
Bargaining collectively1

Philip Bond

Finance Department
The Wharton School

University of Pennsylvania

Philadelphia, PA 19104-6367
pbond@wharton.upenn.edu

H�ulya Eraslan

Finance Department
The Wharton School

University of Pennsylvania

Philadelphia, PA 19104-6367
eraslan@wharton.upenn.edu

First draft: October 2005
This draft: January 2006

1We thank Paolo Fulghieri, Andrew McLennan, Bilge Y�lmaz, and audiences at the American
Law and Economics Conference, the Federal Reserve Bank of Cleveland, Duke University, CEPR
Gerzensee, the La�ont Memorial Conference, Northwestern University, the University of Oxford,
the University of Pennsylvania, the Federal Reserve Bank of Philadelphia, the Texas Finance
Festival, and the World Congress of the Econometric Society for helpful comments. Eraslan
thanks the National Science Foundation and the Rodney White Center for �nancial support.
Any remaining errors are our own.



Abstract

Many bargaining situations share the following characteristics: a central party makes an

o�er to a group of individuals; the proposals are restricted to treat all group members

equally; and decisions of the group are reached through a voting process, with the vote

binding all the members of the group. Examples include debt restructuring negotiations

between a troubled company and its bondholders; shareholder votes on executive com-

pensation; and collective bargaining between a �rm and union members. We study how

the equilibrium payo�s in such bargaining situations depend on the decision rule adopted

by the group.

JEL classi�cation: C7; D7; D8.

Keywords: Strategic voting; agenda setting; multilateral bargaining.



1 Introduction

Many bargaining situations share the following characteristics: a central party makes

an o�er to a group of individuals; the proposals are restricted to treat all group mem-

bers equally; and decisions of the group are reached through a voting process, with the

vote binding all the members of the group. Examples include debt restructuring negoti-

ations between a troubled company and its bondholders; shareholder votes on executive

compensation; and collective bargaining between a �rm and union members.

In this paper we ask the following question: how does the voting rule used by the

group a�ect bargaining outcomes? Conventional wisdom suggests that voting rules that

require the consent of a large fraction of group members improve the group’s bargaining

position, and hence the welfare of group members. However, this argument has at

least two shortcomings. First, voting rules which require a high level of consensus may

make agreement hard to achieve, and lead the group to reject even desirable bargaining

proposals. Second, as the recent strategic voting literature (Austen-Smith and Banks

1996, Feddersen and Pesendorfer 1997) has shown, the most consensus-driven voting rule

of all | unanimity rule | aggregates the information of group members poorly compared

to alternatives. In this paper we analyze the extent to which the conventional wisdom

is, and is not, correct.

Speci�cally, we consider the following class of bargaining environments. A large group

of ex ante identical individuals foresees that at some later date it will have to bargain

with an opposing party. While still under the veil of ignorance, the group selects a

decision rule. The bargaining game, when it arrives, consists of the opposing party

making a take-it-or-leave-it o�er, and the group deciding whether to accept or reject the

o�er. We restrict attention to decision rules in which each member of the group votes

on the proposal, which is accepted if and only if the number of votes in favor exceeds a

prespeci�ed threshold. Leading examples are the simple majority rule, the two-thirds

supermajority rule, and the unanimity rule.
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To illustrate our results it is useful to consider the following example. A �rm, which is

initially wholly owned by a single individual, seeks to restructure its outstanding debt by

o�ering a group of creditors a share of its future cash 
ow. If creditors decline the o�er,

they liquidate the �rm and obtain $100, with the original owner receiving nothing. The

future cash 
ow of the �rm (if not liquidated) is uncertain: it is either $100 or $200, with

ex ante equal probability. The debtor and each creditor possess private and partially

informative information about the relative likelihood of the two valuations.

Suppose �rst that the creditors are using a majority rule. The recent \strategic

voting" literature on how agents vote when in possession of private information has

established that as the number of voters grows large the aggregate decision asymptotes

to the decision that would have been made under full information. We extend this

literature to the case in which the issue being voted over is itself endogenous. For the

case of majority voting rules, we show (Section 4) that the �rm’s choice boils down to the

following: either it can o�er creditors 1=2 of its cash 
ow, so that they accept whenever

the true cash 
ow of the �rm is $200; or it can o�er creditors all its cash 
ow, and gain

acceptance all the time. Clearly the former is the more attractive option. In equilibrium,

then, the �rm o�ers 1=2 of its cash 
ow. If the true cash 
ow is $200 the creditors accept,

and receive a payo� of $100; while if the true cash 
ow is $100, creditors reject the o�er,

and obtain $100 in liquidation.

