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Divisional versus Company-Wide
Focus: The Trade-Off between
Allocation of Managerial Attention
and Screening of Talent

MASAKO N. DARROUGH* AND NAHUM D. MELUMAD ¥

1. Introduction

In this paper, we analyze why managers are sometimes induced to
maximize local objectives rather than adopt a company-wide perspective.
American managers are sometimes criticized in the popular press for
adopting a narrow focus, for example, for concentrating on maximizing
divisional performance measures rather than pursuing company-wide ob-
jectives.! This concentration, however, is likely to be an optimal response

* University of California, Davis; tColumbia University. We thank an anonymous referee,
Oren Fuerst, Steven Hansen, David Larcker, Michael Maher, Nandu Nagarajan, Paul New-
man, Vincent Richman, Reed Smith, Guy Weyns, Mark Wolfson, Amir Ziv, and the partici-
pants of the seminars held at UC-Berkeley, Ohio State, Rutgers, Texas at Austin, Washington
University, and the 1995 JAR Conference for helpful comments and suggestions.

! Cases in which division managers fail to internalize corporate objectives have been
documented extensively by both the popular press and teaching cases. Examples include
Chemical Bank (Bitetti and Merchant [1983]), Del Norte Company (Sahlman and Barrett
[1976]), General Motors (Spaulding [1991]), General Motors versus Electronic Data Sys-
tems (Wall Street Journal [December 1, 1986]), Polaroid Corporation (Dauch [1992]), and
Procter and Gamble (Bartlett [1983]). In the same vein, Ohmae [1989] is critical of Ameri-
can corporations for the lack of “companyism” and Kanter [1982] advocates the importance
of collaborative innovation. The term “narrow focus” is also used to describe suboptimal
management practices in other contexts, such as short-term orientation (Jacobs [1991] and
Merchant [1989]), lack of global strategy (Hamel and Prahalad [1985]), and overemphasis
on cutting costs for productivity improvement (Blaxil and Hout [1991]). We discuss an ap-
plication of our model and its results to the problem of short-term perspective in section 5.
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to existing reward structures. In fact, Fox [1979] reported that in nearly
30% of the companies surveyed by the Conference Board, the compen-
sation of division managers was completely independent of corporate-
wide performance measures. Even when compensation did depend on
both divisional and corporate performance, a high percentage of man-
agers’ bonus usually was attributable to their divisional performance. A
similar pattern has been reported more recently by Merchant [1989] and
Sibson [1990; 1991].

A narrow managerial focus is especially perplexing in view of the ar-
gument that at top managerial levels, effort aversion is often unlikely to
be a serious concern. Top-level managers are typically described as hard
working, highly motivated, and driven by “intrinsic” factors such as the
desire for achievement.? Why would such managers not simply be asked
to do what is best for their companies? In particular, why are division
managers often induced to focus on maximizing divisional performance
measures?

In this paper, we focus on the trade-off between allocation of manage-
rial attention and screening of talent and show that it alone can explain
the above puzzle. We assume that top managers are not effort averse but
differ in ability (referred to as “type”). When managerial type differs and
is unobservable, the principal has to design a compensation scheme that
possibly screens managerial types and induces optimal allocation of
effort. Although effort is costless, managers care about its allocation, be-
cause the effort allocation alters their payoffs by changing the likelihood
of different outcomes. We identify circumstances under which the prin-
cipal finds it optimal to sacrifice desired effort allocation for better
screening of managerial type.

In our model, a risk-averse, but not effort-averse, manager is hired to
manage a division in a multidivisional organization. The principal can-
not observe a manager’s type. To differentiate our model from a tradi-
tional agency model that emphasizes costly effort, we refer to managerial
input as “managerial attention,” as in Geanakoplos and Milgrom [1991].
Managerial attention is potentially productive in both the manager’s own
division and in other divisions. Time spent in other divisions, effort
spent to coordinate activities among divisions, and decisions made that
take into account their impact on the overall organization are just a few
examples of managerial attention allocated to other divisions. (Here-
after, we refer to the manager’s own division and the rest of the organi-
zation as Divisions 1 and 2, respectively.) We focus on the hiring of one
manager for one division so that we can isolate the trade-off between
screening and allocation of managerial attention. As we argue in section

2See, for example, Hackman and Oldham [1980], Jennergren [1980], Scitovsky [1986],
Holmstrém and Milgrom [1987], and Hellriegel, Socum, and Woodman [1989].
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6, hiring two managers for both divisions is a simple extension of the
single-division case.

We show that although it is sometimes optimal to offer a contract that
attracts only the most talented managers, in other cases, excessive screen-
ing costs preclude this practice. In such cases, the principal sometimes
finds it optimal to hire any type of manager by offering a menu of con-
tracts. In yet another scenario, better managers are simply too expensive;
then only less talented managers are hired. We also show that in a second-
best contract, better managers are always exposed to risk, even though
the principal is risk neutral and managers are not effort averse, while the
worst type of managers are never exposed to risk. We show that pay-to-
performance sensitivity need not be high to accomplish efficient screen-
ing and managerial attention allocation. We then establish that under
certain circumstances, the principal will induce some managers to devote
all managerial attention to their own divisions.

We also examine alternative performance measures and identify their
effect on the induced allocation of managerial attention. Because disag-
gregate company-wide measures are always (weakly) better than other
measures (as long as the cost of more detailed information systems is
ignored), the question is whether division-based or aggregate company-
wide measures are ever sufficient for disaggregate measures. This question
is of interest because using detailed performance measures often entails
substantial transactions costs.

While most of our analysis examines divisional focus on the part of di-
vision managers, our model also provides a framework for studying other
forms of goal incongruence problems. For example, the alleged short-
sightedness of American managers has been remarked in the business
press. By extending our analysis to a multiperiod framework, we address,
in section 5, the question of whether managers should be induced to
focus on the short term or encouraged to engage in long-term planning.
Our model suggests that it might be too costly to induce managerial be-
havior that benefits the firm after a manager’s departure.

In section 2, we present a brief review of the related literature. We
then present our model and examine the problem of type screening in
section 3. Section 4 discusses alternative performance measures and an-
alyzes the issue of optimal assignment of managerial attention. Section 5
presents the implications of our model for a multiperiod framework, fol-
lowed by a general discussion in section 6. Appendix A contains proofs.

2. Relation to Earlier Literature

The allocation of managerial input to different activities has been in-
vestigated by several recent papers. Gibbs [1990] studies job assignments
versus promotion, Itoh [1991] studies specialization versus teamwork,
and Amershi and Datar [1993] study routine versus thinking effort. Our
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paper is closest in spirit to Holmstrém and Milgrom [1991], who are also
concerned with the costless allocation of managerial input to different
tasks. The new dimension in our study is the interaction between hiring
policy and the assignment of managerial attention. Holmstrém and Mil-
grom, who focus on the allocation of effort (or time) to different aspects
of outputs (e.g., timely completion versus quality of work in household
contracting), argue that if the principal focuses on only one aspect of
performance (because it is easier to measure), the manager will be in-
duced to misallocate effort. Therefore, when performance is difficult to
measure, hence difficult to motivate, a fixed compensation scheme might
be optimal to motivate proper effort allocation. In contrast, outcome-
independent compensation is optimal in our framework only when the
optimal hiring policy involves hiring only the worst-type managers.
Otherwise, the optimal contract must involve outcome-contingent com-
ponents.? Another distinguishing aspect of our analysis, relative to that of
Holmstrém and Milgrom, is the explicit examination of the effect of the
manager’s reservation utility on the optimal hiring policy.

In our setting, the more talented managers receive only their reserva-
tion utility, while the less talented managers, if hired, expect to receive
rents. A similar feature appears in other screening models (e.g., Stiglitz
[1977] and Lazear [1986]) and agency models (e.g., Sappington [1983]).

Jensen and Murphy [1990] found a seemingly small empirical relation
between CEO compensation and market (or accounting) performance
measures. They interpret their results as being inconsistent with predic-
tions from agency models of optimal contracting. Although we focus
on division managers and not on CEOs, the issue of screening applies to
all levels of managers. Our model offers a conjecture that the pay-to-
performance connection is motivated by the desire to attract better
managers and to compensate them according to their type. As we argue
in connection with Observation 2, effective screening may be achievable
through a seemingly small pay-to-performance relation. If so, Jensen
and Murphy’s observations are not inconsistent with optimal contracting
theory.

