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This article studies the allocation of control when there is disagreement—in the

sense of differing priors—about the right course of action. People then value

control rights since they believe that their decisions are better than those of

others. More disagreement (due to, e.g., fundamental uncertainty) increases

the value that players attach to control. The article shows that all income and

control of a project should then be concentrated in one hand: income rights

should go more to people with more control since such people value income

higher (because they have a higher opinion of the decisions made); control

rights should go more to people with more income since they care more

(and believe that they make better decisions). Different projects may be opti-

mally ‘‘owned’’ by different people. Furthermore—with residual income exoge-

nously allocated—complementary decisions should be more co-located,

whereas substitute decisions should be more distributed. Confident people with

a lot at stake should—in a wide range of settings—get more control. (JELD7, D8,

L2, M1)

1. Introduction

The allocation of control is a key decision in institutional design. Within firms,

organization design is to no small extent concerned with the vertical and hor-

izontal allocation of control. Between firms, the allocation of control plays

a key role in, for example, VC financing of entrepreneurs or in the design

of joint ventures and alliances.

The allocation of control only matters, however, when different people

would make different decisions. One reason for such different decisions is that

people may openly and fundamentally disagree on the right course of action, in

the sense of differing priors, an assumption that I discuss in more detail at the

end of Section 2. Assuming differing priors captures a situation where people

may have different intuition or different mental models, so that despite
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identical information they may still disagree. How does such open disagree-

ment affect the allocation of control?

To analyze this issue, I study a stylized setting in which two players are

involved in a project but may disagree (in the sense of differing priors) on

what decisions will lead to a project success. Although decisions themselves

are not contractible, the control rights over these decisions are, an assumption

that I will discuss in more detail. At the start of the game, the players allocate

control (and income, if applicable) through Nash bargaining. I study the equi-

librium allocation both with the income shares exogenously given and with

income shares determined in the bargaining.

I first derive a useful preliminary result: players—in this stylized setting—
prefer to control decisions themselves (since they may disagree with the deci-

sions of others) and value such control more when disagreement is more likely.

An empirical implication is that in settings with more disagreement—such as

new industries, early ventures, or industries and firms in transition—there will

be more control fights, and control rights will be used more often as a form of

compensation (e.g., in exchange for capital).

I then consider the case with endogenous income rights and derive a new

mechanism for the co-location of control and contractible income. In particular,

I show that—in equilibrium—all income and controlwill be concentrated in one

hand due to the following intuitive self-reinforcingmechanism: as a player gets

more control rights, she values income rights more (because she believes that

she makes better decisions) so that it is optimal to shift income to that player; as

a player gets more income rights, she values control rights more (since she has

more at stake and believes that shemakes better decisions) so that it is optimal to

shift control to that player. Note that this is a different argument than the tra-

ditional ‘‘internalizing externalities’’ argument of agency theory. One implica-

tion of the current theory is that income and control are more likely to be

co-located when there is more potential for open disagreement.

For the case that income rights are exogenously determined, I first derive the

following two results on complements and substitutes:

� Complementary decisions, that is, decisions for which the value of getting

one decision correct increases in the other one being correct, should be

more concentrated with one person.1

� Substitute decisions, that is, decisions for which the value of getting one

decision correct decreases in the other one being correct, should be dis-

tributed among different people.

To see the intuition for these results, consider the case that two decisions are

perfect substitutes: the project is a success for sure if at least one of the decisions

is correct. If a player now controls the first decision and is very confident about

the right course of action, then he believes that the second decision is irrelevant,

so that he values that control right very low. The other player may disagree with

the first decision and thus value control rights over the second decision much

1. Complements and substitutes are discussed in more detail in Section 5.1.
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higher. The converse intuition works for the case where two decisions are com-

plements, as in a project that is a success only if both decisions are correct.

Although this result on complements has a superficial resemblance to the oft-

cited result in Hart and Moore (1990) that complementary assets should be

owned together, the results are actually quite different. In particular, the cur-

rent result (vs. Hart-Moore) is about control rights (vs. assets), and about com-

plementarity with respect to the level (vs. the slope) of revenue as a function of

decisions (vs. as a function of personal firm-specific human capital invest-

ments). Whinston (2003) has pointed out that the levels versus slope distinc-

tion has important empirical ramifications.

I finally also show that—for a broad class of projects—control rights should

be allocated more to people with a larger share in the project’s income and to

people who are confident about the right course of action. The first group of

people is more sensitive to project success, whereas the second is more con-

vinced that they make better decisions than others, both of which make a player

value control more in this context.

I also discuss the role of differing priors in these results. In particular, apart

from doing comparative statics on the probability of disagreement, I compare

the results of this article to the results of two related models with, respectively,

private information and private benefits as the source of potential conflict. The

private information model is identical to the differing priors model except for

the fact that the belief differences now originate in private information that the

players cannot communicate. The private benefits model, on the other hand,

follows articles such as Aghion and Bolton (1992), Aghion and Tirole (1997),

Hart and Holmstrom (2002), Prendergast (2002), or Baker et al. (2004). These

articles study settings that are similar to this article (i.e., a project that gen-

erates income which depends on decisions) but where the agency problem

originates in private benefits instead of in differing priors. I show that both

the private information model and the private benefits model give some very

different results from the differing priors model in this article, and I discuss

some intuition for these differences. One driver of the differences is the fact

that in the private information and private benefits models—unlike in the dif-

fering priors model—the players value residual income in expectation iden-

tically. A second driver is that in the models with private information and

private benefits, the players agree on what kind of decisions will maximize

the project revenue. If maximizing project revenue is optimal (as opposed

to, e.g., maximizing private benefits), it is then a matter of which allocation

of control is most likely to generate these optimal decisions. With differing

priors, on the contrary, players disagree on what decision will maximize

the project revenue and each player wants control to ensure that whatever

he thinks is right for the project indeed gets done.2

2. Since this comparison is focused on particular models, it is not (meant to be) conclusive on

whether the results of this article can only obtain in a differing priors model. It just shows, and gives

intuition for, some important differences with these (closely related) private information and pri-

vate benefits models.
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1.1 Contribution

By studying the allocation of control under open disagreement, this article

makes three contributions. First, it shows why control rights may be valued,

even in the absence of private benefits or ex-ante investments, and how this

value co-varies with the potential for disagreement. Second, the article derives

a new—and intuitive—self-reinforcing mechanism for the co-location of con-

trol and contractible income. Third, the article also shows that complementary

decisions should be more co-located, whereas substitute decisions should be

more distributed. From an empirical perspective, a useful feature of the model

is that all the players’ benefits are derived from the project’s income stream,

which is more easily measurable than, say, players’ private benefits or costs.3

1.2 Literature

The issue of the optimal allocation of control appears under many different

guises throughout the economic literature. Even the first welfare theorem deals

with the question how delegating control over production and consumption

affects efficiency. Rather than taking this broad view, I will focus here on

the literature that is directly related to the analysis in this article.

There is an extensive literature on the allocation of control with private ben-

efits or private information, including team theory (Marschak and Radner

1972) and the literature on delegation, centralization, control with decision-

externalities, and hierarchies (Aghion and Bolton 1992; Aghion and Tirole

1997; Dessein 2002; Hart and Holmstrom 2002; Zábojnı́k 2002; Aghion

et al. 2004; Hart and Moore 2005; Marino and Matsusaka 2005; Baker

et al. 2006; Alonso andMatouschek 2007). Although all these articles deal with

the optimal allocation of control among players, most focus on issues or set-

tings that are very different from the current one. In terms of setup, the current

article is in fact closest to Hart and Holmstrom (2002), who study two models

in which decisions are noncontractible, decision rights can be allocated con-

tractually, and managers have private preferences over the decisions. The fo-

cus of their article is very different from the current one, however: it shows that

firm boundaries matter rather than deriving general principles how control

should be allocated. In terms of results, the closest article is Baker et al.

(2006), who study the allocation of control when players have private benefits.

They argue that, first, in a static model decision rights should be allocated to

players who use the decision rights in a way that maximizes the joint utility of

all players, but, second, that even such allocation will typically not result in

first-best decisions. They then study a repeated-game setting and show that the

optimal allocation of control is the one that minimizes the maximum aggregate

temptation to renege. It is, however, unclear how to empirically relate or com-

pare their results based on inalienable private benefits to the current context

3. Just like private information or private benefits, a player’s beliefs are difficult to measure

directly. Empirical tests will thus often rely on comparative statics along other dimensions. How-

ever, the empirical literature has suggested some useful proxies for disagreement such as the stage

of development of an industry or disagreement among analyst estimates.
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where all benefits derive from one, potentially contractible, income stream. In

particular, it seems that if all private benefits derive from one income stream,

either directly or through reputation, then that would eliminate all decision

conflicts in Baker et al. (2006). Second, although their article focuses on

the basic allocation principle (which in this case is to allocate control to

the player who values it most), the current article focuses on more particular

results and predictions, such as these on the co-location of income and control

or on complements versus substitutes.

Finally, this article is closely related to two parallel articles that study control

under differing priors. The first article, Van den Steen (2007a), studies the costs

of incentives under disagreement. A first cost of incentives under disagreement

is that—when the principal retains control over the direction of the project but

gives the agent incentives for effort—pay-for-performance may allocate resid-

ual income to a player who undervalues that residual income relative to the prin-

cipal. This first result is thus a flip-side to the concentration of income and

control derived in the current article. A second, and potentially more important,

cost is that pay-for-performance (and intrinsic motivation, for that matter) may

make it more difficult for a principal to exert authority over an agent, which

leads—on the one hand—to fixed wages for employees who are subject to au-

thority, and—on the other hand—to intrinsically motivated people with strong

beliefs becoming independent entrepreneurs. The second article, Van den Steen

(2006b), shows that motivation and coordination impose conflicting demands on

the allocation of authority, leading to a trade-off between the two.

The next section describes themodel of the article. Section 3 derives somepre-

liminary results, mainly regarding the value of control. Section 4 derives the co-

location of income and controlwhen income shares can be chosen endogenously,

whereas Section 5 derives the allocation principles when income shares are ex-

ogenously given. Section 6 considers the role of differing priors in the model,

whereas Section 7 concludes. The appendix contains the basic calculations and

a comparison to a setting where control rights are allocated through an auction.

2. The Model

The model in this article captures the situation of two players, P1 and P2, who

are both involved in one and the same project but who may openly disagree on

the optimal decisions for that project. The decisions themselves are not con-

tractible—neither ex-ante nor ex-post—but the control rights over these deci-

sions are, an assumption that I will discuss in more detail. The key issue is how

these control rights will be allocated between the two players.

A project is formally defined as a revenue stream R that depends on a set ofN

decisions with typical element Dn.
4 The project will be either a success or

4. Although most of the analysis considers only one project, the results easily extend to a con-

text with multiple projects. In particular, Section 4 explicitly studies multiple projects for the case

when income is endogenous. It is fairly straightforward to use that extension throughout the full

analysis. The one added insight, that the results also hold with multiple projects, did not seem to

warrant the substantial increase in notational complexity.
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a failure, with respective payoffs 1 and 0 and with probability of success Q

(which thus depends on the decisions). Each decision Dn consists of a choice

between two alternatives, denoted Xn and Yn, of which one and only one is

correct. Which of the two alternatives is correct depends on the state variable

Sn2 fXn, Yng: decisionDn is correct if and only if it fits the corresponding state.

Formally, let dn be the indicator function that decision Dn is correct, then dn ¼
1 iff Dn ¼ Sn. The probability of success strictly increases in decisions being

correct, i.e., @Q
@dn

> 0;"n.
The states Sn are unknown, but each player Pi has a subjective belief li,n that

Sn ¼ Xn. The state realizations are independent—and that fact is common

knowledge—so that Pi’s belief that Sk ¼ Xk and Sl ¼ Xl equals li,kli,l.
A key assumption is that (it is common knowledge that) players have differ-

ing priors, that is, they can disagree in their beliefs about Sn even though

no player has private information about Sn. I will discuss this differing

priors assumption in more detail at the end of this section. The fact that

players may have differing priors about Sn and that there is no private infor-

mation implies that players will not update their beliefs when they notice

that someone else has a different belief: they simply accept that people some-

times disagree.