This outcome contrasts sharply with that which arises when the unanimous agree-

ment of creditors is required for acceptance. As previous authors (see Feddersen and

Pesendorfer 1998) have shown, information aggregation fails when the unanimity rule

is used. That is, creditors will reject some o�ers that (under full information) deliver

more than the liquidation value, but accept others that deliver less. Roughly speaking,

whether or not creditors are better o� employing unanimity rule instead of majority rule

depends on whether the �rm internalizes these errors or exploits them.

For the parameter values given above, it is the former. As we show (Section 5) the
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errors made under unanimity are not entirely random. In particular, creditors will always

reject an o�er of one half of the �rm. That is, for low o�ers there are only mistaken

rejections, and no mistaken acceptances. However, as the o�er increases, and so becomes

more attractive to creditors, the nature of errors shifts from mistaken rejections of good

o�ers to mistaken acceptances of bad o�ers. This gives the �rm the incentive to make

an o�er strictly better than 1=2 of its cash 
ow. In this case, the conventional wisdom

we alluded to above is correct. In spite | indeed, because | of the unanimity rule’s

failure to e�ectively aggregate information, creditors’ equilibrium welfare is higher when

it is used.

In the above example, the �rm makes a relatively low o�er (1=2 cash 
ow) when facing

a majority rule. Creditors obtain more using the unanimity rule because it engenders

mistakes, and these mistakes in turn dissuade the �rm from making a low o�er. However,

under di�erent circumstances the �rm makes a high o�er against a majority rule. In such

circumstances, the mistakes that arise under unanimity rule hurt the creditors.

For instance, suppose now that the �rm’s cash 
ow (absent liquidation) is either $150

or $200. When facing a majority rule the �rm must choose between o�ering 1=2 of its

cash 
ow and gaining acceptance only in the latter case, and o�ering 2=3 of its cash


ow and gaining acceptance always. It is easily seen that it prefers the latter strategy.

In this situation, the �rm is able to exploit the errors that arise when creditors use the

unanimity rule. As we show (Lemma 6) there exists an o�er strictly less than 2=3 that

the creditors always accept when using the unanimity rule. That is, just as all errors in

response to an o�er of 1=2 take the form of mistaken rejections, all errors in response to

the o�er 2=3 take the form of mistaken acceptances. In this instance the conventional

wisdom is wrong: far from being the \toughest" voting rule, unanimity is actually the

softest. It leads creditors to accept o�ers that they would otherwise reject. In this case,

creditors obtain a better outcome using a majority voting rule.

Our main results generalize the above examples by providing conditions under which
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the group is better o� using unanimity rule. The choice of voting rule has an e�ect on

equilibrium outcomes only if group members are in some way heterogeneous. There are

two possibilities. First, they may have di�erent information with respect to the relative

desirability of the o�er compared to the status quo. Second, their intrinsic preferences

over outcomes may di�er even conditional on full information. In the above example

only the former type of heterogeneity exists. One might be concerned that the intuition

we gave for this example, based as it was on information aggregation, is knife-edge.

We consider a general model that allows for both types of heterogeneity, and contains

pure private values and pure common values frameworks as special cases. The main

assumption we make is that the proposer and the group members have diametrically

opposing preferences: o�ers which one side prefers are disliked by the other side. This

assumption is satis�ed in many common bargaining situations.

For this fairly general set of preferences, we are able to evaluate the asymptotic (as

the group size grows large) equilibrium payo�s arising when the group uses a majority

rule; and to bound the equilibrium payo�s for the unanimity rule asymptotically. Given

economic fundamentals, these results are enough to rank alternate agreement rules from

the perspective of the two sides. In cases in which group members’ heterogeneity derives

primarily from their distinct information (that is, in the close to common values case)

we are able to go further, and give a succinct condition for when the group is (and

is not) better o� using the unanimity rule. As illustrated by our example above, the

key determinant is whether, when facing a (hypothetically) fully informed group, the

proposer would prefer to make a low o�er that is only sometimes accepted, or a high

o�er that is always accepted.

Inevitably our analysis neglects some important issues. We focus almost exclusively

on equilibrium payo�s as the group size grows large. The chief reason for this focus is

that it allows us to establish our results with fewer assumptions on preferences and the

distributional properties of agents’ information. Numerical simulations suggest that the
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group size needed for our asymptotic results to apply is not large | in many cases the

equilibrium with ten agents is very close to the limiting equilibrium.

Related, we ignore the possibility of communication between agents prior to the vote.

To some extent this is consistent with our focus on large groups. Moreover, it is worth

pointing out that since agents’ preferences include a private values component, the extent

to which they are able to communicate their private information to each other may be

limited. As a result, even if communication generates some public information, there

may still be some private information. In general, our results would be qualitatively

unchanged if in addition to observing their own private signals, agents also had access to

a public signal.1

Finally, we take as given the information possessed by group members. As noted

above, on a technical level our analysis constitutes an extension of a strategic voting game

to allow for the endogeneity of the issue being voted over to the voting rule. Other authors

have extended this same basic environment to allow for costly information acquisition,2

as well as pre-vote communication (see footnote 1). We leave the integration of these

distinct and individually important extensions for future work.