3. The Model

Consider a company consisting of Divisions 1 and 2. A risk-neutral prin-
cipal offers a menu of contracts to hire a risk-averse manager mainly to

3 OQutcome-contingent compensation has also been studied in the agency literature. For
example, Banker and Datar [1989] model a manager who expends effort that produces
multiple signals, derive conditions under which linear aggregation is optimal, and identify
the optimal weights. In Magee [1988], a risk- and effort-averse manager allocates his effort
between two outputs. Although the model involves moral hazard, the principal and man-
ager have no conflict about relative effort allocation. Thus, the manager’s compensation
depends on the aggregate output.
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run Division 1.* There are two types of managers—“good” (type G) and
“bad” (type B); type Gmanagers are more productive than type Bin their
own division and at least as productive in the other division.> A fraction
p, 0 <p <1, of the managerial population is ex ante of type G. The man-
ager’s type is known only by the manager.® While managerial attention is
productive in both divisions, the manager must devote a given portion of
his managerial attention to his own division, with the remainder spent in
either division. We let ¢, € {0, 1} be the portion of the remaining mana-
gerial attention a manager of type tspends in Division 2. When ¢, = 0, type
¢ devotes himself to Division 1 only and when ¢, = 1, he works in two di-
visions.” An outcome in Division i can be high (H?) orlow (L), i€ {1,2}.
Managers differ in their probability of attaining a high outcome in Divi-
sion i. We denote P} (¢,) as the probability of H! and P%(¢,) as the prob-
ability of H? for type ¢, given ¢, A type G manager is more productive for
any given allocation of managerial attention, i.e., Pé(O) > P%,(O) and
PL(1) > PL(1) in Division 1, and P%(1) = P4(1) in Division 2. Further,
we assume Pé(()) = P%(O) to capture that the probability structure in the
second division is independent of managerial type when no managerial
attention is allocated to that division. When either manager allocates his
attention to Division 2, the likelihood of a high outcome increases for Di-
vision 2 but decreases for Division 1, i.e, P} 0) > P} (1) and P%(l) > P% (0).

The trade-off between screening and allocation of managerial at-
tention arises only when the first-best solution (i.e., the solution to the
case of observable managerial attention and type) involves the assign-
ment of some managerial attention to Division 2.8 We therefore focus

*An alternative formulation, which we find less descriptive, would have the potential
manager proposing a contract (to signal his type) to the principal. For a comparison of
these two approaches, see Feltham and Hughes [1988] and Thakor [1991].

5 The labels “good” and “bad” represent relative productivity, ignoring hiring costs. As
we illustrate below, the principal sometimes prefers hiring “bad” managers to hiring “good”
managers.

5 We assume that managers possess private information about their type. Some private
information is necessary for our results to hold. We note that having imperfect informa-
tion would not simplify our model or change the essence of our results.

7While one would expect ¢, to admit more values (possibly a continuum), we allow only
two possible choices. This assumption is made to simplify the analysis. Although the as-
sumption is restrictive, we expect the results to be qualitatively the same as long as the
marginal benefit from allocating MA to Division 2 is positive in [0,1]. If marginal benefits
decline, and screening costs increase over the domain, it is likely that optimal ¢, will be be-
low 1, which would amount to nof fully exploiting externalities or synergy (i.e., “too much
divisional focus”).

8 We are interested in studying settings for which a first-best solution involves a manager
contributing to both divisions due to externalities and synergies. Naturally, there are situa-
tions in which this is not the case. However, in those situations, there is not much to dis-
cuss in terms of the trade-off between screening and allocation of managerial attention.
Investigating the link between the compensation of business-unit managers and aggregate



70 MASAKO N. DARROUGH AND NAHUM D. MELUMAD

our attention on settings where the marginal productivity of managerial
attention is strictly higher in Division 2. Formally:

P3(1) - P%2(0) > P}(0) - P}(1) V t € {G,B). (A1)

Let y = {y{, v9, y3, ¥4} be the vector of the four possible outcome
configurations: L1722, L1H?, H'L2, and H'H2. As will become apparent,
the values of high and low outcomes play no role in the ensuing analy-
sis. It is only the difference between H' and L’ that matters. We further
assume:

H2-I2=H'-[! = A (A2)

Assumption (A2) implies overlapping outcomes in the sense that the
realization of aggregate outcome cannot always reveal individual divi-
sion outcome. We make this assumption, first, to distinguish between
aggregate and disaggregate performance measures and, second, to ap-
proximate cases of continuous output where, naturally, all outcome
combinations are overlapping.

3.1 THE PRINCIPAL’S PROBLEM

The principal maximizes expected net profit by offering a menu of
contracts (or possibly a single contract). We denote the contract chosen
by type tin equilibrium by s= (s}, sb, s, s4}, where s! is the compensa-
tion when y, is realized. The compensation is said to be outcome indepen-
dent, if si = sé = sé = sf}, and outcome contingent otherwise. The additional
amount required to compensate a manager for the risk associated with
the contingent compensation is referred to as the risk premium.

The manager maximizes his expected utility, EU, (¢; s'), by choosing
an allocation of managerial attention. (Recall that the manager is as-
sumed not to be effort averse.) The principal’s maximization problem
can be presented as a choice among the following three submaximiza-
tion programs:

(P1): Maximize expected net profit by hiring only B.

(P2): Maximize expected net profit by hiring either B or G.

(P3): Maximize expected net profit by hiring only G.

Clearly, randomization among programs cannot be beneficial. Let 6 de-
note the probability of hiring a manager of type G. Then, 6=0, p, or 1,
corresponding to (P1), (P2), and (P3), respectively. The principal’s max-

imization problem then amounts to:
4

Max | 00 .El{epc(j'ilec) {yi— s?} + (1= 0)B;(y; lep) {yz:— Slf}} (1)
sbhepY =
subject to:  EU,(¢;; s') = U, (2)

performance measures, Bushman, Indjejikian, and Smith [1995] find that the association
increases with the degree of interdependencies.
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EU, (5 s') =z EU(ey; sY), Vet (3)
0 e {0,p,1}, (4)

where EU, ( ¢;s') is the expected utility of a type ¢ manager over his prob-
ability distribution, given the chosen ¢, and s, and expectation is taken
over his probability distribution.? P,(y;le;) denotes the probability of
outcome Yy, for type ¢, given ¢; for example, P, (yile,) = (1 - Pl(e,))(1 -
P%(et)). Note that 6 = 0 implies ¢t = B, 8 = p implies t€ {B,G}and 6 = 1 im-
plies t= G.

Equation (2) represents the manager’s individual rationality con-
straint, where U, is the reservation utility of a manager of type ¢, te {B,G}.
We assume Ug = Up. This inequality is likely to be strict, for example, when
talent is transferable and managers’ alternatives are self-employment.
When the alternative is employment with other firms, one equilibrium
when talent is transferable would involve other firms offering contingent
contracts, again resulting in different reservation utilities for the differ-
ent types.!’ The next two constraints represent incentive compatibility
with respect to the allocation of managerial attention and compensation
selection. If the compensation scheme is type specific in equilibrium, we
say that a separating menu of contracts is offered. Thus, in (P2), where
either type manager might be hired, the contracts offered could be a
menu rather than a single (pooling) contract.!! In (P1), where only type
Bis hired, the principal screens out type G by offering a single contract
sB such that EUg(eg;s8) < Ui Y eg; whereas in (P3), where only type G
is hired, he screens out type Bby a single contract s¢such that EUg (ep; s©)
< Up V ¢p.'%2 Depending on the combination of parameter values, the
principal might find it optimal to follow either (P1), (P2), or (P3). (See
Observation 1 below.)

In all programs, the principal weighs the benefits against the costs of
hiring a manager. The benefits depend on both the manager’s type and
the allocation of managerial attention. The cost depends on the level
of reservation utility as well as the screening cost. It is convenient to
define residual expected output for each type as REY;(¢;) = EY, (¢,) - W,, t €
{B,G}, where EY(¢;) = X P/(y;l¢;)y;, and W, is the outcome-independent
compensation that provides the reservation level of utility, i.e., W, =
U™1(U,). Recall that EY;; (1) > EY (1) and EY;(0) > EY(0) by definition.

9Note s ¢ and s need not be identical in (P1), (P2), and (P3).

10 Assuming different reservation utilities for different managers is common in the lit-
erature. See, for example, Calvo and Wellisz [1979], Weiss [1980], Ricart i Costa [1988],
and Lewis and Sappington [1993].

" An implicit assumption made here is that the matching process of the principal with
a manager is such that the posterior-type probability is equal to the prior probability.

2We assume that an indifferent manager will adopt the decision preferred by the
principal. Alternatively, at an arbitrarily small cost, the principal can induce the manager
to do so.
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W, represents the minimum cost (certainty equivalent) of hiring a man-
ager of type ¢{when type is observable, and therefore no risk is imposed.
Let REY [ denote the value of REY,(¢,) at the second-best optimal ¢,. We
assume REY [ = 0. We now define:

DermniTioN.  The first-best setting is one in which managerial type is
observable. In this case, the principal hires the manager with a higher
REY, (1), designates ¢;= 1, and compensates the manager with a fixed
wage of W,.13

Note that in the first-best case, only one type is hired. In addition, for
any type hired, EU,(¢;; s*) = U, and s’ = W,. In the second-best case, any
of these conditions may not hold. If, in equilibrium, EU,(¢; st) > Up
then the type ¢ manager is said to receive an informational rent. If the sec-
ond-best compensation is outcome contingent, the principal pays the
manager a risk premium.

Before we can discuss the optimality of the alternative hiring policy, it
is useful to determine whether the principal would ever offer a pooling
contract in (P2). Proposition 1 establishes that he would not.

