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Aggregate Information and
Organizational Structures

ABSTRACT

We study information flows in an organization with a top management (principal) and
multiple subunits (agents) with private information that determines the organization’s ag-
gregate efficiency. Under centralization, eliciting the agents’ private information may induce
the principal to manipulate aggregate information, which obstructs an effective use of in-
formation for the organization. Under delegation, the principal concedes more information
rent, but is able to use the agents’ information more effectively. The trade-off between the
organizational structures depends on the likelihood that the agents are efficient. Central-
izing information flows is optimal when such likelihood is low. Delegation, by contrast, is

optimal when it is high.
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1 Introduction

Organizational structures, as pointed out by Simon (1973), are “authority mechanisms” that
are constructed to process and aggregate organizational information. In some organizations,
the communication channels are heavily centralized and top management keeps a strong
grip on processing information, while in other organizations, such channels are delegated to
subunits and information is aggregated through a chain of hierarchies. Given the importance
of utilizing an organization’s information effectively, understanding the pros and cons of
different modes of processing information is crucial for the efficiency of an organization.

Flow of information within an organization is particularly important if the top manage-
ment cannot process the entire information in detail. As practitioners point out, it is indeed
prohibitively costly for the top management to perfectly communicate with all subunits in
the organization. For example, in an interview with Harvard Business Review (Taylor 1991),
Percy Barnevik, then CEO of ABB Group, reports that one of the largest obstacles he faces
is communication with a large number of the organization’s subunits.! Likewise, Azziz
(2013) notes in Huffington Post that it is not possible for the top management of a large
and complex organization to base all its operational decisions on too detailed information
from all the individual members of the organization. In practice, the top management of an
organization often processes only the “aggregate” or “collective” information, as a result of
limited resources.

While the top management has limited access to detailed information, it still has an
informational advantage over subunits, especially when the organization’s information flow
is centralized—only the top management has the aggregate information, or the “big picture”
of the organization. As noted by Mintzberg (1983), although top managements have less
information about operational details, their superior positions often provide them with
unique access to all-embracing internal information. As such, an organization can be prone
to top management’s abuses of its position at the expense of lower levels in the hierarchy. As
Bartolome (1989) reports, incentive issues in an organization are not within the boundary
of lower level subunits—the top management’s manipulation is an issue as well since it has
superior access to the organization’s bigger picture.

Contrasting centralization of the information flow to its delegation, this paper studies an

organization’s optimal process of aggregating information in the presence of manipulation

'In addition, Chandler (1993) in his interview reports that the top management of General Electric had
lost its communicational control of different subunits due to the increasing size of the company by the end
of the 1960s.



concerns by the top management. Under centralization, all subunits of the organization
directly report only to the top management, who subsequently aggregates the received
information. Under delegation, information aggregation is delegated to a subunit, and that
particular subunit makes a report on the aggregate information to the top management.

The central trade-off in our paper is as follows. When top management centralizes the
organization’s communication channels, inducing truthful behavior of the organization’s
subunits may lead to the top management’s own misrepresenting behavior—it may have an
incentive to manipulate the aggregate information collected from the subunits. We show
that this tension between the top management’s and its subunits’ incentives stands in the
way of screening, leading to a less effective use of the organization’s information.

When top management delegates aggregation of information to a subunit, the ability to
manipulate aggregate information is transferred to that particular subunit. This has two
counter-acting effects. On one hand, the top management has to give more information rent
to that particular subunit to prevent it from manipulating the aggregate information. On
the other hand, because the top management has now relinquished the power to manipulate,
the organization uses information more effectively.

We identify this trade-off by modeling an internal organization with a principal-agent
framework—a principal (top management) and two agents (subunits) with private infor-
mation about their types (efficiencies). The aggregate information of the agents’ types in
our model indicates the overall efficiency of the organization. We postulate an organization
where it is prohibitively costly for the top management to process detailed information in
the organization, and thus its decisions depend on the organization’s aggregate information,
instead of detailed information.? In our model, the potential outcome determined by the
principal depends only on the agents’ aggregate type, instead of individual types.

Under centralization, each agent sends a report about his efficiency to the principal
directly, and no direct communication takes place between the agents. As in standard
models of screening, each agent can reap information rent by misrepresenting his efficiency
and the principal reduces information rents by distorting the project size downward in the
optimal contract. When these distortions are large, an incentive for the principal arises to
manipulate the aggregate information herself. In particular, when both agents report that
they are inefficient so that the organization’s aggregate efficiency is low, the principal has
an incentive to overstate the aggregate efficiency. In other words, the principal gains ex

post by manipulating the aggregate information. We show that reconciling the agents’ and

2See Weick (1995) for an organization study on this issue.



the principal’s incentives hinders an effective use of the agents’ private information and may
even prevent its use in the sense that optimal contracts exhibit pooling.

Under delegation, one agent, say agent «, becomes the “superior” of the other agent,
say agent (. In this structure, agent 8 first reports his efficiency to agent «, who in turn
reports the aggregate efficiency to the principal. Since the authority to process the aggregate
information is shifted from the principal to agent «, the principal faces a loss of control.
As a result, the principal must concede larger information rent to this agent. In order
to reduce this larger information rent, the principal increases the downward distortions in
the optimal project size. There is a gain, however, from the loss of control—there is no
tension between the principal’s and the agents’ manipulation incentives. As a result, a fully
separating outcome is restored, implying that the principal can utilize the organization’s
information more effectively under delegation than under centralization.

Comparing the two structures, we show that the principal’s optimal choice of organiza-
tional structure is determined by the likelihood that an agent is efficient. Our result hinges
upon such likelihood because it determines distortions in the project size and thereby the
tension between the principal’s and the agents’ manipulation incentives. When the agents
are likely to be inefficient, centralization is the optimal organizational structure. By con-
trast, when the agents are likely to be efficient, the optimal structure is delegation.

The rest of the paper proceeds as follows. In Section 2, we review the related studies. The
model is presented in Section 3. In Section 4, we discuss our benchmark to show that, when
the principal cannot manipulate the aggregate information, centralization always dominates
delegation. In Section 5, we compare centralization and delegation when the principal
can manipulate the aggregate information from the agents. In Section 6, we extend our
discussion by endogenizing restrictiveness of communication technology in our model. We

conclude in Section 7. All proofs are relegated to Appendix.

2 Review of Related Studies

Optimality of delegation lies at the heart of studies on organizational structures in recent
years. While earlier contributions advocate centralized structures by highlighting a loss of
control under delegation (e.g. Williamson 1967, McAfee and McMillan 1995), there have
been a number of papers identifying situations in which delegation matches or even outper-
forms centralization. Unlike ours, many of these papers base their analyses of organizational

structures on the costs of information processing (e.g. Radner 1992, Bolton and Dewatripont



1994, Qian 1994) or on problems of coordination (e.g. Rosen 1982, Harris and Raviv 2002,
Hart and Moore 2005). Our study belongs to the literature that studies organizations in
the presence of private information and manipulation incentives.

Distinguishing organizational structures on the basis of differences in monitoring rather
than information flows, Baron and Besanko (1992) and Melumad et al. (1995) identify
necessary conditions under which the vertical hierarchy achieves the same outcome as the
horizontal hierarchy. They demonstrate that if top management can monitor transactions
between the subunits, then the optimal outcome is independent of the organizational struc-
ture. Melumad et al. (1997) show that, when contracts are complex, delegating a contract-
ing authority to an agent brings the organization more flexibility. Laffont and Martimort
(1998) show that contractual delegation enables organizations under limited communica-
tion to mitigate collusion among the agents. Similarly, Jansen et al. (2008) study vertical
separation versus vertical integration under collusion.

There are a number of studies demonstrating the optimality of delegation under some
specific form of incomplete contracting. Beaudry and Poitevin (1995) and Olsen (1996)
point out that delegation can make it harder to renegotiate. Aghion and Tirole (1997)
demonstrate that delegation induces acquisition of useful information for the organization.
Studies such as Dessein (2002) and Alonso et al. (2008) show that organizations can benefit
from delegation because it makes better use of private information. Harris and Raviv (2005)
study the optimal hierarchical structure in the presence of informational heterogeneity and
contract incompleteness. Focusing on a trade-off between coordination and motivation,
Choe and Ishiguro (2012) demonstrate that the optimal hierarchy depends on the extent to
which externalities among a firm’s projects require coordination and effort incentives. Shin
and Strausz (2014) show that delegation mitigates dynamic incentives, when the organiza-
tion cannot use long term contracts. Unlike these studies, we focus on the delegation of
information flows rather than delegation of decision rights.

