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Abstract

This paper studies costly information sharing in teams where members may duplicate one an-

other’s work. Members first decide whether to share their intended task assignments and then choose

productive effort. Sharing allows a teammate to direct effort toward nonoverlapping tasks, while the

sharer benefits only through complementary team production. This creates strategic complementarity

in sharing and can sustain both a low-sharing, low-effort equilibrium and a high-sharing, high-effort

equilibrium. The incentive to initiate sharing is strongest at an intermediate level of duplication risk:

when duplication is limited, sharing prevents little wasted work; when duplication is severe, a lone

sharer retains too little effective output to gain much from the teammate’s response. Yet the value of

coordinated sharing rises with duplication risk. A leader who shares first can select the high-sharing

equilibrium, while larger teams may require a critical mass of initial sharers. The main equilibrium

structure also survives with continuous sharing. The analysis identifies when communication plat-

forms must be supplemented by visible first movers or coordinated initial participation to prevent

duplicate work.
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1 Introduction

Why do teams duplicate work that a simple exchange of work plans could have prevented? The question

remains relevant even in organizations equipped with shared workspaces, project-management systems,

and other one-to-many communication tools. Amazon’s two-pizza-team practice offers a prominent

illustration of the concern. Amazon recommends keeping operational teams small, ideally below ten

members, because communication lines and decision-making overhead increase rapidly with team size;

when demands expand, it favors dividing work among smaller single-threaded teams rather than contin-

ually enlarging one team (Slater, 2023). This practice raises a broader economic question. If a member

can technically disclose an intended task assignment to everyone through a single message, why can

information coordination still fail, and why might team size and visible first movers continue to matter?

This paper shows that the answer involves a paradox: as duplicate work becomes more severe, coordi-

nated sharing becomes more valuable to the team, while the private incentive to initiate it can become

weaker.

The answer developed here is that communication capacity and the incentive to communicate are

distinct. Sharing an intended task assignment is privately costly, while its immediate productivity

benefit accrues mainly to teammates who can redirect their effort toward nonoverlapping tasks. The

sharer benefits only indirectly, through the productive response of those teammates. This indirect

return is stronger when teammates themselves share information and direct substantial effort toward

distinct tasks. Complementarity in productive effort therefore generates complementarity in information

sharing. A member is more willing to share after others have shared, even though each disclosure directly

improves only other members’ task efficiency. This feedback can sustain either a low-sharing, low-effort

outcome or a high-sharing, high-effort outcome under the same technology and preferences.

We formalize this mechanism in a two-member team. Each member first decides whether to share

the intended task assignment with the teammate and then chooses continuous productive effort after

observing the sharing profile. If one member withholds information, part of the teammate’s effort is

exposed to duplication risk and produces no distinct contribution. Team output combines the two

effective contributions and includes a complementary surplus. Each member receives the return from

the member’s own effective contribution and one half of the complementary surplus. Information sharing

and effort are noncontractible. We take this allocation rule as part of the organizational environment

and do not design contracts. The question is whether voluntary sharing becomes self-sustaining under

a fixed allocation rule, not how an optimally designed incentive scheme could implement it. Sharing

therefore improves the teammate’s task efficiency directly, but benefits the sharer only through the

teammate’s effort and the complementary part of team output.

The first result is a coordination structure in information sharing. The private gain from initiating

sharing when the teammate does not share is strictly smaller than the gain from reciprocating when the

teammate already shares. When the sharing cost is low, full sharing is the unique equilibrium; when it is

high, no sharing is the unique equilibrium; and for an intermediate range, both outcomes are equilibria.

The unique mixed equilibrium in this region is unstable under the best-response adjustment defined in

Section 4.2 and marks the tipping point between no sharing and full sharing. A higher sharing cost

raises this threshold and makes the low-sharing outcome more robust.

The second result is a duplication paradox. The private gain from initiating sharing is strictly

single-peaked in duplication risk. Starting from low duplication, a greater risk makes sharing more

2



useful because it prevents more overlap. Once duplication becomes sufficiently severe, however, a

member who receives no task-assignment information chooses little productive effort and generates

little effective output. Helping that teammate then produces only a small complementary return for the

first sharer. In contrast, the welfare value of coordinated sharing rises monotonically with duplication

risk. Thus, the value of coordinated sharing can rise precisely when the incentive to initiate it falls.

Severe duplicate work need not create strong voluntary pressure to share; it can instead deepen the

coordination failure.

This divergence is the paper’s main conceptual contribution relative to reduced-form coordination

models. A reduced-form coordination game can represent a valuable outcome that is difficult to reach,

but it does not by itself explain why the condition that raises the value of coordination should also weaken

the incentive to start coordinating. Here, both effects come from the same duplication technology.

Greater duplication makes mutual nonsharing more destructive, while it also erodes the productive

base of a member who has not received the teammate’s work plan, so a lone sharer has less output with

which to benefit from the teammate’s response.

The third result concerns leadership. We define a leader only by the timing of the sharing decision:

the leader shares or withholds first, the follower observes this action, and productive effort remains

simultaneous. In the multiplicity region, the leader shares and the follower reciprocates in the unique

subgame-perfect equilibrium. The leader has no superior information, formal authority, or ability to

dictate effort. Leadership works by changing the follower’s problem from initiating sharing to recipro-

cating an observable disclosure. It is therefore an equilibrium-selection role rather than a signaling or

command role.

We then extend the model to an n-member team while retaining one-to-many sharing. A larger team

has more to gain from coordinated sharing because each additional nonsharer creates another potential

source of duplicate work. Yet a single initial disclosure may no longer be sufficient to make participa-

tion self-sustaining. We derive an endogenous critical mass: the smallest initial group of sharers that

induces every remaining member to join. The required coalition depends on sharing cost, duplication

risk, output complementarity, and team size. This result provides an incentive-based interpretation of

why organizations may keep operational coordination domains manageable even when communication

technology can broadcast information widely. Appendix A further shows that the all-or-nothing equilib-

rium structure is not imposed by the binary action space. With continuous sharing and linear sharing

costs, each member still optimally chooses either no sharing or complete sharing, and the tipping-point

structure survives. Appendix B relaxes symmetry in effort costs and shows that the less able member

is more willing to initiate sharing, whereas the more able member is more willing to reciprocate.

The paper contributes to research on information sharing, team production, leadership, and coor-

dination failure. Existing work studies how information disclosure can prevent duplicative search but

weaken information-acquisition incentives (de Bettignies and Zabojnik, 2019), how contracts induce

knowledge sharing and effort (Siemsen et al., 2007; Gershkov et al., 2016), and how leaders use observ-

able effort to communicate private information (Hermalin, 1998; Potters et al., 2007). We instead study

horizontal disclosure of intended task assignments in a team with endogenous productive effort. The

same complementarity that links members’ productive contributions creates strategic complementar-

ity in sharing. This mechanism yields multiple sharing equilibria, a single-peaked initiation incentive,

leadership by sharing, and an endogenous critical mass within one framework.

The remainder of the paper is organized as follows. Section 2 discusses the related literature.
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Section 3 presents the baseline model and effort equilibrium. Section 4 characterizes sharing equilibria

and the tipping point. Section 5 studies welfare and the duplication paradox. Section 6 analyzes

leadership by sharing. Section 7 extends the model to larger teams and derives the critical mass.

Section 8 discusses organizational implications and empirical predictions, and Section 9 concludes.

2 Related literature

Duplicate effort is a classic theme in the economics of innovation: in patent races, independent firms

duplicate research because priority is rewarded (Loury, 1979). We study duplication inside a team,

where it arises from unshared task assignments rather than from competition for a prize. Beyond this

contrast, the paper relates to four strands of research. First, it contributes to theoretical work on

information sharing and incentives within organizations. de Bettignies and Zabojnik (2019) analyze a

manager’s decision to disclose information before a worker acquires additional information. Disclosure

can prevent duplicative search, but it can also weaken the worker’s incentive to acquire information.

Itoh (1991) shows how a principal can design contracts that induce agents to help one another, so that

cooperation within a team becomes an incentive problem rather than a technological datum. Siemsen et

al. (2007) distinguish task-related effort, helping, and knowledge sharing, and study how individual and

group incentives should be combined to induce these activities. Gershkov et al. (2016) study teams in

which members exchange private information and then choose noncontractible productive efforts, with

a focus on contracts that implement communication and efficient effort. We also combine endogenous

information sharing and effort, but the organizational friction is different. Team members horizon-

tally disclose intended task assignments, and each disclosure improves the teammate’s task efficiency.

Because productive efforts are complements, this indirect benefit creates strategic complementarity in

sharing. The central issue is therefore equilibrium multiplicity rather than disclosure by an informed

superior or implementation through contracts. A related literature studies communication inside organi-

zations more broadly. Alonso et al. (2008) analyze strategic communication between division managers

whose preferences conflict, and Calvó-Armengol et al. (2015) endogenize costly pairwise communication

among agents with coordination motives. In these models, limited communication reflects misreporting

incentives or the equilibrium intensity of communication about a payoff-relevant state. Our mechanism

requires neither private information nor preference conflict. Truthful sharing is commonly valuable,

but it can fail because severe duplication endogenously weakens the productive response from which a

unilateral sharer would benefit.

Second, the paper is related to organizational research on knowledge sharing, coordination, and

team performance. Cummings (2004) shows that external knowledge sharing is especially valuable for

structurally diverse work groups. Reagans et al. (2016) find that knowledge utilization and coordina-

tion are complementary productivity factors. They also show that utilizing specialized knowledge can

impair performance when a team cannot coordinate its collective effort. Our model provides a par-

simonious mechanism connecting information use and coordination. Information about intended task

assignments prevents overlap, while output complementarity makes the value of that information de-

pend on teammates’ productive responses. Unlike this empirical literature, we endogenize the decision

to share and derive conditions under which greater duplication risk either facilitates coordinated sharing

or discourages the initiation of sharing.

Third, the leadership extension relates to research on leading by example. In Hermalin (1998), an
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informed leader uses an observable effort choice to communicate private information and induce follower

effort. Potters et al. (2007) provide experimental evidence that leading by example raises contributions

when the leader privately observes the return from contributing, but not when that return is common

knowledge. Bolton et al. (2013) model a leader who coordinates followers by committing to a mission

statement; resoluteness makes the mission credible and aligns followers’ actions. The leader in our

model has no superior information, makes no commitment about future actions, and does not signal

project quality or productivity. By sharing first, the leader changes the follower’s decision from initiating

sharing to reciprocating an existing disclosure. Leadership therefore selects the high-sharing equilibrium

by exploiting strategic complementarity in sharing rather than by transmitting private information.

