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I n this study, we examine the effect of the differences in both sales ability and reservation utility on the design of the
pricing scheme and compensation contract under asymmetric information. Heterogeneity with ability-dependent reser-

vation utility generates conflicted screening and pooling effects that preclude separating and pooling equilibria, respec-
tively; with which agents may work harder under either centralized or delegated pricing scheme than if they were
homogeneous and, in certain scenarios, no premiums (information rents) are paid. These findings are driven by the
dynamics between the differences in agents’ reservation utilities and in their effort costs or rewards that arise when their
true types are concealed. We show that optimal separating contracts generate the same profit under centralized and dele-
gated pricing because separating contracts under centralization retain the pricing flexibility of delegation. However, a cer-
tain form of pooling contract under delegated pricing can outperform the optimal pooling contract under centralization
because the upside of pricing flexibility under delegation dominates the downside caused by reduced effort incentives.
Under the optimal contracts, delegated pricing is as profitable to the firm as centralized pricing when the difference of
reservation utilities is small or when the difference is large but the ability gap is small, and delegation is preferred when
the difference of reservation utilities is moderate or when both the difference and the ability gap are large.
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1. Introduction

Delegation of pricing authority is a critical issue in
organization design for firms that rely on agents to
sell products and services. Varied degrees of price
delegation are observed in different industries.
Stephenson et al. (1979) surveyed medical supplies
and equipment trading firms and discovered that
sales personnel have no, limited, and full pricing
authorities in 29%, 48%, and 23% of the sample,
respectively. Similar findings are reported for finan-
cial services, pharmaceutical, consumer goods, indus-
trial goods industries (Hansen et al. 2008), and
industrial machinery and electrical engineering sec-
tors (Frenzen et al. 2010). The amount of superior cus-
tomer demand information that sales agents have and

the form of compensation contract are suggested to be
important factors that affect price delegation
(Stephenson et al. 1979).
In an early study, Weinberg (1975) examined the

effect of the form of compensation contract on delega-
tion and suggested that price delegation benefits a
firm and its agents when commissions for the latter
are a percentage of the gross margin, rather than that
of the sales revenue. Lal (1986) documented that dele-
gation is more profitable for the firm than centraliza-
tion if agents possess certain information that the firm
does not know. Mishra and Prasad (2004) showed that
centralization outperforms delegation when sales
agents’ private information about the stochastic part
of demand can be revealed to the firm through their
contract choice. Essentially, Lal (1986) and Mishra
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and Prasad (2004) found a determinant of price dele-
gation: agents’ private information unknown to the
firm.
Using data from a survey of 201 firms, Lo et al.



and compensation contract to make the heteroge-
neous sales force work effectively. Therefore, man-
agers should assess the differences in agents’ abilities
and reservation utilities before choosing between cen-
tralized and delegated pricing. We extend our base
model by considering uncertain demands, correlation
across sales territories, and continuous type; and the
main results of the base model remain qualitatively
true under these variations.
The remainder of the study can be organized as fol-

lows. Section 2 presents the literature review. Section 3
defines the models for centralized and delegated pric-
ing. Section 4 describes the contract menus for the
two models and examines the firm’s preference on
delegation or centralization. Section 5 extends our
base model. Section 6 concludes the study with a
summarized discussion. All proofs are provided in an
online supplement.

2. Literature Review

In an early work on sales agent price delegation,
Weinberg (1975) stated that both the firm and the
agent can benefit from price delegation when the mar-
ginal cost is constant and the commission is based on
a percentage of the gross margin. Lal (1986) used an
agency theory framework to show that price delega-
tion is more profitable for the firm than price central-
ization when the salesperson possesses relevant
private information that is unavailable to the firm.
Joseph (2001) analyzed two factors that may affect the
price delegation decision, namely, the endogenous
sales behavior under price delegation and the amount
of superior information that the sales agent possesses
about a customer’s willingness to pay; these factors
are among the several ones that were suggested by
Stephenson et al. (1979). Joseph (2001) found that if
the sales effort cost of pursuing high-quality cus-
tomers is either relatively low or relatively high, then
full price delegation is optimal, whereas limited price
delegation is optimal for the intermediate levels of
such effort cost. Bhardwaj (2001) investigated how the
competition in price and sales effort affects delegation
decisions. He found that firms should delegate when
the price competition is intense, but centralized pric-
ing is preferable under high levels of sales effort com-
petition.
Mishra and Prasad (2004, 2005) demonstrated that

in monopolized and competitive settings, centralized
pricing performs at least as well as delegated pricing
(for the firm) if the sales agent’s private information is
revealed by his choice of contract. They also noted
that the nature of the private information (i.e., about
the agent’s selling ability or market condition) may
not affect the results stemming from the firm’s price
delegation decision with homogeneous reservation