ProrosiTioN 1. In (P2), where either type is hired, the optimal contract
is a menu consisting of an outcome-independent contract for a type B
manager and an outcome-contingent contract for a type G manager. The
former receives an informational rent and the latter receives his reserva-
tion utility. In (P3), where only type Gis hired, the optimal contractis out-
come contingent, and the type G manager receives his reservation utility.

Proof. Proofs are presented in Appendix A.

Proposition 1 resembles the results of Stiglitz [1977] for the insurance
market. There, a high-risk purchaser obtains complete insurance and
achieves a utility level higher than his reservation, while a low-risk pur-
chaser gets partial insurance and achieves utility equal to his reservation
level. The insurance model is parallel to the case of a single division, so
Proposition 1 generalizes Stiglitz’s results (specifically, Properties 1-3)
to the case of two divisions, with the added concern of inducing optimal
allocation of managerial attention.

Since a type B manager receives an informational rent in (P2) and a
type G manager is paid a risk premium in either (P2) or (P3), the prin-
cipal’s hiring policy depends on the expected output from each type net
of the expected cost of compensation. The following observation pro-
vides sufficient (but not necessary) conditions in terms of exogenous pa-
rameters for each of the three hiring policies to become optimal in the
second-best setting.

OsservaTioN 1. (1) It is optimal to hire only a type B manager if
REYR(1) > REY;(1). (2) It is optimal to hire either type if REYp(1) <
REY;(0), REY;(1) ~ REY(1) isnot too large, and p is sufficiently large. (3)
It is optimal to hire only a type G manager if REY;(0) is sufficiently large
relative to REYp(1).

13 Recall that assumption (Al) implies that first-best allocation of managerial atten-
tion is ¢, = 1 for both types.
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This observation is based on the following arguments. Recall that the
principal can always instruct eg = 1, since a type B manager is paid a fixed
salary. When REYp(1) > max. {REY;(¢g)}, the principal cannot benefit
from hiring type G. Note that this happens only if Ug > Up, since EY;(1)
> EYp(1) and EY;(0) > EYp(0). The principal can always discriminate
against type G by offering a single outcome-independent contract W
When the productivity difference is not too large, hiring either type
(P2) is optimal. The principal’s trade-off is between productivity and
screening, which includes both the risk premium (paid to type G) and
the informational rent (paid to B). For the appropriate parameter val-
ues, it is not worthwhile for the principal to screen out either type. If
min,. {REY( (eg)} is sufficiently larger than REYg(1) to cover the neces-
sary cost of screening (i.e., the risk premium paid to type G), then (P3)
is optimal. This risk is necessary to make the contract unattractive to type
B. Note that mineG{REYG(eG)} = REY;(0), maxeG{REYG (eq)} = REY (1),
and REY;(0) < REY5(1).

Next, we consider the sensitivity of managerial pay to performance.
Denote the optimal menu in (P2) by {w, s6}. Then the expected risk pre-
mium paid to a type G manager is X P (y; lec)s§ = Wi, where the vector
sC is such that Y, Pg (y; leq) U(s$) = Ug, while the expected informational
rent paid to type Bis U 1 (EUg (e s¢)) — Wy Proposition 1 implies that,
regardless of the proportion, p, of type G managers, the principal never
finds it optimal to offer an outcome-independent contract that will be
chosen by type G. However, as type G becomes more prevalent, it is pref-
erable to reduce the performance sensitivity of the outcome-contingent
contract. This is because as p increases, the principal can reduce ex-
pected compensation costs by reducing the risk premium even though
the informational rent is increased. Clearly, other factors such as risk
aversion affect the sensitivity of pay to performance. Similarly, larger
differences in talent should require smaller risks to achieve screening.
Basically, by reducing the contract’s performance sensitivity, the prin-
cipal trades off expected risk premium against expected information
rent. In either (P1) or (P3), on the other hand, there is no informa-
tional rent, although in (P3), the type G manager receives a relatively
large risk premium. The above discussion is summarized in the follow-
ing observation.

OsservaTION 2. In either (P2) or (P3), the sensitivity of type G man-
agers’ compensation to performance is inversely related to the degree of
risk aversion and the difference in talent, but is positively related to the
difference in reservation utility levels. Furthermore, in (P2), the sensi-
tivity is inversely related to the prevalence of type G managers in the
managerial population.

Although we allow Ug; = Uy, the case of equal reservation utility levels
is of limited interest, because:

OsservATION 3. If Up= Up, the principal can achieve performance ar-
bitrarily close to that of the first-best setting. An optimal solution, how-
ever, does not exist.
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In this case, the principal hires only the more productive type G (P3).
To screen out type B, the contract cannot be outcome independent, but
the risk imposed can be arbitrarily small. Our discussion henceforth will
focus on the case of different reservation utility levels.

4. Alternative Performance Measures

In this section, we compare alternative managerial performance mea-
sures, based on their effectiveness in screening managerial talent and
inducing allocation of managerial attention. Although not explicitly ad-
dressed in the last section, we now examine how different performance
measures affect the choice of allocation of managerial attention. We
consider three performance measures: division-based, aggregate com-
pany-wide, and disaggregate company-wide performance measures. 4 We
identify the circumstances under which each measure is optimal. These
measures lead to the following three types of compensation structure. !

DB:  Division-based compensation: s; = s9 and sg = s4.

ACW: Aggregate company-wide compensation: s = s3, since L' + H 2
= H!' + L? by assumption (A2).

DCW: Disaggregate company-wide compensation.

By definition, a disaggregate company-wide measure utilizes all the in-
formation contained in the outcomes of both divisions, while an ag-
gregate company-wide measure cannot differentiate L'H? from H!L2
Division-based and aggregate company-wide measures are special cases of
disaggregate company-wide measures. For comparison purposes, we say
that a contract is disaggregate company-wide only if it is neither division-
based nor aggregate company-wide.

Part of the motivation for comparing these measures is based on an
assumption of differential costs. We assume that an aggregate company-
wide measure is the least expensive, since it is required for financial
reporting and it avoids the problems associated with cost allocations,
transfer pricing, etc. Thus, an aggregate measure would be preferred as
long as it does not lead to a significant performance loss. The comparison
of division-based and disaggregate company-wide measures is more
subtle. In a multidivision firm, a division-based measure might be less
costly to implement than a disaggregate company-wide measure because
the latter requires detailed reporting and verification of other divisions’
figures to each division manager. Thus, a division-based measure would

411 Sibson’s [1990] survey, more than 80% of stand-alone business units and 50% of
corporate-managed units measured performance solely on the results of their own unit.
The remainder used a combination of unit and corporate results. See also Employee Benefit
Plan Review [1992] and Sibson [1991].

15 For notational simplicity, we omit the superscripts indicating type. As is clear from
the previous analysis, a contingent contract is relevant only for type G.
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be preferred to a disaggregate company-wide measure when the resulting
performance loss is small.®

We consider first the case in which allocation of managerial attention
is observable. By Assumption (Al), the optimal assignment of manage-
rial attention is ¢, = 1 for both types. The principal will instruct the man-
ager to allocate his attention to Division 2, regardless of his type, and
the manager will do so. Since allocation of managerial attention is cost-
lessly enforceable, the only concern is efficient screening, which can be
achieved by focusing on an outcome that is more informative about type
difference. Recall that by assumption, P}(1) > Px(1). Thus, Division 1’s
outcome is informative about type. Division 2’s outcome, however,
might not be informative, since we allow P2(1) = P3(1). It is useful to
define the following:

DeriniTION.  Division 2’s outcome is informative with respect to mana-
gerial type if P3(1) > P3(1).17

Clearly, for the case of unobservable allocation of managerial attention,
when Division 2’s outcome is uninformative, there is no point in condi-
tioning compensation on the realization of Division 2’s outcome.!® Do-
ing so just increases risk, which must be compensated. When Division 2’s
outcome is informative, the principal needs to weigh the value of incre-
mental information against the increased risk premium necessary to com-
pensate the additional risk. Suppose most managers are type G, screening
would be relatively unimportant. Suppose, in addition, that Division 2’s
outcome is not “much more” informative with respect to type than Divi-
sion 1’s outcome is. Then it would seem intuitive that, when allocation of
managerial attention is observable, the principal should prefer divisional
compensation to company-wide compensation. This intuition, however,
is false, as shown in the next observation.

OBSERVATION 4. Suppose that it is (second-best) optimal to allocate
managerial attention to Division 2, and that Division 2’s outcome is in-
formative with respect to managerial type. Disaggregate company-wide
compensation then strictly dominates division-based compensation even
if the allocation of managerial attention is observable.

16In our two-division setting, the cost of implementing a division-based measure is
unlikely to be higher than that of a disaggregate company-wide measure, since the com-
bination of division-based and aggregate company-wide measures is equivalent to a dis-
aggregate company-wide measure.

17 More precisely, we should have defined informativeness with respect to a given com-
bination of {eg, ¢ ). Under our assumptions, however, Division 2’s outcome is always in-
formative for {0,1} and {1,0}, and is never informative for {0,0}. Thus, the definition is
meaningful only for the combination {1,1}.