Finally, the low-sharing equilibrium and the larger-team extension connect the paper to research on

coordination failure and critical mass. Cooper and John (1988) show that strategic complementarity

in payoffs generates multiple Pareto-ranked equilibria and coordination failure. In such reduced-form

games, the payoff from unilateral initiation and the value of collective coordination are specified directly,

so any relationship between them can be imposed. In our model, both objects are derived from the same

duplication technology and the same subsequent effort game, which is why a worsening coordination

problem can raise one while lowering the other. Van Huyck et al. (1990) show how strategic uncertainty

can lead groups to inefficient coordination outcomes. Brandts and Cooper (2006) study how financial

incentives can move organizations away from a history of low-effort coordination. Devetag (2003) ex-

perimentally analyzes coordination games in which a positive return requires an exogenously specified

critical mass, and shows that information about previous actions can facilitate stepwise convergence

to the efficient equilibrium. Costless pre-play communication can also help groups reach efficient equi-

libria (Blume and Ortmann, 2007). Sharing here is not cheap talk. It is costly, and it transfers the

task assignment itself rather than announcing an intended action. In our model, the critical mass is

endogenous. It is the minimum number of initial sharers needed to make sharing privately optimal

for every remaining member in the simultaneous continuation game. The model also characterizes this

threshold and illustrates how it varies with duplication risk, output complementarity, and team size.

It thereby links duplicate work, equilibrium selection, leadership, and team-scale coordination within a

single framework.

3 Team production with duplicate work

3.1 Technology and timing

We consider a team with two members, indexed by i ∈ {1, 2}. Let j ̸= i denote member i’s teammate.

Each member chooses an information-sharing action and a productive effort. Information sharing occurs

before effort.

Member i chooses

si ∈ {0, 1}.

The action si = 1 means that member i shares the intended task assignment with the teammate before

productive effort is chosen. The action si = 0 means that member i keeps this work plan private.

Sharing costs k > 0.
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In the second stage, member i chooses effort

ei ≥ 0.

Effort is costly. Its cost is ce2i /2, where c > 0.

The project contains many tasks. Before productive effort is chosen, each member has an intended

task assignment or work plan. If member i does not disclose this plan, some of member j’s effort is

directed toward tasks that member i also intends to perform. Let d ∈ (0, 1) denote the duplication risk

in the absence of sharing.1 We define member i’s task efficiency as

ai ≡ 1− d(1− sj).

Thus, ai = 1 − d when member j does not share and ai = 1 when member j shares. The variable ai

measures how efficiently member i can convert effort into a nonduplicate contribution after observing

member j’s information-sharing action.2

Member i’s effective contribution is

xi = aiei.

Member i’s sharing action does not directly affect xi. It raises aj and therefore affects xj by reducing

the duplication faced by member j.

Team output is

Y = x1 + x2 + βx1x2, β > 0. (1)

The first two terms are the members’ effective contributions. The last term captures output comple-

mentarity. Distinct contributions are more valuable when they are combined.

Effective contribution xi is observable ex post and can be attributed to member i. Effort ei and

information sharing si are not verifiable and cannot be contracted upon. We take the following allocation

rule as part of the organizational environment and do not study optimal contract design.

Member i’s payoff is

ui = xi +
β

2
x1x2 −

c

2
e2i − ksi. (2)

Each member receives the return from the effective contribution attributable to that member. The

additional value created by combining the two contributions, βx1x2, is divided equally. The private

return from xi may represent compensation, performance credit, career value, or task ownership.

The allocation rule is budget balanced. The sum of the two payoffs is

u1 + u2 = Y − c

2

(
e21 + e22

)
− k(s1 + s2). (3)

1The parameter d is deterministic. It measures the fraction of the teammate’s effort that produces no distinct contri-
bution when the task assignment is not disclosed, and it can be interpreted as the expected overlap under a stochastic
assignment of tasks. We use the term “duplication risk” for brevity.

2The specification embeds a convention on how duplicated work is credited. A member loses only the part of that
member’s own effort that overlaps with an undisclosed task plan of the teammate. Thus, when member j withholds
the plan, the overlap reduces member i’s effective contribution; if both members withhold, each loses the part of effort
that overlaps with the other’s undisclosed plan. A member’s own sharing action never reduces that member’s credited
contribution. Withholding therefore carries no direct private cost, and its entire cost falls on the teammate as misdirected
effort. This is the polar case in which sharing has no direct private return. If duplicated work instead triggered a contest for
credit, withholding would carry a direct private cost, which would operate in favor of sharing. The convention corresponds to
organizations in which credit follows task ownership, such as the single-threaded ownership practice discussed in Section 8.3.
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Member i’s sharing still directly improves only member j’s effective contribution. It benefits member i

indirectly through the member’s equal share of the complementary surplus.

The timing is as follows. First, the two members simultaneously choose (s1, s2). Second, after

observing the sharing profile, they simultaneously choose (e1, e2). We solve the game by backward

induction.

Assumption 1. c > β/2.

Assumption 1 guarantees a unique finite effort equilibrium after every sharing profile. Since aiaj ≤ 1,

it implies—and at full sharing coincides with—the profile-specific condition c > (β/2)aiaj .

3.2 Effort equilibrium

Fix a sharing profile (si, sj) and the associated efficiency pair (ai, aj). Member i’s first-order condition

for effort is

cei = ai +
β

2
aiajej .

The right-hand side is increasing in ej . Efforts are therefore strategic complements.

Lemma 1 (Effort equilibrium).

For every sharing profile, the effort subgame has a unique Nash equilibrium. Equilibrium effort is

ei(ai, aj) =
ai

(
c+ β

2a
2
j

)
c2 − β2

4 a
2
i a

2
j

. (4)

A unilateral increase in si from 0 to 1 strictly increases both ei and ej.

Proof.

See Appendix C.1.

Sharing has a direct and an indirect effort effect. When member i shares, aj rises and member j

can direct more effort toward nonduplicate tasks. This raises member j’s effort. The increase in ej

then raises member i’s return to effort through the complementary term in (2). Member i consequently

raises effort even though member i’s own sharing does not directly improve ai or xi.

For later use, define

q ≡ 1− d.

When neither member shares, symmetric equilibrium effort is

e00 =
q

c− β
2 q

2
. (5)

When both members share, symmetric equilibrium effort is

e11 =
1

c− β
2

.
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If member i shares and member j does not, member i’s effort is

e10i =
q
(
c+ β

2

)
c2 − β2

4 q
2
. (6)

If member i does not share and member j shares, member i’s effort is

e01i =
c+ β

2 q
2

c2 − β2

4 q
2
. (7)

The first superscript denotes member i’s sharing action. The second denotes member j’s sharing action.

The effort first-order condition also gives a useful expression for continuation payoffs. At the effort

equilibrium,

xi +
β

2
x1x2 −

c

2
e2i =

c

2
e2i . (8)

Hence, member i’s equilibrium payoff after sharing profile (si, sj) is

vi(si, sj) =
c

2
[ei(si, sj)]

2 − ksi.

4 Information sharing and coordination failure

4.1 Initiation and reciprocation incentives

We distinguish two private returns to sharing. The first is the return from initiating sharing when the

teammate does not share. The second is the return from reciprocating when the teammate already

shares.

Define the initiation threshold

KI(d) ≡
c

2

[(
e10i

)2 − (
e00

)2]
. (9)

Member i initiates sharing against sj = 0 if and only if k ≤ KI(d).

Define the reciprocation threshold

KR(d) ≡
c

2

[(
e11

)2 − (
e01i

)2]
. (10)

Member i reciprocates sharing against sj = 1 if and only if k ≤ KR(d).

Lemma 2 (Strategic complementarity in sharing).

For every d ∈ (0, 1),

0 < KI(d) < KR(d).

Proof.

See Appendix C.2.

A member has a stronger incentive to share when the teammate already shares. Sharing by the

teammate raises the member’s effective contribution and effort. Both changes increase the return from

8



improving the teammate’s contribution. Information sharing is therefore a strategic complement even

though each sharing action directly helps only the other member.

Lemma 3 (Duplication risk and the initiation gain).

The initiation threshold KI(d) is strictly single-peaked in d ∈ [0, 1]. In particular, there exists a unique

d∗ ∈ (0, 1) such that K ′
I(d) > 0 for d < d∗ and K ′

I(d) < 0 for d > d∗. Moreover,

KI(0) = 0, KI(d) > 0 for all d ∈ (0, 1), KI(1) = 0.

Proof.

See Appendix C.3.

The two sides of the inverted U reflect opposing effects of duplication risk. Starting from low

duplication, a higher d makes a member’s task-assignment disclosure more useful because it prevents

more duplicated work by the teammate. Once duplication is sufficiently severe, however, a member who

receives no task-assignment information retains only a small productive base: task efficiency and effort

stay low, and the member produces little effective output. The complementary return from helping

the teammate then becomes small. Initiating sharing is therefore most attractive at an intermediate

duplication risk.3

4.2 Sharing equilibria

The ordering in Lemma 2 gives a standard coordination structure.

Proposition 1 (Sharing equilibria).

The pure-strategy equilibria of the simultaneous sharing game are characterized as follows.

(i) If k < KI(d), the unique pure-strategy equilibrium is (s1, s2) = (1, 1).

(ii) If KI(d) < k < KR(d), the two pure-strategy equilibria are (s1, s2) = (0, 0) and (s1, s2) = (1, 1).

(iii) If k > KR(d), the unique pure-strategy equilibrium is (s1, s2) = (0, 0).

At either threshold, the corresponding best response is weak.

Proof.

See Appendix C.4.

The middle region contains a low-sharing, low-effort equilibrium and a high-sharing, high-effort

equilibrium. In the low equilibrium, each member expects the teammate not to share. The resulting

duplication lowers effective contributions and effort. Low effort then reduces the return from being the

first member to share. In the high equilibrium, each member expects the teammate to share. Sharing

raises effective contributions and induces higher effort. Higher effort makes reciprocation privately

worthwhile.

In the multiplicity region, let p denote the probability that a member assigns to the teammate

sharing. The expected payoff gain from sharing is linear in p. Its zero determines the tipping point

3A generic 2× 2 coordination game could impose a rising collective gain and a falling unilateral gain as separate payoff
shifts. The contribution here is to derive both comparative statics from a common production environment.

9



between the two pure equilibria. We use best-response adjustment to mean that both members use a

common perceived probability p of teammate sharing and move toward the corresponding pure best

response.

Corollary 1 (Mixed equilibrium and the tipping point).