Because the main economic driver behind our delegation result is the agents’ fear of
receiving a manipulated compensation, our paper is related to studies on private perfor-
mance evaluation in organization theory (e.g. Demski and Sappington 1993, Sridhar and
Balachandran 1997, Strausz 2006, Khalil et al. 2015, Deb et al. 2016, Shin 2017). In these
studies, members of the organization receive some information about the performance of
others, which they can then distort or manipulate. By contrast, the information manipu-
lation in our framework concerns the manipulation of the agents’ own reports rather than

information about the agent’s performance from others.



In this respect, our type of manipulation is more in line with a recent literature that
studies the principal’s incentive to manipulate the information flows when executing a con-
tract or mechanism. Closest in spirit is our modeling of manipulation by a public good
provider in Celik et al. (2020). A crucial distinction is, however, that due to limitations in
intra-organizational communication, the principal in our model here has to base the agents’
compensations on aggregated flows of information rather than each agent’s individual one.
As a result, the oversupply effect that we identify and focus on in Celik et al. (2020) is not
present in the current paper. By contrast, the main insight of the current paper is that the
principal’s manipulation incentive is a driver for delegating the aggregation of information
flows to lower hierarchical levels of the organization.

Other studies that consider the principal’s manipulation of information flows include
papers by Dequiedt and Martimort (2015) and Akbarpour and Li (2020). Dequiedt and
Martimort study the incentives of an upstream manufacturer to manipulate the outcome
of contracts, when facing privately informed retailers with correlated costs. Akbarpour and
Li study the optimal mechanism for an auctioneer who can misrepresent the overall bids of
the participants to the auction when the bidders cannot observe each other’s bid. While
these papers have in common with the current paper that the principal has the ability
to manipulate aspects of the information flow within the mechanism, the specific type of
manipulation differs according to institutional details of the underlying economic problem,
leading to different economic effects. In particular, none of these papers consider the impact

of the principal’s manipulation incentives on organizational structures.

3 Model of Internal Organization

We model an organization with a principal who needs two agents, a and 5, to implement a
project. The project of size ¢ > 0 yields the principal a value v(q), and imposes a cost 0%q on
agent k € {«, 5}. The value function v(q) is an increasing and concave function that satisfies
the Inada conditions: v(0) = 0, v(c0) = 00, lim,—0v'(¢) = 0o and limy_s v'(q) = 0.3 The
project size q is publicly verifiable.

Agent k’s cost parameter 0% ¢ {04,6,} is his private information and Af = 6, — 6, > 0.
We refer to 0 as agent k’s “type.” An agent of type 04 is “efficient,” and an agent of type 0
is “inefficient.” The agents’ types are drawn independently from identical distributions—an

agent is efficient with probability ¢ € (0, 1), and therefore inefficient with probability 1 — .

3This ensures an interior solution in our model.



The probability distribution is public knowledge.
Because the project needs both agents, the aggregate marginal cost of the project is

© = 0 + 6%, which can be one of the three possible values:
Oa = 299, Onp = 99 +0,, ©Op =20,.

Thus, the first-best size of the project, denoted by ¢*, satisfies the condition of “marginal

value = marginal cost,” and is characterized by:
v'(¢3) = ©,, v € {G, M, B}.

In order to compensate the agents for their costs, the principal pays each agent a transfer,
denoted by t*, k € {a,3}. Given transfers, the principal’s and agent k’s payoffs from the

project of size g are respectively:
r=v(q) —t*—t% and u*=t" -6k

In light of the Fair Labor Standards Act that allows the players to walk away from a contract
when insufficient compensation for the required effort is expected, we assume the following
limited liability of the agents. Each agent can quit and walk away from the organization at
any time, if he expects his payoff to be less than his reservation level (normalized to zero).*
The limited liability of an agent reflects the condition required for employment contracts in
practice, also known as “non-slavery condition.”

We compare two organizational structures—centralization versus delegation. Under
centralization, each agent directly reports his type only to the principal, who subsequently
aggregates the information—agents cannot communicate directly with each other.” Under
delegation, agent 5 makes a report to agent o, who in turn aggregates the information and
reports it to the principal—agent 8 cannot communicate directly with the principal.

We postulate that the principal processes only the aggregate information, thus centering

our analysis on contracts contingent on the aggregate type v € {G, M, B}, expressed as:°

o= (qw,tf;,tg) . v €{G, M, B}.

*See Sappington (1983) for an analysis on this issue. We implicitly assume that if one agent quits,
the project yields no value but the principal has to pay the non-quitting agent according to the contract.
Alternatively, we can assume that if one agent quits the game ends and no payoff is realized for any player,

but this assumption may lead to an additional equilibrium where both agents may reject the contracts.
®In Section 6, we discuss and motivate these implicit limitations on communication more extensively.
5See Laffont and Martimort (1997, 1998) and Jeon (2005) for a similar assumption on contracting.



As mentioned in the introduction, contracting upon aggregate information reflects various
reports of practitioners as well as findings in organization studies that top managements
tend to work with aggregate, condensed information rather than with the detailed, fine-
grained information at the individual level.

Figure 1 illustrates the information flows in the two organizational structures.

Centralization Delegation

Fig 1. Organizational Structures

The timings under centralization and delegation are summarized below.

Centralization Under centralization, each agent reports his type directly only to the prin-

cipal. Once the reports are made, the principal makes an announcement on v € {G, M, B}.

1. The principal offers the contract ® = (qy, ts, tg) ,v€{G,M,B}.
2. Each agent makes a report on his type, 8% € {04,065}, to the principal.

3. The principal receives aggregation of the reports and makes a public announcement
on vy € {G, M, B}.

4. The project is implemented and transfers are paid according to ®.

Delegation Under delegation, agent [ first reports his information to agent «, who then

sends a report on v € {G, M, B} to the principal.

1. The principal offers the contract ® = (qy, £y, tfj) , v €{G, M, B}.

2. Agent 5 makes a report on his type 0% to agent «, who in turn, makes a report on

v € {G, M, B} to the principal.



3. The principal makes a public announcement on v € {G, M, B}.

4. The project is implemented and transfers are paid according to ®.

In the following two sections, we compare the principal’s maximum payoffs under cen-
tralization and delegation. We start analyzing a setup in which the principal cannot ma-
nipulate the aggregate information. In this case, the principal always prefers centralization
over delegation. However, if efficient agents are relatively likely, the optimal contract under
centralization provides the principal with an incentive to manipulate aggregate informa-
tion. Taking the principal’s incentive to manipulate aggregate information seriously reveals
that delegation dominates centralization when it is more likely that the agents are efficient,

because in this case the principal’s manipulation incentive is strongest.

4 When the Principal Cannot Manipulate Information

4.1 Centralization

Under centralization, the agents report directly and simultaneously to the principal and

are in symmetric positions. As a consequence, an optimal contract exhibits the symmetric
B

=1t

structure, {5 = t,. Thus, under centralization, we can restrict attention to contracts

of the form (g, ty), v € {G, M, B}. This implies that the two agents receive the same level
of transfer from the principal, even when they have reported different costs (y = M).”

In line with the Inada conditions for the value function, the principal wants a strictly
positive size of the project regardless of the agents’ types. Since an agent can quit anytime,
and in particular after the principal announces the project’s aggregate type -y, the pair
(gy,ty) must provide a non-negative rent to each agent for each v € {G, M, B}. For an

efficient agent, the following participation constraints must be satisfied:
ta —049¢ > 0 and (PCq)

tym —Ogqm > 0, (PCu)

while the constraints below must be satisfied for an inefficient agent’s participation:

tar — Opgrr > 0 and (PC )

"In our study, this condition arises as a result of the principal’s ability to process only the aggregate
information. As we mention in our conclusion, an alternative justification for making the same transfers to

the agents would be an obligation to treat the agents anonymously (Laffont and Martimort, 1997, 1998).



tp — Opgp > 0. (PCB)

The left hand side of the participation constraints above are an agent’s ex post payoffs when
he truthfully reports to the principal.
To induce each agent’s truthful report, the following Bayesian incentive compatibility

conditions must be satisfied for an efficient and an inefficient agent respectively:

plte —0gac] + (1 — ») [tar — O4q0]

v

¢ [max{trr — Ogqnr, 0] + (1 — ) [max{tp — O4qp,0}],

eltsr — Opgu] + (1 — ) [tB — ObqB]
> p[max{tc — Opgc, 0} + (1 — ) [max{trr — Opqnr, 0}].

