is consistent with any equilibrium, note first that again, player

L1 may not delay. So in any subgame where player L1 is passed the experimenter role, he

compares the value of stopping with that of experimenting, given the behaviour he expects at

the next stage, and chooses the action that yields the larger of the two.

Player W1, taking this as given, stops if Vd(γ) ≥ −c + βE[Vd(Tγ)]; by delaying player W1

would get payoff βVd(γ) ≤ Vd(γ). For any other belief such that Vd(γ) ≤ −c + βE[Vd(Tγ)],

player W1 chooses to delay if β2E[Vd(Tγ)] = max
{
β2E[Vd(Tγ)],−c+βE[Vd(Tγ)]

}
, and chooses

to experiment himself otherwise.

We can now write the equilibrium value functions as:

V W
1 (γ, σ) = 1W1

S Vd(γ) + (1− 1W1
S ) max{β2E[Vd(Tγ)],−c + βE[Vd(Tγ)]}

V L
1 (γ, σ) = 1W1

S Vd(γ) + (1− 1W1
S )

(
1W1

E βE[Vd(Tγ)] + (1− 1W1
E )β(−c + βE[Vd(Tγ)])

)
v1(γ, σ) =

1
2
V W

1 (γ) +
1
2
V L

1 (γ)

and also:
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• Γ̂1 =
{
γ : Vd(γ) ≥ −c + βE[Vd(Tγ)]}

• v1(γ, σ) = 1W1
S Vd(γ)+(1−1W1

S )
[
1W1

E

(−c
2 +βE[Vd(Tγ)]

)
+(1−1W1

E )
(−cβ

2 +β2E[Vd(Tγ)]
)]

Continuing backwards in this fashion we obtain we obtain a sequence {vj(γ, σ), Γ̂j}N
j=0, such

that:

• Γ̂j =
{
γ : Vd(γ) ≥ −c + βE[vj−1(Tγ, σ)]}

• vj(γ, σ) = 1Wj

S Vd(γ)+(1−1Wj

S )
[
1Wj

E

(−c
2 +βE[vj−1(Tγ, σ)]

)
+(1−1Wj

E )
(−cβ

2 +β2E[vj−1(Tγ, σ)]
)]

We can now define the symmetric Markov Perfect strategy σ for each player k as:

At each stage j, for given belief γ, if Wj = k:

- Stop and choose the terminal decision that maximizes expected reward if γ ∈ Γ̂j

- Delay if γ 6∈ Γ̂j and β2E[vj−1(σ, Tγ)] ≥ −c + βE[vj−1(σ, Tγ)]

- Experiment otherwise

And if Wj = −k:

- Stop and choose the terminal decision that maximizes expected reward if γ ∈ Γ̂j

- Experiment otherwise

Finally, we can write the value of a game with N observations and prior belief γ0 in sequence

form. For every sequence of data xj ∈ SjN (σ), we can write the number of stages where the

recognized player delays in equilibrium as dσ
xj

, and the number of stages with no delay as

eσ
xj

. Then, for any xj ∈ SjN (σ), players wait 2dσ
xj

+ eσ
xj

of calender time before a decision is

made, even though only j stages of observation are required for the decision. Now, the ex ante

equilibrium value of a game with N observations and an initial prior of γ0 is:

vN (γ0, σ) =
N∑

j=0

∑
x∈SjN (σ)

(
β

2dσ
xj

+eσ
xj Vd(γ0, x)Pr(x|γ0)−

j∑
r=1

βr−1
(
1Wr

E

(−c

2
)
+

(
1−1Wr

E

)(−cβ

2
)))
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Proposition 2

a) The ex-ante equilibrium value of the game to the players at any stage and any belief (j, γ),

vj(γ, σ) is less than half the value of the statistically optimal procedure followed by a welfare

maximizing planner:

vj(γ, σ) ≤ hj(γ)
2

b) Experimentation is inefficient in the following sense: at every stage j there exist beliefs such

that the game stops in equilibrium, but the planner does not stop:

Γ̂j ⊇ ΓjP ∀j

c) For any discount factor β ≤ 1
2 , the set of beliefs for which experimentation stops at any stage

j increases as players become less patient. That is: for any β̃ < β ≤ 1
2 , Let Γ̃j , Γ̂j represent the

stopping regions in the game for the respective discount factors when there are j observations

remaining. Then:

Γ̃j ⊇ Γ̂j ∀j

The inefficiencies in Proposition 3 a) and b) have two sources. Firstly, each time a player

decides whether or not to pay for another observation by comparing the costs and benefits

of doing so, the benefit to the other player of the additional information is not taken into

consideration. A welfare maximizing planner does, however consider the full public value. This

constitutes a failure in the traditional public good sense; information is a public good, and

players fail to internalize the full public benefit when making their decision to “contribute” by

privately paying for an observation. The second source of inefficiency is due to delay. As we

argued above, there is no delay in the solution to the planner’s problem. This is not so in the

game. Delay is itself inefficient in two ways. A decision that took T periods of calendar time

to make though only n < T observations were made, could have been made in n periods of

calender time, with the same posterior belief γn and thus the same terminal value. Committees

simply take longer than necessary to make a decision. Moreover, the payoff in this example to

the terminal decision is smaller by a factor of βT−n when players delay. The prospect of delay

in future stages of the experimentation process reduces incentives to continue today. This latter

effect is a direct cause of the inefficiencies in Proposition 3 a) and b).
12



Proposition 3c) says that for relatively small discount factors (β ≤ 1
2), decreasing the dis-

count factor (making players more impatient) leads to larger stopping regions at each stage

j The result seems intuitive. Payoffs are received only once a decision is made, and so more

impatient players are less willing to gather more information and wait an extra period before

making a decision. This is true in spite of the fact that making a more informed decision

tomorrow leads to a larger payoff tomorrow than a less informed decision today. A question

that immediately arises is, why must β be smaller than 1
2 for the result to hold? The answer

is that, when β is sufficiently large, for any given continuation value, the first mover at a given

stage becomes more likely to delay; he becomes indifferent between receiving the return from

an experiment tomorrow or the day after tomorrow, but would always strictly rather not pay

the cost c. If the player was slightly less patient, he would perform the experiment himself. In

an ex-ante sense (prior to determining the identity of the first-mover), experimentation on the

first-mover’s turn is strictly preferred to delay by both players. Then the ex-ante value of the

continuation game may actually be larger for less patient players for some parameter values

and prior beliefs, which in turn means the stopping regions can grow with an increase in β.

5 Equilibrium with Unbounded Observations

In this section we show that when players are sufficiently patient, the equilibrium behavior

described above for a game bounded by N observations carries over to an identical game where

there is no bound on the number of observations that may be taken. We do so by arguing

that for β close enough to 1, the value function and stopping regions that are generated by the

strategies σ described in the previous section remain well-defined as the number of observations

available grows without bound. We then use the limit function and limit stopping region to

verify that the strategies indeed constitute a Markov Perfect equilibrium. We finally make some

observations about the efficiency properties of the equilibrium.