Suppose that KI(d) < k < KR(d). The sharing game has a unique completely mixed Nash equilibrium.

Each member shares with probability

p∗(d, k) =
k −KI(d)

KR(d)−KI(d)
∈ (0, 1). (11)

Under this best-response adjustment, p∗ is the boundary between the basins of attraction of no sharing

and full sharing. Conditional on remaining in the multiplicity region,

∂p∗

∂k
=

1

KR(d)−KI(d)
> 0, (12)

and
∂p∗

∂d
= −

[1− p∗(d, k)]K ′
I(d) + p∗(d, k)K ′

R(d)

KR(d)−KI(d)
. (13)

Moreover, K ′
R(d) > 0. Hence, ∂p∗/∂d < 0 for d < d∗, while its sign is generally ambiguous for d > d∗.

Full sharing is risk dominant if and only if

p∗(d, k) <
1

2
⇐⇒ k <

KI(d) +KR(d)

2
. (14)

Proof.

See Appendix C.5.

The mixed equilibrium is unstable under this adjustment process. If the perceived probability of

teammate sharing exceeds p∗, sharing is optimal and adjustment moves the team toward full sharing.

If it falls below p∗, nonsharing is optimal and adjustment moves the team toward no sharing. A

higher sharing cost raises this tipping point and expands the basin of attraction of the low-sharing

equilibrium. Condition (14) is the risk-dominance criterion of Harsanyi and Selten (1988): full sharing

is risk dominant when sharing is optimal under a uniform belief about the teammate’s action.

Duplication risk has a more subtle effect. Below d∗, a higher duplication risk strengthens both

initiation and reciprocation incentives, so it lowers p∗. Above d∗, it weakens initiation while continuing

to strengthen reciprocation. The effect on the tipping point then depends on which force dominates.

When the decline in the initiation incentive is sufficiently strong, severe duplication expands the basin

of attraction of no sharing even though it makes reciprocation more attractive. This extends the

duplication paradox from equilibrium existence to equilibrium selection.

For example, let c = 2, β = 1, and d = 1/2. Then

e00 =
4

15
, e10i =

20

63
, e01i =

34

63
, e11 =

2

3
.

The thresholds are approximately

KI = 0.030, KR = 0.153.
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Thus, a nonempty interval of sharing costs supports both the low and high equilibria.

5 Welfare and the duplication paradox

The budget-balanced allocation rule in (3) makes aggregate welfare equal to the sum of the members’

payoffs. We first evaluate sharing profiles while keeping effort decentralized. This constrained bench-

mark does not require sharing to be contractible. It asks which sharing profile would maximize welfare

if effort continued to follow the Nash equilibrium derived in Section 3.

5.1 Constrained-efficient sharing

At the private effort equilibrium, (8) implies

WN (s1, s2) =
c

2

{
[e1(s1, s2)]

2 + [e2(s1, s2)]
2
}
− k(s1 + s2). (15)

Define the per-member welfare threshold

KW (d) ≡ c

2

[(
e11

)2 − (
e00

)2]
(16)

=
c

2

 1(
c− β

2

)2 − (1− d)2[
c− β

2 (1− d)2
]2

 . (17)

Proposition 2 (Constrained-efficient sharing).

The constrained-efficient sharing profile is (1, 1) if k < KW (d) and (0, 0) if k > KW (d). A one-sided

sharing profile is never constrained efficient. At k = KW (d), the two symmetric profiles yield the same

welfare.

For every d ∈ (0, 1),

0 < KI(d) < KR(d) < KW (d). (18)

Moreover,

KW (0) = 0, K ′
W (d) > 0, lim

d→1
KW (d) =

c

2
(
c− β

2

)2 .

Proof.

See Appendix C.6.

The threshold ordering gives a simple welfare comparison. If k < KI(d), full sharing is both

the unique private equilibrium and the constrained-efficient outcome. If KI(d) < k < KR(d), both

symmetric profiles are private equilibria, but full sharing yields higher welfare. If KR(d) < k < KW (d),

no sharing is the unique private equilibrium even though full sharing remains constrained efficient. No

sharing is efficient only when k > KW (d).

Proposition 2 and Lemma 3 together sharpen the duplication paradox. Figure 1 plots the three

thresholds for the parameters of the numerical example in Section 4.2.

Figure 1 isolates the two effects behind the paradox. The welfare threshold KW (d) rises because

mutual nonsharing becomes more destructive as duplication risk grows: this is the duplication-loss effect.
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Figure 1: Initiation, reciprocation, and welfare thresholds. The solid, dashed, and dotted curves show
KI(d), KR(d), and KW (d), defined in (9), (10), and (16). The parameters are c = 2 and β = 1, as
in the numerical example in Section 4.2. The vertical dotted line marks the duplication risk d∗ that
maximizes the initiation threshold.

The reciprocation threshold KR(d) also rises, because a member who has received the teammate’s work

plan keeps a full productive base and benefits increasingly from improving the teammate’s contribution.

The initiation threshold KI(d) eventually falls. A lone sharer has not received the teammate’s plan,

so severe duplication shrinks the sharer’s own productive base and weakens the complementary return

from inducing greater teammate effort: this is the productive-base effect. The wedge between the social

value of coordinated sharing and the private incentive to initiate it is therefore largest when duplication

is severe. At the high-duplication limit, the private initiation gain vanishes even as the welfare value of

coordinated sharing approaches its maximum.

5.2 First-best benchmark

We next allow a planner to choose both sharing and effort. For this benchmark, suppose that c > β.

Given a sharing profile, the first-best effort condition is

cei = ai + βaiajej . (19)

The symmetric first-best efforts under no sharing and full sharing are

e00FB =
q

c− βq2
, e11FB =

1

c− β
. (20)
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Define

KFB(d) ≡
1

2

[
1

c− β
− (1− d)2

c− β(1− d)2

]
(21)

=
c
[
1− (1− d)2

]
2(c− β) [c− β(1− d)2]

.

Proposition 3 (First-best benchmark).

Suppose that c > β. The first-best sharing profile is (1, 1) if k < KFB(d) and (0, 0) if k > KFB(d). A

one-sided sharing profile is never first best. Moreover,

e00FB > e00, e11FB > e11, KI(d) < KR(d) < KW (d) < KFB(d), (22)

and K ′
FB(d) > 0.

Proof.

See Appendix C.7.

The model therefore contains two distortions. Members underprovide effort because each receives

only one half of the complementary surplus. This is the free-rider problem of team production under a

budget-balanced sharing rule (Holmström, 1982). They also underprovide information sharing because

sharing directly improves the teammate’s effective contribution. The first-best value of sharing exceeds

its constrained value because efficient effort makes the reduction in duplicate work more productive.

For the numerical example in Section 4.2,

KI = 0.030, KR = 0.153, KW = 0.373, KFB = 0.429.

6 Leadership by sharing

We now assign one member the role of leader, denoted by L. The other member is the follower, denoted

by F . Leadership changes only the timing of information sharing. The leader chooses sL first. The

follower observes sL and then chooses sF . The members subsequently choose efforts simultaneously as

in Section 3.4

Consider the multiplicity region

KI(d) < k < KR(d). (23)

In the simultaneous sharing game, both (0, 0) and (1, 1) are equilibria in this region. Proposition 2

implies that full sharing is the constrained-efficient equilibrium throughout this region. In the sequential

game, the follower’s best response depends on the leader’s action. The follower does not share after

sL = 0 because k > KI(d). The follower shares after sL = 1 because k < KR(d).

The leader’s gross gain from moving the team from (0, 0) to (1, 1) is

c

2

[(
e11

)2 − (
e00

)2]
= KW (d), (24)

4We keep effort simultaneous to isolate leadership through information sharing. If the leader also chose effort first, the
follower’s best response would be eF = aF [1 + (β/2)aLeL]/c, and the leader would choose eseqL = aL[c + (β/2)a2

F ]/[c
2 −

(β2/2)a2
La

2
F ]. Under the stronger stability condition c > β/

√
2, both efforts exceed their simultaneous-move levels. This

comparison suggests that effort leadership would reinforce rather than overturn the mechanism below.
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where the equality follows from the definition of the per-member welfare threshold in (16). The leader’s

private gain from coordinated sharing therefore coincides with its per-member welfare value. Proposi-

tion 2 gives

KW (d) > KR(d).

Thus, whenever the follower is willing to reciprocate, the leader prefers to initiate sharing and induce

the high-sharing outcome.

Proposition 4 (Lead by sharing).

Suppose that (23) holds. The sequential sharing game has a unique subgame-perfect equilibrium. The

leader chooses sL = 1, the follower chooses sF = 1, and both members choose effort e11.

The leader’s equilibrium payoff gain relative to the low-sharing equilibrium is

Λ(d) = KW (d)− k.

Conditional on parameters remaining in the multiplicity region, Λ′(d) > 0.

Proof.

See Appendix C.8.

The leader does not solve the coordination problem by choosing effort first. The leader solves it by

sharing first. This action raises the follower’s effective return to effort. The follower then works more

and finds it worthwhile to reciprocate. Reciprocation raises the leader’s effective contribution and effort

in the final stage.

The identity in (24) also aligns leadership with efficiency. Because the leader’s gross gain equals the

per-member welfare threshold KW (d), the leader’s private criterion for initiating sharing coincides with

the constrained-efficiency criterion in Proposition 2. Leadership by sharing therefore never implements

full sharing when no sharing is constrained efficient.

The value of this timing role rises with duplication risk. When duplication is mild, the low-sharing

outcome is not very costly. When duplication is severe, the low-sharing outcome contains little effort

and little effective production. The leader’s initial sharing action can then create a large change in the

follower’s effort and sharing incentives.

7 Larger teams and the critical mass of sharing

We now extend the model to a team with n ≥ 2 members. The extension retains the one-to-many

sharing technology of the baseline model. A member who chooses si = 1 makes the intended task

assignment available to every other member. The extension does not introduce a leader.

7.1 Information sharing in an n-member team

Members are indexed by i ∈ {1, . . . , n}. Each member chooses si ∈ {0, 1} and then effort ei ≥ 0. Recall

that q ≡ 1 − d. Each nonsharing teammate independently exposes member i to the duplication factor
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q. Member i’s task efficiency is therefore

ai(s−i) ≡
∏
j ̸=i

[1− d(1− sj)]

= q n−1−
∑

j ̸=i sj .

Thus, one sharing action improves the task efficiency of all other n−1 members, but it does not directly

improve the sharer’s own efficiency. Effective contribution remains

xi = aiei.

