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Abstract

We analyze costly information acquisition and information revelation in groups that evalu-

ate di¤erent decision options in a dynamic setting. Even when team members have perfectly

aligned interests the group may ine¢ ciently delay decisions due to either insu¢ cient informa-

tion acquisition e¤ort or due to the unwillingness of informed team members to reveal their

information in an attempt to incentivize their co-workers to continue searching for information.

Although deadlines can reduce costly delay, we show that, surprisingly, expected decision time

is non-monotonic in the length of the deadline. The optimal deadline is unique and �nite and

incentivizes team members to intensely search for information while at same time minimizing

any unnecessary delay in decision-making. As long as the deadline is set optimally, welfare is

higher when information is only privately observable to the agent who obtained rather than to

the entire group. We further explore how contracts, monitoring and third-party information

intermediaries in�uence the actions of the group members.

1 Introduction

Many important decisions are made by committees. This paper studies joint decision-making in

teams in a world where agents must be motivated to acquire information. The analysis identi�es

some basic forces that in�uence a group of decision-makers in situations where decision-makers

expend some e¤ort to gain information about the alternatives at hand. These situations are very

common. For example, members of an executive board must gain information about a project�s
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pro�tability and likelihood of success in order to evaluate which corporate strategy to pursue. In

trial juries it is important that jurors pay attention to the evidence in order to make an informed

judgement. Parents must investigate the quality of schools before deciding where to send their

o¤spring. Important national policy decisions are made by a council of ministers who must gather

information about the possible courses of action, and, of course, faculty members must gather and

communicate information about potential candidates when deciding to recruit new colleagues.

In their decision-making process committees face several important challenges even in the ab-

sence of con�icting interests in choosing the most valuable option. First, team members must be

willing to invest time and e¤ort to search for information. This involves costly decisions such as

reading and compiling market forecasts, evaluating judicial evidence or reading school quality as-

sessment reports. The standard model of collective decisions under uncertainty does not speak to

this issue because it assumes that decision makers are endowed with (costless) information. Second,

team members should share information e¢ ciently and in a timely manner. When some expert

members that previously succeeded in �nding information about the best possible course of action

fail to communicate their information, the committee may unduly delay its decision and or make

the wrong choices.

These two considerations are often in con�ict and lead to a complex trade-o¤ between incentives

for private information gathering and intra-committee communication. This trade-o¤ is critical to

the understanding of why groups often fail to make decisions in a timely manner. In particular, the

desire to maintain the motivation of other committee members to search for information can lead

experts to keep mum about their own discoveries. Conversely, the reluctance to share information

in a timely manner may undermine the group members�incentives to search for information.

We formally analyze these competing forces in a (continuous-time) model where at any point in

time each team member can choose to gather information and (unilaterally) call a decision before

a �nite time horizon T . More information helps the team members to make better decisions, but

collecting this information is privately costly. Since the group members equally share the bene�ts of

a more accurate decision, the costly acquisition of information becomes a public good and members

of the group will attempt to free-ride on the information acquisition e¤orts of other members. Thus,

one might think that the group will always be underinformed when making its decision. However,

this intuition ignores that when obtained information is not readily observable to all team members,

but, instead, only to the expert who originally found information. Although team members will

divulge all the information they have as soon as a decision is called to ensure that the team takes

the best possible decision, they have strong incentives not to communicate what they know before

that. The reason for such behavior is that with decreasing returns to information, an expert is less

willing to search for information if another team member is already informed. An informed expert

would always like to pretend he is not informed to induce other members to gather information

and then reveal his information when a decision is called. Of course, in equilibrium the other team

member will anticipate such behavior and accordingly update his belief that the other expert is

informed. Thus, under some circumstances an uninformed expert may decide to continue searching
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for information even when it would be e¢ cient not to delay any longer and to call a decision.

Conversely, he may only casually search for information even when the other team member is not

informed.

In particular, we provide a characterization of the symmetric equilibrium strategies employed by

the members of the team. Most notably, the behavior of the players is signi�cantly a¤ected by the

length of the time that is still available until the �nal deadline at time T and thus agent behavior

displays a number of interesting characteristics. When T is relatively small, that is to say there is

little time between the start of the game and the deadline to become informed, an uninformed agent

has strong incentives from the start of the game on and chooses to exert maximum e¤ort emax. In

response to this high e¤ort choice any informed agent prefers not to call a decision and to delay since

she bene�ts from the potential acquisition of an additional signal by a hard-working uninformed

agent. However, as T increases, this equilibrium is no longer sustainable. The belief of uninformed

agents that the other team member is uninformed would be too high and an uninformed agent would

no longer be willing to exert such a high level of e¤ort. As a result, uninformed agents choose lower

e¤ort levels to compensate for the fact that the other team member is likely to be informed and

just delaying the decision with some probability. As T increases even further, informed agents may

no longer prefer to delay their decision since the aggregate cost of delay �T increases as T increases.

As a result, when T is large an informed agent will initially prefer to forego any delay costs and

instead choose to immediately call a decision upon acquiring a signal. Thus, the frequency at which

decisions are called by an informed agent is decreasing over time for a given length of the deadline

T .

One immediate implication of this analysis is that the expected decision time of a committee is

non-monotonic in the length of the deadline T . Although a strict deadline provides strong incentives

for agents to gather information, it also mutes the incentives to reveal information and to make a fast

decision. Thus, strict deadlines may sometimes be counterproductive when immediate decisions are

required. Furthermore, our model suggests an explanation for why committees may delay decisions

without its members actually looking for more information. That is to say, when deadlines are very

strict our model provides a formal characterization of �Parkison�s Law�which posits that �work

�lls the time available� as all decisions will be delayed until the �nal deadline. Furthermore, we

investigate the optimal length of the deadline and show that there is a unique �nite deadline that

maximizes agents�welfare. This optimal deadline is set in such a way that it maximizes bene�cial

search e¤orts while minimizing unnecessary decision delays.

Our model also highlights the importance of observability of successful information acquisition.

When information is immediately observable to all team members, free-riding on information ac-

quisition will lead to a severe underprovision of search e¤ort, but at least decisions will be taken

immediately once information has been obtained. In contrast, when information is only privately

observable team members may even collectively overinvest in information acquisition, but decisions

will be taken unnecessarily late in an attempt to bene�t from another team member�s information

acquisition. We provide a clean comparison of the polar cases of private and public information.
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Surprisingly, we show that as long as the agents can optimally set the deadline ex ante, welfare

is always higher when information is only privately observable. This is because in the private

information case the agents can reap informational rents from successful information acquisition

and thus have stronger incentives to invest in e¤ort that outweigh any costs resulting from delayed

decisions. However, we also show that when the group does not have full ex ante control over the

length of the deadline and the deadline is set ine¢ ciently short, the team members may instead

bene�t from making information publicly observable.

Finally, we consider a number of extensions of our baseline model such as the use of explicit

contracts for the team members as well as third-party information aggregators such as a committee

chairperson who can call a decision when both team members are informed and are unnecessarily

delaying making a decision until the deadline.

1.1 Related Literature

Our model is related to the large and growing literature on decision-making in groups. Several

previous contributions have focused on the existence of con�icting preferences (Li, Rosen and Suen

2001; Dessein 2007)1, the counterproductive e¤ects of career concerns (Ottaviani and Sorensen

2001; Levy 2007; Visser and Swank 2007) and the distortions generated by voting rules (Feddersen

and Pesendorfer 1998). Another strand of the literature analyzes how incentives for individual infor-

mation acquisition in committees can be optimally provided by structuring the decision procedure

(Persico 2004) , the size of the committee (Cai 2009), the voting rules (Li 2001), or restricting the

action space (Szalay 2005). Gershkov and Szentes (2009) are one notable exception in this literature

as they also focus on in�uencing the prior information of the members acquiring information. They

�nd that a social planner who accounts for members�e¤orts would leave any member as much in

the dark as possible. Blanes-I-Vidal and Moeller (2010) also jointly study decision-making and in-

centives, but their focus is on incentives to implement a common decision rather than on incentives

to acquire and communicate information. In terms of modeling approach our paper is most closely

related to Bonatti and Hörner (2010) who also study e¤ort incentives in teams in a continuous-time

framework, but they abstract away from the incentive problems related to information sharing that

are central to our analysis. Finally, delay and optimal deadlines in group decision-making are also

the focus of Damiano, Li and Suen (2009, 2010) who study repeated voting games between team

members with di¤ering interests.

The remainder of the paper is organized as follows. In Section 2 we introduce the model

in its most general form. In order to build information for our continuous-time results, we �rst

focus on a simple two-period case in Section 3 which highlights the main driving forces of our

analysis. We then introduce the more general continuous-time model in Section 4. Subsequently,

we characterize the equilibrium strategies and derive several comparative statics results regarding

1Another strand of literature studies how incentives for information acquisition arise if decision-makers have
di¤erent preferences (Aghion and Tirole 1997) or beliefs (Che and Kartik 2009) and thus take di¤erent decisions
conditional on holding the same information.
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expected decision time and welfare. Finally, in Section 5 we consider a number of extensions such as

explicit contracts, changes in the team decision protocol and third-party information intermediaries.

Section 6 concludes.

2 Setup

A team of two agents choose a decision a to match a state of the world �. Both agents have

identical preferences regarding the decision to be taken for a given state of the world, but the state

of the world is unknown. The decision utility is given by a quadratic loss function � (� � a)2.
Agents can exert costly e¤ort e to acquire information about the state of the world in the hope of

making a better informed decision. However, information acquisition costs are borne privately an

agent�s e¤ort is unobservable to the other agent. This results in a standard moral hazard problem

within the team; both agents would like to freeride on each others�e¤ort to acquire information.

In addition, information about the state of the world is only observable to the agent who acquired

it. Hence, agents may choose whether or not to disclose the information they obtained to induce

their team partner to acquire more information.

Each agent starts with an identical normal prior � � N
�
0; 1"
�
with the precision denoted

by ". Agents can acquire additional signals s which are normally distributed with precision � ,

s � N
�
�; 1�

�
. Exerting e¤ort increases the probability of acquiring an additional signal. A better

informed decision reduces the expected quadratic utility loss. The additional value of a �rst signal

is denoted by �1, which is given by

�1 =
1

"
� 1

"+ �
=

�

" ("+ �)
.

Similarly, we can de�ne the additional value of a second signal by �2

�2 =
1

"+ �
� 1

"+ 2�
=

�

("+ 2�) ("+ �)
.

Clearly, the additional value of a signal is decreasing, �1 > �2. As the signal becomes in�nitely

precise, the marginal value of the �rst and the second signal are given by

lim
�!1

�1 =
1

"
and lim

�!1
�2 = 0

We assume that information is hard; agents can credibly reveal their signal s, but they cannot

credibly reveal that they have no information. Disclosing information reduces the other agent�s

incentives to acquire more information because the second signal is less valuable than the �rst.

However, concealing information delays the decision. We assume that agents may choose whether

or not to call a decision. Calling a decision is irreversible so once it is called by either agent a

decision must be made. Agents may (and do) reveal any information they have when a decision is

called before deciding on an action. The game ends after an action a is taken. As long as a decision
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is not called, agents incur an additive delay cost �.

To establish an e¢ ciency benchmark, we assume that the parameters of the model are such

that it is e¢ cient for both players to exert maximum e¤ort up to the point that one player acquires

a signal and calls a decision subsequently. This naturally implies that agents will immediately

call a decision if it is commonly known that a signal was acquired. Moreover, an agent will never

exert e¤ort to acquire a second signal, but she may ine¢ ciently delay a decision hoping that the

other agent will acquire a second signal. We call an agent informed if she acquired one signal and

uninformed if she did not obtain a signal.

3 A Simple Model

We �rst consider a simple model to highlight some of the interactions between the agents�decisions

to exert e¤ort and to disclose information. An agent is more willing to exert e¤ort if she deems it

unlikely that the other agent is informed. This is the reason why an informed agent may conceal

her information. She is more likely to do so the more e¤ort she believes the other agent is still

exerting. Clearly, in equilibrium, each agent correctly anticipates that the other agent may have

become informed in the past, but decided not to disclose her information. This equilibrium belief

decreases the incentives to exert e¤ort for the uninformed agent and thus the incentives to delay a

decision for the informed agent.

3.1 Setup

In this simple two-period model, we assume that each agent is informed with probability 1� � at
the start of the game and uninformed with probability �. The one agent moves in the �rst period,

the other agent moves in the second period.

The agent who moves in the �rst period chooses the probability that a decision is called in the

�rst period. We denote this decision probability by d (�; n) : [0; 1]� f0; 1g ! [0; 1] which depends

on the probability that the second agent is uninformed � and the number of signals n the agent

has. If a decision is called, both agents reveal their information and take the decision a = E [�j
1]
given all the information 
1 known in the �rst period. If no decision is called in the �rst period,

both agents bear a cost � from delaying the decision until the second period. However, delaying

the decision to the second period allows the second agent to acquire more information.

The agent who moves in the second period chooses e¤ort from an e¤ort function e
�
~�; n

�
:

[0; 1] � f0; 1g ! [0; emax] given her updated belief ~� that the other agent is uninformed. When

exerting e¤ort at cost ce, this agent obtains a signal with probability �e, where c and � measure

the marginal cost and return to e¤ort. If the �rst agent has not called a decision in the �rst period,

a decision is called in the second period after the e¤ort choice of the second agent. Both agents

reveal their information and take the decision a = E [�j
2] given all the information 
2 known in
the second period.

6



Incentives to exert e¤ort When the second agent is uninformed, her marginal gain from ex-

erting additional e¤ort equals

�
h
~��1 + (1� ~�)�2

i
� c,

where ~� is the second agent�s belief that the �rst agent is uninformed given that she has not called

a decision in the �rst period. The marginal return to e¤ort depends on the increased probability

to require an additional signal and the expected value of that signal. The marginal return is thus

higher the more likely it is that the �rst agent is uninformed as this increases the expected value

of an additional signal. If the marginal gain is positive, the uninformed agent will exert maximum

e¤ort (e
�
~�; 0
�
= emax). If the marginal gain is negative, the uninformed agent will exert no e¤ort

(e
�
~�; 0
�
= 0). De�ne ��e as the belief for which the uninformed agent is indi¤erent about how

much e¤ort to exert,

�
�
��e�1 + (1� ��e)�2

�
= c.

We assume ��1 > c > ��2. Hence, an agent who is informed or knows that the �rst agent is

informed will exert no e¤ort, i.e., e
�
~�; 1
�
= 0 for any ~�. An agent who is uninformed (n = 0) and

knows that the other agent is uninformed (~� = 1) will exert maximal e¤ort, i.e., e (1; 0) = emax.

Incentives to delay a decision When the �rst agent is informed, her gain from delaying a

decision until the second period equals

�e
�
~�; 1
�
��2 � �.

By incurring a delay cost �, the �rst agent allows the second agent to acquire an additional signal.

The �rst agent anticipates that the second agent will exert e¤ort only if she is uninformed and

does not know that the other agent is informed. The gain from delaying a decision is higher the

higher the expected e¤ort level exerted by the second agent. This depends on the probability � that

the other agent is uninformed and the e¤ort level e
�
~�; 0
�
exerted by the agent when uninformed.

De�ne �e (�) as the e¤ort cut-o¤ level for which the informed agent is indi¤erent between delaying

and calling a decision,

��e (�)��2 = �.

Note that the expected return to delaying a decision in the �rst period is at least as high for an

uninformed agent as it is for an informed agent, since �1 > �2. If the informed agent is indi¤erent

and calls a decision with probability d (�; 1) � 0, the uninformed agent strictly prefers to delay a
decision d (�; 0) = 0. We assume that � is su¢ ciently small for an uniformed agent not to call a

decision, i.e., d (�; 0) = 0 for any � > 0. As a result, the second agent revises his belief that the

�rst agent is uninformed upward to

~� =
�

�+ (1� �) (1� d (1; �)) � �.
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3.2 Equilibrium

If the cost of delay is too high, the �rst player never chooses to conceal her information when

informed and immediately calls a decision, regardless of the e¤ort an uninformed player would

exert in the second period. However, if the cost of delay is su¢ ciently low, the e¤ort level that the

second player is expected to exert determines whether the �rst player �nds it worthwile to delay a

decision. The incentives for the second player to exert e¤ort depend on her updated belief ~� that

the �rst player is uninformed. If the incentives for exerting e¤ort are large, the unique equilibrium

involves uninformed players exerting maximum e¤ort and informed players delaying a decision.

If the incentives for exerting e¤ort are small, the informed agent will call a decision with positive

probability. This increases the incentives of the second agent who now believes that it is more likely

that the �rst agent is uninformed when she did not call a decision. The second agent will exert the

lower e¤ort level �e (�) such that the �rst player is indi¤erent between call a decision immediately

and delaying when informed.

Proposition 1 For � > �emax��2, an informed �rst player calls a decision, while an uninformed
second player exerts e (1; 0) = emax. Otherwise, the unique equilibrium strategies and beliefs are as

follows:

(i) if � � ��e, an informed �rst player does not call a decision, d (�; 1) = 0. An uninformed second
player chooses to exert maximum e¤ort e

�
~�; 0
�
= emax. Her belief remains unchanged ~� = �.

(ii) if � < ��e, an informed �rst player calls a decision with positive probability, d (�; 1) =
��e��
��e(1��)

.

An uninformed second player chooses to exert e¤ort e
�
~�; 0
�
= �e (�). Her belief increases to ~� = ��e.

Proof. If � > �emax��2, the informed player calls a decision for any e 2 [0; emax]. If no decision is
called, the second player updates her prior belief to ~� = 1. She exerts maximal e¤ort e (1; 0) = emax,

since ��1 > c. This equilibrium is unique.

If � � �emax��2, the informed player is willing to delay a decision only if e � �e (�). The second
player exerts maximum e¤ort only if ~� � ��e. If the �rst player never calls a decision, the second

player�s belief remains unchanged ~� = �. We distinguish between two cases.

In the �rst case with � > ��e, the equilibrium strategies are as described in (i). The uninformed

second player exerts maximum e¤ort as ~� = � > ��e. The informed �rst player delays as emax �
�e (�). Moreover, the equilibrium is unique. If the informed player calls a decision with d (�; 1) > 0,

the second player would update his belief to ~� > �
�
� ��e

�
and exert maximum e¤ort emax � �e (�).

Hence, the informed player is not willing to call a decision. This constitutes a contradiction. The

strategy is thus unique except when �e (�) = emax. In this case, the �rst agent is also willing to call

a decision, despite the maximum e¤ort of the second agent.

In the second case with � � ��e, the equilibrium strategies are as described in (ii). The unin-

formed second player is willing to exert e¤ort e
�
~�; 0
�
= �e (�) as his updated belief equals ~� = ��e

when d (�; 1) =
��e��
��e(1��)

� 0. The informed �rst player is willing to call a decision with positive
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probability as e
�
~�; 1
�
= �e (�). Also this equilibrium is unique. If the second player would exert a

lower e¤ort, the informed �rst player would call a decision. Hence, the second player would update

his belief to ~� = 1, and thus be unwilling to exert low e¤ort. If the �rst player would exert a higher

e¤ort level, the informed �rst player would delay a decision. Hence, the second player would keep

the same belief ~� = � < ��e, and thus be unwilling to exert high e¤ort.

The proposition shows that the private nature of the acquired information is essential. First, a

player may use the option to conceal her information and thus delay a decision in equilibrium even

though he is informed.

Corollary 1 When the cost of delay is su¢ ciently small, no equilibrium exists in which players

always disclose information upon becoming informed.

Proof. When � � �emax��2, the equilbrium described in Proposition involves the informed agent

delaying the decision and thus not disclosing information with positive probability d.

This impossibility result generalizes to a model in continuous time in which both members of a

team can exert e¤ort and call a decision and the team faces a deadline at which the members are

forced to take a decision if they have not called a decision before. Consider an equilibrium where

informed players always disclose their information immediately. When the deadline is close and

no decision has been called, uninformed players will exert maximum e¤ort to obtain the valuable

�rst signal. As a result, players who become informed at that point, will delay calling a decision as

they know with certainty that the other player is still uninformed and thus exerts maximum e¤ort.