To this end, define:

1. ΓP ≡
⋂∞

j=0 ΓjP

2. h∗(γ0) ≡ limN→∞ hN (γ0, σ)

3. Γ∗ ≡
⋂∞

j=0 Γ̂j
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4. v∗(γ0) ≡ limN→∞ vN (γ0, σ)

Items 1 and 2 are respectively the limit of the sequence of the planner’s stopping regions and

the limit of the planner’s value function. Item 1 exists and is well-defined because, as we stated

and proved in proposition 1b), the sequence of stopping regions {ΓjP }∞j=0 is monotonically

decreasing, and is also bounded below, as the planner always stops at certain beliefs. As

well, item 2 exists by proposition 1c) because the sequence {hN (γ0, σ)}∞N=0 is monotonically

increasing in N and bounded above by max{λ1, λ2}. Blackwell and Girshik (1954) show (for

a version of the problem without discounting, and one statistician) that these are the solution

to the infinite horizon statistical decision problem. We now argue with a pair of Lemmas that

under some conditions on the parameters, items 3 and 4 exist and are well-defined.

Lemma 1: Suppose the condition

1− β/2
β(1− β)

≥ max{λ1, λ2}/c

is satisfied. Let vj,N (γ, σ) represent the ex-ante equilibrium value to either player at stage j,

given that a total of N observations may be taken. Then:

vj,N (γ, σ) ≤ vj+1,N (γ, σ)

and

Γ̂j ⊇ Γ̂j+1 ∀j

The equilibrium value function is monotonically increasing in the number of observations re-

maining, and the set of beliefs at which the game stops is monotonically decreasing in the number

of observations remaining.

It follows immediately from Lemma 1 that item 3 above, Γ∗, exists, as the sequence of

stopping regions are monotone decreasing and bounded below by {{0}, {1}}

For any parameters {c, λ1, λ2} there is β close enough to one so that the condition c 1−β/2
β(1−β) ≥

max{λ1, λ2} (henceforth condition C) holds. The fact that we require such a condition for the

value function to be increasing is interesting itself, because without it, the value of the game

may decrease in the number of observations remaining for some beliefs. In other words, for

certain parameter values and beliefs, simply having the option to obtain another observation

may lower the value of the game. Note that under condition C every time the belief prescribes
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continuing with experimentation, the first player to move delays. That is, at every stage with

experimentation there is a period of delay.

Lemma 2 The sequence of ex-ante value functions {vN (γ0, σ)}∞N=0 reaches a limit value

function, v∗(γ0)

With these two Lemmas in hand we now propose Markov Perfect Strategies in the infinite

horizon game. Note that for an infinite horizon (in terms of observations available) we can drop

j as a state variable, as j never changes. A state in this context is completely described by

(γ, W ).

Define the strategies σ∗ as follows:

For given belief γ, if W = k

- Stop and choose the terminal decision that maximizes expected reward if γ ∈ Γ∗

- Delay if γ 6∈ Γ∗ and β2E[v∗(Tγ)] ≥ −c + βE[v∗(Tγ)]

- Experiment otherwise

And if W = −k:

- Stop and choose the terminal decision that maximizes expected reward if γ ∈ Γ∗

- Experiment otherwise

Lemma 3 If the parameters (c, β, p, λ1, λ2) satisfy condition C, then the limit value function

v∗(γ0) is in fact the value from playing the symmetric strategy (σ∗,Γ∗) when there is no limit

on the number of observations. Moreover, the convergence of the sequence {vN (γ0, σ)}∞N=0 to

v∗(γ0) is uniform.

Proposition 3

a) If the parameters (c, β, p, λ1, λ2) satisfy condition C, the symmetric strategy σ∗ constitutes a

Markov Perfect Equilibrium.

b) The set of beliefs for which a welfare-maximizing planner stops in this environment is a

subset of the set of beliefs for which players stop in the game:

ΓP ⊆ Γ∗
15



Proposition 3 asserts that, under condition C, which ensures the stopping regions and

value functions have the monotonicity that ensures convergence to a limit, the equilibrium we

characterized in the previous section for the case where N is finite remains an equilibrium when

N is unbounded. Proposition 3b) tells us that the efficiency properties of the equilibrium are

unchanged when N is unbounded.

6 Extension: Committees of size R ≥ 2, N observations

Here we consider the same game as above, but with an arbitrary number, R, of group members.

The order of moves is sequential and again determined randomly by nature. We continue to

assume that each possible order is equally likely. We characterize the unique Markov Perfect

Equilibrium by a recursive argument that is analogous to the two member case. The primary

purpose of this section is to determine how incentives to experiment change with the size of

the group, and to consider the question of whether larger groups make more informed decisions

than smaller groups.

Equilibrium

I first introduce notation:

• Γ̂R
j ⊆ [0, 1] is the set of beliefs for which the game stops in equilibrium after N − j

observations have been made, and vj(γ, σ) is the ex-ante value given strategies σ.

• Let the vector R̄j = (1j , 2j , ..., Rj) represent the order of moves at stage j. That is, player

1j moves first, 2j moves second and so on.

Consider any state (0, γ, R̄0). There are no observations remaining available, and as in the

two player case, the game stops without delay and the decision that maximizes terminal reward

is chosen. We have:

• Γ̂R
0 = [0, 1]

• v0(γ, σ) = Vd(γ)

16



Now consider any state (1, γ, R̄1). Given the equilibrium behavior at any state (0, γ), I

argue that the following strategies at (1, γ, R̄1) are part of any Markov Perfect Equilibrium:

Define R∗(1, γ) as the largest positive integer that satisfies:

βR∗(1,γ)E[Vd(Tγ)] ≥ −c + βE[Vd(Tγ)]

Then, if Vd(γ) ≥ −c + βE[Vd(Tγ)]:

• all players (11, 21, ..., R1) stop on their turn.

while if Vd(γ) < −c + βE[Vd(Tγ)]

• Player R1 experiments.

• all players (R−R∗(1, γ) + 1)1, ..., (R− 1)1 delay on their turn.

• Player R−R∗(1, γ) experiments.

• all players (R− 2R∗(1, γ) + 1)1, ..., (R−R∗(1, γ)− 1)1 delay on their turn.

And so on all the way back to player 11

To see that this behaviour is consistent with any Markov Perfect equilibrium, note first that

player R1 may not delay. So in any subgame where the buck is passed all the way to player R1,

he compares the value of stopping with that of experimenting, given the behaviour he expects

at the next stage, and chooses the action that yields the larger of the two.

That all players stop when Vd(γ) ≥ −c + βE[Vd(Tγ)] follows immediately; no player will

experiment himself because stopping yields higher payoff, and in turn no player will delay hoping

that any other player may experiment.

So let us consider the case where Vd(γ) < −c + βE[Vd(Tγ)]. If the process reaches Player

(R − 1)1, he chooses to delay if β2E[Vd(Tγ)] > −c + βE[Vd(Tγ)], and chooses to experiment

himself otherwise, as in the two player case. Note now that if player (R − 1)1 prefers to

experiment rather than delay in spite of the fact that delaying and waiting one period results

in a free-ride, every player (11, 21, ..., (R − 2)1) does so as well. On the other hand, if player

(R − 1)1 chooses to delay, then player (R − 2)1 delays if β3E[Vd(Tγ)] > −c + βE[Vd(Tγ)],

and experiments himself otherwise. Continuing backwards in this fashion, all players from

17



(R − R∗(1, γ) + 1)1, ..., (R − 1)1 delay on their turn, where R∗(j, γ) is the largest positive

integer that satisfies:

βR∗(j,γ)E[Vd(Tγ)] ≥ −c + βE[Vd(Tγ)]

and then, since by the definition of R∗(1, γ) we have:

β(R∗(1,γ)+1)E[Vd(Tγ)] < −c + βE[Vd(Tγ)]

player (R−R∗(1, γ))1 experiments. Continuing backwards, we see that player (R−R∗(1, γ)−

1)1 faces the same decision that player (R − 1)1 faced, and the process begins again. R∗(1, γ)

is the length of the “cycle” of delay. Starting R∗(1, γ) periods from the end of stage 1, the first

R∗(1, γ) − 1 members to move can credibly delay. The last player to move before this cycle

begins, however, can not credibly delay. The R∗(1, γ) − 1 players to move immediately before

him can, and so on.