We normalize pairwise output complementarity by team size.5 Team output is

Yn =
n∑

i=1

xi +
β

n− 1

∑
i<j

xixj .

Member i receives the return from the member’s own effective contribution and one half of every

complementary surplus involving that contribution:

ui = xi +
β

2(n− 1)
xi

∑
j ̸=i

xj −
c

2
e2i − ksi.

This specification reduces to (1) and (2) when n = 2. It is also budget balanced:

n∑
i=1

ui = Yn − c

2

n∑
i=1

e2i − k

n∑
i=1

si.

Let

bn ≡ β

2(n− 1)
, h(a) ≡ a2

c+ bna2
, g(a) ≡ a

c+ bna2
.

For a sharing profile s, define

H(s) ≡
n∑

ℓ=1

h(aℓ).

Lemma 4 (Effort equilibrium in a larger team).

Under Assumption 1, every sharing profile has a unique effort equilibrium. It is given by

ei(s) =
g(ai)

1− bnH(s)
.

At this equilibrium, member i’s payoff before the sharing cost is cei(s)
2/2.

Proof.

See Appendix C.9.

5The normalization serves two purposes. First, it keeps Assumption 1 sufficient for a unique finite effort equilibrium at
every n; without it, the corresponding condition is c > (n − 1)β/2. Second, it fixes full-sharing effort at its two-member
level, so that comparisons across team sizes isolate the duplication channel. The conclusion of Corollary 2 does not rely
on the normalization: without it, full-sharing effort rises with n while no-sharing effort still declines, so the welfare gain
from full sharing again increases with team size.
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Suppose that exactly M members share. Let S and N denote a sharing member and a nonsharing

member. Their task efficiencies are

aS(M) = qn−M , aN (M) = qn−M−1.

The difference reflects free riding. A nonsharing member benefits from the task-assignment disclosures

of the M sharers but does not incur the cost of disclosing the member’s own plan. Define

HM =Mh(aS(M)) + (n−M)h(aN (M)) .

The two effort levels are

eS(M) =
g(aS(M))

1− bnHM
, eN (M) =

g(aN (M))

1− bnHM
.

When nobody shares, symmetric effort is

e0n =
qn−1

c− β
2 q

2(n−1)
.

When everybody shares, symmetric effort is

e1n =
1

c− β
2

. (25)

The full-sharing effort does not depend on team size. In contrast, no-sharing effort falls with n because

each additional nonsharing teammate creates another source of duplicate work.

For later comparison, define the per-member constrained-welfare threshold

K
(n)
W (d) ≡ c

2

[(
e1n
)2 − (

e0n
)2]

. (26)

It is the largest per-member sharing cost for which full sharing yields greater aggregate welfare than no

sharing when effort remains decentralized.

Corollary 2 (Team size and the value of full sharing).

For every d ∈ (0, 1), e0n is strictly decreasing in n, while e1n is independent of n. Consequently, K
(n)
W (d)

is strictly increasing in n.

Proof.

See Appendix C.10.

A larger team therefore makes coordinated sharing more valuable. Without sharing, the additional

members create additional opportunities for duplicate work. Full sharing removes these losses and

preserves the same symmetric effort level as in the two-member team.

7.2 Critical mass of initial sharers

We next characterize how a member’s sharing incentive depends on the number of other sharers. Up to

Proposition 5, the sharing stage remains simultaneous. The integer r does not represent earlier actions
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or an expectation about aggregate participation. It indexes a unilateral best-response comparison in

which member i holds fixed an action profile with exactly r sharers among the other n − 1 members.

Suppose that member i is a nonsharer in such a profile. If member i continues not to share, the member

chooses effort eN (r). If member i starts sharing, the total number of sharers becomes r + 1, and the

member chooses effort eS(r + 1). Notice that

aN (r) = aS(r + 1) = qn−r−1.

The member’s own task efficiency is unchanged by the member’s sharing action. The payoff gain arises

because the disclosure improves the other members’ efficiencies and thereby raises the complementary

return to the member’s effort.

Define the gross private gain from joining r existing sharers as

∆n(r) ≡
c

2

[
eS(r + 1)2 − eN (r)2

]
, r = 0, . . . , n− 1.

A nonsharing member joins the sharing group if and only if k ≤ ∆n(r).

Lemma 5 (Strategic complementarity in a larger team).

For every n ≥ 2 and d ∈ (0, 1),

0 < ∆n(0) < ∆n(1) < · · · < ∆n(n− 1).

Proof.

See Appendix C.11.

The incentive to share rises with the number of members who already share. Existing sharing raises

the focal member’s task efficiency and effort. It also makes the effort responses of the other members

more valuable through output complementarity. The two effects increase the return from joining the

sharing group.

Proposition 5 (Sharing equilibria in a larger team).

Define

K
(n)
I (d) ≡ ∆n(0), K

(n)
R (d) ≡ ∆n(n− 1).

The pure-strategy sharing equilibria are characterized as follows.

(i) If k < K
(n)
I (d), full sharing is the unique pure-strategy equilibrium.

(ii) If K
(n)
I (d) < k < K

(n)
R (d), no sharing and full sharing are the two pure-strategy equilibria.

(iii) If k > K
(n)
R (d), no sharing is the unique pure-strategy equilibrium.

No sharing profile with an interior number of sharers is a pure-strategy equilibrium. At either threshold,

the corresponding best response is weak.

Proof.

See Appendix C.12.
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The coordination structure of the two-member model therefore survives. An interior sharing group

cannot be stable. A current sharer in a profile with M total sharers evaluates sharing against M − 1

other sharers, while a current nonsharer evaluates joining against M other sharers. Lemma 5 implies

that the nonsharer has the stronger sharing incentive.

We now modify the timing to study an initial-participation intervention. A group of members first

commits publicly to sharing. After observing these commitments, all remaining members choose their

sharing actions simultaneously. The critical mass below is therefore an actual number of committed

initial sharers, not a belief about how many members will share.

Definition 1 (Critical mass). For a given (n, k), the critical mass of initial sharers is

m∗(n, k) ≡ min {r ∈ {0, . . . , n− 1} : ∆n(r) > k} .

If the set is empty, define m∗(n, k) = n.

Proposition 6 (Critical mass and full sharing).

Suppose that m∗(n, k) < n. If m∗(n, k) members commit to sharing before the remaining members

choose their sharing actions, every remaining member shares in the unique continuation equilibrium. If

m∗(n, k) ≥ 1 and only m∗(n, k)− 1 members commit to sharing, an equilibrium in which no additional

member shares remains. When m∗(n, k) = 0, full sharing is already the unique equilibrium without any

initial commitment.

Proof.

See Appendix C.13.

The critical mass is the smallest initial block that makes sharing strictly optimal for every remaining

member in the simultaneous continuation game. Once this block is present, each remaining member

prefers sharing even if no other remaining member shares; strategic complementarity only strengthens

this incentive when others share as well. Below the critical mass, no additional sharing remains a

continuation equilibrium.

Figure 2 illustrates how the critical mass varies with duplication risk. Because m∗(n, k) is integer-

valued, the exact critical ratio is a step function. To display the underlying numerical pattern, the

figure relaxes r to be continuous and solves ∆n(r, d) = k. The two panels use n = 6 and n = 10, with

c = 1, k = 0.02, and three levels of output complementarity. For visual clarity, the horizontal axis is

restricted to d ∈ [0, 0.5]. Extending the range to d = 1 adds little qualitative information, as the curves

for different levels of output complementarity gradually converge.

For the parameter values in Figure 2, the critical ratio is lowest at an intermediate duplication risk.

When d is small, sharing prevents little duplicate work, so a large initial group is needed to offset the

sharing cost. As d rises, the benefit of avoiding duplication increases and a smaller initial group can

induce universal sharing. As d rises beyond the value that minimizes the critical ratio, however, a few

initial sharers leave too many nonsharers in the team. Task efficiency and effort remain low, which

weakens the complementary return from joining. The critical ratio therefore rises again in the figure.

For the same parameter values, stronger output complementarity shifts the curve downward because

each member gains more from the effort responses induced by sharing. The right panel further illustrates

that the larger team requires a larger initial sharing coalition over the displayed range.
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Figure 2: Critical mass of initial sharing. The vertical axis is the continuous relaxation of the critical
ratio m∗/n, obtained by treating r as a continuous variable and solving ∆n(r, d) = k. The solid, dashed,
and dotted lines correspond to β = 0.25, β = 0.5, and β = 1, respectively. The common parameters are
c = 1 and k = 0.02.

8 Discussion

8.1 Information-sharing technology and incentives

The model separates the availability of communication technology from the incentive to use it. A one-to-

many channel is already available: a member can make the intended task assignment accessible to every

teammate through a single sharing action. Low sharing therefore does not arise because communication

is technologically impossible. It arises because the member who incurs the sharing cost does not receive

the direct productivity gain. That gain initially accrues to teammates, and the sharer benefits only

through their complementary productive responses. Installing a shared platform can consequently leave

the team in the same low-sharing equilibrium if no member is willing to use it first.

The duplication paradox sharpens this distinction. A higher duplication risk raises the welfare

value of coordinated sharing, but it does not always strengthen the private incentive to initiate it.

When duplication is severe and the teammate does not reciprocate, the first sharer’s own task efficiency

and effort remain low. The problem is not that the teammate fails to respond to the disclosure, but

that this response is paired with the sharer’s small effective contribution and therefore generates little

complementary return. Severe duplication can therefore make complete sharing more valuable while

making the transition toward it more difficult. Observed duplicate work should not automatically be

interpreted as evidence that workers place little value on information. It may instead indicate that the

organization is trapped in a low-sharing equilibrium.

Electronic health information exchange provides a concrete illustration. Exchange systems allow a

provider to observe tests and clinical records generated elsewhere and thereby avoid repeating diagnostic

work. Bailey et al. (2013) find that use of health information exchange was associated with 64 percent

lower odds of repeated diagnostic imaging in emergency evaluations of back pain. In the same study,

however, the exchange system was used in only 12.5 percent of the qualifying emergency visits. The

existence of exchange technology therefore does not ensure intensive use. In a survey of 320 ambulatory
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care providers, Pendergrass and Chandrasekaran (2019) find that partner readiness was the strongest

predictor of exchange use across all six partner contexts they examined. Senior leadership support was

also significant in five of the six specifications. Miller and Tucker (2014) find that larger hospital systems

exchange electronic patient information more within the system but less with outside hospitals, and

that this pattern is concentrated where sharing carries a commercial cost. Health information exchange

often occurs across rather than within formal organizational boundaries, and the information concerns

prior clinical work rather than intended task assignments. Its economic role is nevertheless analogous:

information available before a provider acts allows effort to be redirected away from duplication. The

model offers a coordination-based explanation for the observed pattern. Each provider bears a cost of

contributing and maintaining information, while the immediate benefit is realized by other providers.

