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Abstract

We consider a team production environment augmented by a stage in which the team
decides how to communicate its productive outcome to outside observers. In this context,
we characterize equilibrium disclosure of team outcomes when team disclosure choices ag-
gregate individual recommendations through some deliberation procedure. We show that
equilibria often involve partial disclosure of the team’s outcome and establish a relation
between the deliberation procedure and the observer’s equilibrium attribution of blame for
non-disclosed outcomes (“team failures’) across team members. We show that through this
blame-attribution channel a team’s deliberation procedure determines individuals’ incen-
tives to contribute effort to team production. We then characterize deliberation procedures

that provide strong effort incentives in different productive environments.

1 Introduction

Productive activities are increasingly conducted in teams. Startups are often founded by en-

trepreneurial partners, and in established firms new products are proposed and developed mainly
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by teams built and empowered within the company.! In policy-making or regulatory scenarios,
most investigation and evidence-gathering that informs decision-making is done by commit-
tees.” In all these contexts, team production is typically followed by a disclosure stage in which
the team communicates the outcome of its production to outsiders. Entrepreneurial partners
decide whether and when to pitch new startups to investors; within-firm teams report their
projects’ progress in regular meetings with managers; and congressional committees abide by
formal rules guiding the publication of reports, gathered evidence, and meeting transcripts.’

These communications are collective disclosure decisions that have potentially distinct im-
plications for the individuals in a team. For example, if a development team composed of engi-
neers and marketers puts out a technically impressive but “badly packaged” new product, then
such a disclosure is seen as an engineering success but has negative reputational implications
for the marketing team members. If, instead, the team chooses to delay the product launch, then
a skeptical observer interprets this non-disclosure as a team failure. And the degree to which
each co-developer is blamed for this negative collective outcome depends on who the observer
sees as responsible for the decision to delay the launch.

This paper proposes a model that incorporates such a disclosure stage into a team-production
environment. The main primitive in our model is the deliberation procedure that the team uses
to reach a collective disclosure decision. The procedure determines the allocation of voice
rights across team members — a voice right is defined by Zuckerman (2010) and Freeland
and Zuckerman Sivan (2018) as “the right to speak on behalf of an organization.” We show
that the allocation of such rights impacts how undisclosed team outcomes are perceived by the
outside observer: individuals who are more responsible for the team’s non-disclosure decision
are necessarily regarded with more skepticism. Through this channel, the allocation of voice
rights within a team at the disclosure stage determines individuals’ incentives to contribute to

the team at the production stage. We leverage this insight to design team-deliberation protocols

'"Tamaseb (2021) documents that 80% of all billion-dollar companies launched since 2005 had two or more
founders. Lazear and Shaw (2007) shows that close to 80% of US firms rely on self-managing teams in some
capacity. Recent literature also documents the rise of teamwork in scientific research. See, for example, Fortunato
et al. (2018) and Jones (2021).

2These include both formal government bodies such as congressional committees and minipublics or other
mechanisms of citizen participation (described, for example, in Bardhi and Bobkova (2023)).

3In the United States, at the start of congress, committees adopt and publish procedural rules that determine,
among other things, guidelines for communications with the public. These guidelines vary across committees. For
example, in 2017-18, the procedures for the Special Committee on Aging determined that “committee findings
and recommendations shall be printed only with the approval of a majority of the committee”’; the Committee on
Commerce, Science and Transportation resolved that “public hearings of the full committee, or any subcommittee
thereof, shall be televised or broadcast only when authorized by the chairman and the ranking minority member
of the full committee”; and the Select Committee on Ethics decided that the release of reports to the public be
determined by either the chairman or the vice-chairman, who were thus given the authorization to speak on behalf
of the committee. Quotes are taken from the published “Authority and Rules of Senate Committees, 2017-18.”



that effectively incentivize individual effort provision.

Section 2 introduces the team disclosure environment. A team is made up of two or more
members who produce a team outcome, drawn from a distribution known by all team members
and by an outside observer.* The team outcome conveys to the observer some information about
the team members, or about a state relevant to the team members. For instance, the pitch of a
new product by a development team conveys to an observer some information about the ability
of each team member, who may be motivated by career concerns; and information gathered
by a committee indicates the aptness of a new policy that may be supported by some partisan
committee members, but not others. After seeing their outcome, the team members decide
whether to reveal it to the observer. If the team chooses to disclose, then each team member
receives their respective individual value implied by the outcome. If the team chooses not to
disclose, then the observer forms a rational no-disclosure belief about each individual’s value,
accounting for the circumstances that may have led the team not to reveal the outcome. Each
individual’s payoff is equal to the observer’s no-disclosure belief about their respective value.

To reach a team disclosure decision, team members’ individual disclosure recommenda-
tions are aggregated into a team decision via a mapping, which we refer to as the deliberation
procedure. The mapping is a given primitive of the team disclosure environment that all team
members, as well as the observer, understand. To each possible set of team members that recom-
mends the outcome’s disclosure, the deliberation procedure assigns a team disclosure decision.
For example, a team’s deliberation procedure may be such that every team member can unilat-
erally decide that the outcome be disclosed, in which case a single disclosure recommendation
implies that the team’s decision is to disclose. On the other hand, the procedure may require
that disclosure decisions be made via consensus so that a single recommendation not to dis-
close induces the team to choose no disclosure. These and many other natural benchmarks are
encompassed by our framework. We assume only that the procedure respects unanimous deci-
sions among the team members and monotonicity so that when disclosure is favored by a larger
set of team members, the team discloses its outcome with a higher probability.

Our first result, Theorem 1, describes how the equilibrium set of the team disclosure game
depends on the deliberation procedure used by the team. For any deliberation procedure, a
full disclosure equilibrium exists in which the observer interprets non-disclosure with maximal

skepticism about every team member.’ More interestingly, if the deliberation procedure is such

“To study the team-disclosure problem in Section 2, we take the team-outcome distribution as an exogenous
model primitive. In Section 4, the outcome distribution is endogenously determined by individual effort contribu-
tions to team production.

SFormally, we say that no-disclosure beliefs are maximally skeptical about a team member if they indicate
that the realized team outcome implied the worst possible value for that team member (in the support of the team
outcome distribution).



that not all team members can unilaterally choose disclosure, then the equilibrium set also
includes an equilibrium in which some team outcomes are not disclosed. Specifically, the team
conceals team failures, outcomes that are sufficiently bad news about a sufficiently large set of
team members.

This result is in contrast with classic findings from the single-agent evidence disclosure
literature following Grossman (1981) and Milgrom (1981), which describe the unravelling of
equilibria in which some evidence is not disclosed and show that full disclosure is the unique
equilibrium outcome. We show instead that, in a team disclosure setting, the unravelling logic is
broken because the observer is unable to definitively attribute a team’s decision to not disclose
an outcome to particular individuals in the team. Equilibrium non-disclosures are met by the
observer with skepticism about the team, which does not automatically translate into skepticism
about each individual and may not be sufficient to ensure unravelling. Theorem 1 also shows
that, in any equilibrium without full disclosure, the observer’s no-disclosure beliefs must be
maximally skeptical about each team member who can unilaterally choose disclosure, but the
observer need not be maximally skeptical about team members who cannot do so.

Our next results — Proposition 1 and its Corollaries 1 and 2 — further characterize the re-
lationship between the deliberation procedure used by the team and the observer’s equilibrium
no-disclosure beliefs about each individual’s value.® We show that a change in the deliberation
procedure that strengthens the relation between an individual’s recommended disclosure action
and the team’s disclosure decision leads to a decrease in the observer’s no-disclosure beliefs
about that individual’s value. One interpretation of the observer’s equilibrium no-disclosure be-
liefs is as a measure of the observer’s perception of each individual’s blame for a team’s failure.
In that light, our results show that an increase in an individual’s voice rights also increases that
individual’s equilibrium blame when the team fails.

Theorem 2 completes our characterization of team disclosure equilibria. Under any delib-
eration procedure, full disclosure is an equilibrium, sometimes supported by off-path beliefs
that are not required to satisfy any consistency criterion. For instance, full disclosure equilib-
rium can always be supported by the observer holding maximally skeptical no-disclosure beliefs
about all individuals. In definition 2, we introduce a refinement requiring no-disclosure beliefs,
even if off-path, to be justified by the aggregation of individual disclosure recommendations
through the deliberation procedure used by the team. The Theorem shows that full disclosure is

consistent with deliberation if and only if the deliberation procedure is such that disclosing the

These results connect to previous results in the literature on single-agent evidence disclosure games that es-
tablish a relation between model primitives, such as sender preferences and the evidence structure, and equilibrium
observer skepticism. In a team disclosure context, we introduce and characterize a new individually targeted notion
of skepticism, an individual’s blame.



team’s outcome requires less consensus than concealing it.”

Section 4 studies the full team-production and team-disclosure problem. We augment the
environment from Section 2 with an initial stage in which team members choose whether to
covertly exert costly effort to improve the team’s outcome distribution. Importantly, each team
member’s effort increases not only the value of the team outcome to themselves, but also the
value of the team outcome to the other team members. As before, once the team outcome
realizes — now drawn from a distribution that depends on the team members’ effort profile —
the team chooses whether to reveal it to the outside observer. Our main results in this section
evaluate the effort incentives provided by different deliberation protocols, through their effect
on equilibrium disclosure of team outcomes.

For a given team-disclosure strategy, Lemma 3 shows that an individual’s incentive to exert
costly effort can be decomposed in two parts: an “individual effort benefit,” which compares
the individual’s own expected outcome value if the individual exerts effort versus if they do
not; and a “blame misattribution” component. The blame misattribution component is the novel
incentive mechanism introduced by strategic team disclosure. In a full-effort equilibrium, the
observer attributes blame for team failures under the assumption that each individual exerted
effort. If an individual shirks and the team draws a team failure, then blame for that failure is
calculated under the (false) equilibrium premise that all team members exerted effort. Blame
may thus be misattributed across the team members, with each individual potentially being
over- or under-punished for a group failure. Excessive (misattributed) blame for team failures
provides individuals with extra incentives to contribute effort to team production.

Proposition 2 uses this insight to characterize deliberation procedures that induce extra ef-
fort incentives through blame misattribution. We show that, if the productive environment is
such that effort has low team externalities — in the sense that gains from an individual’s ef-
fort accrues mostly to themselves — then the deliberation procedure that gives every individual
the right to unilaterally disclose the team’s outcome provides stronger effort incentives than
any other procedure. On the other hand, if effort has high team externalities — that is, ef-
fort benefits accrue mostly to an individual’s fellow team members and not to themselves —
then a protocol that requires disclosure decisions to be reached via consensus dominates those
in which disclosure decisions are made unilaterally.® Proposition 4 considers environments in
which effort strongly improves the correlation between all team members’ outcomes (think, for
instance, about individuals putting effort towards a common output component). It shows that

protocols that require more consensus for disclosure provide more effort incentives, relative to

"This notion is formalized in Definition 2.
80ur distinction between high and low team externalities environments parallels the distinction between selfish
and cooperative investments in a hold-up context, proposed by Che and Hausch (1999).



the unilateral disclosure protocol.

The disclosure equilibria induced by these effort-enhancing protocols can be connected to
“corporate cultures” often praised in the business literature. The full-disclosure equilibrium
induced by the unilateral-disclosure protocol parallels “radically transparent” organizations, in
which individuals are held fully accountable for their contributions to team failures. An article
titled “How to Win the Blame Game” in the Harvard Business Review praises transparency
and the benefits of a “well-managed blame culture,” stating that “when used judiciously (...)
blame can prod people to put forth their best efforts.” In contrast, the partial-disclosure equilib-
rium induced by consensus-disclosure protocols resembles a corporate culture in which teams
“don’t play the blame game,” but rather collectively suffer the burden of bad team outcomes
— for example, much of the technology world uses a “blameless postmortem™ approach to un-
derstand the causes of team failures. Also in the Harvard Business Review, the article “When
Transparency Backfires, and How to Prevent It” argues that too much transparency can create a
blaming culture that “may actually decrease constructive, reciprocal behavior between employ-
ees.” From the perspective of the result in Proposition 2, both the radically transparent culture
and the “no blame game” cultures — induced through the different deliberation protocols that
teams may use — can be useful effort-incentivizing tools when applied in the correct productive
environment. The former should be employed in low-group-externality teams, while the latter
is beneficial in high-team-externality environments.

So far, we have compared deliberation procedures in terms of their effort-incentives provi-
sion, but have not characterized “effort-maximizing deliberation procedures.” In Section 5, we
consider that characterization while restricting attention to binary-outcome environments (in
which the support of each individual’s value consists of a “high value” and a “low value”). Our
results in this binary environment are in line with the general intuition developed in Proposi-
tions 2 and 4. We show that effort-maximizing deliberation procedures are such that disclosure
requires more consensus in environments with higher effort externalities or in which effort more

strongly correlates team members’ outcome values.

1.1 Related Literature

Our paper contributes to a large literature on multi-sender communication. Using different com-
munication protocols, seminal contributions by Milgrom and Roberts (1986), Battaglini (2002),
and Gentzkow and Kamenica (2016) study models in which multiple senders communicate

with a single receiver.’ All of those papers consider environments in which senders “competi-

9Several more recent contributions, including Hagenbach et al. (2014), Hu and Sobel (2019), and Baumann and
Dutta (2022), also study models of multi-sender evidence disclosure.



tively” communicate with a receiver by unilaterally sending messages to the same receiver. This
competitive communication benchmark corresponds to the unilateral disclosure protocol in our
context. Our paper expands on that by considering communication by a group, where group
members aggregate their individual communication recommendations using some deliberation
procedure.

In our model, the team communicates using an evidence disclosure protocol, as in the large
literature stemming from Grossman (1981) and Milgrom (1981). We contribute to this litera-
ture by studying team disclosure. Among other results, we show that team-disclosure equilibria
often feature non-disclosure of some evidence. Our paper is especially close to models with
multidimensional evidence, such as Dziuda (2011) and Martini (2018). In particular, Martini
(2018) shows that if a single sender separably values the receiver’s posterior about each di-
mension of the state, then partial-disclosure equilibria may exist if the sender’s preferences are
sufficiently convex. Such equilibria are supported by the fact that, upon seeing no disclosure,
the receiver cannot distinguish the dimension in which the sender drew “bad news.” Despite the
intuitive connection between this characterization and ours, team-disclosure problems are inher-
ently different from individual multi-dimensional disclosure problems, and the former cannot
be mapped into instances of the latter through appropriately chosen sender preferences.

The extensive literature on single-agent disclosure games provides a variety of mechanisms
that prevent the “unravelling” result from Milgrom (1981).!° In particular, Dye (1985) observes
that equilibria that do not feature full evidence disclosure exist in a single-agent problem when
the observer is unsure whether the sender has access to evidence. In the team context, despite
senders always having access to evidence, they may be unable to disclose it because other team
members may have vetoed it. The observer in our context is, as in Dye (1985), unsure about
why the evidence was not disclosed. Our mechanism is also connected to that in Seidmann
and Winter (1997) and Giovannoni and Seidmann (2007), who argue that equilibria with some
non-disclosure arise when, upon seeing no-disclosure, the observer is unsure whether the sender
intended to bias their belief upwards or downwards. In the team context, the observer is simi-
larly unable to attribute the decision to not disclose the outcome to the interests of a particular
individual in the team.

Squintani (2020) studies strategic transmission of verifiable information in networks of (per-
haps biased) experts and decision makers. He shows that communication to a decision maker
through a path of intermediary players—who can sequentially choose to “veto” information

transmission—breaks down unless all intermediaries are biased in the same direction relative

10See, for example, Dranove and Jin (2010) for a review of both theoretical and empirical explanations of why
verifiable information may not be voluntarily disclosed through a process of unravelling.



to the decision maker.'!

One of the deliberation procedures we consider in our team disclo-
sure model is the consensus procedure, in which every team member can veto disclosure. We
similarly find that communication between the team and the observer is harmed (although not
completely broken down) because deliberation aggregates preferences from multiple agents. In
a model of intermediated cheap talk, Ambrus, Azevedo and Kamada (2013) likewise show that
intermediaries’ competing biases may harm information transmission.