When reporting to the principal, each agent does not know the other agent’s type under
centralization. Therefore, an agent’s incentive compatibility constraints are conditional only
on his own private information. The left hand sides (LHS) of the constraints express the
agent’s expected payoff from reporting truthfully, whereas the right hand sides (RHS) rep-
resent his expected payoff if he decides to misreport his type. Notice from the constraints
that, while the payoff from truthful reporting is always non-negative (implied by the par-
ticipation constraints), an agent can have a negative payoff by misreporting his type. That
is, a misreporting agent may choose to quit depending on the other agent’s type—this is
captured by the max{-} operators in the RHSs of the constraints. Also, it is implied by
the participation constraints (PCy) and (PCp) that an efficient agent will not quit in the
case of misrepresenting himself as inefficient, regardless of the other agent’s type. Likewise,
(PC),) implies that a misreporting inefficient agent will remain in the organization if the
principal announces that v = M. The incentive compatibility constraints, therefore, can be

simplified as:
pltc — 0596 + (1 — @) [tsr — Ogqm] > @ tmr — Ogqu] + (1 — ) [tB — 0498], (ICq)

@ [tar — Ovarr] + (1 — ) [t — Obgn] > ¢ [max{tc — 0vqc, 0} + (1 — @) [tar — Opqrr] . (1Ch)
Under centralization, the principal chooses ® = {q¢y, ty}, v € {G, M, B}, to solve the

following problem:
P max 7(®) = ¢ [v(ae) — 2] + 20(1 — ) [o(aar) — 2tar] + (1~ 9)? [v(ap) — 215]

subject to the agents’ participation and incentive compatibility constraints above.
In the following proposition, we present the optimal outcome in P¢, where the principal

cannot manipulate the aggregate information.

10



Proposition 1 Suppose the principal cannot manipulate the aggregate information. Under
centralization, there exists 3+ € (0,1/2) and o~ € (0,"] such that the optimal contract,
¢, entails the following outcome.®
o Foro>ph,

2
V(g5) = Oc, v(a5) = On + A0, v(gh) = Op + T AG.
- 1—¢
An efficient agent gets strictly positive rent, and an inefficient agent gets no rent.
o Forp <o,

1_2(,0 c
1—¢>QM'

v'(96) = Oa, 20V (ghy) + (1 = 20)v'(qp) = O, where g =

An efficient agent gets strictly positive rent only when v = M, and an inefficient agent

gets no rent.

As in the standard screening problems, with an exception of “no distortion at the top,”
the optimal project sizes are distorted downward. An efficient agent has an incentive to
exaggerate his cost of implementation to reap information rent, and in order to reduce
information rent while inducing truthful reports from the agents, the principal distorts the
project sizes in the optimal contract except when both agents are efficient.

When ¢ is large enough (o > @), an efficient agent receives strictly positive information
rent regardless of the other agent’s type. When ¢ is small (¢ < @), however, an efficient
agent receives rent only when he is paired with an inefficient agent. Since the agents of
different types receive the same amount of transfer when v = M, the efficient agent’s rent
in that case is guaranteed regardless of ¢. Because of this, the principal’s rent provision
when v = G is relatively smaller, and she decreases the amount of this rent as it becomes less
likely that an agent is efficient. As a result, for ¢ small enough, although an efficient agent’s

expected rent is strictly positive, he gets no rent when the other agent is also efficient.

4.2 Delegation

Under delegation, agent 8 reports his type, 8° € {0,,0,}, to agent a who, in turn, reports
the aggregate type, v € {G, M, B}, to the principal. Each agent’s participation constraints
are:

t& — 0,qc > 0 and (PCE)

$Whether &+

= »~ depends on the shape of the value function v(-). For a large set of well-behaved
functions (e.g., v(q) = \/q), we have p* = 5~.

11



thy — Ogqr = 0, € {a, B}, (PChy)
for an efficient agent, and
th — 0yqn > 0 and (PC%))

t% - 6bQB > Oa ke {aaﬁ}a (ch)

for an inefficient agent. Notice that, unlike under centralization, the transfers to the agents
cannot be treated symmetrically.
Since agent 8 does not know agent a’s type when reporting his own type, his incentive

constraints coincide with the incentive constraints under centralization:
T 1—p) |2 —0 >l —0 1—o) |t? —0 1c?
|l gqG| + ( 80) M gdMm | = @ |ty gqn | + ( 90) B 94B]| > ( g)

® [t@ - abQM} +(1—¢) [t’% - 9bQB] > {max{t?; — Ohqa, 0}] +(1—) [tf\z - ebQM} .
(IGy)
The key difference from centralization is that, under delegation, agent a has more in-
formation when reporting to the principal, leading to stricter incentive constraints. More
specifically, the Bayesian incentive conditions of agent § above imply that agent «, when
he makes a report to the principal, has learned agent £’s type. Inducing agent «’s truthful
report, therefore, requires that the following incentive compatibility conditions be satisfied

in the optimal contract:

te — 04qc > tf; —04qy, v € {M, B}, (IC%_W)
t5 — Ogarr > 12 — 0,40y, 7 € {G, B}, (ICh—)
tyr — Obaqm > 5 — Oygy, v € {G, B}, LC%—)
tg — Ovap > t5 — Obgy, v € {G, M}. (IC%?V)

Notice that the incentive constraints for agent o are more restrictive for the principal than
the ones for agent §. These stricter incentive constraints reflect that, under delegation,
agent « has more flexibility to manipulate information. Because agent o knows agent 3’s
type when making his report to the principal, the incentive constraints for agent «, unlike
the constraints for agent 3, have to hold state-by-state rather than only in expected terms.

Under delegation, the principal, chooses ® = {¢, t, tg } to solve the following problem:

+(1-¢)? !U(QB) - Ztlfg] ;
K

subject to the agents’ participation and incentive compatibility constraints above.

P4 max (@) = ¢* [v(qc) -t
k

+20(1-¢) [U(QM) - th
k:

The following proposition presents the optimal outcome in P<.

12



Proposition 2 Suppose the principal cannot manipulate the aggregate information. Under
delegation, there exists T € (0,1/2) and $~ € (0,5 "] such that the optimal contract, ®¢,

entails the following outcome.”

o For o>,

3p—1
v(¢d) =Oc, V() =0p+ T

A0, v'(¢%) =05+ L AQ.
L=y
An efficient agent gets strictly positive rent, and an inefficient agent gets no rent.

o For p <,

Abdp?
1—¢’

1-2¢ 4
17¢QM'

V'(g&) = Oa, 20V (q;) + (1 —20) (¢f) = Op + ah =

Agent o, when he is efficient, gets strictly positive rent regardless of agent 5’s type.
Agent B, when he is efficient, gets strictly positive rent only for v = M. An inefficient

agent gets no rent.

While the reasoning behind the distorted project sizes is similar to the one under cen-
tralization, agent «’s information rent is larger under delegation due to his stricter incentive
constraints. By delegating the aggregation of information, the principal is relinquishing part
of her control to agent «. Since agent a ends up possessing more information and makes
a report to the principal on behalf of both agents, he has more flexibility to manipulate
information, which is the source of larger information rent under delegation. Recall that,
for example, when ¢ is small, an efficient agent under centralization receives rent only when
the other agent is inefficient. The same is true for agent 8 under delegation since he does
not know agent a’s type when making his report. In contrast, the principal cannot distrib-
ute agent «’s information rent between different states, because under delegation agent «

knows agent ’s type when he reports to the principal.