8 1n this benchmark case, managerial talent is specific to the manager’s own division.
For example, in a firm with production and marketing divisions, a type G manager could
be more productive in managing the production division than a type B manager, but the
productivity of type G’s managerial attention in coordinating with marketing could be in-
distinguishable from that of type B.
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This observation is essentially Holmstrom’s [1979] informativeness
condition, adapted for our discrete setting. Thus, when Division 2’s out-
come is informative, the optimal compensation cannot be division-based
even if allocation of managerial attention is observable. Screening is more
efficiently attained by utilizing all information that discriminates between
the two types even if Division 2’s outcome is only slightly informative.
When allocation of managerial attention is observable, the principal sim-
ply assigns e; = 1 and compensates the manager with a disaggregate com-
pany-wide contract.

When allocation of managerial attention is unobservable, the prin-
ciple has to design a contract that induces optimal allocation of mana-
gerial attention for the type G manager. (Since type B is paid an
outcome-independent salary, there is no conflict in his assignment of
managerial attention.) The screening contract takes into account the
largest expected compensation type B could get, were he to adopt type
G’s contingent contract. If the principal wants to induce ¢ = 1, the con-
tract for type G must be a company-wide contract. A division-based con-
tract cannot induce ¢; = 1. Suppose, on the other hand, the principal
wants to induce ¢ = 0. Recall that eg = 1. It might appear that the opti-
mal contract for type Gis also company-wide, since Division 2’s outcome
is now necessarily informative about type. However, as Proposition 2 be-
low shows, it is never optimal for the principal to use a company-wide
contract if he wants to induce ¢; = 1, even though eg = 1. In sum, in de-
signing the optimal contract, the principal trades off the smaller screen-
ing cost under division-based compensation against the higher output
under company-wide compensation. The principal compares the ex-
pected profit under (i) division-based compensation with ¢ = 0 and (i7)
disaggregate company-wide compensation with ¢g = 1.

ProrosiTion 2. In (P2) and (P3), when the allocation of managerial at-
tention is unobservable, the principal finds it optimal in some cases to
adopt division-based compensation and induce type G managers to focus
exclusively on their own divisions. For type Bmanagers, on the other hand,
the principal will offer outcome-independent compensation and induce
these managers to allocate their managerial attention to both divisions.

While we can provide numerous examples showing the result of Prop-
osition 2, it is difficult to derive conditions, expressed in terms of exog-
enous variables, under which Proposition 2 holds. The problem is that the
optimal allocation of managerial attention is determined by the trade-
off between screening costs and productivity gains, but screening costs
are a function of the optimal compensation schedule, which is endoge-
nously determined. However, for the special case of square-root utility
functions, we can show the following.

CoroLLARY TO ProposiTioN 2. Consider the case of square-root utility
functions and assume that Division 2’s outcome is relatively uninforma-
tive about managerial type. Then, when outcome realizations are not
too disparate (i.e., when H - L is sufficiently small), divisional focus for
a type G manager is optimal in either (P2) or (P3).
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Proposition 2 and its corollary address the main question raised in the
introduction: Why do companies induce managers to focus narrowly on
their own division? The optimal allocation of managerial attention is de-
termined by the trade-off between screening cost and productivity gain.
If productivity gain is less than the increased screening costs (the addi-
tional risk premium required by type G and informational rent required
by type B), then the principal is better off forgoing the desired alloca-
tion of managerial attention for type G managers. This trade-off is a
function of the problem parameters.

We now compare the two company-wide measures. These measures are
optimal if and only if the principal wants to induce allocation of mana-
gerial attention of ¢ = 1.19 Since an aggregate company-wide measure is
a special case of a disaggregate company-wide measure, the former is
weakly dominated by the latter. It is clear that when Division 2’s outcome
is informative, this dominance is strict. What is less obvious is the domi-
nance relation when Division 2’s outcome is uninformative. To minimize
screening costs, the principal would want to focus on the type difference
in Division 1 by compensating the type G manager with a higher reward
for the high outcome there. But this compromises the principal’s ability
to induce the manager to allocate his managerial attention to Division 2.
While the net effect is not immediately clear, the following proposition
shows that the relation is, in general, strict.

ProrosiTion 3. In (P2), a disaggregate company-wide measure strictly
dominates an aggregate company-wide measure, regardless of whether Di-
vision 2’s outcome is informative about managerial type, with the excep-
tion of a knife-edge case.

The above proposition implies that aggregate company-wide compen-
sation is sufficient for disaggregate company-wide compensation only in
the knife-edge case when the relative likelihood of achieving yy and yg is
independent of type. Otherwise, the disaggregate company-wide mea-
sure strictly dominates, even when Division 2’s outcome is uninformative
about type. Clearly, as long as the cost of disaggregation is zero, there is
no reason to consider aggregate company-wide performance measures.
But, since disaggregate company-wide measures are likely to involve
higher processing and verification costs, the principal needs to trade off
the incremental cost of generating disaggregate company-wide measures
against the benefit from disaggregate information.

5. Implications for the Problem of Short-Term Perspective

Short-term managerial perspective has been studied in a number of
articles; see, for example, Narayanan [1985], Darrough [1987], Stein
[1988], and Nagarajan, Sivaramakrishnan, and Sridhar [1995]. Extending
our single-period model to a multiperiod framework allows us to consider

19 Recall that, by definition, disaggregate company-wide compensation is different from
division-based compensation.



78 MASAKO N. DARROUGH AND NAHUM D. MELUMAD

such issues as whether managers should be compensated for the results
of their decisions even after they leave the company. Deferred compen-
sation is possible, for example, in the form of vested stock options that are
exercisable only after retirement. In practice, the use of deferred-vested
stock options is not common, even though such options would seem to be
an effective vehicle for inducing managers to focus on long-term per-
formance. Why are such options relatively rare? The adaptation of our
model to a multiperiod framework suggests that, in some cases, it is too
costly (in terms of screening costs) to induce managerial behavior that
benefits the firm after the manager’s departure.

Consider a two-period model. A manager is hired to run a firm for
one period and then retires. The firm operates for another period, with
another manager, and liquidates itself at the end of the second period.
This setting captures the idea that managers have a shorter time horizon
than the firm. The two periods parallel Divisions 1 and 2 in the previous
model. (Investigating the conditions under which it is optimal to induce
managers to remain with the firm for a longer period is beyond the
scope of this model.)

The manager can make “short-term” decisions that focus only on the
period of his job tenure, or he can make “long-term” decisions that take
into consideration the postretirement period. A type G manager is more
likely to generate a high outcome in the period of his tenure than a type
B manager, for both kinds of decisions. By making long-term decisions,
both managers can increase the probability of a high outcome after their
retirements. The type difference in the postretirement outcome, how-
ever, would be much smaller than during the period of tenure because
of the influence of other factors. Although both types of decisions pro-
duce positive expected net present values, long-term decisions produce
higher expected net present values. Four possible outcomes exist as be-
fore: L'L2, L'H 2, H'L?, and H'H 2, where the superscripts now refer to
the time periods. The manager has a time-additive utility function with a
discount factor identical to that of the principal.

Compensation can be outcome-independent or outcome-contingent.
If outcome-independent, compensation consists of an outcome-indepen-
dent salary and possibly a pension (also outcome-independent). If out-
come-contingent, compensation might depend only on the outcome of
the job-tenure period or, alternatively, on the outcomes of the two peri-
ods. (Given our assumptions, it can be shown that it is never optimal to
have outcome-contingent second-period compensation when the first-
period compensation is outcome-independent.) We refer to the first as
“short-term compensation” and the second as “long-term compensation.”
Note that these correspond to the division-based and company-wide com-
pensation of the earlier section. Disaggregate long-term compensation
differentiates L'H ? from H'L?, whereas aggregate long-term compen-
sation does not.

Similar to Proposition 2, we can establish here a parallel result, stated
without a formal proof.
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ProrosiTion 2”7, When the time perspective of managerial decisions is
unobservable, the principal finds it optimal, in some cases, to use short-
term, outcome-contingent compensation and induce a type G manager
to focus only on his tenure period. For a type B manager, on the other
hand, the principal will use long-term outcome-independent compensa-
tion and induce this manager to consider postretirement consequences.

The counterintuitive prediction that the good-type manager focuses
on the short term is again a consequence of the tension between screen-
ing and productivity.?? Recall that the label “good” refers to relative
productivity, and not to adopting the optimal time perspective. Alterna-
tively, if the productivity gain from doing so is sufficiently large, both
types will be induced to take long-term perspectives. For the type B man-
ager, incentive compatibility is never binding, since he is paid outcome-
independent compensation.?! For the type G manager, it might be too
costly to induce long-term decisions. The reason, however, can be quite
different for the case of observable decisions compared with the case of
unobservable decisions.

Suppose the manager’s decision is observable, as, for example, when
the decision is a project choice. Suppose further that the marginal pro-
ductivity of managerial decision in the postretirement period is the same
for both types of managers. It is then optimal to use short-term (tenure-
period) compensation for efficient screening and to instruct managers
to make the optimal project choice.