I will assume that the li,n are independent draws from nondegenerate

and symmetric distributions Fi,n with support [0, 1]. Let now mi;n ¼Ð 1
0

maxðu; 1� uÞ dFi;nðuÞ denote the expected strength of belief, or confidence,
of playerPi about decisionDn, i.e., how strongly he believes (on average) in the

decision he believes in most. The assumptions on Fi,n imply that mi,n 2 (0.5, 1).

The players are risk-neutral, so that each player’s utility equals her expected in-

come from the project minus any net financial transfers.

The timing of the model is indicated in Figure 1. In stage 1, the two players

bargain over their control rights (and income rights, when applicable), using

Nash bargaining with outside options equal to zero and with bargaining

power (k, (1 � k)) for k 2 (0, 1). When a decision is not allocated to

any player, it will be decided upon by chance, with Xn and Yn equally likely.

To denote the allocation of control, let bi,n 2 f0, 1g be the indicator function
that player Pi will decide on decision Dn, with

P
i bi;n � 1; "n so that no

decision can be allocated to more than one player. Let ai 2 [0, 1] denote

the income share of player Pi, with
P

i ai ¼ 1. The restriction ai 2 [0, 1]

can be interpreted as a non-wagering condition: without this restriction, risk-

neutral players with differing priors would bet on the state and generate infin-

ite utility. As argued in Van den Steen (2007a), however, this restriction can

easily be endogenized by giving each agent the possibility to ‘‘sabotage’’ the

project (i.e., to guarantee its failure). In that case, whenever ai ; [0, 1] some

player has a reason to sabotage the project, making this allocation subopti-

mal. To keep the analysis simple and general, however, I impose it here di-

rectly as an assumption. With A¼(a1,a2) denoting the vector of income

shares, Bi¼(bi,1,. . .,bi,N) denoting the vector of player Pi’s control rights,

and B¼(B1,B2) denoting the control allocation matrix for both players, a full

allocation of income and control is then L¼(A,B).
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In period 2, beliefs get realized.5 In period 3, the players simultaneously

make their decisions. As mentioned before, these decisions are noncontracti-

ble. For each decision, the player who has the control right always makes that

decision. For definiteness, I will assume that a player who is indifferent in

terms of payoffs chooses the action that he believes is most likely to be correct.

This corresponds to an assumption that—apart from any share in the project

revenue—each player has an arbitrarily small private benefit from success,

c;U ½0; �c� with �cY0. One could imagine, for example, that people feel slightly

more satisfied when their decisions turn out to be correct. In period 4, finally,

the payoffs are realized.

Through the use of the Nash bargaining solution in this setting with trans-

ferable utility, the analysis will derive the allocation of control rights (and in-

come rights) that maximizes the sum of expected utilities of the players, with

a player’s utility being his expected revenue. Appendix B, however, also

considers—for a simple case—the allocation that would result from auctioning

off the decision rights, which is one way to capture how a power-struggle

would allocate control.

I will use hatted variables to denote the equilibrium solution. Note that the ai
could be interpreted to include nonfinancial benefits from success, such as the

effects of being held responsible for the outcome (although that may imply

some further restrictions on the ai). As mentioned above, the analysis will

maximize the joint utility for the subgame starting in period 2 since Nash bar-

gaining (in settings with transferable utility) picks out the utility-maximizing

allocation and then reallocates total utility via up-front transfers. I will denote

player Pi’s utility for the subgame that starts in period 2 by Ui and the cor-

responding joint utility by U ¼ U1 þ U2.

2.1 Variation B6

To study how the likelihood of disagreement may affect the equilibrium al-

location, it is useful to consider a variation on the main model that parameter-

izes the probability of disagreement and that introduces a cost of reallocating

control.

To that purpose, Figure 2 shows how stage 1 changes under this variation.

The game starts from some randomly picked allocation of control (and residual

Figure 1. Time Line of the Game.

5. It does not matter whether belief realizations are public or private.

6. There will be only one variation in this article. The reason to denote this as Variation B is

simply to facilitate referencing back to it later in the article.
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income, if applicable) Ľ. The two players now have the opportunity to bargain

over control (and income, if applicable). In particular, in stage 1a either player

can request a negotiation. If either or both players request a negotiation then

the project incurs a bargaining cost K > 0 and the two players bargain over

control rights—and income rights, when applicable—using Nash bargaining

with bargaining power (k, (1 � k)) for k 2 (0, 1). The outside option or dis-

agreement point is now that the control (and income, if applicable) reverts to

the starting allocation Ľ. Note that this disagreement point differs from that in

the basic model, where both players had outside option 0. This difference is

only for expositional reasons and does not affect the results.7

To vary the degree of disagreement in a tractable way, assume that with

probability q 2 [0, 1) the players always agree on the optimal actions, whereas

with complementary probability (1 � q) their beliefs are independently dis-

tributed. (Even when the players agree, a player’s beliefs are assumed to be

symmetric and independently distributed across states as before, that is, li,n
and li,m are independently distributed.) The marginal distribution Fi,n of

li,n is identical whether players agree or disagree.8

2.2 The Differing Priors Assumption

The model assumes that people can openly disagree in the sense of differing

priors.9 Whereas Section 6 considers how this assumption affects the results,

I discuss it here from a more general perspective.

Figure 2. Variation with Costly Bargaining.

7. In particular, all propositions hold for both outside options (as long as in Variation B each

player’s starting utility is also adjusted to equal the utility from the outside option), although the

proofs for the results on Variation B differ slightly. The disagreement point in the original model is

chosen to keep that model as simple as possible, whereas the disagreement point for Variation B is

chosen to fit the spirit/story of that model.

8. A simple distribution that satisfies this is the following. Take a set of values mi,n 2 (0.5, 1).

With probability q, each couple (l1,n, l2,n) is drawn from a binary distribution with values (m1,n,
m2,n) and ((1� m1,n), (1� m2,n)) that are equally likely.With complementary probability (1� q), the
li,n are independent draws with each li,n an independent draw from a binary distribution with

values mi,n and (1 � mi,n) that are equally likely.

9. Obviously, the assumption in this article that players have absolutely no private information

is extreme and made for analytical convenience. If players had both differing priors and private

information, they would update their beliefs when encountering someone with whom they dis-

agree, but disagreement would remain (Morris 1997). For a more conceptual discussion of differ-

ing priors, seeMorris (1995). Note that differing priors is not the same as private information that is

impossible to communicate.
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Thediffering priors assumption, although notmainstream, has actually a long

tradition in economics. Earlier articles that assumed differing priors include,

amongothers,Arrow (1964),Wilson (1968),HarrisonandKreps (1978),Leland

(1980), Varian (1989), Harris and Raviv (1993), Morris (1994, 1997), Daniel

et al. (1998), and more recently Scheinkman and Xiong (2003), Yildiz (2003,

2004), Van den Steen (2004), Brunnermeier and Parker (2005), Boot et al.

(2006), and Guiso et al. (2006). There has been a rapid rise in recent years,

in part due to the growing popularity of behavioral economics which often im-

plicitly assumes differing priors. There is also a burgeoning empirical literature

such as Chen et al. (2002) or Landier and Thesmar (2007). Furthermore, Hong

andStein (2007) argue that ‘‘disagreementmodels (..) represent thebest horse on

which to bet [as the future consensus model for behavioral finance].’’

The assumption in this article of unbiased differing priors captures the fact

that people may have different intuition or different ‘‘mental models.’’ Such

different mental models or different intuition may lead people with identical

data to draw very different conclusions. Consider, for example, one’s belief

whether to trust a particular person or group of people, or one’s belief to trust

intuition over data, or one’s belief whether punishment is a good motivator, or

whether we will be watching television on our cell phones. People often have

strong beliefs about such issues without any concrete evidence.10 Such beliefs

have immediate implications for business decisions. Whether to delegate a set

of decisions to assembly line workers depends on whether you trust these

workers. Product design and R&D investment decisions for cell phones depend

critically what you believe people will be using cell phones for 5 years down

the road. These kinds of issues are repeated many times over in organizations.

People disagree on how to design an organization, on how to deal with a dif-

ficult employee, on whether to trust a supplier, etc. (Although the model in this

article is written as being about one issue, it is not difficult to rewrite it as being

about a finite succession of smaller issues.) Open disagreement is thus an issue

in both strategic and day-to-day decision making. In effect, the fundamental

role of ‘‘belief systems’’ or ‘‘mental models’’ in organizations has been stressed

by academic studies of managers and managerial decision making (Donaldson

and Lorsch 1983; Schein 1985).

An important question is why—if the decision is important—players do not

simply discuss and collect more data until they reach agreement. The answer is

that the choice whether to rely on persuasion is a time and cost trade-off, and in

many cases persuasion is just not the right option. In particular, many of these

beliefs are deeply engrained and difficult to change, whereas further data col-

lection may be costly and time consuming. Consider, for example, the case that

you disagree on whether to trust a group of employees sufficiently to delegate

10. Most of us, including me, take it as a fact that the Earth orbits around the Sun, but there was

a time that people believed exactly the opposite. Very few people have actually seen any first-hand

evidence one way or the other. We hold these rather strong beliefs ‘‘on authority.’’ The website

www.fixedearth.com shows that there are actually even today people who openly disagree with this

view.

Disagreement and the Allocation of Control 9



certain decisions to them. It is very difficult to rationally persuade someone to

really trust another person when they are not already inclined to do so. More-

over, further data collection to resolve this disagreement is complex and prob-

ably very time consuming. Finally, the process of convergence of beliefs is

more complex than it may seem at first sight.11 It may then be much more

efficient to simply give control over the decision to one person and let that

person decide. To see this from another perspective, imagine the deadlock

if a CEO (or a Dean) needed to completely persuade all his subordinates every

time of the correctness of his judgment before making any decision, or if

a board could only decide by true and honest unanimity of opinions! Overall

then, the possibility of persuasion will not eliminate the need to study disagree-

ment, and how to optimally allocate control when people disagree.

A final question is where such differing priors would come from in a Bayes-

ian framework? There are two ways to think about this. Since the prior for this

game is a posterior from earlier updating, bounded rationality (which the

player does not fully take into account) will often lead to differing priors

for this game, even when starting originally (long before this game) from

a common prior. Unknowingly forgetting some of the data used to update

beliefs, for example, would do.12 A second—more philosophical and more

controversial—argument is that people may actually be born with differing

priors: in the absence of information there is no reason to agree. From that

perspective, differing priors would be perfectly consistent with a fully rational

Bayesian paradigm: priors are just primitives of a model. In this article, I am

completely agnostic about the source of the disagreement. I just believe that

open disagreement, as captured by differing priors, can be an important force

in organizations and explore its potential consequences.

2.3 Contractible Decision Rights but Noncontractible Decisions?

A central assumption of this analysis is that decisions are not contractible,

but decision rights are. Since it is such a central assumption, it is useful

to clarify this further. There are actually two distinct ways to interpret this

assumption.

11. Although more data nearly always eventually lead to convergence, this is not necessarily

guaranteed, especially not in the short term (which may be the more relevant here). There are

indeed both empirical (Lord et al. 1979; Plous 1991; McHoskey 1995) and theoretical (Diaconis

and Freedman 1986; Acemoglu et al. 2006) reasons why that may not be the case. Acemoglu et al.

(2006) show, for example, how potential disagreement over the interpretation of new information

is sufficient to prevent convergence. The psychology literature on polarization shows empirically

how differential reading of identical information may sometimes lead to divergence. This does not

mean that convergence will not happen, only that it is a more difficult process than often imagined.

This will particularly be the case when the disagreement derives from different ‘‘mental models’’ or

‘‘world views,’’ since these often imply different interpretations of the data.

12. A close alternative, favored by Aumann (1976), is that people may have some bias at the

time of forming their beliefs. Since these so formed beliefs are the priors for this game, the players

effectively start from differing priors.
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The first interpretation is quite literal. Take, for example, trading stocks.