utility of agents. Nagar (2002) used survey data to
empirically establish that lower-level managers who
are given more pricing authority receive higher
power incentive schemes, and managers with greater
abilities receive more incentive compensation. Lo et
al. (2016) showed that sales agents with greater abili-
ties (i.e., experiences and skills) are granted more
pricing authority. Simester and Zhang (2014) exam-
ined the “internal lobbying” phenomenon when sales
representatives possess private information about
demands, and they derived conditions under which
the firm prefers such lobbying over price delegation.
Lim and Ham (2014) conducted a laboratory eco-
nomics experiment to examine the relationship
between price delegation and managerial profits.
Their experiment revealed that price delegation is
more frequently selected when the firm awards a
bonus to sales agents after observing their decisions.
This study is different from the above mentioned
works in that we consider the heterogeneity of sales
agents in terms of both sales ability and reservation
utility and show that type-dependent reservation util-
ity has a significant effect on the firm’s pricing delega-
tion decision.
The literature on sales force compensation is exten-

sive. Basu et al. (1985) considered a homogeneous
and risk-averse sales force in the context involving
moral hazard and proposed a nonlinear optimal com-
pensation plan. However, Lal and Staelin (1986) dis-
covered that the nonlinear compensation contract
described by Basu et al. (1985) may not be optimal if
the sales force is heterogeneous, and information
asymmetry is present. Lal and Srinivasan (1993) dis-
cussed linear compensation plans for single- and mul-
ti-product sales forces. By assuming ex ante
symmetric information, they demonstrated through
comparative statics that the improvements in alterna-
tive job opportunities can increase salaries but cannot
affect commission rates, which determine the sales
effort. By contrast, our model features the type-de-
pendent reservation utility that affects not only
agents’ payments but also their effort decisions. As
previously mentioned, Rao (1990) proposed a menu
of quota-based compensation plans for a heteroge-
neous sales force with identical reservation utility and
private information on abilities. He further showed
that only the lowest agent type does not receive infor-
mation rent and only the highest one delivers the first
best effort. Raju and Srinivasan (1996) described sce-
narios where the performance of quota-based con-
tracts nearly matches that of Basu et al. (1985) optimal
plan.
Park (1995) and Kim (1997) demonstrated that

bonuses awarded for meeting the sales quota may
induce the first best efforts of agents when binding
participation constraints are present in a moral
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hazard problem. In a similar setting, Oyer (2000)
demonstrated that a quota-based plan may result in
the first best efforts of agents who do not face binding
participation constraints. Kala and Shi (2001) and
Murthy and Mantrala (2005) investigated the use of
sales contests as a relative performance-based incen-
tive scheme. In this study, we design a compensation
contract for a heterogeneous sales force characterized
by type-dependent reservation utility under different
pricing schemes. We show that both high- and low-
type agents can make the first best effort without rent
under certain conditions.
Several scholars have considered different sales

force incentive problems. Mantrala et al. (1994) stud-
ied the compensation of a heterogeneous sales force
that sells multiple products. Joseph and Thevaranjan
(1998) examined the roles played by monitoring and
incentivizing sales agents in a compensation scheme.
Misra et al. (2005) considered agents’ risk attitudes in
the firm’s compensation of a heterogeneous sales
force. Caldieraro and Coughlan (2009) showed how
the interaction between territory allocation and sales
force compensation affects the firm’s profit. Chen
(2000, 2005) explored sales force incentive problems
in connection with inventory decisions. Chen and
Xiao (2012) studied a three-layer supply chain, in
which a manufacturer sells a product through a resel-
ler, who then relies on its own sales agent to sell in
the end market. Yang et al. (2013) examined the effect
of emotions on the choice between sales contests and
quotas when sales territories are imbalanced. Chu
and Lai (2013) investigated sales force contracting
when excess demands lead to lost sales, but the
demand information is censored by the inventory
level. Dai and Jerath (2013) considered the firm’s joint
decisions regarding inventory level and sales force
contract design. Chen et al. (2016) compared forecast-
based contracts with menus of linear contracts when
sellers exert effort to acquire information on market
conditions and increase demands. Rubel and Prasad
(2016) proposed a dynamic model for the design of
sales force compensation plans when the effect of the
selling effort on sales in one period persists for several
periods. In contrast to the existing research, we focus
on the effect of type-dependent reservation utility on
the pricing scheme selection and compensation con-
tract design of a firm with a heterogeneous sales
force.
Reservation utility of type dependence has been

investigated in the economics literature, for example,
Lewis and Sappington (1989), Maggi and Rodriguez-
Clare (1995), Laffont and Tirole (1990), Jullien (2000),
Armstrong and Sappington (2004). These works ana-
lyzed the properties of the optimal contract when the
agent’s reservation utility relates to the type. One of
the characteristics of type-dependent reservation

utility model is that the incentive compatibility (IC)
and individual rationality (IR) constraints of all types
can be binding differently. Recently, some works con-
sidered the type-dependent reservation utility in the
operations management, such as Chakravarty and
Zhang (2007), Cakanyildirim et al. (2012) and Gan et
al. (2019). Our research develops the pricing scheme
and compensation contract in the context of sales
force management with type-dependent reservation
utility, and provides insights into the scenario when
heterogeneous sales agents are employed.