A provider has more to gain from participating when its partners also participate. The same exchange

technology may therefore support either sparse use with repeated tests or broad use with less duplication.

These studies do not establish the predicted inverted-U relationship between duplication risk and

initiation. They document the separate empirical ingredients of the mechanism: substantial gains from

avoiding repeated work, limited use after exchange technology becomes available, and strong dependence

of use on partner readiness and leadership support. The nonmonotonic initiation prediction remains

open to direct testing.

Software development provides a closer within-team analogue. Developers working on separate pull

requests may unknowingly edit the same code areas, which can produce merge conflicts, logical bugs,

and duplicated effort. Maddila et al. (2022) study large repositories at Microsoft and find that files

edited concurrently in different pull requests are more likely to introduce bugs. They also describe a

deployed system that notifies developers of overlapping active changes; in large-scale deployment, more

than seventy percent of its conflict notifications were rated useful. Such tools make ongoing task choices

visible before work is completed, much like the sharing technology in the model. These findings establish

the practical importance of overlap prevention, although they do not identify the voluntary initiation

incentives studied here.

8.2 Leadership as equilibrium selection

Leadership in the model does not operate through superior information, formal authority, or an ability

to dictate effort. The leader changes only the order of information-sharing decisions. By sharing first,

the leader converts the follower’s decision from whether to initiate sharing to whether to reciprocate an

observable disclosure. This timing change is sufficient to select full sharing in the multiplicity region.

The result also identifies the limits of leading by sharing. If k < KI(d), voluntary sharing already

arises without a leader. If KI(d) < k < KR(d), the team faces a coordination problem and an observable

first mover can eliminate the low-sharing equilibrium. If k > KR(d), the follower will not reciprocate

even after observing the leader’s disclosure, so example alone cannot sustain full sharing. Leadership is

therefore most valuable in an intermediate region. It is unnecessary when sharing is privately easy and

insufficient when sharing is privately too costly.

This mechanism suggests a narrow but operational interpretation of leadership. A project leader

can disclose the first work plan, announce an intended task assignment, or make the first task-allocation

entry visible before asking others to do the same. The intervention need not change the communication

platform or subsidize every subsequent disclosure. Its function is to create an observable state in which
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following is privately attractive. In settings such as health information exchange, senior leadership

support may also matter because it establishes an initial commitment and makes participation salient.

The empirical association documented by Pendergrass and Chandrasekaran (2019) can have several

explanations, but the model identifies equilibrium selection as one possible channel.

8.3 Team size and the critical mass of sharing

The larger-team analysis reveals a tension. A larger team has more to gain from complete sharing

because each additional nonsharer creates another potential source of duplicate work. At the same

time, one initial disclosure may be insufficient to make sharing privately attractive for the remaining

members. Full sharing may require an initial coalition rather than a single leader. Figure 2 illustrates

this point: for the reported parameter values, the larger team requires a larger initial sharing coalition,

while stronger output complementarity lowers the required coalition.

Amazon’s two-pizza-team practice provides a useful organizational case. Slater (2023) describes

Amazon’s preference for teams of fewer than ten members, arguing that smaller teams reduce com-

munication lines and the overhead of bureaucracy and decision-making. As demand grows, Amazon

recommends splitting a team into smaller single-threaded units rather than allowing one team to expand

indefinitely. The account also recognizes a potential cost of autonomy: separate teams can duplicate

work and develop in silos, which creates a need to combine purely replicative efforts and share lessons

across teams.

Our model does not derive a universally optimal team size, and it does not model the pairwise

communication links emphasized in Amazon’s account. It identifies an additional incentive channel.

Even when one task-assignment disclosure can technically reach every member, a larger group may

require more initial sharers before participation becomes self-sustaining. Smaller teams may therefore

facilitate coordination not only by reducing the mechanical number of communication links, but also by

reducing the scale of the coalition needed to escape a low-sharing equilibrium. Single-threaded ownership

may reinforce this effect by defining a narrower set of tasks and participants over which sharing must be

coordinated. This interpretation remains partial. Splitting teams may itself create duplication across

team boundaries, as the Amazon case acknowledges, and the model does not compare that cross-team

cost with the within-team coordination benefit. The result is therefore an incentive-based rationale for

keeping operational coordination domains manageable, not a claim that the smallest feasible team is

always best.

8.4 Empirical implications, robustness, and scope

The model yields several predictions that distinguish the coordination mechanism from a purely techno-

logical account of information sharing. First, a member should be more willing to disclose an intended

task assignment after observing a teammate’s disclosure than when no one has shared. Second, raising

the cost of specifying and communicating a work plan should increase the belief or initial participation

threshold required for full sharing. Third, the effect of duplication risk on initiation should be nonmono-

tonic: moderate duplication can encourage the first disclosure, while severe duplication can discourage

it even as the welfare value of full sharing continues to rise. Fourth, a visible first mover should be

effective only when sharing costs lie between the initiation and reciprocation thresholds. Finally, in

larger teams, a coordinated group of initial sharers may outperform an intervention that designates
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only one first mover.

These predictions can be studied in laboratory or field settings by varying the amount of potential

overlap, the cost of disclosing intended task assignments, the order of sharing decisions, and team size.

A particularly direct design would distinguish initiation from reciprocation while holding the underlying

information and communication technology fixed. The model predicts that the same person may decline

to initiate sharing but willingly reciprocate after observing an equivalent task-assignment disclosure from

a teammate. It also predicts that interventions which merely make a platform available can have little

effect, whereas interventions that create visible initial participation can shift the team to a different

equilibrium.

Appendix A shows that the all-or-nothing equilibrium structure is not an artifact of imposing binary

sharing. When sharing intensity is continuous and its cost is linear, each member’s reduced payoff is

convex in the member’s own sharing intensity. Optimal sharing is therefore still either zero or complete.

The equilibrium set, tipping-point structure, and qualitative comparative statics coincide with the

binary baseline. This robustness result also clarifies the role of linear cost. With sufficiently convex

sharing costs or diminishing benefits from additional information, stable partial-sharing equilibria could

arise.

Several assumptions delimit the mechanism. Sharing is truthful and one-to-many, so the model does

not study information distortion, communication networks, or selective disclosure. The identity of the

leader is assigned rather than chosen. Positive output complementarity is central because it allows a

member to benefit indirectly from improving teammates’ task efficiency. Appendix B relaxes symmetry

in effort costs. The less able member has the stronger incentive to initiate sharing because the more able

teammate responds more strongly, whereas the more able member has the stronger incentive to recip-

rocate after receiving the teammate’s plan. Heterogeneous sharing costs or positions in the production

network could further affect who should share first and whether leadership should be concentrated in one

member or distributed across an initial coalition. Such extensions can refine the organizational design

implications, but they do not alter the paper’s main distinction: communication technology determines

whether information can be shared, whereas strategic complementarity determines whether voluntary

sharing becomes self-sustaining.

9 Conclusion

The greatest obstacle to sharing may arise precisely when sharing matters most. This paper investigates

costly information sharing in teams whose members face duplicate work and choose productive effort

after observing one another’s sharing decisions. Sharing directly improves a teammate’s task efficiency,

while output complementarity allows the sharer to benefit indirectly from the teammate’s stronger pro-

ductive response. This feedback makes information sharing strategically complementary and generates

a coordination problem between low-sharing–low-effort and high-sharing–high-effort outcomes.

The analysis identifies a duplication paradox. As duplication risk rises, coordinated sharing becomes

increasingly valuable to the team, but the private incentive to initiate sharing is single-peaked. The

paradox reflects the interaction between a duplication-loss effect, which raises the value of coordinated

sharing, and a productive-base effect, which erodes the first mover’s return. When duplication is severe,

the first sharer’s own task efficiency and effort remain low because the teammate has not reciprocated.

The complementary return from the teammate’s response can therefore fall even as the welfare loss
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from mutual nonsharing grows. The unstable mixed equilibrium and its continuous-sharing analogue

characterize the tipping point between the two outcomes. Thus, severe duplication need not create

strong voluntary pressure to share; it can instead deepen the coordination problem.

Leadership can resolve this problem without changing technology, preferences, or formal authority.

A leader who shares first converts the follower’s decision from whether to initiate sharing to whether

to reciprocate an observable disclosure. In the multiplicity region, this timing change eliminates the

low-sharing equilibrium and implements full sharing. In larger teams, however, one first mover may not

be enough. Full sharing may require a critical mass of initial sharers, and the required coalition depends

on duplication risk, output complementarity, sharing cost, and team size. Larger teams therefore have

more to gain from coordinated sharing, but may also face a more demanding equilibrium-selection

problem.

The main implication is that communication technology and communication outcomes should be

distinguished. A platform can make information technically available to everyone while leaving the

incentive to contribute unresolved. Organizations may consequently need visible first movers, an initial

coalition of sharers, or policies that lower the private cost of disclosing intended task assignments.

The continuous-sharing extension confirms that the binary equilibrium structure is not imposed by

assumption: with linear sharing costs, optimal sharing remains endogenous and all-or-nothing. Across

the baseline and extensions, the central message is the same: information sharing becomes self-sustaining

only after enough others have made it worthwhile.
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Calvó-Armengol, A., J. de Mart́ı, and A. Prat (2015). Communication and influence. Theoretical Eco-
nomics 10(2), 649–690.

Cooper, R., and A. John (1988). Coordinating coordination failures in Keynesian models. Quarterly
Journal of Economics 103(3), 441–463.

Cummings, J. N. (2004). Work groups, structural diversity, and knowledge sharing in a global organi-
zation. Management Science 50(3), 352–364.

de Bettignies, J.-E., and J. Zabojnik (2019). Information sharing and incentives in organizations. Journal
of Law, Economics, and Organization 35(3), 619–650.

Devetag, G. (2003). Coordination and information in critical mass games: An experimental study.
Experimental Economics 6(1), 53–73.

Gershkov, A., J. Li, and P. Schweinzer (2016). How to share it out: The value of information in teams.
Journal of Economic Theory 162, 261–304.

Harsanyi, J. C., and R. Selten (1988). A General Theory of Equilibrium Selection in Games. Cambridge,
MA: MIT Press.

23



Hermalin, B. E. (1998). Toward an economic theory of leadership: Leading by example. American
Economic Review 88(5), 1188–1206.