Our paper is somewhat related to the extensive recent literature on multilateral bar-

gaining, in which more than two agents must agree on the division of a pie.3 However,

in many negotiations a proposal must treat all members of some group equally, either

for technological reasons (e.g., the building of a bridge), or for institutional/legal reasons

(e.g., wage determination, debt restructuring). The literature analyzing this important

class of bargaining problems is much smaller. In a complete information setting Banks

and Duggan (2001) establish equilibrium existence and core equivalence, while Cho and

Duggan (2003) and Cardona and Ponsati (2005) establish uniqueness. Closest to us are

Manzini and Mariotti (2005), who consider a bargaining game between a group and a

1For analysis of communication prior to decision making, see Coughlan (2000), Austen-Smith and
Feddersen (2002), Doraszelski et al (2003), and Gerardi and Yariv (2005).

2See Persico (2004), Martinelli (2005), and Yariv (2004).
3The classic paper is Baron and Ferejohn (1989).
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central agent, and compare di�erent agreement rules. All the above papers are determin-

istic complete information models. As such, informational issues do not arise. Moreover,

since agreement is always reached, there is no risk of breakdown of agreement from having

a \tougher" bargaining stance. In contrast, the possibility of failing to agree to a Pareto

improving proposal is central to our analysis and results. Finally, Chae and Moulin

(2004) provide a family of solutions to group bargaining from an axiomatic viewpoint.

Elbittar et al (2004) provide experimental evidence that the choice of voting rule used

by a group in bargaining a�ects outcomes.

In our model, bargaining takes place under two-sided asymmetric information. The

literature on bilateral bargaining under asymmetric information is extensive.4 We add

to this literature by considering how the internal organization of one of the parties a�ects

equilibrium outcomes.

On the technical side, our work is closely related to the growing literature on strate-

gic voting | see especially Feddersen and Pesendorfer (1997, 1997, 1998). Our paper

contributes to this literature by endogenizing the agenda to be voted upon.

The paper proceeds as follows. Section 2 describes the model. Section 3 analyzes some

general properties of the voting stage. Section 4 characterizes the equilibrium outcomes

of the bargaining game when the group uses a majority rule. Section 5 conducts the same

exercise when the group adopts unanimity rule. Sections 6 and 7 compare outcomes from

di�erent rules. Section 8 concludes. All proofs are in Appendix A.

2 Model

There is a single proposer (agent 0), and a group of n � 2 responders, labelled i =

1; : : : ; n. The timing is as follows: (1) Under the veil of ignorance, the coalition of

responders �xes a decision making process. As noted, we restrict attention to voting

4See Kennan and Wilson (1993) for a review. Of most relevance for our paper are Samuelson (1984),
Chatterjee and Samuelson (1987), Evans (1989), Vincent (1989), and Schweizer (1989), all of which
study common values environments.
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rules: a proposal is accepted and implemented if and only if some fraction � or more

of responders vote to accept. That is, the decision rule is completely indexed by the

parameter � 2 [0; 1]. Common examples include the simple majority rule, � = 1=2;

the supermajority rule, � = 2=3; and the unanimity rule, � = 1. (2) Each agent

i 2 f0; 1; : : : ; ng privately observes a random variable �i 2 [�; ��]. As we detail below,

the realization of �i a�ects agent i’s preferences and/or information. (3) The proposer

selects a proposal x 2 [0; 1]. (4) Responders simultaneously cast ballots to accept or

reject the proposal. (5) If n� or more responders vote to accept,5 it is implemented.

Otherwise, the status quo prevails.

Preferences

Agent i’s relative preferences over the proposal x and the status quo are determined

by �i and an unobserved state variable ! 2 fL; Hg. We write responder i’s utility

associated with o�er x as U! (x; �i; �), where � 2 [0; 1] is a parameter that determines

the relative importance of ! and �i. We assume that U! (x; �i; �) is independent of �i

at � = 0 and that UL (�; �; �) � UH (�; �; �) at � = 1. Likewise, we write �U! (�i; �) for

responder i’s utility under the status quo, and make parallel assumptions for � = 0; 1.

Note that our framework includes pure common values (� = 0) and pure private values

(� = 1) as special cases. A key object in our analysis is the utility of a responder from

the proposal above and beyond the status quo. Accordingly, we de�ne

�! (x; �i; �) � U! (x; �i; �) � �U! (�i; �) :

Similarly, we write the proposer’s utility from having his o�er accepted as V ! (x; �0),

and his utility under the status quo as �V ! (�0). Note that we do not require the relative

weights of ! and �0 in determining the proposer’s preferences to match the relative

weights (given by �) of ! and �i in determining responder i’s preferences.