4.3 Comparison

A direct comparison of the two propositions shows that different contracts are optimal under
different organizational structures. When the principal cannot manipulate the aggregate
information, it is relatively straightforward to see that the principal does better under cen-

tralization. The intuition is, as mentioned above, that delegation transfers the principal’s

¥ Again, for a large set of well-behaved functions, such as v(q) = V4, we have Pt =0".

13



control over agent (3 to agent «, without bringing her any benefits. A somewhat more
technical perspective provides a deeper insight concerning the optimality of centralization,
leading to a formal proof. Under delegation, incentive compatibility requires a truthful
report from agent « regardless of the other agent’s reporting strategy, whereas it asks for
a truthful report from him under centralization only under the assumption that the other
agent is also truthful. Hence, delegation leads to dominant strategy incentive compatibil-
ity constraints for agent a’s truth-telling, while centralization demands Bayesian incentive
compatibility constraints. Because Bayesian incentive compatibility constraints are weaker
than incentive constraints in dominant strategies, the principal’s problem is less restricted
under centralization. As a result, the allocation which the optimal contract under dele-
gation, ®¢, implements is also feasible under centralization, whereas the allocation which
optimal contract under centralization, ®¢, implements is not feasible under delegation. This

observation leads directly to the following corollary.

Corollary 1 Suppose the principal cannot manipulate the aggregate information. Then,

centralization dominates delegation.

5 When the Principal Can Manipulate Information

In the previous section, we derived the optimal contracts under the assumption that, after
receiving the agents’ reports, the principal truthfully announces the aggregate information
from the agents. As we now argue, this assumption is not innocuous since the optimal
contract under centralization, ®¢, provides the principal with an incentive to manipulate
the aggregate information. In particular, the principal, after learning that both agents are
inefficient, may benefit from misreporting aggregate costs as O rather than ©p5. Lack
of direct information flows between the agents prevents them from cross-checking their
reports, and the principal can achieve such manipulation without being caught out by the
agents—making each inefficient agent think that the other agent is efficient. In order to
clarify this threat of aggregate information manipulation in centralized organizations, we

start this section with revisiting the organization under centralization.

5.1 Centralization

The threat of aggregate information manipulation by the principal can be easily seen in the

case where both types are equally likely (¢ = 1/2). In this case, Proposition 1 shows that
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the optimal contract under centralization, ®¢, provides zero rent to an inefficient agent, i.e.,
t5 = O0pqy and t5, = 0,q5,. Hence, the principal’s ex post payoffs from a project size gp

and qps are, respectively:
v(¢p) —OBgp and v(qy) — OBqy-

Notice that, in Proposition 1, when both types are equally likely (¢ = 1/2), ¢§, coincides
with ¢j, while ¢f is strictly smaller than ¢j;. Since g7 is the unique maximizer of v(¢) —©pq,

it is implied that:

v(qp) — OBgp < v(gp) — O = v(dis) — OBdis-

Thus, under the optimal contract ®¢, the principal is strictly better off when reported
aggregate types are ©)s instead of Op for ¢ = 1/2. We state this insight as the following

lemma.

Lemma 1 Suppose the principal can manipulate the aggregate information and ¢ = 1/2.
Under centralization, the optimal contract, ®¢, provides the principal with an incentive to

misreport the aggregate type as v = M when the true type is v = B.

When both agents are inefficient (y = B), the principal’s announcement of v = M
cannot be detected by the agents as a misrepresentation—since it could very well be that
the other agent is efficient, without directly cross checking their reports to the principal,
each agent cannot tell whether or not the principal’s announcement is true.!? Intuitively, the
principal has an incentive to exaggerate the overall efficiency of the organization, because
the agents then have to complete the bigger project ¢4, rather than the smaller project ¢%.

It is worthwhile to remark that the inefficient agents are indifferent to the principal’s
manipulation of the aggregate type, because they receive a transfer equal to their cost from
implementing the project for both v = B and v = M. However, the agent’s anticipation
that the information will be manipulated makes an efficient agent’s truth-telling harder to
secure—by reporting a high cost, an efficient agent can now guarantee taking part in the
implementation of project ¢f, and receiving the associated rent. To rule out an efficient
agent’s misreporting of the cost, the principal should persuade the agents that she will not

manipulate.

""Tn Section 6, we show that if the principal can choose a communication technology before contracting
with the agents, she would like to choose a technology that limits communication between the agents to

eliminate the possibility of collusion between the agents.
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For the principal’s truthful behavior, the following incentive constraint must be satisfied
in the optimal contract, in addition to the participation and incentive constraints for the
agents:11

v(gp) — 2tp > v(qun) — 2tpr- (PIC)

When the principal can manipulate the aggregate information, her problem under cen-

tralization is:

P¢: max m(®) = ¢? [v(ae) — 2ta] + 20(1 = @) [v(gnr) — 2tm] + (1 — 9)* [v(gn) — 2t8],

subject to (PIC') and the constraints in P¢.

The next lemma makes precise when the principal’s incentive constraint (PIC) matters.

Lemma 2 Suppose the principal can manipulate the aggregate information. Under central-

ization, there exist ¢~ € (0,1/2) and o € [p~,1/2) such that:

e For ¢ < ¢, the principal’s manipulation incentive is not an issue, i.e., (PIC) is

non-binding.

o For o > ¢, the principal’s manipulation incentive is an issue, i.e., (PIC) is binding.

The intuition behind Lemma 2 is that the distortion in the project size depends on the
likelihood that the agents are efficient. Indeed, when such likelihood is small, the principal
expects to provide information rent only with a small probability—for small ¢, distortions
in the optimal project sizes are also small. More specifically, for ¢ small enough, (¢ < ¢7),
unlike in the case of ¢ = 1/2, the project size ¢f is “closer” to the first best level ¢} than
¢5s- As a result, the principal has no incentive to manipulate the aggregate information
when both agents report that they are ineflicient.

By contrast, when the likelihood that the agents are efficient is high, the probability
that the principal has to provide information rent is also high. As a result, distortions in the
optimal contract to reduce information rent becomes large. For ¢ large enough (¢ > ™),

as in the case of ¢ = 1/2, the project size ¢ is further away from the first best level ¢}; than

'Notice that the principal cannot misannounce v = B as v = G since the agents will detect the prin-
cipal’s misrepresentation in that case. Likewise, when true v = M, the principal cannot misrepresent the
aggregate type as v = B or v = G—if v = B is announced, then the type-g agent will know the principal’s
misannouncement, and if v = G is announced, then the type-b agent will know. When v = G, the principal

can misannounce the aggregate type as v = M, but she has no incentive to do so.
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q5;- When both agents report that they are inefficient, the principal prefers to implement
project size ¢}, rather than ¢% in such cases, which leads to her incentive to misrepresent
the aggregate information as v = M.

A straightforward way to dispel the principal’s manipulation incentive is to set the same
project sizes for qp; and gg. By doing so, she makes herself indifferent to her announcement
on the aggregate information (between v = B and v = M when true v = B), and her
incentive constraint (PIC') is trivially satisfied. The following proposition shows that, when
agents are more likely to be efficient, such pooling of project sizes is indeed an optimal

response to the principal’s manipulation incentive.

Proposition 3 Suppose the principal can manipulate the aggregate information and @ >

1/2. Under centralization, the optimal outcome, e, entails:

2g02
— AG.
2

v'(de) = O, v'(dy) =v'(d) = O+ 7

An efficient agent gets strictly positive rent, and an inefficient agent gets no rent.

As shown above, under centralization, the principal’s incentive to manipulate the ag-
gregate information arises when it is likely enough that an agent is efficient, and in such a
case, the optimal contract must discourage the principal from misrepresentation. In coping
with her own manipulation incentive, the principal may pool the project sizes qg and qps
in the optimal contract. Proposition 3 shows that such pooling is optimal when it is more
likely that the agents are efficient. The optimality of pooling is due to the fact that a sepa-
rating contract requires the principal to concede larger information rent to secure truthful
revelation from an efficient agent. That is, when the agents are more likely to be efficient,
the principal’s own manipulation incentive makes it harder to fine-tune the optimal project

sizes according to the available information in the organization.