Hence, an equilibrium with no delay cannot exist.2

Second, the option to conceal information a¤ects the e¢ ciency of the equilibrium. The private

nature of acquired information leads to ine¢ cient delay, but also increases the value of becoming

informed. The reason is that a player is not willing to acquire costly information if she knows that

her partner is already informed. Hence, if information is observable, an informed player cannot gain

from delaying a decision. If information is unobservable, an informed player can gain from delaying

a decision if that induces the second player to acquire more information. Since calling a decision

with one informative signal is assumed to be e¢ cient, the costly delay leads to overacquisition

of information and is thus ine¢ cient. However, the option to conceal information makes it more

valuable to become informed as one can still induce the other player to acquire information.

Corollary 2 The �rst player gains more from being informed if her information is private rather

than public.

Proof. When information is public, the value of being informed and uninformed is respectively

V I;Pub (�) = �1
"
+ �1 + (1� �)�2

V U;Pub (�) = �1
"
� � + �emax��1 + (1� �)�1.

2Notice that in a model where all players start with the same information as in the next section, no player will ever
conceal information up to the point that the other player becomes discouraged to exert e¤ort. Hence, in equilibrium,
� never drops below ��e.

9



When information is private and � > ��e, the value of being informed increases to

V I;Priv (�) = �1
"
+ �1 + (1� �)�2 + �emax��2 � �,

while the value of being uinformed remains unchanged. Hence, V I;Pub (�)�V U;Pub (�) � V I;Priv (�)�
V U;Priv (�) for � > ��e, since �emax��2� � � 0. When information is private and � � ��e, the value
of being informed remains unchanged, but the value of being uninformed decreases to

V U;Priv = �1
"
� � + ��e (�)��1 + (1� �)�1.

Hence, V I;Pub (�)�V U;Pub (�) � V I;Priv (�)�V U;Priv (�) for � � ��e, since � [emax � �e (�)]��1 � 0.

The corollary implies that private information increases the incentives of the �rst player to

become informed. If the �rst player could exert e¤ort, this would mitigate the ine¢ ciency due to

the moral hazard in teams problem.

4 A Continuous-Time Model

We now consider a continuous time setup where t denotes the time of the game. The game ends at

a (possibly in)�nite horizon at time T or before if a decision has been called by an agent. At each

moment in time, both agents choose whether or not to call a decision and how much e¤ort to exert

as long as no decision has been called. We assume that calling a decision is a unilateral decision,

that is to say it su¢ ces for one agent to call a decision rather than both agents to agree before they

can call a decision. After we set up the game and de�ned players�strategies, we characterize the

equilibrium strategies and discuss the uniqueness of the equilibrium outcome.

We �nd that in any equilibrium informed players use the option not to disclose their information

as long as the cost of delay is not too high. While informed agents may fully disclose information

when the deadline is far away, they do not disclose information when they are close to the deadline.

This implies that the expected decision time may be lower when a tighter deadline is set at the

start of the game. Uninformed agents may start exerting low e¤ort when the deadline is still far

away, but this e¤ort level may increase up to the maximum level as players approach the deadline.

We �nd that players have stronger incentives to become informed if they have the option not to

disclose their information. The reason is that this allows players to �rest on their laurels�once they

are informed. As this mitigates the ine¢ ciency due to the moral hazard in teams problem, the

surprising consequence is that the players�welfare is higher in the case where a player�s information

acquisition is not observable.
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4.1 Setup

As long as a decision has not been called, each agent chooses how much e¤ort to exert. E¤ort is

denoted by the function e (t; n) : [0; T ]�N ! [0; emax] where n is the number of signals the agent

has acquired up to time t. The e¤ort function is piecewise continuous over time. An agent�s e¤ort

level e determines the exponential rate �e at which an additional signal is acquired. The exponential

arrival of signals is independent for both players, conditional on their respective e¤orts. The agent

incurs a linear e¤ort cost ce. Furthermore we assume that ��1 > c > ��2. The assumption c > ��2
implies that it is a dominated strategy for an informed agent to exert e¤ort. Hence, the number of

signals acquired by one agent will only ever be 0 or 1 in equilibrium.3 We therefore drop the second

argument of the e¤ort function and write e (t) for the e¤ort strategy of the uninformed agent.

At each point in time, an agent chooses to unilaterally call a decision or not, denoted by
�d (t; n) : fnot call; callg. The paper involves equilibria where uninformed agents do not call decisions
�d (t; 0) = not call for all t. In Section 4.3 we show that no symmetric equilibria involve uninformed

agents calling a decision in equilibrium unless the equilibrium is one in which both types of agents

call a decision with certainty at a point in time, which is in e¤ect a deadline supported by o¤-

equilibrium beliefs. To provide a concise description of the important elements of our model we will

proceed by imposing �d (t; 0) = not call for all t thus obviating the need to include terms involving

uninformed agents calling decisions in our desciption of payo¤s below or describe continuation values

at points in time that are reached with 0 probability since there is always a non-zero probability

the deadline is reached. We leave a more general treatment of the model, for the interested reader,

to the appendix.

Each agent incurs an additive delay cost � as long as no decision has been called. When one

agent calls a decision at time t, the two agents agree to take the decision a = E [�j
t] given all
the information 
t known at time t. The quadratic loss � (� � a)2 is realized and the game ends.
When no decision has been called before the deadline is reached at time T , a decision is called

with certainty. We assume that ��1 > c+ � such that an uninformed agent acting alone would be

prepared to search for information in order to make a decision.

The probability � (t) an agent does not acquire a signal by time t, provided a decision has not

yet been called by the other agent is

� (t) = exp

�
�
Z t

0
�e (s) ds

�
We allow for mixing strategies regarding the decision to call at a given instance. From an agent�s

perspective the probability the other agent will call a decision by time t may be written as a weakly

increasing function of time ~� (t). Since agents may decide not to call a decision after acquiring a

signal, an agent holds a belief that her partner is still uninformed when no decision has been called.

3 In a more general setup one could assume that ��n > c > ��n+1 such that it is optimal to search for n signals.
Here, for the sake of simplicity and tractability, we have chosen n = 1.
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We denote this belief by

� (t) =
1� ~� (t)
1� ~� (t)

In Section 4.3 we show that in all symmetric equilibria, subject to the earlier caveat, the equilibrium

decision strategy is described by a continuous ~� (t). Again in the interests of clarity we will restrict

our attention to mixing strategies which result in a continuous ~� (t) in the main body of the paper

and refer the reader to the appendix for the general speci�cation. With this in mind we describe

an agent�s mixed strategy at di¤erent points in time by d (t) : [0; T ) ! fcallg � [0;1) where if
d (t) = call and � (t) = 1 then the hazard rate at which decisions are being made is the rate at

which uniformed agents are becoming informed hence

d~�(t)
dt

(1� ~� (t)) = �e (t) if d (t) = call and � (t) = 1

otherwise for � (t) < 1 the hazard rate at which decisions are being made is described by d (t) 2
[0;1) and � (t) in the following way:

d~�(t)
dt

(1� ~� (t)) = d (t) (1� � (t))

Bayesian updating means an agent�s belief evolves as follows,

d�

dt
= 0 if d (t) = call and � (t) = 1 (1)

= [d (t) (1� � (t))� �e (t)]� (t) otherwise

Hence if d (t) (1� � (t)) = �e (t) and � (t) < 1 or d (t) = call and � (t) = 1 the belief � (t) remains
constant over time.

Sequential Equilibrium We consider symmetric sequential equilibria of the continuous game

with deadline T . The equilibrium strategy is the same for any continuation game starting at t

and denoted by fe� (t) ; d� (t) jt 2 [0; T ]g. Any o¤-equilibrium strategy either ends the game or is

without consequence for the optimal strategy. The posterior belief �� (t) follows Bayesian updating

given the strategy pro�le, as in (1).

To characterize the equilibrium strategies, we use the continuation value of the game at time t

for the informed and uninformed player, denoted by V I (t) and V U (t) respectively. The su¢ cient

conditions for e� (t) ; d� (t) and �� (t) to constitute a sequential equilibrium are as follows. For any

t, the continuation value for the informed player of the sequential equilibrium equals

V I (t) = max
t̂2[t;T ]

� 1

"+ �
+

Z t̂

t
[�2 � � (s� t)]

~��0 (s)

1� ~�� (t)ds+
1� ~��

�
t̂
�

1� ~�� (t)
��
1� ��

�
t̂
��
�2 � �

�
t̂� t

�	
.

(2)

where ~�� (t) ; �� (t) are consistent with d� (t) and e� (t) as de�ned earlier. De�ning t̂� (t) as the set
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of maximizers t̂ � [t; T ] of the maximization in (2), the calling decisions satisfy

d� (t) = call if t̂� (t) = ftg ,
d� (t) = 0 if min t̂� (t) > t,

d� (t) 2 fcallg � [0;1) otherwise:

(3)

For any t, the continuation value for the uninformed player of the sequential equilibrium equals

V U (t) = �1
"
+

Z T

t

�
�1 � � (s� t)� c

Z s

t
e� (r) dr

�
�� (s) ~��0 (s)

�� (t) (1� ~�� (t))ds

+

Z T

t

�
V I (s)� � (s� t)� c

Z s

t
e� (r) dr

�
�0� (s) (1� ~�� (s))
�� (t) (1� ~�� (t)) ds

+
�� (T ) (1� ~�� (T ))
�� (t) (1� ~�� (t))

�
1� �� (T )�1 � � (T � t)� c

Z T

t
e� (s) ds

�
.

The e¤ort decisions satisfy

e� (t) = arg max
e2[0;1]

�e
�
V I (t)� V U (t)

�
� ce. (4)

To ensure that uninformed agents do not have a strict incentive to call a decision in the sequential

equilibrium, we have

V U (t) � �1
"
+ (1� �� (t))�1.

Incentives to exert e¤ort An uninformed agent is more willing to exert e¤ort the more valuable

it is to become informed. The return to e¤ort does depend on the di¤erence in the continuation

values when informed and uninformed as in (4). When an agent is uninformed at time t, her

marginal gain from exerting additional e¤ort equals

�
�
V I (t)� V U (t)

�
� c.

Before the deadline, the value of becoming informed also depends on the foregone expected cost

of e¤ort and delay when the agent were still uninformed. At the deadline, the value of becoming

informed only depends on the gained accuracy of the decision. Clearly, an informed agent can make

a more accurate decision, but the value of having acquired a signal is lower when the partner has

acquired a signal as well. Evaluated at the deadline T , the marginal gain of e¤ort equals

� [� (T )�1 + (1� � (T ))�2]� c.

This mirrors the expression in the simple model of the previous section. Close to the deadline, an

uninformed player is unwilling to exert any e¤ort if the probability that her partner is uninformed
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� (T ) < ��e, where the threshold ��e is de�ned by the equation

�
�
��e�1 +

�
1� ��e

�
�2
�
= c:

Incentives to delay a decision An informed agent is willing to delay a decision to give the

opportunity to her partner to become informed as well. When deciding how long to delay a decision,

the agent trades o¤ the potential increase in the accuracy of the decision if an uninformed partner

becomes informed with the expected cost from delaying the decision. The agent takes into account

that her partner may or may not call a decision when becoming informed or may be informed

already as is clear from the maximization in (2). However, close to the deadline, the incentive to

delay a decision is approximately equal to

�e (T )� (T )�2 � �.

The return to delaying only depends on the expected increase in accuracy, which happens with

the probability that a still uninformed partner acquires a signal. This mirrors the expression in

the simple model. We de�ne ��d as the belief for which an informed agent is unwilling to delay a

decision at the deadline when the other agent exerts maximum e¤ort, i.e.,

�emax��d�2 = �.

4.2 Equilibrium

We now characterize the symmetric equilibrium strategies of the continuous game with deadline

T . Equilibrium strategies change as the agents approach the deadline at T , but they also depend

on how large T is, that is to say how tight the deadline is set at the start of the game. When the

deadline is su¢ ciently tight (T is su¢ ciently small), the unique equilibrium involves delay coupled

with maximum e¤ort throughout the game. When the deadline is su¢ ciently loose (T is su¢ ciently

large), any equilibrium involves no delay coupled with low e¤ort at the start of the game and full

delay coupled with high e¤ort close to the deadline. To describe how the equilibrium strategies in

this setting evolve as agents approach the deadline at T we distinguish between two di¤erent cases:

The incentives for e¤ort are either small or large relative to the incentives to delay close to the

deadline. We say that the deadline provides small incentives if ��e > ��d, while the deadline provides

large incentives if ��e � ��d. If incentives are small, there will be at most two di¤erent equilibrium

regions: no delay coupled with low e¤ort, followed by delay and high e¤ort. If incentives are large,

then there will be at most three di¤erent regions: no delay and low e¤ort, followed by delay and

high e¤ort, and �nally, mixing delay coupled with maximum e¤ort.

4.2.1 Small Incentives (��e > ��d)

The equilibrium strategies are characterized in Proposition 2. There are three distinct cases to

consider depending on the length of the game denoted by T . We de�ne the thresholds Xe and Ye.
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The threshold Xe solves

exp (��emaxXe) = ��e

and thus determines the maximum amount of time that uninformed players can be induced to exert

maximum e¤ort while no informed player is disclosing information. The threshold Ye solves�
1� ��e

�
�2 = �Ye,

and thus determines the maximum amount of time for which an informed player is willing to delay

a decision if the probability � that her partner is uninformed falls from 1 to ��e. Note that Xe < Ye
as ��e > ��d.**H[added footnote]

4

Proposition 2 If ��e > ��d, then the equilibrium strategies and beliefs are as follows:

i) If T < Xe, any informed player chooses not to call a decision, d (t) = 0, for all t, while any un-

informed player chooses to exert maximum e¤ort, e (t) = emax. The agents�beliefs evolve according

to � (t) = exp (��t).
ii) If Xe < T < Ye, any informed player chooses not to call a decision, d (t) = 0, for all t, while any

uninformed player chooses e (t) which is not uniquely determined but the e¤ort choice must satisfy

the conditions

exp

�
��
Z t

0
e (s) ds

�
� 1� t �

�2
for all t � T

and

exp

�
��
Z T

0
e (s) ds

�
= ��e.

The agents�beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

iii) If T > Ye, the informed agent calls an immediate decision for t < te � T � Ye and no decision
d (t) = 0 for t � te while the uninformed agent chooses e (t) = �

c for t < te and chooses e (t) for

t � te which is not uniquely determined but the e¤ort choice must satisfy the conditions

exp

�
��
Z t

te

e (s) ds

�
� 1� (t� te)

�

�2
for all te � t � T

and

exp

�
��
Z T

te

e (r) dr

�
= ��e.

The agents�beliefs evolve according to � (t) = 1 for t < te, � (t) = exp
�
��
R t
te
e (s) ds

�
for t � te

and � (T ) = ��e.
4Since ��e > ��d, an informed partner is willing to delay locally when � (t) � ��e and an uninformed partner exerts

e = emax. That is, for T = Xe;
� < �emax� (t)�2 for all t � T .

Hence,

�Xe <

Z Xe

0

�emax� (t) dt�2 =
�
1� ��e

�
�2.
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Proof. See appendix.
The proof of Proposition 2 can be found in the appendix. Here we only brie�y note the three

di¤erent steps of the encompassing case iii). First, we derive the continuation values for being

informed and uninformed. We then show that the di¤erence in continuation values V IN (t) �
V UN (t) = c

� for all t which immediately implies that the given e¤ort levels are optimal. Finally,

we show that given the continuation values the proposed decision strategy of informed agents d (t)

is optimal.

The theoretical results above have an intuitive interpretation which builds on the features of our

simple model of the previous section. They illustrate the dynamics that emerge from the trade-o¤

between the con�icting objectives of information acquisition and information sharing. Consider

the �rst case where T is relatively small, that is to say there is little time between the start of the

game and the deadline to become informed. In particular, the incentives to provide e¤ort originate

from the marginal value of information when a decision is taken. Since informed individuals always

delay until the deadline, this is just the marginal value of an extra signal at the deadline, that is

� (T )�1 + (1� � (T ))�2:

The deadline is far enough away that there is enough time that an individual can become informed

with probability 1�� (T ) by the time the deadline arrives. However, the deadline is not too far away
that an individual upon becoming informed would prefer to take an immediate decision instead of

delaying the decision until the deadline. As a result, an uninformed agent has strong incentives

from the start of the game on and chooses to exert maximum e¤ort emax. In response to this high

e¤ort choice any informed agent prefers not to call a decision and to delay since she bene�ts from

the potential acquisition of an additional signal by a hard-working uninformed agent. Note that

since e (t) = emax and d (t) = 0, any agent correctly believes that as time passes it is more and more

likely that the other agent is informed, but that she shies away from calling a decision. However,

since T is smaller than Xe, the belief � does not fall below the threshold ��e so that incentives for

e¤ort are still su¢ ciently high to support maximal e¤ort.

As T increases above Xe, the equilibrium outlined in the previous case is no longer sustainable.

As the belief � falls below the threshold ��e, uninformed agents would no longer be willing to exert

such a high level of e¤ort. In equilibrium, uninformed agents now choose lower e¤ort levels in a way

that ensures that at time T the belief � is exactly at the threshold ��e, i.e., exp
�
��
R T
0 e (s) ds

�
= ��e.

As T increases, the aggregate e¤ort exerted by uninformed agents remains the same, but their

average e¤ort intensity decreases. To ensure that informed agents are willing to defer a decision

until the deadline at any point during the game, uninformed agents need to backload their e¤ort

su¢ ciently. One possible equilibrium is that uninformed agents choose e¤ort levels e (t) = 0 for

t < T �Xe and e (t) = emax for t � T �Xe. In any equilibrium, uninformed agents are indi¤erent
with respect to the level of e¤ort they choose. By becoming informed at t, an agent avoids the

expected cost of exerting additional e¤ort to become informed and the risk of ending up uninformed
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at the deadline. Hence,

V I (t)� V U (t) = f1� exp [��e (T � t)]g c
�
+ exp [��e (T � t)]

�
V I (T )� V U (T )

�
The incentives to exert e¤ort �reverberate back�from the incentives to exert e¤ort at the deadline.

The marginal net gain (loss) of e¤ort at time t is a share of the marginal net gain (loss) at the

deadline at T , which is smaller when t is further away from the deadline at T . To see this, rewrite

the previous equation to obtain

V I (t)� V U (t) =
c

�
+ exp [��e (T � t)]

�
V I (T )� V U (T )� c

�

�
(5)

=
c

�
+ exp [��e (T � t)]

h
� (T )�1 + (1� � (T ))�2 �

c

�

i
.

Incentives to exert e¤ort exist at t, that is V I (t) � V U (t) � c
� , provided that they exist at time

T , that is V I (T )� V U (T ) � c
� . As a result, when an uninformed agent is indi¤erent with regards

to her e¤ort choice at the deadline she is also indi¤erent at any time t before. Uninformed agents

cut back on their average e¤ort as T increases such that at the deadline � (T ) = ��e, and hence

the right-hand side of equation (5) is equal to c
� . Uninformed agents are therefore indi¤erent with

respect to their e¤ort choice for the entire game. The opposite adjustment in which informed agents

sometimes choose to call a decision d (t) > 0 as T increases such that maximal e¤ort incentives

e (t) = emax are maintained for uninformed agents, is not feasible. In contrast to any uninformed

agent�s indi¤erence with respect to e¤ort choice, informed agents have a strict preference towards

not calling a decision as long as T is below Ye.

As T increases further, informed agents may no longer prefer to delay their decision. While

the aggregate bene�t of delaying a decision through the potential information acquisition by the

uninformed partner remains constant at
�
1� ��e

�
�2, the aggregate cost of delay �T increases as

T increases. As a result, when T exceeds Ye, an informed agent will initially, that is as long as

t < te, prefer to forego any delay costs and instead choose to immediately call a decision upon

acquiring a signal. Hence, in contrast to the two previous cases the incentives for e¤ort are now

composed of the incentive to bring forward the time at which a decision is taken, thereby avoiding

delay costs, and of the incentive to free ride on the e¤ort of the other agent, thereby avoiding e¤ort

costs. In equilibrium, these two e¤ects exactly balance each other when the other agent exerts

e¤ort e�i = �
c . To see this, note that if an agent i reduces e¤ort by �ei this allows her to avoid

e¤ort costs c�ei. Since the rate at which the other agent acquires information is �e�i, the free

riding bene�t is �e�ic�ei. On the other hand, the reduction in e¤ort increases delay costs � at the

rate ��ei, hence the additional delay cost is ���ei. These two e¤ects exactly o¤set one another

when

�e�ic�ei = ���ei or e�i =
�

c
:

Hence, an uninformed agent is indi¤erent with regards to her e¤ort choice. The e¤ort level exerted

during this phase of full disclosue is lower than the average e¤ort level in the phase of no disclosure,

17



�
c <

Xe
Ye
emax, re�ecting that a close deadline gives strong incentives for e¤ort. Note also that when

e�i =
�
c , an informed agent is not willing to delay a decision since �

�
c�2 < �, since ��2 < c.