In contrast, when the manager’s decision is unobservable, the principal
must trade off efficient decisions against the cost of screening, since in-
ducing managers to take a long-term perspective requires long-term
compensation. Proposition 2” implies that it is sometimes optimal to in-
duce a short-term focus to save screening costs. Thus, an apparent short-
term focus could be due to either long-term decisions that are observable
and therefore enforceable, or to screening considerations, which domi-
nate the productivity gain.

Another result (parallel to that of Proposition 3) is the following.

ProrosiTion 3”. A disaggregate long-term performance measure dom-
inates an aggregate long-term measure, regardless of whether the post-
retirement period is informative. This dominance is strict with the
exception of a knife-edge case.

This finding of Proposition 3’ differs from the prescription in Holm-
strém and Milgrom [1987], in which linear aggregation is shown to be
sufficient in their moral hazard setting. In our model, other than in a

20 The tenure period typically represents a number of years. One would therefore ex-
pect that screening considerations would be mitigated. Note, however, in some indus-
tries (e.g., high tech), the turnover of managers is so high that the horizon of managers
could be quite short. In such industries, screening considerations are likely to be more
significant.

21 This does not necessarily imply that in the subperiods within the manager’s tenure
period, his salary is constant; for example, the salary might increase with seniority.
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knife-edge case, linear aggregation is not optimal (in the absence of dis-
aggregation costs).

This two-period model can be enriched to study issues such as how
managerial reputation is developed and how compensation schemes
evolve. We conjecture that the informational rent given to type in (P2)
will erode over time. Cross-sectional and time-series differences in the
level of compensation are expected to increase with time, while the sen-
sitivity of pay to performance is expected to decrease. In contrast, the
sensitivity is expected to persist, if contingent compensation is designed
for incentive purposes. This issue, among others, was examined by Mur-
phy [1986], who analyzed compensation data to test the incentive- and
learning-model-based hypotheses. The data generally supported the
learning hypothesis. Murphy’s work is consistent with the conjecture un-
derlying our paper that, in a managerial context, differences in talent
may be more important than effort aversion.

6. Discussion

Our analysis identified circumstances under which it is optimal to in-
duce managers to maximize divisional rather than corporate objectives
or to take short-term perspectives rather than long-term perspectives.
Excluding a number of important aspects of organizational setup, such
as collusion and reputation, we showed that the trade-off between allo-
cation of managerial attention and screening costs, by itself, could ex-
plain why inefficient managerial focus is induced. We also showed that
the optimal pay-to-performance relation need not be large, a result con-
sistent with observations made by Jensen and Murphy [1990].

One important restriction is that we take the organization as given and
focus on the hiring of only one manager. If the principal were to hire two
managers for both divisions simultaneously, then the principal would
compensate each manager conditional on the contract chosen by the
manager of the other division, assuming that each manager’s contract
choice is ex post verifiable. While there would be twice as many contracts
(for each division), the results would be essentially the same as those in
the current paper for each combination of managers. Alternatively, if
the choice of contracts is not verifiable, then the managers would have to
be compensated, taking into account expectation over managerial type
hired in the other division. Again, our analysis should hold in this case,
as long as we preclude collusion among division managers.??

Another simplifying assumption is nonaversion of effort. This assump-
tion highlights the trade-off between screening and costless allocation of
managerial attention. If managers were (somewhat) effort averse, the op-

2 The possibility of collusion is beyond the scope of this paper. For discussion on col-
lusion, see Tirole [1986], Baiman, Evans, and Nagarajan [1991], and Laffont and Marti-
mort [1995].
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timal menu would be modified. Since an outcome-independent contract
cannot induce effort, the contract for type Bwould have to become out-
come contingent. We expect that the main results will continue to hold.
Any of (P1), (P2), and (P3) would be optimal for some parameters. In
(P2), the optimal soluticn would involve a menu of two contracts with a
type G contract that is more performance sensitive. Also, the basic trade-
off between allocation of managerial attention and screening would re-
main the same. In (P2) and (P3), type G, and possibly type B, would, in
some cases, be induced to focus their attention exclusively on Division 1.

We have assumed that a manager could be one of two types. However,
neither the optimality of an outcome-independent contract for the
worst type nor the result that the best type enjoys no informational rent
is sensitive to this assumption. Furthermore, even in an N-type case, hir-
ing the worst-type manager would be optimal when the productivity of
worse types is not too low and/or when the market alternative of the
better types is sufficiently high (i.e., either the (P1) or the (P2) setting
is optimal). We also expect the result of Proposition 2 to hold for cer-
tain parameter values.

Our analysis also points out a potentially costly consequence of merg-
ing business units like divisions. While such mergers could result in pro-
ductivity gains, higher compensation becomes necessary as screening of
talent becomes more difficult. If a merger does not change the informa-
tion available, screening costs could be minimized by using the original
disaggregate performance measures. Treating the newly merged division
as if it still consists of separate divisions, however, might be unaccept-
able on horizontal equity grounds.

While our discussion has been normative, our model also suggests two
empirical hypotheses. First, the model implies that managers who focus
on their own division are more likely to be higher-quality managers (paid
by outcome-dependent compensation) than managers who assign man-
agerial attention to other divisions. Thus, ceteris paribus, managers who
are induced to take a narrow perspective should be paid, on average,
more than those who are induced to adopt a company-wide perspective.

Second, when managerial talent is company specific, our model pre-
dicts that the firm will attempt to hire better managers only. The com-
pensation would be outcome-dependent, characterized by a relatively
small slope. The reason for the small slope is that when talent is not trans-
ferable, the market alternatives for managers of different types are simi-
lar. A principal can then screen out bad managers by imposing a small
amount of risk. When talent is transferable, on the other hand, hiring
only better types requires compensation that is more performance sen-
sitive. In this case, it is more likely that the principal will find it optimal
to hire either type; this hiring choice will be implemented by a menu of
contracts. Thus, observing a menu of contracts is consistent with mana-
gerial talent being transferable.
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APPENDIX A
Proofs

Proof of Proposition 1

We prove our result for the case of unobservable managerial atten-
tion. The case of observable managerial attention is a special case of the
proof below (with step 4 omitted).

In (P2), we need to consider at most two contracts in a menu, { s &, s}
(possibly only one contract is chosen by both types). We proceed in six
steps. First, we show that the participation constraint for G must be bind-
ing. Second, we show that a pooling outcome-contingent contract is
dominated by a menu consisting of an outcome-independent contract, w,
for B and a contingent contract for G. Third, we show that offering a
single outcome-independent contract cannot be optimal in (P2). In step
4, we establish incentive compatibility of the contract considered in the
previous step. Last, we show that Breceives an informational rent (step 5)
and establish incentive compatibility of the variation contract (step 6).

Ster 1. Suppose to the contrary that the participation constraint for
G is not binding. That is, ¢ = X, P; (y; | et ) U(s§) - Uy > 0, where e/ is
the allocation of managerial attention chosen by G. By the optimality of
e, we have V ¢f:

S Pc(y; e UGS = 3 Pg(y;lec)UGH). (1)

Consider the variation §;=s% -3, where &= s¢ - U (U(s%) - ¢), and
§Z-B = §f-3if B adopted s before (the variation) or offer no second con-
tract if B adopted s before. Type G will accept the new contract, since
YPc(yilec ) U(S;) = ZPG(yl | ec: )(U(s(’) - 0) = Ug. Furthermore, type G
will continue to choose eg over e, since by equation (1):

ZPg(yilec)UGi) = ZPs(yilec)UGT) - ¢
< Y Pg(y; | e YUGS) =0 = S Pg (v ] el YUG,).

As for B, there are two cases to consider:

Case 1: Suppose B chose s¢ before the contract variation. Then, given
the above assumption of no alternative contract, B’s response to § is
either to: (¢) drop out, in which case the principal is better off since by
the assumed optimality of (P2), EYg(eq) — X P (v;leg)s; > EYg(ep) =
U-Y(Ug) or (ii) continue and adopt §, in which case the principal is also
better off because expected compensation is reduced with no effect on
allocation of managerial attention or productivity.

Case 2: Suppose B was choosing s® before the variation. Then the
variation § has no effect on B as he finds § even less attractive than sG,
which he rejected prior to the variation.

Step 2. Suppose that the optimal contract is an outcome-contingent
pooling contract denoted by s’ = {s1, s%,s5,54}. From step 1, EUg (e, ; s7)
=2 Pc(y;| e )U(s}) = Ug, where e, is the second-best allocation of man-
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agerial attention. Further, EUg(ep; s”) = Up. It is also clear that an optimal
contract must result in EUg(eg; s”) > EUg(ep; s”), because otherwise the
principal would be strictly better off offering a single outcome-inde-
pendent contract, w= U Y (EU;(eg; s”)). Thus, the principal can strictly
reduce his expected cost by offering a menu {w’, s’} such that w’=
U~V (EUg(eg; s7)). This {5’} is dominated by {w’, s"}. Note that this varia-
tion does not affect incentive compatibility and G does not adopt w”.