I can easily contract with my broker that he gets the right to sell my stocks,

that is, I give him the control right over when to sell my stocks. The particular

decision to sell these stocks ‘‘at the right time,’’ however, is nearly impossible

to contract. Note what is causing the problem here: the action itself (to sell or

not) is actually easy to verify, but the state on which I want it to be conditioned

(the right time) is not. So although the control right over the decision is con-

tractible, the particular decision is not. This literal interpretation, however,

applies only to a limited number of situations.

The second—and much broader—interpretation is that this is a reduced

form for a situation where the decision rights themselves are not contract-

ible, but the means to effectively control the player who executes the de-

cision are contractible. It is, for example, difficult to contract with a sales

manager that she gets the control right over how her salespeople should

greet customers. Instead, that control right gets indirectly allocated by giv-

ing the manager the right (or not) to monitor her salespeople when they

meet customers and the right (or not) to hire and fire at will. In this second

interpretation, the assumption that control rights are contractible is obvi-

ously a reduced form for a more elaborate game. This reduced form ap-

proach is useful for two reasons. First of all, the enforcement is often so

straightforward that this is a very close approximation. Second, even if

it is not, this approach allows to separate the questions of optimality

and feasibility. Although there is an obvious interaction between the

two, the separation may make the analysis much more transparent. In fact,

the enforcement issues were explicitly stripped from this article in order to

focus better on the forces that drive the optimal allocation. Van den Steen

(2007a, 2007b) study such enforcement issues.

3. A Preliminary Result

When people openly disagree—in the sense of differing priors—each player

believes that her own decisions are better than these of others (Van den Steen

2004): since the player chose this particular decision and could have chosen

any of the other decisions, it must be that she believes that this decision is

(weakly) better than all these other decisions. From the perspective of the cur-

rent article, two important things then happen.

A first implication—and the main force in this article—is that players prefer

to have control and value control rights directly. Since this effect is so central

to this article, I derive it here formally. Consider therefore the subgame starting

in period 2, and let all but one decision right be allocated. The following prop-

osition then captures how much a player would be willing to pay in order to

acquire that one control right from the other player.

Proposition 1. When ai > 0, the value to player Pi of controlling decision

Dk (in the subgame starting in period 2, for a given allocation of the other Dn,

and relative to the other player controlling Dk) is always strictly positive,

Disagreement and the Allocation of Control 11



strictly increasing in his share of residual income ai, strictly increasing in his
confidence about this decision mi,k, and (under Variation B) strictly increasing
in the probability of disagreement (1 � q).

Proof. As in Appendix A, let d ¼ (d1,. . .,dN) denote a vector of dn, let D
denote the set of all such vectors, let d�k denote the vector d excluding the kth

element and d¼ (d�k,dk) again the full vector. LetN denote the set f1, 2, . . .,Ng
and N�k ¼ f1,. . .,k � 1,k þ 1,. . .,Ng. The calculations in Appendix A imply

that, for any given allocation of income and control (except forDk) and for q 2
[0, 1), player Pi’s gain from controlling decision Dk is independent from who

would control Dk otherwise and equals

ð1� qÞai
X
d2D

Y
n2N�k

1

2
þ ð2dn � 1Þbi;nðmi;n �

1

2
Þ

� �" #
ð2dk � 1Þðmi;k �

1

2
ÞRðdÞ:

For ai > 0, this expression is strictly positive following an argument identical

to the argument in Appendix A that U is increasing in bi,n. The expression is

then also strictly increasing in ai, mi,k, and in (1 � q). n

Apart from its role in the further analysis, this result is also of indepen-

dent interest. Since, for example, a control right is valued higher when there

is more disagreement, it will be used more as ‘‘compensation in bargaining’’

(and thus be allocated inefficiently from other perspectives, such as incen-

tives or access to information) when disagreement is likely. This suggests

that such inefficient allocations of control will occur more frequently in

early stage ventures, new industries, or industries in turmoil—where fun-

damental uncertainty creates a lot of room for disagreement—than in late

stage ventures and more mature industries.13 This is related to the broader

issue how parties will trade off residual income against residual control

when one of them is capital constrained, which should have empirical

implications for alliances and venture capital financing. These issues await

further research.

Note also that this makes the following prediction, which—I believe—is

both distinctive and testable (at least experimentally): if one particular con-

trol right gets allocated, for example, through an auction, each player’s will-

ingness to pay for that control right increases in his share of the project’s

13. This prediction is in line with the finding of Lerner and Merges (1998) that—against their

expectations—the control allocation in early-stage ventures is more driven by capital constraints

and less by efficiency consideration compared to late-stage ventures. Other potential explanations

for this result have been raised by Dessein (2005) and by Baker et al. (2006). The empirical dis-

tinction between these different explanations must come either from matching the assumptions

(differing priors versus private information versus symmetric uncertainty) or from other predic-

tions. Predictions of the current theory that could be useful in this sense are the predictions on

complements or the prediction that a particular control right will be valued relatively more by

those with strong beliefs about that particular decision.
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residual income, that is, in his financial stake in the project.14 A useful ex-

perimental context may be investment decisions over a jointly owned stock

portfolio.

An immediate implication of Proposition 1 for the analysis in this article is

that no control right will remain unallocated in equilibrium:

Fact 1. In equilibrium, each control right is allocated to a player. (Formally,

b1,n þ b2,n ¼ 1 "n.)

Proof. The result is part of the calculations in Appendix A. n

The intuition is obviously that players attach a positive value to control and

not allocating control is wasting value. Henceforth, I will often use bn ¼ b1,n
and b2,n ¼ 1 � bn.

The second implication—of the fact that players believe that theymake better

decisions than others—is that players will value project income more highly

when they have more control. Van den Steen (2007a) derived this effect in

thecontext of incentives. Itwill be an important force in thenext section towhich

I turn now for the analysis proper of the allocation of control (and income).

4. The Co-location of Control and Contractible Income

The article’s first result on the allocation of control is a new mechanism for the

co-location of control and contractible income. I show, in particular, that—
when both the control rights bi,n and the income rights ai are contractible—it

is strictly optimal to concentrate all income and control of one project in one

hand, due to the afore-mentioned self-reinforcing cycle between the allocation

of control rights and the allocation of income rights:

� When moving control rights to a player, that player will value the project

more highly (because he believes the decisions will improve). So it

becomes more attractive to also move income rights to that player.

� When moving income rights to a player, that player will value control

rights more highly (since he has more at stake and believes that he makes

better decisions). So it becomes more attractive to also move control

rights to that player.

14. At first sight, a similar prediction seems to obtain in a model where players can make pri-

vate investments to collect information: as a player with a larger stake has more incentives to

collect information, he also believes that he will make better decisions and thus seems to want

more control. Although it would be fairly easy to exclude such investments in an experimental

context, note also that this result actually does not hold for a player whose stake is smaller than

that of some other player: such player knows that that other player has even more incentives than

himself and will thus be a better decision maker. As a consequence, his willingness to pay for

control may actually be negative and decrease as his stake increases (up to the point where he

becomes the largest stakeholder).
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This result is important for two reasons. First, the co-location of income and

control (or, analogously, of authority and responsibility) is a widely observed

and widely accepted principle, though with important exceptions. Understand-

ing the underlyingmechanisms not only deepens our understanding of the prin-

ciple but also allows us to determine the costs of deviating from it and to make

predictions as to when such deviations are likely. For example, in as far as the

mechanism in this article is the one that is the driving force, shared respon-

sibility will be more likely when the players tend to agree more on the right

course of action. Second, from amore formal perspective, this particular mech-

anism turns out to be a first-order effect in many contracting models with dif-

fering priors.

To see this result formally, consider the basic model. When the ai are con-
tractible, the Nash bargaining solution will—as always in a setting with

transferable utility—select the allocation L ¼ (A,B) that maximizes the joint

expected utility U (and then reallocate that utility by up-front transfers). Let
�Li denote the allocation in which all control rights and all income rights are in

the hands of player Pi, that is, L ¼ �L1 if a1 ¼ 1 and b1,n ¼ 1 " n, and anal-

ogous for �L2. Let furthermore U(L) ¼ aE1R(L) þ (1�a)E2R(L), where a ¼ a1
and EiR(L) is the project’s expected revenue according to player Pi when the

allocation of income and control is L. The following proposition then says

not only that the optimal allocation concentrates all income and control rights

with one person but also that this allocation strictly dominates any interme-

diate allocation.

Proposition 2. For any L;f �L1; �L2g, maxðUð �L1Þ;Uð �L2ÞÞ > UðLÞ.

Proof. I show first that, at the optimum, for each player i either b̂i;n ¼ 0;"n
or b̂i;n ¼ 1;"n. Take any allocation L where that is not the case, and assume

wlog. that player P1 has the highest expected value, that is, E1R(L) � E2R(L).

I now argue that Uð �L1Þ > UðLÞ. By the assumption that E1R(L) � E2R(L),

U clearly increases as we increase a (and thus decrease (1� a) proportionally).
Once a¼ 1,U¼ E1R(L). By the fact that players disagree with strictly positive

probability and that P1 thinks his own decisions are strictly better when they

disagree, it then further follows that U strictly increases as we increase each

and every b1,n. It thus follows that Uð �L1Þ > UðLÞ.

Assume next that b̂1;n ¼ 1;"n, but a 6¼ 1. If E1R(L)>E2R(L), then it follows

that Uð �L1Þ ¼ E1RðLÞ > aE1RðLÞ þ ð1� aÞE2RðLÞ ¼ UðLÞ. If, on the con-

trary, E2R(L) � E1R(L), then E1RðLÞ � E2RðLÞ < E2Rð �L2Þ by the fact that

players disagree with strictly positive probability and that P2 thinks his own

decisions are strictly better when they disagree. And thus

UðLÞ ¼ aE1RðLÞ þ ð1� aÞE2RðLÞ < aE1RðLÞ þ ð1� aÞE2Rð �L2Þ
< E2Rð �L2Þ ¼ Uð �L2Þ: n

Note that the co-location of income and control here obtains in the absence of

any private benefits or externalities (beyond the effect of the residual income).
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An important restriction, however, is the assumption—implicit in the Nash

bargaining solution—that players are not capital constrained. This can be

an interesting source of empirical variation, as suggested in Section 3.

4.1 The Effect of Disagreement

To study the effect of disagreement, consider Variation B—introduced in Sec-

tion 2—with variable disagreement and costly bargaining. The following prop-

osition shows that—in that case—control and income are more likely to be

concentrated when there is more disagreement.

Proposition 3. Consider Variation B. The set of parameters for which in-

come and control are (always) concentrated in the hands of one person

increases in the probability of disagreement (1 � q).

Proof. Assume, wlog., that Uð �L1Þ � Uð �L2Þ. Let the starting allocation

be some allocation Ľ with shares (ǎ, b̌1, b̌2). The players will request a ne-
gotiation if the change in utility exceeds the bargaining cost, that is, if

Uð �L1Þ � UðĽÞ > K. It thus suffices to show that Uð �L1Þ � UðĽÞ increases

in (1 � q). Following the calculations in Appendix A, the utility change

equals

Uð �L1Þ � UðĽÞ ¼ qǎ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #)
RðdÞ

þ qð1� ǎÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þðm2;n �

1

2
Þ

� �" #)
RðdÞ

þ ð1� qÞǎ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þb̌1;nðm1;n �

1

2
Þ

� �" #)
RðdÞ

þ ð1� qÞð1� ǎÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þb̌2;nðm2;n �

1

2
Þ

� �" #)
RðdÞ;

so that
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dðUð �L1Þ � UðĽÞÞ
dq

¼ �ð1� ǎÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm2;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þb̌2;nðm2;n �

1

2
Þ

� �" #)
RðdÞ

� ǎ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #(

�
Y
n

1

2
þ ð2dn � 1Þb̌1;nðm1;n �
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2
Þ

� �" #)
RðdÞ:

Since
P

d2D
Q

n
1
2
þ ð2dn � 1Þbi;nðmi;n � 1

2
Þ

� �� �
RðdÞ strictly increases in bi,n (as

shown in Appendix A), this whole expression is negative. This proves the

proposition. n

For empirical purposes, this proposition implies that the forces for co-

location are strong when there is a lot of potential for disagreement, for ex-

ample, in new ventures or new product categories.