Our paper considers not only disclosure decisions in teams but also the impact of communi-
cation decisions on individual effort incentives. Thus, we contribute to a small literature relat-
ing disclosure and incentives. Ben-Porath, Dekel and Lipman (2018) show that in a Dye (1985)
individual-disclosure environment, partial disclosure equilibria may incentivize the individual
to favor risky projects, even at the expense of the project’s overall expected value. Matthews
and Postlewaite (1985), and more recently Shishkin (2021), Onuchic (2021), and Whitmeyer
and Zhang (2022), study the effect of the evidence-disclosure equilibrium on an individual’s
incentives to acquire evidence. A closely related literature — for example, Austen-Smith and
Feddersen (2005), Gerardi and Yariv (2007, 2008), Levy (2007), Visser and Swank (2007), and
more recently Name-Correa and Yildirim (2019) and Bardhi and Bobkova (2023) — studies
information acquisition and information aggregation in deliberative committees, under various
voting and communication protocols, as well as committee compositions. Our paper first de-
parts from that literature in that we study a model of communication by a group, rather than
an environment in which an action choice is delegated to the group. More importantly, our pa-
per differs from that literature in its focus: while the deliberative committees literature studies
how different protocols fare in terms of information acquisition and aggregation, we character-
ize disclosure equilibria under various protocols and evaluate their power to incentivize team
members to put effort into a team project.

Our work is also related to the literature on incentives provided by career concerns, follow-
ing Holmstrom (1999), and specifically to papers on career concerns in teams.'> More gener-

ally, our results on incentive provision relate to the large literature on incentives in teams —

"Squintani (2020) uses this observation as a step in his main exercise, in which he studies the design of networks
of ideologically differentiated experts and decision makers, with the goal of maximizing the flow of information.
He finds that the optimal network is a line, with players ordered by their bias. The exercise of designing a commu-
nication network to facilitate information flow may be related to designing deliberation procedures to maximize
information disclosure. In contrast, in our paper, we design deliberation procedures to improve team members’
effort incentives.

12See, for instance, Jeon (1996), Auriol, Friebel and Pechlivanos (2002), Bar-Isaac (2007), Arya and Mittendorf
(2011), Chalioti (2016), and Ramos and Sadzik (2023). In particular, Ortega (2003) shows that the power allocation
within a team — the distribution of how individual efforts affect team outcomes — affects effort incentives; and
Onuchic () Ray (2023), Ray () Robson (2018), and Ozerturk and Yildirim (2021) study team production with
unequal and endogenous credit attribution to team members.



following, for example, Alchian and Demsetz (1972), Holmstrom (1982), and Itoh (1991). Our
contribution is to study the design of the deliberation procedure determining voice rights within
a team; and to show that authority over team communication can be used as a motivational tool.
Specifically, we show that it may be gainful to share power among team members, inducing an

equilibrium whereby blame for team failures cannot be attributed across team members.'?

2 Team Disclosure

2.1 Environment

A group N = {1,2,...,n} of agents makes up a team. The team draws an outcome w =
(w1, ...,w,) from a distribution ;1 over a finite outcome space {2 C R™. Once the outcome w
is realized, the team decides whether to disclose it to an outside observer. For each w €
and ¢ € N, w; 1s the value to individual ¢ of having the observer see outcome w. This general
formulation allows for different interpretations of how individual value is implied by a collective
team outcome. In a career concerns interpretation, the team produces a joint outcome that
informs the observer about each team member’s ability, and w; is the value derived by ¢ from
that assessment. Alternatively, the outcome may be a piece of evidence that conveys to the
observer information about some state of the world relevant to a policy decision. The state of
the world and the implied policy decision may be valued differently by each team member ¢,
yielding the individual value described by w;.

We make the following assumption about the outcome distribution .

Assumption 1. The outcome distribution . has a product support—that is, ) = 1 X ... X Qny—

where €); C R has at least 2 elements for all © € N, and . has full support over §).

Assumption 1 reflects that team outcomes generate heterogeneous values across the indi-
viduals in the team. It implies, for example, that individual outcome values are not perfectly
correlated, in which case the team would behave as if it were a single individual (see our discus-
sion in Observation 1 below). We note, however, that Assumption 1 is a very weak restriction,
as any distribution can be arbitrarily well approximated by a full-support distribution.

Each team member ¢, after seeing the outcome w, makes an individual disclosure recom-
mendation: z;(w) € [0, 1] indicates the probability that agent ¢ recommends the disclosure of
the outcome. With complementary probability 1 — x;(w), agent i recommends that the outcome

be concealed from the outside observer. Individual disclosure recommendation strategies define

BIn a single-agent career-concerns environment, Dewatripont, Jewitt and Tirole (1999) show that when the
observed outcome is a coarser signal about an individual’s abilities, effort incentives may actually be improved.
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a distribution over the set of team members who favor the disclosure of each possible outcome

w € (2. Formally, for every subset of team members X C N,

H 7 l[zeX] 1 xl<w))]1[z¢X]

1EN

is the probability that the set of team members who favor the disclosure of outcome w is X .'*
The teams’ disclosure decision is then made according to some deliberation procedure. A
deliberation procedure D : P(N) — [0, 1] is a mapping that aggregates individual recommen-
dations into a team disclosure decision. If X C N is the set of team members who recommend
disclosure, then D(X) is the probability that the outcome is disclosed. Now considering the

distribution of disclosure recommendations, the team’s disclosure decision

w)= Y Hx(w)D(X) € [0,1]

XCN

is the expected probability that the outcome w is disclosed to the outside observer.

In a real-world scenario, deliberation may be a lengthy process made up of formal rules and
communication between team members which somehow aggregates the interests of the group
into a team decision.!' In this model, we interpret our deliberation protocol D as a reduced-form
aggregation rule that already accounts for that interplay and informs how individual recommen-
dations map into a team decision. We assume that this protocol agrees with unanimous team
decisions, so that if all team members recommend disclosure or all team members recommend
non-disclosure, then the unanimous decision is followed. And we require that the probability

of disclosure be increasing in the set of people who favor disclosure. Formally:
Assumption 2. The deliberation process D : P(N) — [0, 1]

1. Respects unanimity: D(N) = 1 and D(@) = 0.

2. Is monotone: X C X' implies D(X) < D(X).

For illustration, suppose that the team has only two members, so that N = {1,2}. Because
D({@}) = 0 and D({1,2}) = 1, the deliberation procedure is fully defined by D({1}) €
[0, 1]—the probability that a team discloses an outcome when person 1 recommends its disclo-

sure and person 2 does not—and by D({2}) € [0, 1], the probability of disclosure when it is

“Note that if every team member uses a pure recommendation strategy (so that z;(w) € {0, 1}), then Il x (w) =
1if X is exactly the set of team members who recommend disclosure, and ITx (w) = 0 otherwise.

SIndeed, previous literature — such as Gerardi and Yariv (2007) — highlights the interplay of formal rules and
communication in shaping equilibrium behavior in a deliberative committee.
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supported only by team member 2. The set of possible deliberation procedures for a two-person
team is accordingly depicted in the two panels in Figure 1.

The figure also highlights some possible features of deliberation procedures. We say that
team member i can unilaterally choose disclosure if D({i}) = 1, so that the team discloses
its outcome even if only team member ¢ recommends that decision. We accordingly denote
by unilateral the deliberation procedure whereby all team members can unilaterally choose
disclosure, so that D({i}) = 1 for every ¢ € N. In contrast, we say that disclosure decisions are
made via consensus if D(X) = 1if X = N,and D(X) = 0if X # N, that is, the outcome is
disclosed only if every team member favors its disclosure. Both these protocols are highlighted
in the left-hand panel of Figure 1. The right-hand panel displays procedures whereby each of the
team members can unilaterally choose disclosure. In particular, we highlight the two possible
team-leader protocols: team member i is a team leader if D(X) = 1ifi € X and D(X) = 0 if
i ¢ X, implying that the team always follows i’s recommended action.

Once the team makes its disclosure decision, the outcome is accordingly seen/not seen by
the outside observer, who then forms a posterior belief about the outcome that led to that obser-
vation. If w is disclosed, then the observer perfectly understands it and team member i’s value
is equal to the realized w;, for each 7 € N. If instead w is not disclosed, then ¢’s value is equal
to the observer’s inference about their value. Specifically, ¢’s payoff equals the observer’s mean
posterior about w;, given by

_ 2wl —dw))p(w)

[w;|no disclosure] = (1)

2ol —d(w))p(w) -

foreachi € N,if > (1 — d(w))u(w) > 0. Note that if no disclosure is an off-path (measure

wNP =E

zero) event, then the observer’s mean posterior is indeterminate. Throughout the paper, we refer
N

to wNP as the observer’s no-disclosure belief about team member 1.

2.2 Equilibrium

Definition 1 (Equilibrium). Given a deliberation procedure D, individual recommendations x;

for each i € N and no-disclosure posteriors WP for each i € N constitute an equilibrium if

1. Individual disclosure recommendations are as if pivotal:

Foreachi € N and w € Q, w; > wMP = 1;(w) = 1 and w; < WP = z;(w) = 0.

11



Unilateral

Team Leader 2

D ({2}) D ({2})

Consensus Team Leader 1

0 D({1}) L 0 D ({1}) L

Figure 1: The set of deliberation procedures for two-person teams. The left-hand panel highlights
the unilateral procedure, in which D({1}) = D({2}) = 1 and the consensus procedure, in which
D({1}) = D({2}) = 0. The right-hand panel highlights in red the procedures such that team member 1
can unilaterally choose disclosure, and in blue those in which team member 2 can unilaterally disclose.

2. Individual disclosure recommendations are determined by own outcome values:

Foreachi € N and w,& € Q, w; = W; = z;(w) = x;(0).

3. No-disclosure posteriors are Bayes-consistent: for each i € N, wNP satisfies (1).

The equilibrium notion described above is a Perfect Bayesian Equilibrium in which all team
members and the outside observer understand the deliberation process. Additionally, we re-
quire that individuals make disclosure recommendations as if they are pivotal to the team’s
decision. With this requirement, we refine out equilibria in which individuals position them-
selves for/against disclosure solely because they believe themselves not to be pivotal, and the
equilibrium strategies indeed support that their recommendations are not pivotal. Condition 2
requires team members to condition their individual disclosure recommendations only on their
own value of the team outcome. Given condition 1, this requirement binds only when an out-
come realization is such that w; = sz D for some team member i; in that case, in which i
is indifferent between disclosure or non-disclosure, we impose that ¢ does not correlate their
disclosure recommendation with the outcome’s value to other team members.'® Like condi-

tion 1, condition 2 imposes a refinement on the equilibrium set. Finally, condition 3 requires

16 All results stated in section 3 also hold if equilibrium is defined without the requirement of Condition 2.
This condition is used for results in sections 4 and 5 that require a characterization of the entire equilibrium set
in the team disclosure game. Further note that Condition 2 would be moot if outcome values were distributed
continuously, so that realizations in which w; = wZN D for some team member i would constitute a set with zero
measure.
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Bayes-consistency for beliefs reached on the equilibrium path.

We know from the previous literature on disclosure with verifiable information that when
disclosure decisions are made by a single individual, the unique equilibrium has full disclosure
— so that all outcomes are disclosed to the observer. The key insight supporting this result is
that, if the observer knows that an individual holds some evidence of their outcome, then the
non-disclosure of that evidence makes the observer skeptical. The observer’s skepticism then
generates an unraveling of any equilibrium with (partial) non-disclosure. We first remark that
in our environment, if all team members have perfectly correlated outcomes, then the team-
disclosure game is equivalent to a disclosure problem for a single individual (regardless of the

deliberation procedure).

Observation 1. Suppose that . is such that outcomes are perfectly correlated across team mem-

bers. Then for any deliberation protocol D, the unique equilibrium outcome is full disclosure.

Observation 1 highlights the differences between individual- and team-disclosure problems.
In contrast to individual-disclosure problems, our results show that when disclosure decisions
are made by teams, equilibria often involve partial non-disclosure. We will see that the usual
unraveling argument fails if the outside observer cannot fully attribute a non-disclosure decision

to a specific team member.

3 Equilibrium Team Disclosure

Given deliberation procedure D, some team members have complete “voice rights” and can
unilaterally choose disclosure on behalf of the team. Theorem 1 shows that equilibrium team
disclosure distinguishes between these team members, to whom the observer fully attributes the
team’s decision to not disclose an outcome, and those members who cannot unilaterally choose
disclosure.

We say that an equilibrium has full disclosure if the observer can always perfectly infer the
realized outcome w € (2 on path; or, equivalently, if there is at most one w € (2 such that
d(w) < 1.

Theorem 1. Given a deliberation procedure, the following is true about the equilibrium set:
1. A full-disclosure equilibrium exists, with

wNP = min(€Y,) for everyi € N.

)
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2. If i is a team member who can unilaterally choose disclosure, then

wNP = min($Y) in every equilibrium without full disclosure.
3. Conversely, if I C N is the set of team members who cannot unilaterally choose disclo-
sure, then there exists an equilibrium without full disclosure where

N

WP > min(QY,) for everyi € I.

A full proof of Theorem 1 is available in Appendix A. The first statement in the Theorem
argues that regardless of the deliberation procedure D with which the team makes disclosure
decisions, a full-disclosure equilibrium always exists. To see this, suppose that the observer’s
no-disclosure beliefs satisfy w¥? = min((;) for every team member i € N. That is, upon
seeing no disclosure, the observer is maximally skeptical about all team members and believes
that the realized outcome surely corresponds to the worst possible realization for all of them.
In that case, every team member is willing to recommend the disclosure of all outcomes —
for no outcome yields a strictly worse payoff than the observer’s no-disclosure belief — and,
consequently, the team’s decision to disclose all outcomes is unanimous. In turn, because all
outcomes are disclosed, no-disclosure happens only off the equilibrium path and therefore the
observer’s beliefs are consistent with Bayes updating.

More interestingly, the Theorem further describes the equilibrium set. Specifically, it states
that if a team member ¢ can unilaterally choose disclosure, then the observer must be maximally
skeptical about their outcome in any team-disclosure equilibrium. But a converse also holds:
there is an equilibrium in which the observer is not maximally skeptical about any team member
who cannot unilaterally disclose the team’s outcome.

For an illustration, refer to Figure 2. In each panel, the figure depicts the space of possible
team outcomes in a two-person team, with values for agent 1 plotted on the x-axis and values for
agent 2 plotted on the y-axis. Conjecture an equilibrium in which the observer is not maximally
skeptical about either team member, so that w'” > min(Q;) and w)'? > min()y). Given this
conjecture, each team member recommends the disclosure of an outcome if and only if their
realized value is larger than the conjectured no-disclosure beliefs about their value. In both
panels, the red-shaded area depicts team outcomes that agent 1 recommends to conceal and
the blue-shaded area represents those that agent 2 recommends to conceal. These individual
recommendations are then aggregated according to the team’s deliberation procedure. The left-

hand side panel supposes that team member 1 is the team leader, and the one on the right-hand
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Figure 2: Both panels depict candidate team-disclosure equilibria in a team with n = 2. The
left-hand panel supposes a deliberation protocol in which team member 1 is the team leader. The
right-hand panel supposes a protocol whereby disclosure decisions are made via consensus.

side supposes that the deliberation procedure is such that disclosure is chosen via consensus.

Under the former deliberations procedure, the team’s decision follows precisely team mem-
ber 1’s recommendations, and therefore the team does not disclose outcomes in the red-shaded
area, but discloses all other outcomes. The no-disclosure recommendation in the blue-shaded
area is not followed by the team, as represented by the dashed pattern in the figure. Now note
that all outcomes in the red-shaded no-disclosure area are such that w, is smaller than the orig-
inally conjectured no-disclosure belief wi'”. Therefore it cannot be that the conjectured belief
is Bayes-consistent; and consequently, there is no equilibrium in which w]? > min(Q,), as
described in statement 2 of the Theorem. This argument is precisely describes that, if a team
member ¢ can unilaterally choose disclosure, then any equilibrium in which the observer is not
fully skeptical about ¢ “unravels.”