5 If no

decision has been called up to te = T � Ye, the equilibrium is identical to case ii) from te onwards.

**H[Since �
c =

(1���e)�2
Ye

�[��e�1+(1���e)�2]
, we now know that (1���e)�2

�[��e�1+(1���e)�2]
� Xeemax = � log ��e.

Hence,�2c
��1�c
�1��2 � � log

c
�
��2

[�1��2] : I wouldn�t know how to show this directly, but given the previous

proof this should be correct. I just mention it for now as something similar may appear in the

welfare section?]

**[OLD FIGURE DESCRIPTION] The �gure below illustrates the paths for V I (t) and V U (t)

and the value of an immediate decision for an informed and uninformed agent when T > Ye for one

potential equilibrium path for e (t). We distinguish two phases: a �rst phase of no delay coupled

with low e¤ort, followed by a phase with delay coupled with no e¤ort initially and maximum e¤ort

towards the deadline. Note that during the delay phase the value of an immediate decision for

an informed agent is strictly below the continuation value. It then begins to increase when e (t)

switches from 0 to emax, eventually converging to the continuation value � 1
"+� +

�
1� ��e

�
�2 at the

deadline. Similarly, the value of an immediate decision for an uninformed agent is strictly below

the continuation value at all times except at the deadline where the two are the same.

**[NEW FIGURE DESCRIPTION] The three di¤erent panels of Figure 1 illustrates the evo-

lution over time t of the belief � and the equilibrium e¤ort choice e for di¤erent lengths of the

deadline T . In Panel 1.A, the deadline T is relatively tight, that is to say, T < Xe. As a result,

uninformed agents exert maximum e¤ort emax over the entire course of the game and informed

agents delay making a decision. As a result, the belief � declines from the complete certainty that

the other agent is uninformed at t = 0 to �e by the end of the game at T . Next, in Panel 1.B the

length of the deadline T is longer, speci�cally Ye > T > Xe, and hence in response to the delay

decision of informed team members, uninformed agents no longer exert maximum e¤ort during the

entire game. Instead, they choose to exert lower e¤ort in such a way that the belief � is equal to �e
at the end of the game. Note that since e¤ort is not fully tied down in equlibrium, there are several

ways in which uninformed agents can spread their e¤ort. The solid and the dotted red lines depict

two di¤erent equilibrium paths for e¤ort e and the evolutions of the belief � that are associated

with the di¤erent equilibrium e¤ort paths. Finally, in Panel 1.C we depict the equilibrium paths

for loose deadlines where T > Ye. As discussed before, at the beginning of the game uninformed

agents exert e¤ort e = �
c and informed agents call a decision immediately. Thus, during this initial

decision phase the belief � remains constant at 1. However, once enough time has elapsed the delay

phase begins and the game proceeds as in Panel 1.B.

5This follows as � �
c
�2Ye < �Ye =

�
1� ��e

�
�2 =

R Xe

0
�emax� (t) dt�2 <

R Xe

0
�emaxdt�2 = �emaxXe�2.
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Figure 1.A: � and e for T < Xe. Figure 1.B: � and e for Ye > T > Xe.

Figure 1.C: � and e for T > Ye.

4.2.2 Large Incentives (��d � ��e)

We now consider the case where the agent have relatively strong incentives to exert e¤ort when

the deadline approaches. As before, we will proceed by considering deadlines of di¤erent length T .

There are four distinct cases to consider. We de�ne two thresholds Xd and Yd, similar to Xe and

Ye, and an additional threshold Z. The threshold Xd solves

exp (��emaxXd) = ��d.

The threshold Yd solves �
1� ��d

�
�2 = �Yd.
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Finally, the threshold Z solves

Z =
1

2�
ln

�
2���1 + (1� ��)�2 � c+�

�

�
(1� ��)�2 + ��c

�

.

Proposition 3 If ��d � ��e, then the equilibrium strategies and beliefs are as follows:

i) If T < Xd, any informed player chooses not to call a decision, d (t) = 0, for all t while any

uninformed player chooses to exert maximum e¤ort, e (t) = emax, for all t. The agents� beliefs

evolve according to � (t) = exp (��t).
ii) If Xd < T < Xd+Z, any informed player chooses not to call a decision up for t < Xd and to call

for a decision at the mixing rate d (t) = �2�2
��2�� for t � Xd. Any uninformed player chooses to exert

maximum e¤ort, e (t) = emax, for all t. The agents� beliefs evolve according to � (t) = exp (��t)
for t � Xd and � (t) = ��d for t > Xd:
iii) If Xd+Z < T < Yd+Z, any informed agent chooses not to call a decision for t < td � T �Z,
and to call for a decision at the mixing rate d (t) = �2�2

��2�� for t � td. Any uninformed player

chooses to exert e¤ort e (t) for 0 � t < td which is not uniquely determined, but the e¤ort choice
must satisfy the following conditions:

� (t) = exp

�
��
Z t

0
e (s) ds

�
� �

�2
t for 0 � t � td

and

� (td) = exp

�
��
Z td

0
e (s) ds

�
=

�

��2

For t � td the uninformed agent exerts maximal e¤ort e (t) = emax. The agents� beliefs evolve

according to � (t) = exp
�
��
R t
0 e (s) ds

�
for 0 � t � td and � (t) = ��d for t > td.

iv) If T > Yd + Z, any informed player chooses to call for an immediate decision for t < td � Yd,
not to call a decision, d (t) = 0 for td � Yd � t < td, and to call for a decision at the mixing rate
d (t) = �2�2

��2�� for t � td. Any uninformed agent chooses to exert e¤ort e (t) = �
c for t < td � Yd,

and to exert e¤ort e (t) for td � Yd � t < td which is not uniquely determined but must satisfy the
following conditions:

� (t) = exp

�
��
Z t

td�Yd
e (s) ds

�
� �

�2
[t� (td � Yd)] for all td � Yd � t � td

and

� (td) = exp

�
��
Z td

Yd

e (s) ds

�
=

�

��2

and to exert maximal e¤ort e (t) = emax for t � td.

Proof. See appendix.
The proof of Proposition 3 can be found in the appendix and mirrors that of the proof of

Proposition 2. As before, the results which we discuss below in the order of di¤erent game lengths,
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have an intuitive interpretation . As before, the proposition exhibits a number of features such as

ine¢ cient delay due to low information acquisition e¤ort and lack of information sharing as well as

last-minute decision-making that are also widely observed in real-world committee decision-making.

First, when T is su¢ ciently small (T < Xd), as in the case of small incentives, the presence of a

very tight deadline provides uninformed agents with strong incentives to become informed and to

exert maximum e¤ort. Informed agents strictly prefer to delay calling a decision since they believe

it to be su¢ ciently likely, � > ��d, that the other agent is uninformed and is therefore exerting

maximum e¤ort.

Second, for T > Xd it is no longer an equilibrium for an informed agent to continue to purely

delay their decision as their belief � would drop strictly below the threshold ��d for any time t > Xd.

The informed player would be no longer willing to delay a decision close to the deadline as it has

become too likely that her partner is already informed. Instead, for t � Xd the informed player

begins mixing between calling a decision and delaying in such a way that the rate of decisions holds

the other players beliefs constant at � = ��d: In contrast to the previous case of small incentives, the

belief � attains the threshold ��d rather than ��e. Unlike in the small incentives case, the marginal

value of information at and close to the deadline is strictly greater than c
� and there are strict

incentives for e¤ort, hence the name �large incentives� for this case. This also continues to be

the case for all longer deadlines. The di¤erence stems from the two relative e¤ects of an agent�s

belief on the incentive for an uninformed agent to exert e¤ort and on the incentive for an informed

agent to delay calling a decision. In the earlier case, the former e¤ect on an uninformed agent�s

incentive to exert e¤ort was more important whereas in the present case, the latter e¤ect on an

informed agent�s incentive to call a decision is relatively more important. As the length of the game

T increases, however, the incentives for e¤ort at a given time decrease. To see this, consider the

incentives for e¤ort at t = 0 which are given by

V I (0)� V U (0) = c

�
+ ��d

�
V I (Xd)� V U (Xd)�

c

�

�
:

The only part of the expression which changes with T , is V U (Xd) since all the other terms above

are constants and

V I (Xd) = V
I (T ) = � 1

"+ �
+
�
1� ��d

�
�2:

V U (Xd) can be rewritten as

V U (Xd) =

�
� 1

"+ �
+
(1� ��)�2

2
� (ce+ �) 1

2�e

�
��

1� e�2�(T�Xd)
�
+ e�2�(T�Xd)V UN (T ) :

This is a weighted sum of the expected payo¤ conditional on either �nding information or the

other agent calling a decision prior to the deadline and the payo¤ from being uninformed at the

deadline. Both of these payo¤s are independent of T and it is only the relative likelihood of each
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which is a¤ected by T . The likelihood of being uninformed at the deadline e�2�(T�Xd) decreases

in T . Hence, the continuation value of being uninformed at Xd is increasing in T . There exists

a deadline T = Xd + Z where V I (Xd) � V U (Xd) = c
� and an agent is indi¤erent about exerting

e¤ort at t = 0, so V I (0)� V U (0) = c
� :

However, if T is larger than Xd + Z, that is case iii) above, the large e¤ort incentives that

originate from a close deadline are no longer su¢ cient to sustain maximal e¤ort by uninformed

agents throughout the entire game. In equilibrium, an uninformed agent reduces her average e¤ort

intensity before td = T �Z while the informed agent fully delays. Even though this level of e¤ort is
on average lower, the belief of an agent that the other agent is uninformed is high enough to induce

delay by informed agents. After td, the deadline is close and an uninformed agent strictly prefers to

exert maximum e¤ort while the informed agent mixes between delaying and calling a decision. The

time threshold td after which the informed agent starts mixing, is chosen such that the uninformed

agent is exactly indi¤erent about how much e¤ort to exert given that � (td) = ��d. If the mixing

phase were to start earlier and the belief at the time threshold would remain at � (td) = ��d, the

deadline would be too far away for the uninformed agent to be willing to exert e¤ort. During the

mixing phase where
�
1� ��d

�
d (t) = �emax, by becoming informed the agent avoids the expected

e¤ort cost of becoming informed later and the risk of not being informed, either when the deadline is

reached or when the informed partner calls a decision. In particular, the di¤erence in continuation

values is

V I (t)� V U (t) = f1� exp [�2�emax (T � t)]g

24cemax + �
2�emax

+
V I (T )�

�
� 1
"+�

�
2

35+
+ exp [�2�emax (T � t)]

�
V I (T )� V U (T )

�
.

For td = T � Z, this expression is equal to c
� . As in the previous case of small incentives, when

the delay phase ends at td the incentives to exert e¤ort �reverberate back�to any time t before td.

During this phase an uninformed agent chooses e¤ort in such a way that by the end of the phase

at td the belief that the other agent is uninformed is equal to � (td) = ��d, but she is otherwise

indi¤erent with respect to her e¤ort choice. Note that the average e¤ort intensity of an uninformed

agent over this time interval declines as the length of the game T increases.

Finally, as T increases further, informed agents will no longer prefer to delay their decision at

the beginning of the game, exactly as in the case with small incentives. As a result, when T exceeds

Yd + Z, an informed agent will initially prefer to forego any delay costs and will instead choose

to immediately call a decision upon acquiring a signal. As before, incentives for e¤ort are driven

by the bene�ts of free-riding and the costs of delay and an uninformed agent is indi¤erent with

respect to her e¤ort choice when the exerted e¤ort equals e = �
c in this �rst phase of the game. If

no decision has been called until t = td � Yd, the equilibrium is identical to case iii) from td � Yd
onwards.
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**[NEW FIGURE DESCRIPTION] Figure 2 graphically illustrates the evolution of � and e over

the course of the game for the case of large incentives. As discussed before, equilibrium behavior

of informed agents is divided into three distinct phases. At the beginning of the game during the

decision phase, agents immediately call a decision upon becoming informed. Thus, agents know

for sure that their partner must be uninformed whenever no decision has been called in the past.

However, once enough time has elapsed for the decision phase to be over, informed agents prefer

to delay calling a decision and thus the equlibrium belief � falls until it reaches �d. At that point,

informed agents are indi¤erent between calling and delaying the decision and thus probabilistically

choose one or the other until the conclusion of the game in such a way that � remains constant

at �d. Note again, that the dotted red lines for � illustrate di¤erent equilibrium paths associated

with di¤erent equilibrium paths for e. The evolution of e¤ort in Figure 2 is similar to the evolution

of e¤ort in Figure 1.C. Uninformed agents choose e = �
c during the initial decision phase and then

start increasing their e¤ort until they exert e¤ort emax at the end of the game.

Figure 2: � and e for T > Yd

4.2.3 Discussion

Our propositions formally establish that even when committee members have perfectly aligned

interests decisions may be signi�cantly delayed. This is due to two factors. First, team members

do not search very intensely when the deadline is very far away and hence without the adequate

information available to the group no decision can be taken by the group. Second, when the
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deadline is close delay occurs due to a lack of information sharing. Although uninformed agents

search intensely for information and hence the group is likely to have valuable information at its

disposal, no decision will be taken until the deadline since an informed agent will prefer not to

divulge their information in order to keep any uniformed team member highly motivated to search

for additional information.

As we showed above the timing of delay crucially depends on how far in the future the �nal

deadline. When the deadline is very close, the team will always delay decisions until the �nal

deadline. This delay is strongly reminiscient of a widely accepted behavioral law called Parkinson�s

Law. This law, as stated in its original source (Parkinson 1957), posits that �work expands so

as to �ll the time available for its completion.� In our context, this means that the amount of

time in which the team has to make a decision is exactly the amount of time it will take to make

said decision. This relationship has been extensively studied both in laboratory and �eld settings

(Locke 1966, 1967; Bryan and Locke 1967; Locke et al. 1981; Schonberger 1981; Latham et al.

1982; Peters et al. 1984; Gutierrez and Guvelis 1991). A loose deadline then leads to a decline

of the workers�performance and to a delay of the activity. For example, Brian and Locke (1967)

presented individual and groups of college students with a �xed number of simple arithmetic tasks

and varied the amount of time allowed to work on them. Their results indicated that subjects who

were given twice the amount of time to complete the tasks worked signi�cantly longer than subjects

who were given just enough time to complete them. In light of our �ndings on decision delay, one

important implication of our model is that a tight deadline choice may not always lead to faster

decision-making. We study this relationship in detail when we investigate the choice of the optimal

length of a deadline below.

As is apparent from the above propositions, a team does not always delay its decisions once it

has obtained some information. When the deadline is far away, the group will make a decision as

soon as one team member has successfully gathered information. When decisions are taken early

on in this manner, the agents e¤ectively avoid the delay costs that result from a lack of information

sharing and low information acquisition e¤ort. This is a pattern commonly found in investment

committees in private equity partnerships or on executive boards that face a deadline by which

funds have to be invested or returned to investors or corporate headquarters. Although we are not

aware of any particular study that examines the timing of corporate investment decisions, our model

predicts that committees should either take a decision relatively early on in the process or right at

the deadline. However, our prediction that the e¤ort exerted by uninformed committee members

rises as the deadline draws nearer, chimes well with both anecdotal and empirical evidence.

4.3 Uniqueness

In this subsection we discuss the uniqueness of the equilibrium described in Propositions 2 and 3

among the set of symmetric equilibria. We �nd that subject to excluding equilibria which involve

strategies whereby both uninformed and informed agents call a decision at the same instant of

time with probability 1 conditional on reaching that time, the unique set of symmetric equilibria
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are those described in the proposition. We argue that our exclusion is justi�ed as equilibria where

individuals are calling a decision with certainty at a point in time are in e¤ect deadlines which are

enforced by appropriately speci�ed o¤-equilibrium beliefs.

We proceed by �rst increasing the action space for agents compared to that considered in

Section.4.3. We allow uninformed agents to call decisions which we will denote by a function � (t).

We also allow agents to adopt piecewise continuous decision functions for � (t) and � (t). To this

end de�ne

D� (t) = lim
s!t+

� (s)� � (t)

and

D� (t) = lim
s!t+

� (s)� � (t)

to describe the probability mass of decisions at any points of discontinuity.

Otherwise the model is the same as earlier. We give a full speci�cation of the model in the

appendix for the interested reader. As before, we denote equilibrium strategies by a superscript �.

A symmetric perfect bayesian equilibrium may be described by a tuple (e� (t) ; �� (t) ; �� (t) ; �� (t))

if �� (t) + �� (t) < 1 for all t < T , where �� (t) is the bayesian belief an agent has at time t

that the other agent is uninformed conditional on no decision being called prior to that time.

If 9t0 < T : �� (t0) + �� (t0) = 1 then it must also include o¤-equilibrium strategies and beliefs

(e� (rjt) ; �� (rjt) ; �� (rjt) ; �� (rjt)) for all times t where �� (t) + �� (t) = 1 which themselves are

sequential equilibria of those subgames, where �� (rjt) is the bayesian belief an agent has at time
r that the other agent is uninformed conditional on no decision being called prior to that time in

a subgame starting at time t. We now rule out some types of decision strategies at on-equilibrium

times by the uninformed agent. The following lemma rules out a continuously increasing �� (t).

Lemma 1 @�� (t) ; r > 0; " > 0 : d�
�(t)
dt > 0 for t 2 [r � "; r] :

Proof. See appendix.
Lemma 1 shows that in the set of symmetric equilibria there is no mixing in the decision strategy

by an uninformed player during on-equilibrium times. The following lemma rules out a jump in

the decision function � (t) at on-equilibrium times if that jump does not occur when both types

informed and uninformed call a decision with certainty at that instant.

Lemma 2 @�� (t) ; 0 < s < T : D�� (s) > 0 and �� (s) + �� (s) < 1:

Proof. See appendix.
Hence, the only equilibria involving D�� (s) > 0 also have �� (s) + �� (s) = 1 whereby beliefs at

times later than s are o¤-equilbrium. In this case it may be possible to support uninformed agents

calling a decision with appropriately speci�ed o¤-equilibrium beliefs. However we will exclude this

type of equilibrium as we feel for all intents and purposes it is equivalent to imposing a deadline

at that time. We thus continue the analysis under the assumption that �� (t) = 0 for all t. This

implies that all t � T are reached with some non-zero probability in equilibrium thus there are
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no o¤-equilibrium times at which strategies and beliefs must be speci�ed. An individual may

�nd himself at an on-equilibrium time but where his own decision history is inconsistent with

equilibrium. All costs are sunk and so the subgame is identical to the on-equilibrium subgame so

in these instances the o¤-equilibrium actions are the on-equilibrium actions at the corresponding

time. The following proposition shows that the unique set of symmetric perfect Bayesian equilibria

are those speci�ed in Propositions 2 and 3.

Proposition 4 Suppose �� (t) = 0 then the set of equilibria described in Propositions 2 and 3 are
the unique sets of symmetric perfect Bayesian equilibria under small and large incentives respec-

tively.

Proof. See appendix.
The above proposition establishes that the information withholding through delay in the lead-up

to the deadline which we discussed in the previous subsections, is a characteristic of all symmetric

equilibria. It also adds weight to the consideration of the welfare implications of the equilibria,

optimal deadlines to maximize welfare and comparative statics with equilibria with observable

signals and alternative decision making structures. We take up these questions in the next section.