4.2 Who Gets Control?

The identity of the person in control is endogenous here. Can we say anything

about who that person will be? To answer this question, consider again the

original model formulation. The following proposition then says that an in-

crease in a player’s confidence about any decision makes it more likely that

the player will get control.

Proposition 4. The set of parameters for which all income and control is

concentrated in equilibrium with player Pi increases in mi,n.

Proof. In the optimal allocation, control goes to the player with the highest

EjRð �LjÞ. So it suffices to show that EjRð �LjÞ increases in mj,n. Following the

calculations in Appendix A, the joint expected utility when all income and

control is allocated to player 1 equals

Uð �L1Þ ¼
X
d2D

Y
n

1

2
þ ð2dn � 1Þ ðm1;n �

1

2
Þ

� �" #
RðdÞ;

so that

dUð �L1Þ
dm1;k

¼
X
d2D

Y
n2N�k

1

2
þ ð2dn � 1Þ ðm1;n �

1

2
Þ

� �" #
ð2dk � 1ÞRðdÞ;

so thatUð �L1Þ indeed increases in m1,k, following an argument analogous to that

for U increasing in bi,n in Appendix A. n
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This result has a very intuitive implication: people who are confident about

the right course of action will be in charge and become the leader or manager of

the project. This is in line with the empirical literature on entrepreneurship,

which shows that entrepreneurs are often people with strong beliefs (Cooper

et al. 1988; Landier and Thesmar 2007).

4.3 Multiple Projects

Models on the allocation of control can sometimes lead to the problematic

logical conclusion that all projects should be owned by one person (Coase

1937; Williamson 1985; Hart 1995). This is obviously an important issue

to check.

For the model in this article, the key observation in this respect is that it may

well be different people who are most confident about different projects.

Whenever that is the case, control over such projects will then also be spread

out among these different people.

To capture this formally, consider first the case of two independent projects.

In particular, I will assume that each project depends on a set of decisions that

has no overlap with the set of decisions of the other project. Let D1 and D2

denote the sets of decisions for, respectively, project 1 and project 2.

Proposition 5. There exists a subset of the parameter space with non-empty

interior where it is strictly optimal for the two projects to be controlled (and

their respective residual income owned) by different players.

Proof. The Nash bargaining solution will maximize the joint expected util-

ity over all projects. Since the projects are independent, we can solve this pro-

ject by project. Note now that whenever m1,n > m2,n for all Dn 2 D1, while m1,k
< m2,k for all Dk 2 D2, the equilibrium allocation will be that all income and

control of project 1 is concentrated with player P1 and conversely for project 2

and player P2. This proves the proposition. n

Note that in that case each project is completely under the control of one

person but different projects are under the control of different people.

The results for projects with overlapping decisions are very similar. In par-

ticular, Van den Steen (2006a) showed the following for that case.

1. Even with overlapping decisions, it remains true that all income and

control of each project should be maximally concentrated with one

person.

2. It also remains true that control over different projects will sometimes be

allocated to different people.

An interesting conjecture for further research was that more overlap between

two projects would make it more likely that the same person will be in charge

of both.
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5. Exogenous Income Allocation: Complements, Substitutes, and Personal

Characteristics

I now turn to the case where the income shares ai are exogenous, which covers
some important situations. A first situation with exogenous ai is when the out-
come and its resulting benefits are simply noncontractible. This will, for ex-

ample, be the case when the benefits are mainly of a reputational nature.

A second situation is when the income agreements are open to renegotiation

at a later implementation stage. Finally, the most important situation is when

the monetary benefits are so large that one of the parties is capital constrained.

Important examples of this are VC financing of entrepreneurs, alliances be-

tween firms of very different size and the case when an employee makes very

critical decisions.

With the ai exogenously given, two groups of results can be distinguished:
those that depend on the decisions’ characteristics and those that depend on

the players’ characteristics. I will first consider the results for decision char-

acteristics, in particular for how decisions interact, which are the most in-

teresting.

5.1 Decision Characteristics: Complements versus Substitutes

Since complements or substitutes (in the monotone comparative statics sense)

are central to this analysis, let me concisely review what these concepts rep-

resent in the current context. Two variables, x and y, are complements with

respect to some objective function R if R has increasing differences in x

and y, that is, for x < �x and y < �y, Rð�x;�yÞ � Rðx;�yÞ � Rð�x; yÞ � Rðx; yÞ, or
if its cross-partial derivative is non-negative (Milgrom and Roberts 1994).

In the current context, two decisions will be complements if the returns from

getting one decision correct are higher when you also get the other decision

correct. The simplest example of complementary decision rights is when a pro-

ject is a success if and only if both decisions on which the project depends are

correct.

Conversely, the variables x and y are substitutes with respect to R if R has

decreasing differences in x and y, that is, for x < �x and y < �y,
Rð�x;�yÞ � Rðx;�yÞ � Rð�x; yÞ � Rðx; yÞ or its cross-partial derivative is nonpos-

itive. Two decisions will thus be substitutes if the returns from getting one

decision correct are lower when you already got the other decision correct.

The simplest example of substitute decision rights is when the project is a suc-

cess if either of two decisions is correct. Backup projects are an important

example of substitute decisions.

The key results of this section then are:

� As decisions become more complements, the corresponding control

rights should be more concentrated.

� As decisions become more substitutes, the corresponding control rights

should be more distributed.
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I will discuss the intuition and some further implications below, after the for-

mal proposition.

To study the effect of substitutes and complements formally, consider the

model with two players and two decisions, that is, N ¼ 2. In this case, R is

completely characterized by its four values for R(d1, d2). Let now R, d1,
d2, D be defined as follows:

Rð0;0Þ ¼ R;

Rð1;0Þ ¼ Rþ d1;

Rð0;1Þ ¼ Rþ d2;

Rð1;1Þ ¼ Rþ d1 þ d2 þ D:

Since R(1, 1) � R(1, 0) � R(0, 1) þ R(0, 0) ¼ D, we have the following

fact:

Fact 2. R has increasing (resp. decreasing) differences in d1 and d2 iff D �
0 (resp. D � 0).

In other words, whether D1 and D2 are complements or substitutes depends

completely and only on D. I will therefore use D as a measure for the degree to

which D1 and D2 are complements or substitutes. I will also say that two deci-

sions are pure complements when d1¼ d2¼ 0 andD> 0 and that two decisions

are pure substitutes if � d1 ¼ � d2 ¼ D < 0. Pure complements thus captures

the case where the project is a success if and only if both decisions are correct,

whereas pure substitutes captures the case where the project is a success for

sure if at least one decision is correct.

The following proposition says that as the two decisions are more comple-

ments (as measured by D), they are—in equilibrium—more likely to be con-

centrated, whereas as the two decisions are more substitutes, they more likely

to be distributed. It also says that when players are ex-ante symmetric (in

beliefs and income shares), pure complements are always co-located, whereas

pure substitutes are always distributed.

Proposition 6a. The set of parameters for which one person controls both

decisions increases in the degree of complementarity D between the decisions.

When the players are ex-ante symmetric (m1,n ¼ m2,n, "n), decisions that are
pure complements are always co-located. When the players are ex-ante sym-

metric (m1,n ¼ m2,n, "n) and have equal shares of residual income (a1 ¼ a2),
decisions that are pure substitutes are always distributed.

Proof. Let Û and Ŭ be the joint utilities for ðb̂1; b̂2Þ and (b̌1, b̌2), respec-
tively. The difference in joint utilities then equals (following Appendix A)
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Û� Ǔ ¼

a
1

4
ðb̂1 � b̌1Þð2m1;1� 1Þ 2d1þ D½ � þ a

1

4
ðb̂2� b̌2Þð2m1;2 � 1Þ 2d2þD½ �

þ a
1

4
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þ ð1� aÞ1
4
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The above expression can be rewritten as

Û� Ǔ ¼ 1
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4
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½b̌1 þ b̌2 � b̂1 � b̂2�

� ð2m2;1 � 1Þð2m2;2 � 1ÞD:

It follows that

Uð1; 1Þ � Uð1; 0Þ ¼ 1

4
½að2m1;2 � 1Þ � ð1� aÞð2m2;2 � 1Þ� 2d2 þ D½ �

þ 1

4
að2m1;1 � 1Þð2m1;2 � 1ÞD;

so that

dðUð1; 1Þ � Uð1; 0ÞÞ
dD

¼ 1

4
½að2m1;2 � 1Þ � ð1� aÞð2m2;2 � 1Þ�

þ 1

4
að2m1;1 � 1Þð2m1;2 � 1Þ:

I will now show that if
dðUð1;1Þ�Uð1;0ÞÞ

dD < 0 then U(1, 1) � U(1, 0) < 0 for all

possible values of dn and D so that this derivative is irrelevant to the propo-

sition. Note that R increasing in its arguments requires

Rð1; 1Þ � Rð1; 0Þ ¼ Dþ d1 þ d2 þ R� d1 � R ¼ Dþ d2 � 0;

and analogously R(1, 1) � R(0, 1) ¼ D þ d1 � 0. Note further that if
dðUð1;1Þ�Uð1;0ÞÞ

dD < 0 then [a (2m1,2 � 1) � (1 � a)(2m2,2 � 1)] þ a (2m1,1 � 1)
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(2m1,2� 1)< 0 and thus also [a (2m1,2� 1)� (1� a)(2m2,2� 1)]< 0 since the

second term is always positive.

If D � 0 then we can write

Uð1; 1Þ � Uð1; 0Þ ¼ 1

4
½að2m1;2 � 1Þ � ð1� aÞð2m2;2 � 1Þ�2d2
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�
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�
D

so that U(1, 1) � U(1, 0) < 0. If D < 0 then we can write

Uð1; 1Þ � Uð1; 0Þ ¼ 1

4
½að2m1;2 � 1Þ � ð1� aÞð2m2;2 � 1Þ� 2d2 þ D½ �

þ 1

4
að2m1;1 � 1Þð2m1;2 � 1ÞD;

so that U(1, 1) � U(1, 0) < 0 since 2d2 þ D > 0.

Since the numbering of players and actions is arbitrary, permutation gives

the same results for
dðUð1;1Þ�Uð0;1ÞÞ

dD ,
dðUð0;0Þ�Uð0;1ÞÞ

dD , and
dðUð0;0Þ�Uð1;0ÞÞ

dD . This

proves the first part of the proposition.

I now turn to the second part of the proposition. I will do the calculations

for the case of q > 0 since that will imply immediately the proof of Prop-

osition 6b. Note that the fact that players are ex-ante symmetric implies that

m1,n ¼ m2,n ¼ mn.
Consider now first the case of pure complements, so that dn¼ 0 whereasD>

0. In that case,

Uð1; 1Þ � Uð1; 0Þ ¼ ð1� qÞa1
4
ð2m2 � 1ÞDþ ð1� qÞa1

4
ð2m1 � 1Þ

� ð2m2 � 1ÞD � ð1� qÞð1� aÞ1
4
ð2m2 � 1ÞD

¼ ð1� qÞ1
4
ð2a� 1Þð2m2 � 1Þ þ að2m1 � 1Þð2m2 � 1Þ½ �D:

If a � 0.5, then (since D > 0 for pure complements) U(1, 1) > U(1, 0). Per-

muting the decisions implies also that U(1, 1) > U(0, 1) so that decisions will

indeed be concentrated (with one player or the other) when a� 0.5. Permuting

the players implies that U(0, 0) > max( U(1, 0), U(0, 1)) when (1 � a) � 0.5

and thus implies the proposition for pure complements. Note also that the dif-

ference in utilities is proportional to (1 � q). That will imply the result on

complements in Proposition 6b.