Holmström, B. (1982). Moral hazard in teams. Bell Journal of Economics 13(2), 324–340.
Itoh, H. (1991). Incentives to help in multi-agent situations. Econometrica 59(3), 611–636.
Loury, G. C. (1979). Market structure and innovation. Quarterly Journal of Economics 93(3), 395–410.
Maddila, C., N. Nagappan, C. Bird, G. Gousios, and A. van Deursen (2022). ConE: A concurrent edit

detection tool for large-scale software development. ACM Transactions on Software Engineering and
Methodology 31(2), 1–26.

Miller, A. R., and C. Tucker (2014). Health information exchange, system size and information silos.
Journal of Health Economics 33, 28–42.

Pendergrass, J. C., and R. Chandrasekaran (2019). Key factors affecting ambulatory care providers’
electronic exchange of health information with affiliated and unaffiliated partners: Web-based survey
study. JMIR Medical Informatics 7(4), e12000.

Potters, J., M. Sefton, and L. Vesterlund (2007). Leading-by-example and signaling in voluntary con-
tribution games: An experimental study. Economic Theory 33(1), 169–182.

Reagans, R., E. Miron-Spektor, and L. Argote (2016). Knowledge utilization, coordination, and team
performance. Organization Science 27(5), 1108–1124.

Siemsen, E., S. Balasubramanian, and A. V. Roth (2007). Incentives that induce task-related effort,
helping, and knowledge sharing in workgroups. Management Science 53(10), 1533–1550.

Slater, D. (2023). Powering Innovation and Speed with Amazon’s Two-Pizza Teams. AWS Executive
Insights, Amazon Web Services.

Van Huyck, J. B., R. C. Battalio, and R. O. Beil (1990). Tacit coordination games, strategic uncertainty,
and coordination failure. American Economic Review 80(1), 234–248.

24



Appendix

A Continuous information sharing

This appendix allows information sharing to be continuous. The purpose is to examine whether the

coordination structure in the baseline model depends on the binary action set. Member i now chooses

si ∈ [0, 1].

We interpret si as the share or completeness of member i’s intended task assignment that is made

available to the teammate. The endpoints retain their baseline meanings. The action si = 0 represents

no sharing, while si = 1 represents complete sharing. The sharing cost remains linear and equals ksi.

Let q ≡ 1− d. Task efficiencies are

ai = q + dsj , aj = q + dsi.

Thus, a higher sharing intensity by member i reduces the duplication faced by member j linearly. All

other elements of the timing, technology, and payoff allocation remain unchanged.

Let b ≡ β/2. For arbitrary efficiencies (α, ζ), define

E(α, ζ) ≡ α(c+ bζ2)

c2 − b2α2ζ2
(A.1)

and

Φ(α, ζ) ≡ c

2
E(α, ζ)2.

By Lemma 1, E(α, ζ) is member i’s equilibrium effort when ai = α and aj = ζ. Member i’s reduced-form

payoff in the continuous-sharing game is therefore

Vi(si, sj) = Φ(q + dsj , q + dsi)− ksi.

Conditional on a symmetric sharing profile si = sj = s, let

a(s) ≡ q + ds.

The symmetric effort equilibrium is

e(s) =
a(s)

c− ba(s)2
.

This expression describes the effort subgame for any common sharing intensity. The next result char-

acterizes optimal sharing.

Proposition A.1 (Endpoint sharing).

For every sj ∈ [0, 1], member i’s optimal sharing action belongs to {0, 1}. Define the gross gain from
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complete rather than no sharing against teammate intensity s as

K(s; d) ≡ Φ(q + ds, 1)− Φ(q + ds, q) (A.2)

=
c

2
(q + ds)2

{
(c+ b)2

[c2 − b2(q + ds)2]2
− (c+ bq2)2

[c2 − b2q2(q + ds)2]2

}
.

The best-response correspondence is

BRi(sj) =


{0}, K(sj ; d) < k,

{0, 1}, K(sj ; d) = k,

{1}, K(sj ; d) > k.

(A.3)

Moreover, K(s; d) is continuous and strictly increasing in s, with

K(0; d) = KI(d), K(1; d) = KR(d). (A.4)

Consequently, the pure-strategy and mixed-strategy equilibria of the continuous-sharing game coincide

with those of the binary-sharing baseline. In particular, no equilibrium contains an interior sharing

intensity.

Proof. Fix sj and write α = q + dsj and ζ = q + dsi. Direct differentiation of (A.1) gives

Eζ(α, ζ) =
2αbcζ(c+ bα2)

(c2 − b2α2ζ2)2
> 0, (A.5)

Eζζ(α, ζ) =
2αbc(c+ bα2)(c2 + 3b2α2ζ2)

(c2 − b2α2ζ2)3
> 0.

It follows that

Φζζ(α, ζ) = c
[
Eζ(α, ζ)

2 + E(α, ζ)Eζζ(α, ζ)
]
> 0.

Hence,
∂2Vi(si, sj)

∂s2i
= d2Φζζ(α, ζ) > 0. (A.6)

Member i’s payoff is strictly convex in the member’s own sharing intensity. Its maximum on [0, 1] must

therefore occur at an endpoint. The payoff difference between si = 1 and si = 0 is K(sj ; d)− k, which

gives (A.3).

The function Φ has strictly increasing differences in (α, ζ). Indeed,

Φαζ(α, ζ) = c [Eα(α, ζ)Eζ(α, ζ) + E(α, ζ)Eαζ(α, ζ)] > 0,

because Eα, Eζ , and Eαζ are strictly positive under Assumption 1. Therefore,

Ks(s; d) = d [Φα(q + ds, 1)− Φα(q + ds, q)] > 0.

Evaluating (A.2) at s = 0 and s = 1 gives (A.4).

Every pure-strategy equilibrium must consist of endpoint actions and is therefore an equilibrium of

the binary-sharing game. Conversely, every binary equilibrium remains an equilibrium because the same
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endpoint is optimal against every teammate action at that profile. Against any probability distribution

over sj , the expected payoff is also strictly convex in si. Thus, every mixed-strategy best response assigns

probability one to {0, 1}. The continuous-sharing game consequently reduces to the same two-action

game in equilibrium. Proposition 1 and Corollary 1 then give the complete equilibrium characterization.

The linear sharing cost does not generate a partial-sharing equilibrium. Sharing improves the team-

mate’s task efficiency and induces complementary effort responses. These returns become stronger as

the member shares more information. The resulting convexity pushes optimal sharing to an endpoint.

The binary action set in the baseline model therefore does not create the all-or-nothing equilibrium

structure. That structure emerges endogenously when sharing is continuous.

Proposition A.2 (Sharing-intensity tipping point).

Suppose that KI(d) < k < KR(d). There exists a unique threshold

ŝ(d, k) ∈ (0, 1)

that satisfies

K(ŝ(d, k); d) = k. (A.7)

The strict best response is no sharing when sj < ŝ(d, k) and complete sharing when sj > ŝ(d, k). Under

simultaneous best-response adjustment from a symmetric initial profile, ŝ(d, k) is the boundary between

the basins of attraction of no sharing and full sharing. Conditional on remaining in the multiplicity

region,
∂ŝ

∂k
=

1

Ks(ŝ; d)
> 0, (A.8)

while
∂ŝ

∂d
= −Kd(ŝ; d)

Ks(ŝ; d)
(A.9)

has an ambiguous sign in general. Along the symmetric set of initial sharing intensities, full sharing

has the larger basin if and only if

ŝ(d, k) <
1

2
⇐⇒ k < K

(
1

2
; d

)
. (A.10)

Proof. Proposition A.1 gives

K(0; d) = KI(d) < k < KR(d) = K(1; d).

Continuity and strict monotonicity of K imply that (A.7) has a unique solution in (0, 1). Equation (A.3)

gives the best-response statements. If both members begin at a common intensity below ŝ, both choose

zero in the next best-response round. If they begin above ŝ, both choose one. The threshold is therefore

the basin boundary along symmetric initial conditions.

Equations (A.8) and (A.9) follow from implicit differentiation of (A.7). Finally, the lengths of the

no-sharing and full-sharing basins along the symmetric interval are ŝ and 1− ŝ, respectively. This proves
(A.10).
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The threshold ŝ is the continuous-action counterpart of the mixed-equilibrium threshold p∗ in Corol-

lary 1. The two objects are not formally identical: p∗ is a mixed Nash equilibrium, whereas ŝ is a cutoff

in the teammate’s current sharing intensity. They nevertheless play the same equilibrium-selection

role. Both are unstable boundaries separating adjustment toward no sharing from adjustment toward

full sharing. Their comparative statics also coincide qualitatively. A higher sharing cost raises the

threshold and expands the basin of no sharing. The effect of duplication risk is generally ambiguous

because the same force identified in the binary model remains operative: duplication risk can weaken

the incentive to initiate sharing while strengthening the incentive to reciprocate it. Consistent with the

duplication paradox, a higher duplication risk can therefore lower or raise the sharing intensity needed

to trigger complete sharing. The condition ŝ < 1/2 is likewise the continuous-intensity analogue of the

risk-dominance condition p∗ < 1/2 in the baseline model.

An interior first-order condition does not define a Nash equilibrium in this extension. At a symmetric

profile, member i’s marginal payoff from increasing the member’s own sharing intensity is

∂Vi(si, sj)

∂si

∣∣∣∣
si=sj=s

= M(s; d)− k,

where

M(s; d) ≡ 2bc2d a(s)3

[c− ba(s)2]3[c+ ba(s)2]
.

Any interior root of M(s; d) = k is a stationary point. However, (A.6) implies that it is a strict

minimum of the member’s payoff in the member’s own action. The relevant best-response tipping point

is therefore ŝ, which is defined by the global comparison between no sharing and complete sharing,

rather than by the first-order condition.

This result completes the parallel with the binary baseline. In the binary model, the only interior

equilibrium object is a probability distribution over no sharing and complete sharing, not an intermediate

sharing action. In the continuous model, an intermediate action satisfying the first-order condition is

not an equilibrium either; it is a payoff minimum, and optimal behavior again collapses to the two

endpoints. Thus, allowing continuous information sharing preserves not only the equilibrium set, but

also the tipping-point structure, the comparative statics with respect to sharing cost and duplication

risk, and the equilibrium-selection implication of the duplication paradox. The binary specification in

the main analysis is therefore not responsible for the paper’s qualitative results.