4.4 Setting Deadlines

In this subsection, we analyze the trade-o¤s committees face when setting deadlines. With a tight

deadline a committee risks making a decision without the desirable information. However, the tight

deadline incentivizes the members to work hard to acquire the desirable information in time. With

a loose deadline the committee members procrastinate and only start investigating the matter when

the deadline is close. The expected decision time and the expected accuracy of the decision jointly

determine the expected welfare for the committee members at the start of the process. Altering the

deadline changes the expected decision time and the expected accuracy of the decision in di¤erent

directions. The private nature of information, however, a¤ects this trade-o¤ in two signi�cant

ways. First, as a tight deadline increases the incentives to acquire information, it also increases

the incentives to conceal information and thus to delay a decision. As a consequence, the expected

decision time may actually be larger when a closer deadline is set. Second, when informed team

members are concealing their information in the hope that other team members may acquire more

information, a tighter deadline will reduce this ine¢ cient delay.

4.4.1 E¤ect of the Deadline on the Decision Time

In this subsection we examine the e¤ect of the deadline on the expected time until a decision is

made. The natural intuition is that tighter deadlines lead to shorter decision times. We show that

this need not be the case and that instead the expected decision time may be non-monotonic in

the length of the deadline. For loose deadlines, T > Ye, the equilibrium is characterized by two

phases: a phase of low e¤ort and immediate decisions followed by a phase of pure delay and higher
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e¤ort. In this case increasing the deadline T decreases the probability that agents reach the later

period where decisions are delayed until the deadline. The overall e¤ect of increasing the deadline

is ambiguous as the combination of immediate decisions despite slow information acquisition may

be a slower or faster process than incurring the �xed delay of Ye upon reaching the later period. For

tight deadlines, T � Ye, there is no initial period of low e¤ort and immediate decisions, but instead
informed partners never disclose their information and the team always delays its decision until

the deadline. The expected decision time equals T . Hence, a closer deadline will always reduce the

expected decision time. The following proposition formalizes these ideas.

Proposition 5 For T � Ye, the expected decision time is increasing in T . For T > Ye, the expected
decision time is decreasing in T if and only if �1 � c

� >
�1
�2

�
c
� � �2

�
.

Proof. For T � Ye, Etc = T . Hence, dEtcdT > 0. For T > Ye,

Etc =

Z T�Ye

0
t2�

�

c
exp

�
�2��

c
t

�
dt+ exp

�
�2��

c
Tnd

�
T

= � (T � Ye) exp [�2�e (T � Ye)] +
1

2� �c

�
1� exp

�
�2��

c
(T � Ye)

��
+ exp

�
�2��

c
(T � Ye)

�
T

=
1

2� �c

�
1� exp

�
�2��

c
(T � Ye)

��
+ exp

�
�2��

c
(T � Ye)

�
Ye

Hence,

dEtc
dT

= 2�
�

c
exp

�
�2��

c
(T � Ye)

� 
1

2� �c
� Ye

!

= 2�
�

c
exp

�
�2��

c
Tnd

�"
c

2��
�
�
1� ��e

�
�2

�

#

= 2�
�

c
exp

�
�2��

c
Tnd

�
1

�

"
c

2�
�
�
�1 � c

�

�
�2

�1 � �2

#
.

It follows that dEtcdT < 0 if and only if

c

2�
<

�
�1 � c

�

�
�2

�1 � �2

,
c

�
� �2 <

�2
�1

�
�1 �

c

�

�
Since, �1 > c

� > �2 by de�nition, both sides of the inequality are positive and the relationship is

satis�ed for �2 close to c
� .

The intuition for the case of tight deadlines where T � Ye is straightforward. Closer deadlines
always cut down on delay by shortening the amount of time during which the agents would only

wait until the deadline to make a decision. In contrast, for loose deadlines, T > Ye, shortening the
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deadline can go either way. To see this, note that the expected decision time equals

Etc =

Z T�Ye

0
tcf (tc) dtc + (1� F (T � Ye))T ,

where f (tc) = 2� �c exp
�
�2� �c tc

�
is the probability that a signal is acquired at time tc, when the

two agents are exerting the low equilibrium e¤ort level e� (tc) = �
c . The derivative of the expected

decision time with respect to the deadline is then given by

dEtc
dT

= f (T � Ye)
 
1

2� �c
� Ye

!
.

Hence, the expected decision time Etc is decreasing in the length of the deadline T , dEtcdT < 0, if

the �xed delay Ye that agents are willing to incur once the deadline begins to a¤ect their behavior,

is greater than the expected decision time without a deadline 1
2�e�(T ) . The necessary and su¢ cient

condition for this to be the case is c
� � �2 <

�2
�1

�
�1 � c

�

�
. This particular relationship is satis�ed

when the di¤erence between the marginal bene�t of a second signal �2 and the adjusted marginal

cost of e¤ort c
� is small relative to the di¤erence between the marginal bene�t of the �rst signal

�1 and the adjusted marginal cost of e¤ort. The intuition for this result is that a large di¤erence

between �1 and c
� provides uninformed workers with strong incentives to become informed. As

a result, they are willing to exert maximum e¤ort for a long period of time (Ye is large) during

which no decision will be taken by the team. If this delay phase is su¢ ciently large, increasing the

deadline and avoiding the delay phase altogether can actually lead to a faster decision on average.

Conversely, when �1 � c
� , and consequently Ye, is not very large, increasing the deadline will only

lead to more delay until a decision is made.

4.4.2 E¤ect of the Deadline on Welfare

In this subsection we examine the e¤ect of the deadline on the welfare of the agents. We characterize

the welfare of each agent as a function of the deadline and �nd that there exists a �nite and unique

welfare maximizing deadline for the group of agents. In the case of small incentives the optimal

deadline is set such that agents always delay their decision until the deadline, but still engage in

welfare-improving information acquisition. The following proposition formally characterizes the

e¤ect of the deadline on welfare.

Proposition 6 The expected utility of the game is maximized for T � = Xe. The expected utility

is strictly increasing in the length of the deadline T for 0 � T � Xe, stricly decreasing in T for

Xe < T � Ye and independent of T for T � Ye.
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Proof. Notice that the expected utility at the start t = 0 of the game with a deadline at T equals

V UT (0) =

8>>>><>>>>:
� 1
"+� �

c
� for T � Ye

� 1
"+� +

�
1� ��e

�
�2 � �T � c

� for Ye � T > Xe
� 1
"+� + �1 (1� 2� (T ))� (�1 � �2) (1� � (T ))

2 + c
�� (T )� �T �

c
� for 0 � T � Xe

where � (T ) = exp (��emaxT ) and ��e = exp (��emaxXe)

The change in welfare when changing T for Xe < T � Ye is immediate since the aggregate e¤ort
and hence expected precision of the decision are independent of the deadline, but the delay increases

with the length of the deadline. For T � Ye, welfare is 1
"+� �

c
� which is independent of T hence

the result is immediate. Now, for 0 � T � Xe consider
dV UT (0)
dT :

dV UT (0)

dT
= �2�1�0 (T ) + 2 (�1 � �2) (1� � (T ))�0 (T ) +

c

�
�0 (T )� �

=
h
2 (�1 � �2) (1� � (T ))� 2�1 +

c

�

i
�0 (T )� �

= 2�emax

h
�1� (T ) + �2 (1� � (T ))�

c

2�

i
exp (��emaxT )� �

At T = Xe, we have � (T ) = ��e. Hence

dV UT (0)

dT
= 2�emax

� c
2�

�
��e � �

= emaxc��e � �

In the case of small incentives we have ��e > ��d and

emax��d�2 >
�

�
>
�

c
�2:

Hence, we have

emaxc��e > �

which in turn implies
dV UT (0)

dT
> 0:

Note further that

@

@T

�
dV UT (0)

dT

�
= 2�emaxn
��emax� (T )

h
�1� (T ) + �2 (1� � (T ))�

c

2�

i
� (�emax� (T ))2 (�1 � �2)

o
< 0

As the proposition shows, there is a unique �nite welfare-maximizing deadline which is to set

T = Xe. The intuition for this result is as follows. For very tight deadlines, T � Xe, agents
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exert maximum e¤ort and make a decision only when the deadline arrives. Thus, increasing the

deadline improves welfare because even though it increases the time until a decision is made, it

also allows the agents more time to intensely search for and acquire valuable information prior to

the deadline. However, once T is larger than Xe the aggregate e¤ort exerted and the expected

information acquired prior to the deadline is the same for all Xe < T � Ye. That is to say, over the
course of the game the team members simply choose their e¤ort in such a way that they are equally

well-informed at the deadline, no matter whether the deadline occurs at Xe or Ye or at anytime in

between. Consequently, any increase in the deadline over and above Xe only introduces additional

costly delay before a decision is made at the deadline. Finally, for loose deadlines, T � Ye, the

welfare of the agents is independent of the deadline. The reason for this is that both agents are

indi¤erent with respect to the e¤ort level they exert during the delay phase of the equilibrium, that

is,

�
�
V IT (0)� V UT (0)

�
= c for any T > Y e.

To see this note that since a decision is immediately called when one agent is informed, the value

of being informed, V IT (0) = � 1
"+� , does not depend on the deadline in this stage. Furthermore, the

value of being uninformed, V UT (0) = V
I
T (0) � c

� , does not depend on the deadline either. In fact,

the e¤ort level chosen during the phase of no delay is such that the lost opportunity to acquire

a signal for free, �e� (0)
�
V IT (0)� V UT (0)

�
, is exactly o¤set by the foregone delay �. Thus, the

welfare-maximizing deadline is to set T = Xe. Extending the deadline any further does not a¤ect

the expected amount of information acquired by the deadline and only introduces costly delay.

**[NEW FIGURE DESCRIPTION] Figure 3 graphically illustrates how expected welfare at

the start of the game varies with the choice of the deadline T . For T < Xe welfare is increasing

in T since agents exert maximum e¤ort and are given more time to acquire valuable information.

However, once T is extended beyond Xe welfare declines since aggregate e¤ort remains constant

and only unnecessary delay costs are incurred. Welfare is constant for T > Ye.
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Figure 3: Expected Welfare at t = 0 for di¤erent lengths of the deadline T

For the large incentives case, ��d � ��e, most of the results generalize immediately with one

notable di¤erence. There are now large incentives for e¤ort such that uninformed agents will exert

maximum e¤ort even when informed agents are mixing between calling and not calling a decision.

There is still a unique �nite deadline T � that maximizes the agents�welfare, but it is T � = Xd+Z.

As in the case of small incentives it is again optimal to set the deadline exactly at the greatest

length of time during which uninformed agents will exert maximum e¤ort at any point in time.

**H[not sure whether we should keep this, but here is a proof for this statement:

For T 2 [Xd; Xd + Z],

V UT (0) =

8<: �1
" + �1

�
1� ��d

�
exp (�2�emax [T �Xd])

+

�
�1 +

(1���d)�2
2 � (cemax + �) 1

2�emax

�
(1� exp (�2�emax [T �Xd]))

9=; exp (��eXd)
+

�
� 1

"+ �
+ �2

�
1� ��d

�
� c

�

�
(1� exp (��emaxXd))� �Xd.

and

dV UT (0)

dT
= 2�emax

"�
��d�1 +

�
1� ��d

�
�2
�
� cemax + �

2�emax
�
�
1� ��d

�
�2

2

#
exp (�2�emax [T �Xd]) exp (��emaxXd)
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Since ��d > ��e,

�
��d�1 +

�
1� ��d

�
�2
�
� cemax + �

2�emax
�
�
1� ��d

�
�2

2
�

�
��e�1 +

�
1� ��e

�
�2
�
� cemax + �

2�emax
�
�
1� ��d

�
�2

2

=
1

2

�
c

�
� �

�emax
�
�
1� ��d

�
�2

�
=

1

2

�h c
�
� �2

i
�
�

�

�emax
� ��d�2

��
� 0.]

In this section we have characterized the welfare of agents as a function of the deadline and

shown that there is a unique �nite deadline which maximizes agents�welfare. In the next section

we contrast this result with a setting where the information acquired by an agent is observable to

the other agent. This allows us to highlight the importance of the private nature of information

acquisition in the above result.

4.5 Private Information: Incentives vs. Delay

In this subsection, we compare and contrast the welfare consequences of di¤erences in the observ-

ability of information. Previously, we showed that the private nature of information has three

e¤ects. First, informed players may ine¢ ciently decide to delay a decision. Second, when making

his e¤ort decision an uninformed player accounts for the fact that her partner is informed which

decreases her incentives to search. Third, relative to the case of public information the fact that in-

formation is private increases the returns to becoming informed, which in turn increases an agent�s

incentives to search. We show that the third e¤ect may dominate the �rst two e¤ects such that the

expected welfare is increased by making information private. To do so, we �rst characterize the

equilibrium of the game when information is public.

4.5.1 Public Information

When the information obtained by individual group members is immediately visible to the entire

group, the equilibrium behavior of agents turns out to be much less complex than when information

is private. First, whenever an agent succeeds in �nding a signal, a decision is called immediately.

Second, both agents choose low e¤ort when the deadline is still far away and they switch to exerting

maximal when the deadline is close. We formally characterize equilibrium behavior in the following

proposition.

Proposition 7 When information is public, the equilibrium strategies are as follows:

i) If T < �, any uninformed player chooses to exert maximum e¤ort, e (t) = emax, for all t.

ii) If T � �, any informed player chooses to exert e (t) = �
c for t < T �� and chooses e (t) = emax

for t � T ��,
where

� = � 1

2�emax
log

"
c� �

emax

2��1�
�
c+ �

emax

�
#
.
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Proof. Since ��2 � c < 0, no player would �nd it privately optimal to search for a second signal
and hence the game ends as soon as one player becomes informed. At time t, the value of being

informed equals

V I (t) = � 1

"+ �

For T < � the agents exert maximum e¤ort the value of being uninformed at t equals

V U (t) = �1
"
+

�
�1 �

�
c

2�
+

�

2�e

��
f1� exp [�2�emax (T � t)]g for T � �

where � is de�ned by

V I (T ��)� V U (T ��) = c

�
.

At any time t before this threshold � is reached, a player is indi¤erent about how much e¤ort to

exert if his partner exerts e (t) = �
c . The rest of the proof follows immediately from the indi¤erence

condition.

The proposition makes clear that when successful information acquisition is public, there is

never any delay in calling a decision once the �rst piece of information has been acquired, simply

for the reason that no player would �nd it privately optimal to search for a second signal. The

agents�e¤ort choice also re�ects this change in revelation policy relative to the private information

case. Since agents can be sure that a decision is called as soon as one signal is obtained, the value

of being informed is constant throughout the course of the game. In contrast, for tight deadlines,

T < �, the value of being uninformed decreases over time because the likelihood of having to take

an uninformed decision at the deadline increases. As a result, the incentive to exert e¤ort increases

as the deadline approaches. Now, consider increasing the deadline T above the threshold �. At

any time t before this threshold � is reached, a player is indi¤erent about how much e¤ort to exert

if his partner exerts e (t) = �
c . This corresponds to the phase with no delay and low e¤ort in the

private information case.

4.5.2 Welfare Comparison

As long as the deadline is set su¢ ciently far away at the beginning of the game, welfare does

not depend on the deadline, nor does it depend on whether the acquired information is public

or private. However, in contrast to the private information case, a decrease in the deadline can

only decrease the expected welfare in the public information case. The increase in e¤ort when the

deadline approaches, is outweighed by the increased risk to end up uninformed when a decision

needs to be taken. This has the important implication that a higher welfare level can be attained

by making the acquired information private. In particular, for intermediate deadlines the welfare

with private information exceeds the welfare with long deadlines.

Proposition 8 The highest welfare achieved by optimally setting the deadline when information is
private exceeds the highest welfare when information is public.
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Proof. For the case of public information the continuation values at the beginning of the game are
given by

V U;pubT (0) =

(
� 1
"+� �

c
� for T � �

�1
" +

�
�1 �

�
c
2� +

�
2�e

��
[1� exp (�2�emaxT )] for T < �

Together with our previous welfare results this implies the following relations for any T 0 > max fYe;�g:

max
T
V U;privT (0) > V U;privT 0 (0) = V U;pubT 0 (0) = max

T
V U;pubT (0)

Hence,

max
T
V U;privT (0) > max

T
V U;pubT (0) .

Compared to the case of private information, the incentives to acquire information are di¤erent

when information is public and players do not have the option to conceal information after becoming

informed. A priori, this change in the observability of information can increase or decrease welfare.

The private nature of information provides more incentives to the team partners by allowing in-

formed players to �rest on their laurels�. However, it also mutes incentives for uninformed players

who anticipate such decision-delaying behavior by informed players. If the net e¤ect is positive, the

changed incentives have a positive e¤ect on the team partners�welfare as the ine¢ ciency due to

free-riding is mitigated. Furthermore, the option to hold back information has two opposite e¤ects

as well. On the one hand, as players stop searching when they become informed, the decision is

ine¢ ciently delayed. On the other hand, as any uninformed player would stop searching if the

information were disclosed, a potentially valuable opportunity to acquire a second signal is lost.

As the proposition shows when the deadline is set optimally, keeping information private is always

preferable for the team. The reason for this is that an optimally set deadline T = Xe in the private

information case eliminates any unnecessary delay and maximizes aggregate e¤ort.

However, note that if it is socially ine¢ cient to search for a second signal, holding back infor-

mation always decreases welfare. This welfare loss may dominate the welfare gain for su¢ ciently

tight deadlines. In such a situation the partners would actually prefer to commit ex ante to call a

decision whenever one of them becomes informed.

Proposition 9 Welfare is lower with private information than with public information for a dead-
line T < min fXe;�g if and only if

�
�2 �

c

2�

�
(1� � (T ))2 � �

 
T � 1� � (T )

2

2�e

!
,

where � (T ) = exp (��emaxT ).
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Proof. In the public information case for T < ��,

V U;pubT (0) = �1
"
+ �1

�
1� �pub (T )

�
� c

2�

�
1� �pub (T )

�
� �

2�emax

�
1� �pub (T )

�
,

where �pub (T ) = exp (�2�emaxT ) = exp (��emaxT )2 = � (T )2. In the private information case for
T < Xe,

V U;privT (0) = �1
"
+ �1 (1� � (T ))�

c

�
(1� � (T )) + [�1� (T ) + �2 (1� � (T ))] (1� � (T ))� �T

Hence, to achieve higher welfare in the private information case, we need

�1

h
(1� � (T ))�

�
1� �pub (T )

�i
�
h c
�
(1� � (T ))� c

2�

�
1� �pub (T )

�i
+ [�1� (T ) + �2 (1� � (T ))] (1� � (T ))�

�
�T � �

2�e
(1� exp (�2�eT ))

�
> 0.

We �nd,

� �1 [1� � (T )]� (T )�
c

2�
(1� � (T ))2

+ �1� (T ) (1� � (T )) + �2 (1� � (T ))2 �
�
�T � �

2�e
(1� exp (�2�eT ))

�
> 0.

This simpli�es to h
�2 �

c

2�

i
(1� � (T ))2 � �

"
T � 1� � (T )

2

2�e

#
> 0.

For (ine¢ ciently) short deadlines, incentives are su¢ ciently strong for players to exert maximum

e¤ort, regardless of whether information is public or private. The above proposition con�rms that

if searching for a second signal is ine¢ cient, 2��2 < c, welfare is higher with public than with

private information for these short deadlines. However, even in this case, the welfare is higher with

private information for some longer deadline as shown by Proposition 8. Hence, this latter result

must be due to the stronger search incentives when information is private. Given the equilibrium

strategies for both cases, this implies that players start exerting maximum e¤ort at an earlier stage.

The next corrolary formalizes this intuition.

Corollary 3 If 2��2 < c, then Xe > �. In general, Xe � � if and only if0@ c
� �

�
�emax�

�1 � c
�

�
+
�
�1 � �

�emax

�
1A1=2 � c

� � �2�
�1 � c

�

�
+
�
c
� � �2

� .
35



Proof. If 2��2 < c, V U;privT (0) < V U;pubT (0) for T � min f�; Xeg by Proposition 9. Since

V U;privXe
(0) > V U;pubT (0), this implies that � > Xe. In general, we have that

exp (�2�emax�) =
c
2�
� �
2�emax

�1�
�
c
2�
+ �
2�emax

� ;
exp (��emaxXe) =

c
� � �2
�1 � �2

.