Consider next the case of substitutes, that is, D¼� d1¼� d2< 0. Since the

proposition nowonly considers symmetric players and shares, we get that m1,n¼
m2,n ¼ mn and a ¼ (1 � a) ¼ 0.5. The difference in utilities then becomes
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Û� Ǔ ¼ ð1� qÞ1
8
½2b̂1b̂2 � b̂1 � b̂2 þ b̌1 þ b̌2 � 2b̌1b̌2�ð2m1 � 1Þð2m2 � 1ÞD;

so that

Uð1; 1Þ � Uð1; 0Þ ¼ ð1� qÞ1
8
ð2m1 � 1Þð2m2 � 1ÞD < 0:

Permuting the players gives U(0, 1)> U(0, 0) and thus proves the proposition.

Note, for further reference that the differences in utilities are again propor-

tional to (1 � q). This finalizes the proof. n

To see the intuition behind this result, it is easiest to start from a situation

where two decisions are substitutes, as in R ¼ d1 þ d2 � d1d2. If a player

controls decision D1 and is very sure about the right course of action, then

he does not care about control over decision D2 since he expects a success

no matter what happens to D2. A player who disagrees with him on the right

course of action, on the other hand, will value control over D2 highly since

he believes D1 will likely be wrong. It follows that it is optimal to distribute

substitute decision rights among different people.

To see the converse for complementary decision rights, consider R ¼ d1d2,

so that R is a success if and only if both decisions are correct. If a player con-

trolsD1 and is sure about the right course of action, then he will care a lot about

also controlling D2: since he thinks D1 is likely correct, getting D2 correct

makes all the difference. If, on the other hand, a player does not control

D1 and disagrees with the person who does control D1, then he would not care

much about control over D2 since he believes it is unlikely to matter anyways.

It follows that it is optimal to concentrate complementary decision rights in

one hand.

The basic empirical implications of these results are straightforward: more

complementary decisions are more likely to be co-located whereas more sub-

stitute decisions are more likely to be distributed.

One potential application of these results is the observation that all decisions

that affect one particular project are often under the control of one and the same

player, with different projects controlled by different people. For the current

theory to help explain that observation, an important question is whether a proj-

ect’s decisions are typically complements or substitutes. Both Rosen (1982)

and Kremer (1993) have argued that project decisions tend to be complements

and found evidence supporting this. One reason is that many projects are of the

type that all decisions have to be right for the project to succeed. If that holds

true then this theory may indeed help to explain that observed concentration of

control.

Other potential implications come from the observation that urgency often

eliminates ‘‘second chances’’ for a decision and that such second chances may

provide substitutes, thus weakening the complementarity between this
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decision and any other.15 Although more formal analysis is necessary to un-

derstand whether this effect is actually general and robust, it seems that ur-

gency may thus create or exacerbate complementarities, whereas slack may

create substitutes. This would then suggest the prediction that more urgent

projects would be under more centralized control.

The result on substitutes has some further implications forwhen parts of proj-

ects should be controlled by different people. One implication is, for example,

that—all else equal (especially abilities and access to information)—backup

plans should be developed by a different team than the team that developed

the main plan. Another implication is that projects that compete for funds

for implementation are more likely to be controlled by different people. The

reason is that even if the projects’ success probabilities are completely indepen-

dent, the competition for funds will make them substitutes in terms of profit-

ability and thus make it optimal to allocate the projects to different people.

Note that these allocation mechanisms will compete with allocation mech-

anisms based on access to information or incentives for investments. As in the

case of Lerner and Merges (1998), this trade-off can be leveraged empirically

by looking at variation in uncertainty as a proxy for variation in disagreement.

Although such analysis would likely rely more directly on a variation of Prop-

osition 1, the following proposition can also be useful in that context. It says

that co-location of pure complements, resp. distribution of pure substitutes, is

more likely when disagreement is more likely.

Proposition 6b. Consider Variation B. The set of parameters for which con-

trol is co-located in the case of pure complements (and symmetric players),

respectively distributed in the case of pure substitutes (and symmetric players

and shares), increases in the probability of disagreement (1 � q).

Proof. From the proof of Proposition 6a, it follows that all differences in

utilities for the case of pure complements and pure substitutes are directly

15. To see this a bit more formally, take, for example, a model with two decisions that are pure

complements (R ¼ d1d2) and consider the following variation on the main model. In period 4, it is

first revealed whether the project will be a success or not. If the project—with the current decisions—

will be a success, then payoffs get realized and the game is over. If the project would be a failure,

on the other hand, then with probability p the person controlling D1 has another chance to make

(and thus potentially change) that decision. I will denote that second decision asD#1 and its outcome

as d#1. The payoff is then realized after that player has made her second decision D#1. The overall
project revenue for this modified game thus equals R# ¼ [d1 þ (1 � d1)pd#1]d2. Consider now the

optimal choice of D#1. Since the project was a failure, it must be that at least either D1 or D2 were

wrong. If D2 was wrong then it does not matter what D#1 is: the project will fail again. If D2 was

right, then it must have been that D1 was wrong so that it is optimal to choose the opposite action

from D1. Overall, choosing D#1 to be the opposite of D1 dominates choosing the same action again.

In equilibrium, it must therefore be that d#1 ¼ 1 � d1 so that R# ¼ [d1 þ p(1 � d1)(1 � d1)]d2 ¼
[(1� p)d1þ p(1� d1þ d1

2)]d2 or R#¼ [pþ (1� p)d1]d2. An increase in p thus indeed decreases

the degree of complementarity (as defined above) between d1 and d2. This is obviously just a first

stab at formalizing this result and requires more research to understand its robustness.
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proportional to (1 � q). That implies the proposition following an argument

analogous to the proof of Proposition 3. n

5.2 Players’ Characteristics

I now turn to the players’ characteristics. I will show, in particular, for a wide

class of projects, the following two results:

1. Control rights will be allocated more to a player with a larger share in the

residual income.

2. Control rights will be allocated more to a player with more confidence.

The intuition derives fromProposition 1: a playerwith a larger share of the residual

income and with stronger beliefs is more sensitive—in terms of utility—to the de-

cision being correct (from his perspective) and thus values control rights higher.

The following proposition derives these two results for a project in which

the decisions either do not interact or are complementary in the sense of super-

modularity.

Proposition 7. When R is additively separable or R is supermodular in the

decisions, then player Pi’s control right over any particular decision, b̂i;n,
increases in his confidence mi,n and in his share of residual income ai.

Proof. I will first show that if R is supermodular in the decisions dn, then U

is supermodular in control rights bn and has increasing differences in both

(b1,n, a) and (b1,n, m1,n). The results then follow by symmetry for P2.

To this purpose, note that (following the calculations in Appendix A) joint

expected utility equals

U ¼ a
X
d2D

Y
n

1

2
þ ð2dn � 1Þbnðm1;n �

1

2
Þ

� �" #
RðdÞ

þ ð1� aÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þð1� bnÞðm2;n �

1

2
Þ

� �" #
RðdÞ:

Using again b̃n for the continuous version of bn—as in the calculations of

Appendix A—the partial derivative for, say, b̃l equals then

@U

@b̃l
¼ a

X
d2D

Y
n2N�l

1

2
þ ð2dn � 1Þb̃nðm1;n �

1

2
Þ

� �" #
ð2dl � 1Þðm1;l �

1

2
ÞRðdÞ

� ð1� aÞ
X
d2D

Y
n2N�l

1

2
þ ð2dn � 1Þð1� b̃nÞðm2;n �

1

2
Þ

� �" #
ð2dl � 1Þ

� ðm2;l �
1

2
ÞRðdÞ:

The cross-partial for ðb̃l; b̃mÞ then equals
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@2U

@b̃l@b̃m
¼ a

X
d2D

Y
n2N�l;m

1

2
þ ð2dn � 1Þb̃nðm1;n �

1

2
Þ

� �2
4

3
5ð2dl � 1Þðm1;l �

1

2
Þ

� ð2dm � 1Þðm1;m � 1

2
ÞRðdÞ þ ð1� aÞ

�
X
d2D

Y
n2N�l;m

1

2
þ ð2dn � 1Þð1� b̃nÞðm2;n �

1

2
Þ

� �2
4

3
5ð2dl � 1Þ

� ðm2;l �
1

2
Þð2dm � 1Þðm2;m � 1

2
ÞRðdÞ

Let d�(l,m) denote the subvector of d without the elements dl and dm and

(d�(l,m),dl,dm) again the full vector. It then suffices to show that conditional

on any particular d̃�ðl;mÞ,

X
ðdl ;dmÞ2f00;01;10;11g

ð2dl � 1Þð2dm � 1ÞRðd̃�ðl;mÞ; dl; dmÞ � 0;

or, with Řðdl; dmÞ ¼ Rðd̃�ðl;mÞ; dl; dmÞ,

Řð1; 1Þ � Řð1; 0Þ � Řð0; 1Þ þ Řð0; 0Þ � 0;

which follows from supermodularity of R in the dn.

It follows that if R is supermodular in the dn then U is supermodular in the

bn. All that remains to be shown is that both (a, bn) and (m1,l, bn) have increas-
ing differences (which imply the rest by permutation of players and decisions).

For the first note that

@2U

@b̃l@a
¼

X
d2D

Y
n2N�l

1

2
þ ð2dn � 1Þb̃nðm1;n �

1

2
Þ

� �" #
ð2dl � 1Þðm1;l �

1

2
ÞRðdÞ

þ
X
d2D

Y
n2N�l

1

2
þ ð2dn � 1Þð1� b̃nÞðm2;n �

1

2
Þ

� �" #
ð2dl � 1Þ

� ðm2;l �
1

2
ÞRðdÞ;

which is positive by an argument similar to that in Appendix A forU increasing

in bl. For the second, note that

@2U

@b̃l@m1;l
¼ a

X
d2D

Y
n2N�l

1

2
þ ð2dn � 1Þb̃nðm1;n �

1

2
Þ

� �" #
ð2dl � 1ÞRðdÞ;

is positive by an argument similar to that in Appendix A for U increasing in bl,
while
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@2U

@b̃l@m1;k
¼ a

X
d2D

Y
n2N�l;k

1

2
þ ð2dn � 1Þb̃nðm1;n �

1

2
Þ

� �2
4

3
5ð2dk � 1Þb̃kð2dl � 1Þ

� ðm1;l �
1

2
ÞRðdÞ;

is positive by an argument similar to that for supermodularity. The cross-

partials for m2,l and m2,k are similar. This concludes the proof. n

To see the role of the independence (or supermodularity) condition, consider

the following simple example. Let the project have two decisions that are pure

substitutes, so that R ¼ d1 þ d2 � d1d2. Let both players have identical con-

fidence m ¼ 0.6 for both decisions. Let, finally, player 1 have 99% of the re-

sidual income. In that case, it is optimal to give control over both decisions to

player 1.16 But consider now what happens when P1’s confidence for decision

1 is increased from 0.6 to 1. In that case, it becomes optimal to give control

over decision 1 to player 1 and control over decision 2 to player 2: since control

over decision 1 makes player 1 sure of a success, he does not care any more

about decision 2, whereas player 2 still gets positive value from control over

decision 2.17 In this case, an increase in player 1’s confidence thus moved

a control right to player 2. This is caused by an interaction of decision char-

acteristics and player characteristics.

This observation obviously raises the questionwhether a project’s decisions—
if not independent—tend to be complements, that is, whether the project tends

to be supermodular. As mentioned before, both Rosen (1982) and Kremer

(1993) have argued that project decisions tend to be complements and found

evidence supporting this. One reason is that many projects are of the type

that all decisions have to be right for the project to succeed. In general, how-

ever, this is not guaranteed and implies that care has to be taken when ap-

plying these comparative statics in cases where there are multiple decisions

that are not independent. On the other hand, however, I do conjecture that

this result does hold in fact as long as the cross-partial derivatives are not too

negative.

This effect is also less of an issue for the comparative static with respect to

the player’s share of residual income. In particular, the following proposition

shows that for a project with two decisions, a player’s total control always

increases in his share of residual income.

Proposition 8. When n ¼ 2, the number of control rights allocated to Pi

increases in his share of residual income.

16. In particular, the joint expected utility when P1 controls both decisions is 0.99(0.6þ 0.6�
0.6*0.6) þ 0.01(0.5 þ 0.5 � 0.5*0.5) ¼ 0.839, whereas it is only (0.99 þ 0.01)(0.6 þ 0.5 �
0.6*0.5) ¼ 0.8 if each player controls one decision.