Instead, if disclosure is chosen via consensus, so that neither team member can unilaterally
choose disclosure, then both the red- and the blue-shaded areas are not disclosed by the team, for
at least one of the team members recommends that each of those outcomes be concealed. In that
case, there are some outcome realizations that are “good news” for team member 1 (w; > w{v Dy
which are not disclosed because team member 2 favors their concealment; and likewise the
disclosure of some “good news” about individual 2 is blocked by team member 1. A conse-
quence is that the Bayes-consistent update made by the observer upon seeing no-disclosure is
not necessarily lower than the initially conjectured no-disclosure beliefs. Indeed, statement 3
in the Theorem shows that there is such an initially conjectured pair of no-disclosure beliefs—
not maximally skeptical about either team member—that satisfies Bayes-consistency. More

broadly, the Theorem shows that when team members cannot unilaterally choose to disclose the

15



team’s outcome, an equilibrium in which some outcome realizations are not disclosed is sup-
ported by the fact that the observer is not able to attribute responsibility for the non-disclosure
of the team’s outcome to any particular team member.

In such equilibria without full disclosure, the team conceals outcomes that are “bad news”
about a set of people in the team who can collectively block the outcome’s disclosure — this is
the team-equivalent of “sanitization strategies,” in the language of Song (1994). Accordingly,
upon seeing that an outcome is not disclosed, the observer becomes skeptical about the team and
interprets non-disclosure as a team failure. The observer, understanding the deliberation pro-
cedure that led to the team’s decision, rationally translates their “aggregate skepticism” about
the team into “targeted skepticism” about individual team members. In other words, the delib-
eration procedure determines the extent to which the observer perceives each team member as
being to blame for a team’s failure. Section 3.1 formally introduces a notion of individual blame
and characterizes its relationship to the deliberation procedure used by the team. Section 3.2
complements our characterization of the team-disclosure equilibrium set by discussing when

the full-disclosure equilibrium can be deemed “inconsistent” with the deliberation procedure.

3.1 Blame as Targeted Skepticism

We see the vector of the observer’s no-disclosure beliefs w”? as describing each individual’s

equilibrium level of blame for a team failure — remember that the observer interprets “non
ND
2

as increases in team member 7’s blame. Note that our measure is not normalized by the total

aggregate blame directed at the team (as for example w'"” /7.y wi¥P)."

disclosure” as a team failure. In our exercise in this section, we will refer to decreases in w

Our choice reflects
the fact that, in a Bayesian learning model like ours, blame is not a “zero-sum game.” Agents
are not just “sharing a pie,” but rather each one is signaling their outcome realizations to the
observer. Thus, it is possible for all team members to be fully blamed for a group failure, or for
none of them to be blamed.

In this exercise, we will focus on strict equilibria. In our environment, a strict equilibrium is
one in which for any realized outcome, each team member has strict preferences over disclosing
or not disclosing that outcome. That is, the observer’s no-disclosure belief about each individual
does not coincide with any possible realization in their (finite) realization set, wlN b ¢ ; for
any ¢ € N. Consequently, a strict equilibrium can be fully described by the no-disclosure belief
vector w™¥P. For each deliberation procedure D and each outcome distribution z, we then let

& ;? C co(£2) be the set of strict equilibria of the disclosure game.

70ur chosen measure of i’s blame, w{v D is also not normalized by the distribution of i’s outcomes, but our

results remain unchanged if we use the measure w¥'? / [max(£2;) — min(;)] instead.
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Proposition 1 considers the effect of marginal changes in the deliberation procedure D on the
equilibrium blame vector w™” around a particular strict equilibrium. Lemmas 1 and 2 ensure
that this is a well-defined exercise. Remember that a deliberation procedure is described by 2"
numbers in [0, 1], specifying for each subset I C N of team members supporting disclosure a
probability of disclosure D(I) € [0, 1]. Our assumptions require that D(&) = 0, D(N) = 1,
and I C I’ = D(I) < D(I'). Consequently, the relevant space of deliberation procedures is a

compact subset of [0, 1]>" 2.

Lemma 1. For every full-support outcome distribution 1, there is an open set of deliberation

procedures D such that a strict equilibrium exists; that is, 5,? # &. Additionally, for every

deliberation procedure with D({i}) < 1 for every i € N, there is an open set of outcome
. . . D

distributions p such that £, # &.

Lemma 2. Fix a deliberation procedure D and a distribution p such that £ 5 # &. Consider a
particular strict equilibrium ¢ € E/’? . There exists 6 > 0 such that in any 6-neighborhood of D,
with 0 < 0, there is a unique continuous selection E of the strict-equilibrium correspondence
EY such that E(D) = «.

The proofs of both lemmas are in Appendix A. Lemma 1 shows that strict equilibria often
exist in our team-disclosure model, and Lemma 2 ensures that the notion of marginal changes
in w¥P due to marginal changes in D around a particular strict equilibrium is well defined.
Because D is a multidimensional object, the effect of marginal changes in D on w™” depends
on the direction of these marginal changes. Proposition 1 characterizes directions of changes in

the deliberation procedure such that a team member 7’s blame increases or decreases.

Proposition 1. Fix a deliberation procedure D and a distribution p such that 5/? # &, and
a strict equilibrium ¢ € 55 . Consider marginal changes in the deliberation procedure D and
their effect on the observer’s no-disclosure belief about team member i, WNP. If the marginal

change in D satisfies

min{ld_D—l()[()[_):ielgN}>max{1d_D—l<f()[):i§é]§N}7 )

then dw™P /dD < 0. Conversely, dw™" /dD > 0 if

S L P S LT RS o
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The proof of Proposition 1 is presented in Appendix A. Intuitively, condition (2) requires
that the deliberation procedure move in a direction that increases the probability of disclosure
when sets of team members that include team member ¢ recommend disclosure relatively more
than when sets of team members that do not include team member ¢ recommend disclosure. In
that case, the observer’s equilibrium no-disclosure belief about team member 2’s outcome must
decrease. An interpretation is that condition (2) ensures that team member ¢’s voice rights —
the right to speak on behalf of the team — increase; and, as a consequence, ¢’s blame for team
failures also increases. Two corollaries of Proposition 1 stated below highlight two different
sets of directional changes in deliberation that ensure an increase in ¢’s voice rights.

Corollary 1 considers changes in the deliberation procedure that increase the probability
of disclosure after every possible set of team members recommends disclosure, but does so
in a proportional way. Because the probability of disclosure after either all team members
or no team members recommend disclosure is fixed by assumption, the direction of change
requires that those remain constant. We say this direction of change makes the deliberation
protocol more unilateral, because it corresponds to a convex combination between the original
deliberation protocol and the unilateral disclosure protocol — see the left panel of Figure 3 for

an illustration.

Corollary 1 (to Proposition 1). We say the deliberation protocol D becomes more unilateral if

dD(I) dD(I') , i ,
- > I.I'C NwithI,I'¢ {5, N},
= D() ~ 1=D(I) 0 for every wit ¢ { }

If D becomes more unilateral, then dw™? /dD < 0 foralli € N.

When the deliberation procedure becomes more unilateral, the observer understands that
all team members have an increased opportunity to enforce the disclosure of a given outcome.
Therefore, the observer interprets the team’s choice to not disclose an outcome as worse news
about each individual team member. In other words, an “aggregate increase” in all team mem-
bers’ voice rights leads to a corresponding “aggregate increase” in their blame for team failures.
Corollary 2 shows that a relative increase in a particular team member’s voice rights — making

their disclosure recommendations more pivotal — leads to an increase in their own blame.

Corollary 2 (to Proposition 1). We say team member i becomes more pivotal if for every I C N
dD(I)>0=i€landdD(I)<0=1i¢ I.

If i becomes more pivotal, then dw™" /dD < 0.
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Figure 3: Both panels show the effect of changes in the deliberation procedure in a two-person team
on the observer’s no-disclosure belief about each team member. Red-shaded areas indicate directions
of changes in D that decrease w{v D' (increase team member 1’s blame) and blue-shaded areas indicate
directions that increase team member 2’s blame. The left panel illustrates in black the direction that
makes the protocol more unilateral (see Corollary 1), and the right panel illustrates in darker red the
directions that increase team member 1’s pivotality (see Corollary 2).

The right panel in Figure 3 shows the directions of change in the deliberation procedure that
increase a team member’s pivotality in a two-person team. In two-person teams, an increase
in team member 1’s pivotality implies a decrease in team member 2’s pivotality, but this is not
necessarily true in larger teams. However, for any team size, Corollary 2 shows that relative
increases in ¢2’s voice rights — due to either an increase in the probability of disclosure after ¢
recommends it or to decreases in the probability of disclosure when it is recommended only by

other team members — ensures an increase in 2’s blame.

3.2 Is Full-Disclosure Consistent with Deliberation?

Theorem 1 shows that equilibria without full disclosure, when present, coexist with a full-
disclosure equilibrium. By definition, in a full-disclosure equilibrium the event of “no disclo-
sure” either does not happen at all on the path of play or happens only after one realization
w € () (so that the observer can perfectly infer the outcome realization even after seeing no
disclosure). If no disclosure happens only off-path, then the equilibrium notion in Definition
1 does not impose any requirements on the observer’s vector of no-disclosure beliefs w™?.
Therefore, a vector of beliefs that sustains full disclosure as the team’s strategy is vacuously
consistent with equilibrium.

In this section, we inspect the plausibility of the off-path no-disclosure beliefs that sup-
port full disclosure as part of the equilibrium set. Specifically, we wish to evaluate whether

these beliefs are consistent with the aggregation of individual recommendations via the team’s
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deliberation procedure. Our notion of consistency — in the spirit of structural consistency
from Kreps and Wilson (1982) — requires that the observer’s vector of no-disclosure beliefs be
reached via Bayesian updating for some conjectured (not necessarily optimal) team disclosure
strategy that aggregates individual recommendations via the given deliberation procedure and

reaches the “no-disclosure” information set with positive probability.

Definition 2. No-disclosure beliefs wNP = (WP, ... ,wNP) are consistent with deliberation
procedure D if there exists some team disclosure strategy d with d(w) < 1 for some w € €, and

a vector of individual recommendations x such that

1. Individual disclosure recommendations are determined by own outcome values:

Foreachi € N and w,& € Q, w; = W; = z;(w) = 2;(@).

2. The team’s disclosure decision aggregates the individual disclosure strategies x:

dw) = Z [Ix(w)D(X) for every w € §.

XCN

3. No-disclosure posteriors are Bayes-consistent: for each i € N, wNP satisfies (1).

Theorem 2 states a necessary and sufficient condition on a team’s deliberation procedure
for the existence of a full-disclosure equilibrium that is supported by consistent beliefs. This
condition requires the deliberation protocol to be such that reaching the decision to disclose an
outcome does not require more consensus among team members than reaching the decision to
conceal an outcome with positive probability. Formally, we say that disclosure requires more
consensus than concealing if for every subgroup I C N such that D(/) = 1and D(N\I) < 1,
there exists a smaller subgroup J C [ such that D(N \ J) < 1 and D(J) < 1. In this
requirement, / is a group of team members who can jointly implement disclosure, regardless
of other team members’ recommendations (because D (/) = 1); and group / can also jointly
block disclosure (with some probability), as D(N \ I) < 1. If the requirement is satisfied, then
for every such group I, there exists a smaller subgroup of team members who can jointly block
disclosure, but cannot jointly implement disclosure. We then conclude that disclosure requires
the consensus of the larger group 7, but that non-disclosure requires only the consensus of the
smaller subgroup J. For example, in a team with n = 2, disclosure requires more consensus
than concealing if and only if the decision to disclose an outcome with probability 1 must be
reached via consensus between the two team members. or equivalently, if and only if neither

team member can unilaterally choose disclosure; that is, D({1}) < 1 and D({2}) < 1.
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Theorem 2. A full-disclosure equilibrium that is consistent with the deliberation procedure D

exists if and only if D is such that disclosure does not require more consensus than concealing.

To understand the result, suppose that there are only two team members and that disclosure
requires more consensus than concealing, so that D({1}) < 1 and D({2}) < 1. Conjecture a
full-disclosure equilibrium supported by a vector of no-disclosure beliefs w™¥?. It must be that
WP = min(€;) and w? = min(Qy), for otherwise one of the team members would strictly
prefer to not disclose realizations where they draw their worst possible outcome. Because of
the assumption on the deliberation procedure, they would be able to unilaterally impose such
non-disclosure with positive probability, thereby contradicting the initial assumption that the
equilibrium has full disclosure.

Now we wish to craft a pair of individual disclosure strategies Z to be used to “justify” the
beliefs w™V? = (min(Q;), min(€2,)). These strategies must imply that some realization & is
not disclosed with positive probability, and therefore it must be that either 7 (@, ws) < 1 for
all wy € Oy or Ty(wy,wq) < 1 forall wy € €. If the former is true, then all realizations
wy € )y are concealed with positive probability, which implies that the no-disclosure posterior
wi'P consistent with 7 is strictly larger than min(2,). If the latter is true, then wi'? > min(€2;).
Combining these two cases, we conclude that the off-path beliefs necessary to sustain full dis-
closure cannot be justified by any disclosure strategy that is consistent with the deliberation
procedure. With some work shown in the Appendix, this argument generalizes to teams with
more than two members, so long as the deliberation procedure is such that disclosing requires
more consensus than concealing.'®

For the other direction of Theorem 2, consider again a team with two individuals, and
now suppose that disclosure does not require more consensus than concealing; without loss,
let D({1}) = 1. Given this deliberation procedure, there exists a full-disclosure equilibrium
where WP = min(;) and WP > min({y). Furthermore, these no-disclosure beliefs can
be justified by the following individual disclosure strategies: #1(w) = 0 if w; = min(£2;) and
Z1(w) = 1 otherwise; and Zo(w) = 0 for all w € 2. Again, in the Appendix, we show that
this construction can be generalized to teams with n > 2 team members if, under the team’s
deliberation procedure, disclosure does not require more consensus than concealing.

Together, Theorems 1 and 2 illustrate that full disclosure is harder to support in an equilib-

rium the higher the degree of consensus required for a team to choose disclosure. The first result

8More precisely, in any full-disclosure equilibrium there must be a subgroup I C N of the team, who can
together choose disclosure (that is, D(I) = 1) and such that wNP = min(Q;) for all i € I. We show that it is
impossible to construct a strategy profile Z that justifies these off-path beliefs. To argue this point, we use the fact
that there is a subset of team members J C [ that can together ensure that an outcome is not disclosed with some
probability, that is, D(J) < 1.
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shows that unless disclosure is very easy — in the sense that it can be chosen unilaterally by all
team members — full disclosure is not the unique equilibrium outcome. Theorem 2 strengthens
the observation by showing that if disclosure requires more consensus than concealing, then not
only do equilibria without full disclosure exist, but they are the only equilibria that survive our
proposed refinement. For further illustration of the conditions in Theorems 1 and 2, consider
anonymous deliberation procedures, in which the team’s disclosure decision depends only on
the number of team members who recommend disclosure. Within that class, disclosure can be
chosen unilaterally by all team members if D(I) = 1 if and only if |I| > 1; and disclosure

requires more consensus than concealing if D(7) = 1 if and only if |/| > n/2.

Corollary 3 (to Theorems 1 and 2). Suppose D is an anonymous deliberation procedure, with
D(I) = 1ifand only if |I| > k. Full disclosure is the unique equilibrium outcome if and only
if k = 1; and full disclosure is consistent with deliberation if and only if k < n/2.

4 Deliberation and Incentives

So far in this paper, we have studied a problem whereby a team chooses how to communicate
about their group outcomes with outside observers, with a fixed outcome distribution .. We now
explore the effects of team disclosure on individual incentives to contribute to team production
in the first place. To do so, we add to the team’s problem a production stage that takes place

before the disclosure stage.
Individuals make Team outcome Team decides Observer
effort choices. realizes. on disclosure. forms beliefs.