Hence, Xe > �� i¤  
c
� �

�
�emax

�1 � �
�emax

+
�
�1 � c

�

�!1=2 > c
� � �2
�1 � �2

= �e > �d

 
c
� �

�
�emax

�1 � �
�emax

+
�
�1 � c

�

�!1=2 < c
� � �2
�1 � �2

= �e > �.

 
c
� �

�
�emax

�1 � �
�emax

+
�
�1 � c

�

�!1=2 > c
� � �2
�1 � �2

= �e.

**H[More damn analysis (without clear results);

Public:

�
�
V I (0)� V U (0)

�
=
c

�

)

�1 exp (�2�emaxT ) +
�
c

2�
+

�

2�emax

�
f1� exp [�2�emaxT ]g =

c

�

�1� (T )
2 +

�
c

2�
+

�

2�emax

�h
1� � (T )2

i
=

c

�

Private:

�
�
V I (0)� V U (0)

�
=
c

�

)

�1 exp (��emaxT ) + �2 [1� exp (��emaxT )] =
c

�

�1� (T ) + �2 (1� � (T )) =
c

�

We take a weighted sume between �1 and a lower second term, which is di¤erent in the private

and public case. The weight equals � (T ) in the private, � (T )2 in the public case, with � (0) = 1.

Hence, we are putting more weight on the second term, the larger T , but this goes more quickly in

the public case. (FYI I found it useful to think about this in a picture with the sums as a function

of T, starting from �1 to the second term as T increases...) Hence, if the second term is lower

in the public case, then for sure the weighted sum will reach c
� faster. This inspires the following
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su¢ cient condition for Xe � �;
�2 �

c

2�
+

�

2�emax
.

Remember our restrictions (and I think these are the only restrictions) on the incentives to acquire

a second signal and to delay - hoping for a second signal.

c

2�
� �2
2
&

�

2�emax
� �2
2

This is thus ambiguous, but it is clear that for su¢ ciently low � or high emax, Xe � �. Let us try
a it more:

2�2 = [�2 + ��e�2 +
�
1� ��e

�
�2]

= �2 � ��e�1 +
�
��e � ��d

�
�2 + ��d�2 +

��e�1 +
�
1� ��e

�
�2

= �2 � ��e�1 +
�
��e � ��d

�
�2 +

�

�emax
+
c

�

Hence, our su¢ cient condition becomes

�2 �
��e

1 +
�
��e � ��d

��1:
This looks quite nice, and can probably be part of a proposition.

What is particularly weird, is that using a very di¤erent approach (see the previous proposition

above - this is much more indirect, using the value functions) I found this very di¤erent other

su¢ cient condition

�2 �
c

2�
.

I liked this previous condition, because it has the intuition that if requiring a second signal is not

�socially e¢ cient�-ignoring delay- it must be that the private case makes that individuals �nd this

�rst signal with higher likelihood - i.e., agents start searching earlier.

I am not sure however how to understand this with the condition coming from the weighted

sums - which seems very robust, but again opposite in outcome

�2 �
c

2�
+

�

2�emax
.

Either I have a mistake somewhere, or this really suggests that only for �2 2
h
c
2� ;

c
2� +

�
2�emax

i
we

can have that � > Xe which is quite nice as well.

One last route I have pursued for a little bit. The weighted sum �1� (T )
2+
�
c
2� + x

� h
1� � (T )2

i
starts below the weighted sum �1� (T ) + �2 (1� � (T )). Clearly, if �2 >

�
c
2� + x

�
, the two will

never cross. However, for �2 <
�
c
� + x

�
, the two may cross. The question is whether they do when

they already are below c
� . This would imply that the �rst weigthed sum always reaches c

� before

the second.
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First step: Solve for � as a function of x such that

�1� (T )
2 +

� c
2�
+ x
� h
1� � (T )2

i
= �1� (T ) + �2 (1� � (T )) .

(maple gives me � = �2��2�2x��c
2��1�2x��c here).

Second set: Evaluated the sums when they intersect

�1�+ �2 (1� �) =
c+ 2x�� 2��2
�c� 2x�+ 2��1

[�1 � �2] + �2

=
c+ 2x�� 2��2 [�1 � �2] + [�c� 2x�+ 2��1]�2

�c� 2x�+ 2��1
=

c+ 2x�� 2��2�1 + 2��2�2 � c�2 � 2x��2 + 2��1�2
�c� 2x�+ 2��1

=
2x�� 2��2 (1� �2) + c (1� �2)

2��1 � c� 2x�
� c

�
???

Third step: Check for which x this equals c� (maple gives me x =
1

�2c��2�2�1+4�2�2

�
�c��1 � 2c��2 + c2 + 2�2�22

�
).

Check whether �
2�emax

can be equal to this x:::

MAPLE:

�1�
2 +

� c
2�
+ x
� �
1� �2

�
= �1�+ �2 (1� �)

, Solution is:

8>><>>:
n
1; c+2x��2��2�c�2x�+2��1

o
if � 6= 0 ^ �c� 2x�+ 2��1 6= 0

C if � 6= 0 ^ c+ 2x�� 2��2 = 0 ^ �c� 2x�+ 2��1 = 0
f1g if � 6= 0 ^ c+ 2x�� 2��2 6= 0 ^ �c� 2x�+ 2��1 = 0

�1�+ �2 (1� �) =
c+ 2x�� 2��2
�c� 2x�+ 2��1

[�1 � �2] + �2

=
c+ 2x�� 2��2 [�1 � �2] + [�c� 2x�+ 2��1]�2

�c� 2x�+ 2��1
=

c+ 2x�� 2��2�1 + 2��2�2 � c�2 � 2x��2 + 2��1�2
�c� 2x�+ 2��1

=
2x�� 2��2 (1� �2) + c (1� �2)

2��1 � c� 2x�
� c

�
???

2x�� 2��2 (1� �2) + c (1� �2)
2��1 � c� 2x�

=
c

�
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8>>>>>>><>>>>>>>:

n
1

�2c��2�2
�
c�� 2c��1 � c��2 + c2 � 2�2�2 + 2�2�22

�o
if � 6= 0 ^ �2c�� 2�2 6= 0

C n
n

1
2�2

�
�c�+ 2�2�1

�o
if � 6= 0 ^ �2c�� 2�2 = 0 ^ c�� 2c��1 � c��2 + c2 � 2�2�2 + 2�2�22 = 0

; if c = 0 ^ � = 0
; if � 6= 0 ^ �2c�� 2�2 = 0 ^ c�� 2c��1 � c��2 + c2 � 2�2�2 + 2�2�22 6= 0
; if c 6= 0 ^ � = 0

, Solution is:

8>>>>>>><>>>>>>>:

n
1

�2c��2�2�1+4�2�2

�
�c��1 � 2c��2 + c2 + 2�2�22

�o
if � 6= 0 ^ �2c�� 2�2�1 + 4�2�2 6= 0

C n
n

1
2�2

�
�c�+ 2�2�1

�o
if � 6= 0 ^ �2c�� 2�2�1 + 4�2�2 = 0 ^ �c��1 � 2c��2 + c2 + 2�2�22 = 0

; if c = 0 ^ � = 0
; if � 6= 0 ^ �2c�� 2�2�1 + 4�2�2 = 0 ^ �c��1 � 2c��2 + c2 + 2�2�22 6= 0
; if c 6= 0 ^ � = 0

Notice that from the previous assumptions, we have

�

�emax
< �2 <

c

�
< �1.

This suggests that the relationship can go both ways. For c
� su¢ ciently close to �2, we have

Xe > � while for c
� su¢ ciently close to to �1, we have Xe � �. The higher the incentives to

acquire a second signal relative to the �rst signal, the more valuable are the additional incentives

from making information private.

Figure 4: Expected Welfare at t = 0 for di¤erent lengths of the deadline T

**[NEW FIGURE DESCRIPTION] In Figure 4 we compare the expected welfare at t = 0 for

di¤erent lengths of the deadline T under public and private information. As mentioned before

when the deadline is optimally chosen for the case of private information at T = Xe, welfare is
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higher under private information than under public information. However, when the deadline is set

ine¢ ciently short, welfare under public information can be higher than under private information

as shown by the dotted red line in Figure 4.

5 Extensions

In this section we consider extensions such as di¤erent decision protocols that require both players

to agree on calling a decision as well as introduction of explicit contracts. We also consider the

role of a third party intermediary such as a committee chairperson who aggregates information by

the di¤erent group members. In particular the role of these information aggregators is to avoid

particularly ine¢ cient delay when both parties are informed yet still delay their decision until the

�nal deadline.

6 Conclusion

In private and public organizations, teams are often allocated the dual task of �nding and taking

a decision. In this paper we have investigated the link between the incentive to search and the

incentive to share decision-relevant information in this type of team setting. One clear lesson that

emerges is that team members are reluctant to disclose information that undermines the incentives

of fellow team members to search for further information. As a result, although a strict deadline

provides strong incentives for agents to gather information, it also mutes the incentives to reveal

information and to make a fast decision. In this light, it may therefore not be too surprising that

strict deadlines may sometimes be counterproductive when immediate decisions are required, in

particular in settings where �Parkison�s Law�applies. Furthermore, we have shown that mutual

monitoring in teams is not a panacea to solving incentive problems. In fact, in most cases the

non-observability of information is precisely what allows agents to circumvent the moral hazard in

teams problem. However, the interested reader may ask how di¤ering opinions or preferences in

addition to con�icts about e¤ort provision and information sharing among the team members may

in�uence our �ndings. We leave these interesting questions to future research.
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A Omitted Proofs

A.1 Proofs for Equilibrium Properties

Proof of Proposition 2. The proof proceeds in several steps to establish the result for the

relevant regions.

i) Case 1: T < Xe
Informed strategy

d (t) = 0 for all t:

Uninformed strategy

d (t) = 0 for all t:

e (t) = 1 for all t.

Beliefs

Beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

We proceed with the proof by writing out the implied continuation values of informed and

uninformed agents. At the deadline the continuation values are simply the expected value of a

decision at that time.

V I (T ) = � 1

"+ �
+ (1� exp (��T ))�2

and

V U (T ) = �1
"
+ (1� exp (��T ))�1
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also

V I (T )� V U (T ) = exp (��T )�1 + (1� exp (��T ))�2

For general 0 � t � T the continuation values are

V I (t) = V I (T )� � (T � t)

and

V U (t) = (1� exp (�� (T � t)))V I (T ) + exp (�� (T � t))V U (T )

� c

�
(1� exp (�� (T � t)))� � (T � t)

Informed strategy

Check the informed individual�s decision strategy d (t) = 0 is optimal by noting:

V I (t) > � 1

"+ �
+ (1� exp (��t))�2 for all t < Xe:

Where the right hand side is the value of a decision at a time t: Hence it is optimal to wait for the

informed agent.

Uninformed strategy

Checking an uninformed agent�s choice of e¤ort

V I (t)� V U (t) = c

�
+ exp (�� [T � t])

h
V I (T )� V U (T )� c

�

i
As � (T ) > ��e, the uninformed player wants to exert maximum e¤ort for all 0 � t � T , since

V I (t)� V U (t)� c

�
= exp (�� [T � t])

h
V I (T )� V U (T )� c

�

i
= exp (�� [T � t])

h
exp (��T )�1 + (1� exp (��T ))�2 �

c

�

i
> 0 if � (T ) > ��e

Finally, we check that the uninformed individual will not call a decision by noting that

V U (t) = (1� exp (�� (T � t)))V I (T ) + exp (�� (T � t))V U (T )

� c

�
(1� exp (�� (T � t)))� � (T � t)

V U (t) > �1
"
+ (1� exp (��t))�1 provided t <

1

�
ln
1
��e

ii) Case 2: Xe < T < Ye
Informed strategy

d (t) = 0 for all t:
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Uninformed strategy

d (t) = 0 for all t:

e (t) satis�es

exp

�
��
Z t

0
e (s) ds

�
� �e + (T � t)

�

�2

and

exp

�
��
Z T

0
e (s) ds

�
= ��e.

Beliefs

Beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

At the deadline the continuation values are simply the expected value of a decision at that time.

V I (T ) = � 1

"+ �
+
�
1� ��e

�
�2

and

V U (T ) = �1
"
+
�
1� ��e

�
�1

also

V I (T )� V U (T ) = ��e�1 +
�
1� ��e

�
�2

For general 0 � t � T the continuation values are

V I (t) = V I (T )� � (T � t)

and

V U (t) =

�
1� exp

�
��
Z T

t
e (s) ds

��
V I (T ) + exp

�
��
Z T

t
e (s) ds

�
V U (T )

� c

�

�
1� exp

�
��
Z T

t
e (s) ds

��
� � (T � t)

Informed strategy

Informed individual�s decision strategy

V I (t) � � 1

"+ �
+ (1� � (t))�2

� (t) � �

�2
(T � t) + ��e

exp

�
��
Z t

0
e (s) ds

�
� �

�2
(T � t) + ��e

This is true given the e¤ort strategy speci�ed. Hence it is weakly optimal to wait for the informed

agent.

Uninformed strategy
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Checking an uninformed agent�s choice of e¤ort

V I (t)� V U (t) = c

�
+ exp

�
��
Z T

t
e (s) ds

�h
V I (T )� V U (T )� c

�

i
As � (T ) = ��e, the uninformed player is indi¤erent about the level of e¤ort she exerts for all

0 � t � T since

V I (t)� V U (t)� c

�
= exp

�
��
Z T

t
e (t) dt

�h
V I (T )� V U (T )� c

�

i
= exp

�
��
Z T

t
e (t) dt

�h
��e�1 +

�
1� ��e

�
�2 �

c

�

i
= 0 if � (T ) = ��e

Finally, we check that the uninformed individual will not call a decision by noting that

V U (t) =

�
1� exp

�
��
Z T

t
e (s) ds

��
V I (T ) + exp

�
��
Z T

t
e (s) ds

�
V U (T )

� c

�

�
1� exp

�
��
Z T

t
e (s) ds

��
� � (T � t)

V U (t) > �1
"
+

�
1� exp

�
��
Z T

t
e (t) dt

��
�1

iii) Case 3: T > 1
� (1� ��e)�2

Informed strategy

d (t) =

(
call for t < T � Ye
0 for t � T � Ye

Uninformed strategy

d (t) = 0 for all t:

e (t) = �
c for t < T � Ye

e (t) satis�es

exp

�
��
Z t

T�Ye
e (s) ds

�
� �e + (T � t)

�

�2

and

exp

�
��
Z T

T�Ye
e (s) ds

�
= ��e.

for t � T � Ye
Beliefs

� (t) = 1 for t < T � Ye:
� (t) = exp

�
��
R t
0 e (s) ds

�
for t � T � Ye:

For 0 � t < T � 1
� (1� ��e)�2 immediate decisions are called then the belief is � (t) = 0 for the

subgame from t = T� 1
� (1���e)�2 hence the proof for the strategies being equilibria of that subgame
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are encompassed in case 2. It remains to show that the strategies speci�ed for t < T � 1
� (1� ��e)�2

also constitute an equilibrium. The continuation values for an informed individual is given by

V IN (t) = � 1

"+ �
for t < T � 1

�
(1� ��e)�2

= � 1

"+ �
+ �

�
t� T + 1

�
(1� ��e)�2

�
for t < T � 1

�
(1� ��e)�2

and for an uninformed individual

V UN (t) =

Z T� 1
�
(1���e)�2

t

�
V IN (t)� c

Z s

t
e (r) dr � � (s� t)

�
2�e (s) e�2�

R s
t e(r)drds

+e�2�
R T� 1

�
(1���e)�2

t e(r)dr

 
V UN

�
T � 1

�
(1� ��e)�2

�
� c

Z T� 1
�
(1���e)�2

t
e (r) dr � �

�
T � 1

�
(1� ��e)�2 � t

�!

V UN (t) =

Z T� 1
�
(1���e)�2

t

�
V IN (t)� c

Z s

t

�

c
dr � � (s� t)

�
2�
�

c
e�2�

R s
t
�
c
drds

+ e�2�
R T� 1

�
(1���e)�2

t
�
c
dr

 
V UN

�
t0
�
� c

Z T� 1
�
(1���e)�2

t

�

c
dr � �

�
T � 1

�
(1� ��e)�2 � t

�!

V UN (t) =

Z T� 1
�
(1���e)�2

t

�
V IN (t)� (2�) (s� t)

�
2�
�

c
e�2�

R s
t
�
c
drds

+e�2�
�
c
(t0�t)

�
V UN

�
T � 1

�
(1� ��e)�2

�
� c�

c

�
T � 1

�
(1� ��e)�2 � t

�
� �

�
T � 1

�
(1� ��e)�2 � t

��

V UN (t) =

 
V IN (t)� 2�

2� �c

!�
1� e�2�

�
c (T�

1
�
(1���e)�2�t)

�
+ e�2�

�
c (T�

1
�
(1���e)�2�t)V UN

�
T � 1

�
(1� ��e)�2

�
where V UN (T � Ye) is V UN (0) from case 2 for T = Ye hence it is:

V UN (T � Ye) = �
1

"+ �
� c

�

and we can further simplify the above to

V UN (t) = V IN (t)� c

�

Hence this holds for all t.

Informed strategy
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The payo¤ from waiting until bt < T � 1
� (1� ��e)�2 upon becoming informed at time t which we

denote V I
�btjt� is:

V I
�btjt� = Z bt

t

�
� 1

"+ �
+ �2 � � (s� t)

�
�
�

c
exp

�
���
c
(s� t)

�
ds

+ exp

�
���
c

�bt� t���� 1

"+ �
� �

�bt� t��
this can be simpli�ed to

V I
�btjt� = �� 1

"+ �
+ �2 �

c

�

��
1� exp

�
���
c

�bt� t���+ exp����
c

�bt� t���� 1

"+ �

�
where we have used

Z bt
t
�
�

c
(s� t) exp

�
���
c
(s� t)

�
ds = �

�
(s� t) exp

�
���
c
(s� t)

��bt
t

+

Z bt
t
exp

�
���
c
(s� t)

�
ds

Z bt
t
�
�

c
(s� t) exp

�
���
c
(s� t)

�
ds = �

�bt� t� exp����
c

�bt� t��
+
c

��

�
1� exp

�
���
c

�bt� t���
The optimal decision time is therefore

argmaxbt�0 V I
�btjt� = 0

since c
� > �2 and given the results in case 2 the agent will not prefer to wait beyond T�

1
� (1���e)�2:

Hence an informed agent optimally makes an immediate decision for t < T � 1
� (1� ��e)�2:

Uninformed strategy

We immediately �nd that the uninformed agent is indi¤erent about putting in e¤ort at all

times t because V UN (t) = V IN (t) � c
� so her e¤ort strategy is an equilibrium. Furthermore

V IN (t)� c
� > �

1
" so it is never optimal for the uninformed agent to call a decision.

Proof of Proposition 3. This is the proof for the case T > (1���)�2
� + &.

i) Case 1: T < 1
� ln

1
��d
= Xd

Informed strategy

d (t) = 0 for all t:

Uninformed strategy
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d (t) = 0 for all t:

e (t) = 1 for all t.

Beliefs

Beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

We proceed with the proof by writing out the implied continuation values of informed and

uninformed agents. At the deadline the continuation values are simply the expected value of a

decision at that time.

V I (T ) = � 1

"+ �
+ (1� exp (��T ))�2

and

V U (T ) = �1
"
+ (1� exp (��T ))�1

also

V I (T )� V U (T ) = exp (��T )�1 + (1� exp (��T ))�2

For general 0 � t � T the continuation values are

V I (t) = V I (T )� � (T � t)

and

V U (t) = (1� exp (�� (T � t)))V I (T ) + exp (�� (T � t))V U (T )

� c

�
(1� exp (�� (T � t)))� � (T � t)

Informed strategy

Checking the informed individual�s decision strategy is optimal by noting:

V I (t) > � 1

"+ �
+ (1� exp (��t))�2 for all t <

1

�
ln
1
��d
:

Here the right hand side is the value of a decision at a time t: Hence it is optimal to wait for the

informed agent.