The value of R∗(1, γ) does not on its own tell us how many periods of delay occur before

an experiment is made; the stage may begin in the middle of a cycle. That is, even if R∗(1, γ)

is a large number, there may not be a single period of delay at the beginning of the stage. Let

I∗(1, γ) be the largest non-negative integer that satisfies:

R ≥ I∗(1, γ)R∗(1, γ)

Then:

• If R = I∗(1, γ)R∗(1, γ), there are R∗(1, γ)−1 periods of delay followed by experimentation

at period R∗(1, γ)

• If R > I∗(1, γ)R∗(1, γ), there are R − I∗(1, γ)R∗(1, γ) − 1 periods of delay, followed by

experimentation at period R− I∗(1, γ)R∗(1, γ)

The first case, R = I∗(1, γ)R∗(1, γ), describes the situation with the most possible delay

for an R member committee when there is 1 observation left. Letting 1R1
s indicate the event

γ ∈ Γ̂R
1 , and RD(1, γ) represent the number of periods of delay before an experiment is taken in

light of the arguments above, we can now write the equilibrium stopping region and ex-ante

equilibrium value function at stage 1 as:

• Γ̂R
1 =

{
γ : Vd(γ) ≥ −c + βE[Vd(Tγ)]}

18



• v1(γ, σ) = 1R1
s Vd(γ) + (1− 1R1

s )βRD(1,γ)
[−c

R + βE[Vd(Tγ)]
]

Continuing backwards in this fashion we obtain we obtain a sequence {vj(γ, σ), Γ̂R
j , RD(j, γ)}N

j=0,

such that:

• Γ̂R
j =

{
γ : Vd(γ) ≥ −c + βE[vj−1(Tγ, σ)]}

• vj(γ, σ) = 1Rj
s Vd(γ) + (1− 1Rj

s )βRD(j,γ)
[−c

R + βE[vj−1(Tγ, σ)]
]

which fully characterizes the equilibrium of this game.

The question we are most interested in at this point is how the equilibrium value and

stopping region changes as the number of committee members, R, changes. Increasing the size

of the committee from R to say R+1 members has two opposing effects. On the one hand, at any

stage where an experiment is to be taken, each individual has a better chance of getting a free-

ride: the cost is spread across more individuals. But on the other hand, the number of periods

of delay at the beginning of each stage will generally not be the same, and moreover neither

clearly increases or decreases. To see this, for the moment ignore the effect on the continuation

value of an increase in R (i.e., suppose for the moment that increasing R leaves I∗(j, γ)R∗(j, γ)

unchanged for all j. Then, whether the number of periods of delay increases or decreases at

stage j depends on whether R = I∗(j, γ)R∗(j, γ) or R > I∗(j, γ)R∗(j, γ). In the former case

adding a member at stage j reduces the number of periods of delay from R∗(j, γ)−1 to zero. In

the latter case the number of periods of delay increases by 1. The issue is complicated further by

the endogeneity of I∗(j, γ), R∗(j, γ) in R. Generally speaking, for a game with N observations,

the question of whether ex-ante welfare increases when a committee member is added hinges

on whether the thinner spread of costs across the committee outweighs the (possibly) increased

delay. It is not difficult to construct examples where ex-ante welfare unambiguously and strictly

increases when a committee member is added to a committee of size R. For one such example,

suppose N = 1 and the parameters are such that R = I∗(1, γ)R∗(1, γ) so that the maximum

number of periods of delay are played in a committee with R members, and there is no delay

with R + 1 members. In this case when a member is added, cost is spread more thinly across

the committee and the number of periods of delay goes from R∗(1, γ)− 1 to zero.

We would like to know, however, whether there are cases where adding a committee member

actually makes the committee worse-off.
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Proposition 4

a) The ex-ante equilibrium value of the game to the players at any stage and any belief

(j, γ), vj(γ, σ) is less than 1/R the value of the statistically optimal procedure followed by a

welfare maximizing planner:

vj(γ, σ) ≤ hj(γ)
R

b) Experimentation is inefficient in the following sense: at every stage j there exist beliefs

such that the game stops in equilibrium, but the planner does not stop:

Γ̂R
j ⊇ ΓjP ∀j

c) Suppose the parameters satisfy c
β(1−βR−1)

≥ v̄, and let R̂ be the smallest positive inte-

ger such that 1+R̂(R̂−2)−β(R̂−1)2+(1−β)R̂

1+R̂ 1−β
β

≥ c/v, where v̄, v represent the least upper bound and

greatest lower bound of the set of payoffs that can be attained in a game with N observations.

If R ≥ R̂, then vR
j (γ, σ) ≤ vR−1

j (γ, σ) and ΓR−1
j ⊆ ΓR

j ∀j: the ex ante value of the game is

smaller when the committee size is R than when it is R− 1 and the set of beliefs for which the

game with R players stops in equilibrium is larger than the set of beliefs for which the game

stops with R− 1 players.

Proposition 4 a) and b) merely confirm that the inefficiencies of the game with 2 players carry

over to the game with R ≥ 2 players. Though it holds for a very specific subset of the parameter

space, Proposition 4c) stands, in the context of our model, in contradiction to the Condorcet

theorem. It simply says that, when the size of the committee is larger than some threshold size,

R̂, dropping a member from the committee increases the equilibrium value of the game for each

remaining committee member, and as a result, the smaller committee has more incentive to

experiment and thus makes more informed decisions. In words, the conditions on parameters

are that players are sufficiently patient (β is close enough to 1) and that the committee is

already large relative to the cost of experimentation (R > R̂). The former condition ensures

that there are R − 1 periods of delay at each stage where an experiment will be taken, while

the latter ensures that the benefit of adding a committee member in terms of a thinner spread

of the cost of experimentation does not outweigh the loss from the extra period of delay.
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7 Conclusion

We showed that the decisions committees or groups of individuals make when they have the

option to collect data sequentially are plagued by two types of economic inefficiency: the pub-

lic good nature of information and the tendency to “pass the buck” or delay the collection of

evidence. The presence of these factors distorts the incentives of individual members to exert

private effort and obtain evidence, and as a consequence committees make terminal and irre-

versible decisions with less information than a statistically optimal procedure would prescribe.

Under some conditions the equilibrium and its properties hold when there is no upper bound

on the number of observations available to players. A shortcoming of the analysis is that we

have not provided a general existence proof for the equilibrium with an unbounded number of

observations. For existence we require β to be close enough to 1.