17. In particular, the joint expected utility when P1 controls both decisions is 0.99þ 0.01(0.5þ
0.5 � 0.5*0.5) ¼ 0.9975, whereas it increases to 0.99 þ 0.01(0.6 þ 0.5 � 0.6*0.5) ¼ 0.998 when

control over decision 2 is shifted to player 2.
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Proof. The number of decision rights can only decrease either when going

from (1, 1) to any other state or when going from any other state to (0, 0).

Consider first the possibility of going from (1, 1) to (0, 0). The change in joint

utility equals (using the equations from Appendix A)

Uð1; 1Þ � Uð0; 0Þ ¼ a
1

4
ð2m1;1 � 1Þ 2d1 þ D½ � þ a

1

4
ð2m1;2 � 1Þ 2d2 þ D½ �

þ a
1

4
ð2m1;1 � 1Þð2m1;2 � 1ÞD� ð1� aÞ1

4
ð2m2;1 � 1Þ

� 2d1 þ D½ � � ð1� aÞ1
4
ð2m2;2 � 1Þ 2d2 þ D½ �

� ð1� aÞ1
4
ð2m2;1 � 1Þð2m2;2 � 1ÞD;

so that the partial derivative for a then is

@ðUð1; 1Þ � Uð0; 0ÞÞ
@a

¼ 1

4
ð2m1;1 � 1Þ 2d1 þ D½ � þ 1

4
ð2m1;2 � 1Þ 2d2 þ D½ �

þ 1

4
ð2m1;1 � 1Þð2m1;2 � 1ÞDþ 1

4
ð2m2;1 � 1Þ 2d1 þ D½ �

þ 1

4
ð2m2;2 � 1Þ 2d2 þ D½ � þ 1

4
ð2m2;1 � 1Þð2m2;2 � 1ÞD;

which is positive using the fact that dn > 0 and dn þ D > 0 and recombining

2dn þ D with D. This concludes that part of the proof.

Consider next the possibility for going from, say, (1, 1) to (1, 0). The change

in joint utility then equals

Uð1; 1Þ � Uð1; 0Þ ¼ a
1

4
ð2m1;2 � 1Þ 2d2 þ D½ � þ a

1

4
ð2m1;1 � 1Þð2m1;2 � 1ÞD

� ð1� aÞ1
4
ð2m2;2 � 1Þ 2d2 þ D½ �;

so that the partial derivative for a then is

@ðUð1; 1Þ � Uð1; 0ÞÞ
@a

¼ 1

4
ð2m1;2 � 1Þ 2d2 þ D½ � þ 1

4
ð2m1;1 � 1Þð2m1;2 � 1ÞD

þ 1

4
ð2m2;2 � 1Þ 2d2 þ D½ �;

which is again positive using the fact that dn > 0 and dn þ D > 0 and recom-

bining 2dn þ D with D. A permutation of decisions and of players then con-

cludes the proof. n

Note that this result that control should be allocated more to players with

a larger stake in the outcome favors unified control over all decisions that af-

fect one particular project, since—by definition—the person with the largest

stake in the project is the same for all decisions affecting the same project.

Another practical implication of these results is that people who are held

responsible for the outcome should also be given control rights. This is
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a well-known principle in management. In particular, it is often said that giving

‘‘responsibility without control’’ can only generate dissatisfaction.

An issue that often gets raised in this context is how the result that people

with more confidence should get more control differs from the standard result

that people with better information should get more control. I return to this

issue in Section 6. The short answer is that with private information, all players

prefer the player with the best information to have control. In other words,

a player with worse information can value control negatively. That is never

the case with differing priors: each player wants control and it is only when

they get compensated financially that players with low confidence are willing

to cede control to those with more confidence.

6. The Role of Differing Priors

An important issue is obviously the role that differing priors play in the results

of this article. The analysis of Variation B already gave some indication of that

role by varying the amount of disagreement. It showed that more disagreement

makes players value control more highly and also makes income and control

more likely to be concentrated.

Another useful way to clarify the role of differing priors is to compare the

results of this article to what similar models with private information or private

benefits imply for the allocation of a project’s residual income and control.

Such comparison may sharpen the insights in the underlying mechanisms

of this article and can hopefully also give some intuition for how differing

priors may differ from, for example, private information or private benefits.18

In what follows, I will thus consider models that capture the basic setting of

this article—a project with an income stream that depends on a set of deci-

sions—but where the potential conflict now arises from either private infor-

mation or private benefits, rather than from differing priors. The question is

how the allocation of control (and of residual income, when applicable) would

compare to the results of this article. The key conclusion of this section is that

the alternative settings that I consider do lead to some very different predic-

tions. Moreover, the results also give some useful intuition on the differences.

6.1 Models with Private Information

Among models with private information, there is a fairly obvious and logical

comparison point for differing priors. In particular, a question that is often

raised is how differing priors relate to the same belief differences caused

by private information that cannot be communicated. The comparison point

is thus the model of Section 2 with one change: the players start with a common

18. However, since the comparison is necessarily limited in scope and focused on particular

models, it is not (meant to be) conclusive as to whether differing priors are actually necessary to

obtain the results in this article. The purpose of the comparison is to give intuition for the differ-

ences. I will also disregard here models with state-dependent utility since the notion of beliefs, and

thus differing priors, is not unambiguous any more.
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prior but each player Pi gets a (private and independent) signal which implies

that Sn ¼ Xn with probability li,n. As before, the li,n are independent draws

from nondegenerate and symmetric distributions Fi,n with support [0, 1]. Let

again mi;n ¼
Ð 1
0

maxðu; 1� uÞ dFi;nðuÞ. In this setting, the distribution of

beliefs at the end of period 2 is identical to that in the model of Section 2,

but the beliefs are derived from different primitives.

Although this model with private information may seem, at first sight, very

similar to the one with differing priors, it actually turns out to give some dras-

tically different results (for which I will explain the mechanisms in more detail

below). First, a player’s valuation of control (relative to the other player con-

trolling the decision, as in Proposition 1) may actually be negative and may

decrease in her share of residual income. Second, as long as each player has

some share of the residual income, the joint expected utility in the private in-

formation model is independent of the allocation of residual income. Third,

concentration of all income and control in the hands of one person can be

strictly suboptimal. Fourth, the degree of complements and substitutes does

not affect (in itself) the optimal allocation of control.

The key to understand all these results are two observations about the private

information model:

1. Both players in the private information model agree on who of them has

(on average) the best information. They both prefer that control over a de-

cision is allocated to the player with the best information on that decision.

2. Both players in the private information model value residual income (in

expectation) identically. There is thus no gain from reallocating residual

income (beyond making sure that each player has some stake in the pro-

ject to ensure that she tries to maximize the project revenue).

To see how these two observations lead to the predictions above, take, for

example, the result that a player’s valuation may be negative and that it

may decrease as the player’s share of residual income increases. Consider

to that purpose a setting with two players (P1 and P2), one decision, and

R ¼ d. Note that when player Pi controls the decision then the project’s

expected revenue (at the start of period 2) is mi according to both players.

The change in P1’s utility when control over the decision shifts from P2 to

P1 is then a1(m1 � m2). This is also P1’s valuation of the control right. It is

indeed negative when m2 > m1 and then becomes more negative when a1
increases. The joint utility when P1 controls the decision is a1m1 þ a2m1 ¼
m1 and is thus independent of the allocation of residual income. In a setting

with two decisions, it may be uniquely optimal to give each decision to a dif-

ferent player—when the player with the best information is different for the

two decisions—so that concentrating all income and control in the hands of

one person is then strictly suboptimal. Finally, the fact that the decisions are

complements affects how important it is tomake the right decision as a function

of the other decisions being right or wrong, but it does not affect who optimally

controls that decision.
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Another way to see the difference is to note that there is in fact no agency

problem in the private information model: both players want to maximize

expected revenue and agree on the best way to get there. In a differing priors

context, in contrast, each player believes that he is right and thus—by

definition—the other is wrong when they hold different beliefs. This open dis-

agreement creates a real agency problem since the players’ objectives differ.

This comparison also provides an answer to the following issue that is some-

times raised: how does the result in this article that control will be allocated

more to players with more confidence differ from the standard result that con-

trol should be allocated more to players with more information? One important

difference was pointed out above: with private information all players prefer

the same allocation of control, whereas with differing priors each player wants

control for himself. Another difference is that with differing priors it is the

combination of strong beliefs with a large share of residual income that makes

it optimal to allocate control to a player (so that it may be optimal to give

control to a player with low confidence but a high share over a player with

high confidence and a low share), whereas the share of the residual income

plays no role in this private information model.

6.2 Models with Private Benefits

For private benefits as the source of conflict, there does not seem to be such an

obvious comparison point as there was for private information. It is neverthe-

less interesting to compare the model in this article to private benefits models

that have been used to study the allocation of a project’s residual income and

control. Aghion and Bolton (1992), Aghion and Tirole (1997), Hart and Holm-

strom (2002), Prendergast (2002), and Baker et al. (2004) all have studied set-

tings that are similar to this article (i.e., a project that generates income which

depends on decisions) but where the agency problem originates in private ben-

efits instead of in differing priors.19 Along the dimensions that matter for this

article, these articles all have a similar setup. There is a project that generates

an income stream (that may be contractible), with the level of income depend-

ing on a set of decisions. Apart from a share in this residual income (i.e., the

common benefit), the decision makers also derive some private benefits or pri-

vate costs directly from the decisions. These models differ, among other

things, on whether the residual income is contractible and whether or how de-

cision rights can be moved around.

To translate this setup to the current context, consider again the model of

Section 2 but with the following changes. Assume that for each decision Dn, it

is common knowledge that the right choice is Xn (i.e., Sn¼ Xn) with probability

19. Private benefits models that consider only inalienable and noncontractible private benefits,

such as Baker et al. (2006), are difficult to compare to the current model. The reason is that there is

no obvious match between, on the one hand, such (conflicting) inalienable, incontractible private

benefits from decisions and, on the other hand, residual income from a project that depends in

a non-trivial way on these same decisions: when private benefits are interpreted as being derived

from residual income, then it seems that the players’ private benefits should be aligned.
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h > 0.5.20,21 Apart from their share of the residual income (aiR), the players

also get private benefits from particular actions. In particular, each player Pi

always privately prefers one action (either Xn or Yn) for each decision Dn and

gets Bi,n � 0 from that privately preferred action (and 0 from the other action).

Which of the two actions (Xn or Yn) Pi privately prefers is determined at ran-

dom in period 2, with both actions equally likely. To say this a bit more for-

mally, let Zi,n denote Pi’s privately preferred action for decision Dn, then the

Zi,n are drawn randomly from fXn, Yng with both actions being equally likely.

One particular issue in this case is that—when decisions interact, as with com-

plements and substitutes—there may be multiple equilibria in stage 3. To get

a unique equilibrium, I will assume that in that case the players choose their

actions sequentially with each player equally likely to choose first.22

The results for this private benefits model differ in important respects from

the results of the differing priors model (and I will again explain the mech-

anisms behind each result in more detail below). First, a player’s valuation

of a control right (relative to the other player controlling the decision, as in

Proposition 1) may actually be decreasing in her share of residual income.

Second, an increase in the level of a player’s private benefits (Bi,n) may make

it strictly optimal to shift control over that decision Dn away from that player.

Third, with both income and control contractible, it may be weakly optimal to

distribute control rights and income rights over different players. Fourth, in

a project with perfectly complementary decisions and symmetric players, it

may be strictly optimal to distribute the control rights among different players,

whereas in a project with perfect substitutes and symmetric players, it may be

strictly optimal to concentrate both decisions with one player.

To see why a player’s valuation of control may be decreasing in her share of

residual income, consider a setting with one decision (a choice between X and Y)

where R ¼ d and players P1 and P2 derive private benefits B1 and B2 from their

preferred choice (drawn for each randomly and independently from fX, Yg).
Consider more specifically the case that a1(2h � 1) < B1 and a2(2h � 1) >
B2 so that P1 will choose her preferred action whereas P2 will choose X. Player

P1’s utility equals a1hþ B1
1
2
when P2 controls the decision and a112 þ B1 when

she controls the decision herself. Her valuation for the control right (relative toP2

controlling the decision) is thus B1
1
2
� a1ðh� 1

2
Þ which indeed decreases in a1.