Uninformed strategy

Checking an uninformed agent�s choice of e¤ort

V I (t)� V U (t) = c

�
+ exp (��emax [T � t])

h
V I (T )� V U (T )� c

�

i
As � (T ) > ��d, the uninformed player wants to exert maximum e¤ort for all 0 � t � T , since

V I (t)� V U (t)� c

�
= exp (��emax [T � t])

h
V I (T )� V U (T )� c

�

i
= exp (��emax [T � t])

h
exp (��T )�1 + (1� exp (��T ))�2 �

c

�

i
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V I (t)� V U (t)� c

�
> 0 for � (T ) > ��d > ��e

Finally, we check that the uninformed individual will not call a decision by noting that

V U (t) = (1� exp (�� (T � t)))V I (T ) + exp (�� (T � t))V U (T )

� c

�
(1� exp (�� (T � t)))� � (T � t)

V U (t) > �1
"
+ (1� exp (��t))�1 provided t <

1

�
ln
1
��e

ii) Case 2 Xd � T < Xd + Z
Informed strategy

d (t) = 0 for t < Xd:

d (t) = �2�2
��2�� for t > Xd:

Uninformed strategy

d (t) = 0 for all t:

e (t) = 1 for all t.

Beliefs

� (t) = exp
�
��
R t
0 e (s) ds

�
for t < Xd.

� (t) = ��d for t � Xd:
The continuation value at the deadline at time T for an informed agents is:

V IN (T ) = � 1

"+ �
+
�
1� ��d

�
�2

and for an uninformed agent is

V UN (T ) = �1
"
+
�
1� ��d

�
�1:

Hence, the di¤erence between being informed and uninformed is

V IN (T )� V UN (T ) = ��d�1 +
�
1� ��d

�
�2:

Working backwards consider the continuation value for an agent at time Xd < t < T . The informed

agent has payo¤

V IN (t) = V IN (T ) = � 1

"+ �
+
�
1� ��d

�
�2

The uninformed agent has a payo¤

V UN (t) =

Z T

t

 
� 1

"+ �
+

�
1� ��d

�
�2

2
� (c+ �) (s� t)

!
2�e�2�(s�t)ds

+ e�2�(T�t)
�
V UN (T )� (c+ �) (T � t)

�
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V UN (t) =

 
� 1

"+ �
+

�
1� ��d

�
�2

2

!�
1� e�2�(T�t)

�
� (c+ �)

�
� (T � t) e�2�(T�t) + 1

2�

�
1� e�2�(T�t)

��
+ e�2�(T�t)

�
V UN (T )� (c+ �) (T � t)

�

V UN (t) =

"
� 1

"+ �
+

�
1� ��d

�
�2

2
� (c+ �) 1

2�

#
� �

1� e�2�(T�t)
�
+ e�2�(T�t)

�
V UN (T )

�

V UN (t) = � 1

"+ �
+

�
1� ��d

�
�2

2
� (c+ �) 1

2�

� e�2�(T�t)
"
��d�1 +

�
1� ��d

�
�2

2
� (c+ �) 1

2�

#

Note that the 2 in the pdf comes from the probability of one of two events occuring, �I �nd infor-

mation�or �other agent calls a decision,�in this time interval the rate of information acquisition is

the same as the rate at which the other agent is calling decisions thus the pdf has a 2. The payo¤

contains the term (1���d)�2
2 because with 50% probability I will �nd information before the other

agent calls a decision in which case the payo¤ is increased by
�
1� ��d

�
�2. The di¤erence between

being informed and uninformed is given by

V IN (t)� V UN (t) =
�
1� ��d

�
�2

2
+ (c+ �)

1

2�

+ e�2�(T�t)

"
��d�1 +

�
1� ��d

�
�2

2
� (c+ �) 1

2�

#

which satis�es V IN (t) � V UN (t) = c
� if T � t = Z by de�nition of Z and

d(V IN (t)�V UN (t))
dt > 0

because dV IN

dt = 0 and dV UN

dt < 0:

For 0 � t < Xd the continuation value for the informed agent is:

V IN (t) = � 1

"+ �
+ (1� ��)�2 � � (Xd � t)

the uninformed agent

V UN (t) =

Z Xd

t

�
V IN (Xd)� c (s� t)

�
�e��(s�t)ds� � (Xd � t)

+ e��(Xd�t)
�
V UN (Xd)� c (Xd � t)

�
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V UN (t) =
�
V IN (Xd)�

c

�

��
1� e��(Xd�t)

�
+ V UN (Xd) e

��(Xd�t) � �
�bt� t�

and the di¤erence between the two is

V IN (t)� V UN (t) = c

�
+ e��(Xd�t)

�
V IN (Xd)� V UN (Xd)�

c

�

�
Informed strategy

An informed agent delays decisions for t < Xd, in this case the payo¤ from an immediate

decision would be � 1
"+� + (1� � (t))�2. The condition for the informed agent to delay is hence

� 1

"+ �
+
�
1� ��d

�
�2 � � (Xd � t) � �

1

"+ �
+ (1� � (t))�2

rearranging and substituting in for ��d we get

exp (��t)� ��d �
�

�2
(Xd � t)

which holds with equality for t = Xd, furthermore the derivative of the LHS is strictly less than the

RHS �� exp (��t) < � �
�2
for t < Xd hence the relation holds for t < Xd. For t � Xd an informed

individual must be indi¤erent about a decision now versus delaying a decision any amount �t into

the future. Value of a decision at t is

� 1

"+ �
+
�
1� ��d

�
�2

the value of waiting and making a decision at t+�t is V (t+�tjt) and is calculated as

V (t+�tjt) =
Z t+�t

t

�
� 1

"+ �
+ �2 � � (s� t)

�
�2�2
��2 � �

(1� � (s)) exp
�
�
Z s

t

�2�2
��2 � �

(1� � (r)) dr
�
ds

+ exp

�
�
Z t+�t

t

�2�2
��2 � �

(1� � (r)) dr
�

V (t+�tjt) =
Z t+�t

t

�
� 1

"+ �
+ �2 � � (s� t)

�
�2�2
��2 � �

�
1� ��d

�
exp

�
� �2�2
��2 � �

�
1� ��d

�
(s� t)

�
ds

+ exp

�
� �2�2
��2 � �

�
1� ��d

�
�t

��
� 1

"+ �
+
�
1� ��d

�
�2 � ��t

�
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V (t+�tjt) =
 
� 1

"+ �
+ �2 � �

 
��2 � �

�2�2
�
1� ��d

�!!�1� exp�� �2�2
��2 � �

�
1� ��d

�
�t

��
+

�
� 1

"+ �
+
�
1� ��d

�
�2

�
exp

�
� �2�2
��2 � �

�
1� ��d

�
�t

�

V (t+�tjt) = � 1

"+ �
+
�
1� ��d

�
�2

since

�

 
��2 � �

�2�2
�
1� ��d

�! = �� ��2 � �
� (��2 � �)

�
=

�

��2
�2 = ��d�2

hence informed individuals are indi¤erent about calling an immediate decision and delaying the

decision and a mixing strategy is an equilibrium strategy.

Uninformed strategy

An uninformed agent will exert maximum e¤ort because V IN (t)�V UN (t) > c
� for all t provided

T < Xd+Z. An uninformed agent will not call a decision since the payo¤ from calling a decision is

�1
"+(1� � (t))�1 which is increasing in t, equal to the continuation value V

UN (T ) at the deadline

and dV UN (t)
dt < 0 hence V UN (t) > �1

" + (1� � (t))�1 for all t < T .
iii) Case 3 Xd + Z < T < Yd + Z
Informed strategy

d (t) = 0 for t < T � Z:
d (t) = �2�2

��2�� for t � T � Z:
Uninformed strategy

d (t) = 0 for all t:

e (t) satis�es

exp

�
��
Z t

0
e (s) ds

�
� ��d + (T � Z � t)

�

�2

and

exp

�
��
Z T�Z

0
e (s) ds

�
= ��d.

for t < T � Z:
e (t) = 1 for all t � T � Z:
Beliefs

� (t) = exp
�
��
R t
0 e (s) ds

�
for t < T � Z

� (t) = ��d for t � T � Z:
The continuation value at the deadline at time T for an informed agents is:

V IN (T ) = � 1

"+ �
+
�
1� ��d

�
�2
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and for an uninformed agent is

V UN (T ) = �1
"
+
�
1� ��d

�
�1:

Hence, the di¤erence between being informed and uninformed is

V IN (T )� V UN (T ) = ��d�1 +
�
1� ��d

�
�2:

Working backwards consider the continuation value for an agent at time T � Z < t < T . The

informed agent has payo¤

V IN (t) = V IN (T ) = � 1

"+ �
+
�
1� ��d

�
�2

and the uninformed agent has payo¤

V UN (t) = � 1

"+ �
+

�
1� ��d

�
�2

2
� (c+ �) 1

2�

� e�2�(T�t)
"
���1 +

�
1� ��d

�
�2

2
� (c+ �) 1

2�

#

the di¤erence between the two is

V IN (t)� V UN (t) =
�
1� ��d

�
�2

2
+ (c+ �)

1

2�

+ e�2�(T�t)

"
��d�1 +

�
1� ��d

�
�2

2
� (c+ �) 1

2�

#

furthermore at t = T � Z
V IN (t)� V UN (t) = c

�

and for t > T � Z
V IN (t)� V UN (t) > c

�

For 0 � t � T � Z the continuation value for the informed individual is

V IN (t) = � 1

"+ �
+
�
1� ��d

�
�2 � � (T � Z � t)

and the uninformed agent

V U (t) =

�
1� exp

�
��
Z T�Z

t
e (s) ds

��
V I (T � Z) + exp

�
��
Z T�Z

t
e (s) ds

�
V U (T � Z)

� c

�

�
1� exp

�
��
Z T�Z

t
e (s) ds

��
� � (T � Z � t)
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hence

V IN (t)� V UN (t) = c

�
for 0 � t � T � Z

Now considering the equilibrium strategies. The subgames for t � T � Z are identical to those

described above in case 2 for t � Xd and the proof is identical. Turning to t < T � Z:
Informed strategy

The condition for the informed agent to delay is

� 1

"+ �
+
�
1� ��d

�
�2 � � (Xd � t) � �

1

"+ �
+ (1� � (t))�2

rearranging and substituting in for � (t) we get

exp

�
��
Z t

0
e (s) ds

�
� ��d +

�

�2
(Xd � t)

which is the condition on the equilibrium e¤ort strategy of the uninformed agent.

Uninformed strategy

An uninformed agent is indi¤erent about exerting e¤ort for 0 � t � T � Z so any e¤ort level
is a potentially an equilibrium strategy and for t > T � Z the agent has strict incentives to exert
e¤ort up to the maximum e¤ort level. An uninformed agent will not call a decision provided that

�1
"
+ (1� � (t))�1 < V UN (t)

�1
"
+ (1� � (t))�1 < � 1

"+ �
+
�
1� ��d

�
�2 �

c

�
� � (Xd � t)

� 1

"+ �
+ (1� � (t))�2 � (� (t)�1 + (1� � (t))�2) < � 1

"+ �
+
�
1� ��d

�
�2 �

c

�
� � (Xd � t)

we know from above that

� 1

"+ �
+ (1� � (t))�2 � �

1

"+ �
+
�
1� ��d

�
�2 � � (Xd � t)

hence remains to show that

� (t)�1 + (1� � (t))�2 >
c

�

which is true because ��e�1 +
�
1� ��e

�
�2 =

c
� and � (t) >

��d >
��e:

iv) Case 4 T > Yd + Z
Informed strategy

d (t) = call for 0 � t � T � Yd � Z
d (t) = 0 for T � Yd � Z < t < T � Z:
d (t) = �2�2

��2�� for t � T � Z:
Uninformed strategy

d (t) = 0 for all t:

e (t) = �
c for 0 � t � T � Yd � Z
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e (t) satis�es

exp

�
��
Z t

T�Yd�Z
e (s) ds

�
� ��d + (T � Z � t)

�

�2

and

exp

�
��
Z T�Z

T�Yd�Z
e (s) ds

�
= ��d.

for T � Yd � Z < t < T � Z:
e (t) = 1 for t � T � Z:
Beliefs

� (t) = 1 for 0 � t � T � Yd � Z
� (t) = exp

�
��
R t
T�Yd�Z e (s) ds

�
for T � Yd � Z < t < T � Z:

� (t) = ��d for t � T � Z:
Here again we note that all subgames starting from t = T � Yd + Z are encompassed by the

proof of Case 3 above, and the continuation values at t = T � Yd + Z are

V IN (t) = � 1

"+ �

V UN (t) = � 1

"+ �
� c

�

which are exactly the same continuation values as in Case 3 of the small incentives earlier for
t = T � Ye: In this case the strategies and the proof for the subgames t < Yd + Z are identical to
that for Case 3 of the small incentives earlier for t = T � Ye.

A.2 Proofs for Uniqueness

A.2.1 General Model Description

De�ne � (t) as the conditional probability of being uninformed by time t given that the other agent

doesn�t call a decision prior to t. Hence 1 � � (t) is the conditional probability of being informed
by that time. De�ne � (t) conditional as the probability of calling an uninformed decision by time

t given that the other agent doesn�t call a decision prior to t. De�ne � (t) conditional probability

of calling an informed decision by time t given that the other agent doesn�t call a decision prior to

t. � (t) changes over time according to

d�

dt
= ��e (t) (� (t)� � (t))

E¤ort strategy of the uninformed agent in�uences d�
dt . The decision strategy of an uninformed

agent in�uences both d�
dt and � (t). The decision strategy of the informed agent controls � (t). The

following relationships between these functions hold

� (t) + � (t) � 1
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also

� (t) � � (t)

and

� (t) � 1� � (t)

The bayesian belief � (t) at a time t that the other agent is uninformed conditional on no decision

prior to that time is

� (t) =
� (t)� � (t)

1� � (t)� � (t)

A strategy for an agent maps into a path for � (t) ; � (t) ; � (t). We restrict our attention to strategies

which result in piecewise continuously di¤erential functions of � (t) ; � (t) ; � (t). Clearly given the

nature of the model d�dt � 0 agents don�t lose/forget signals, d�dt ;
d�
dt � 0 decisions and calling a

decision are irreversible. The upper bound on e (t) also insures that � (t) is continuous.

We will useeto denote the strategies of the other player. We have assumed that � (t) and � (t)
are continuous and di¤erentiable at all but a �nite number of points. Denote the set of points where

the strategy is discontinuous by �� = ft�1; :::t
�
�g ; �� = ft�1 ; :::t

�
�g ; ~�� =

�
~t�1; :::~t

�
~�

	
; ~�� =

�
~t�1 ; :::~t

�
~�

	
and de�ne � = �� [ �� and ~� = ~�� [ ~��. Also de�ne

D� (t) = lim
s!t+

� (s)� � (t)

and

D� (t) = lim
s!t+

� (s)� � (t)

Clearly these are non-zero only at points in �� and �� respectively and represent the probability

a decision is called at that moment conditional on the other agent not calling a decision prior to
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that time. The objective function of the agent is:

max
e(t);�(t);�(t)

�1
"
+

Z T

0

 
�1 +

 
1� ~� (t)� ~� (t)
1� ~� (t)� ~� (t)

!
�2

!
d�

dt
[1� ~� (t)� ~� (t)] dt

+

Z T

0

 
1� ~� (t)� ~� (t)
1� ~� (t)� ~� (t)

!
�1
d�

dt
[1� ~� (t)� ~� (t)] dt

+

Z T

0

�
�1 +

�
1� � (t)� � (t)
1� � (t)� � (t)

�
�2

�
d~�

dt
[1� � (t)� � (t)] dt

+

Z T

0

�
1� � (t)� � (t)
1� � (t)� � (t)

�
�1
d~�

dt
[1� � (t)� � (t)] dt

+
X
t2�\~�

[1� ~� (t)� ~� (t)]

8<: D� (t)
�
�1 +

�
1�~�(t)�~�(t)
1�~�(t)�~�(t)

�
�2

�
+D� (t)

�
1�~�(t)�~�(t)
1�~�(t)�~�(t)

�
�1

9=;
+
X
t2�\~�

[1� � (t)� � (t)�D� (t)�D� (t)]

8<: D~� (t)
�
�1 +

�
1��(t)��(t)�D�(t)

1��(t)��(t)�D�(t)�D�(t)

�
�2

�
D~� (t)

�
1��(t)��(t)�D�(t)

1��(t)��(t)�D�(t)�D�(t)

�
�1

9=;
+
X
t2�n~�

[1� ~� (t)� ~� (t)]
"
D� (t)

 
�1 +

 
1� ~� (t)� ~� (t)
1� ~� (t)� ~� (t)

!
�2

!
+D� (t)

 
1� ~� (t)� ~� (t)
1� ~� (t)� ~� (t)

!
�1

#

+
X
t2~�n�

[1� � (t)� � (t)]
�
D~� (t)

�
�1 +

�
1� � (t)� � (t)
1� � (t)� � (t)

�
�2

�
+D~� (t)

�
1� � (t)� � (t)
1� � (t)� � (t)

�
�1

�

+(1� � (T )� � (T )) (1� ~� (T )� ~� (T ))
 
�1 +

 
1� ~� (T )� ~� (T )
1� ~� (T )� ~� (T )

!
�2

!
��T (1� � (T )� � (T )) (1� ~� (T )� ~� (T ))

�
Z T

0
� (1� � (t)� � (t)) (1� ~� (t)� ~� (t)) dt

�c (1� ~� (T )� ~� (T )) (� (T )� � (T ))
Z T

0
e (t) dt

�c
Z T

0
e (t) (1� ~� (t)� ~� (t)) (� (t)� � (t)) dt

st

� (t) � 1� � (t)

� (t) � � (t)

� (0) = 1

d�

dt
= ��e (t) (� (t)� � (t))

where ~� (t) ; ~� (t) ; ~� (t) capture the strategy of the other player.

We are interested in Perfect Bayesian Equilibria of the model so strategies must be an equilib-

rium for all subgames starting at each time t. We describe these by writing out the problem in

terms of continuation value functions for the informed V I (t) and uninformed agent V U (t) upon
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reaching a time t. Also write ~� (sjt) ~� (sjt)for the perceived probabilities that an informed and
uninformed agent calls a decision at s � t given the agent is at t. At on-equilibrium times these are
~� (sjt) = ~�(s)�~�(t)

1�~�(t) and ~� (sjt) = ~�(s)�~�(t)
1�~�(t) however if an o¤-equilibrium time is reached then this is

no longer the case. Write bt� (t) = inf fr � tj�� (rjt) > 0g and bt� (t) = inf fr � tj�� (rjt) > 0g as de-
scribing the next time at which an agents calls a decision according to the strategies �� (rjt) ; �� (rjt)
upon reaching a time t. The continuation value from being informed is just the payo¤ from imple-

menting the optimal stopping policy bt from that moment forward:

V I (t) = maxbt2[t;T ]�
1

"+ �
+

Z bt
t
(�2 � � (r � t))

d~� (rjt)
dt

dr +

Z bt
t
(�� (r � t)) d~� (rjt)

dt
dr (6)

+
X
r2~�
t<r<bt

D~� (rjt) (�2 � � (r � t)) +D~� (rjt) (�� (r � t))

+
�
1� ~�

�btjt�� ~� �btjt�� ��1� �� �btjt���2 � � �bt� t��
where bt (t) may be set valued if the optimizer of equation 6 is not unique. The decision strategy is
optimal provided that:

lim
s!r+

�� (sjt) = � (r) if r = t̂� (t)

d�� (rjt)
dt

� 0 or D�� (rjt) � 0 if r 2 t̂� (t)

d�� (rjt)
dt

= 0 if r =2 t̂� (t)

and these conditions insure � satis�es the adding up constraint:Z
t̂�(t)

d�� (t)

dt
dt = �

�
max

�
t̂� (t)

��
� � (t) + (� (T )� � (T ))� 1

�
max

�
t̂� (t)

�
= T

�
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The payo¤ from being uninformed is an e¤ort and stopping problem given by:

V U (t) = maxbt2[t;T ]
e(rjt) for r2[t;bt]

�1
"

+

Z bt
t

�
�1 � � (r � t)� c

Z r

t
e (wjt) dw

�
d~� (rjt)
dt

�
1� exp

�
��
Z r

t
e (wjt) dw

��
dr

+

Z bt
t

�
�� (r � t)� c

Z r

t
e (wjt) dw

�
d~� (r)

dt

�
1� exp

�
��
Z r

t
e (wjt) dw

��
dr

+

Z bt
t

�
V I (t)� � (r � t)� c

Z r

t
e (wjt) dw

�
�e (r) exp

�
��
Z r

t
e (wjt) dw

�
[1� ~� (rjt)� ~� (rjt)] dr

+
X
r2~�n�

t<r<bt�(t)
1� � (r)� � (r)
1� � (t)� � (t)

"
D~� (rjt)

�
�1 � � (r � t)� c

R r
t e (wjt) dw

�
+D~� (rjt)

�
�� (r � t)� c

R r
t e (wjt) dw

� #

+

 
1� exp

 
�
Z bt
t
e (r) dr

!!�
1� ~�

�btjt�� ~� �btjt�� "�1� �� �btjt���1 � � �bt� t�� cZ bt
t
e (rjt) dr

#

In this case the condition for the e¤ort strategy pro�le to be an equilibrium satis�es:

e� (t) = arg max
e2[0;1]

�e
�
V I (t)� V U (t)

�
� ce

the decision strategy is an equilibrium provided that:

lim
s!r+

�� (sjt) = 1� � (r) if r = t̂� (t)

d�� (rjt)
dt

� 0 or D�� (rjt) � 0 if r 2 t̂� (t)

d�� (rjt)
dt

= 0 if r =2 t̂� (t)

where t̂� (t) solves (??) the uninformed agent�s e¤ort and stopping problem. These conditions also
insure it satis�es the adding up constraintZ

t̂�(t)

d�� (t)

dt
dt = 1� �

�
max

�
t̂� (t)

��
� � (t) + (1� � (T )� � (T ))� 1

�
max

�
t̂� (t)

�
= T

�

A perfect bayesian equilibrium may be described by a tuple (e� (t) ; �� (t) ; �� (t) ; �� (t)) if �� (t)+

�� (t) < 1 for all t < T , where �� (t) is the bayesian belief an agent has at time t that the other agent

is uninformed conditional on no decision being called prior to that time. If 9t0 < T : �� (t0)+�� (t0) =
1 then it must also include o¤-equilibrium strategies and beliefs (e� (rjt) ; �� (rjt) ; �� (rjt) ; �� (rjt))
for all times t where �� (t) + �� (t) = 1 which themselves are equilibria of those subgames, where

�� (rjt) is the bayesian belief an agent has at time r that the other agent is uninformed conditional
on no decision being called prior to that time in a subgame starting at time t. We now rule out
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some types of decision strategies at on-equilibrium times by the uninformed agent. The following

lemma rules out a continuously increasing �� (t).