Further, we derived the unique MPE with an arbitrary number of committee members, and

showed that under certain conditions, enlarging the committee exacerbates the problem. That

is, not only are committees inefficient in our model, but if players are sufficiently patient and the

private cost of experimentation is small, the inefficiency becomes more severe as the committee

grows in size.

An interesting extension would be to consider the case where preferences over the two

types of statistical errors vary across committee members. That is, there is some “conflict”

in preferences. Our model assumed symmetry throughout, which may reflect an underlying

societal preference over statistical error. Relaxing this assumption may drastically change the

findings.
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9 Appendix 1: Proofs

Proof of Proposition 1

Before beginning the proofs I introduce some notation. (I follow Blackwell and Girshik(1954)

here.)

We can break the planner’s problem into two components:

1. A feasible sampling procedure or stopping rule δ, which for each (j, γ) prescribes either

stopping (δ(j, γ) = 1) and making a decision d ∈ {A,R} or making at least one more observation

(δ(j, γ) = 0):

δ : {0, 1, ..., N} × [0, 1] → {0, 1}

2. A decision rule, d, which prescribes for each γ which decision in {A,R} to make:

d : [0, 1] → {A,R}

Now, note that the set of all possible sequences of observations of length j is given by

Xj = {l, h}j . Define Γj = {γ : δ(j, γ) = 1} as the set of beliefs such that the sampling

procedure δ prescribes stopping after j observations have been made, and correspondingly,

define SjN = {x ∈ Xj : γr 6∈ Γr, r < j, γj ∈ Γj}, where {γr}j
r=0 is the sequence of beliefs

induced by the sequence of observations, {xr}j
r=1 and initial prior γ0.

Proof of Convexity

We can write the value to making an observation given an initial prior γ0 then as:

ĥ(γ0, δ, d) =
N∑

j=1

∑
x∈Sj

∑
ω

[
βjR(ω, d)− 1− βj

1− β
c
]
γ0(ω)P (x|γ0)

where:

R(ω, d) =


2λ1 if ω = L and d = R

2λ2 if ω = H and d = A

0 otherwise

Let γ∗ = αγ1 + (1− α)γ2 where γ1, γ2, α ∈ [0, 1]

Now, from our definition of ĥ above, for any δ, d we have:

ĥ(γ∗, δ, d) = αĥ(γ1, δ, d) + (1− α)ĥ(γ2, δ, d)
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Let δ∗, d∗ = arg sup ĥ(γ∗, δ, d), and note that:

h(γ1, δ1, d1) = sup
δ,d

ĥ(γ1, δ, d) ≥ ĥ(γ1, δ
∗, d∗)

h(γ2, δ2, d2) = sup
δ,d

ĥ(γ2, δ, d) ≥ ĥ(γ2, δ
∗, d∗)

⇒

αh(γ1, δ1, d1) ≥ αĥ(γ1, δ
∗, d∗) (1)

(1− α)h(γ2, δ2, d2) ≥ (1− α)ĥ(γ2, δ
∗, d∗) (2)

and adding (1) and (2), we get:

αh(γ1, δ1, d1) + (1− α)h(γ2, δ2, d2) ≥ h(γ∗, δ∗, d∗)

and so the value of making 1 observation, ĥ(γ0, δ, d) is a convex function. But then the function

hN (γ0) is by definition the maximum over the value of stopping and making a decision now,

Vd(γ0), and making 1 observation:

hN (γ0) = max{Vd(γ0), ĥ(γ0, δ, d)}

since Vd(γ0) is a srictly convex function, and the max function is convex, this proves convexity

of the function hN (γ0) .

Proof of Monotonicity Of Stopping Regions

Consider the solution to the planner’s problem:

hj(γ) = max{2Vd(γ),−c + βE[hj−1(Tγ)]}

The set of beliefs for which stopping is optimal when j observations remain is given by:

ΓjP = {γ : hj(γ) = 2Vd(γ)}

Note that proving that hj+1(γ) ≥ hj(γ) ∀j is sufficient for showing the stopping regions

are monotone non-increasing in j. For suppose hj+1(γ) ≥ hj(γ) and Γj+1P ⊃ ΓjP . Then

∃γ′ ∈ Γj+1P which is not in ΓjP . But this implies:

hj+1(γ′) = 2Vd(γ′) < hj(γ′)
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a contradiction.

Now we show hj+1(γ) ≥ hj(γ) ∀j by induction. First note that h1(γ) ≥ h0(γ); when

there are no observations remaining, the best the planner can do is choose the decision which

maximizes the expected terminal reward to the players:

h0(γ) = 2Vd(γ) ≤ max{2Vd(γ),−c + βE[2Vd(Tγ)]} = h1(γ)

Now for the inductive step, suppose hj(γ) ≥ hj−1(γ). Then:

hj+1(γ) = max{2Vd(γ),−c + E[hj(Tγ)]

≥ max{2Vd(γ),−c + E[hj−1(Tγ)]

= hj(γ)

and thus the stopping regions are monotone non-increasing in the number of observations re-

maining.

Proof of Monotonicity of Value Function in Number of Observations Lastly, we

show that adding an extra observation to a planner’s problem with any initial prior γ0 and a

maximum of N observations can never make the planner worse off in an ex-ante sense.

To see this, let hN (γ0) and hN+1(γ0) denote the values to the planner of the statistically

optimal procedures δ∗N and δ∗N+1 when there are a maximum of N and N + 1 observations

respectively. Consider the case where the planner has N + 1 observations; by following the

procedure δ∗N up to the stage j = 1, and then stopping the game and receiving 2Vd(γ) for any

γ at j = 1, the planner receives, in ex-ante terms, exactly hN (γ0). Thus he does no worse than

the payoff to having N observations when he has one extra observation.

This proves proposition 1 �

Proof of Proposition 2

a) Recall the solution to the planner’s problem is given by:

hj(γ) = max{2Vd(γ),−c + βE[hj−1(Tγ)]}

and the stopping region of beliefs for the planner at each stage j is given by:

ΓjP = {γ : Vd(γ) ≥ −c

2
+ βE

[hj−1(Tγ)
2

]
}
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We first prove a) by induction. Note that h0(γ)
2 = Vd(γ) = v0(γ, σ), because in any MPE

the decision which maximizes terminal reward is chosen in the final stage, and of course the

same is true in the solution to the planner’s problem.

So for the induction step, assume hj−1(γ)
2 ≥ vj−1(γ, σ). We then have:

hj(γ)
2

= max{Vd(γ),− c

2
+ βE

[hj−1(Tγ)
2

]
}

≥ max{Vd(γ),− c

2
+ βE

[
vj−1(Tγ, σ)

]
}

≥ max
{
Vd(γ),1Wj

E

(
− c

2
+ βE

[
vj−1(Tγ, σ)

])
+ (1− 1Wj

E )β
(
− c

2
+ βE

[
vj−1(Tγ, σ)

])}
≥ 1Wj

s Vd(γ) + (1− 1Wj
s )

[
1Wj

E

(
− c

2
+ βE

[
vj−1(Tγ, σ)

])
+ (1− 1Wj

E )β
(
− c

2
+ βE

[
vj−1(Tγ, σ)

])]
= vj(γ, σ)

Where the first inequality follows by the induction step, the second by the fact that β <

1, and the final inequality by the fact that no selection between Vd(γ) and
[
1Wj

E

(
− c

2 +

βE
[
vj−1(Tγ, σ)

])
+ (1− 1Wj

E )β
(
− c

2 + βE
[
vj−1(Tγ, σ)

])]
yields a larger payoff than the max-

imum selection.