3. Model

The manager (she) of a firm that employs heteroge-



s¼ s0þθe�bp, (1)

where s0 is the market potential,2b is the price elas-
ticity, and s0 and b are positive. The specification of
a tractable linear response function is reasonable for
many market situations and is common in the litera-
ture (Bhardwaj 2001, Chen 2005).
For clarity, we restrict the discussion to two

agent types:3 high (H) and low (L) types with
respective abilities θH and θL, where θH > θL > 0.
Ri is used to represent the reservation utility of a
type-i agent, where i = H or L and RH ≥ RL > 0.
The sales force may comprise many individual
agents, and each is either a high type or a low
type. The proportions q and 1 − q (q 2 (0, 1)) of
the high- and low-type agents in the job market,
respectively, are common knowledge. We assume
that 2b>θ2H and s0 is sufficiently large to ensure
that for any Ri, the firm’s profit is nonnegative.4

These assumptions are common in the literature
(Laffont and Tirole 1988).
Let c(e) denote the effort cost or the cost of exerting

effort level e. We assume that c(e) increases with e,
and at an increasing rate (Basu et al. 1985):

cðeÞ¼ e2=2: (2)

Let {t(q, θ), p(θ)} be the contracts under centralized
pricing, where q is the sales quota, t is the agents’
compensation, and p is the price. The contracts specify
the product price and the amount that the firm will
pay to the agent for meeting the quota. Given that the



4. Main Results

4.1. Contracts under Centralized Pricing
In this section, we first derive the optimal sepa-
rating contracts under centralized pricing. Apart
from the ability to determine the payments to
agents for realizing the quotas, the separating
contracts have the self-selection feature. On the
basis of the proposed deterministic demand func-
tion, according to Harris and Townsend (1981),
the optimal scheme under centralized pricing can
be described using contracts {tH,qH,pH} and {tL,qL,
pL}. Given that the optimal separating contracts
are not always possible, we also examine the
pooling contract (i.e., unique contract {t,q,p}). The
comparison of the optimal separating and pooling
contracts can establish an optimal strategy under
centralization.
We use r > 1 to denote the ability ratio of the high-

type to the low-type agent, r = θH/θL and DR ≥ 0 to
denote the difference of reservation utilities between
the two agent types, DR = RH − RL. To facilitate the
presentation of the optimal decisions, the following
terms are defined.

ψ1 ¼
1�ρ

1�ρ=r2
, ψ2 ¼

ρ

1�ð1�ρÞr2 , rc ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

1�ρ
1�ρθ2H

2b

� �s

K1 ¼ 1

2
ð1� r�2Þ s0ψ1θL

2b�ψ1θ
2
L

 !2

, K2 ¼ 1

2
ð1� r�2Þ s0θL

2b�θ2L

 !2

K3 ¼ 1

2
ðr2�1Þ s0θH

2b�θ2H

 !2

, K4 ¼ 1

2
ðr2�1Þ s0ψ2θH

2b�ψ2θ
2
H

 !2

:

0
BBBBBBBBBBB@

1
CCCCCCCCCCCA

(7)

It is easy to show that 0 < w1 < 1 and K1 < K2 < K3,
and w2 > 1 and K3 < K4 when r < rc. In addition,
these values of K constitute four distinct thresholds
for the reservation utility difference, and rc serves as
a threshold for the ability ratio under centralized
pricing. The following proposition summarizes the
decisions under the optimal separating and pooling
contracts.

PROPOSITION 1. Under centralized pricing: (A) the opti-
mal separating contracts exist when (i) DR ≤ K1, (ii)
K2 ≤ DR ≤ K3, (iii) DR ≥ K4 and r < rc; (B) the optimal
pooling contract exists for any value of DR, except when
K2 < DR < K3. The decisions with respect to the optimal
separating and pooling contacts are presented in Tables
A1 and A2 in the Appendix, respectively.

Thresholds K1 and



that in the optimal contract for homogeneous agents
(with ability θi), agents’ optimal sales effort is calcu-
lated as s0θi=ð2b � θ2i Þ.
When DR ≤ K1, the optimal contracts are separating

ones, and the high-type agent receives a positive pre-
mium, whereas no premium is offered to the low-type
agent. The premium K1 − DR increases with the low-
type agent’s quota. Compared with that in the homo-
geneous case, the quota for the low-type agent under
this scenario (low quota q�L1) is distorted downward to
reduce the premium; such distortion also reduces the
low-type agent’s effort. When K1 < DR < K2, the opti-
mal contract is a pooling one for the low-type agent,
and the high type receives a premium (because he
needs less effort to reach the quota). When K2 ≤ DR ≤
K3, no premium is necessary under the optimal con-
tracts (separating), and both agent types exert the
same effort as if they were homogeneous. When K3 <
DR < K4 or when DR ≥ K4 and r ≥ rc, the optimal con-
tract is a pooling one for the high type. In this case,
the low-type agent receives a positive premium and
exerts greater effort than in the absence of a premium.
When DR ≥ K4 and r < rc, the optimal contracts
become separating ones, and the low-type agent
receives a positive premium that decreases with the
high-type agent’s quota. Therefore, compared with
the homogeneous case, the firm sets a higher quota
(high quota q�H2) for the high-type agent to reduce the
low-type agent’s premium and thus encourages the
former to increase his effort.
For a heterogeneous sales force with a common