Lemma 3 @�� (t) ; r > 0; " > 0 : d�
�(t)
dt > 0 for t 2 [r � "; r] :

Proof. Suppose not and 9�� (t) : d�
�(t)
dt > 0 for t 2 [r � "; r]. Then

�� (t) = �� (t) for t 2 (r � "; r)

and hence

�� (t) = 1 for t 2 (r � "; r)

if not then 9r0 > t such that

� 1

"+ �
+ (1� �� (t))�2 � � 1

"+ �
+
�
1� �

�
r0jt
�� ��

1� ��
�
r0
�
�2 � �

�
r0 � t

���
��

2664Z r0

t
(y � t) d�

� (yjt)
dt

dy +
X
y2~�

t<y<r0

D~� (yjt) (�� (y � t))

3775
this can be rewritten as

�

2664Z r0

t
(y � t) d�

� (yjt)
dt

dy +
X
y2~�

t<y<r0

D~� (yjt) (�� (y � t)) +
�
r0 � t

� �
1� �

�
r0jt
��3775

� �2

h
(1� � (r0jt)) (1� �� (r0))� (1� �� (t))

i
but if that is the case then an uninformed agent could do strictly better by delaying until r0 since

the comparison of payo¤s would result in the same expression except with �1 replacing �2. The

inequality would then be strict and this would be a contradiction of the uninformed agent mixing

at t. Hence �� (t) = 1. However if �� (t) = 1 then an uniformed agent can do strictly better by

delaying and putting in e¤ort over a period of time since

�emax�1 > cemax + �

by assumption.

The following lemma rules out a jump in the decision function � (t) at on-equilibrium times if

that jump doesn�t occur when both types informed and uninformed call a decision with certainty

at that instant.

Lemma 4 @�� (t) ; 0 < s < T : D�� (s) > 0 and �� (s) + �� (s) < 1

Proof. Suppose not and 9s : D�� (s) > 0 and �� (s) + �� (s) < 1. As above this implies �� (t) = 1
by the same reasoning and hence an uninformed agent can do better than an immediate decision

60



by delaying and putting in e¤ort since

�emax�1 > cemax + �

by assumption.

Hence the only equilibria involving D�� (s) > 0 also have �� (s) + �� (s) = 1 whereby beliefs at

times later than s are o¤-equilbrium. In this case it may be possible to suppport uninformed agents

calling a decision with appropriately speci�ed o¤-equilibrium beliefs. However we will exclude this

type of equilibrium as we feel for all intents and purposes it is equivalent to imposing a deadline at

time s. We thus continue the analysis under the assumption that �� (t) = 0 for all t. The following

lemma rules out jumps in the decision function of the informed type � (t).

Lemma 5 @�� (t) ; 0 < t^ < T : D�� (t^) > 0.

Proof. Proceed with a proof by contradiction. Say there is an equilibrium with a mass point at

a time t^ where a mass of D�� (t^) = (1� �)� > 0 decisions are called. For this to be the case

then � < 1. If � = 1 �� (t) = �� (t) informed agents may only call decision at the rate at which

uninformed agents are becoming informed. Consider limt!t^� e (t) and limt!t^+ e (t). For there to

be a mass point the following conditions need to hold for an agent not to call an earlier or later

decision.

lim
t!t^�

e� (t) � �

��2 (1� limt!t^� � (t^))
� " for any " > 0

and

lim
t!t^+

e� (t) � �

��2 (1� limt!t^+ � (t^))
+ " for any " > 0

the �rst of these implies that an uninformed agent will be strictly willing to wait in the neighborhood

of t^� hence will not be prepared to call a decision prior to t^. Also note that limt!t^+ � (t^) >

limt!t^� � (t^) due to the mass point. This implies there is a discontinuous change in the e¤ort

level at t^. We can write the continuation value from being uninformed at time t = t^��t as:

V U (t^��t) =

Z t^�

t^��t

 
d�(sjt^��t)

ds

1� � (sjt^��t)V
I (t) +

�
� 1

"+ �

� d�(sjt^��t)
ds

1� � (sjt^��t) � ce
� (s)� �

!
�

(1� � (sjt^��t)) (1� � (sjt^��t)) ds

+(1� � (t^jt^��t))D� (t^jt^��t)
�
� 1

"+ �
� ��t� c

Z t^

t^��t
e� (s) ds

�
0@ R t^+�t

t^+

�
d�(sjt^��t)

ds
1��(sjt^��t)V

I (t) +
�
� 1
"+�

� d�(sjt^��t)
ds

1��(sjt^��t) � ce
� (s)� �

�
�

(1� � (sjt^��t)) (1� � (sjt^��t)) ds

1A
+(1� � (t^ + �tjt^��t)) (1� � (t^ + �tjt^��t))V U (t^ + �t)

Where �t may always be chosen small enough such that there are no other points of discontinuity

of �� (t) for t 2 [t^��t; t^ + �t] other than at t = t^. Now consider moving a unit of e¤ort from
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t^� " to t^ + " by augmenting the strategy e� (t) as follows:

e�� (t) = e� (t)� " for t 2 [t^��t; t^)

e�� (t) = e� (t) + " for t 2 [t^; t^ + �t]

The strategies are piecewise continuous so we can always �nd a �t such that they are continuous

over the intervals [t��t; t) and (t; t+�t]. Using a Taylor series expansion

lim
�t!0

V U (t^��tje��)� V U (t^��tje�)
�t

= �"
�
�

�
lim
t!t^�

V I (t)

�
� c
�
+ �"D� (t^jt^��t)

�
� 1

"+ �

�
+" (1�D� (t^jt^��t))

�
�

�
lim
t!t^+

V I (t)

�
� c
�
�O (�t)

lim
�t!0

V U (t^��tje��)� V U (t^��tje�)
�t

� �"
�
�

�
� 1

"+ �
+ (1� � (t^))�2

�
� c
�

+ �"D� (t^jt^��t)
�
� 1

"+ �

�
+ " (1�D� (t^jt^��t))

�
�

�
� 1

"+ �
+ (1� � (t^)�D� (t^jt^��t))�2

�
� c
�
�O (�t)

De�ne the right-hand side by R then

R = �D� (t^jt^��t)��2"+D� (t^jt^��t) c"�O (�t)

= "D� (t^jt^��t) (c� ��2)�O (�t)

> 0

Hence, there exists �t > 0 such that this change in strategy is pro�table which is a contradiction

that the original e¤ort e� (t) is optimal and can be part of an equilibrium.

This along with the earlier lemmas that uninformed individuals do not call decisions implies

that � (t) ; � (t) ; � (t) are all continuous

Lemma 6 V I (t) is continuous.

Proof. The continuity of � (t) ; � (t) ; � (t) insure that

f
�
t;bt� = � 1

"+ �
+

Z bt
t
(�2 � � (r � t))

d~� (rjt)
dt

dr

+
�
1� ~�

�btjt�� ��1� �� �btjt���2 � � �bt� t��
is continuous in t̂. Hence

V I (t) = max
t̂2[t;T ]

f (t)
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is continuous in t by Theorem of the Maximum (Berge 1963).

Lemma 7 V U (t) is continuous.

Proof. The continuity of � (t) ; � (t) ; � (t) insure that

f (t; e (rjt)) = �1
"
+

Z T

t

�
�1 � � (r � t)� c

Z r

t
e (wjt) dw

�
d~� (rjt)
dt

�
1� exp

�
��
Z r

t
e (wjt) dw

��
dr

+

Z T

t

�
V I (t)� � (r � t)� c

Z r

t
e (wjt) dw

�
�e (r) exp

�
��
Z r

t
e (wjt) dw

�
[1� ~� (rjt)] dr

+

�
1� exp

�
�
Z T

t
e (r) dr

��
(1� ~� (T jt))

�
(1� �� (T jt))�1 � � (T � t)� c

Z T

t
e (rjt) dr

�
is continuous in e (rjt) : Hence

V I (t) = max
e(rjt)2C1([t;T ];[0;emax])

f (t; e (rjt))

where C1 ([t; T ] ; [0; emax]) are piecewise continuous functions with domain [t; T ] and range [0; emax] ;

is continuous in t by Theorem of the Maximum (Berge 1963).

Lemma 8 Suppose �� (t) and e� (t) constitute equilibrium strategies and 9s;�s > 0 : d�
�(t)
dt > 0

and 0 < e� (t) < emax for t 2 [s; s+�s], then e� (t) = �
��(t)�2

and �e� (t) =
d��(t)
dt

1���(t) for t 2 [s+�s] :

Proof. Proceed using d (t) (1� � (t)) =
d��(t)
dt

1���(t) . The incentives for delaying vs taking a decision

are equal if the agent is mixing

� 1

"+ �
+ (1� �� (t))�2 =

Z t+�t

t
�� (r � t) d (r) (1� � (r)) exp

�
�
Z r

t
d (s) (1� � (s)) ds

�
dr

+

�
� 1

"+ �
+ �2

��
1� exp

�
�
Z t+�t

t
d (s) (1� � (s)) ds

��
+ exp

�
�
Z r

t
d (s) (1� � (s)) ds

��
� 1

"+ �
+ (1� � (t+�t))�2 ��t�

�
this may be rearranged to get

�

Z t+�t

t
(r � t) d (r) (1� � (r)) exp

�
�
Z r

t
d (s) (1� � (s)) ds

�
dr

+��t exp

�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= �2

�
� (t)� � (t+�t) exp

�
�
Z t+�t

t
d (s) (1� � (s)) ds

��
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Apply a Taylor series expansion to � (t+�t) :

� (t+�t) = � (t)�
Z t+�t

t
(�e (s)� d (s) (1� � (s)))� (s) ds

= � (t) (1��t (�e (t)� (t)� d (t) (1� � (t))))

� d (� (t) (�e (t)� d (t) (1� � (t))))
dt

�
�t2

�
2

+O
�
�t3

�
apply it also to exp

�
�
R t+�t
t d (s) (1� � (s)) ds

�
:

exp

�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= 1��td (t) (1� � (t))� d (d (t) (1� � (t)))

dt

(�t)2

2

+
(d (t) (1� � (t)))2 (�t)2

2
+O

�
�t3

�
putting these together, the inside of the brackets on the right hand side becomes

� (t)� � (t+�t) exp
�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= �� (t) (�e (t)� (t)� d (t) (1� � (t)))

+
d (� (t) (�e (t)� d (t) (1� � (t))))

dt

�
�t2

�
2

� � (t)
 
�td (t) (1� � (t))� d(d(t)(1��(t)))

dt
(�t)2

2

+ (d(t)(1��(t)))2(�t)2
2

!
� (�t)2 � (t) (�e (t)� (t)� d (t) (1� � (t))) d (t) (1� � (t)) +O

�
�t3

�
simplifying

� (t)� � (t+�t) exp
�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= �t�e (t)� (t)

+
(�t)2

2

d (� (t) (�e (t)� d (t) (1� � (t))))
dt

+ � (t)
(�t)2

2

�
d (d (t) (1� � (t)))

dt
� (d (t) (1� � (t)))2

�
� (�t)2 � (t) (�e (t)� (t)� d (t) (1� � (t))) d (t) (1� � (t)) +O

�
�t3

�
and further

� (t)� � (t+�t) exp
�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= �t�e (t)� (t)

+
(�t)2

2

�
d (�e (t)� (t))

dt
� � (t)�e (t) d (t) (1� � (t))

�
+ (�t)2 � (t) (d (t) (1� � (t))) (d (t) (1� � (t))� �e (t)) +O

�
�t3

�
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Now perform a Taylor series expansion on the left-hand side:

�

Z t+�t

t
(r � t) d (r) (1� � (r)) exp

�
�
Z r

t
d (s) (1� � (s)) ds

�
dr

+ ��t exp

�
�
Z t+�t

t
d (s) (1� � (s)) ds

�
= �

(�t)2

2
d (t) (1� � (t))

+ ��t (1��td (t) (1� � (t))) +O
�
�t3

�
= ��t� � (�t)

2

2
d (t) (1� � (t)) +O

�
�t3

�
Equating the �t terms from the left and right hand sides leads one to conclude � = �e (t)� (t)�2,

substituting this into the remaing terms of the indi¤erence condition and moving all terms to the

left-hand side yields

� � (�t)
2

2
d (t) (1� � (t)) + (�t)

2

2
� (t)�e (t) d (t) (1� � (t))

� (�t)2 � (t) (d (t) (1� � (t))) (d (t) (1� � (t))� �e (t)) +O
�
�t3

�
= � (�t)2 � (t) (d (t) (1� � (t))) (d (t) (1� � (t))� �e (t)) +O

�
�t3

�
= 0

hence if d (t) > 0 and 0 < � (t) < 1 then the indi¤erence condition implies d (t) (1� � (t)) = �e (t)
and hence d�

dt = 0 when d (t) > 0 and
d�
dt � 0 for all t:

Lemma 9 �� (t) � max
�
��d;
��e
	

Proof. Suppose 9t : �� (t) < ��d then 9�t > 0 : �� (s) < ��d for s 2 [t��t; t], however this is a
contradiction as an informed player will strictly prefer to call a decision for all s 2 [t��t; t] and
hence �� (t) > ��d whixh is a contradiction that 9t : �� (t) < ��d. Suppose 9t : �� (t) < ��e then

9�t > 0 : �� (t��t) < ��e, however this implies an upper bound on the value of information is

(1� � (t))�2+� (t)�1 hence for any time s such that �� (s) < ��e ) e� (s) = 0 therefore d�
�(t)
dt � 0

so �� (t) � ��e:

Lemma 10 Suppose there exists an equilibrium fe� (t) ; d� (t) ; �� (t)g and times t00 > t0 such that
(�� (t0)� �� (t00))�2 > � (t00 � t0), then d� (t) = 0 for t 2 (t0; �t00) where �t00 = sup ftj�� (t) = �� (t00)g

Proof. Suppose that there exists [tl; tu] � [t0; t00] where d� (t) > 0 and �� (t) < � (t00) for t 2 [tl; tu] ;
note from lemma 8 we also have d��

dt = 0 over this domain. If there is more than one instance of

this take the last instance. Now at least one of the following two conditions hold

�
�� (tu)� ��

�
t00
��
�2 > �

�
t00 � tu

�
�
�� (tu)� ��

�
t00
��
�2 = �

�
t00 � tu

�
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or �
�� (tu)� ��

�
t00
��
�2 < �

�
t00 � tu

�
If the �rst holds then 9" < 0 such that for t 2 [tu � "; tu] the informed individual strictly prefers
to wait until t00 to call a decision. If the third holds then 9" < 0 : (�� (tu)� �� (t00 + "))�2 <
� (t00 � tu � ") and an informed agent strictly prefers to make an immediate decision at t = tu + "
than wait until tu which contradicts d (t) = 0 for tu < t < t00. If (�� (tu)� �� (t00))�2 = � (t00 � tu)
then the informed agent is indi¤erent between making a decision at tu and t00 however the agent

must also be indi¤erent between making a decision at any t 2 [tl; tu] since d (t) > 0. This is a

contradiction since a decision at tl � t < tu has payo¤

� 1

"+ �
+ (1� �� (t))�2 = � 1

"+ �
+ (1� �� (tu))�2

= � 1

"+ �
+
�
1� ��

�
t00
��
�2 � �

�
t00 � tu

�
> � 1

"+ �
+
�
1� ��

�
t00
��
�2 � �

�
t00 � t

�
for t < tu

Lemma 11 Suppose e� (t) < emax for some t then under large incentives � (T ) = ��d and under

small incentives � (T ) = ��e

Proof. Suppose not � (T ) > max
�
��d;
��e
	
. Let t̂ = inf ftje� (t) < emaxgNow being informed at

time t̂ has continuation value given by

V I
�
t̂
�
= � 1

"+ �
+ (1� � (T ))�2 � �

�
T � t̂

�
since the optimal strategy for an informed individual is to delay until the deadline since e (t) = emax
and � (t) > ��d for t � t̂. Now checking the continuation value for the uninformed individual.

V U
�
t̂
�
=

�
� 1

"+ �
+ (1� � (T ))�2 �

c

�

��
1� exp

�
��emax

�
T � t̂

���
+ exp

�
��emax

�
T � t̂

���
�1
"
+ (1� � (T ))�1

�
� �

�
T � t̂

�
hence incentives for e¤ort are

V I
�
t̂
�
� V U

�
t̂
�
=
c

�
+ exp

�
��emax

�
T � t̂

�� �
(1� � (T ))�2 + � (T )�1 �

c

�

�
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also

(1� � (T ))�2 + � (T )�1 >
��
1� ��d

�
�2 + ��d�1

�
>

��
1� ��e

�
�2 + ��e�1

�
=

c

�

by de�nition of ��d and ��e. Hence V
I
�
t̂
�
� V U

�
t̂
�
> c

� and 9� > 0 : V
I
�
t̂� �

�
� V U

�
t̂� �

�
> c

�

hence e�
�
t̂� �

�
= emax which is a contradiction of t̂ = inf ftje� (t) < emaxg :

The previous lemmas restrict the set of potential equilibria to those where � (t) is continuous,

decreasing and bounded below by max
�
��d;
��e
	
. Furthermore if decisions are taken prior to the

deadline then d�
dt = 0 during those times.