We use this result to now prove b). Recall the definitions of the planner’s and equilibrium

stopping regions:

ΓjP = {γ : Vd(γ) ≥ −c

2
+ βE

[hj−1(Tγ)
2

]
}

Γ̂j =
{
γ : Vd(γ) ≥ −c + βE[vj−1(Tγ, σ)]}

As we showed in a), vj(γ, σ) ≤ hj(γ)
2 ∀j. Thus:

Vd(γ) ≥ −c

2
+ βE

[hj−1(Tγ)
2

]
⇒ Vd(γ) ≥ −c

2
+ βE[vj−1(Tγ, σ)]}

and it follows immediately then that

γ ∈ ΓjP ⇒ γ ∈ Γ̂j

and Γ̂j ⊇ ΓjP ∀j

Proof of c)

Again the proof is by induction. Let ṽj(γ, σ) represent the ex-ante equilibrium continuation

value when there are j observations remaining and the discount factor is given by β̃ < β, and
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let vj(γ, σ) be the continuation value when β is the discount factor. We will first prove that

vj(γ, σ) ≥ ṽj(γ, σ). It is immediate that:

ṽ0(γ, σ) = Vd(γ) = v0(γ, σ)

Now suppose that ṽj−1(γ, σ) ≤ vj−1(γ, σ). We then have:

vj(γ, σ) = 1Wj
s Vd(γ) + (1− 1Wj

s )
[
1Wj

E

(
− c

2
+ βE

[
vj−1(Tγ, σ)

])
+ (1− 1Wj

E )β
(
− c

2
+ βE

[
vj−1(Tγ, σ)

])]
≥ 1Wj

s Vd(γ) + (1− 1Wj
s )

[
1Wj

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1Wj

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
≥ 1W̃j

s Vd(γ) + (1− 1W̃j
s )

[
1W̃j

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1W̃j

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
= ṽj(γ, σ)

The first inequality is true by the induction step and the fact that β > β̃. We now argue

that the second inequality is true. First note that:[
1Wj

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1Wj

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
≥

[
1W̃j

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1W̃j

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
To see that this is true, note that if 1Wj

E = 0 then 1W̃j

E = 0. That is, if delay is chosen by the

first mover when β is the discount factor, then it is chosen when β̃ is as well. We have this

because delay is preferred by the first mover with discount factor β if:

c

β(1− β)
≥ E

[
vj−1(Tγ, σ)

]
and it is preferred by the first mover with discount factor β̃ if:

c

β̃(1− β̃)
≥ E

[
ṽj−1(Tγ, σ)

]
and by the induction step and the fact that 1

2 ≥ β ≥ β̃, we have:

c

β̃(1− β̃)
≥ c

β(1− β)
≥ E

[
vj−1(Tγ, σ)

]
≥ E

[
ṽj−1(Tγ, σ)

]
so then 1Wj

E = 0 ⇒ 1W̃j

E = 0. It follows then that[
1Wj

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1Wj

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
≥

[
1W̃j

E

(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])
+ (1− 1W̃j

E )β̃
(
− c

2
+ β̃E

[
ṽj−1(Tγ, σ)

])]
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Now, we also have: Vd(γ) ≥ −c + βE[vj−1(γ, σ)] ⇒ Vd(γ) ≥ −c + β̃E[ṽj−1(γ, σ)], and so

1Wj

S = 1 ⇒ 1Ŵj

S = 1. This then proves that vj(γ, σ) ≥ ṽj(γ, σ). To conclude the proof, note

that as a consequence of what was just shown:

Γ̂j = {γ : Vd(γ) ≥ −c + βE[vj−1(γ, σ)]} ⊆ {γ : Vd(γ) ≥ −c + β̃E[ṽj−1(γ, σ)]} = Γ̃j

because −c + βE[vj−1(γ, σ)] ≥ −c + β̃E[ṽj−1(γ, σ)]

�

Proof of Lemma 1:We first prove monotonicity of the value functions by induction. We

have:

v1,N (γ, σ) = 1W1
S Vd(γ) + (1− 1W1

S )
[
1W1

E

(−c

2
+ βE[Vd(Tγ)]

)
+ (1− 1W1

E )
(−cβ

2
+ β2E[Vd(Tγ)]

)]
≥ 1W1

S Vd(γ) + (1− 1W1
S )

[
1W1

E

(−c

2
+ βE[Vd(Tγ)]

)
+ (1− 1W1

E )
(
− c + βE[Vd(Tγ)]

)]
≥ 1W1

S Vd(γ) + (1− 1W1
S )

[
1W1

E

(−c

2
+ βE[Vd(Tγ)]

)
+ (1− 1W1

E )Vd(γ)
]

≥ 1W1
S Vd(γ) + (1− 1W1

S )
[
1W1

E

(
− c + βE[Vd(Tγ)]

)
+ (1− 1W1

E )Vd(γ)
]

≥ 1W1
S Vd(γ) + (1− 1W1

S )
[
1W1

E Vd(γ) + (1− 1W1
E )Vd(γ)

]
= Vd(γ) = v0,N (γ, σ)

where the first inequality holds because, by condition C:

c

(
1− β

2

)
1− β

≥ max{λ1, λ2} ≥ E[Vd(Tγ)]

and so −cβ
2 + β2E[Vd(Tγ)] ≥ −c + βE[Vd(Tγ)]

The second inequality holds because 1W1
S = 0 ⇔ γ ∈ {γ : −c + βE[Vd(Tγ)] ≥ Vd(γ)},

the third because c > 0, and the final inequality again because because 1W1
S = 0 ⇔ γ ∈ {γ :

−c+βE[Vd(Tγ)] ≥ Vd(γ)}. Now, for the induction step, assume that vj,N (γ, σ) ≥ vj−1,N (γ, σ).

Then, we have:

vj+1,N (γ, σ) = 1Wj+1

S Vd(γ)

+ (1− 1Wj+1

S )
[
1Wj+1

E

(−c

2
+ βE[vj,N (Tγ, σ)]

)
+ (1− 1Wj+1

E )
(−cβ

2
+ β2E[vj,N (Tγ, σ)]

)]
≥ 1Wj

S Vd(γ)

+ (1− 1Wj

S )
[
1Wj

E

(−c

2
+ βE[vj−1,N (Tγ, σ)]

)
+ (1− 1Wj

E )
(−cβ

2
+ β2E[vj−1,N (Tγ, σ)]

)]
= vj,N (γ, σ)
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where the inequality follows because, first:

1Wj+1

E

(−c

2
+ βE[vj,N (Tγ, σ)]

)
+ (1− 1Wj+1

E )
(−cβ

2
+ β2E[vj,N (Tγ, σ)]

)
≥ 1Wj

E

(−c

2
+ βE[vj−1,N (Tγ, σ)]

)
+ (1− 1Wj

E )
(−cβ

2
+ β2E[vj−1,N (Tγ, σ)]

)
To see this, note that if vj,N (γ, σ) ≥ vj−1,N (γ, σ) then 1Wj+1

E = 0 ⇒ 1Wj

E = 0; if the first-mover

delays when the continuation value is vj,N (γ, σ), then he must also delay when it is vj−1,N (γ, σ).