Formally, at the initial stage, each agent unilaterally and covertly makes an effort decision:

team member i € N chooses ¢; € {0, 1}, bearing the individual cost ¢; > 0 if they choose to
put effort into the team project (e; = 1) and no cost otherwise. Individual effort choices are
collected into the team’s effort vector ¢ = (ey, ..., €,). Once individuals make effort decisions,
a team outcome is drawn from the distribution x(-; €), which now depends on the effort vector e
chosen by the team. After the team outcome realizes, the disclosure stage ensues as before: all
team members see the realized outcome w and make disclosure recommendations. Disclosure is
decided by the aggregation of individual recommendations through the deliberation procedure
D. The observer sees the disclosed/not-disclosed outcome, according to the team’s decision,
but never sees the team members’ effort choices — that is the sense in which effort decisions

are covert.
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Assumption 3 imposes that the support of outcomes is invariant to the chosen vector of

efforts and that the outcome distribution increases in the team’s effort.

Assumption 3. For each e € {0,1}", u(-;e) has full support over Q = Q1 X ... x Q,,, where

Q; C R has at least 2 elements for all i € N. Moreover, effort is productive, so that"

e>e = u(;e) Zros p(-e).

In our extended game, an equilibrium is defined by an equilibrium of the team-disclosure
game (as in Definition 1) and individual rationality at the effort-choice stage, given the team-
disclosure equilibrium.

Throughout the game, the deliberation procedure is fixed at D, and it is commonly under-
stood by all team members and by the observer. A natural interpretation of the fixed disclosure
protocol D is that, even prior to the effort stage, team members collectively pick a delibera-
tion procedure — that is, they agree on a governance structure to use to aggregate individual
preferences in future communication decisions. With such an interpretation in mind, our exer-
cise in this section describes the types of governance structures a team should implement if the
objective is to incentivize individuals to contribute effort to team production.

This “deliberation design” problem assumes that the team can commit to a protocol to aggre-
gate individual disclosure recommendations into a team disclosure decision, but that it cannot
commit to a rule that directly specifies a disclosure decision for each possible team outcome.
Our understanding is that, in many applied contexts, contracting on individual recommendations
is easier than contracting directly on team production outcomes, as these may not be immedi-
ately observable or measurable. For example, in environments in which individuals have career
concerns, the value of an outcome to each team member is given by the observer’s perception

of their respective type, which is not an easily measurable object.

4.1 Team Disclosure and Effort Incentives

There are many possible criteria with which to evaluate the effort incentives provided by dif-
ferent deliberation processes. We evaluate effort incentives provided by different deliberation

procedures by comparing their implied sets of cost vectors for which a full-effort equilibrium

9The notation - ro indicates (multivariate) first order stochastic dominance. We say that a random vector X
dominates a random vector Y in the first order stochastic if P(X € U) > P(Y € U) for every upper set U € R".
Equivalently, random vector X dominates random vector Y in the first order stochastic if E [p(X)] > E [p(Y)]
for all increasing functions ¢ for which the expectations exist. See Shaked and Shanthikumar (2007).
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exists, in which all team members exert costly effort.”’ Although we use this specific criterion,
the mechanisms highlighted in the current analysis are more general, and our results could be
adapted to other criteria, such as the equilibrium implementation of efficient effort and compar-
isons in terms of the overall set of efforts implementable in equilibrium by each procedure.
Lemma 3 establishes the basis for this analysis, characterizing the relation between disclo-
sure strategies used at the team-disclosure stage and team members’ incentives to exert costly
effort. Let ¢ € R’ | be the vector of effort costs for the team. For a team-disclosure strategy
d: Q — [0, 1], we say that d implements full effort if, given that the team uses strategy d in the
disclosure subgame after any individual effort choices, it is optimal for each individual : € N
to choose e; = 1 at the effort stage. For any subgroup I C NN, we use notation ¢; to indicate an

effort vector such that individuals ¢ € I exert effort and individuals i € N \ I do not.

Lemma 3. A team-disclosure strategy d : Q0 — [0, 1] implements full effort for a given cost
vector ¢ € RY if and only if. for everyi € N,*!

E (wi]eN) —E (wi\eN\i) —HP (ND|6N\1) [E (wl\ND, eN\i) —E (CJZ'ND, GN)] 2 C;. (4)
Individual l?]rfort Benefits Misattributed Blame

The expression in (4) clarifies how the selective disclosure of the team’s outcomes can be
used to incentivize team members to put in effort beyond their baseline “full-disclosure” in-
centives. On the left-hand side of (4), the first highlighted term corresponds to team member
1’s direct individual benefits from exerting effort. The term compares individual 7’s expected
outcome value when they choose e; = 1 versus e; = 0 while maintaining the assumption that
all other team members exert effort. Under full disclosure, that is exactly the benefit of exerting
effort for individual 7.

The second term corresponds to the extra incentives to exert effort that are provided by
selective non-disclosure. Specifically, the second term accounts for how the observer misat-

tributes blame to team member ¢ when they do not exert effort and a team failure ensues. More

200ur results in Section 2 show that there are often multiple equilibria in the team-disclosure game. Accordingly,
there are often multiple equilibrium effort vectors that are implementable in the larger game under the same delib-
eration procedure. Our criterion therefore requires that full effort be implementable in some, but not necessarily
all, such equilibria.

2I'The following rewriting of (4) expresses the relation with the team disclosure strategy d more directly:

6 <Y wip(wien) = Y wip(w;eny;)
Q Q

Yowill —dw))pwien) gwi(l —d(w))p(w;eni)
2ol —d(w))p(w;en) 2ol —d(w))u(w; enyi)

S d(w)) i eans) [

Q
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formally, in a full-effort equilibrium, the observer expects all team members to contribute effort
to the team project, so that e = ey. But suppose person ¢ deviates and shirks, so the true effort
vector is e = en;. And given this deviation, suppose that the drawn outcome is such that the
team chooses not to disclose it. Because 7’s effort is covert, the observer still calculates ’s
“blame” under the presumption that all team members exerted effort — and therefore ¢’s value
is E (w;|ND; ey), as opposed to the “correct” blame assessment [ (wi\ND; eN\i) 22

The misattributed blame term is positive — and therefore selective non-disclosure via d
provides stronger effort incentives than full-disclosure — if, for each team member 7, the ob-
server’s equilibrium blame attribution to them is harsher than the correct assessment given a
deviation by ¢ to shirking. Intuitively, this is the case when the team’s disclosure decisions are
more correlated with 2’s outcome under full effort than under the alternative effort vector e N\i.23

The decomposition of individual effort incentives in Lemma 3 parallels incentive decom-
positions for different governance structures in hold-up models. For example, Grossman and
Hart (1986) show that individual incentives to invest in a relationship are determined first by
the direct benefits of that investment and second by the effect of that investment on actions later
chosen by whoever has control over the relationship asset. Moreover, the efficient allocation
of control over the relationship asset is the one that best aligns this second term with efficient
effort incentives.?* Similarly in our model, effort incentives are determined partly by the direct
effect of effort on individual outcomes and partly by the effect of effort on the team’s disclosure
decisions in the communication stage (and the implied blame assignment following those de-
cisions). And effort-maximizing allocations of voice-rights — effort-maximizing deliberation

protocols — are those that maximize this latter term.

4.2 Comparing Deliberation Procedures

To evaluate the effort incentives provided by a particular deliberation procedure D, we assess

whether full effort can be implemented by team-disclosure strategies induced in equilibrium

22To calculate these conditional expectations, we maintain the team-disclosure strategy d unchanged as a func-
tion of the realized outcome w, and vary the outcome distribution with ¢’s effort choice. In any equilibrium,
disclosure strategies in the disclosure stage must not depend on the effort choice in the initial stage, because each
agent chooses effort covertly.

ZIndeed, the following rewriting of the left-hand side of (4) expresses i’s effort gains directly in terms of the
improvement of the covariance between ¢’s outcome and disclosure:

]P’(ND\eN\l-)

[1 —P (ND|€N\1‘)} [E (wilen) —E (wi‘eN\i)] + P(NDlen)

Cov (w;,dlen) — Cov (wi,d|eN\i) NS

Please see the Appendix, where we derive this expression from (4).
24See also Gibbons (2003), section 2.2, for a more detailed description.
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when the team makes disclosure decisions using D. For a given procedure D, we let FE(D) C

R? | be its corresponding full-effort set.

Definition 3 (Full-Effort Set). A cost vector ¢ € R} is in the full effort set of the deliberation
procedure D — c € FE(D) — if

1. There is a team disclosure strategy d that implements full effort for cost vector c;

2. Given deliberation procedure D and outcome distribution yu(-; ey ), team disclosure strat-

egy d is an equilibrium of the team disclosure game.

This definition imposes only that a team disclosure strategy d that implements full effort
be an equilibrium of the disclosure subgame after all team members exert effort — that is,
under the outcome distribution p(-; ex). But note that, if that is the case, then there exists an
equilibrium of the full extended game in which all team members exert effort at the production
stage and, at the disclosure state, team strategy d is played after all possible individual effort
choices. (We state this in Observation 2 below.) This observation holds because effort is covert,
and therefore the observer’s no-disclosure beliefs are calculated based on equilibrium individual
effort choices and do not change after an unobserved individual effort deviation. As such, each
individual is willing to use the same disclosure recommendation strategy after a deviation as

they do on the equilibrium path.

Observation 2. If the cost vector is ¢ and the deliberation procedure is D, with ¢ € FE(D),
then there exists an equilibrium of the production plus disclosure game in which every team

member exerts effort.

We use the full-effort sets of deliberation procedures to compare them in terms of the pro-
vision of effort incentives. We say that a deliberation procedure DD dominates a deliberation
procedure D' if FE(D') C FE(D). Or equivalently, D dominates D’ if for every cost vector ¢
such that full effort can be implemented in equilibrium under procedure D', full effort can also

be implemented in equilibrium under procedure D.

4.3 Effort Environments and Effective Deliberation

We now use the characterization in Lemma 3 to study which types of deliberation procedures
effectively incentivize effort. Note that, while Assumption 3 guarantees that effort is productive,
a key observation is that there are different ways in which an individual’s effort can improve the

outcome distribution. Our analysis contrasts an effort environment in which a team member’s
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effort improves the distribution of their own outcome values with a “high externality” environ-
ment, in which an individual’s effort improves the distribution of outcome values for other team
members. In these distinct environments, different types of deliberation procedures should be
used to effectively incentivize effort.

We say effort is purely self-improving if, for every i € N and every [ C N,*

pni(ser) = (s en), and pi(-lwngi er) =ros pi(-lwa eng) for all wyy € Qg

The notation 1\, (+; e) indicates the joint distribution of outcomes of all team members except
for team member ¢, when the team’s effort is e;. In turn, p;(-|wn\;; €7) indicates the outcome
distribution for team member ¢ conditional on outcome realization wy; for all other team mem-
bers, given the team effort e;. Accordingly, we say that effort is self-improving if, for every
team member ¢ € N, their own effort leaves the outcome distribution of other team members
unchanged, but improves their own outcome distribution, conditional on others’ outcome re-
alization. A purely self-improving environment describes a low-team-externality situation, in
which all the benefits from exerting effort accrue directly to the individual who puts in that
effort, and not to their fellow teammates.

In contrast, we capture a high-team-externality environment — in which an individual’s
effort benefits accrue not to themselves directly, but to the other team members — as an envi-
ronment in which effort is purely team-improving. Formally, effort is purely self-improving if

forevery i € N andevery [ C N,
pn (-lwis er) =ros pnv(-|wis en) forall w; € €, and (-5 er) = (-5 eny).

Both these definitions describe effort environments in which the team-outcome distribution may
involve outcome correlation across team members. If we consider the special case in which
outcomes are independent across team members, then self-improving effort corresponds to a
situation in which 7’s outcome distribution increases in the first order stochastic if ¢ exerts effort,
and j’s outcome distribution remains unchanged for all j # i. Analogously, team-improving
effort is such that j’s outcome distribution increases with i’s effort, for ;7 # ¢, but 7’s distribution
is unchanged. Our distinction between high- and low-team-externality environments parallels
the distinction between selfish and cooperative investments in a hold-up context proposed by
Che and Hausch (1999).

ZThe notation - pog indicates strict (multivariate) first-order stochastic dominance. We say that a random
vector X strictly dominates a random vector Y, both defined over €2, in the first order stochastic if P(X € U) >
P(Y € U) for every upper set U € €, and strictly so for some such U.
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Proposition 2 ranks deliberation procedures in both of these effort environments. The propo-
sition uses the following previously introduced terms: the unilateral disclosure protocol is the
procedure in which every team member can unilaterally choose disclosure; and the consensus

disclosure protocol is such that every team member can unilaterally veto disclosure.?®

Proposition 2. 1. If effort is purely self-improving, then the unilateral disclosure protocol

dominates any other deliberation procedure.

2. If effort is purely team-improving, then consensus disclosure strictly dominates every de-

liberation procedure in which some team member can unilaterally choose disclosure.

A full proof of Proposition 2 is in the Appendix. When effort is self-improving, we show
that all of ¢’s gains from effort are captured when the team fully discloses their outcomes, which
is the (unique) equilibrium team disclosure attained when the deliberation process allows any
team member to unilaterally choose disclosure. Intuitively, because an agent’s effort affects
only their own outcome, non-disclosure can only harm effort incentives by concealing some
of the effort gains from the observer. As a consequence, the unilateral disclosure protocol —
by inducing an equilibrium with full disclosure — maximizes the team’s “full effort cost set.”
Note that, as per Theorem 1, full disclosure is an equilibrium for any deliberation procedure;
therefore, the maximal full-effort cost set can be attained regardless of the deliberation process.
In that sense, the unilateral disclosure procedure is sufficient for maximizing the full-effort set.
By Theorem 2, we can refine the equilibrium set induced by different deliberation protocols —
specifically, we can refine out the full-disclosure equilibrium when “disclosing requires more
consensus than concealing.” If we accordingly define our dominance criterion accounting for
this refinement, we can then establish that the unilateral disclosure protocol strictly dominates
deliberation protocols in which disclosing requires more consensus than concealing.

Suppose instead that effort is purely team improving. The proposition argues that in such
a high-team-externality effort environment, the equilibrium team-disclosure strategy imple-
mented by consensus disclosure produces larger effort incentives than equilibrium disclosure
induced under more unilateral deliberation protocols. Consider the consensus disclosure pro-
cedure, and remember that an equilibrium exists in which each team member favors disclosure
if and only if their own-outcome draw is good enough. When team member ¢ puts in effort,
they improve the odds that all other team members will draw an outcome for which they fa-

vor disclosure; thereby improving the odds that ¢’s disclosure recommendation is pivotal to the

26Proposition 2 states results for purely self-improving and purely team-improving environments, but the respec-
tive statements also hold (by continuity) for environments close enough to either of these extreme cases. Likewise,
Proposition 2 holds for comparisons between almost-unilateral and almost-consensus deliberation procedures.
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overall team decision. And consequently team member 7 is “more to blame” for team failures
under full effort than in the deviation where 7 does not exert effort. In other words, under the
consensus disclosure deliberation protocol, each team member has incentives to improve the
outcomes of their partners, so as to avoid situations in which others veto the disclosure of their
own good outcome realizations. Through this mechanism, each individual partly internalizes
the externality that their effort imposes on fellow team members.

Proposition 3 below extends Proposition 2 to environments in which effort is not fully self-
improving or fully team-improving. We show that as the effort environment becomes “more
self-improving,” the unilateral disclosure procedure becomes more dominant relative to other
procedures. Analogously, as the environment becomes “more team-improving,” the extra effort

incentives provided by the consensus procedure increase, relative to the unilateral procedure.