20. In the articles mentioned, this is immediately modeled as R deterministically depending on

the decisions with R(. . ., Xn, . . .) > R(. . ., Yn, . . .). Such formulation would work perfectly fine in

this context and is actually slightly more general. The only reason to state the assumption in terms

of common priors is to stay closer to the model in this article.

21. Note that when h¼ 0.5, the expected project revenue would become independent from the

decisions, so that both the allocation of residual income and how decisions interact in R (e.g., as

complements or substitutes) would play no role for the total utility or for the allocation of control.

Since these elements are at the heart of Propositions 2–6 and play a significant role in Propositions

1 and 8, it would thus be difficult to relate a model with h ¼ 0.5 to the current article. Moreover,

assuming h¼ 0.5 essentially eliminates any role for the project and thus eliminates an essential part

of the model.

22. This assumption only affects the results for complements and substitutes.
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Second, for the result that an increase of a player’s private benefits may make

it optimal to shift control away from that player, consider the model above and

assume first that a1(2h� 1)< B1< (2h� 1) and a2(2h� 1)> B2 (and, for later

purposes, a1 � a2). Since (only) player P2 will always choose X and thus max-

imize project revenue (which is the utility-maximizing outcome in this setting

where the decisionmust bemade by one or the other player), it is strictly optimal

to give control to P2. If B2 now increases so that a2(2h� 1)< B2 < B1< (2h�
1), then both players will choose their preferred action. The (unique) optimal

allocation is now to give control to the player with the most private benefits

at stake, which is P1 in this case. It thus follows indeed that an increase in

B2 can make it strictly optimal to shift control away from P2. This result

and its intuition are again very different from the differing priors case.

Third, to see why it may be (weakly) optimal to distribute control rights and

income rights, consider a setting with two decisions and R ¼ d1þd2
2

, so that the

decisions do not interact. Assume that B1;1 ¼ B2;2 2 ð2h�1Þ
4

; ð2h�1Þ
2

� �
and

B1;2 ¼ B2;1 2 ð2h�1Þ
8

; ð2h�1Þ
4

� �
. In that case, total utility is maximized (though

not uniquely) by allocating decision D1 to player P2 and D2 to P1 (i.e., each

decision is allocated to a player with weak personal preferences over that par-

ticular decision) and by choosing a1 ¼ a2 ¼ 0.5 so that each player always

choosesXn. In this case, the allocation of income (given the allocation of control)

is driven by the need to make players decide in a certain way. This is a very

different intuition from the differing priors intuition for allocating residual in-

come, which is driven by differences in valuation of the residual income.

For the result on complements, consider a setting where R¼ d1d2, a1¼ a2¼
0.5, and both players get the same private benefit B for their preferred choice

on each decision. Assume that 1
4
ð2h� 1Þ < B < h

2
ð2h� 1Þ. If the decisions are

allocated to different players, then the two players will always choose Xn,

which is the outcome that maximizes the joint utility. If both decisions are

allocated to one player, then that player will choose Xn for both unless she

privately prefers Yn on both decisions, in which case she chooses Yn for both.

The joint utility is now higher under distributed control than under concen-

trated control, in contrast to the differing priors case. The gain from distributed

control in this case is that the private cost of maximizing the common benefit

(namely forgoing the privately preferred actions) is spread equally over both

players, in proportion to the distribution of the common benefit.

For the result on substitutes, consider a setting where R ¼ d1 þ d2 � d1d2,

a1 ¼ a2 ¼ 0.5, and both players get the same level of private benefits B1 (resp.

B2) for their preferred choice on decision D1 (resp. D2). Assume that
ð1�hÞ

2
ð2h� 1Þ < B1 < B2 <

h
2
ð2h� 1Þ. If both decisions are allocated to one

player, then that player will choose Xn for one of the decisions and follow

her private preference for the other. In particular, if the player in control prefers

Yn for both decisions, she will always choose D1 ¼ X1 and D2 ¼ Y2 (since D2

gives more private benefits than D1). When both decisions are allocated to

different players, the decisions are the same with one exception: when both
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players prefer Yn for the decision under their control, then whoever is allowed

to choose first will choose Yn. It follows that expected utility will be lower

when control is distributed since it will sometimes be the decision with the

most private benefits on which the private benefits get sacrificed for the com-

mon benefit. In this case, concentrating control leads to better coordination

with respect to which private preferences to follow in case of conflict.

These contrasting results for private benefits and differing priors are to

a large extent due to two fundamental differences:

1. In the model with private benefits, players value the expected residual

income identically (in contrast to the case with differing priors) so

that the allocation of income is not driven by differences in valuation

but instead by the need to give players the right incentives to make

particular decisions.

2. In the model with private benefits, players agree on what is optimal from

the project’s perspective but these revenue-maximizing decisions may

conflict with their own private benefits. The players may then prefer

to maximize their private benefits at the expense of the project, and re-

sidual income may counter-balance this by aligning different players’

objectives. In the differing priors model, on the contrary, players disagree

on what is optimal for the project itself. This leads to very different inter-

actions between residual income and control.

7. Conclusion

The allocation of control only matters when different people would do differ-

ent things. An important source of such differences is that people may openly

and knowingly disagree on the optimal course of action. This article derived

a number of results for the allocation of control when people may openly dis-

agree in the sense of differing priors.

The article first noted that people value control rights in this context because

they believe they make better decisions than others. It then showed that it is

optimal to concentrate all income and control rights of a project in one hand: as

a person gets more control rights, she values income rights higher, so it is op-

timal to give her more income rights; as a person gets more income rights, she

values control rights higher, making it optimal to give her more control rights.

Different projects, however, will sometimes be optimally ‘‘owned’’ by differ-

ent people. The article further showed that—when the allocation of residual

income is exogenously given—complementary decisions should be more

co-located, whereas substitute decisions should be more distributed. Confi-

dent people with a lot at stake should—in a wide range of settings—get more

control.

From an empirical perspective, a useful feature of the model is that all player

benefits are derived from the project’s income stream, which is more easily

measurable than, say, players’ private benefits or private costs. However, just

like private information or private benefits, a player’s beliefs or confidence are
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typically difficult to measure directly. As an alternative, the empirical litera-

ture has suggested some useful proxies for the degree of disagreement, such as

the development stage of the industry or firm, the divergence among analyst

expectations, or the volatility of stock prices (which may be caused in part by

diverging views on the effects of new information). Another alternative is ob-

viously to rely on comparative statics along other dimensions.

This theory also has implications for the theory of the firm. In particular,

Van den Steen (2007b) builds a theory of the firm where a firm’s role is to

give a manager authority over employees through centralized asset ownership

and low-powered incentives. The results of the current article play an impor-

tant role in that context. In particular, the co-location of income and control

makes it optimal that the asset owner (who endogenously has control) is also

the residual claimant. At the same time, though, different projects will some-

times optimally be owned by different firms, thus avoiding the result that ‘‘all

production [is] carried on by one big firm’’ (Coase 1937).

The article also suggested some areas for further research that would trans-

late the results in more direct empirical predictions. The formation of alliances

under capital constraints and VC financing of entrepreneurs seem to be two

promising areas for further research with this framework.

Appendix A. Calculations for Joint Utility

This appendix contains the general calculations (for q 2 [0, 1)) for the players’

joint utility. I will, in particular, do the following:

1. Show that it is a dominant strategy for each player Pi to choose for each

decision the course that he or she believes is most likely to be correct (as

long as ai > 0).

2. Calculate the joint utility of the players (with more detailed calculations

for n ¼ 2).

3. Show, as part of that, that all control rights will be allocated.

4. Calculate the change in joint utility from a change in allocation of control

for n ¼ 2.

For notational purposes, let d ¼ (d1,. . .,dN) denote a vector of dn, letD denote

the set of all such vectors, let d�k denote the vector d excluding the kth element

and d ¼ (d�k,dk) again the full vector. Let N denote the set f1, 2, . . ., Ng and

N�k¼f1,. . .,k� 1,kþ 1,. . .,Ng. Let Zi,k2 fXk, Ykg denote the course of action
for decision Dk that player Pi considers most likely to be correct.

To see that it is indeed a dominant strategy for each player Pi to choose Zi,k
(as long as ai > 0), consider a player Pi who—potentially among other deci-

sions—controls Dk. Let m̃i;k ¼ maxðli;k ; 1� li;kÞ denote player i’s realized

confidence about decision Dk. Conditional on any particular realization

d̃�k for d�k, this player’s expected utility if he chooses Zi,k is

ai½m̃i;kRðd̃�k ; 1Þ þ ð1� m̃i;kÞRðd̃�k ; 0Þ� while it is ai½m̃i;kRðd̃�k ; 0Þ þ ð1� m̃i;kÞ
Rðd̃�k ; 1Þ� otherwise. Since aið2m̃i;k � 1ÞðRðd̃�k ; 1Þ � Rðd̃�k ; 0ÞÞ > 0 when
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ai > 0, it follows that it is a dominant strategy to choose Zi,k. Note that with

ai ¼ 0, Pi is indifferent so that she chooses Zi,k by assumption. Overall, each

player Pi will always choose Zi,k when in control of Dk.

Consider now the calculation of the joint utility at the end of period 1. Consider

first the case—which occurs with probability q—that the players always agree. I

will first calculate for any particular realization of d, how likely that realization is

according to Pi. Since, for any player Pi, the state realizations are independent

and since both players choose Zi,k, it follows that—according to Pi—the prob-

ability that dn ¼ 1 equals mi,n while the probability that dn ¼ 0 equals (1 � mi,n),
independent of who makes decisionDn (since they make the same decision) and

independent of d�k (since the state realizations are independent). The probability

that a particular vector d realizes is then, according to Pi,Y
n

ðmi;ndn þ ð1� dnÞð1� mi;nÞÞ ¼
Y
n

1

2
þ ð2dn � 1Þðmi;n �

1

2
Þ

� �
:

Consider next the case—which obtains with the complementary probability

(1 � q)—that the players’ beliefs are independent. From player Pi’s perspec-

tive, the probability that dn ¼ 1 then equals

bi;nmi;n þ ð1� bi;nÞ
1

2
¼ 1

2
þ bi;nðmi;n �

1

2
Þ;

while the probability that dn ¼ 0 equals

bi;nð1� mi;nÞ þ ð1� bi;nÞ
1

2
¼ 1

2
� bi;nðmi;n �

1

2
Þ:

Since the state realizations are independent, the probability that a particular

vector d obtains is then, according to Pi,Y
n

1

2
þ ð2dn � 1Þbi;nðmi;n �

1

2
Þ

� �
:

Combining these two cases implies that joint utility equals

U ¼ qa
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #
RðdÞ

þ qð1� aÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm2;n �

1

2
Þ

� �" #
RðdÞ

þ ð1� qÞa
X
d2D

Y
n

1

2
þ ð2dn � 1Þb1;nðm1;n �

1

2
Þ

� �" #
RðdÞ

þ ð1� qÞð1� aÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þb2;nðm2;n �

1

2
Þ

� �" #
RðdÞ:

The next step is now to show that this joint utility is increasing in each of the

bi,n (and strictly so in at least either b1,n or b2,n) since this will imply that in

Disagreement and the Allocation of Control 35



equilibrium b1,n þ b2,n ¼ 1, which will allow me to further simplify the

formulas.