Ster 3. Suppose, to the contrary, that the solution to (P2) involves
the pooling outcome-independent contract W= U ' (Ug;). There are
two cases to consider.

Case 1: Suppose the principal wants to induce ¢; = 1. Consider the al-
ternative menu {w’, s¢}, where s? = sg = Wi - pu(e) and sg = sf = Wg + ¢,
¢ is sufficiently small, w= U~}(max{EUg(0; s¢), EUg(1; s%)}), n(e) = Wg

5 B (%)
S U1+ QN UW) - QU(Wg + ¢)), and Q) = ————— . Incen-
=1 (%)

tive compatibility of this menu for both type Gand Bis established in step
4. By construction, G is indifferent. It is also clear that this variation
makes B worse off. Since by assumption Ug > Up (otherwise (P3) is opti-
mal), Bwould accept wwhen ¢ is sufficiently small. To show that the prin-
cipal is better off with the above variation, we need to establish that the
effect on the principal’s expected cost is such that:

pl[Pc(nlec) + Pelyslec)1 (W = u(e)) + [PG()’QIeG)
+ Pe(yalec) 1 (Wg + &) = Wgl = p {=(1 = P&(eg))u(e)
+ P2(eg) e} < (1-p) {Wg- U™N(1 - Ph(ep)) UWg - u(e))
+P§(€B)U(WG+8))} = (1-p)A(e), (2)

where A(e) = U™N((1 = P} (ep)) U(Wg — u(e)) + P (eg) UWg + €))
and A(g) = (1 - PB (eB)) U(WG p(s)) + P2 (eB)U(WG + ¢). Note that
A%0) = ~(U™)" o (A(0))A%(0), and A%(0) = {PZ(ep) ~ (1 ~ Pj(ep))n'(0))
U(We(eg))-

Inequality (2) is equivalent to P2 cleg)e — (1 - P? cleg)u(e) < 1;)p
A(e). Note that p(0) = 0 and A(0) = 0. Thus at € = 0, the right-hand side
(RHS) and the left-hand side (LHS) of the last inequality are identically
zero. We examine the derivatives of both sides of the inequality with re-
spect to g, at € = 0, and show that it is zero for the LHS and is strictly posi-

tive for the RHS. Note p’(¢)]s o = ~(U™) o (U(Wg)) x (-Q;) U(Wg)
= Q1, where the last equality follows from 2- 3 [U{(U(x))] = 1. There-
x

G(G)

- Bl (¢)

On the other hand, == RHSIS_O = lp P a%0) = 1-

fOl”e,—LHS ls - 0= P&(eg) - (1= PE(ec)) = 0.

1-p -1 n
5 {=(U™)" o A(0)}

U’( WG){PB(eB) -(1- PB(eB))Ql} > 0. This derivative is strictly positive
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Paes) _Folto)

2 2
1= Pp(ep) 1-F5 (%)

if and only if & P2(eg) > P3(ep). Recall that

PE(1) = ng(l) by assumption. Thus, the strict inequality holds when
Pé(l) > Pg(1) under the variation considered so far.

To establish the strict inequality of equation (2) when Division 2’s
outcome is uninformative, we need to consider the following variation:
s§ = We - mi(e1) — noea), 5§ = W= my(e) + €9, 5§ =s§ = W + &1, ey
=We—- U1+ Qo U(Wg) - QeU(Wg + £1)), and po(eg) = W —p1(e1)
- U1 + Q3) U(Wg - ui(eq) - QsU(Wg — nq(e1) + €9)}, where g9 << g7,
Qg =PZ(1)/ (1 - PE(1)), and Qg = PL(1)/ (1 - P5(1)).

As with the first variation, this variation implies that the principal is
better off, type G is indifferent, type B is worse off (but still accepts the
contract), and incentive compatibility is maintained for both types.

Case 2: Suppose the optimal e;=0. Consider the alternative menu

{w,sC} where s? = sg = Wi — u(e) and sg = sg = Wg + &; wand p(e) are de-
P5 (%)
fined as in Case 1 with Q 4= — The proof is then identical to
1-Fs(%)

the first part of Case 1 and is therefore omitted.

Step 4. Case 1: To establish incentive compatibility of the contract in
step 3, we need to check for ¢ = B,G:23 Y P,(y; [1) U(s%) = X P,(y;]0) U(s%),
or (1= P3(1)) U(Wg = n(e)) + PF(1) U(Wg + &) = (1= PF(0)) U(Wg - u(e))
+ P2(0)U(Wg +¢), or P?(){U(Wg+¢)-U[Wg-pe)l} = P2(0){U (W
+¢) = U[Wg - p(e)l}, or P#(1) = P(0), which is met by assumption. Thus,
both types would choose ¢, = 1 under the variation. Of course, when the
optimal (second-best) menu is offered, B will adopt any recommended
ep, since he gets the outcome-independent contract (i.e., the certainty
equivalent of the utility he gets under the variation).

Case 2, where we induce ¢ = 0, is dealt with similarly, with the appli-
cable variation introduced above.

Step 5. Suppose to the contrary that the optimal menu in (P2) in-
volves no informational rent for type B, w= U~ (Up). In this case, the
principal is strictly better off switching to (P3) in contradiction to the
optimality of (P2). As in step 3, there are two cases to consider: e;=1
and eg = 0. Consider first the case of ¢;=1. Here, a single contract s” is
offered instead of {w, s}, where s'll =5, sg = S9, sg = 53— u(e) and s:;
=54 + ¢, where u(e) = sg - U™ [U(sg) + QsU(sy) — QsU(s4 +€)] and Q5
AT

2, (y3]1)
6. Clearly, G is unaffected. For B, note that by hypothesis max{>.Pg(y; |0)
U(s;), 2Pp(y;]1) U(s;)} = w prior to the variation. The variation (weakly)
reduces B’s expected utility because:

. Incentive compatibility of this contract is established in step

23 This inequality also applies to type B, since we must have:
w= U Ymax{EUg(1; s¢), EUR(0; s ©)}).
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S Pg(y;leg) [U(s7) - U(s;)]
= Pp(ysleg) (U(ss— n(e)) = U(ss)) + Pg(yqleg) (U(sq + &) — U(sy))
= [Pg(y4lep) — QsPp(y3lep)1(U(sy + &) = U(sy))
. { Pylep)  Pa(D)
1-P2(ep)  1-P2(1)

} [U(sq +€) - U(sy)] =0,

where the last inequality is strict if eg= 0 or eg =1 and Division 2’s out-
come is informative.

The principal’s expected cost clearly goes up; but it is also apparent
that the increase in cost converges to zero as ¢ — 0. The effect on gross
output, however, is bounded away from zero for any given p, since by as-
sumption M= X[Pq(y; leq) — Pp(y; leg)] y; > 0 and the gain is (1 - p) M > 0.
When ¢g; = 0, the proof is similar with the exception that the single con-
tract considered is s”” where s = s; - p(e), s§”= 9, s?:”: s3 + €, s;”= S4s
and p(e) is defined similarly to the first case.

Step 6. We show that the contract considered in step 5 is incentive
compatible. Consider the case of ¢;=1. We need to establish XP;(y;|1)
U(s:;') = Y Ps(y;10) U(s;' ). We know from step 5 that by construction
Pi(sl1) (U(ss) = U(s5 ) = Palyl1) (U(s ) = Usy)), and s§ = s, 55 = s3.
Also by hypothesis, > Pg(y;[1)U(s;) = X Ps(y;10)U(s;). Incorporating
these relations, we only need to show Pé(l) > P%(O), which is assumed in
section 2.

Proof of Observation 4

When allocation of managerial attention is unobservable, it is clear that
company-wide compensation is necessary to induce ¢ = 1. If allocation of
managerial attention is observable, however, the principal can just in-
struct e; =1 even under division-based (DB) compensation. Thus, we
need to show that the principal can lower his compensation cost by switch-
ing to DB compensation from disaggregate company-wide when alloca-
tion of managerial attention is observable, holding eg = ¢; = 1. Since this
can be shown using a technique similar to that used in the proof of Prop-
osition 1, we just outline, but skip the details of, the proof here. We let the
optimal DB compensation be s; = s9 = s; and sg = s4 = 53, and consider a
variation such that si* = ;- pu(e) and 55 = s;+ ¢, where p(e) = 5, - U_l((l

Ulst) - QaUi(s = o)), and Qg = Lo
+ s;) - s+ €)),an = =
Qe)U(s)) = QeUlsy Qs PXGATY
the type G manager with the same expected utility, EUg;(1). We can show
that for sufficiently small € values, the principal’s overall expected cost is
reduced by this variation. (Details are available upon request.)

. This variation leaves

Proof of Proposition 2

The existence of situations in which divisional focus is optimal is es-
tablished in the Corollary to Proposition 2. We prove here that in such
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situations, the optimal contract for type Gis indeed division-based. That
is, to induce {e;=0, eg=1}, the principal should use a menu {w, s},
where s is division-based (51 = s9, 53 = 54).