5Throughout, we ignore the issue of whether or not n� is an integer. This issue could easily be
handled formally by replacing n� with [n�] everywhere, where [n�] denotes the smallest integer weakly
greater than n�. Since this formality has no impact on our results, we prefer to avoid the extra notation
and instead proceed as if n� were an integer.
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For all preferences � < 1, the realization of �i provides responder i with useful (albeit

noisy) information about the unobserved state variable !. We assume that the random

variables f�i : i = 0; 1; : : : ; ng are independent conditional on !, and that except for �0

(which is observed by the proposer) are identically distributed. Let F (�j!) and F0 (�j!)

denote the distribution functions for the responders and proposer respectively. We

assume that both distributions have associated continuous density functions, which we

write f (�j!) and f0 (�j!). The realization of �i is informative about !, in the sense that

the monotone likelihood ratio property (MLRP) holds strictly;6 but no realization is

perfectly informative, i.e., f(�jH)
f(�jL)

> 0 and f(��jH)
f(��jL)

< 1, with similar inequalities for f0.

Interpretations

Possible interpretations of the model include the following:

(A) An indebted �rm o�ers n creditors an equity stake x in exchange for the retirement

of existing debt claims. If the creditors reject the o�er the �rm is liquidated. Let

1
n
U! (x; �i; �) be the value of an x=n share to creditor i, 1

n
�U! (�i; �) be the value of re-

ceiving 1=n of the liquidation value,7 V ! (x; �0) be the debtor’s valuation of the remaining

1 � x share if his o�er is accepted, and �V ! (�0) his payo� in liquidation.

(B) An employer is in wage negotiations with n workers. He o�ers a wage x, which

worker i values at U! (x; �i; �). If the o�er is rejected, workers strike: �U! (�i; �) is

worker i’s expected payo� from the strike. The �rm’s total pro�ts if the o�er is accepted

are nV ! (x; �0), and its expected total pro�ts if a strike ensues are n �V ! (�0).

(C) A president proposes a policy x.8 The proposal is adopted only if passed by the

legislature. This requires the support of a su�cient fraction of legislators from the

opposing party to the president.

6That is, f(�jH)
f(�jL) and f0(�jH)

f0(�jL) are strictly increasing in �.
7These preferences are isomorphic under any monotone transformation, and in particular, multipli-

cation by n.
8A judicial nominee, for example.
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Equilibrium

We examine the pure strategy9 sequential equilibria of the game just described. Let

��
n (�; �; �) : [�; ��] ! [0; 1] denote the proposer’s o�er strategy for the game with n

responders using voting rule � and preference parameter �. As is standard in the

strategic voting literature on which we build, we restrict attention to equilibria in which

the ex ante identical responders behave symmetrically.10

Responders are potentially able to infer information about the proposer’s observation

of �0 from his o�er, and thus information about the state variable !. Since only the latter

a�ects responders’ preferences, we focus directly on the beliefs about ! after observing

an o�er x. Let �n (x; �; �) denote the responders’ belief that ! = H after observing o�er

x in the game with n responders using voting rule �, and preference parameter �.

A symmetric equilibrium is an o�er strategy ��
n (�; �; �) for the proposer, a set of

responder beliefs �n (�; �; �) and a voting strategy [�; ��] ! faccept,rejectg for each re-

sponder such that the proposer’s strategy is a best response to the responders’ (identical)

strategies; and each responder’s strategy maximizes his expected payo� given that all

other responders use the same strategy, and his beliefs are �n (�; �; �); and the beliefs

themselves are consistent. At a minimum, belief consistency requires that having re-

ceived an o�er x, responders are not more (respectively, less) con�dent that the state is

H than the proposer himself is after he sees the most (respectively, least) pro-H signal

�0 = �� (respectively, �0 = �). That is, for all o�ers x,

�n (x; �; �)

1 � �n (x; �; �)
2

�

f0 (�jH)

f0 (�jL)

Pr (H)

Pr (L)
;
f0 (��jH)

f0 (��jL)

Pr (H)

Pr (L)

�

: (1)

Consequently consistency implies that �n (x; �; �) 2
�

b;�b
�

, for some 0 < b < �b < 1.

9In much of the literature concerning voting by di�erentially informed individuals, voters are assumed
to observe binary signals (see Duggan and Martinelli 2001, and Y�lmaz 1999, for exceptions). In such
settings non-trivial pure strategy equilibria do not exist. However, in our model voters observe contin-
uous signals. As such, the restriction that voters follow pure strategy equilibria is of no consequence.
Moreover, our focus on pure strategy behavior of the proposer is solely for expositional convenience: our
main results would hold if the proposer were allowed to follow mixed strategies.