Proposition 3. Let {ji(;e)} and {u(-;e)} be two effort environments satisfying [i(-;en) =
w(+; en), and suppose that {[i(-;e)} is such that effort is purely self-improving. For each o €
0, 1], let {u*(-;€) } be an effort environment such that for each e € {0,1}",

pe(e) = ap(se) + (1 —aul(e),

so that o measures the degree to which effort is self-improving. There exists a € [0, 1] such
that the unilateral disclosure protocol dominates any other deliberation procedure in effort
environment {u®(-; e)} if and only if o > @

Suppose instead that {[i(-;€)} is such that effort is purely team-improving, so that o mea-
sures the degree to which effort is team-improving. Then there exists & € [0,1] such that

consensus disclosure strictly dominates the unilateral disclosure protocol in effort environment
{p*(-;e)} if and only if a > @

Beyond the classification of effort environments in terms of the externalities that team mem-
bers impose on their partners, productive settings also differ in terms of how team members’
efforts contribute to the correlation between individual outcomes. Proposition 4 below con-
siders effort environments in which effort increases the correlation between team members’
outcomes. We can interpret these as investments in a common component of team production.
The proposition states that if each team member’s effort sufficiently improves the correlation
between all team members outcomes, then the unilateral disclosure procedure is dominated by
all other procedures. To show that, we momentarily assume that the support of outcomes does
not differ across agents, so that {2 = 7 for some €2, C R; and we say that a distribution v

over () has perfect correlation across team members’ outcomes if it has full support on the locus

29



W1 = ... = Wp.

Proposition 4. Suppose that ;. and v are two distributions over (2 = 7, where |1 has full sup-
port and v has perfect correlation across team members’ outcomes; and suppose that v 7~ pos
w2 p(-senvi) for every i € N. Consider varying the correlation in ju(-;ey) by letting, for

ee€(0,1),
p(sen) = (L—e)u+ev.

Let D be the unilateral disclosure protocol and D' be a deliberation protocol in which no team
member can unilaterally choose disclosure. There exists some € € (0,1) such that ife > € D’

strictly dominates D.

4.4 Deliberation Procedures and Corporate Culture

One way to interpret deliberation procedures in real-world team production environments is as
the “corporate culture” of a team. O’Reilly and Chatman (1996) define corporate culture as “a
set of norms and values that are widely shared and strongly held throughout the organization.”
In our environment, the norm that is being upheld in the team is the one guiding how the team
aggregates individual disclosure recommendations into the team’s disclosure decision.

The unilateral disclosure procedure induces an equilibrium in which teams, after every pos-
sible team outcome realization, reveal to the observer which exact realization occurred. There-
fore, both after team successes and after team failures, each team member’s share of blame for
that outcome is clarified. These equilibria parallel the idea of “radically transparent” corporate
cultures, in which individuals are held fully accountable for their contributions to their team’s
successes and failures. Business sources often praise the effort incentives provided by radically
transparent cultures. In that context, the article “How to Win the Blame Game,” in the Harvard
Business Review posits that “when used judiciously (...) blame can prod people to put forth
their best efforts.”

In contrast, the consensus disclosure protocol induces equilibria in which the team suffers
the burden of team failures collectively. When an outcome realization happens that is deemed
a team failure, the team decides not to disclose it to the outside observer, who then spreads the
blame for this outcome across all team members. This dynamic resembles corporate cultures in
which teams are committed to “not play the blame game.” The Harvard Business Review article

“When Transparency Backfires, and How to Prevent It,” acknowledges the benefits of such cul-

2"These assumptions are made for notational convenience. Proposition 4 holds if the support of outcomes differs
across agents, and under the weaker assumption that v is supported on the locus w; = ¢;;(w;) for some strictly
increasing function ¢;; forall 7, j € N.
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tures, in comparison with more transparent teams: *“too much transparency can create a blaming
culture that may actually decrease constructive, reciprocal behavior between employees.”
From the perspective of our Proposition 2, both types of corporate cultures may be effective
in incentivizing individuals to contribute effort to their teams, each proving to be best suited
to a particular type of effort environment. This result points to a possible empirical exercise

99 <6

that attempts to assess whether indeed “accountability,” “transparency,” and “blame” cultures
are less present in effort environments with higher team externalities. We view this exercise as
beyond the scope of the current theoretical paper, but note the difficulties in measuring both the
relevant component of corporate culture and the degree to which a team’s activity has high or

low team externalities.®

5 Disclosure and Incentives in Binary Environments

We have ranked different deliberation procedures in terms of their effort-incentives provision.
We now characterize team disclosure and its relation to effort incentives in an environment in
which individual outcome values are binary. That is, for each i € N, ; = {w!, wf;}, with wf <
wl. use the further tractability implied by binary environments, the results in this section provide
characterizations of deliberation procedures that maximize effort incentives. Our results confirm
the importance of the forces highlighted in Section 4. Proposition 6 shows that the effort-
maximizing deliberation procedure requires more consensus for disclosure when effort is “more
team-improving,” and when effort more strongly correlates the team members’ outcome values.

The same pattern is confirmed in a numerical exercise in Section 5.3.

5.1 Symmetric Binary Environments

In a fully general binary environment, an effort-maximizing deliberation procedure may not
exist, because the ordering we impose on the space of deliberation procedures is not complete.
For example, when compared to procedure 2, procedure 1 may improve effort incentives for
some team members but decrease them for other individuals. In that case, neither procedure
dominates the other. To ensure the existence of effort-maximizing procedures, we consider

only symmetric environments:

28The empirical literature that aims to measure corporate culture — for example Guiso, Sapienza and Zingales
(2015) — highlight and measure five “core corporate values.” They are innovation, integrity, quality, respect, and
teamwork. Li, Mai, Shen and Yan (2021) develop a culture dictionary for each of these core values; from their
documentation, we can see that accountability and transparency fall under the umbrella of integrity. However,
other components of integrity do not seem to correlate with the mechanism highlighted in our paper.
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Assumption 4 (Symmetry). A binary-outcomes environment is symmetric if

(i) The deliberation procedure is symmetric: for all X, X' C N,

[ X| =X = D(X) = D(X').

(ii) Agents’ outcomes share the same binary support: Q; = {w®, w"} for everyi € N.

(iii) If all agents exert effort, the outcome distribution is symmetric: for every w € (),

Hie N:w=w'Y =|{i e N:uw =w"} = plw;ey) = u(W;en).

(iv) Agents’ efforts affect the outcome distribution symmetrically: for every i,j € N and

w,w € Qwithw; = wj, w; = wj, and wy, = wy, for all k # i, j,

M(W§ eN\i) = M(W/; €N\j)-

The symmetry assumption requires the deliberation procedure to be symmetric, as well as
the outcome distribution and the effort environment. Conditions (iii) and (iv) are sufficient
symmetry requirements for our evaluation of effort incentives in terms of the implementation of
full-effort equilibria. If all team members exert effort, then condition (iii) requires the probabil-
ity of an outcome w to depend only on the number of agents to whom w is a high outcome. In
this way, the probability of that outcome does not depend on the identity of the agents to whom
w 1s a high or a low outcome. Condition (iv), in turn, imposes that the impact of an agent’s effort
decision on their own outcome — as well as the impact of their effort on other team members’
outcomes — is the same across all team members. Note that we do not impose that the outcome
distribution when all but one team member exerts effort be itself symmetric, because we allow
an agent’s effort to affect their own and other team members’ outcomes differently.

Proposition 5 characterizes the equilibrium set under our symmetry assumption: there exists
at most one equilibrium without full disclosure. The key observation in the proof of Proposition
5 is that, in a symmetric environment, in an equilibrium in which the observer is maximally

skeptical about some team member ¢ € N, the observer must also be maximally skeptical about

every other team member 7 € N. Consequently, there are only two possible “equilibrium
types:” one with full disclosure, in which wN” = w* for every i € N, and one without full
N

disclosure, in which w'” = WP > w* for every i, j € N.

Proposition 5. Suppose that Assumption 4 holds. In each team disclosure subgame:
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1. A full-disclosure equilibrium exists in which, for each 1 € N, x; depends only on w;.
2. If D({i}) = 1, every team disclosure equilibrium involves full disclosure.

3. If D({i}) # 1, there exists a unique equilibrium without full disclosure in which, for each
1 € N, z; depends only on w;. In it, each team member recommends disclosure if and

only if they draw a high outcome:

() 1, if wi = wp,
;W) =
0, if w; = we,;.

)

Lemma 4 uses the characterization in Proposition 5 to show that, under the symmetry as-
sumption (Assumption 4), the notion of an effort-maximizing symmetric deliberation procedure

is well-defined.

Lemma 4. Suppose that Assumption 4 holds. There exists a symmetric deliberation procedure

D that maximizes effort incentives among symmetric deliberation procedures.

A full proof of Lemma 4 is in the Appendix. First, Proposition 5 implies that, to evaluate
the effort incentives provided by a symmetric procedure D, it suffices to consider the incen-
tives provided by the unique equilibrium without full disclosure of the disclosure subgame.
Because both D and the full-effort distribution j(-; e)y) are symmetric, we know then that the
set F'E(D)is equal to (0,¢(D)]" for some ¢(D) € R,. And so D maximizes effort incentives
if ¢(D) > ¢(D') for all symmetric deliberation procedures D'

By Lemma 3 in Section 4, we then know that ¢(D) is determined by the extra effort-
incentives provided by “blame misattribution” in the equilibrium without full disclosure under
deliberation procedure D, if one exists, and ¢(D) = 0 if D induces full disclosure as the only
equilibria of the disclosure game. The maximum cost ¢(D) is thus the unique value of ¢ that sat-
isfies equation (4) with equality. Lemma 4 then follows from the fact that ¢(D) is a continuous

function of D, and that the space of symmetric deliberation procedures is compact.

5.2 Effort-Maximizing Deliberation with Two Team Members

If a team is made up of two individuals, there are four possible team outcomes: (wy,wy),
(we,wr), (wh,we), and (wp,wyp). For a given team member 4, consider two distributions over

these four outcomes: the distribution y(+; ey ) implied if both team members exert effort, and
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the distribution /u(-; en;) induced if only team member —: exerts effort. The following features

of each of these distributions are important for our analysis:

1 [(we, we); en]
1 [(wh, we); en] + o [(we, wn); en]

2 [(wz,wz); eN\i]
12 [(WhaW)S eN\z‘] + p [(Wéawh); €N\z’]

and p =

p:

measure the correlation between the two team members’ low outcomes, when one or both agents
exert effort, respectively. Specifically, if at least one agent has a low outcome, then p and p equal
the ratio between the probability that both agents had a low outcome relative to the probability
that exactly one of them did. (Because of our symmetry assumption, p is independent of the
choice of i € {1,2}.) The terms

p [(wi = whywoi = we); eny] and s — M [(wi = wh,w—; = wy); en]
12 [(Wh,wz); eN\i] + p [(Wéawh); €N\i] 1 [(wn, we); en] + p [(we, wn); en]

g =

measure the probability that ¢ has a high outcome, conditional on exactly one team member
having a high outcome — again calculated if only team member —: or both team members
exert effort, respectively. If o < 1/2, then team member —i has a higher expected outcome
than team member ¢ when ¢ does not exert effort; the opposite holds if o > 1/2. Our symmetry
assumption implies that ¢ = 1/2. Therefore o < 1/2, or equivalently ¢ — o > 0, indicates
that by exerting effort team member ¢ can balance the outcome distribution in their own favor;

conversely, ¢ — o < 0 indicates that i’s effort favors their partner —:. In sum,
* A, = ¢ — 0 measures the degree to which effort is self-improving.

* A, = p — p measures the degree to which effort correlates team members’ outcome

values.

Proposition 6 relates the effort-maximizing deliberation procedure to these features of the ef-
fort environment. Because there are only two individuals in a team, a symmetric deliberation
procedure is described by a single parameter D(1) = D({1}) = D({2}). Proposition 6 shows

that the effort-maximizing value of D(1) is increasing in A, and decreasing in A,

Proposition 6. The effort-maximizing level of D(1), D*, is fully determined by (p, p, 0, ).
Fix p and o, and let p and o vary.

1. IfA,=p—p <0, D" €{0,1} and D* = 1 if and only if

Rty
p+1

SRS
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D* is therefore non-decreasing in A, and non-increasing in A,

2. If A, > 0, then D* is a continuous non-decreasing function of A,, and a continuous

non-increasing function of A,,.

The proof of Proposition 6 is in the Appendix. This proposition complements the results in
Section 4 by showing that, in a binary-outcome environment, the effort-maximizing deliberation
procedure is “more unilateral” when effort is more self-improving or when effort correlates

individuals’ outcomes to a lesser extent.

5.3 Effort-Maximizing Deliberation in Larger Teams

We now consider, in a numerical exercise, effort-maximizing deliberation in teams with more
than two members. To that end, we specify outcome distributions as follows. First, suppose
that all team members exert effort. Then with probability p € (0, 1), all team members receive
the same outcome, so that either w = (wy, ...,w,) (with probability hy) or w = (wp, ...,ws)
(with probability 1 — h7). With complementary probability 1 — p, each team member ¢ € N
draws their own outcome w; € {wy,wy,} independently; the probability of a high outcome for
each individual is h. If instead individual i deviates to no effort, the probability that all team
members receive the same outcome is p, the probability that ¢ receives an independent high
outcome is h;, and the probability that a team member j # ¢ receives an independent high
outcome is h;.

We use A, = (h — h;)/(h — h;) as a measure of how self-improving i’s effort is; and
A, = p — p as a measure of how much ¢’s effort increases the correlation in individuals’ out-
comes. Further, we assume that the team must use a symmetric and deterministic deliberation
procedure: D(X) = 1if |X| > K and D(X) = 0if | X| < K, for some 1 < K < N. The
value K is therefore the number of individual recommendations required for an outcome to be
disclosed. If K = N, then disclosure must be a decision made by consensus, and K = 1 cor-
responds to the unilateral disclosure protocol. We wish to assess K*, the degree of consensus
required for disclosure in the effort-maximizing deliberation procedure, and how it varies with
A, and A,.

In the Appendix, we calculate the “misattributed blame” component of individual effort in-
centives under different deliberation procedures and state a proposition ranking effort incentives
provided by different consensus levels /&'. We use these expressions in our numerical exercise
to determine the effort-maximizing required consensus K *.

Figure 4 displays the numerical results, which are in line with the results shown for teams

with n = 2. The parameters used in the simulation are specified in the figure, but the results
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Figure 4: Effort-maximizing degree of consensus required for disclosure as a function of A, and A,.
In the left panel, p = .5 and changes in p create the variation in A,. Other parameters are fixed at
hr = h; = h; = .5 and h = .6. In the right panel, h = .6 and hj = .5, and changes in h; create the
variation in A,. Other parameters are fixed at h = .5 and p = p = .5. In both panels, the number of
team members is set to n = 10.

are robust to various parameter specifications. We see that in effort environments in which ’s
effort more strongly correlates individuals’ outcomes, it is best (in terms of effort incentives)
to require higher degrees of consensus in order to disclose the team’s outcome. And in more
“self-improving” effort environments, it is best to require lower degrees of consensus for the

team to choose to disclose an outcome.
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A Proofs

A.1 Proof of Theorem 1

We prove the three statements in the Theorem separately.

