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1. Introduction
Business services, despite their spectacular growth in
the 1990s (Apte and Nath 2006), are currently fac-
ing many challenges (The Economist 2007). In partic-
ular, the nature of the client-consultant relationship
has changed; today it is more focused on deliver-
ing value through effective collaboration (Toppin and
Czerniawska 2005).
Consider a client preparing a consulting engage-

ment. Which contract should it offer? Fixed-fee contin-
gent on output (FF-O), fixed-fee contingent on effort
(FF-E), time-and-materials (TM), or performance-
based (PB) pricing? Although it is clear that the choice
of contract depends on the service environment char-
acteristics, to date there exist few guidelines for con-
tract selection.
In this paper, we present a formalized model of con-

tracting, identify the key trade-offs underlying the
contract choice, and suggest strategies to improve
contract effectiveness. We analyze a service provision
and delivery process involving collaboration between
a buyer and a vendor (Fuchs and Leveson 1968).
Because of the joint-production character of the pro-
cess, the effort levels are complementary; i.e., the
buyer exerts high efforts only when the vendor exerts
high efforts, and vice versa. We consider three settings,
depending on whether the buyer’s and the vendor’s
efforts are verifiable. We show that FF-O contracts

naturally arise when the buyer’s actions have been
contractually specified; that TM and FF-E contracts
are optimal when the vendor’s actions are verifiable,
e.g., through on-site work and regular meetings; and
that PB contracts are optimal when neither the buyer’s
nor the vendor’s actions are verifiable, resulting in
double moral hazard (Bhattacharyya and Lafontaine
1995). We also relate the optimal contract selection to
the service characteristics, such as output sensitivity to
the buyer’s and the vendor’s inputs, output measur-
ability, output uncertainty, cost-reduction and value-
enhancement opportunities, as well as the presence of
multiple buyers or vendors.
The paper is organized as follows. We review the

related literature in the next section and present an
overview of contracting in the consulting industry.
Section 3 introduces the basic model, benchmarks the
decentralized decision making to the first-best solu-
tion, and relates the choice of contract to the sen-
sitivity of the output to the buyer’s and vendor’s
actions. We then discuss in §4 the impact of out-
put uncertainty, process improvement opportunities,
and the involvement of multiple buyers and vendors.
We present our conclusions and directions for future
research in §5. All proofs appear in the electronic
companion.1

1 An electronic companion to this paper is available as part of the on-
line version that can be found at http://mansci.journal.informs.org/.
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2. Literature Review
The information service sector, in particular, business
services and medical and educational services, was
the fastest growing sector of the U.S. economy in
1992–1997 (Apte and Nath 2006). Despite the impor-
tance of this sector, research on service operations has
primarily focused on the physical aspects of services
including queuing models (Allon and Federgruen
2007), logistics (Bramel and Simchi-Levi 1997), retail-
ing (Fisher and Raman 1996), and revenue manage-
ment (Talluri and van Ryzin 2004). One could in fact
argue that research on “white-collar” service opera-
tions is still in its infancy (Hopp et al. 2009).
Building on Karmarkar and Pitbladdo’s (1995)

framework for analyzing service processes, service
competition, and its implications on service strategy,
this paper analyzes the contractual arrangements aris-
ing in a collaborative, business-to-business service
environment. The main research question pursued by
this paper is to relate the choice of contract—among
fixed-fee, time-and-materials, and performance-based
contracts—to the service characteristics.

2.1. Contract Theory
Contract theory has mostly focused on adverse selec-
tion, when one of the parties has private informa-
tion about her characteristics, and moral hazard, when
one party’s efforts are unverifiable by the other party.
Adverse selection can be mitigated by screening the
buyers and/or vendors through competitive bidding
and menus of contracts. Moral hazard, in contrast, can
be addressed by offering the agent a contract that links
her compensation to the output of her work. Inefficien-
cies arise, however, when the agent is risk averse or
has limited liability, or when the agent’s performance
measure is distorted. See Laffont and Martimort (2002)
and Gibbons (2005) for recent overviews of contract
theory.
Contract theory has recently been applied to busi-

ness-to-business settings, from cross-functional coor-
dination (Porteus and Whang 1991, Kouvelis and
Lariviere 2000) to supply chain coordination (Lariviere
1999, Corbett 2001, Cachon 2003, Perakis and Roels
2007, Taylor and Plambeck 2007). In contrast to supply
contracts, which are based on manufactured quanti-
ties, we focus on contracts for projects, such as those
arising in construction (Bajari and Tadelis 2001), legal
services (Rubinfield and Scotchmer 1993), movie mak-
ing (Chisholm 1997), spare-part supply chains (Kim
et al. 2007), and call centers (Hasija et al. 2008, Ren
and Zhang 2008), among others. Rather than being
industry specific, we adopt an abstract representation
of the service output to generate insights applicable
to most collaborative services, including consulting,
financial planning, health care, and information tech-
nology (IT) outsourcing services. More importantly,

we consider a joint-production function, rather than a
traditional principal-agent framework, which funda-
mentally alters the nature of contracting.