reservation utility, Rao (1990) found that all, except
the agent with the lowest ability receive a premium,
and all, except the agent with the highest ability
expend less effort than the agents who were members
of a homogeneous sales force. However, this conclu-
sion is not applicable for our setup with type-depen-
dent reservation utility. Under centralized pricing,
when K2 ≤ DR ≤ K3, both agent types receive no pre-
mium and work as hard as they would if the sales
forces were homogeneous. When DR > K3, the low-
type agent receives a positive premium, whereas the
high-type one receives none; two agent types can

work as hard as or even harder than they would if the
sales forces were homogeneous.
For a general principal-agent problem with a con-

tinuous type of reservation utility relation, Lewis and
Sappington (1989) found that the optimal contract
involves pooling, and Maggi and Rodriguez-Clare
(1995) showed that the condition when the pooling
can occur depends on the relationship between reser-
vation utility and type. Our result reveals explicitly
how the optimal contracts (separating or pooling) rely
on the difference of reservation utilities, and we only
require a high reservation utility for a high-type
agent.

4.2. Contracts under Delegated Pricing
In this subsection, we consider problem Pd. Examin-
ing the optimal separating contracts for Pc, we can
propose the following possible solution for Pd (i = H
or L):

tiðs,pÞ¼
t�i if p¼ p�i and s¼ q�i
t0 otherwise,

�

where ft�i ,q�i ,p�i g are from the optimal separating con-
tracts for Pc (Table A1), and t0 is sufficiently small
and cannot satisfy agents’ reservation utilities.
Clearly, when {tH(s,p), tL(s, p)} is offered, a high-type
agent will choose tH(s, p) with pricing at p�H and real-
izing sales q�H, whereas a low-type agent will choose
tL(s, p) with pricing at p�L and realizing sales q�L.
In other words, when pricing is delegated to the

agent, the firm can set the contract such that if the
price desired by the firm (under centralization) is not
selected by the agent, the compensation to the agent is
less than his reservation utility. Since the same price
and realized sales can be anticipated under price dele-
gation, the firm will achieve the same profit under
either price delegation or price centralization. Similar
arguments are used by Lal (1986) and Mishra and Pra-
sad (2004). In summary, on the basis of the determin-
istic demand function, when the optimal separating
contracts exist under centralized pricing (delegated
pricing), the firm can design the optimal separating
contracts under delegation (centralization) to realize
the same profit.
However, under centralized pricing for some reser-

vation utility difference DR, the optimal separating
contracts do not exist due to the conflicted screening
effect (Table 1). When the optimal contract under cen-
tralization is the pooling contract, the performance of
price centralization relative to price delegation
remains unclear. Similar to the method of Lal (1986),
we will not solve for the optimal solution under dele-
gated pricing, but instead develop a feasible solution
for the firm to provide reference for selecting central-
ized or delegated pricing.

Table 1 Optimal Contracts and Related Premiums under Centralized
Pricing; Optimal Effort Comparisons Between Heterogeneous
and Homogeneous Sales Forces

Region
Optimal
contract

Premium
PH

Premium
PL

Effort
eH

Effort
eL

ΔR ≤ K1 Separating K1 − ΔR 0 Same Lower
K1 < ΔR < K2 Pooling-L K2 − ΔR 0 Lower Same
K2 ≤ ΔR ≤ K3 Separating 0 0 Same Same
K3 < ΔR < K4 Pooling-H 0 ΔR − K3 Same Higher
ΔR ≥ K4 r < rc Separating 0 ΔR − K4 Higher Same

r≥rc Pooling-H 0 ΔR − K3 Same Higher
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We propose the following contract form, t(s, p) =
α + (p − y) × s, where α is the fixed compensation
awarded to the agent, and y is the share received by
the firm from the agent for each unit of sales. This
form is commonly adopted under price delegation
(e.g., Bhardwaj 2001), and we refer to it as margin-
based commission (MBC) contract since p − y denotes
the commission that the agent obtains for each sale.
Under this form, the pair of contracts offered by the
firm becomes {(αH, yH),(αL, yL)}, and substituting them
into the firm’s problem Pd yields the following P0

d.

Before presenting the results, the following terms are
defined.

Vs
1 ¼

s20ðθ2H�θ2LÞð2b�θ2HÞ
2ð2b�θ2LÞ½2b�θ2Hþρðθ2H�θ2LÞ=ð1�ρÞ�2

,

Vs
2 ¼

s20ðθ2H�θ2LÞð2b�θ2LÞ
2ð2b�θ2HÞ½2b�θ2L�ð1�ρÞðθ2H�θ2LÞ=ρ�

2
,

V
p
1 ¼

s20ðθ2H�θ2LÞ½2b�ð1�ρÞθ2H�ρθ2L�
2

2ð2b�θ2HÞð2b�θ2LÞ½2b�ð1�2ρÞθ2H�2ρθ2L�
2
,

V
p
2 ¼

s20ðθ2H�θ2LÞ½2b�ð1�ρÞθ2H�ρθ2L�
2

2ð2b�θ2HÞð2b�θ2LÞ½2b�2ð1�ρÞθ2Hþð1�2ρÞθ2L�
2
,

rd ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þρð2b�θ2LÞ=½ð1�ρÞθ2L�

q
:

8>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>:

(9)

We can verify that Vs
1<V

p
1<V

p
2. In addition, V

p
2<Vs

2

if r < rd.