A.1.1 Proof of Statement 1

It is easy to see that a full-disclosure equilibrium always exists, where x;(w) = 1 for all w € 2
and all i € N, and wN” = min{w; : w € Q}. Given this vector of no-disclosure beliefs,
“always disclose” is individual’s as-if pivotal optimal behavior. The vector of no-disclosure

beliefs is Bayes-consistent, because no-disclosure does not happen on-path. [

A.1.2 Proof of Statement 2

Let 7 be a team member who can unilaterally disclose. Suppose by contradiction that a partial-
disclosure equilibrium exists in which w? > min(€;). Then person i’s as-if pivotal disclosure
recommendations must satisfy z;(w) = 1 whenever w; > wN"; and because i can unilaterally
choose disclosure, all such outcome realizations are disclosed. Consequently, all outcomes
w that are not disclosed with some probability must satisfy w; < w™”. Also note that if an
outcome w is not disclosed with some probability, then the outcome w with w; = w; for all
j # i and ©; = min();) must also be concealed with equal or larger probability. These

two observations imply that E[w;| no disclosure] is strictly smaller than the initially conjectured

wMNP, which contradicts that the initial conjecture was indeed an equilibrium.
Consequently, in all partial-disclosure equilibria, we must have w¥? = min(€2;) for every
team member ¢ who can unilaterally choose disclosure. [

A.1.3 Proof of Statement 3

Define a map ® : co(2) = co(12), as follows:
For each w € co(2), @ € ®(w) if and only if there exists a vector = of individual disclosure

recommendation strategies satisfying x;(w) = 0 if w; = min(£2;), and
w; > Ww; = I‘Z(W) =land w; < &; = ZEZ((,(}) =0,
and such that

Wi = 2gwill = dw)u(w) where d(w) = w or every w
C Yo —d(w)p(w) here d(w) XXC;VHX( )D(X) f yw € Q.
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In words, ® maps each “candidate vector” of equilibrium no-disclosure posteriors into a vector
of “individually rational” no-disclosure posteriors which is consistent with the starting can-
didate vector. These “individually rational” posteriors are those consistent with agents’ as-if
pivotal optimal behavior given the candidate vector of no-disclosure beliefs. We allow individ-
uals to use any mixed strategy if their realized outcome equals their candidate no-disclosure
posterior, with the exception that individuals always recommend to not disclose if their worst
possible outcome realizes. For any no-disclosure belief, it is weakly optimal for an agent to
recommend the non-disclosure of their worst possible outcome; this restriction is therefore con-
sistent with our equilibrium definition. Because we only wish to prove that an equilibrium
exists, it is enough to show that an equilibrium exists in which agents use strategies in this
restricted class.

First note that ®(w) is non-empty for every @ € co(£2), because no-disclosure happens on
path for all the described strategies — at the very least, all agents recommend non-disclosure
when w = (min(£24), ..., min(€2y)), and the team chooses no disclosure by consensus. Now
observe that, because the construction of ® allows individuals to use any mixed strategy when
their realized outcome equals their candidate no-disclosure posterior, then ®(w) is a closed set
for all w € co(£2); and ® is upper-hemicontinuous. Therefore, ® has a closed graph, and by the
Kakutani fixed point theorem, ¢ has a fixed point in co(£2). It is easy to see that a fixed point of
® defines an equilibrium of the team-disclosure game.

Now let I C N be the set of team members who cannot unilaterally choose disclosure. We
will argue that there must be a fixed point w of ® with w; > min(£2;) for all ¢ € I. To that end,
let w € ®(w) be a fixed point of ®. Then it must be that there is a vector of individual disclosure

recommendation strategies x satisfying z;(w) = 0 if w; = min(€;) such that for every i € N,

Wi = 2gwill = dw))u(w) where d(w) = w or every w
Yl —d(w)p(w) here d(w) g\fﬂﬂ )D(X) fi yw € Q.

Now take ¢ € [; it must be that all realizations w with w; = min(2;) for every j # ¢ are
not disclosed — regardless of the realization of w; — because ¢ cannot unilaterally choose
disclosure. Consequently, every possible realized outcome for individual ¢ is not disclosed with
positive probability, and therefore w; > min(€2;). This fixed-point of ¢ thus defines a partial-
disclosure equilibrium in which w? > min(;) for every i € I. O

]
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A.2 Proof of Lemma 1

For each team member : € N, we index the possible outcomes for player i—that is, for £ €
{1, ..., |9

For the first claim of the lemma, fix a full-support outcome distribution p. Consider the

}, we denote by w¥ the k" lowest value in ;.

class of deliberation procedures D, such that for some ¢ € (0,1), ¢ < D(I) < 1 for every
I ¢ {@, N}. We want to show that if € is large enough, there exists a strict equilibrium for any
deliberation procedure in that class. Consider individual disclosure recommendation strategies

such that for each 4, z;(w) = 0 if w; = w} and z;(w) = 1 otherwise. These strategies constitute

a strict equilibrium if and only if, for each i, the implied no-disclosure beliefs satisfy wN" €

(wi,wy).

We now show that, if players follow such strategies and € < 1 high enough, then for any

N

deliberation procedure in the introduced class, indeed w2 € (w},w?). First, note that because

e < 1, some outcomes that are not the worst for player 7 are not disclosed, and hence for any
ND

¢ € (0,1) and deliberation procedure D € D,, w*P? > w!. Next, because i recommends

disclosure of all outcomes with w; > w], it must be that d(w) > ¢ for all such w. In contrast, if
w; = w; for all 7, then d(w) = 0. Consequently, if ¢ € (0,1) is sufficiently large then we must
have that for any deliberation procedure D € D, w}? < w?.

For the second claim of the lemma, fix a deliberation procedure D with D({i}) < 1 for
every i. Consider the class of outcome distributions U, satisfying p(w) > 0 for all w € € and
p(w) < eforall w # (min(€), ..., min(£2,)). We want to show that if € is small enough then
the individual strategies z;(w) = 0 if w; = w} and z;(w) = 1 otherwise, for each i, constitute
a strict equilibrium for any outcome distribution in the class. As before, this strategy is a strict
equilibrium if, and only if, for each i, the implied no-disclosure beliefs satisfy w¥? € (w}, w?).

We now show that, if players follow the given strategies and € > 0 is small enough, then for

N

any outcome distribution y € U,, indeed w]¥” € (w}, w?). First, although i recommends disclo-

sure of all outcomes with w; > w;, some such outcomes are not disclosed (because D({i}) < 1),

1 1

and hence w]¥” > w!. Second, the outcome w = (w;, ...w.) is not disclosed with certainty, be-

cause every team member recommends its non-disclosure. Further, as ¢ — 0, the probability
1

of outcomes with w; > w;
max,,cy, wi P (1) — w;. And indeed, for a small enough €, we have w'? € (w},w?) for each

i

also approaches 0. As a consequence, as € — 0, it must be that

1 € N for any outcome distribution in /.
O]
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A.3 Proof of Lemma 2

At the fixed strict equilibrium, we have

WD — > owi(l —d(w))p(w) . wher. ¢ every w
; S0 — d(w)ple) here d(w );VHX X) forevery w € €,

where [Ty (-) is determined by the equilibrium individual recommendation strategies. Consider

a different deliberation procedure 15, and let foreach? € N,

d}ZND = 2o will —Ad(w))u(w) with d II ) foreveryw € Q,  (6)
(1 — d(w)u(w) PP

where d is calculated under the same ori ginal equilibrium individual recommendation strategies,
but the new deliberation procedure D. tis easy to see that for every € > 0, there is some 0 > 0
such that e(D, D) < & implies e(w™P, &NP) < €, where e indicates the Euclidian distance.

For each team member i € N, for k € {1,...,|;|}, we denote by w’ the k" lowest value
in ;. Then take D with e(D, D) small enough so that for every i € N, wF < wNP < wF+!
implies w¥ < ONP < w; 1. Therefore the equilibrium disclosure recommendation strategies
given w™V? are also equilibrium recommendation strategies given w"”; and so @™? is a strict
equilibrium under D, &VP € £ #. And so for a small enough neighborhood of D, there exists a
continuous selection £ of the strict-equilibrium correspondence such that £ (D) = «.

Now take 0 such that e(D, D) < & implies e(E(D), E(D)) < min, ; W™
§ < 6 and let E’ be a selection of the strict-equilibrium correspondence that is continuous in a
d-neighborhood of D with E'(D) = w™P. We’ll use the following claim.

—wk _
“'| — & Now fix

Claim 1. If D is such that GNP = E'(D) satisfies

Wk < NP < wf“for eachi € N, @)

7

k+1

where wF and W are such that Wb < WNP < W — then E'(D) = E(D).

k ND k+1

Proof of Clazm Suppose wf < GNP < wit! for each i — where w! and wf“ are such that
wh < wNP < W Then it must be that in the equilibrium E’(D), every team member uses
the same recommendation strategy as in the original equilibrium w™” € £F. And consequently

D must satisfy (6), and thus E'(D) = E(D). O

Let D be the set of deliberation procedures for which (7) holds. If there is some D’ with
e(D, D') < 6 such that (7) does not hold, then it must be that £ is discontinuous at the boundary
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of D — because E'(D) = E(D), by Claim 1, and e(E(D), E(D)) < & for every D € D. This
contradicts the assumption that £’ is continuous. Therefore, it must be that D is the entire
d-neighborhood of D over which F’ is defined; and we conclude that £’ = E.

O

A.4 Proof of Proposition 1

Fixing a starting strict equilibrium with no-disclosure beliefs w¥?

, We can partition each team
member’s outcome realizations 2; into low realizations with w; < wfv P and high realizations
with w; > w¥P. Accordingly, for each team outcome realization w € (2, we can define the set of
team members for which this realization was high: H(w) = {i € N : w; > wNP}. Remember
that the distribution of outcomes is ;. With a slight abuse of notation, for any given set / C N,
we let 11 (H(w) = I) be the probability that an outcome w realizes which is a high realization

for exactly team members /.

Lemma 5. Fix a starting deliberation procedure D and a strict equilibrium w™NP. Let dD =

(dD(I)) ;¢ be amarginal change to the deliberation procedure. Then we have, for eachi € N,

dwNP = w(H(w)
Z o e mH (W) =

[P —E (w;|H(w) =I)] dD(I).  (8)

=)
1)1 = D(I")

Proof of Lemma. We can write w™? as

WSND — > ren MH(w) = 1)(1 = D(I))E(w;|H(w) = 1)
' >ren MH(w) = I)(1 = D(1)) ’

where note that we do not have to consider agent mixed-strategies because the equilibrium
is strict. Now note that small variations in the protocol D only change individual disclosure
strategies for zero-measure sets of outcome realizations — because the original equilibrium is

strict. Therefore the change in w'? can be computed only as its “direct effect,” as follows.

—~

o 3 | M) < D) <
C T &S ew nH (@) = 1)1 - D)

Spey (H(W) = I')(1 - DI')E(w|H(w) = I')
(S pey u(H(w) = I')(1 - D))’

~—

T u(H(w) = 1)

D(I) =

[P — E (w;|H(w) = I)] dD(I).
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O]

Back to the proof of the proposition. Suppose the first condition, condition (2), holds. Let
m = miﬂ{ld,DD(g) NS f} and M = max{ dbll) . ; ¢ I}, so that m > M. Then, using

1-D()
equation (8), we have

M= pH(w) = 1)1 = D(I)) WP _E (w|H(w) =
" _IgN Y open (H(w) = 1) (1 - D(I)) [w; E (wi|H(w) = 1I)]

p(H(w) =1)(1 = D(I)) D
- Le]gv S enn(H@) = 1 -y @ Bl @ 1))]
p(H(w) = I)(1 - D(I)) D i )
o i¢ICN ZI’QN p(H(w) =1")(1 - D(I")) (wi E (wilH(w) U)]
i p(H(w) =1)(1 - D(I)) b B
= = vy MH(W) = IN)(1 = D(I)) (wi'? — E (wi| H(w) = I))]

o [ WD Z p(H(w) =11 — D())E (wi|H(w) = I)
Z o 2renMH(W) =11 = D(I))

The inequalities follow from (2) and the fact that WP < E(w;|H(w) = I)if ¢ € I and
wNP > E(w;|H(w) = I)ifi ¢ I. The last equality follows from the definition of w¥P.
Following analogous steps, it is easy to see that if condition (3) holds, then dw¥? > 0.

[

A.5 Proof of Theorem 2

The proof uses the following auxiliary lemma:

Lemma 6. D is such that disclosing requires more consensus than concealing if and only if for
all I C N such that D(I) = 1and D(N \ I) < 1, there exists J C I such that D(N \ J) < 1.

Proof of Lemma 6. One direction (=) is trivial given the definition of “disclosing requires more
consensus than concealing.” Consider the other direction (<). Suppose D is such that for all
I C N suchthat D(I) =1and D(N \ I) < 1, there exists J C I such that D(V \ J) < 1. Fix
one such /, and take a particular J C [ such that D(N \ J) < 1.

If D(J) < 1, then the proof is done. Suppose instead that D(.J) = 1. Then there must
be some K C J such that D(N \ K) < 1. If D(K) < 1, then the proof is done. If not, we
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can repeat this procedure until we find such a subset of I, L, such that D(N \ L) < 1 and
D(L) < 1. The repetition of the procedure must return such a subset L of [ because (i) the set
of team members is finite, (ii) the procedure D is not the unilateral disclosure procedure,” and
therefore for any individual ¢, D({i}) < 1. O

We can now prove the theorem in two parts:

FPart 1 (=) . If disclosing does not require more consensus than concealing, then there exists a
full disclosure equilibrium that is consistent with deliberation.

Suppose D is such that disclosing does not require more consensus than concealing. By
Lemma 6, we know that there exists some subgroup / C N such that D(I) =1, D(N\ ) <1
and, for all J C I, D(N \ J) = 1. Consider a candidate full-disclosure equilibrium where
zi(w) = 1forallw € Q and all 7 € T (we will specify the other agents’ individual disclosure
strategies later). These disclosure strategies aggregated according to the given deliberation
protocol guarantee that all evidence is disclosed. Moreover, in this candidate equilibrium, we
conjecture that the (off-path) no-disclosure beliefs are w¥? = min(2;) for each i € I.

We want to build another vector of individual disclosure strategies to be used to “justify”
these off-path beliefs. We do so as follows: for every i € I, let Z;(w) = 0 if w; = min(€;) and
Z;(w) = 1 otherwise. And for every j € N \ I, z;(w) = 1 for all w € 2. Given the deliberation
protocol, the team disclosure strategy implied by Z satisfies d(w) = D(Z(w)) = 0 if and only
if w; = min(§Y;) for all i € I. And therefore Bayes updating implies that w? = min(;)
for all i € I. To complete the construction of the equilibrium, for every j € N \ I, let wjv b
be the Bayes-consistent no-disclosure beliefs implied by . And for every j € N \ I, let their

equilibrium individual disclosure strategy be z;(w) = 1 if w; > w}'? and z;(w) = 0 otherwise.

Part 2 (<) . If disclosure requires more consensus than concealing, then there is no full-
disclosure equilibrium that is consistent with deliberation.

Let D be such that disclosure requires more consensus than concealing. And suppose a vec-
tor z of individual disclosure strategies and a vector w™? of no-disclosure posteriors constitute
a full-disclosure equilibrium. Let I C NN be the largest subgroup of team members such that

wNP = min(Q;) forall i € 1.

(2

First note that the set / is non-empty, and D(1) = 1. To see this, suppose towards a contradiction

that D(I) < 1 (which would vacuously hold if / were empty). Then every member of subgroup

2The unilateral procedure does not satisfy our starting assumption that for all I C N such that D(I) = 1 and
D(N\ I) < 1, there exists J C I such that D(N \ J) < 1.
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N \ I strictly prefers to not disclose all realizations w where w; = min(€);) for every i €
N\ I. And moreover, because D(I) < 1, the subgroup N \ [ is able to block the disclosure
of such realizations with positive probability. This contradicts the assumption that the starting
equilibrium has full-disclosure.

Now take a vector of individual disclosure strategies Z to be used as a candidate to “justify”
the off-path no-disclosure beliefs w™?. Take some & € Q with @; = min(Q;) for every i € I,
and such that d(w) = D(z(w)) < 1 — such a @ must exist if Z is to justify the conjectured
no-disclosure beliefs. Let I’ be the set of team members such that 7;(w) < 1fori € I'. We

consider two cases.

Case 1. Suppose there is some i* € [ \ I’; that is, there is some i* € [ such that Z;: (@) =
1. Then there must exist some &’ with @} = @, for all i € N \ {i*} and &.. # @ such
that d(&') < d(w) < 1 (because each individual strategy depends only on their own realized
outcome). But note that, because w.. # w;~, then it must be that w,. > min({2;); and therefore

the no-disclosure posterior about i*’s outcome implied by & cannot be min(£2;).