10Duggan and Martinelli (2001) give conditions under which the symmetric voting equilibrium is the
unique equilibrium for unanimity rule.
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Assumptions

We make the following assumptions:

Assumption 1 �!, V and �V are continuously di�erentiable in their arguments.

Assumption 2 �H � �L and �! is increasing in �i; both relations are strict for x > 0.

Assumption 3 For all �, �H (0; ��; �) < 0 and �H (1; ��; �) > 0.

Assumption 4 For all x, V ! (x; �0) � �V ! (�0) � 0 for ! = L; H and all �0.

Assumption 5 �! is strictly increasing and V is strictly decreasing in x.

Assumption 1 is entirely standard. For future reference, observe that j�!j is bounded

above since �! is continuous in its arguments and has compact domain. Moreover, we

will often be interested in the equilibrium properties of economies close to pure com-

mon values (� = 0). Observe that since � has compact support, �! (x; �; �) converges

uniformly to �! (x; �; 0) as � ! 0.

Assumption 2 says responder i is more pro-acceptance when ! = H than ! = L, and

when the realization of �i is higher. Since higher values of �i are more likely when ! =

H (by MLRP), the content of Assumption 2 (beyond being a normalization) is that the

\private" and \common" components of responder utility act in the same direction.

Assumption 3 says that the responders regard the worst o�er (x = 0) as worthless, i.e.,

they prefer the status quo. On the other hand, there are some o�ers which the responders

view as worthwhile under some conditions | in particular, responder i prefers the best

o�er (x = 1) to the status quo when ! = H and �i = ��.

Assumption 4 says that the proposer strongly dislikes the status quo relative to the

range of possible alternatives: regardless of the state, he would prefer to have any proposal

x 2 [0; 1] implemented.11

11In general, one can clearly think of a broader range of proposals [0; 1), but with the proposer
preferring the status quo to o�ers x 2 (1; 1). The content of Assumption 4 is that x = 1 is the highest
o�er the proposer is prepared to make for any pair (!; �0). For instance, in our debt renegotiation
example, a debtor (the proposer) would prefer being left with any fraction 1�x of the �rm to liquidation,
if (as is typical) in the latter case he is left with nothing.
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Finally, Assumption 5 says that the proposer and responders have diametrically op-

posing preferences: higher x makes the responders more pro-agreement, but reduces the

proposer’s payo� if his proposal is accepted.

3 The voting stage

Fix a preference parameter � and a number of responders n. Having observed the

proposer’s o�er x, each responder attaches a subjective probability b = �n (x; �; �) to

the state variable ! being H . A central insight of the existing strategic voting literature

is that responder i’s voting decision depends on the comparison of his expected utilities

from accepting and rejecting, conditional on the event of being pivotal. Taking the

strategies of other responders as given, let P IV denote the event that his vote is pivotal.

Thus responder i votes to accept o�er x after observing �i if and only if

Eb [U! (x; �i; �) jP IV; �i] � Eb

�

�U! (x; �i; �) jP IV; �i

�

; (2)

where Prb and Eb denote the subjective probability and expectation given b. Observe

that even though responder i does not observe �j (j 6= i), and does not know whether

or not he is actually pivotal, in casting his vote he considers only the payo�s in events

in which he is pivotal, and takes into account any information he can thus infer.

Since the random variables �i are independent conditional on !,

Prb (!jP IV; �i) =
Prb (!; P IV; �i)

Prb (P IV; �i)
=

Pr (P IV j!) Pr (�ij!) Prb (!)

Prb (P IV; �i)
: (3)

Substituting (3) into inequality (2), and noting that Prb (H) = b = 1�Prb (L), responder

i votes to accept proposal x after observing �i if and only if

�H (x; �i; �) Pr (P IV jH) f (�ijH) b + �L (x; �i; �) Pr (P IV jL) f (�ijL) (1 � b) � 0: (4)

By MLRP, it is immediate from (4) that in any equilibrium each responder i follows a

cuto� strategy, in the sense of voting to accept if and only if �i exceeds some critical level.

As noted, throughout we focus on symmetric equilibria in which the ex ante identical
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responders follow the same voting strategy. As such, let ��
n(x; b; �; �) 2 [�; ��] denote the

common cuto�12 when the o�er is x, responders attach a probability b to ! = H , there

are n responders, and the preference parameter and voting rule are � and � respectively.

For clarity of exposition, we will suppress the arguments n, x, b, � and � unless needed,

both for �� and other variables introduced below.