PROPOSITION 2. For MBC contract t(s, p) = α + (p −

y) × s under price delegation: (A) a unique pair of opti-
mal separating plans exists provided that (i) ΔR ≤Vs

1 or
(ii) ΔR≥Vs

2 and r < rd; otherwise, no optimal separating
plans exist; and (B) a unique optimal pooling plan exists
except for <ΔR<Ks

2. The optimal decisions in the sepa-
rating and pooling plans are presented in Tables A3 and
A4, respectively.

For MBC contract t(s,p) = α + (p − y)× s, the opti-
mal separating plans (i.e., {αH, yH} and {αL, yL} in
Table A3) show that y�H ¼ 0 and α�H<0 when

ΔR≤Vs
1, that is, the firm does not collect revenue

from each unit of sales, instead the agent should
pay a lump sum to the firm for the total quantity
he intends to sell (i.e., buy out from the firm and
then sell to customers). The implication of this sce-
nario is that if the reservation utility difference is
small, then the firm should offer the high-type
agent a buyout contract, and the low-type agent a
regular contract (i.e., y�L>0). However, if the reser-
vation utility difference is large and the ability
ratio is small, the low-type agent is offered a buy-

out contract. In this case, the high-type agent is
offered an “enhanced" buyout contract, where he
receives a bonus from the firm for each unit of
sales (y�H<0). It is interesting that the firm can sep-
arate different agent types only by granting one or
both agent types total sales control (i.e., offering a
buyout contract when the pricing has already been
delegated). The expression Vs

1 (Vs
2) is the difference

between the reward of the high-type agent and the
reward of the low-type agent when the selected
contract is intended for the low (high) type. Similar
to the case of centralized pricing, Vs

1 and Vs
2 serve

as the thresholds of the reservation utility differ-
ence that determine if separating plans are possi-
ble. The conflicted screening effect appears when
(i) Vs

1<ΔR<Vs
2 and (ii) ΔR ≥Vs

2 and r ≥ rd.
When the conflicted screening effect arises, the firm

should consider the delegated pooling MBC contract
{α, y}. Note that for ΔR ≤V

p
1 (ΔR≥V

p
2), the IR con-

straint for the low- (high-) type agent is binding (from
the proof of Proposition 2 in the Appendix). This
result implies that under the respective conditions,
the optimal pooling MBC contract is essentially
designed for either agent type (i.e., the pooling of the
low/high-type agent).
Similarly, V

p
1 (V

p
2) is the difference between the

rewards of the high- and low-type agents when the
optimal pooling MBC contract is of the low (high)
type. For convenience, we refer to the V function as
the reward difference under delegated pricing. When
V

p
1<ΔR<V

p
2, no pooling MBC contract can simultane-

ously satisfy the two IR constraints due to the con-
flicted pooling effect. Therefore, under delegated

P0
d : maxΠdðαH,yH,αL,yLÞ¼ ρðyH� sHH�αHÞþð1�ρÞðyL� sLL�αLÞ:

s:t:

ðIÞ αHþðpHH�yHÞsHH� cðeHHÞ≥RH

ðIIÞ αLþðpLL�yLÞsLL� cðeLLÞ≥RL

ðIIIÞ αHþðpHH�yHÞsHH� cðeHHÞ≥αLþðpHL�yLÞsHL� cðeHLÞ
ðIVÞ αLþðpLL�yLÞsLL� cðeLLÞ≥αHþðpLH�yHÞsLH� cðeLHÞ
ðVÞ ðpix,eixÞ¼ argmaxαxþðpix�yxÞsix� cðeixÞ, i,x¼H or L

: (8)
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pricing, neither optimal separating nor pooling MBC
contracts exist when V

p
1<ΔR<V

p
2 because the con-

flicted screening and conflicted pooling effects are
both operative. When ΔR≤Vs

1 or when ΔR≥Vs
2 and

r < rd, the optimal separating and pooling MBC con-
tracts can exist. Under these circumstances, the firm
performs better with the former than with the latter.
Table 2 summarizes the optimal MBC contracts under
delegated pricing for the entire spectrum of the reser-
vation utility difference. Similar to centralization, the
pooling MBC contract can be adopted under delega-
tion only when separating ones are not available.
Table 2 also presents the premiums received by the

two agent types with the optimal MBC contracts and
compares the respective efforts the agents exert with
the efforts if the agents were part of a homogeneous
sales force. From Proposition 2, the optimal effort of
type-i agent weakly decreases in yi because yi is the
per unit profit that the firm receives from the agent.
When ΔR ≤Vs

1, separating MBC contracts are offered,
and the firm sets a positive yL to reduce the premium
received by the high-type agent, although at the cost
of the lower effort from the low-type one. When
Vs