Case 2. Suppose instead that I C I’ (and therefore I \ I’ = @).

In this case, it must be that D(I’) = 1 — because D (/) = 1 and the deliberation procedure
is monotonic — and D(N \ I’) < 1 by construction, since we assumed that d(w) < 1. And
therefore, because D is such that disclosure requires more consensus than concealing, there
exists some [” C I’ such that D(N \ I”) < 1. If I \ I” = @, then I” itself must have a subset
I" such that D(N \ ") < 1. By iterating this process, we note that there is some J C I’ such
that D(N\ J) < land I\ J # @.

Then take some i* € I\ J. There exists some &' with @] = @; forall i € N\ {/*} and
Wi, = w;» such that d(0') < d(w) < 1 (because each individual strategy depends only on their

own realized outcome). But then it must be that w,. > min({2;); and therefore the no-disclosure

posterior about i*’s outcome implied by & cannot be min(€2;+).

Combining cases 1 and 2, we conclude that there is no vector of individual disclosure rules z,
with each individual strategy depending only on their own realized outcome, that can “justify”
the conjectured no-disclosure posteriors as consistent with the deliberation protocol. And this
is true for any conjectured full-disclosure equilibrium. Consequently, there is no full-disclosure

equilibrium that is consistent with deliberation. O
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A.6 Proof of Lemma 3

Fix a vector of effort costs ¢ € R} . Suppose team member ¢ anticipates that every other team
member will choose e; = 1 (for j # 7), and that the team disclosure strategy will be d. Then i’s

payoff from choosing effort e; = 1 is

Zwid(w) w;en —I—Z (1-— NP (wsen) — ¢
Q

> oqwi(l —d(w))p(w; en)
Yol —d(w))p(w;en)

— Zwid(w),u(w; en) + Z(l —d(w)) [

Q Q

] plwien) —e (9)

Now adding and subtracting >, w;(1 — d(w))u(w; en), (9) equals

w;(1 —d(w w; ey

= ZMM(U% eN) — Ci,
Q

where the equality uses the fact that >, (1 — d(w)) [Zfs(l(:?g))géig ) wz} p(w;en) = 0.

And ¢’s payoff from choosing effort e; = 0 is

S e + 31 - ) | S BN ] e,

where note that in the second term the distribution of outcomes is affected by i’s effort choice,
but the value of w¥? is still calculated under the presumption that e; = 1, for the deviation to
e; = 0 is not seen by the observer. Therefore, there is an equilibrium of the effort-choice stage

where every team member exerts effort if and only if for every : € N,

 Sgell—d@uteien)]
URPPE D o S ) | e

Or equivalently if and only if

_ AN il en ) [2mowill —d@)plwien) 2 gwi(l — d(w))p(w; exvi)
S0 deputerem) | BEG R ) - S ]
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—|—Zw (wyen) — p(w; eN\Z-))] > ¢;, foreveryi € N.

A.7 Rewriting Equation (4) as (5)

The left-hand side of equation (4) is E (w;|en) — E (wileni:) =P (NDlen) [E (wi| ND;jen) —
E (wi| ND;eny;)]. Or equivalently,

Zw (w;en) w;ew)]+Zwi<1—d<w>>u<w;ezv\i>

S0 = ) exn) e
Yool —d(w))u(w;en) ZQ: v)
= Z d(w) pu(w; €N\i) [Z wipt(w; en) — Zwiﬂ(ws €N\i>]
+ ) (1= dw))p(wien) Y wiplw;en) = Y (1= d(w))p(w; en) > wip(w; exn)
, >l — d(w))p(w; envi) .
+ ;wi(l — d(w))p(ws eni) — S0 = dle) ) en) ng‘(l — d(w))p(w; en)

= Z d(w)pu(w; eN\i) [Z wip(w; en) — Zwiﬂ(w; 6N\i>]
+ Zwi(l — d(w))p(w; eN\z‘) - Z(l — d(w))p(w; eN\i) Zwi,u(w; eN\z')

Q Q

Zﬂ(l_ d(w)) p(w; eN\i) ~ dlw e il en) — (1 — dlw e
T o= dw)ulwien) [g“ deles en) D win(sen) = 3l = ()l ex)

= [1 —-P (ND|6N\i)] [E (wiley) — E (wi|eN\i)] + Cov (w,-, (1-— d)|eN\Z-)
P (ND|en)
— WCOU (wi, (1 —d)|en)

= [1 =P (NDlenx)] [E (wilen) — E (wilen)]

+ WCOU (wi,dley) — Cov (wi, d|eN\i) ,
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which is the expression in (5).

A.8 Proof of Proposition 2
A.8.1 Proof of Statement 1

The proof of statement 1 uses the following lemma.

Lemma 7. Suppose effort is purely self-improving, and consider a team disclosure strategy d

which is an equilibrium of the disclosure subgame given full effort. For all i € N:

o Ifw]NP = min(£), then
E (w;|ND;seny;) = E (w;|NDjey) = w;'” = min((;).
o Ifw]NP > min(§Y), then
E (wi|ND;eny;) < E (w;|ND;ey).
Proof of Lemma. Fix team member 7, and let v,,_,(-) = 1;(-|w—i; en), Du_,(-) = pi(-lw—s; envi)

for all w_; € Qn\; and 7(-) = pai(; en), (which implies also that 1(-) = zini(-; eni)). Then

ZQN\ EQ w;(1 — d(ws, w—i)) P, '
ZQN\ ZQ( d(w;, w—i)) P, (w )W(W—i) '
J(w

e Yo (1 = e ) () m(eos)
ZQN\Z. Zﬂz(l — d(wi, w-i) )y (Wi)n(w—i)

If d is such that the expectation in (11) equals min(€2;), then it must be that the expectation in

we have

E (Wi|ND;€N\i) =

(10)

E (wi|ND;eyn) = (11)

(10) equals min(€2;) as well. This proves the first statement in the proposition.

Suppose instead that d is such that E (w;|ND;ex) = wNP > min(€;). Because d is the
aggregation of individual disclosure recommendations where, for each ¢, x; depends only on wj,
we can re-express d as follows. For each outcome w_; € Q;, there exist a(w_;) € [0, 1] and
Bw_;) € [O 1] such that if w = (w;,w_;), then (1 — d(w)) = a(w_;) + (1 — x;(w;))B(w_;).

(Because w¥P > min(€);), we also know that a(w_;) > 0 for some w_; € Qwvin)

9To see this, remember that d(w) = >oxcn Hx(W)D(X), where for each X € N, Illx(w) =
[Tjen @i(@)'VEX(1 = (@) VXL Let T (w) = [Tjen @5(w) V(1 — a5(w))*V#Y), and note that
ITy (w) depends only on w_;. We can then rewrite d as

= Y M) DX\ {iD+ 3 awi)Iy (w_) [D(X U{i}) - D(X))].

XCN XCN\:
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For convenience, assume w? ¢ ;, so that i’s disclosure recommendation strategy is fully
described by z;(w;) = 0 if w; < WP and z;(w;) = 1 if w; > WP, (The proof is analogous if

wNP € Q;.) Using this, we can rewrite (10) as

ZQN\i |:Oé(w_z‘) ZQZ Wiﬁw_i(wi) + B(w—i> Zwi<wlND Wiﬁw_,-(wi)] n(w_i)
E(wi|ND;€N\Z~) = y

S, [0 S, 2o (0) + B-) Lo (1) m(-2)

i

Let Vwﬂ. be the cdf implied by 7,,_., so that for each w; € €, ]A)wfi(wi) = Zw <o Vi, (wi).
}, so that w¥ is the k™
lowest value in §2;; and take K € {1, ..., ||} so that w/ is the largest value in §2; satisfying

Also index the possible outcomes for team member 7 with k& € {1, ..., |;
wX < WP Finally, to facilitate notation, let w) = 0. Use this towards the following rewriting:
E (wi|NDjeny;) = (12)

| Sy ) T (1 Vo @) (@ ol )
Ve [0-1) + Bl Vi, (@) | mler-)

, Toy Ae) T (Vs = Vo (@) (] = I ) i)
Sy, [0w) + BV, (@) nw) |

Suppose by contradiction that E (w;|[ND;eny;) = E (w;|ND;ey) = w?'P. In that case, we

can show that the expression in (12) is decreasing in V,_,(wX).3' Because effort is purely
self-improving, we have V,,_,(wX) > V,_. (wX), which implies the first inequality in

o, @) X (1= Vs (@l (@ = w7 o)

E (wi‘ND; €N\i) S ZQN\Z’ [a(w_i) + B(W—i)vwfxwiK ] n(w_i)

N D, Blw-i) Z]K:l (Vw_i(w{() — )A)w_i(wf_l)> (w! —w! ™) n(w=y)
ZQN\i [Oz(w*i) + 5(w*i)vw7i<wi[()] U(Wﬂ')

= 1-dw) = |[1- Y Iy (w-)DX)| + (1 —zi(w)) | Y T (w-) [DX U{i}) - DX)]| ,
XCN XCN\i
so that o(w_;) is the first term in brackets and 3(w_;) is the second term in brackets.
31To see this, note that the derivative of the expression in (12) with respect to V,,_, (wX) is proportional to
[wF —E (w;|NDjeni)] < [wf —w]¥P] < 0, where the last equality holds by the definition of w/*.

?
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Do, @w-i) (1= Vi (W] 7) (] = ! ™) mlw-s)
D [(w=i) + Blw-i)Ve_, (wf)] n(w-s)

4 Do A Tty (Vo (@) ~ Vo (7)) (o] — o) mleo—)
Do [aw-i) + Bw-i) Ve, (wf)] n(w-)

=E (w;|ND;ep). (13)

The second inequality follows from the fact that V,,_,(w/) > V,,_.(w?) foreach j € {1, ..., ||}
(strictly so for some such j), and the fact that a(w_;) > 0 for some w_; € 2 i The statement in
(13) then contradicts the assumption that E (w;| ND; en;) = E (w;|ND;ey); thereby proving
the second statement in the lemma. ]

Using Lemma 7 we therefore know that for any full-effort equilibrium disclosure rule d
with d(w) < 1 for some w € (2, the second term in the left-hand side of equation (4) — in
Lemma 3 — is negative. And therefore, by Lemma 3, we know that if ¢ is such that full effort
is implementable by disclosure strategy d, then full effort can also be implemented by the full-
disclosure strategy. And consequently F'E(D) C FE(D’), where D’ is the unilateral disclosure

protocol and D is any other deliberation procedure. 0

A.8.2 Proof of Statement 2

First note that for any team disclosure rule d and any effort vector e, we can write

20, wi(l = di(wi))pi(wis e)
E (w;i|ND;e) = S0 (L= @) ilwne) | (14)

where 11;(+; e) is the marginal distribution of w; given e, and

di(wi) = Y d(wi, w)pwi(wlws; )

wEQN\i

is the overall probability that a w; would be disclosed (integrating over all the possible outcome
realizations for other team members, given that w; happens).

Now consider the consensus disclosure deliberation procedure. By Theorem 1, there exists
an equilibrium in which w}¥” > min(€;) for every i € N. For ease of exposition, assume that
equilibrium is strict, so that for each 7 € N, wZN D ¢ €);. We can thus express ¢’s individual

disclosure strategy without loss as x;(w) = 1 if w; > wP and z;(w) = 0 otherwise. The proof
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works analogously if wM? € Q, foranyi € N.
Because the disclosure must be chosen by consensus, we have that for each ¢« € N and a

given effort vector e,

0, if w; < w;ND
difwize) = ND —y : ND
P (w; > wiP forall j # ilw;;e) , if w; > w¥P.

And because effort is purely team improving, for all: € N,

di(wi; en) = di(wis enyi) = 0, if w; < WP and d;(w;; en) > di(ws; envi)s if w; > WP,
where this inequality is due to w; > w” forall j being an upper set of Qyy;. Combining
this with the expression in (14), and dropping the dependence of 1;(-; €) on effort (since team

improving effort does not affect an agent’s own marginal outcome distribution), we thus have

IND:ene) — >0, will = di(wi; env) )i (wy)
* <wz|ND’ N\l) B 29(1 — d;(wis envi)) pi(ws)

ZwingD wipi(wi) + Zwi>w£\’D wi(l — di(wi; eN\i)),ui(wi)

i

ZwingND pi(w;) + Zwi>wZND (1 = diws; envi) ) pi(wi)

Ewigwgw wipti(w;) + prwgw wi(1 — di(wis en)) pi(wi) ND _

= w;
D <o Hi(wi) 32 s ono (1= diwi en) ) pi(wi)

(CUZ'ND, GN) .

And therefore in any full-effort equilibrium, for each ¢ € N, the second term on the left-
hand side of (4) is strictly positive. And consequently the full-effort equilibrium set under the
consensus disclosure protocol (let’s denote it D) is non-empty, so F'E(D) # &.

In contrast, for any deliberation procedure D’ in which some team member can unilaterally
choose disclosure, it must be that FFE(D') = @. To see, let i be a team member who can
unilaterally choose disclosure. By Theorem 1, in any equilibrium we must have d(w) = 1 for all
w with w; > min(Q); and therefore in any such equilibrium, E(w; [N D, en) = E(w;|N D, en;).
Moreover, because effort is purely team improving E(w;|ey) = E(w;|en\;). And so there are
no direct or indirect benefits to ¢ from exerting effort. Because effort is costly, there cannot be
an equilibrium in which i exerts effort. Consequently, for any c € R} ., FE(D') = @.

And so we trivially have F'E(D’) C FE(D), which concludes the proof of the statement.

O]

54



A.9 Proof of Proposition 3
A.9.1 Proof of Statement 1

Let {/i(-;e)} and {u(-;e)} be two effort environments satisfying fi(+; ey) = u(-; en), and sup-
pose {/i(; )} is such that effort is purely self-improving. For each o € [0, 1], let {u*(-;€)} be

an effort environment such that for each e € {0,1}",

pe(e) = api(e) + (1 = au(e),

so that o measures the degree to which effort is self-improving.

Suppose D is a deliberation procedure in which some team member cannot unilaterally
choose disclosure, and suppose d is an equilibrium team disclosure strategy given outcome
distribution (- : ey), where d differs from full disclosure. Because fi(-;en) = p(- : en), we
know that d is an equilibrium disclosure strategy given deliberation procedure D and outcome

distribution p%(+; ey ) for all a € [0, 1]. Given d, u*(-; en), and ®(+; eny;), we can calculate

E*(wi| NDsen) — E*(wi| ND; envi) = Ey(wil ND;en)
_ CY,&(ND, eN\i)
af(ND;eni) + (1 — a)oap(ND;eny)
. (1 — a)u(ND;eni)
afi( ND;eni) + (1 — a)ap(ND;eny;)

E;(wi|ND;eny;)

E,(wi|ND;en;)

_ (N D;en)

~ af(NDseny) + (1 — a)ap(ND;en)

X (1 — a)u(ND;en)
afi(ND;eny) + (1 — a)ap(ND;eny;)

[Es(wi|ND;jen) — Eg(ws| NDsenyi)]  (15)

[E.(wilND;en) — Eu(wil ND;en)]

where each step used the fact that u®(-;en) = fi(-;en) = (- : en). Now consider two cases.
First suppose E,, (w;|ND;en) < E,(w;|ND;eny;). We know from the proof of Proposition 2
that, because effort environment /i is purely self-improving, E; (w;|[ND; en) < E;(wi|ND;eny;),
and therefore (15) is weakly negative for all & > af = 0. Suppose instead that E,,(w; [N D; ey) >
E,(w;|ND;en;). Then, because Ej(w;|ND;ey) < E;(w;|ND;eny;), there exists some aff €
[0, 1) such that (15) is weakly negative for all o > a?.

Now let a(D) = sup,ep max;en o, Where D is the set of equilibrium disclosure strategies
for procedure D. Then, by Lemma 3, we know that the unilateral disclosure protocol dominates
procedure D if and only if & > @(D). Further, let & be the maximum &(D) over all deliber-

ation procedures in which some team member cannot unilaterally choose disclosure. Then the
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unilateral disclosure protocol dominates every other procedure if and only if o > a.