A.2.2 Proof for uniqueness of symmetric equilibria set under large incentives

De�ne V I� (t) and V U� (t)

V I� (t) = � 1

"+ �
+
�
1� ��d

�
�2

V U� (t) = � 1

"+ �
+

�
1� ��d

�
�2

2
�
�
c+

�

emax

�
1

2�

� exp (�2�emax (T � t))
"
��d�1 +

�
1� ��d

�
�2

2
�
�
c+

�

emax

�
1

2�

#

also note that

V I� (t)� V U� (t) =
�
1� ��d

�
�2

2
+

�
c+

�

emax

�
1

2�

+ e�2�(T�t)

"
��d�1 +

�
1� ��d

�
�2

2
�
�
c+

�

emax

�
1

2�

#

and provided T � t < Z we have
V I� (t)� V U� (t) > c

�

Also de�ne ~td (�) ; V I� (t; �) and V U� (t; �) :

~td (�) =
1

�
ln
� (t)
��d
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V I� (t; �) =

(
� 1
"+� + (1� � (t) exp (��emax (T � t)))�2 � � (T � t) for T � ~td (�) < t � T

V I�
�
t+ ~t

�
� �~t for T � ~td (�)� Z � t � T � ~td (�)

V U� (t; �) =

8>>>><>>>>:
(1� exp (��emax (T � t)))

�
� 1
"+� + (1� � (t) exp (��emax (T � t)))�2 �

c
�

�
+exp (��emax (T � t))

�
�1
" + (1� � (t) exp (��emax (T � t)))�1

�
� � (T � t)

for T � ~td (�) < t � T�
1� exp

�
��emax~t

�� �
V I�

�
t+ ~t

�
� c

�

�
+exp

�
��emax~t

�
V U�

�
t+ ~t

�
� �~t

for T � ~td (�)� Z � t � T � ~td (�)

note that

V I� (t; �)�V U� (t; �) =

8><>:
c
� + exp (��emax (T � t))

 
� (t) exp (��emax (T � t))�1

+(1� � (t) exp (��emax (T � t)))�2 � c
�

!
for T � ~td (�) < t � T

c
� + exp

�
��emax~t

� �
V I�

�
t+ ~t

�
� V U�

�
t+ ~t

�
� c

�

�
for T � ~td (�)� Z � t � T � ~td (�)

hence

V I� (t; �)� V U� (t; �) > c

�
for T � ~td (�)� Z < t � T

Lemma 12 The unique equilbrium strategies in any subgame starting at t with beliefs � (t) such

that t � T � Z � ~td (�) is e� (s) = emax for t < s � T d� (s) =
(

0 for t � s � ~td (�)
�2�2
��2�� for

~td (�) < s � T

Proof. Proceed by supposing 9s � t; " > 0 such that e� (r) < emax for r 2 [s� "; s): If this is the
case we can check the continuation values at bs where

bs = sup frje� (r) < 1g :
Given that e� (s) = emax for r � bs then the unique decision strategy is

d� (s) =

(
0 for bs � s � min�T; bs+ ~td (� (bs))	

�2�2
��2�� for bs+ ~td (� (bs)) < s � T if bs+ ~t (� (bs)) < T

since the only belief at which an informed individual will call a decision is � = ��d when the

uninformed agent is exerting maximum e¤ort. Hence we can write the continuation values as

V I� (bs; �), V U� (bs; �). The contradiction now comes from noting that for t > T � Z � ~td (�)
V I� (t; �) � V U� (t; �) > c

� hence 9� : V
I� (r; � (r)) � V U� (r; � (r)) > c

� and e
� (r) < emax for

r 2 [bs� �; bs) which means e� (r) is not an equilibrium strategy.

Lemma 13 Suppose T � Xd + Z then an upper bound on �� (t) is given by

�� (t) �
��d exp (� (T � Z � t)) for T �Xd � Z � t < T � Z

��d for T � Z � t � T
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Proof. Suppose 9t0�� (t0) > ��d exp (� (T � Z � t0)) for T �Xd �Z � t0 < T �Z or �� (t) > ��d for
T � Z � t0 � T then

9 (s; �� (s)) 2

8<: (r (�) ; �) jr (�) = T �Xd � Z + 1
�emax

ln 1�

+

�
t0 �

�
T �Xd � Z + 1

�emax
ln 1�

��
; 
 2 (0; 1) ; � 2 [� (t) ; 1]

9=; :
Now s > T � Z � ~td (�� (s)) hence the unique equilibrium of the subgame starting from (s; �� (s))

is given by Lemma 12. However bayesian beliefs b�� (r) in this subgame reach
b�� (r) = �� �t0� atr = (T �Xd � Z)+ 1

�emax
ln

1

�� (t0)
+
 (s)

�
t0 � (T �Xd � Z) +

1

�emax
ln

1

�� (t0)

�

where 
 (s) =
s�(T�Xd�Z)+ 1

�emax
ln 1

��(s)
t0�(T�Xd�Z)+ 1

�emax
ln 1

��(t0)
< 1 hence r < t and b�� (t0) > �� (t0) hence �� (t) is not

part of a Perfect Bayesian equilibrium.

Together with lemma 9 this uniquely determines � (t) = ��d for t � T � Z if T � Xd + Z

Lemma 14 Suppose T � Xd + Z then a lower bound on �� (t) is given by

�� (t) �
��d for t � T � Z

��d + � (T � Z � t) for T � Yd � Z � t < T � Z
1 for t � T � Yd � Z

Proof. As noted above � (t) = ��d for t � T � Z if T � Xd + Z is uniquely determined. Now

suppose 9s : � (s) < 1 for a s < T �Yd�Z or � (s) < ��d+� (T � Z � s) for T �Yd�Z � t < T �Z.
If d (t) = 0 for s � t < T � Z there is an immediate contradiction as informed individuals would
strictly prefer to call an immediate decision. Hence the only way this could be part of an equilibrium

is if d (t) 6= 0 for a subset of the interval [s; T � Z]. Suppose that there exists [tl; tu] � [s; T � Z]
where d� (t) > 0 and �� (t) < ��d for t 2 [tl; tu] ; note from lemma 8 we also have d��

dt = 0 over this

domain. If there is more than one instance of this take the last instance. Given this interval one of

the following two conditions hold

�
�� (tu)� ��d

�
�2 > � (T � Z � tu)�

�� (tu)� ��d
�
�2 = � (T � Z � tu)

or �
�� (tu)� ��d

�
�2 < � (T � Z � tu)

If the �rst holds then 9" < 0 such that for t 2 [tu � "; tu] the informed individual strictly prefers to
wait until T �Z to call a decision. If the third holds then

�
�� (tu)� ��d

�
�2 < � (T � Z � tu) and an

informed agent strictly prefers to make an immediate decision at t = tu than wait until T �Z which
contradicts d (t) = 0 for tu < t < T � Z. If

�
�� (tu)� ��d

�
�2 = � (T � Z � tu) then the informed
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agent is indi¤erent between making a decision at tu and T � Z however the agent must also be

indi¤erent between making a decision at any t 2 [tl; tu] since d (t) > 0, this is a contradiction since
a decision at tl � t < tu has payo¤

� 1

"+ �
+ (1� �� (t))�2

= � 1

"+ �
+ (1� �� (tu))�2

= � 1

"+ �
+
�
1� ��d

�
�2 � � (T � Z � tu)

> � 1

"+ �
+
�
1� ��d

�
�2 � � (T � Z � t) for t < tu

Finally @s < T � Z : �� (s) = ��d as continuation values would be given by V I� (t) ; V U� (t) for the
subgame starting at s which would need to have the unique equilibrium e¤ort strategy e� (t) = 1

however as shown above V I� (t)� V U� (t) < c
� if t < T � Z hence this can not be an equilibrium.

These two lemmas provide an upper and lower bound on the values of �� (t) in equilibrium. The

proof for uniqueness now proceeds by showing that the only equilibrium strategies which support

values of � between these bounds are the ones given in the propositions.

Proof. i) Case 1: T < Xd
Informed strategy

d (t) = 0 for all t:

Uninformed strategy

e (t) = emax for all t.

Beliefs

� (t) = exp (��emaxt) for all t.
ii) Case 2: Xd � T < Xd + Z
Informed strategy

d (t) = 0 for t < Xd:

d (t) = �2�2
��2�� for t � Xd:

Uninformed strategy

e (t) = emax for all t.

Beliefs

� (t) = exp (��emaxt) for t < Xd.
� (t) = ��d for t � Xd:
Lemma 12 covers these �rst two cases.

iii) Case 3 Xd + Z < T < Yd + Z
Informed strategy

d (t) = 0 for t < T � Z:
d (t) = �2�2

��2�� for t � T � Z:
Uninformed strategy
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d (t) = 0 for all t:

e (t) satis�es

exp

�
��
Z t

0
e (s) ds

�
� ��d + (T � Z � t)

�

�2

and

exp

�
��
Z T�Z

0
e (s) ds

�
= ��d.

for t < T � Z:
e (t) = 1 for all t � T � Z:
Beliefs

� (t) = exp
�
��
R t
0 e (s) ds

�
for t < T � Z

� (t) = ��d for t � T � Z:
Lemmas 12, 14 and 13 determine the bounds on � (t) and that �� (t) = ��d; e

� (t) = emax for

t � T � Z: Lemma 10 implies that d (t) = 0 for t < T � Z which su¢ ces along with the earlier

lemmas the equilibrium strategy set.

iv) Case 4 T > Yd + Z
Informed strategy

d (t) = call for 0 � t � T � Yd � Z
d (t) = 0 for T � Yd � Z < t < T � Z:
d (t) = �2�2

��2�� for t � T � Z:
Uninformed strategy

d (t) = 0 for all t:

e (t) = �
c for 0 � t � T � Yd � Z

e (t) satis�es

exp

�
��
Z t

T�Yd�Z
e (s) ds

�
� ��d + (T � Z � t)

�

�2

and

exp

�
��
Z T�Z

T�Yd�Z
e (s) ds

�
= ��d.

for T � Yd � Z < t < T � Z:
e (t) = 1 for t � T � Z:
Beliefs

� (t) = 1 for 0 � t � T � Yd � Z
� (t) = exp

�
��
R t
T�Yd�Z e (s) ds

�
for T � Yd � Z < t < T � Z:

� (t) = ��d for t � T � Z:
Case 3 above covers the subgames for t > T �Z � bT remains to show that the above strategies

are unique for t � T � Z � bT : For t � T � Z � bT we have shown that � (t) = 1. First rule

out that e (t) = 0, if this were the case the continuation payo¤s would be V I (t) = � 1
"+� and

V U (t) = � 1
"+� �

c
� �

�
~t� t

�
� where ~t is the next time e (t) > 0, therefore the strategy e (t) = 0

is not optimal as V I � V U > c
� : Implying that 0 < e (t) � �

��2
and individuals make decision
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immediately V I (t) = � 1
"+� so V

U (t) = � 1
"+� �

c
� for t � T � Z � bT :

V U (t) =

Z t+�t

t

�
� 1

"+ �
� c

Z s

t
e (r) dr � � (s� t)

�
2�e (s) exp

�
�2�

Z s

t
e (r) dr

�
ds

+exp

�
�2�

Z t+�t

t
e (r) dr

��
V U (t+�t)� ��t� c

Z t+�t

t
e (r) dr

�
=

�
� 1

"+ �
� c

2�

��
1� exp

�
�2�

Z t+�t

t
e (r) dr

��
�
Z t+�t

t
� (s� t) 2�e (s) exp

�
�2�

Z s

t
e (r) dr

�
ds

+exp

�
�2�

Z t+�t

t
e (r) dr

��
V U (t+�t)� ��t

�
= � 1

"+ �
� c

�
+
c

2�

�
1� exp

�
�2�

Z t+�t

t
e (r) dr

��
�
Z t+�t

t
� (s� t) 2�e (s) exp

�
�2�

Z s

t
e (r) dr

�
ds

� exp
�
�2�

Z t+�t

t
e (r) dr

�
��t

hence

c

2�

�
1� exp

�
�2�

Z t+�t

t
e (r) dr

��
=

Z t+�t

t
� (s� t) 2�e (s) exp

�
�2�

Z s

t
e (r) dr

�
ds

+exp

�
�2�

Z t+�t

t
e (r) dr

�
��t

c

2�
2�e (t)�t+O

�
�t2

�
= ��t+O

�
�t2

�
hence we require that e (t) = �

c :

A.2.3 Proof for uniqueness of symmetric equilibria set under small incentives

De�ne
~te (�) =

1

�
ln
�
��e

V I�e (t; �) = � 1

"+ �
+ (1� � exp [��emax (T � t)])�2 � �~te (�)

V U�e (t; �) = (1� exp [��emax (T � t)])
�
� 1

"+ �
+ (1� � exp [��emax (T � t)])�2 �

c

�

�
+ exp [��emax (T � t)]

�
�1
"
+ (1� � exp [��emax (T � t)])�1

�
� �~te (�)
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Also

V I�e (t; �)� V U�e (t; �) =
c

�

+ exp [��emax (T � t)]
�
� exp [��emax (T � t)]�1 + (1� � exp [��emax (T � t)])�2 �

c

�

�
V I�e (t; �)� V U�e (t; �) >

c

�

provided

t < ~te (�)

Lemma 15 The unique equilbrium strategies in any subgame starting at t with beliefs � (t) such

that t � T � ~te (�) is e� (s) = emax for t � s � T d� (s) = 0:

Proof. Proceed by supposing 9s � t; " > 0 such that e� (r) < emax for r 2 [s� "; s): If this is the
case we can check the continuation values at bs where

bs = sup frje� (r) < 1g :
Given that e� (r) = emax for r � bs then the unique decision strategy is

d� (r) = 0

since the only belief at which an informed individual will call a decision is ��d < when the uninformed

agent is exerting maximum e¤ort. Hence we can write the continuation values as V I�e (bs; � (bs)),
V U�e (bs; � (bs)). The contradiction now comes from noting that t > T � ~te (�)) bs > T ��~te (� (bs))
hence V I�e (bs; � (bs))�V U�e (bs; � (bs)) > c

� thus 9� : V
I�
e (r; � (r))�V U�e (r; � (r)) > c

� and e
� (r) < emax

for r 2 [bs� �; bs) which means e� (r) is not an equilibrium strategy.

Lemma 16 Suppose T � Xe then an upper bound on �� (t) is given by

�� (t) � 1 for t < T �Xe
��e exp (� (T � t)) for T �Xe � t < T

Proof. Suppose 9t0; �� (t0) > ��e exp (� (T � t)) for T �Xe � t0 < T then

9 (s; �� (s)) 2

8<: (r (�) ; �) jr (�) = T �Xe + 1
�emax

ln 1�

+

�
t0 �

�
T �Xe + 1

�emax
ln 1�

��
; 
 2 (0; 1) ; � 2 [� (t0) ; 1]

9=;
Now s > T � ~te (�� (s)) hence the unique equilibrium of the subgame starting from (s; �� (s)) is

given by Lemma 16. However bayesian beliefs b�� (r) in this subgame reach b�� (r) = �� (t0) at
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r = (T �Xe) + 1
�emax

ln 1
��(t0) + 
 (s)

�
t0 � (T �Xe) + 1

�emax
ln 1

��(t0)

�
where


 (s) =
s� (T �Xe) + 1

�emax
ln 1

��(s)

t0 � (T �Xe) + 1
�emax

ln 1
��(t0)

< 1

hence r < t0 and b�� (t0) > �� (t0) hence �� (t0) is not part of Perfect Bayesian Equilibrium.
This uniquely determines � (T ) = ��e for T � Xe:

Lemma 17 Suppose T � Xe then a lower bound on �� (t) is given by

�� (t) �
��e + � (T � t) for T � Ye � t < T

1 for t � T � Ye

Proof. As noted above � (T ) = ��e if T � Xe. Now suppose 9s : � (s) < 1 for a s < T � Ye
or � (s) < ��e + � (T � s) for T � Ye � t < T . If d (t) = 0 for s � t < T there is an immediate

contradiction as informed individuals would strictly prefer to call an immediate decision than wait

until T . Hence the only way this could be part of an equilibrium is if d (t) 6= 0 for a subset of the
interval [s; T ]. Suppose that there exists [tl; tu] � [s; T ] where d� (t) > 0 and �� (t) < � (T ) for

t 2 [tl; tu] ; note from lemma 8 we also have d��

dt = 0 over this domain. If there is more than one

instance of this take the last instance. Given this interval one of the following two conditions hold

�
�� (tu)� ��e

�
�2 > � (T � tu)�

�� (tu)� ��e
�
�2 = � (T � tu)

or �
�� (tu)� ��e

�
�2 < � (T � tu)

If the �rst holds then 9" < 0 such that for t 2 [tu � "; tu] the informed individual strictly prefers to
wait until T to call a decision. If the third holds then 9"0 < 0 :

�
�� (tu + "0)� ��e

�
�2 < � (T � tu � ")

and an informed agent strictly prefers to make an immediate decision at t = tu+ "0 than wait until

tu which contradicts d (t) = 0 for tu < t < T . If (�� (tu)� �� (T ))�2 = � (T � tu) then the
informed agent is indi¤erent between making a decision at tu and T however the agent is also be

indi¤erent between making a decision at any t 2 [tl; tu] since d (t) > 0, this is a contradiction since
a decision at tl � t < tu has payo¤

� 1

"+ �
+ (1� �� (t))�2

= � 1

"+ �
+ (1� �� (tu))�2

= � 1

"+ �
+ (1� �� (T ))�2 � � (T � tu)

> � 1

"+ �
+ (1� �� (T ))�2 � � (T � t) for t < tu
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Where the �nal line is the payo¤ from waiting at time t until T which is strictly worse than

an immediate decision. Finally we need to check that � (t) < ��e = � (T ) for t < T . If not

9s < T : �� (s) < ��e and
d�
dt = 0 for t � s. This immediately implies that the e¤ort and decision

strategies are e� (t) = �
���e�2

and d� (t) = �

(1���e)��e�2
for t � s. Now calculating the continuation

values at s

V I� (t) = � 1

"+ �
+
�
1� ��e

�
�2

V U� (t) = � 1

"+ �
+

�
1� ��e

�
�2

2
�
�
c+

�

e� (t)

�
1

2�

� exp (�2�e� (t) (T � t))
"
��e�1 +

�
1� ��e

�
�2

2
�
�
c+

�

e� (t)

�
1

2�

#

also note that

V I� (t)� V U� (t) =

�
1� ��e

�
�2

2
+

�
c+

�

e� (t)

�
1

2�

+exp (�2�e� (t) (T � t))
"
��e�1 +

�
1� ��e

�
�2

2
�
�
c+

�

e� (t)

�
1

2�

#

V I� (t)� V U� (t) =
�2 +

c
�

2
+ exp (�2�e� (t) (T � t))

� ��e�1
2

�
��e�2
2

�

lim
t!T

V I� (t)� V U� (t) =
��e�1 +

c
�

2
<
c

�

where the �nal inequality follows from the de�nition of ��e. Hence e
� (s) > 0 is not an equilibrium

strategy and hence @s < T : �� (s) < ��e

Proof. i) Case 1: T < Xe
Informed strategy

d (t) = 0 for all t:

Uninformed strategy

d (t) = 0 for all t:

e (t) = 1 for all t.

Beliefs

Beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

Follows immediately from Lemma 15.

ii) Case 2: Xe < T < Ye
Informed strategy

d (t) = 0 for all t:

Uninformed strategy

d (t) = 0 for all t:
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e (t) satis�es

exp

�
��
Z t

0
e (s) ds

�
� �e + (T � t)

�

�2

and

exp

�
��
Z T

0
e (s) ds

�
= ��e.

Beliefs

Beliefs evolve according to � (t) = exp
�
��
R t
0 e (s) ds

�
for all t.

Lemma 10 and � (T ) = ��e (as shown above from Lemmas 15 and 16) imply that d (t) = 0 for

all t. The restriction on e� (t) comes from Lemma 17. Beliefs are then given by Bayesian updating.

iii) Case 3: T > 1
� (1� ��e)�2

Informed strategy

d (t) =

(
call for t < T � Ye
0 for t � T � Ye

Uninformed strategy

d (t) = 0 for all t:

e (t) = �
c for t < T � Ye

e (t) satis�es

exp

�
��
Z t

T�Ye
e (s) ds

�
� �e + (T � t)

�

�2

and

exp

�
��
Z T

T�Ye
e (s) ds

�
= ��e.

for t � T � Ye
Beliefs

� (t) = 1 for t < T � Ye:
� (t) = exp

�
��
R t
0 e (s) ds

�
for t � T � Ye:

The proof for Case 2 encompasses the subgames for t � T � Ye. The uniqueness for t < T � Ye
is completely analogous to the proof in case 4 for large incentives of the uniqueness of equilibrium

strategies for t < T � Yd � Z.
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