Evaluating explicitly, the probability that a responder is pivotal is given by

Pr (P IV j!) =

�

n � 1

n� � 1

�

(1 � F (�� (x) j!))n��1F (�� (x) j!)n�n� : (5)

The acceptance condition (4) then rewrites to:

�H (x; �i; �) (1 � F (�� (x) jH))n��1F (�� (x) jH)n�n� f (�ijH) b

+�L (x; �i; �) (1 � F (�� (x) jL))n��1F (�� (x) jL)n�n� f (�ijL) (1 � b) � 0 (6)

If there exists a �� 2 [�; ��] such that responder i is indi�erent between accepting and

rejecting the o�er x exactly when he observes the signal �i = ��, then the equilibrium can

be said to be a responsive equilibrium. That is, a responsive equilibrium exists whenever

the equation

�
�H (x; ��; �)

�L (x; ��; �)

b

1 � b

f (��jH)

f (��jL)

1 � F (��jL)

1 � F (��jH)
=

 

(1 � F (��jL))�F (��jL)1��

(1 � F (��jH))�F (��jH)1��

!n

(7)

has a solution �� 2 [�; ��]. Notationally, we represent a responsive equilibrium by its

corresponding cuto� value �� 2 [�; ��].

We turn now to existence and uniqueness of responsive equilibria in the voting stage.

For a given subjective probability b that ! = H , it is useful to de�ne the function

Z (x; �; n; �; �; b) � �H (x; �)
b

1 � b

f (�jH)

f (�jL)

�

F (�jH)

F (�jL)

�n�n��
1 � F (�jH)

1 � F (�jL)

�n��1

+�L (x; �)

If Z (x; �) is positive (negative), and all but one of the responders use a cuto� strategy

�, then the remaining responder i is better o� voting to accept (reject) the proposal x

12As we show below, there exists a unique cuto� signal.
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if he observes �i = �. Similarly, if Z (x; �) = 0 then there is a responsive equilibrium in

which all responders use the cuto� strategy �.

By the Theorem of the Maximum, max�2[�;��] Z (x; �) and min�2[�;��] Z (x; �) are both

continuous in x. So we can de�ne13

xn (�; �; b) =

8

>

<

>

:

min fxj max� Z (x; �) � 0g if fxj max� Z (x; �) � 0g 6= ?

1 otherwise
(8)

�xn (�; �; b) =

8

>

<

>

:

max fxj min� Z (x; �) � 0g if fxj min� Z (x; �) � 0g 6= ?

0 otherwise
: (9)

Roughly speaking, xn (�; �; b) is the lowest o�er that is ever accepted in a responsive

equilibrium: if x < xn (�; �; b), then Z (x; �) < 0 for all �. Similarly, �xn (�; �; b) is the

highest o�er that is ever rejected in a responsive equilibrium. Economically, xn (�; �; b)

and �xn (�; �; b) de�ne the range of o�ers for which a responsive equilibrium exists:

Lemma 1 (Existence and uniqueness) Fix beliefs b, a voting rule � and preferences

�. Then:

(1) For any n, a responsive equilibrium �� (x) 2 [�; ��] exists if and only if x 2 [xn; �xn].

When a responsive equilibrium exists it is the unique symmetric responsive equilibrium.

(2) The equilibrium cuto� �� (x) is decreasing and continuously di�erentiable over (xn; �xn),

with �� (xn) = �� and �� (�xn) = �.

(3) (a) If � < 1 and x is such that �H (x; ��) > 0 > �L (x; �), there exists N such that

x 2 (xn; �xn) for n � N ; (b) if � = 1 and x is such that �H (x; ��) > 0 � �H (x; �), there

exists N such that x 2 (xn; �xn) for n � N:

In addition to responsive equilibria, non-responsive equilibria also exist. Speci�cally,

for any � > 1
n

there is an equilibrium in which each responder votes to reject regardless of

his signal, i.e., �� = ��. Likewise, for any � < 1 � 1
n

there is an equilibrium in which each

responder votes to accept regardless of his signal, i.e., �� = �. We follow the literature

13Observe that xn (�; �; b) > 0 since, by Assumptions 2 and 3, Z (0; �) < 0 for all �.
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and assume that if a responsive equilibrium exists, then it is played. From Lemma 1 it

follows that as x increases over the interval (xn; �xn) the acceptance probability increases

continuously from 0 to 1. We thus assume that when x � xn the rejection equilibrium

is played, while for x � �xn the acceptance equilibrium is played. In addition to being

intuitive and ensuring continuity, this rule selects the unique trembling-hand perfect

equilibrium when x � xn.14

How does the equilibrium respond to changes in responders’ beliefs? The following

is a straightforward corollary of Lemma 1:

Corollary 1 (Change in beliefs) Fix n; �; �, and suppose that a responsive equilib-

rium exists given o�er x and beliefs b. Then for any beliefs b0 > b, the acceptance

probability is higher.