5.2 Delegation and Comparison

Under delegation, the principal receives the aggregate information directly from agent o.
Any manipulation of the information by the principal is therefore directly detectable by
agent «, which prevents the principal from misrepresenting the aggregate information. Thus,
the same optimal outcome as in P? is achieved. Recall from the previous section that, in
the absence of the principal’s manipulation incentive, delegation is always dominated by

centralization—under delegation, the principal simply needs to provide more information
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rent to agent «, who is granted the authority to aggregate information. In the presence of

the principal’s manipulation incentive, however, a trade-off between these structures arises.

Proposition 4 Suppose the principal can manipulate the aggregate information. Then,

there exists ¢¢ > ¢~ and ¢ > ¢t such that:
o For p < ¢ centralization dominates delegation.

o For o > % delegation dominates centralization.

As shown in Lemma 2, the principal’s manipulation incentive arises only when the like-
lihood that the agents are efficient, ¢, is large enough. Therefore, for ¢ small, centralization
remains the prevailing structure. As ¢ becomes larger, the principal’s manipulation incen-
tive arises, and a trade-off between the two structures starts to emerge. Under delegation,
although the principal must provide more information rent due to a loss of control, the
optimality of separating types demonstrates that delegation allows the principal to use the

available information within the organization more effectively than centralization.

6 Unlimited Communication and Collusion

In modeling centralization, we postulated that the agents cannot directly communicate with
each other. This limitation on direct communication between agents is crucial for our result,
because the type of information manipulation that we consider is avoidable when the agents
can directly communicate with each other—the agents could then, by simply cross-checking
their reports, detect the principal’s manipulation of the aggregate information.

Even though these limits on communication seem natural in large organizations, where
it is infeasible for an agent to cross-check the reports of all other agents, we provide in this
section an endogenous argument for organizations to restrict such unlimited communication.
The gist of this argument is that allowing direct communication between agents may invite
collusion, and dealing with such collusion is more costly to the principal than dealing with
her own manipulation incentive. Indeed, organization studies point out that communication
facilitates collusion, stressing that group behaviors are frequently observed in organizations
where communication among their members are less restricted.!? Organization theory also

points out the connection of unwanted communication and collusion among agents.?

2See Mintzberg (1979) for example.
13See Laffont and Rochet (1997) among others. Laffont and Martimort (1998) show that delegation can

prevent collusion among the agents.

18



To see the potential of collusion under centralization, recall from Proposition 1 that,
without information manipulation, the optimal contract under centralization, ®¢, yields an
efficient agent a strictly larger payoff when the other agent is inefficient than when the other
agent is efficient:

215, — Oadls > 2t& — Ocal (CIC)
This inequality implies that, when both are efficient, the agents can increase their payoff if
they coordinate their reports such that one of them reports to be efficient, while the other
misreports his type as inefficient. An implementation of this collusive agreement requires
communication between agents for some coordination to learn each other’s types—given
®¢ an efficient agent has no incentive to misreport his type as inefficient to the principal
unless he knows that the other agent will report his type as efficient.

To analyze collusion under asymmetric information, we follow Laffont and Martimort
(1997) and introduce a third party side-contractor who, given the principal’s “grand con-
tract”, coordinates collusion between asymmetrically informed agents. The side-contractor’s
objective is to maximize the expected joint payoff of the agents. Given the principal’s con-
tract under centralization, ® = {¢,, t,}, v € {G, M, B}, the side-contractor’s offer to the

agents specifies a collusive reporting function to the principal,

7 :{g,b} x{g,b} — {G, M, B},

with the interpretation that if agent « reports type 6% € {g,b} to the side-contractor and
agent (3 reports type 0° € {g,b}, then the side-contractor reports §(6, 05) to the principal.
Laffont and Martimort (1997) allows the side contract to specify side transfers, but, in our
framework, the threat of collusion has bite without side transfers. Hence, our concept of
collusion is weaker than the concept in Laffont and Martimort (1997).14

As formally shown in the next proposition, a necessary condition for the principal’s

contract to be collusion proof is:
ta —049a >t — 04qu1- (CIC)

As aresult, an upper bound on the principal’s expected payoff is the solution of the following

problem:

P max m(®) = ? [v(ae) = 2ta) + 2¢(1 = @) [v(aum) — 2tm] + (1 = ¢)° [v(gn) — 2t5],

14 The weaker collusion concept implies weaker collusion-proofness conditions for the principal’s optimiza-
tion problem. Hence, showing that collusion is already problematic in this weaker form emphasizes the
problem of collusion. Indeed, in our proof we consider an even weaker form of collusion because we impose

the additional restriction that the side-contractor treats the agents equally.
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subject to (CIC') and the constraints in P¢. Comparing the optimal outcome in P to those

in the previous sections leads to the following result.

Proposition 5 Suppose the organization’s communication technology is the principal’s choice
and unlimited communication between the agents enables the agents to collude. Then it is

suboptimal to allow unlimited communication between them.

As mentioned above, although unlimited communication between the agents removes
the principal’s manipulation incentive under centralization, it provides the agents with
more flexibility to manipulate their private information through collusion. Our result here
shows that although limiting communication among subunits in an organization causes top
management’s manipulation incentive under centralization, it is less costly to the organiza-
tion since unlimited communication among subunits opens the door to collusive behavior

that lowers the organization’s optimal outcome.

7 Conclusion

In this paper, we have analyzed the optimal organizational structure when information can
be manipulated, not only by the agents who possess private information, but also by the
principal who aggregates the information. Under centralization, a tension between the prin-
cipal’s and the agents’ incentives arises, which may lead to pooling in the optimal contract—
an organization prone to the top management’s aggregate information manipulation cannot
use all the available information of its subunits effectively. Under delegation, although the
principal must provide more rent to the agent to whom processing the aggregate information
is delegated, a separating outcome is restored in the optimal contract—under delegation,
an organization can use the information of its subunits more effectively. This trade-off de-
termines the optimal structure of the organization. Its outcome depends on the extent to
which the agents’ private information leads to distortions, and therefore the likelihood that
agents are efficient—centralization is optimal when such likelihood is low, whereas delega-
tion is optimal when it is high. We have also shown that, if the principal has an option,
she will choose to impose limits on communication among the agents when communication
leads to collusion.

We considered an organization that can base its decisions only on aggregate informa-
tion due to limits on communication. This assumption in our paper can be interpreted

differently. For example, our results also hold if the top management is under an obligation
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to treat the agents anonymously due to “fairness” restriction imposed on the organization
as in Laffont and Martimort (1997, 1998). In light of the anecdotal evidence from busi-
ness practitioners, we believe that our assumption that top management can process only

. . . . . . . =4
aggregate information reflects a common limitation of orgamzatlons.l‘)

Focusing on this
natural limitation organizations face, we identified a drawback—the principal’s manipula-
tion incentive—which also arises when organizations are to respect the anonymity of their

workers.

Appendix

Proof of Proposition 1

Instead of solving P¢, we first solve the following relaxed problem:
max (@) s.t. (ICy), (PCyy), (PCp).

First note that since m(®) is strictly decreasing in t¢, the constraint (/C,) binds for any
solution of this relaxed problem—since otherwise one could raise the objective by lowering
te without affecting (ICy) and (PC);). Second, note that since 7(®) is strictly decreasing
in tp, also (PCp) binds for any solution—since otherwise one could raise the objective
by lowering tp, as this change relaxes (/Cy) and does not affect (PC),,). Finally, also
(PC,/) binds for any solution, since otherwise one could lower ¢j); by § > 0 and raise tg
by (1 —2¢)/e6. This change does not affect (ICy) and (PCp), but raises the objective by
2¢6.
A binding (PC,,), (PC%) and (IC,) give the following expressions for the transfers:

20—1

1—
te = 04496 + Abqns + TWAHC]B, tv = 0Ovarnr,  te = 0bgp. (A1)

Substituting these transfers in the objective m(®) and optimizing with respect to the project

sizes gives:

2
V(gg) =Oa, v(gi) =Oum + %AG, V(q%) = Op + %Ae, (A2)

15Simon (1962, 2000) notes that the top management’s processing of the aggregate information, instead
of the detailed raw data, is a consequence of near decomposability of the organization into different subunits.
Each level of the organizational hierarchy observes the aggregate parameters that summarize the information
transmitted by the subunits at a lower level, which allows the top management to avoid facing the full

complexity of the organization when making a decision.
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implying that q¢ > qf%; > q%.