B Heterogeneous ability

This appendix allows the two members to differ in their effort costs. Let A denote the more able member

and B the less able member, in the reduced-form sense that effort is less costly for A:

0 < cA < cB. (B.1)

Member i incurs effort cost cie
2
i /2. All other elements of the baseline model remain unchanged. Let

b ≡ β/2 and q ≡ 1− d. We assume

cAcB > b2, (B.2)

which guarantees a unique finite effort equilibrium after every sharing profile.
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For arbitrary members i and j and task efficiencies (ai, aj), equilibrium effort is

ei(ai, aj) =
ai(cj + ba2j )

cicj − b2a2i a
2
j

. (B.3)

At this equilibrium, member i’s continuation payoff before the sharing cost is ciei(ai, aj)
2/2. Define

member-specific initiation and reciprocation thresholds by

KI,i(d) ≡
ci
2

[
ei(q, 1)

2 − ei(q, q)
2
]
, (B.4)

KR,i(d) ≡
ci
2

[
ei(1, 1)

2 − ei(1, q)
2
]
.

The effort function in these definitions uses member i’s own cost ci and the teammate’s cost cj .

Proposition B.1 (Ability and sharing incentives).

Suppose that (B.1) and (B.2) hold. For every d ∈ (0, 1),

0 < KI,A(d) < KI,B(d) < KR,B(d) < KR,A(d). (B.5)

Proof. The effort first-order conditions are

ciei − baiajej = ai, cjej − baiajei = aj .

Their determinant is cicj−b2a2i a2j > 0 under (B.2). Solving the system gives (B.3). Multiplying member

i’s first-order condition by ei shows that the continuation payoff before the sharing cost is cie
2
i /2.

For fixed costs, define

Φi(α, ζ) ≡
ci
2

[
α(cj + bζ2)

cicj − b2α2ζ2

]2
.

Direct differentiation gives Φiζ(α, ζ) > 0 (the computation is analogous to (A.5)) and

Φiαζ(α, ζ) =
4αζbcicj(cj + bζ2)

[
b3α4ζ2 + 2b2ciα

2ζ2 + 2bcicjα
2 + c2i cj

]
(cicj − b2α2ζ2)4

> 0.

Thus, sharing has a positive gross return, and that return is larger when the teammate has already

shared. Hence,

0 < KI,i(d) < KR,i(d) (B.6)

for each i ∈ {A,B}.
It remains to compare members. Direct simplification of (B.4) gives

KI,B(d)−KI,A(d) =
b2q2cAcB(1− q2)2(cB − cA)

2(cAcB − b2q2)2(cAcB − b2q4)
> 0.

Similarly,

KR,A(d)−KR,B(d) =
b2cAcB(1− q2)2(cB − cA)

2(cAcB − b2)(cAcB − b2q2)2
> 0. (B.7)

Combining (B.6)–(B.7) yields (B.5).
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The less able member has the stronger incentive to initiate sharing. When member B discloses a

task assignment, the more able member A responds strongly because effort is less costly for A. Member

B benefits from this response through output complementarity. By contrast, the more able member

has the stronger incentive to reciprocate. After receiving the teammate’s plan, member A has a large

productive base, which raises the return from improving member B’s contribution. Ability therefore

reverses the ranking of the two sharing motives: the less able member is the more willing initiator, while

the more able member is the more willing reciprocator.

Proposition B.2 (Sharing equilibria with heterogeneous ability).

Suppose that (B.1) and (B.2) hold. The pure-strategy sharing equilibria are characterized as follows.

(i) If k < KI,B(d), full sharing is the unique pure-strategy equilibrium.

(ii) If KI,B(d) < k < KR,B(d), no sharing and full sharing are the two pure-strategy equilibria.

(iii) If k > KR,B(d), no sharing is the unique pure-strategy equilibrium.

No asymmetric sharing profile is a pure-strategy equilibrium. At either threshold, the corresponding best

response is weak.

Proof. No sharing is a Nash equilibrium if and only if neither member wishes to initiate, which requires

k ≥ max{KI,A(d),KI,B(d)} = KI,B(d).

Full sharing is a Nash equilibrium if and only if both members wish to reciprocate, which requires

k ≤ min{KR,A(d),KR,B(d)} = KR,B(d).

These conditions and (B.5) give the three stated regions.

Consider an asymmetric profile. A profile in which A shares and B does not would require k ≤
KI,A(d) for A and k ≥ KR,B(d) for B. These inequalities are incompatible because KI,A(d) < KR,B(d).

A profile in which B shares and A does not would require k ≤ KI,B(d) and k ≥ KR,A(d), which are also

incompatible. Hence, no asymmetric pure-strategy equilibrium exists.

The less able member is pivotal for equilibrium existence. Its initiation threshold determines whether

no sharing can survive, while its reciprocation threshold determines whether full sharing can survive.

This does not mean that the less able member is uniformly more willing to share. Proposition B.1

instead shows that ability affects initiation and reciprocation in opposite directions.

C Proofs

C.1 Proof of Lemma 1

For a fixed sharing profile, member i’s payoff is strictly concave in ei. The first-order conditions are

cei −
β

2
aiajej = ai,

cej −
β

2
aiajei = aj .
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The determinant of this system is

c2 − β2

4
a2i a

2
j > 0

under Assumption 1. Solving the system gives (4) and its counterpart for member j.

A unilateral increase in si raises aj . Differentiating (4) gives

∂ei
∂aj

=
βcaiaj

(
c+ β

2a
2
i

)
(
c2 − β2

4 a
2
i a

2
j

)2 > 0.

The counterpart for member j is

∂ej
∂aj

=

(
c+ β

2a
2
i

)(
c2 + β2

4 a
2
i a

2
j

)
(
c2 − β2

4 a
2
i a

2
j

)2 > 0.

Thus, member i’s sharing raises both equilibrium efforts. □

C.2 Proof of Lemma 2

First, e10i > e00 for every d ∈ (0, 1). Hence, KI(d) > 0.

We next show that the continuation payoff has strictly increasing differences in (ai, aj). Define

b ≡ β

2
and ṽi(ai, aj) =

c

2
[ei(ai, aj)]

2 .

From (4), ei is strictly increasing in both arguments. Direct differentiation gives

∂2ei
∂ai∂aj

=
2bcaj

(
b3a2ja

4
i + 3b2ca2i a

2
j + 3bc2a2i + c3

)
(
c2 − b2a2i a

2
j

)3 > 0.

It follows that
∂2ṽi
∂ai∂aj

= c

(
∂ei
∂ai

∂ei
∂aj

+ ei
∂2ei
∂ai∂aj

)
> 0.

Member i’s sharing raises aj from q to 1. The payoff gain from this increase is strictly larger when

ai = 1 than when ai = q. By the definitions in (9) and (10), this implies KR(d) > KI(d). □

C.3 Proof of Lemma 3

Let b ≡ β/2, q ≡ 1− d, t ≡ q2, and ϱ ≡ b/c ∈ (0, 1). Substituting (5) and (6) into (9) and suppressing

the positive scale factor 1/c gives

KI(d) ∝
ϱt(1− t)

[
2 + ϱ− (ϱ+ 2ϱ2)t

]
2(1− ϱ2t)2(1− ϱt)2

. (C.1)

This expression is zero at t = 0 and t = 1, and it is strictly positive for t ∈ (0, 1).

Let Pϱ(t) denote the numerator of the derivative of the right-hand side of (C.1) with respect to
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t, after removing its strictly positive denominator and a positive multiplicative constant. Under the

transformation y = t/(1− t),

(1 + y)4Pϱ

(
y

1 + y

)
= − 2(1− ϱ)3(1 + ϱ)2y4 − 4(1− ϱ)3(1 + ϱ)2y3

+ 3ϱ(1− ϱ)(1 + ϱ)2y2 + (1 + ϱ)(ϱ2 − 2ϱ+ 4)y + (ϱ+ 2). (C.2)

For ϱ ∈ (0, 1), the coefficient sequence in (C.2) has exactly one sign change. Descartes’ rule of signs

therefore implies that Pϱ has exactly one root in t ∈ (0, 1). The value of (C.2) at y = 0 is ϱ+2 > 0 and

its leading coefficient is negative, so the derivative of (C.1) is positive at t = 0 and negative as t → 1.

The function is therefore strictly increasing and then strictly decreasing in t. Because t = (1 − d)2 is

strictly decreasing in d, KI(d) is strictly increasing and then strictly decreasing in d, with a unique

maximizer d∗ ∈ (0, 1). □

C.4 Proof of Proposition 1

If the teammate does not share, member i prefers sharing if and only if

c

2

(
e10i

)2 − k ≥ c

2

(
e00

)2
,

which is equivalent to k ≤ KI(d).

If the teammate shares, member i prefers sharing if and only if

c

2

(
e11

)2 − k ≥ c

2

(
e01i

)2
,

which is equivalent to k ≤ KR(d).

Lemma 2 gives KI(d) < KR(d). The three cases in the proposition follow directly from these two

best-response conditions. □

C.5 Proof of Corollary 1

If the teammate shares with probability p, the expected payoff gain from sharing is

(1− p)[KI(d)− k] + p[KR(d)− k]. (C.3)

In the multiplicity region, this expression is negative at p = 0 and positive at p = 1. It is strictly

increasing in p becauseKR(d) > KI(d). Setting (C.3) equal to zero therefore gives the unique completely

mixed equilibrium in (11). The same monotonicity implies that sharing is the strict best response above

p∗ and nonsharing is the strict best response below p∗. Thus, under the best-response adjustment

defined in Section 4.2, p∗ separates the two basins of attraction.

Differentiating (11) with respect to k gives (12). Differentiating it with respect to d and using

k −KI(d) = p∗(d, k)[KR(d)−KI(d)]

gives (13).
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To establish the monotonicity of the reciprocation threshold, write b ≡ β/2 and q ≡ 1 − d. From

(7),

e01i (q) =
c+ bq2

c2 − b2q2
.

Direct differentiation gives
∂e01i
∂q

=
2bcq(c+ b)

(c2 − b2q2)2
> 0.

Since dq/dd = −1 and e11 is independent of d,

K ′
R(d) = −ce01i

∂e01i
∂d

> 0.

Lemma 3 gives K ′
I(d) > 0 for d < d∗. Equation (13) therefore implies ∂p∗/∂d < 0 on this interval. For

d > d∗, K ′
I(d) < 0 < K ′

R(d), so the sign is generally ambiguous.

Finally, in a symmetric two-action coordination game, full sharing is risk dominant exactly when

sharing is optimal at the uniform belief p = 1/2. Since the expected gain in (C.3) is increasing in p,

this is equivalent to p∗ < 1/2, which yields (14). □

C.6 Proof of Proposition 2

Summing (8) across the two members gives (15). Let G00, G10 = G01, and G11 denote gross welfare

before sharing costs under the three distinct sharing configurations. The proof of Lemma 2 shows

that each member’s gross continuation payoff has strictly increasing differences in (ai, aj). Their sum

therefore satisfies

G11 +G00 > 2G10.