Suppose, to the contrary, s is a strictly disaggregate company-wide
performance measure. Then, we show below that the principal would be
better off adopting DB compensation. Recall from Proposition 1 that
EUg(0; 5) = Ug If allocation of managerial attention chosen is {¢g= 0, eg
=1}, we must have EU;(0; s) = EUg(1; s) and U(w) = EUg(1; s) = EUR(0; s),
or U(w) = EUg(0; s) > EUg(1; s).

Consider an alternative DB contract, §’, for type G such that s = 5% =
W’ and 33 = s’y = W”, where W and W ”are chosen such that U(W )
= (1- P? &(0)U(sy) + PG(O) U(so)andU(W”) = (1 - P2 c(0)U(sg) + P2 ¢(0)
U(sy). Wlth this variation, G’s expected utility w111 be EU;(0; s )
EU4(0; 5). Furthermore, EUg(0; s”) = EUp(0; s), where the last equality is
due to the fact that PI%(O) = P%(O). The expected cost of compensating
G, however, will be lower under s’ than under s by the concavity of U(+).
Thatis, W’< (1 - P2(0))s, + P2 (0)52, W”< (1- P2 G(0))sg + PZ(0)s4, and
(1= PL(0) W+ PLO) W< (1 SBLON(1 - PEO0))s, + PR(0)s3) + PL(O)
(1= P2 (0))s5 + P2(0)sy).

Case A: Suppose the original disaggregate company-wide compensa-
tion is such that W”> W’. Type G will still choose ¢g = 0 over ¢; = 1,
because EUg(0;s”) = (1 — PL(0)) U(W’) + PLO)YU(W”) = EU;(0;5) > (1
- PL()YU(W’) + PLQ)YUW?”) = EUg(1;5"), since P5(0) > P5(1) and
UW”) > UW’). As to type B, we need to consider the two alternative
cases regarding the original compensation.

Case A.l: EUg(1;s) = EUR(0;s). In this case, w in the original menu
would have been set such that U(w) = EUg(1; s). Under the new menu, we
have EUp(1;5") = (1 - PA1))U(W’) + PLLYUW”) < (1 - PL(0)) UW”)
+Pllg(0) U(W”) = EUg(0; s”). Thus, under the variation, Bwill prefer to take
ep =0 (if he selects s”). The principal can, however, induce B to take eg =
1 by setting w” such that U(w’) = EUg(0;s”). Since EUg(0;s”) = EUR(0; 5)
= EUg(1; 5), the principal can reduce B’s expected compensation.

Case A.2: EUg(1;s) < EUg(0;s). Under the new menu, EUg(1;s") =
(1 -PLANUW’) + PLLUW”) < (1 -PY0))U(W’) + PLOYU(W”) =
EUR(0;s") = EUg(0; s). The noncontingent compensation for B is un-
changed because U(w) = EUp(0; s”) = EUp(0; s) > EUp(1;5”).

Case B: Suppose the original disaggregate company-wide compensa-
tion is such that W”= W’. We show that such a menu is suboptimal and
is dominated by another menu for which W”> W’. To see that, we show
first that under the assumed menu, EUg(-; s) = Ug.

By the definition of W’ and W7, EUG(O s) = (1 - PG(O))U(W ) +

?(O)U(W”) and EUg(0;s) = (1 - PB(O))U(W) + PB(O)U(W”) Since
P;(0) > P§(0) and W’= W” by assumption, the last two equations imply
EU;(0; 5) = EUg(0; s). As before, we have either A.1: EUg (0;s) < EUg(1;s)
or A2: EUg(0;s) > EUg(1; ). If A.1 holds, we get LU (1;s) = EU; (05 5)
= EUg(0;5) = EUg(1;5) = U(w). If A.2 applies, EU;(1;5) = EU; (0;5) =
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EUg(0; s) = U(w). Either way, EUg(+; 5) = Ug, since EU; (0; s) = Ug. Thus,
the original menu {w, g} is suboptimal. Since Ug > Up, the principal can
make himself better off offering a single outcome-independent con-
tract w’= U™Y(EU;(0;s)). (Note that we have already established in step
3, case 2, of Proposition 1, that such a pooling contract is suboptimal.)

Proof of Corollary to Proposition 2

Divisional focus on the part of type G managers might be optimal
either in (P2) or (P3) if productivity gain is less than the increased cost
of screening. Specifically, divisional focus is optimal if, in (P2):

p[P2(1) - PE(0) - P5(0) + PL(1)]A
<plZ Pg (3 11)sPEW = 3 Pg (9;10)sPE} + (1 = p) (wPEW = wPB).  (8)

In (P3), the parallel condition is:

[PE(1) = PE(0) = P5(0) + P5(1)]A

<{Z Pg (y; 1) sPEW — 3 P (3;10) s DBy, (4)
In the above inequalities, szl.)CW(sZDB) denotes the compensation of type
G when outcome is y;, i=1,..., 4, and wPW (wPB) is the outcome-
independent compensation for type B under a disaggregate company-
wide (DB) performance measure. Note that both vectors, s?¢W and sP5,
are in general different in (P2) and (P3). The LHS of equation (3) (or
(4)) is the expected net productivity gain, whereas the RHS is the in-
cremental screening cost required to induce type G to allocate his man-
agerial attention to Division 2. The question of divisional focus is of
interest only when allocation of managerial attention is unobservable.
When allocation is observable, the principal always specifies ¢; = 1 and
uses disaggregate company-wide compensation if Division 2’s outcome
is informative or DB compensation otherwise.

To establish the corollary for the unobservable case, we show that the
RHS of (3) and (4) are strictly positive, if the allocation of managerial
attention has to be induced and if Division 2’s outcome is sufficiently
uninformative, i.e., P(%(l) = Pl%(l) + ¢, ¢ >0 and is sufficiently small. In-
ducing type G to allocate his attention to Division 2 requires additional
risk premium beyond what is required for the purpose of screening
when allocation of managerial attention is observable. We consider first
the optimal compensation in the absence of the incentive-compatibility
(IC) constraints and identify circumstances in which the RHS is strictly
positive. For those cases, there exists a A, small enough, such that the
LHS < RHS. This constitutes a lower bound for the RHS, since incorpo-
rating /C constraints would only (weakly) increase the RHS.

To compute the expected cost of compensation, consider the case
where the principal specifies ¢;=1 with a disaggregate company-wide
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compensation scheme and e; =0 with a DB compensation scheme. We
show below that the RHS of (3) is strictly positive when Division 2 is
sufficiently uninformative.

Consider (P2). The expected cost, EC(e), of compensation for the
principal when managers have a square-root utility function is as fol-
lows. (The derivation of the explicit solution is omitted but is available
upon request.)

EC(e) = ot i {(1 - p)2R(e)?
%-1+(1-pR(g] " P
+(1-p)(Bp-1) R(e) +p(2p - 1)}, (5)
By (%) s B2
h = (ep,ec), Ri(e) = 2B and R(e) = 5 ¢ 2157
where e= (eg, es) (e) Pg(yi|€G) an (e) 2}21 Pg(yj|eG)

for: =1,...,4.
The optimal menu {w, s} is:

[+ (1-p) (R()) ~R,(0))
”("’)=U5{ -1+ (1-p) R() }

pUG 2

’”(e):{2p—1+<1—p)R<e>} |
Note that under the disaggregate company-wide compensation, R;(eg)
_ Bey By (i1
P (o) Py (%|ec)
optimal compensation scheme, only type G’s allocation of managerial

attention is relevant. Under DB, we do not differentiate between y, and
yo nor yg and y4. Let S(ei) and Si(ei), k = [,hbe the counterpart of R(eg;)

(1-Py(1))? . (Py(1))?

and R(eg) =2 fori=1,...,4. Since ¢g=1, for any

and R; (¢g) under DB, i.e., S(eg) = 1 7 and S;(eg)
1-Py(1) Py (1) . .
= — and S;,(eg) = 1 . Substituting the equation for ex-

pected cost of compensation for both disaggregate company-wide and DB
compensation into equation (3), we can rewrite the RHS of (3) as:

T&p(1-p)[S(0) - R(1)11(2p = 1)* + (1= p)(1 - p)S(0)R(1)+(2p - 1)[S(0) + R(1)]}}
[2p-1+(1-p)R(1)][2p—1+ (1-p)S(0)] (6)'

It can be shown that the denominator and the inside of the curly
brackets in the numerator are strictly positive. Thus, the sign of the
RHS depends on the sign of S(0) - R(1). Recall P%(l) = Pg(l) +¢. We
show below that S(0) - R(1) > 0 for sufficiently small €.
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S(0)>  R(1)

[P0 -] [Pe() - AT’
[1-P5(0)1P5(0) [1-Ph(1)1PL(1)

2 N 2 [P (1) - Pp(1)]°
[1-PG(DIPE(1)  [1-PL(1)]PE(L) [1-P5(1)1P5(1)
& PLO)PL(L)[1-2PK1)] + [PA1)12 [PE(0) + Ph(1) - 1]

>0ase — 0. (7)

+

Note that, as ¢ — 0, S(0) — R(1) depends on Division 1 only. This is so
because when Division 2’s outcome is uninformative, the optimal com-
pensation is division-based (when the /C constraints are not binding).
Thus, the comparison of §(0) and R(1) is equivalent to the comparison
of §(0) and S(1).