As we have −cβ
2 + β2E[vj,N (Tγ, σ)] ≥ −cβ

2 + β2E[vj−1,N (Tγ, σ)], we need only check that for γ

such that 1Wj+1

E = 1:

−c

2
+ βE[vj,N (Tγ, σ)] ≥ max{−c

2
+ βE[vj−1,N (Tγ, σ)],

−cβ

2
+ β2E[vj−1,N (Tγ, σ)]}

which is indeed the case.

Finally, it is immediate that vj,N (γ, σ) ≥ vj−1,N (γ, σ) ⇒ 1Wj+1

S ≤ 1Wj

S , so again applying

condition C, we have that:

−cβ

2
+ β2E[vj,N (Tγ, σ)] ≥ −c + βE[vj,N (Tγ, σ)] ≥ Vd(γ)

and we have the desired result.

To see that the stopping regions are monotonically decreasing in j is now straightforward.

By the monotonicity of the value function we have just shown:

Vd(γ) ≥ −c + βE[vj,N (Tγ, σ)]

⇒ Vd(γ) ≥ −c + βE[vj−1,N (Tγ, σ)]

and so

γ ∈ {γ : Vd(γ) ≥ −c + βE[vj,N (Tγ, σ)]} ⇒ γ ∈ {γ : Vd(γ) ≥ −c + βE[vj−1,N (Tγ, σ)]}

�

Proof of Lemma 2 The sequence {vN (γ0, σ)}∞N=0 is bounded above by max{λ1, λ2}, the

highest value that can be attained in any game. Moreover, we have just shown in Lemma 1

that the sequence is monotone increasing in N . Thus {vN (γ0, σ)}∞N=0 is monotone increasing

and bounded above and has a limit, call it v∗(γ0)
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Proof of Lemma 32

Define the set of sequences of data of length j, Tj , as follows:

Tj = {x ∈ Xj : γr 6∈ Γ∗, r < j, γj ∈ Γ∗}

In words Tj is the set of sequences of data of length j such that the sequence of beliefs {γr}j
r=0

induced by γ0 and x ∈ Xj falls in the region Γ∗ at the jth observation and not before. Also,

recall the definition of SjN (σ):

SjN (σ) = {x ∈ Xj : γr 6∈ Γ̂N−r, r < j, γj ∈ Γ̂N−j}

To prove Lemma 3 we need to state and prove three claims:

Claim 1:

lim
N→∞

SjN (σ) = Tj

Proof: First, note that we can re-write the set SjN (σ) as:

SjN (σ) = {x ∈ Xj : γj ∈ Γ̂N−j} −
⋃
r<j

{x ∈ Xj : γr ∈ Γ̂N−r}

This is the difference using the set minus operation. Taking the limit, and using the mono-

tonicity of Γ̂N−j in N :

lim
N→∞

SjN (σ) = lim
N→∞

{x ∈ Xj : γj ∈ Γ̂N−j} − lim
N→∞

⋃
r<j

{x ∈ Xj : γr ∈ Γ̂N−r}

= {x ∈ Xj : γj ∈ Γ∗} −
⋃
r<j

{x ∈ Xj : γr ∈ Γ∗}

= Tj

which proves claim 1

Now define the strategy σm, for m ≤ N as the “truncation” of the strategy σ defined

for the game with N observations, at m. That is, at each stage of observation m,m − 1, ...1

the strategy σm prescribes taking the exact same actions using the same stopping region as

the strategy σ. However, after m observations have been made, σm prescribes stopping and

choosing the decision that maximizes terminal reward regardless of the belief at this point.
2I did this proof here in a more general setting; I don’t assume there is delay in every period in showing

convergence of the value function. Then if I can find a condition less restrictive than condition C under which

lemmas 1 and 2 hold and there is not delay at each continuation, I can still use this proof below.
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Further, let the function vmN (γ0, σm) represent the ex-ante value to player k of playing the

truncated strategy σm in response to player −k playing this strategy.

Claim 2: vmN (γ0, σm) ≥ vN (γ0, σ)− βm max{λ1, λ2}

Proof:

vN (γ0, σ) =
N∑

j=0

∑
x∈SjN (σ)

(
β

2dσ
xj

+eσ
xj Vd(γ0, x)Pr(x|γ0)−

j∑
r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))

≤
m−1∑
j=0

∑
x∈SjN (σ)

(
β

2dσ
xj

+eσ
xj Vd(γ0, x)Pr(x|γ0)−

j∑
r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))

+
∑

x 6∈∪m−1
j=0 SjN (σ)

βm max{λ1, λ2}Pr(x|γ0)

≤ vmN(γ0, σm) + βm max{λ1, λ2}

where the first inequality follows because, for every sequence terminating at or before m − 1

observations, the two procedures return the same value, while any sequence lasting longer

returns no less than βm max{λ1, λ2}. The second inequality follows immediately from the fact

that Pr(x|γ0) < 1 ∀x .

Now define the strategy σ∗m,Γ∗ for m ≤ N as the “truncation” of the strategy σ∗,Γ∗ at m.

That is, at each stage of observation m,m−1, ...1 the strategy σ∗m,Γ∗ prescribes taking the exact

same actions as σ∗ does, using the same stopping region Γ∗. However, after m observations

have been made, σ∗m prescribes stopping and choosing the decision that maximizes terminal

reward regardless of the belief at this point. Further, let the function vm(γ0, σ
∗
m) represent the

ex-ante value to player k of playing the truncated strategy σ∗m,Γ∗ in response to player −k

playing σ∗m,Γ∗.

Claim 3:

lim
N→∞

vmN (γ0, σm) = vm(γ0, σ
∗
m)

Proof:

vmN (γ0, σm) =
m−1∑
j=0

∑
x∈SjN (σ)

(
β

2dσ
xj

+eσ
xj Vd(γ0, x)Pr(x|γ0)−

j∑
r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))

+
∑

x 6∈∪m−1
j=0 SjN (σ)

(
β2dσ

xm+eσ
xm Vd(γ0, x)Pr(x|γ0)−

m∑
r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))
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Clearly, the only place N appears in this expression is in SjN (σ). Using the result of claim 1

above, and taking the limit as N →∞, we then have:

lim
N→∞

vmN (γ0, σm) =
m−1∑
j=0

∑
x∈Tj

(
β

2dσ
xj

+eσ
xj Vd(γ0, x)Pr(x|γ0)−

j∑
r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))

+
∑

x 6∈∪m−1
j=0 Tj

(
β2dσ

xm
+eσ

xm Vd(γ0, x)Pr(x|γ0)−
m∑

r=1

βr−1
(
1Wr

E

(−c

2
)

+
(
1− 1Wr

E

)(−cβ

2
)))

= vm(γ0, σ
∗
m)

�

We now have the results we require to prove Lemma 3. Note first that the following set of

inequalities holds:

vN (γ0, σ) ≥ vmN (γ0, σm) ≥ vN (γ0, σ)− βm max{λ1, λ2} ∀m

The first inequality holds because, in the equilibrium of a game with N observations, the game

continues after m observations have been made if and only if −c + βE[vN−m(γ0, σ)] ≥ Vd(γ).

In the game truncated at m observations the game stops after m observations have been made

regardless of the belief at that stage. The second inequality is due to claim 2.