1<ΔR≤V
p
1, however, the firm offers a pooling MBC

contract designed for the low-type agent and sets a
positive y to reduce the premium given to the high-
type agent, consequently garnering a reduced effort
from two types. When V

p
2 ≤ΔR<Vs

2, a pooling MBC
contract for the high-type agent is offered, and the
low-type agent receives a positive premium. In this
case, the firm sets y < 0 for the optimal plan (i.e., a
buyout contract) to minimize the premium, and both
agent types exert higher efforts than if they were part
of a homogeneous sales force. When ΔR ≥Vs

2 and
r < rd, separating MBC contracts are offered, and the
low-type agent receives a positive premium. To
reduce this premium, the firm (i) sets yH < 0, which
motivates the high type to exert more effort than in
the homogeneous agents scenario, and (ii) sets yL = 0,
which motivates the low type to exert the same effort
as in that scenario. If r ≥ rd, then a pooling MBC con-
tract is optimal for ΔR≥Vs

2, which is the same as that
for V

p
2 ≤ΔR<Vs

2.
In conclusion, under delegated pricing with MBC

contract, if ΔR≥V
p
2: (a) a low-type agent always

receives a positive premium, whereas a high-type
agent receives none and (b) the high- and low-type
agents always work harder or equally hard, as they
would if the sales forces were homogeneous. Thus,
irrespective of whether the firm’s pricing scheme is del-
egated or centralized, either agent type (high or low)
with type-dependent reservation utility may receive
zero premium and exert the same or greater effort than
if he were a part of a homogeneous sales force.

4.3. Delegated or Centralized
To determine the right pricing scheme, we compare the
performances of the contracts under centralized and
delegated pricing. It is easy to verify for the K and V
thresholds (i.e., effort cost and reward differences), that
K2<V

p
2. For the ability ratio thresholds, rc < rd. The

firm’s pricing strategy and contract choice can now be
identified from the findings in sections 4.1 and 4.2.

PROPOSITION 3. (A) When the centralized optimal con-
tracts are separating contracts for (i) DR ≤ K1, (ii) K2 ≤
DR ≤ K3, or (iii) DR ≥ K4 and r < rc, centralization
and delegation can perform the same for the firm. (B)
When the centralized optimal contract is pooling con-
tract, delegation with the optimal MBC contract t(s,p) =
α + (p − y)×s performs better than centralization.

With the optimal separating contracts under centra-
lization, the firm has the flexibility to set different
prices for different agent types. This allows the firm
to anticipate the agent’s pricing under delegation and
set the anticipated price of different agent types in the
centralized contract. Therefore, the optimal centra-
lized and delegated separating contracts perform the
same for the firm.
Note that the conflicted screening effect arises in

certain ranges of the reservation utility difference and
ability ratio, which excludes the existence of the opti-
mal separating contracts under centralized pricing. In
such a case, the optimal contract under centralization
is the pooling one. However, under delegated pricing,
for the MBC contract, the conflicted screening effect
does not arise under certain conditions within the
same ranges. Note that the optimal separating MBC
contracts can always generate higher profit for the

Table 2 Optimal Margin-Based Commission (MBC) Contracts and Related Premiums (Information Rents) under Delegated Pricing; Optimal Effort of
MBC Contracts Comparisons Between Heterogeneous and Homogeneous Sales Forces (N/A = not applicable)

Region Optimal plan Premium PH Premium PL Effort eH Effort eL

ΔR ≤ V s
1 Separating V s

1 � ΔR 0 Same Lower
V s

1<ΔR ≤ V p
1 Pooling-L V p

1 � ΔR 0 Lower Lower
V p

1<ΔR<V p
2 No equilibrium N/A N/A N/A N/A

V p
2 ≤ΔR<V s

2 Pooling-H 0 ΔR � V p
2 Higher Higher

ΔR ≥ V s
2 r < rd Separating 0 ΔR � V s

2 Higher Same
r ≥ rd Pooling-H 0 ΔR � V p

2 Higher Higher
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firm than the optimal pooling one (Table 2). There-
fore, to determine centralization or delegation when
the optimal contract under centralization is pooling,
we should first compare between centralized pooling
and delegated pooling (of MBC contract).
With delegated pooling, different agent types can

set different prices despite having a single contract.
By contrast, there is only a single price with centra-
lized pooling. Thus, delegated pooling allows for
greater pricing flexibility than centralized pooling.
While, the comparison of Propositions 1 and 2 shows
that the low-type agent always exerts less effort under
delegated optimal pooling MBC contract than under
centralized optimal pooling contract. Therefore,
choosing between delegated and centralized pooling
requires an evaluation of the trade-off between the
benefit of pricing flexibility and the cost of reducing
the incentive for sales effort.

PROPOSITION 4. When the pooling contract is offered
under both pricing schemes, the firm can benefit from
selecting delegated pricing (with the optimal MBC con-
tract t(s,p) = α + (p − y) × s) over centralized pricing
(with the optimal pooling contract).