We next check whether this solution to the relaxed problem also satisfies the neglected
constraints, (PC}y), (ICy), and (PCg). Notice first that (PC,,) implies (PCyy). Also, by
(A1) the constraint (ICp) simplifies to:

0> gomax{O, tCG - equG}v
which holds because, by (A1) and ¢ > qf; > ¢, it follows that:

te —0vae = [(20 — D)(ghy — a&) + (1 — ) (a5 — q¢)] A8/ < 0.

Finally, to check (PCg), let f¢(¢) = (2¢ — 1)q¢5; + (1 — ¢)q%, so that the relaxed solution
satisfies (PCg) if and only if f¢(¢) > 0. Because for any ¢ € [1/2,1), it holds f°(¢) > 0
and since f¢(0) = ¢5 — g3, < 0, continuity implies that there exists at least one ¢ € (0,1/2)
such that f¢(¢) = 0. Let @™ € (0,1/2) be the largest (supremum) @ such that f¢(¢) = 0,
and let ¢~ € (0,1/2) be the smallest (infimum) @ such that f¢(¢) = 0.
Hence, (A1) and (A2) characterize the principal’s optimal contract for any ¢ > @
Since, for the case ¢ < »~, the above characterization violates (PCg), we next consider

the (less) relaxed problem
max (@) s.t. (ICy), (PC)y), (PCpg),(PCq),

where we know that, given ¢ < ¢, the constraint (PC¢) binds for any solution. Repeating
the arguments of the beginning of this proof shows that, again, (PCp) and (PC),) bind at
any solution of this (less) relaxed problem. Given that (PC,,), (PCg), and (PC¢) bind,
also (ICy) binds, since maximizing the relaxed problem when disregarding (ICy) yields
the candidate solution q¢ = ¢ qm = ¢, gB = ¢, which violates (ICy). Hence, for any
solution (A1) holds. Together with (PC¢) binding, this implies that (1—¢)gp = (1—2¢)qun-
It follows that, with constraints (ICy), (PC,;), (PCp), and (PCg) all binding, we can
rewrite the principal’s problem as:

max ¥? [v(a6) — Ocac] + 2¢(1 — ¢) [v(anr) — Opau] + (1 — ¢)* [v(an(anr)) — Oras(am)]
where

1-2¢p
gBlam) = quM-
IL—¢

Substituting out gg(gas) in the objective function and optimizing with respect to the project

sizes yields:

1-2
v'(ag) = Oc, 2¢v'(ayy) + (1 = 2¢)v'(¢) = Op, Where gz = Tf(m'
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To check (ICy), note that it is satisfied if t7, — 0pg% < 0. Using (A1) and the relationship
(I —¢)gs = (1 —2¢p)q5;, we have:

ta — v = —Abgg < 0.

Thus, as specified in the proposition, for both ¢ < %~ and ¢ > 3" we have characterized

the optimal contract. The agents’ rents follow from the binding constraints. B

Proof of Proposition 2

Similar to the proof of Proposition 1, we make a conjecture about the relevant constraints
and optimize the objective function under this subset of constraints. We then verify whether
the solution satisfies the other constraints. In particular, we conjecture that incentive
constraints, (ICgﬁ) and (IC&_,,), and the participation constraints, (PCY,), (PCg), (PiC@)
and (PC’g) are binding. This yields the following expressions for transfers:

t8 = 0400 + Aaur, to = 0406 + 22+ Abgy + 2S£ Abgs,
tSr = Ovanr, t@ = Oy, (A3)
t% = Ovgm, t% = 0pqB-

After substituting these transfers in the objective function, an unconstrained optimization
over the remaining variables yields:

3p—1
2(1-¢)

implying that ¢& > ¢4, > q%. Since 0, < 6, (A3) implies that (PCg), (PCY,) and (PiCﬁ/‘,)
are satisfied. Also, (A3) together with ¢ > ¢4, > ¢% implies that (ICE&_p), (IC% ),
(ﬁi},v), (IC%_,) and (1 CI;B ) are satisfied. Hence, it remains to check whether the solution
also satisfies (PC’g). Using (A3), it holds tg—Gqu > 0if and only if (20—1)g%,+(1—p)q% >
0. Hence, let f%(p) = (2¢ — 1)g%; + (1 — ¢)q%, so that this solution satisfies (PC’g) only if
f(¢) > 0. Because for any ¢ € [1/2,1), it holds f%() > 0 and since f¢(0) = ¢4 — ¢4, < 0,
continuity implies that there exists at least one p € (0,1/2) such that f¢(») = 0. Let
@t € (0,1/2) be the largest (supremum) $ such that f¢(@) = 0, and let 3~ € (0,1/2) be
the smallest (infimum) @ such that f¢(p) = 0.

Then, it follows that, for ¢ > %", (A3) together with (A4) fully characterizes the optimal

V'(ak) = Oc, V'(diy) =05+

A, V(q}) =05+ %Ae, (Ad)

contract as presented in Proposition 2.
For ¢ < @, the solution characterized above violates (PC’g), implying that this partic-
ipation constraint also binds at the optimum. Under (A3) the constraint (PCg) simplifies
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to:
(1=¢)g = (1 - 2¢)qum- (A5)
With (IC ), UCE&_yp), (PCYy), (PCSH), (LC'@), (PC’g) and (ch) binding, the principal’s

problem rewrites as:

max ¢* [v(ge) — Ocac — Abgr]+20(1—¢) [v(gn) — O pam]+(1—¢)? [v(gs(am)) — Oas(am)]

am.4G
where ¢p(qn) = (1 — 2¢)qnm /(1 — ¢) from (A5). The first order conditions with respect to
gc and gps imply that the optimal project sizes are characterized by:

2

Al
v(at) = Oc,  2pv'(aly) +(1-20)0'(ah) = Op-+ [ and (1=g)ah = (1-2p)dfs. (A6)

To check the ignored constraints are satisfied by this solution, first note that (I Cf ) is
satisfied if tg — Opqd < 0. Using (A3) and (1 — ¢)q% = (1 — 2¢)q%,, we have:

12, — Opgl = —Abgd < 0.

Note that all the remaining ignored constraints are satisfied if the monotonicity, qg >
q%/[ > q%, is satisfied. We show the monotonicity by demonstrating that qﬁ/[ in this regime
(¢ < @) is smaller than ¢¢, in the previous regime (¢ > 31). For convenience, we denote
q%/[ in the previous regime (¢ > »") by q . Suppose qM > q%j Then it is inconsistent

with the second equation in (A6) because:

200 (qfir) + (1 — 20)0'(¢5) =

200 (q4) + (1 = 20)0" (1 = 20)q3, /(1 — ¢)) <

200" (g4 ) + (1 — 2000 (1 = 20)qf /(1 — ) <
200/ (¢) + (1 - 2000/ (q") = Op+ fz_Aj

where the first equality follows from (A6), the first inequality follows from the assumption
that ¢¢, > qgj and v”(-) < 0, the second inequality follows from that qﬁr and qjd; violate
PC’g due to p < @7, the last equality uses the expressions in (A4). Thus, it must be that
g3, < qgj. Since ¢4, > g% from the last equation in (A6) and qé > q%j, it follows that
qé > q%/[ > qj‘g. That the remaining ignored constraints are satisfied by the solution is in

turn implied. W
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Proof of Corollary 1.

The proof directly follows from comparing P¢ and P?. The incentive compatibility con-
straints in P? are stronger and therefore the principal’s choices are more restricted in P¢

compared to P¢. B

Proof of Lemma 1.

The proof directly follows from the discussion.

Proof of Lemma 2.

In order to show that there exists ¢~ € (0,1/2) such that the constraint (PIC') does not
bind, we verify that the optimal contract as identified in Proposition 1 satisfies (PIC') for
all ¢ smaller than some ¢~ > 0. To see this, first recall from Proposition 1 that, for

v € (0,7 ), the solution is characterized by:

1-2
2t = Opqp; 25 = Opdin 2¢v (i) + (1—2¢)v'(¢5) = Op; and ¢f = = jQch- (AT)

Hence, for ¢ — 0 we have ¢ = ¢§; = qp, and with these values, (PIC) is satisfied in
equality. Using this, we show that (PIC') is non-binding for ¢ small enough. Defining the
function g (z) = (1 — @)z /(1 — 2¢), (A7) implies that ¢ is implicitly defined by:

200" (qm(d)) + (1 = 29)v'(¢) = Op.