Hence, the gross gain from adding the second sharer exceeds the gross gain from adding the first. With

the linear cost k per sharer, a one-sided sharing profile cannot maximize welfare. Comparing the two

symmetric profiles gives

WN (1, 1)−WN (0, 0) = c
[(
e11

)2 − (
e00

)2]− 2k = 2[KW (d)− k].

This proves the first statement.

The private and welfare thresholds satisfy

KW (d)−KI(d) =
c

2

[(
e11

)2 − (
e10i

)2]
> 0,

KW (d)−KR(d) =
c

2

[(
e01i

)2 − (
e00

)2]
> 0.

The inequalities follow from Lemma 1. Combining them with Lemma 2 yields (18).

Write q = 1− d. Differentiating (17) gives

K ′
W (d) =

cq
(
c+ β

2 q
2
)

(
c− β

2 q
2
)3 > 0.

The remaining properties of KW follow by evaluating (17) at q = 1 and taking the limit as q → 0. □

33



C.7 Proof of Proposition 3

For a fixed sharing profile, aggregate welfare before sharing costs is

aiei + ajej + βaiajeiej −
c

2
(e2i + e2j ).

Under c > β, this expression is strictly concave in (ei, ej) for every sharing profile. The first-order

conditions are (19) and its counterpart for member j. In a symmetric profile with task efficiency a, they

give

eFB(a) =
a

c− βa2
.

Equation (20) follows by setting a = q and a = 1.

The maximized gross welfare for an arbitrary pair (ai, aj) is

GFB(ai, aj) =
c(a2i + a2j ) + 2βa2i a

2
j

2
(
c2 − β2a2i a

2
j

) .

Its discrete cross-difference between q and 1 is

GFB(1, 1) +GFB(q, q)− 2GFB(q, 1) =
βc2(1− q2)2

(c− β)(c− βq)(c+ βq)(c− βq2)
> 0.

Thus, a one-sided sharing profile is never first best. In a symmetric profile, maximized gross welfare

equals

GFB(a, a) =
a2

c− βa2
.

Comparing a = 1 and a = q gives (21) and the first-best sharing rule.

Since c > β,
q

c− βq2
>

q

c− β
2 q

2
and

1

c− β
>

1

c− β
2

.

Hence, first-best effort exceeds private effort in both symmetric profiles.

To compare the sharing thresholds, let GN (a, a) denote aggregate welfare before sharing costs at the

private effort equilibrium with symmetric task efficiency a. Define the corresponding welfare loss as

D(a) ≡ GFB(a, a)−GN (a, a) =
β2a6

(2c− βa2)2(c− βa2)
.

Direct differentiation gives

D′(a) =
2β2a5c(6c− 5βa2)

(2c− βa2)3(c− βa2)2
> 0.

Therefore,

KFB(d)−KW (d) =
D(1)−D(q)

2
> 0.

Combining this inequality with (18) gives (22). Finally, differentiating (21) gives

K ′
FB(d) =

cq

(c− βq2)2
> 0.
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□

C.8 Proof of Proposition 4

Suppose that KI(d) < k < KR(d). If the leader chooses sL = 0, the follower does not share because

k > KI(d). If the leader chooses sL = 1, the follower shares because k < KR(d).

The leader therefore compares the payoff under (sL, sF ) = (0, 0) with the payoff under (1, 1). By

(24), the leader prefers (1, 1) if and only if

k < KW (d).

From (10) and (16),

KW (d)−KR(d) =
c

2

[(
e01i

)2 − (
e00

)2]
> 0,

because e01i > e00. Since k < KR(d), we have k < KW (d). The leader therefore shares, and the follower

reciprocates. The strict inequalities imply uniqueness.

Finally,

Λ(d) =
c

2

[(
e11

)2 − (
e00(d)

)2]− k.

The term e11 is independent of d, while e00(d) is strictly decreasing in d. Therefore, Λ′(d) > 0 on any

interval on which the multiplicity condition continues to hold. □

C.9 Proof of Lemma 4

Let X ≡
∑n

ℓ=1 xℓ. The effort first-order condition is

cei = ai

1 + bn
∑
j ̸=i

xj

 .
Using xi = aiei gives (

c

a2i
+ bn

)
xi = 1 + bnX.

Hence,

xi = h(ai)(1 + bnX).

Summing over members yields

X = H(s)(1 + bnX),

and therefore

X =
H(s)

1− bnH(s)
.

Substitution gives

xi =
h(ai)

1− bnH(s)
, ei =

g(ai)

1− bnH(s)
.

Since ai ≤ 1,

bnH(s) ≤ nbn
c+ bn

< 1
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under Assumption 1. The equilibrium is therefore finite and unique.

Multiplying the effort first-order condition by ei gives

ce2i = xi + bnxi
∑
j ̸=i

xj .

The right-hand side is the member’s gross benefit. The gross equilibrium payoff is therefore ce2i /2. □

C.10 Proof of Corollary 2

Let zn = qn−1. Then zn is strictly decreasing in n and

e0n =
zn

c− β
2 z

2
n

.

The function z/[c−(β/2)z2] is strictly increasing for z ∈ (0, 1] under Assumption 1. Hence, e0n is strictly

decreasing in n. Equation (25) shows that e1n is independent of n. The result for K
(n)
W (d) follows from

(26). □

C.11 Proof of Lemma 5

Fix a focal member and suppose that r of the other members share. Let

νr ≡ n− 1− r, ar ≡ qνr .

Before the focal member shares,

H−
r = (νr + 1)h(ar) + rh(qar).

After the focal member shares,

H+
r = (r + 1)h(ar) + νrh(ar/q).

The focal member’s own efficiency remains ar. Hence,

∆n(r) =
c

2
g(ar)

2

[
1

(1− bnH
+
r )2

− 1

(1− bnH
−
r )2

]
. (C.4)

Because h is strictly increasing, H+
r > H−

r , so ∆n(r) > 0.

We next show that the expression in square brackets increases with r. Define

δ(a) ≡ h(a)− h(qa).

Restrict attention to a ∈ (0, 1]. Since

h′(a) =
2ca

(c+ bna2)2
,
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we have

δ′(a) = 2ca

[
1

(c+ bna2)2
− q2

(c+ bnq2a2)2

]
> 0.

The inequality follows because, for a ≤ 1,

c+ bnq
2a2 − q(c+ bna

2) = (1− q)(c− bnqa
2) ≥ (1− q)(c− bn) > 0

under Assumption 1. Thus, δ is strictly increasing on (0, 1].

Let

Gr ≡ H+
r −H−

r .

Using r + νr = n− 1 gives

Gr = rδ(ar) + νrδ(ar/q).

Since ar+1 = ar/q and νr+1 = νr − 1,

Gr+1 = (r + 1)δ(ar/q) + (νr − 1)δ(ar/q
2).

Every argument of δ that enters with a positive coefficient lies in (0, 1]: ar ≤ ar/q = qνr−1 ≤ 1 because

νr ≥ 1 for r ≤ n− 2, and ar/q
2 enters Gr+1 only with coefficient νr − 1, which is zero unless νr ≥ 2, in

which case ar/q
2 = qνr−2 ≤ 1. The monotonicity of δ implies

Gr ≤ (n− 1)δ(ar/q) ≤ Gr+1.

Both inequalities can be equalities simultaneously only when n = 2 and r = 0. Hence, Gr+1 ≥ Gr.

Moreover, H−
r+1 > H−

r . To see this, change one of the other members from nonsharing to sharing

while the focal member remains a nonsharer. The newly sharing member’s own efficiency is unchanged,

while every other member’s efficiency rises strictly. Since h is strictly increasing, the aggregate H− rises

strictly.

Define

ψ(z) ≡ (1− bnz)
−2.

Under Assumption 1, its domain contains all relevant values of H (see the proof of Lemma 4), and ψ′

is strictly increasing. Since H+
r = H−

r +Gr, we obtain

ψ(H+
r+1)− ψ(H−

r+1) =

∫ Gr+1

0
ψ′(H−

r+1 + t) dt

≥
∫ Gr

0
ψ′(H−

r+1 + t) dt >

∫ Gr

0
ψ′(H−

r + t) dt

= ψ(H+
r )− ψ(H−

r ).

Thus, the square-bracketed term in (C.4) is strictly increasing in r.

Finally,

g′(a) =
c− bna

2

(c+ bna2)2
> 0
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under Assumption 1. Because ar+1 = ar/q > ar, the factor g(ar)
2 is also strictly increasing in r. Both

factors in (C.4) are positive and strictly increasing in r. Therefore,

∆n(r + 1) > ∆n(r), r = 0, . . . , n− 2.

Together with ∆n(r) > 0, this proves the lemma. □

C.12 Proof of Proposition 5

If no other member shares, a member shares if and only if k ≤ ∆n(0). If all other members share,

a member shares if and only if k ≤ ∆n(n − 1). These observations establish the conditions for the

no-sharing and full-sharing profiles.

Suppose that a profile contains exactly M ∈ {1, . . . , n − 1} sharers. A current sharer compares

sharing with not sharing when M − 1 other members share and therefore requires

k ≤ ∆n(M − 1).

A current nonsharer compares joining with not joining when M other members share and therefore

requires

k ≥ ∆n(M).

Lemma 5 gives ∆n(M) > ∆n(M − 1), so the two conditions cannot hold simultaneously. No interior

sharing profile is therefore a pure-strategy equilibrium. □

C.13 Proof of Proposition 6

Suppose that m∗ ≡ m∗(n, k) < n members commit to sharing. Consider any remaining member when

no other remaining member shares. By Definition 1,

∆n(m
∗) > k.

Thus, sharing is strictly profitable. If additional remaining members share, Lemma 5 implies that

the gain from sharing becomes even larger. Sharing is therefore a strictly dominant action in the

continuation game for every remaining member, and full sharing is the unique continuation equilibrium.

Suppose next that m∗ ≥ 1 and only m∗ − 1 members commit. Then

∆n(m
∗ − 1) ≤ k.

When no remaining member shares, no individual remaining member has a profitable unilateral de-

viation. Hence, no additional sharing is a continuation equilibrium. If m∗ = 0, Definition 1 gives

∆n(0) > k, so sharing is strictly dominant for every member even without an initial commitment; full

sharing is therefore the unique equilibrium. □
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