A.9.2 Proof of Statement 2

The proof of statement 2 is analogous to that of statement 1. 0

A.10 Proof of Proposition 4

Step 1. Fix D’ ## D, where D is the unilateral disclosure protocol. Remember that the outcome
distribution when all team members exert effort is given by p(-;en) = (1 — €)u + ev. As our
first step in the proof, we observe (in Lemma 8) that if € is sufficiently large, an equilibrium of
the team disclosure stage exists in which every team member favors disclosure if and only if

they do not draw their worst outcome.

Lemma 8. Suppose the outcome distribution is given by u(-;en) = (1 — €)u + €v, as stated in
Proposition 4. There exists some € € (0,1) such that if € > €, there exists an equilibrium of
the team disclosure stage — given full effort and deliberation procedure D' — where for every
1€ N,

0, if w; = min(§;

nw) =407 () (16)

1, otherwise.
Proof of Lemma. Conjecture an equilibrium of the team disclosure stage in which individual
disclosure strategies are as given in (16); and suppose the implied equilibrium team disclosure
strategy is d(w) = D(x(w)). Then we have for each ¢ € N, and each € € (0, 1),
WP = B (w;| ND; en) = P(w; = min(€;)|ND; en) min(€2;)

+ P(w; # min(£2;)|ND; en)E (wi| ND,w; # min(€);); en) . (17)

Note that, given the individual disclosure strategies in (16), no-disclosure happens only if at
least one other team member j € N draws their worst possible outcome w;. But as e — 1, it
must be that for any i, j € N, P(w; = min();)|w; = w;) — 1. This, along with (17) and the
fact that E€ (w;|N D, w; # min(€2;)) is bounded implies_that forevery i € N,

lim WP = min (). (18)
e—

ND.,e

And consequently there is some ¢’ such that € > ¢ implies that for every i € N, w; < wj for

all w; € Q; \ {min(Q2;)}. And therefore the individual disclosure strategy in (16) is individually
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rational and can be supported as an equilibrium of the team disclosure stage. O

Step 2. For ¢ > ¢ as given in Lemma 8, in the team disclosure equilibrium described in the

lemma we have for some 7z € N,
E (wi\ND; eN\,») > min(£2;).

And moreover, this value is independent of €. These statements are true because (i) u(-; e N\Z-)
has full support over €2 and is independent of € for every ¢« € N; and (ii) D’ is not the unilateral
disclosure deliberation procedure, and therefore given the individual disclosure strategies in
(16) and D, for all i € N there exists some w € 2 with w; # min(€2;) such that d(w) < 1.

Step 3. Fix ¢ > ¢’ as given in Lemma 8 and consider the team disclosure equilibrium described
in the lemma. By equation (18), and Step 2, we know that there is some € > ¢ such that, if
€ > €,

E [wi|ND; eN\i} > E [w;|ND; en]

forall: € N.

Step 4. As a consequence of Step 3, and using Lemma 3, we know that if € > €, fe(d') C fe(d)
— where d’ is the full disclosure rule and d is the equilibrium disclosure rule described in

Lemma 8. Consequently, if € > €,
FE(D)cC FE(D'),

and so the unilateral disclosure protocol is strictly dominated by D’. [

A.11 Proof of Proposition 5

The first two statements in the proposition are implied directly by Theorem 1. For the third
statement, suppose Assumption 4 holds and D({i}) # 1. Conjecture an equilibrium in which,
for each 7,
1, if w; = wh,
zi(w) = (19)

0, if w; = w'.
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Because D is symmetric, these conjectured strategies imply no-disclosure beliefs such that
w;'P? = w)P forall i, j € N. Further, because D({i}) # 1, we have that

P(ND|w; = w") > (1 — D({i}))P [w; = w’ Vj € N with j # iw; = w"] > 0.

and P(ND|w; = w’) > P [w; = w’ Vj € N with j # i|w; = w'] > 0.

And so w" > wNP > w’. Consequently, the conjectured recommendation strategy in (19) is
as-if-pivotal optimal for each agent : € N; thereby constituting an equilibrium.

Now suppose that a second equilibrium without full disclosure exists in which, for each
1 € N, x; depends only on w;. It must be that for some : € N,

P(ND|w; = w") > 0 and P(N D|w; = w*) > 0,
and thus w¥P € (w’ w"). Therefore, in that equilibrium, i’s recommendation strategy must
satisfy (19). Because P(N D|w; = w") > 0, there must be a set I C N of team members, with
i ¢ Iand D(N \ I) < 1, such that P(x;(w) < 1|w; = w") > 0 foreach j € I.

Now fix some team member £ € N, with & # i; and let K = (I \ {k}) U {i}. By our
initial assumption, we know that x; depends only on w; for each j € K. And therefore, for
each j € K with j # i, P(z;(w) < lw = w") = P(z;(w) < 1|lw; = w") > 0. And, because
x; is as in (19), we know that P(z;(w) < 1|w, = w") > 0. Moreover, because | K| > |I|, we
have D(N \ K) < D(N \ I) < 1. And so we conclude that

P(ND|w, = w") > 0.

Similarly, we can conclude that P(N D|wj, = w’) > 0; and therefore wi'? € (w, wh).

The same construction can be used to show that in the conjectured equilibrium w)'? €
(w’,w") for all k € N. This implies that for every team member i € N, recommendation
strategies must be given by (19). Therefore the conjectured equilibrium must coincide with the
equilibrium initially constructed in this proof, which is consequently the unique equilibrium
without full disclosure in which, for each 7 € IV, x; depends only on w;.

O

A.12 Proof of Lemma 4

Lemma 3 and Proposition 5 imply that the cost vector ¢ belongs to the full effort set i F'E(D) if
and only if ¢; € (0,¢(D)] for each i € N, where ¢(D) is defined as follows. If D({i}) = 1 for
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every ¢ € N, then
¢D) =Y wip(wiey) — Y wip(w;en)- (20)
Q Q
If instead D({i}) < 1 for every i € N, then

&D) = wip(wien) — Y wiplw; exy) 1)
Q Q

+ 30— dw)pwr exny)

Q

[ZQ wi(l = dW))ulwienyi) — Yqwi(l = d(w))pw;ex)
Yol —dw)p(wseny) Pl —dw))p(wien) |’
(22)

where d is the team disclosure strategy in the unique equilibrium without full disclosure de-
scribed in Proposition 5. Note that, under the symmetry assumption, these expressions are
independent of the particular choice of ¢ € V.

In the equilibrium without full disclosure described in Proposition 5, each individual’s rec-
ommendation strategy is independent of the team’s deliberation procedure D. Consequently,
for each w € €, d(w) is a continuous function of the the deliberation procedure D. Moreover,
for any sequence {D*} of symmetric deliberation procedures with D*({i}) — 1, it must be
that d*(w) — 1 for every w € Q. These two facts imply that ¢(D), as defined by (20) and (21),
is a continuous function of D.

Additionally, in a symmetric deliberation procedure, D(X ) depends only on the cardinality
of X, and by assumption D(@) is fixed at 0 and D(N) = 1. Therefore, a symmetric deliber-
ation procedure D is fully described by a vector in [0, 1]"!. Our assumption that deliberation
procedures are monotone further requires that D(X) < D(X’) if |X| < |X’|. The space of
deliberation procedures is thus a compact subset of [0, 1]~ 1.

Because ¢(D) is continuous, and the space of symmetric deliberation procedures is com-
pact, there is a symmetric deliberation procedure D that maximizes ¢(D). As a consequence, a
procedure D* that maximizes ¢(D) is such that i ' E(D) C iFE(D*) for every symmetric de-
liberation procedure D. And so D* maximizes effort incentives among symmetric deliberation

procedures.
[
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A.13 Proof of Proposition 6

Because the team has two individuals, a symmetric deliberation procedure is fully described by
the disclosure probability if exactly one team member recommends disclosure, D(1).

From Lemmas 3 and 5, we know that full effort can be implemented in a symmetric equi-
librium given a cost vector ¢ and deliberation procedure D — ¢ € SFE(D) — if and only if
¢; € (0,¢(D)] for each i € N, where ¢(D) is given by

E(D) =E (wi|eN) —E (wi]eN\i) , if D(l) = 1,

and ¢(D) = E (wilen) — E (wileny;) + P (NDleny;) [E (wi| ND;eny;) — E (w;|NDsen)]

if D(1) < 1, where the disclosure/non-disclosure of each w realization is given by the team dis-
closure strategy in the unique symmetric partial-disclosure equilibrium. The effort-maximizing

procedure is therefore the one that maximizes the objective
]P(ND|€N\¢> [IE (w,-|ND; eN\i) —E(wﬂND;eNﬂ . (23)
We can write the expression for each of the terms in this objective. We have:
P (NDleni) = p [(we,we); envi] + (1 = D(1)) { e [(whswe); envi] + o [(we, wa);eny] |-

E (W1|€N\1) = wy + (wn — wy)
(1= D(1))p [(wh,we); eni]
1 [(we, we);ena] + (1= D(1)) {p [(wn, we); envi] + 1 [(we, wn); ena] }

1 [ (wn, we); e
p [ (wns we)senna] + p [(we, wn)s eni]

(1= D(1)) {p [(wn,we); ent] + 1 [(we, wn); enna] }

X

= wyp + (wh —(,Ug)

X
1 [(we, we)senna] + (1 — D(1)) {p [(wn, we); envi] + 1 [(we, wn); ena] }
Wh,Wy); € 1—D(1
= wy + (wp, — we) 'u[( hs We) N\l] . (1)
11 [(wn, we)s enna] 4 1 [(we, wi); eni] pl(wewe)iena] +1-D(1)
p[(@nwe)sena |+ul(wewn)sen]
1— D(1)

= wy + (th - woap—kl——l)(l)‘
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Using analogous steps, we have

1— D(1)
p+1-D(1)

E (wilen) = we + (wp, — we)d

And therefore the objective in (23) can be rewritten as

@Lﬁw&aw%ewv}+(1—<D(D){u[@m¢w%ewv}+¢LKWmam%6Nv}}1

1 - D(1) i 1—Dﬂ)1:

X |:we + (Wh - We)Um — Wy — (wh - W)Uﬁ—i—l——D(l)

[u [(we, we)s envi] + (1= D) { e [(wn,we); exni] + i [(we, wn); env] }}

1-b1) __ 1-DQ)
@%_W)%p+1_DU)_Uﬁ+1—DﬂJ’

which is proportional to

1 [(we, we); eani] B i 1-D(1) 5 1—-D(1)
Lﬁ [(wh,we); ene] + 1 [(we, wh); eny] ! D(l)} [ p+1-=D(1) p+1-D(1)]
- 1-D(1) _ 1-D(1)
=+ 1= D) [o P T

p+1-—D()_
=0 ———=a| (1 =D(1)) =¥ (D(1)). 24
o - =] - by = wiow) 24
We now want to maximize the objective in (24) with respect to D(1). We consider two cases.

Case 1. p > p. First, we verify that the objective is strictly convex for all D(1) < 1.

cp—p) [ _p+1-D()

VUXD%:ﬂ—DG»@+1_DO»2 %% 1-DQ)

(25)

25(p—p) , 2p+1-DL)(1—-D1)5(5p)

B T (1D -0
& ﬁJlrI—?gzl) < 1, which holds for all D(1) < 1.
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And so D* that maximizes W(D(1)) is either D* = 0 or D* = 1. And D* = 0 if and only if
U(0) > ¥(1), or equivalently

—_

_I_
_I_

)

)
+
—_

o=0

—_
)
QI Q
WV

heY
heY
+
—_

which yields statement 1 in the proposition.

Case 2. p < p. By the same steps, we know that the objective is strictly concave for all
D(1) < 1. And therefore

0, if W'(0) < 0,
D* =< D(1) € (0,1),if ¥(D(1)) = 0 for some D(1) € (0,1),
1,if U'(1) > 0.

From equation (25), we have that

Vb)) = o= T—pm | - PO oo

which is increasing in o, and therefore D* is weakly decreasing in 0. We also have that

o' (D(1)) G (1- D(1))5

o pr1-DO)  Gri-DOpE "

And so D* is weakly increasing in p.

B Additional Results

B.1 Additional Results for Section 5.3

As in the proof of Proposition 6, we know that a deliberation protocol maximizes effort incen-

tives if it maximizes the following objective:

P(w;|ND;en;) [E (wi|ND;eN\Z-) — E(wﬂND;eN)] ,
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which is proportional to

Pr(w; =1N ND;en\) B Pr(w; =1NND;ey)
Pr(ND;en;) Pr(ND:;ey)

P(w;|ND;en;)

Using the binary structure and the given deterministic symmetric deliberation protocol, we can
write expressions for each of these terms. If the protocol is such that disclosure occurs if at least
K team members favor it, then no-disclosure occurs if and only if at least N — K + 1 team
members are against disclosure, i.e. obtain a bad outcome. This can occur if either all receive
the same common bad outcome or if at least N — K + 1 team members receive independently

bad draws of their individual binary outcome. Using this additional structure, we write*?

m=N—-K+1

N—-1
N-1
< )(1 — )R,

m

)t
+(1=p)(1—h) (]]VV__;() (1 — hy)NKREL,

And so

p(l — hT) !
il 26
[(1 S gt (o) R
(1—h) (X)) ]
- - N m—(N—K) '
hi Eg:]lvaJrl (Nm 1) (%)

32We adopt the convention that Y-~ _1 X (m) = 0 for any function X. This is relevant if K = 1, in which case,
following a good outcome for player ¢ there is no possibility for no-disclosure.

E [w;|ND;en] =
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And using the same steps, we have

p(1 — hr) N 1
(1= P)h g (U, 1) (L= RymN=1om — h
(1=1)(¥ %) r
7 N-1 N—1 1—-h m—(N—K) ’
hzm=N7K+1( m ) (T)

By comparing the difference between (26) and (27), we can assess whether protocols with

E[wi|ND;en] =

27)

K > 1 provide more effort incentives than the unilateral protocol (with K = 1). Results are

stated in Proposition 7 below.

Proposition 7. The unilateral disclosure protocol (K = 1) is strictly dominated by all symmet-

ric deterministic protocols with K > 1 if

(i) Effort is purely team improving, that is, for each i € N and j # 1,

(ii) Effort improves correlation between individual outcomes, that is, for every i € N and
J# i
p > p,hj=h, and h; = h.

The unilateral disclosure protocol (K = 1) dominates all K-majority protocols if

(iii) Effort is purely self-improving, that is, for each i € N and j # 1,

h > hi,h = hj, and p = p.

The first two statements in the proposition are stronger versions of results in section 4. In
this binary environment, if effort is team improving, then the unilateral disclosure protocol is
dominated by all symmetric deliberation protocols such that disclosure requires more consen-
sus. If effort improves the correlation between team members’ outcomes — not necessarily to
an extreme degree as in Proposition 4 — then all symmetric deliberation protocols dominate

the unilateral disclosure protocol.

B.1.1 Proof of Proposition 7

In order to show the four statements, it suffices to sign the derivative of (26) with respect to the

appropriate parameter. We begin with the first statement, so that we want to sign that derivative
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with respect to h;. To do so, note that
N-1

N -1 mypN—1—m
> (M, )a-
m=N—-K+1

is decreasing in h;, as it equals the probability of at least NV — K — 1 successes under a binomial

with V — 1 draws and success probability 1 — h;. Moreover,

Nz‘l N—=1\ (1=h\" "5
m hj

m=N—-K+1

is also decreasing in h;, as m > N — K for the whole range of summation. Consequently, we
have that E (w;| N D) is decreasing in h;, and therefore under the parametrization in statement
(i), we have E (w;|ND, en\;) > E (w;|ND,ey). This implies that all symmetric deliberation
protocols with K > 1 strictly dominate the unilateral disclosure protocol (with K = 1).
Statements (ii)-(iv) follow from the same logic as statement (i), noting from equation (26)

that E (w;| N D) decreases in p, and increases in h;.
]
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