Differentiating the expression with respect to ¢ yields:

1 1— ¢ 0¢%
21)’ c + 2 U” c |: C + B:| _ 2,U/ C + 1 _ 2 ,U// C
(a%r) ©v" (qhy) (1— 2@)2 qB 1— 20 9y (a5) +( o)V (g5

Thus, we have:

_ 2W'(ap) —V'(gp)] _
=0 v (q) ’

_ 2['(gB) — v'(g3y)]
=0 v"(q)

94p
dp

where the second equality follows from ¢% = ¢f, = ¢ for ¢ = 0. Now, differentiating the
last equation in (A7), we have:

0q% 1 —2¢ 0q5; 1 .
= - QMa
dp Il—p dp 1-¢

and therefore:

04§ 1
ﬂ QE>O7

Op 0=0 1-—
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since 0q¢%/0p = 0 and ¢§; = ¢ at ¢ = 0. That is, at ¢ = 0, (PIC) is satisfied with
9% = q5; = q and 0q¢5,/0p > 0 = 0q%/0p, which implies that (PIC) is strictly satisfied
for ¢ > 0 close to zero. Since @€ violates (PIC) at ¢ = 1/2 from Lemma 1, there exists
¢~ € (0,1/2) such that (PIC) is satisfied for ¢ < ¢~.

To see that ®¢ violates the constraint for ¢ > 1/2, consider ¢§, characterized in Propo-
sition 1. Again, at ¢ = 1/2, we have ¢§, = ¢}; and by Lemma 1, (PIC) is violated. By the
implicit function theorem, it follows for ¢ > 1/2 that:

oq5, Af
- <0,
oo V"(g5)(1—p)?

where the inequality follows from v”(-) < 0. As a result, we have for ¢ > 1/2 that ¢}; > ¢5,.

Also, Proposition 1 implies ¢, > ¢%, and thus it follows from the concavity of v(q) — Ouq

that the ranking q5 > ¢f,; > ¢§ implies:

maxv(q) — Opq = v(gp) ~ Ogp > v(¢h) — Ondy > v(d5) — Obds-

This establishes that (PIC) is violated for all ¢ > 1/2. By continuity, there exists some
©T € [¢p~,1/2) such that (PIC) is violated for all ¢ > ¢*. R

Proof of Proposition 3.

For ¢ > 1/2, Lemma 2 shows that (PIC) is a binding constraint at the optimum. Since
(ICy), (PC)y), and (PCp) are also binding, binding (PIC) can be rewritten as:

v(gB) — OB = v(qm) — OBqur, (A8)

and hence the principal’s payoff 7(®) can be rewritten as:

20— 1 1—
& | v(ac) — Oaae — 2 ( £ =L ndays + @“‘)Aqu)} +(1— ¢ [o(gs) — Oas], (A9)

which is to be maximized subject to (A8). Note that for ¢ = 1/2 the objective function
simplifies to:

[v(gc) — Ocqe — Abgp] /4 + 3 [v(gp) — Opasl /4,

which is independent of ¢j;. Maximizing this expression with respect to gqg and ¢p, and
setting qpr = gp satisfies (A8) and yields a maximizer that coincides with the expression in
the proposition.

We next show that, for ¢ > 1/2, a solution satisfies gy = ¢p. To see this, note first
that, for ¢ > 1/2, expression (A9) is strictly decreasing in gps. Moreover note that (A8) is
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satisfied whenever ¢y = ¢p. These two observations imply that project sizes with qyr > gp
are not optimizing (A9), since it yields less payoff than project sizes with ¢5; = gp. Likewise,

gB > qur is not optimal for the following reason. Using (AS8), we can express (A9) as:

-1

©* |v(ge) — Ocac — 2 (QCP Abqpr + I;QPAHQBH +(1—¢?) [v(gm) — Opan] . (A10)

Thus, the solution maximizes (A10) subject to (A8). Note however that (A10) is decreasing
in ¢p. Project sizes with ¢p > gas does not maximize (A10) subject to (A8), since it yields
less than project sizes with g = gy which satisfies (AS8).

For an optimal solution, we therefore have gg = qps so that (A8) is satisfied and (A9)

simplifies to:

©* [v(ge) — Ocqa + 200qu] + (1 — ©*) [v(qe) — OBqu] -

Again, optimizing with respect to ¢ and qp; and setting ¢g = g yields the expression in

the proposition. B

Proof of Proposition 4.

From Lemma 2, 7(®°) = n(®°) for ¢ < ¢, and hence by Corollary 1, 7(®¢) > 7(d%)
at ¢ = @~ . Continuity then implies the existence of ¢° > =, such that for ¢ < ¢°
7(®°) > m(®%). To see the existence of p?, recall first from Proposition 3 that, for ¢ > 1/2,
the optimal ¢3; and ¢p are bunched in ®¢. For ¢ > 1 /2, it can be verified that P satisfies
all constraints in P¢, and hence can be implemented in P%. Since ®¢ # ®¢ and ®¢ is not
a solution to P9, it follows, for ¢ > 1/2, that 7(®%) > 7(®°). By continuity there exists a
¢ > ot such that for all ¢ > ¢, 7(®%) > 7(®°). A

Proof of Proposition 5.

As noted in footnote 14, imposing more constraints on the side contracting problem relaxes
the collusion proofness constraints on the principal. Since our objective is to obtain an upper
bound of the principal’s expected payoff under collusion (to compare that expected payoff
with the principal’s expected payoff in P¢ and P?), we impose the additional constraint
that the side-contractor treats the agents equally—in particular, 7(g,b) = (b, g) = 7(M),
as well as 7(g,9) = 7(G) and 7(b,b) = 4(B). Thus, given the principal’s contract ®, the
restricted side contract is ¢ = 7(y), where 7,7 € {G, M, B}. The side contract is Bayesian
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incentive compatible if the following conditions hold:

ety — 093] + (1 = ©)[tsan) — 09q5(an)] (A11)

\Y
5
=
)

sy — 09%5(g.0)) + (1 = 9)t5(8) — 0905(B) ),

eltsany — Ovazan] + (1= ©)[t5() — Obgz(m)] (A12)
> pltae) = Osare)] + (1 — ) [tsn) — Osgz(an)]-

The participation in the side contract requires that:

¢ [tac) = 0995()] + (1 = @)ltan) — Oga5(n)] (A13)

v

plta —0gqc] + (1 — @) [tar — 04qu1]

¢ [taar) = Oasan] + (1= ©)[t5(m) — Obas(m) (Al4)
> lty — Ovqu] + (1 =) [tB — Obgs] -

The RHSs of the participation constraints, (A13) and (Al4), are an agent’s payoffs if he
rejects the side contract. In case of a rejection of the side contract, both agents make their
reports to the principal non-cooperatively. A reporting function 7(7) is feasible if it satisfies
the Bayesian incentive compatibility and individual rationality constraints, (A11), (A12),
(A13) and (A14). We say that the principal’s contract is collusion proof if there does not
exist a feasible report function 7(y) for which at least one participation constraint is strictly
satisfied. As in Laffont and Martimort (1997), the principal considers only the collusion
proof contracts when making an offer to the agents.

Next, we show that the principal’s contract is not collusion proof if it exhibits tg —
0409c < tm — 04qn. In doing so, we consider the two collectively exhaustive cases: (i)
tg — O0vqp >ty — Opqrr and (i1) tp — Opqp < tar — Opqas- For case (i), consider the side
contract 7(G) = (M) = M and §(B) = B. With t¢ — 049¢ < tar — 049, this side
contract satisfies the participation constraint (A13) as a strict inequality and participation
constraint (A14) as an equality. In addition, since the principal’s contract ® is Bayesian
incentive compatible, the side contract also satisfies (A11). Because tg —0yqp > trr — Opqns
for case (i), the side contract satisfies (A12) as well. This establishes that the principal’s
contract is not collusion proof for case (i) if t¢ — 049c < tar — 0gqas. For case (ii), consider
the side contract ¥(G) =7(M) =7(B) = M. With tg—049¢ < tamr—04qnr, this side contract

strictly satisfies the participation constraint (A13). Since tp—0pqp < trr—0pqas for case (ii),
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it also strictly satisfies (A14). Moreover, Bayesian incentive compatibility of the principal’s
contract ® implies that the side contract also satisfies (A1l) and (A12). This establishes
that the principal’s contract is not collusion proof for case (i) if t¢ — 049 < tar — Ogqnr-
Thus, (CIC) is necessary for the principal’s contract ® to be collusion proof.