The heart of our analysis concerns the e�ect of the voting rule on the proposer’s

o�er x, and in turn the e�ect on responder and proposer payo�s. Notationally, we

write �R
n

(x; �; �; b) for a responder’s expected payo� from o�er x under voting rule �,

responder preferences �, and responder beliefs b; and �P
n

(x; �; �; �0; b) for the proposer’s

expected payo� after observing �0. Before proceeding, we note a second straightforward

corollary of Lemma 1:

Corollary 2 (Continuity and di�erentiability of payo�s) Fix a set of responder

beliefs b. Then �R
n (x; �; �; b) and �P

n
(x; �; �; �0; b) are continuous functions of the o�er

x, and are di�erentiable except at the boundaries of the responsive equilibrium range,

xn (�; �; b) and �xn (�; �; b).

14Formally, for any beliefs b, preference parameter � and voting rule � > 1
2 + 1

2n
, if x � xn then

the only trembling-hand perfect equilibrium is the non-responsive equilibrium in which each responder
always rejects. A proof is available on the authors’ webpages.

Moreover, although when x � �xn both the acceptance and rejection equilibria are trembling-hand per-
fect, the trembles required to support the rejection equilibrium do not satisfy the cuto� rule property we
discussed earlier. Indeed, if tremble strategies were required to satisfy the mild monotonicity restriction
that voting to accept is weakly more likely after a higher signal, then the acceptance equilibrium would
be the only trembling-hand perfect equilibrium when x � �xn.
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4 Majority voting

We �rst characterize the equilibrium payo�s for any non-unanimity voting rule � < 1.

Throughout, we refer to any non-unanimity voting rule � as a majority rule. As we

will see, asymptotically (in the number of responders n) all such rules generate the same

equilibrium outcomes. For ! = L; H , de�ne �! (�) and x! (�; �) implicitly by

1 � F (�! (�) j!) = � and �! (x! (�; �) ; �! (�) ; �) = 0:

That is, conditional on ! there is a probability � that the realization of �i exceeds �! (�);

and x! (�; �) is the proposal that gives a responder i the same payo� as the status quo,

given ! and �i = �! (�). As such, if the state ! were public information, then an o�er

just above x! (�; �) would be accepted with probability converging to 1 as the number

of responders n grows large.

By Assumption 3, �! (x; �!; �) is strictly negative at x = 0, and is strictly increasing

in x. Consequently x! (�; �) is well-de�ned unless �! (x; �!; �) < 0 at x = 1. For this

case, we write x! (�; �) = 1. Note that �! (�) is strictly decreasing. Likewise, x! (�; �)

is strictly increasing in �, except at the common values extreme � = 0, in which case it

is constant in �. Moreover, by Assumption 3, xH (�; �) 6= 1 for all � su�ciently small.

Our �rst result extends Feddersen and Pesendorfer’s (1997) �nding that under ma-

jority rule, the aggregate response of the voting group to an o�er x matches that which

would be obtained under full information. The key di�erence relative to their analysis

is that the proposal being voted over varies with the number of responders. Because

there is no reason to require the proposal to have a well-de�ned limit, we state our result

in terms of the limits in�mum and supremum. Formally, let An (x; b; �; �) denote the

event in which the o�er x is accepted:

Lemma 2 (Acceptance probabilities under majority) Suppose a majority voting

rule � < 1 is in e�ect. Take any � 2 [0; 1], and consider a sequence of o�ers xn.
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If lim inf xn > x! (�; �) then Pr (An (xn)j !) ! 1 and if lim sup xn < x! (�; �) then

Pr (An (xn)j !) ! 0 as n ! 1.

Our next result characterizes the proposer’s response to the voting behavior described

in Lemma 2. To this end, for any �0 de�ne

W (�0; �; �) � Pr (Hj�0) V H (xH ; �0) + Pr (Lj�0) �V L (�0) � E [V ! (xL; �0) j�0] : (10)

The function W has the following interpretation: the �rst two terms are the proposer’s

expected payo� from o�ering xH if this o�er is accepted when ! = H and rejected

when ! = L. The �nal term is the proposer’s expected payo� from o�ering xL if this

o�er is always accepted. In Lemma 2 we established that approximately this acceptance

behavior is obtained as the number of responders grows large. As such, we should expect

that a proposer facing a large coalition will o�er xH whenever W (�0; �; �) > 0; and will

o�er xL whenever W (�0; �; �) < 0.

Lemma 3 (Equilibrium o�er under majority) Suppose a majority voting rule � <

1 is in e�ect. Then:

(1) If xL (�; �) 6= 1 6= xH (�; �), then for any "; � > 0 there exists N ("; �) such that

(a) If W (�0) > " and n � N ("; �) then j��
n (�0; �; �) � xH (�; �)j < � and

Pr (Anj�0; H) > 1 � � and Pr (Anj�0; L) < �.