Based on the fact that the optimal separating MBC
contracts (if available) work better than the pooling
one, and together with Proposition 4, we have a full
explanation of Proposition 3(B). Figure 1 illustrates
the results of Proposition 3 when the ability ratio is
small (i.e., r < rc), where C and D represent centraliza-
tion and delegation, respectively. When r ≥ rc, in the
region DR ≥ K4, delegation with the optimal MBC
contracts always works better than centralization with
the optimal pooling contract. In the region
V

p
1<ΔR<K2, the firm selects centralization because

there is no equilibrium MBC contract under delega-
tion.
Lal (1986) showed that delegation and centraliza-

tion are identical to the firm when there is no informa-
tion asymmetry between the firm and the agent;
while when the agent has more precise information
about demand, delegation is preferred by the firm.
The private information in Lal (1986) is acquired after
the agent signs the contract and exerts effort. Different
from Lal (1986), in our model, the agent possesses pri-
vate information on ability and reservation utility
(type-dependent) before signing the contract. Our
results show that when there is asymmetric informa-
tion between the firm and the agent, delegation and
centralization can also work identically for the firm
under certain conditions.
Mishra and Prasad (2004) considered the same

sequence of events as in our model, but the agents in
their model have the same reservation utility. They
discovered that the performance of the centralized

separating contracts for the firm is at least as good as
that of the delegated separating contracts. Our result
of Proposition 3(A) extends their findings in the sce-
nario of type-dependent reservation utility when the
difference of reservation utilities is small or when the
difference is large but the ability gap is small, that is
the conflicted screening effect does not appear under
centralization. While when a conflicted screening
effect is present under centralized pricing, the optimal
contract becomes the pooling one. In this scenario,
delegated pricing with the optimal separating MBC
contracts can eliminate this effect when the difference
of reservation utilities is moderate (i.e., K1<ΔR ≤Vs

1)
or large with moderate ability ratio (i.e., ΔR≥Vs

2 and
rc ≤ r < rd); delegation with the optimal pooling MBC
contract performs better than centralization when
Vs

1<ΔR<minfVp
1,K2g or ΔR≥V

p
2 and r ≥ rd.

Lo et al. (2016) mentioned that agents who sell
similar industrial equipment products are typically
paid in accordance with the same compensation
plan, which is not tailored to individual agents’ char-
acteristics. They also highlight that under the same
contract, the more capable sales agents are granted
higher pricing authority. The findings of Mishra and
Prasad (2004) regarding the choice of centralization
is based on the assumption that the firm designs dif-
ferent contracts for different types of sales agents.
Hence, their analysis cannot explain the observation
of Lo et al. (2016) regarding a unique contract with
delegation. Our results, which are derived from the
perspective of type-dependent reservation utility,
can provide an explanation for the phenomenon
where the firm offers a unique contract to agents

Figure 1 Pricing Scheme with r < rc
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with different abilities while delegating the pricing
decision.

5. Extensions

5.1. Pricing Scheme and Compensation under
Sales Uncertainty
The deterministic demand of the base model leads to
the problem of false moral hazard, since the firm can
infer the agent’s effort from the realized sales and
the prices charged.5 In this subsection, by relaxing
this assumption, we examine how sales uncertainty
affects the firm’s decisions and our main findings in
section 4.
Now consider the uncertain realized sales ~s:

~s¼ sþ ɛ¼ s0þθe�bpþ ɛ, (10)

where ɛ represents the random noise with E(ɛ) = 0.
The additive form of the uncertainty is commonly
used in literature (Holmstrom and Milgrom 1991).
Moreover, ɛ is independent of agents. Considering
the presence of uncertainty, ~s is observed (not s of



same across territories. For simplicity, we assume a
unidirectional and exogenous cross-territory effect
(e.g., Abhishek et al. 2016), which can be modeled
through the realized sales for territories A and B:

sA ¼ s0AþθAeA�bpþ τsB and sB ¼ s0BþθBeB�bp,

where subscripts A and B represent territory A and
B, respectively, and τ, τ 2 [−1, 1] denotes the corre-
lation across the territories and represents the
change in the sales in territory A imposed by the
unit sales in territory B. Provided that the ability
and reservation utility of the agent in territory A are
common knowledge, we concentrate on the central-
ization or delegation decision of the firm in territory
B. Under centralized pricing, the firm decides the
price(s) and compensation contracts to maximize the
total expected profit from the two territories. Under
delegated pricing, given that the agent sets the price
in territory B, the contract for territory A also
depends on the price in B due to the same price
strategy. By solving the firm’s problems under cen-
tralization and delegation, we obtain Proposition 6.

PROPOSITION 6. The results from our base model remain
qualitative when a correlation is present among the sales
territories. The regions (of reservation utility difference)
where the conflicted screening effect exists shrink when
the positive correlation increases or when the negative
correlation decreases.