We need to consider three alternative cases to establish inequality in (7):

(1) P}(1) = 5 Inequality (7) holds, since PL(0) > P5(1) > Ph(1)
1
:5'
(2) PA(1) <3
The LHS of (7) > PL0)PL(1)[1-2P4(1)]+[P(1)12[2P4(1) - 1]
= [1-2P () {PL0)PL(1) - [P}(1)]%) > 0.

(8) PY1) >4

The LHS of (7) = P{1)[1-PL1)I[PE0)+PL(1) - 2PE(1)]
-[2P4(1) - 11[PL(0) - PR(1)[P§(1) - P(1)]
> [1-PLOUIPEL0) + PE(1) - 2PL(1)]PL(1)
- [2P}(1) - 11[P5(0) - PL(D)])
= [1-PYLUPEO0)[1-PL1)] -PE(1) [1-PLD]}>0,

where the first inequality results from substituting [l—Pé(l)] for [P(l;(l)
- Pé(l)]. This establishes that the RHS of (3) is strictly positive if Divi-
sion 2’s outcome is sufficiently uninformative. When we incorporate the
IC constraints, the required expected compensation would (weakly) in-
crease, impacting the RHS (but not the LHS) of the inequality.

Consider now the case of (P3). For brevity, we only provide highlights
of the proof. Assume again that the /C constraints are not binding.
When Division 2’s outcome is informative, we know, from Observation
4, that the optimal compensation cannot be division-based. However, it
can be shown that as Division 2’s outcome becomes less informative
(P%(l) — Pl%(l)), the optimal company-wide compensation converges
to the optimal DB compensation.
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Let EC(eg) be the expected DB compensation cost, given ¢g. Notice
that the variable of interest—expected compensation cost under disag-
gregate company-wide with e; = 1—converges to EC(eg = 1) as Division
2’s outcome becomes less informative. We therefore compare the ex-
pected cost of DB compensation given e; = 1 with that of DB compensa-
tion given ¢; = 0, and show below that EC(eg = 1) > EC(eg = 0). The
expected DB compensation cost is:

EC(eg)= ———————— < {[(PY(1))? + PK(1) - 2P}(1) Ph(e)1 T
[Pg (eg) —Pp(1)]
+ Pl(ec) 1 = Ph(ec)1UR = 2PG(eq) [1 = Pi(e)1 UpUg),

where P} (e;) depends on allocation of managerial attention of type G.
We need to show that EC(1) > EC(0). Recall that Pé(O) > Pé(l). Let Pg
be a continuous variable. Then:

1 1 — —
oEC()  —LB(1=Pp(1)) + Pg(1) (1-F;) 1 (T —Up)? .
= <
oF, 1 2
¢ [f - Pp(1)]
Thus, the RHS of (4) is strictly positive if Division 2’s outcome is suf-
ficiently uninformative. When we incorporate the /C constraints, the
compensation could only increase, impacting the RHS (but not the
LHS) of the inequality.
To summarize, we can show that the RHS of (3) and (4) are strictly
positive when Division 2’s outcome is uninformative. Therefore, there
exists a sufficiently small value of A such that the corollary holds.

Proof of Proposition 3

Let ¢; be the optimal choice of managerial attention. Recall that the
optimal eg = 1. We first consider the hiring policy of (P2) with the follow-
Pc(yg‘ec) . B, (%3] 1) A pc(y3|ec) 3 P,(J3]1)
Py (Delec) — By(V2|1) Fs(D2lec) By (D2l1)

P.(%31ec)  Py(%5]1)
and A.iii: —2 | - B | .
Pp(%9lec)  By(De|1)

Case A.i: Let the optimal aggregate company-wide compensation be
{s1,59 = s3,54}. Consider a variation such that s§ = so — u(e), s§ = s9 + ¢,
s =5y, and s§ = sgwhere pu(e) = s - UTN(1 + Q) U(sg) = Q;U(sg + ),
P, (%3] c)

PG(yQ‘ )
gerial attention is unaffected (to be verified); then this variation leaves a
type G manager with the same expected utility. We now show that the
principal’s overall expected cost is reduced by this variation. We have to
establish:

ing three cases: A.i:

g is sufficiently small, and Q- = . Assume that choice of mana-
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p{Pc(yileg)s1 + Po(yaleg) (so = n(e)) + Po(ysleg) (so + &) + Pg( yaleg)ss
= (Pg(nleg) st + Pg(yaleg) so + Po(ysleg)se + Po(yalec) sa))

= p {Pg(ysleg)e = Pg(yaleg)n(e))
< (A=-p){UY(Pp(y1) U(sy) + (Pp(yall) + Pp (ysl1)) U(sg) + Py (y4ll)

U(sqg)) = UM (Pg(y1 1) U(sy) + Pp(yall) U( sg — p(e)) + Pp(ysll)
U(sg + &) + Pg(ygll) U(sy))}

= (1-p{U (A - UM (A(e))) = (1 - p)A(e), (8)
where A(e)=U""(4)) - U™ (A(e)), Ay = Pg(n[1) Ulsy) + Pp(yall) Ulsg) +
Py(ysl1) Ulsg) + Pp(yall) U(sy), A(e) = Pg(y111) U(sy) + Pg(yell) U(so—n(e))
+ Pp(yg|1) U(sg + &) + Pg(y4l1) U(sy), and A(e) = Pg(y;|1) U(sy) + PB(y2|1)
Ulsg ~—n(e) + Pg(ysl1) U(sg +€) + Pp(yl1) U(sy). Note A(e)|; - o= (U™’
o (A(0))A(0), and A”(e); = o = (=Pp(y2l)n'(0) + Pp(y3|1)}U"(sg). Ine-
quality (8) simplifies to Pg(ysleg)e = Pg(yoleg)u(e) < 1 ;p A(g). Note that
pn(0) = 0 and A(0) = 0. Thus at € = 0, the RHS and the LHS of the above
equation are identically zero.

We examine the derivatives of both sides of the last equation with re-
spect to ¢, evaluated at ¢ = 0, and show that it is zero for the LHS and
strictly positive for the RHS:

W o==(U™) o (U(sg)) x (-Q7) U'(s9) = Q.

Therefore, ;_e LHS |, = Pg(ysleg) — Pg(yoleg)n’(e) = 0. On the other
hand:

1l

d 1-p ,
gRHS IS=O T X A (O)

-L5 @y s (A0 x Usy) (Pgwgll)

P, (%)) )
Py (99| €c)

- Py(yall)
> 0

B, (O3lec)  By(J5]1)

Pp(Yeec) — By(V2l1)

We can show that an optimal contract for type G must be monotone in
y;, with strict inequality for some y;. Thus, if ¢f =1, EUg(1; ) > EUg (0;5).
We can therefore choose € such that EU;(1; s*) > EUg(0; s%*).

Case A.ii: The proof proceeds exactly the same as in Case A.7, with the
exception that the variation now is s§ = so + ¢ and s§ = so — p(e).

Case A.7i: In this the knife-edge case (in the space of all probability
values), aggregate company-wide compensation is sufficient for disaggre-
gate company-wide compensation.
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Next, we consider the case of (P3). The variation we consider here
maintains the expected utility of type B. We show that type G’s expected
utility will be higher with the variation than his reservation utility. The
principal then can make himself better off by reducing compensation
such that the type G manager receives exactly his reservation utility. Let
the optimal aggregate company-wide compensation be {sy, sg = 53, 54} as
before. Consider a variation such that s§ = so —n’(€), 5§ = s9 + €', s{ = 57,
and s} = s, where W (e') = so— U™N((1 + Qg)U(s9) — QgU(sg + ¢')), €’ is
P, (3| ¢n)

By (Y2|eB)

ager with the same expected utility.
The principal’s expected cost is reduced if Pg(ysleg)e’ — Pg(yoleg)

p (¢’) <0. Examine the derivative of the LHS of this inequality. Note that

sufficiently small, and Qg = . This variation leaves a type Bman-

w’é'ﬁ’) lv—0=~(U) o (U(s9)) (~Qg) U(s9) = Q5. Therefore, 2LHS

d EPY
P, (J3|ep) 5
= Ps(3sleq) - Po(yaleq) Qs = Po(yslec) - Po(vsleq) —2—— . Then, L5
By (Y2|ep) de
B (s¢6) B (s|¢B) oLHS _ o i fu(5l%) B (%5 ¢5)
=y, = yand —/——— > 1 .
Fp(Y2lec) By (Y2len) de Py (Yelec) By (V2|ep)

B, (%s|¢c) N P, (J3]ep)

Po(V3lec)  Py(D2|en)
pensation cost by another variation such that s§ = s — p’(€"), s§ = 59 + €,
s1=s1,and s4 = sy4.

, the principal can reduce his expected com-
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