(b) If W (�0) < �" and n � N ("; �) then j��
n (�0; �; �) � xL (�; �)j < � and

Pr (Anj�0) > 1 � �.

(2) If xH (�; �) 6= 1 and xL (�; �) = 1 then for any � > 0 there exists N (�) such that

j��
n (�0; �; �) � xH (�; �)j < � and Pr (Anj�0; H) > 1 � � for all �0 when n � N (�).

(3) If xL (�; �) = xH (�; �) = 1, for any � > 0 there exists N (�) such that Pr (Anj�0; !) <

� for all �0; ! = L; H when n � N (�).

For use below, we set W (�0; �; �) = 1 when xH (�; �) 6= 1 and xL (�; �) = 1.

Lemma 3 says that the proposer will make an o�er close to xH (�; �) (respectively,
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xL (�; �) > xH (�; �)) after observing a �0 such that W (�0) is strictly positive (neg-

ative). As stated, it does not cover equilibrium behavior when W (�0) = 0. In general,

this knife-edge condition will hold only for �nitely many realizations of �0. In particular,

W (�0) = 0 for at most one value of �0 if the proposer’s payo�s V ! (x; �0) and �V ! (�0)

are independent of �0 | or more generally, if the private values component of proposer

payo�s is su�ciently small, i.e.,
�

�

�

@
@�0

V ! (x; �0)
�

�

�
and

�

�

�

@
@�0

�V ! (�0)
�

�

�
are su�ciently small for

all x and �0. For the remainder of the paper we make the following mild assumption:

Assumption 6 W (�0; �; �) = 0 for at most �nitely many values of �0 when xL (�; �) 6=

1 6= xH (�; �).

From Lemma 3 it is straightforward to establish the limiting expected payo�s of

the proposer and the responders under any majority voting rule. Notationally, we write

��P
n

(�; �) and ��R
n

(�; �) for the proposer’s and responders’ expected equilibrium payo�s.

Proposition 1 (Equilibrium payo�s under majority) Suppose a majority voting

rule � < 1 is in e�ect and xH (�; �) 6= 1. Then the equilibrium payo�s satisfy:

��R
n

(�; �) ! E�i;!

�

�U! (�i)
�

+

Z

�0 s.t. W (�0)<0

E�i;! [�! (xL; �i; �) j�0] dF0 (�0)

+

Z

�0 s.t. W (�0)>0

Pr (Hj�0) E�i

�

�H (xH ; �i; �) jH
�

dF0 (�0)

��P
n

(�; �) !

Z

�0 s.t. W (�0)<0

E! [V ! (xL; �0) j�0] dF0 (�0)

+

Z

�0 s.t. W (�0)>0

�

Pr (Hj�0) V H (xH ; �0) + Pr (Lj�0) �V L (�0)
�

dF0 (�0) :

5 Unanimity rule

We now turn to the proposer’s o�er when he faces responders who employ unanimity

rule (i.e., � = 1). We �rst show that if responders’ preferences are su�ciently close

to the common values extreme (i.e., � small enough), then compared to their behavior
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under a majority rule, they accept \low" o�ers less often but \high" o�ers more often.

Speci�cally, whereas under majority an o�er slightly above xH (�; �) is accepted with

probability approaching one when ! = H , under unanimity such an o�er is accepted

with vanishingly small probability. Conversely, under majority an o�er slightly below

xL (�; �) is rejected with probability approaching one when ! = L; but under unanimity,

it is certain to be accepted.

We formally establish these results below. Their main implication is as follows. Con-

sider a realization of �0 such that W (�0) is positive. Against a group using majority the

proposer’s favorite o�er is close to xH (�; �). However, against a group using unanimity,

this | and all lower o�ers | is rejected almost for sure; but by making a higher o�er

the proposer can increase the acceptance probability. So in this case, the proposer makes

a higher o�er when responders use unanimity rule than when they use a majority rule.

Conversely, the proposer will actually make a lower o�er against the unanimity rule after

any �0 for which W (�0) is negative: against a majority rule his favorite o�er is close

to xL (�; �), while against unanimity he can assure himself of acceptance with an o�er

strictly less than xL (�; �).

These arguments apply only when preferences are su�ciently close to the common

values extreme. Consequently, establishing them formally requires us to take what is

essentially a double limit: we must allow the preference parameter � to approach 0 at

the same time as the number of responders grows large. A further complication is that,

as under majority rules, there is no reason to suppose a priori that either xn (�) or the

corresponding acceptance probability converges in either � or n. Formally, we handle

these di�culties by stating our results about acceptance probabilities in terms of

sup
�;N

inf
�2(0;�];n�N

Pr (An (xn (�) ; �) j!) ; (11)

with parallel expressions for o�er sequences xn(�). These expressions serve to give a

lower bound on the o�er and acceptance probability as n grows large and � approaches