Letting N →∞ and using Lemma 2 and claim 3, we have:

v∗(γ0) ≥ vm(γ0, σ
∗
m) ≥ v∗(γ0)− βm max{λ1, λ2} ∀m

finally, taking the limit now as m →∞ we have:

lim
m→∞

vm(γ0, σ
∗
m) = v∗(γ0)

The left hand side is of course the value of the symmetric strategies (σ∗,Γ∗) when there is no

limit on the number of observations. Lastly, to see that vN (γ0, σ) approaches the limit function

v∗(γ0) uniformly in γ0, note that

v∗(γ0) ≥ vN (γ0, σ) ≥ v∗(γ0)− βN max{λ1, λ2} ∀N

We have thus proved Lemma 3. �

Proof of Proposition 3a
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We now use the principle of one-shot deviations to show that the strategy (σ∗,Γ∗) constitute a

Symmetric MPE. Fix player −k to be playing (σ∗,Γ∗). There are four classes of states we need

to check:

1. γ ∈ Γ∗,W = k

2. γ ∈ Γ∗,W = −k

3. γ 6∈ Γ∗,W = k

4. γ 6∈ Γ∗,W = −k

We consider each in turn.

1. γ ∈ Γ∗,W = k In this case player k has the option to stop, delay or experiment. As

player −k stops at this belief, it is clear that delay is not a best-response for player k,

because the payoff to stopping is larger: Vd(γ) ≥ βVd(γ). We need only verify that player

k would not rather experiment than stop. Suppose he prefers experimentation. Then we

must have:

v∗(γ) > Vd(γ)

By our uniform convergence result, there exists N̂ such that for all N ≥ N̂ :

vN (γ, σ) > Vd(γ)

But then for all such N , given the equilibrium strategies σ:

−c + βE[vN−1(γ, σ)] > Vd(γ)

which contradicts that γ ∈ Γ∗

2. γ ∈ Γ∗,W = −k In this instance player k may choose only to stop or experiment. That

he chooses to experiment follows from an argument identical to that just given.

3. γ 6∈ Γ∗,W = k By condition C and the fact that player −k experiments at such beliefs, we

know that player k prefers delay to experimentation. We need only establish that player

k prefers does not choose to stop. Suppose he does. Then, from Lemmas 2 and 3:

Vd(γ) ≥ β2E[v∗(Tγ)] ≥ −c + βE[v∗(Tγ)] ≥ −c + βE[vN (γ, σ)]

for all N . But Vd(γ) ≥ β2E[v∗(Tγ)] ≥ −c + βE[vN (γ, σ)] N ⇒ γ ∈ Γ∗ which is a

contradiction.
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4. γ 6∈ Γ∗,W = −k The argument here is near identical to that just given.

This concludes the proof of proposition 3a) �

Proof of Proposition 3b)

Recall from Proposition 3a) above we have:

Γ̂j ⊇ ΓjP ∀j

Then, by the monotonicity of the stopping regions:

Γ∗ = lim
j→∞

Γ̂j ⊇ lim
j→∞

ΓjP = ΓP

�

Proof of Proposition 4

a) The solution to the planner’s problem when the committee is of size R is given by:

hj(γ) = max{RVd(γ),−c + βE[hj−1(Tγ)]}

and the stopping region of beliefs for the planner at each stage j is given by:

ΓjP = {γ : Vd(γ) ≥ −c

R
+ βE

[hj−1(Tγ)
R

]
}

We first prove a) by induction. Note that h0(γ)
R = Vd(γ) = vR

0 (γ, σ), because in any MPE

the decision which maximizes terminal reward is chosen in the final stage, and of course the

same is true in the solution to the planner’s problem.

So for the induction step, assume hj−1(γ)
R ≥ vR

j−1(γ, σ). We then have:

hj(γ)
R

= max{Vd(γ),− c

R
+ βE

[hj−1(Tγ)
R

]
}

≥ max{Vd(γ),− c

R
+ βE

[
vR
j−1(Tγ, σ)

]
}

≥ max
{
Vd(γ), βRD(j,γ)

(
− c

R
+ βE

[
vR
j−1(Tγ, σ)

]
}

≥ 1Wj
s Vd(γ) + (1− 1Wj

s )βRD(j,γ)
(
− c

R
+ βE

[
vj−1
R (Tγ, σ)

])
= vR

j (γ, σ)

Where the first inequality follows by the induction step, the second by the fact that β < 1

and RD(j, γ) ≥ 1, and the final inequality from the fact that the best selection between stopping

and continuing is given by the max function.
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b) That the stopping regions are monotonically decreasing in j is an immediate consequence

of the monotonicity of the value functions.

c) That v̄, v exist and are well-defined is immediate: max{λ1, λ2} > v̄ > v ≥ λ1λ2
λ1+λ2

. Further,

for β close enough to 1, c
β(1−βR−1)

≥ v̄ is satisfied, and the LHS of 1+R(R−2)−β(R−1)2+(1−β)R

1+R 1−β
β

≥

c/v, is monotone increasing in R, and thus R̂ exists. We prove by induction that if R ≥ R̂,

then vR
j (γ, σ) ≤ vR−1

j (γ, σ).

Suppose c
β(1−βR−1)

≥ v̄. In this case whenever the belief is such that experimentation is

preferred to stopping, every player except the last to move delays at any given stage j; there

are R − 1 periods of delay at any stage where an experiment is to be taken. Further, for any

R′ < R, c
β(1−βR′−1)

≥ c
β(1−βR−1)

so that the equilibrium with R′− 1 periods of delay is played

when there are R′ < R players.The ex-ante equilibrium value function at stage j is given by:

vR
j (γ, σ) = 1R

j Vd(γ) + (1− 1R
j )

[R− 1
R

βRE[vR
j−1(Tγ, σ)] +

1
R

βR−1
(
− c + βE[vR

j−1(Tγ, σ)]
)]

We first prove by induction that if R > R̂ then vR
j (γ, σ) ≤ vR−1

j (γ, σ) ∀j. Note first that:

vR
0 (γ, σ) = Vd(γ) = vR−1

0 (γ, σ)

For the induction step suppose vR
j−1(γ, σ) ≤ vR−1

j−1 (γ, σ). Then:

vR
j (γ, σ) = 1R

j Vd(γ) + (1− 1R
j )

[R− 1
R

βRE[vR
j−1(Tγ, σ)] +

1
R

βR−1
(
− c + βE[vR

j−1(Tγ, σ)]
)]

≤ 1R
j Vd(γ) + (1− 1R

j )
[R− 1

R
βRE[vR−1

j−1 (Tγ, σ)] +
1
R

βR−1
(
− c + βE[vR−1

j−1 (Tγ, σ)]
)]

≤ 1R−1
j Vd(γ) + (1− 1R−1

j )
[R− 1

R
βRE[vR−1

j−1 (Tγ, σ)] +
1
R

βR−1
(
− c + βE[vR−1

j−1 (Tγ, σ)]
)]

≤ 1R−1
j Vd(γ)

+ (1− 1R−1
j )

[R− 2
R− 1

βR−2E[vR−1
j−1 (Tγ, σ)] +

1
R− 1

βR−2
(
− c + βE[vR−1

j−1 (Tγ, σ)]
)]

= vR−1
j (γ, σ)

where the first and second inequalities follow by the induction step and the last by the fact that

R ≥ R̂. So vR
j (γ, σ) ≤ vR−1

j (γ, σ).