The analysis here and elsewhere is often simpler if the bi,n were allowed to

vary continuously on [0, 1] rather than being integer restricted to f0, 1g. To
that purpose, I will introduce b̃i;n 2 ½0; 1� and derive the result by looking at bi,n
as the integer-restricted version of b̃i;n.
To show that U indeed increases in each bi,n, note that the partial derivative

for, say, b̃1;k is

@U

@b̃1;k
¼ ð1� qÞa

X
d2D

Y
n2N�k

1

2
þ ð2dn � 1Þb̃1;nðm1;n �

1

2
Þ

� �" #
ð2dk � 1Þ

� ðm1;k �
1

2
ÞRðdÞ:

It then suffices to show that conditional on any particular d̃�k ,X
dk2f0;1g

ð2dk � 1ÞRðd̃�k ; dkÞ > 0

or Rðd̃�k ; 1Þ � Rðd̃�k ; 0Þ > 0 which follows from @Q
@dn

> 0. Since at least either

a > 0 or (1 � a) > 0, U is strictly increasing in at least either b1,k or b2,k. As
mentioned above, this implies that all control rights will be fully allocated to P1

and P2, so that b2,n ¼ 1 � b1,n. For simplicity, I will now denote bn ¼ b1,n so
that b2,n ¼ 1 � bn. The general expression then becomes

U ¼ qa
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm1;n �

1

2
Þ

� �" #
RðdÞ

þ qð1� aÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þðm2;n �

1

2
Þ

� �" #
RðdÞ

þ ð1� qÞa
X
d2D

Y
n

1

2
þ ð2dn � 1Þbnðm1;n �

1

2
Þ

� �" #
RðdÞ

þ ð1� qÞð1� aÞ
X
d2D

Y
n

1

2
þ ð2dn � 1Þð1� bnÞðm2;n �

1

2
Þ

� �" #
RðdÞ:

I now consider the more specific case with 2 decisions. In that case, joint utility

can be written

U ¼ qa m1;1m1;2
� �

Rð1; 1Þ þ qð1� aÞ m2;1m2;2
� �

Rð1; 1Þ

þ ð1� qÞa 1

2
þ b1ðm1;1 �

1

2
Þ

� �
1

2
þ b2ðm1;2 �

1

2
Þ

� �	 

Rð1; 1Þ þ ð1� qÞ

� ð1� aÞ 1

2
þ ð1� b1Þðm2;1 �

1

2
Þ

� �
1

2
þ ð1� b2Þðm2;2 �

1

2
Þ

� �	 

Rð1; 1Þ

þ qa m1;1ð1� m1;2Þ
� �

Rð1; 0Þ þ qð1� aÞ m2;1ð1� m2;2Þ
� �

Rð1; 0Þ
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þ ð1� qÞa 1

2
þ b1ðm1;1 �

1

2
Þ

� �
1

2
� b2ðm1;2 �

1

2
Þ

� �	 

Rð1; 0Þ þ ð1� qÞ

� ð1� aÞ 1

2
þ ð1� b1Þðm2;1 �

1

2
Þ

� �
1

2
� ð1� b2Þðm2;2 �

1

2
Þ

� �	 

Rð1; 0Þ

þ qa ð1� m1;1Þm1;2
� �

Rð0; 1Þ þ qð1� aÞ ð1� m2;1Þm2;2
� �

Rð0; 1Þ þ ð1� qÞ

� a
1

2
� b1ðm1;1 �

1

2
Þ

� �
1

2
þ b2ðm1;2 �

1

2
Þ

� �	 

Rð0; 1Þ þ ð1� qÞð1� aÞ

� 1

2
� ð1� b1Þðm2;1 �

1

2
Þ

� �
1

2
þ ð1� b2Þðm2;2 �

1

2
Þ

� �	 

Rð0; 1Þ

þ qa ð1� m1;1Þð1� m1;2Þ
� �

Rð0; 0Þ þ qð1� aÞ ð1� m2;1Þð1� m2;2Þ
� �

Rð0; 0Þ

þ ð1� qÞa 1

2
� b1ðm1;1 �

1

2
Þ

� �
1

2
� b2ðm1;2 �

1

2
Þ

� �	 

Rð0; 0Þ

þ ð1� qÞð1� aÞ 1

2
� ð1� b1Þðm2;1 �

1

2
Þ

� �
1

2
� ð1� b2Þðm2;2 �

1

2
Þ

� �	 

� Rð0; 0Þ;

or with R ¼ R(0, 0)

U ¼ qa Rþ m1;1d1 þ m1;2d2 þ m1;1m1;2D
� �

þ qð1� aÞ Rþ m2;1d1 þ m2;2d2 þ m2;1m2;2D
� �

þ ð1� qÞa1
4
ð1þ b1ð2m1;1 � 1ÞÞð1þ b2ð2m1;2 � 1ÞÞ
� �

Rð1; 1Þ

þ ð1� qÞa1
4
ð1þ b1ð2m1;1 � 1ÞÞð1� b2ð2m1;2 � 1ÞÞ
� �

Rð1; 0Þ

þ ð1� qÞa1
4
ð1� b1ð2m1;1 � 1ÞÞð1þ b2ð2m1;2 � 1ÞÞ
� �

Rð0; 1Þ

þ ð1� qÞa1
4
ð1� b1ð2m1;1 � 1ÞÞð1� b2ð2m1;2 � 1ÞÞ
� �

Rð0; 0Þ

þ ð1� qÞð1� aÞ1
4
ð1þ ð1� b1Þð2m2;1 � 1ÞÞð1þ ð1� b2Þð2m2;2 � 1ÞÞ
� �

� Rð1; 1Þ þ ð1� qÞð1� aÞ1
4
ð1þ ð1� b1Þð2m2;1 � 1ÞÞð1� ð1� b2Þ
�

�ð2m2;2 � 1ÞÞ
�
Rð1; 0Þ þ ð1� qÞð1� aÞ1

4
ð1� ð1� b1Þð2m2;1 � 1ÞÞ
�

�ð1þ ð1� b2Þð2m2;2 � 1ÞÞ
�
Rð0; 1Þ þ ð1� qÞð1� aÞ1

4
ð1� ð1� b1Þ½

�ð2m2;1 � 1ÞÞð1� ð1� b2Þð2m2;2 � 1ÞÞ
�
Rð0; 0Þ:

Using the fact that R(1, 1)þ R(1, 0)þ R(0, 1)þ R(0, 0)¼ 4Rþ 2(d1þ d2)þD,
R(1, 1)þ R(1, 0)� R(0, 1)� R(0, 0)¼ 2d1þD, and R(1, 1)� R(1, 0)þ R(0, 1)

� R(0, 0) ¼ 2d2 þ D, this becomes
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U ¼ Rþ qa m1;1d1 þ m1;2d2 þ m1;1m1;2D
� �

þ qð1� aÞ

� m2;1d1 þ m2;2d2 þ m2;1m2;2D
� �

þ ð1� qÞa1
4
2ðd1 þ d2Þ þ D½ �

þ ð1� qÞa1
4
b1ð2m1;1 � 1Þ 2d1 þ D½ � þ ð1� qÞa1

4
b2ð2m1;2 � 1Þ 2d2 þ D½ �

þ ð1� qÞa1
4
b1b2ð2m1;1 � 1Þð2m1;2 � 1ÞDþ ð1� qÞð1� aÞ1

4
2ðd1 þ d2Þ½

þD� þ ð1� qÞð1� aÞ1
4
ð1� b1Þð2m2;1 � 1Þ 2d1 þ D½ � þ ð1� qÞ

�ð1� aÞ1
4
ð1� b2Þð2m2;2 � 1Þ 2d2 þ D½ � þ ð1� qÞð1� aÞ1

4
ð1� b1Þ

�ð1� b2Þð2m2;1 � 1Þð2m2;2 � 1ÞD:

Let Û and Ŭ be the joint utilities for ðb̂1; b̂2Þ and (b̌1, b̌2) respectively. The
difference in joint utilities then equals

Û� Ǔ ¼ð1� qÞa1
4
ðb̂1 � b̌1Þð2m1;1 � 1Þ 2d1 þ D½ �

þ ð1� qÞa1
4
ðb̂2 � b̌2Þð2m1;2 � 1Þ 2d2 þ D½ �

þ ð1� qÞa1
4
ðb̂1b̂2 � b̌1b̌2Þð2m1;1 � 1Þð2m1;2 � 1ÞD

þ ð1� qÞð1� aÞ1
4
ðb̌1 � b̂1Þð2m2;1 � 1Þ 2d1 þ D½ �

þ ð1� qÞð1� aÞ1
4
ðb̌2 � b̂2Þð2m2;2 � 1Þ 2d2 þ D½ �

þ ð1� qÞð1� aÞ1
4
½ð1� b̂1Þð1� b̂2Þ � ð1� b̌1Þ

� ð1� b̌2Þ�ð2m2;1 � 1Þð2m2;2 � 1ÞD:

Appendix B. Competitive Allocation of Control

The analysis in this article assumed that income and control rights were allo-

cated through Nash bargaining. Very often, however, control is determined by

a power struggle or by a competitive mechanism rather than by some orderly

and efficient negotiation process. In this appendix, I will study such compet-

itive allocation for one very simple case and show that the outcome coincides

with the efficient allocation that obtains (in this transferable utility context)

through bargaining.

To be more concrete, assume that each control right gets allocated through

an ascending-price auction (while the income rights are exogenously given). In

some cases, however, the auction may be complicated by the fact that a per-

son’s valuation may in principle depend on who gets the decision right in
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equilibrium. To ensure a unique equilibrium for such cases, assume the fol-

lowing auction process. The price, p, is measured on a clock which starts at

zero and continuously rises. The process starts, at p ¼ 0, with all players ‘‘in.’’

At any point, any player can stop the clock and quit, after which the clock

continues. When two or more players stop the clock at exactly the same time,

then only one of these players can quit, with each player being equally likely.23

This continues until exactly one player is left. This player gets the control right

at the price at which the one-before-last player quit (and cannot refuse this

transaction).

For this competitive allocation, I will limit my analysis to the basic model

and to the case where the decisions do not interact, that is, R ¼
P

n jndn, where
the constants jn � 0 attach weights to the different decisions and thus satisfyP

n jn ¼ 1. The reason for considering only this case without interaction is

that interactions among the decisions cause interactions among the bids for

different control rights, and may thus require combination bids (for sets of

control rights). Although this complicates the analysis considerably, the basic

points and insights can be made in the much simpler case. Let B̃ denote the

allocation of control under the auction and B̂ the allocation under Nash bar-

gaining (which is efficient). The key result is then that with differing priors,

these allocations coincide.

Proposition 9. The allocation of control under the ascending-price auction

is the same as under Nash bargaining: B̃ ¼ B̂.

Proof. Since the revenue function is totally separable in decisions, it suf-

fices to show this for one decision. Consider therefore the special case that R¼
d1, and drop all indices that refer to the decision.

Consider first the allocation that obtains under Nash bargaining. Total utility

in this case equals

U ¼
X
i

ai
1

2
þ biðmi �

1

2
Þ

� �
;

which is maximized by allocating all control to one player with the highest

aiðmi � 1
2
Þ ¼ Wi.

Consider next the allocation under the auction. A player’s expected utility

when he does not control the decision equals ai
2
. Player i’s gain from control is

then Wi ¼ aiðmi � 1
2
Þ. Since this valuation is well defined and independent of

any other factors, the game is now equivalent to a private-benefits ascending-

price auction with complete information.

I now claim that in any equilibrium of the ascending-price auction specified

above, the control right will be allocated to a player with the highestWi, which

23. Of course, the other player can immediately stop the clock again and quit. When, however,

the two of them are the only ones left, then this is how it gets determined who gets the control right

and at what price.
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I will denote as player Pĩ. Assume, by contradiction, that that were not the case.

Then there is some player Pj withWj < Wĩ who gets control. It follows that all

but Pjmust drop out of the auction before some price p̃ � Wj, and thus get zero

(since otherwise player j has negative expected utility and would prefer to drop

out at, e.g., p ¼ 0). But then Pĩ can improve his utility by not dropping out

before p̃ but, instead, stay in until p ¼ Wĩ > Wj � p̃ and then stop the clock and

quit. Now any player Pi with Wi < Wĩ will want to drop out at some price

p < Wĩ, which leads to a contradiction.

To show that an equilibrium actually exists, it is straightforward to check

that the following is an equilibrium: each player i quits when the price reaches

Wi. In that case, the player with the highest Wi gets indeed control, at a price

equal to the second-highestWj. It also follows that B̃ ¼ B̂. This completes the

proposition. n
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