Since (CIC) is a necessary condition for collusion proofness, we can use it to obtain
an upper bound on the principal’s payoff from the optimal contract in P“. The binding
constraints in P* are (CI1C), (PCuy), (PCp) and (ICy). It is straightforward to verify that
other constraints are satisfied by the solution without them. From the binding constraints,
the transfers are:

tc =049c + AOqnr,  tv = Obqnr,  ts = Obgs,
and the binding (ICy) reduces to gy = qp. After substituting for the transfers with gy = gp
in the objective function, optimization gives the following project sizes in P¥:
2@2

A0

V'(q¢) = Oq, V(gy) =7'(qp) =0+

The optimal outcome in P* satisfies all the constraints in P and P Thus, the expected
payoff from ®“ can be implemented in P¢ and PY. Since ®“ # ®¢ and ®* # &4, it follows
that ®“ is dominated by ®¢ and ®¢. B

References

[1] Aghion, P. and Tirole, J. (1997), “Formal and Real Authority in Organizations,” Jour-
nal of Political Economy, 105, 1-29.

[2] Akbarpour, M. and Li, S. (2020) “Credible Auctions: A Trilemma.” Econometrica,
Vol. 88, 425-467.

[3] Alonso, R., Dessein, W. and Matouschek, N. (2008), “When Does Coordination Require

Centralization?,” American Economic Review, 98, 145-179.

[4] Azziz, R. (2013), “Meeting the Challenges of Communicating in a Large, Complex,
Heterogenous Enterprise,” Huffington Post, April 27.

[5] Baron, D. and Besanko, D. (1992), “Information, Control, and Organizational Struc-
ture,” Journal of Economics & Management Strategy, 1, 237-275.

[6] Bartolome, F. (1989), “Nobody Trusts the Boss Completely—Now What?,” Harvard
Business Review, March-April, 5-11.

29



[7]

Beaudry, P. and Poitevin, M. (1995), “Contract Renegotiation: A Simple Framework
and Implications for Organization Theory,” Canadian Journal of Economics, 28, 302—
335.

Bolton, P. and Dewatripont, M. (1994), “The Firm as a Communication Network,”
Quarterly Journal of Economics, 109, 809-839.

Celik, G., Shin, D. and Strausz, R. (2020), “Public Good Overprovision by a Manipu-

lative Provider,” RAND Journal of Economics, forthcoming.

Chandler, A. (1993), “Corporate Strategy in the 90s,” interview with Stewart, B. for
the Continental Bank Executive Roundtable, Journal of Applied Corporate Finance,
6, 42—60.

Choe, C. and Ishiguro, S. (2012), “On the Optimality of Multi-tier Hierarchies: Coor-

dination versus Motivation,” Journal of Law, Economics, & Organization, 28, 486-517.

Deb, J., Li, J. and Mukherjee, A. (2016), “Relational Contracts with Subjective Peer
Evaluations,” RAND Journal of Economics, 47, 3-28.

Dequiedt, V. and Martimort, D. (2015), “Vertical Contracting and Informational Op-

portunism,” American Economic Review, 105, 2141-2182.

Demski, J. and Sappington, D. (1993), “Sourcing with Unverifiable performance Infor-

mation,” Journal of Accounting Research, 31, 1-20.

Dessein, W. (2002), “Authority and Communication in Organizations,” Review of Eco-

nomic Studies, 69, 811-838.

Harris, M. and Raviv, A. (2002), “Organization Design,” Management Science, 48,
852-865.

Harris, M. and Raviv, A. (2005), “Allocation of Decision-Making Authority,” Review
of Finance, 9, 353-383.

Hart, O. and Moore, J. (2005), “On the Design of Hierarchies: Coordination versus
Specialization,” Journal of Political Economy, 113, 675-702.

Jansen, J., Jeon, D.-S. and Menicucci, D. (2008), “The Organization of Regulated
Production: Complementarities, Correlation and Collusion,” International Journal of
Industrial Organization, 26, 327-353.

30



[20]

[21]

Jeon, D.-S. (2005), “Mechanism Design under Collusion and Uniform Transfers,” Jour-
nal of Public Economic Theory, 7, 641-667.

Khalil, F., Lawarrée, J. and Scott, T. (2015), “Private Monitoring, Collusion, and the
Timing of Information,” RAND Journal of Economics, 46, 872-890.

Laffont, J.-J. and Martimort, D. (1997), “Collusion under Asymmetric Information,”
Econometrica, 65, 875-911.

Laffont, J.-J. and Martimort, D. (1998), “Collusion and Delegation,” RAND Journal
of Economics, 29, 280-305.

Laffont, J.-J. and Rochet, J.-C. (1997), “Collusion in Organizations,” Scandinavian
Journal of Economics, 99, 485-495.

McAfee, P. and Schwartz, M. (1994), “Opportunism in Multilateral Vertical Contract-
ing: Nondiscrimination, Exclusivity, and Uniformity,” American Economic Review, 84,

210-230.

McAfee, P. and McMillan, J. (1995), “Organizational Diseconomies of Scale,” Journal
of Economics & Management Strategy, 4, 399-426.

Melumad, M., Mookherjee, D. and Reichelstein, S. (1995), “Hierarchical Decentraliza-
tion of Incentive Contracts,” RAND Journal Economics, 26, 654-672.

Melumad, M., Mookherjee, D. and Reichelstein, S. (1997), “Contract Complexity, In-
centives, and the Value of Delegation,” Journal of Economics & Management Strategy,
6, 257-289.

Mintzberg, H. (1979), The Structuring of Organizations, Prentice-Hall.

Mintzberg, H. (1983), Power In and Around Organizations, Englewood Cliffs, Prentice-
Hall.

Olsen, T. (1996), “Agency Costs and the Limits of Integration,” RAND Journal of
Economics, 27, 479-501.

Qian, Y. (1994), “Incentives and Loss of Control in an Optimal Hierarchy,” Review of
Economic Studies, 61, 527-544.

31



Radner, R. (1992), “Hierarchy: The Economics of Managing,” Journal of Economic
Literature, 30, 1382-1415.

Rosen, S. (1982), “Authority, Control, and the Distribution of Earnings,” Bell Journal
of Economics, 13, 311-323.

Sappington (1983), “Limited Liability Contracts between Principal and Agent,” Jour-
nal of Economic Theory, 29, 1-21.

Shin, D. and Strausz, R. (2014), “Delegation and Dynamic Incentives,” RAND Journal
of Economics, 45, 495-520.

Shin, D. (2017), “Optimal Loyalty-Based Management,” Journal of Economics & Man-
agement Strategy, 26, 429-453.

Simon, H. (1962), “The Architecture of Complexity,” Proceedings of the American
Philosophical Society, 106, 467—482.

Simon, H. (1973), “Applying Information Technology to Organization Design,” Public
Administration Review, 33, 268-278.

Simon, H. (2000), “Can There be a Science of Complex Systems?” Unifying Themes in
Complex Systems: Proceedings of the International Conference on Complex Systems
(Bar-Yam Y, ed.), 1, 3-14.

Sridhar, S. and Balachandran, B. (1997), “Incomplete Information, Task Assignment,
and Managerial Control Systems,” Management Science, 43, 764—778.

Strausz, R. (2006), “Interim Information in Long-Term Contracts,” Journal of Eco-

nomics & Management Strategy, 15, 1041-1067.

Taylor, B. (1991), “The Logic of Global Business: An Interview with ABB’s Percy
Barnevik,” Harvard Business Review, March-April, 91-105.

Weick, K. (1995), Sensemaking in Organizations, SAGE Publications.

Williamson, O. (1967), “Hierarchical Control and Optimum Firm Size,” Journal of
Political Economy, 75, 123-138.

32