To see that Γ̂R−1
j ⊆ Γ̂R

j is now straightforward:

Vd(γ) ≥ −c + βE[vR−1
j−1 (Tγ, σ)] ⇒ Vd(γ) ≥ −c + βE[vR

j−1(Tγ, σ)]

and we are done. �
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10 Appendix 2: Unbounded Stage Length

In this section we relax the assumption that the stages last a finite number of periods. That

is, all players have the option to delay at each stage. Again, at each stage nature recognizes

one player to begin the experimentation. I construct one Markov Perfect equilibrium profile σ

of the game truncated at N observations. There are multiple Markov Perfect equilibria of the

game truncated at N observations. Which of these equilibria can be extended to the case of

unbounded N remains to be seen.

The state space is again completely described by a vector of three variables: s = (j, γ, Wj).

Again, stationary Markov strategies are a map from the space of all possible histories of the

game into the space of possible actions, such that any two histories of any length (in calender

time) culminating in the same state are mapped to the same action.

In the context of this redefined game, stationary Markov strategies prescribe for each possible

state s ∈ S of the game a vector of indicator decision functions:

dk = {1k
S(s),1k

E(s)}

such that:

1k
S(s) + 1k

E(s) ≤ 1

where, 1k
S(s) indicates whether player k stops, and the 1k

E(s) whether player k experiments

in state s. As before, we do not need a separate indicator function to indicate the accep-

tance/rejection decision made conditional on stopping; in any Perfect Equilibrium the decision

that maximizes terminal reward is chosen. These indicator functions sum to no more than 1.

It is clear that if

1k
S(s) = 1k

E(s) = 0

then player k chooses to delay in state s.

Strategies for each player k ∈ {1, 2} are a mapping:

dk : {0, 1, ..., N} × [0, 1]× {0, 1} → {0, 1}2\{1, 1}

We now make three simple observations that ease the construction of equilibrium.
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Observation 1:

Let σ denote a MPE strategy profile, and vj(γ, σ) the ex-ante continuation equilibrium value

when there are j observations remaining. Then, in any MPE, the game stops at stage j if and

only if Vd(γ) ≥ −c + βE[vj−1(γ, σ)]

Proof: Note that if the game continues beyond stage j, one of the players, say player k,

experiments at some point in stage j. Within stage j, regardless of when the experiment is

made, the payoff to experimentation is given by −c + βE[vj−1(γ, σ)]; the state variables (j, γ)

do not change as the buck is passed within the stage. Therefore, as player k always has the

option to stop the game and receive payoff Vd(γ), the game can not continue in equilibrium if

Vd(γ) ≥ −c + βE[vj−1(γ, σ)]; player k would have a profitable deviation.

Now suppose Vd(γ) < −c + βE[vj−1(γ, σ)] and the game stops in equilibrium at stage j.

Then one of the players, say k, must stop the game on his turn. But by an argument analogous

to that above, experimentation yields a profitable deviation, which contradicts that the game

stops in equilibrium. �

Define:

Γs
j ≡ {γ : Vd(γ) ≥ −c + βE[vj−1(γ, σ)]}

Γc
j ≡ {γ : Vd(γ) < −c + βE[vj−1(γ, σ)]}

The sets Γs
j ,Γ

c
j are complements of each other, and are the set of beliefs for which the game

stops and continues in equilibrium at stage j respectively.

Observation 2:

In any Markov Perfect Equilibrium of the game with 2 members, at any state (j, γ,=j) of

the game, at most one player delays.

Proof: Consider any state s = (j, γ, Wj), and suppose player −k delays in equilibrium:

1−k
S (s) = 1−k

E (s) = 0. If player k′s indicator functions also prescribe delay for state s, the

game continues in delay infinitely, because the state variables (j, γ) do not change as the buck

is passed back and forth. That is, if player −k delays, and then player k delays in response,

player −k faces the same vector s = (j, γ, Wj) he did when he first passed the buck, and by
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our Markov assumption on strategies, he must delay again. Then the payoff to responding to

delay with delay by player k is 0. Stopping yields a strictly positive payoff and thus constitutes

a profitable one-shot deviation. So delay is not an equilibrium response to delay at any state,

and at most one player may delay at any (j, γ, Wj) in equilibrium. �

Observation 3:

In any MPE, for any state (j, γ, Wj) such that γ ∈ Γc and β2E[vj−1(γ, σ)] ≥ −c+βE[vj−1(γ, σ)],

at least one player delays.

Proof:

Consider some state s = (j, γ, Wj) and suppose γ ∈ Γc and β2E[vj−1(γ, σ)] ≥ −c +

βE[vj−1(γ, σ)]. By observation 1, γ ∈ Γc implies that at least one player, say player k, ex-

periments at state s. Player −k can choose to stop, delay or experiment. Clearly stopping

is not optimal, as γ ∈ Γc. Since player k experiments, the payoff to player −k from delaying

is β2E[vj−1(γ, σ)]. The payoff to experimentation is −c + βE[vj−1(γ, σ)]. As s is such that

β2E[vj−1(γ, σ)] ≥ −c + βE[vj−1(γ, σ)], player −k optimally delays. �

Define

ΓD
j = {γ : γ ∈ Γc

j , β
2E[vj−1(γ, σ)] ≥ −c + βE[vj−1(γ, σ)]}

ΓD
j is the set of beliefs for which at least one player optimally delays at stage j. It follows from

observation 3 that each stage lasts at most two periods of calender time.

For some strategy profile σ, define the following conditions C1:

1. Both players stop at stage j if and only if γ ∈ Γs
j

2. One and only one player delays at stage j if and only if γ ∈ ΓD
j

Claim: Any strategy profile σ that satisfies C1 is an MPE

This claim is easy to verify by the principle of one-shot deviations. It is obvious that

there is a fairly large set of equilibria. For a game with N stages of observation there are 2N

equilibria: at each stage either player 1 or player 2 may delay if the belief prescribes that delay

is preferable to experimentation. There are 2N different ways in which players 1 and 2 can take

turns delaying. Note that by making the stages potentially infinite, the first-mover loses the
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advantage he possessed in the game considered in the paper; now the second-mover can credibly

delay.

Clearly this set of N -stage equilibria is inefficient for the same two reasons the equilibrium

of the game with finite horizon stages was inefficient: players do not consider the full public

value of information when deciding whether or not to experiment, and players delay at future

stages, making current experimentation less attractive. We can compare the stopping regions

of this equilibrium to the same stopping regions that emerge from the solution to the planner’s

problem in the previous section. The planner’s problem is unchanged here, as there is never

any delay in its solution. Thus giving the players the option to delay does not affect the way a

welfare-maximizing planner solves the statistical decision problem.

The set of equilibria is bounded in an efficiency sense by the equilibrium where the first

player to move always experiments while the second delays when the belief is such that delay

is preferred to experimentation (most efficient) and the equilibrium in which the first-mover

delays and the second-mover experiments (least-efficient). One could argue that these equilibria

correspond to social norms.

It remains an interesting question as to which of these equilibria can be extended to the

infinite N case. Comparative statics questions may be more easy to get at in this set-up, but

may lose meaning due to the multiple equilibrium problem.
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