When τ > 0, the correlation across sales territories
is positive, which means that each unit of sales in the
new territory B generates τ units of additional sales in
territory A. This phenomenon occurs due to the “net-
work effect” (Abhishek et al. 2016). Otherwise, the
sales in territory B negatively affects territory A (i.e.,
τ < 0). Proposition 6 first asserts that the results from
the base model hold qualitatively. The optimal separ-
ating contracts perform equally under centralized and
delegated pricing. Delegation with the optimal MBC
contracts can perform better than centralization with
the optimal pooling contract if the conflicted screen-
ing effect exists under centralized pricing. Note that
the increase in the correlation signifies a strong posi-
tive correlation or a large absolute value of the nega-
tive correlation (|τ|). This proposition also shows that
the regions, where delegated pricing with the optimal
MBC contracts works better than the centralized opti-
mal pooling contract, shrink if the positive correlation
increases (i.e., τ > 0 and τ increases) or the negative
correlation decreases (i.e., τ < 0 and |τ| decreases).
That is, when the sales in territory B lead to more
increase (for τ > 0) or less decrease (for τ < 0) in sales
in territory A, in more regions of reservation utility
difference DR, the firm can avoid the discrimination

between centralization and delegation because the
two pricing schemes with optimal separating con-
tracts can perform equally.

5.3. Continuous Type
In this subsection, we check how our main results
may change when the type distribution is continu-
ous. Our main findings with two discrete types
show that the optimal contracts under centralized
pricing can be separating contracts or pooling con-
tract. When the optimal contracts under centraliza-
tion are separating, centralization and delegation
perform equally since the centralized pricing can be
set according to the agent type. When the optimal
contract under centralization is pooling, delegation
performs better than centralization because of the
flexibility of utilizing agent type information. Con-
sider the problem with continuous type and type-
dependent reservation utility. When centralized
optimal contract are separating, we can show, fol-
lowing Mishra and Prasad (2004), that centralization
works at least as well as delegation because the cen-
tralized pricing can be made for each type individu-
ally. As such, we remain to see if a continuous
region (of type) exists within which the centralized
optimal contract is pooling, and how centralized
and delegated pooling contracts perform.
Consider a general type distribution F(θ) with den-

sity f(θ) > 0 over [θ,θ] (0 < θ<θ), and FðθÞ
fðθÞ increasing in

θ whereas 1�FðθÞ
fðθÞ decreasing in θ. The reservation util-

ity R(θ) is an increasing function of type θ. Let t(θ) be
the compensation and e = g(q(θ), p(θ); θ) be the effort
for reaching quota q(θ) under centralized price p(θ).
The principal-agent problem for the firm under cen-
tralization can be formulated as follows, where the
superscript L represents continuous type.

PL
c : maxΠcðpðθÞ, qðθÞ, tðθÞÞ¼

Z �θ

θ
ðpðθÞ�qðθÞ� tðθÞÞfðθÞdθ

ðIRÞ tðθÞ� cðgðqðθÞ, pðθÞ; θÞÞ≥RðθÞ for all θ∈ ½θ, �θ�
ðICÞ tðθÞ� cðgðqðθÞ, pðθÞ; θÞÞ≥ tðθ̂Þ� cðgðqðθ̂Þ, pðθ̂Þ; θÞÞ

for all θ, θ̂∈ ½θ, �θ�:

The second constraint in PL
c can be restated as the

decision problem of a type-θ agent i who announces
type θ̂ to maximize his profit:

max
θ̂

Viðθ̂;θÞ¼ tðθ̂Þ� cðgðqðθ̂Þ,p ðθ̂Þ;θÞÞ

ðIRÞ Viðθ̂; θÞ≥RðθÞ:
Assuming R

0 0
(θ) < 0, a pooling region θ ∈ ½θ1,θ2�

(θ1 ≤ θ2) exists with the optimal contract under cen-
tralization for the above principal-agent problem
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(Lemma 5 in Lewis and Sappington 1989 and Proposi-
tion 3 in Maggi and Rodriguez-Clare 1995). With the
existence of a pooling region, we now compare dele-
gated pooling with centralized pooling. The firm’s
problem with delegated pooling contract t(s,p(θ)) can
be formulated as follows.

PL
d : max Πdðtðs,pðθÞÞÞ¼

Z �θ
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Notes

1This assumption is relaxed in an extension in which a
correlation exists across the sales territories (section 5.2).
2The deterministic market potential assumption is relaxed
in the extension (section 5.1), where we analyze the influ-
ence of the demand uncertainty. The main results are
shown to be qualitatively unchanged. We thank the
Senior Editor and Reviewers for suggesting this direction
of extension.
3The base model of two agent types is extended to the
continuous type in section 5.3.
4In the case of a centralized system, the firm determines
the price and the effort that type-i agent should exert to
maximize p(s0 + θie − bp) − e2/2. To ensure the interior
solution, we need 2b>θ2i to have the negative definite
Hessian matrix of the objective function. Then, the optimal
price and effort are expressed as p ¼ s0=ð2b � θ2i Þ and
e ¼ ðs0θiÞ=ð2b � θ2i Þ, respectively. With the optimal price
and effort, the maximum total profit under the centralized
system is s20=½2ð2b � θ2i Þ�, and the firm’s maximum net
profit is s20=½2ð2b � θ2i Þ� � Ri. Hence, a sufficiently large s0
can guarantee that the firm’s profit is nonnegative.
5Laffont and Martimort (2001) called this moral hazard
“false moral hazard” in page 274 because the agent does
not have the freedom to choose his effort.
6Proposition 5 in Rao (1990), indicates that a necessary
and sufficient condition for the optimal contracts and a
menu of linear plans to be equivalent is the convexity of
the optimal contracts in sales.
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