2.2. Collaborative Services
The notion of collaboration in services was first intro-
duced by Fuchs and Leveson (1968) and discussed in
an operations management context by Chase (1981).
Joint-production processes have become so ubiquitous
in services that one could argue that every service
involves some degree of value cocreation (Spohrer
et al. 2008). Managing collaboration in organizations
presents many challenges, such as the deployment
of globally distributed work teams (Kumar et al.
2005) or the adoption of interorganizational (infor-
mation sharing) systems (Chi and Holsapple 2005).
Also, the prevalence of collaborative work in com-
plex, dynamic environments makes the traditional
top-down approach to process design obsolete. In
particular, Kogan and Muller (2006) and Hill et al.
(2006) report that most collaborative work takes place
on an ad hoc basis and often relies on personal
information management tools, whereas prescribed
work processes serve only as reference models. Tra-
ditional approaches to process analysis are therefore
inadequate, and new tools must be developed to
model the locus of work in collaborative environments
(Kieliszewski et al. 2007).
From a contracting perspective, collaboration may

lead to double moral hazard when the parties’ efforts
are nonverifiable, which typically makes the first-
best effort levels not enforceable (Holmström 1982).
The second-best optimal contracts can be linear
when the parties are risk neutral (Bhattacharyya and
Lafontaine 1995, Corbett et al. 2005) but are in gen-
eral nonlinear when they are risk averse (Kim and
Wang 1998). In supply chain settings, Iyer et al. (2005)
study the contracting process for product specifica-
tion and production, where the product costs depend
on both the buyer’s and the supplier’s resources;
Plambeck and Taylor (2006) demonstrate the exis-
tence of simple relational contracts when the buyer
and the supplier interact over multiple periods. Xue
and Field (2008) analyze the pricing and effort alloca-
tion in collaborative services with information stick-
iness, similar to our work, but consider substitute,
rather than complementary, effort levels. Our model,
although similar in spirit, aims instead to relate the
choice of contract to the service environment charac-
teristics, such as output elasticities, effort verification
costs, output uncertainty, output measurability, and
process improvement opportunities.

2.3. Contracting in Practice
Contract choice has also been studied from an empir-
ical perspective, in offshore drilling (Corts and Singh
2004), maintenance of commercial aircrafts (Guajardo
et al. 2009), and IT (Banerjee and Duflo 2000, Gopal
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et al. 2003, Kalnins and Mayer 2004). Gurbaxani (2007)
reviews the empirical literature and proposes a trans-
action economics framework to analyze outsourc-
ing contracts for information systems. It is generally
observed that contract choice depends on project com-
plexity, project size, resource shortage, and a firm’s
reputation.
Although our abstract model encompasses vari-

ous industries, we will use the consulting indus-
try as a guiding example throughout our analy-
sis. The current state of the consulting industry, its
challenges, and future are reviewed in Toppin and
Czerniawska (2005), Czerniawska and May (2004),
and Czerniawska (2002, 2007).
Because of the inherent diversity of consulting

projects, there exists a wide variety of consulting con-
tracts. Løwendahl (2005) reports that the two most
common contracts for professional services are fixed-
fee contracts—perhaps subject to increases if parts of
the contract terms are altered in the process—and pay-
ment by the hour. In addition, she notes that more
creative forms of contracts are sometimes adopted,
such as shared-savings contracts or “no-cure-no-pay”
contracts.
Sheedy (2008), from Forrester Research, identifies

four types of contracts arising in IT consulting and sys-
tem integration projects: (i) fixed price, (ii) time and
expenses, (iii) risk/reward, and (iv) value based. Our
representations of FF-O, TM, and PB contracts are con-
sistent with his definitions of fixed-price, time-and-
expenses, and value-based contracts. FF-E contracts
are hybrid, because they consist of a fixed fee, similar
to Sheedy’s fixed-price contracts, but based on inputs,
similar to his time-and-expenses contracts. His risk-
reward contract, which complements the simple fixed-
price and time-and-expenses contracts with bonuses
and penalties for reaching certain performance indi-
cator targets (e.g., speed of delivery), is not captured
by our framework, because our model of output is
unidimensional and only measures the overall service
value. Sheedy also identifies the benefits and chal-
lenges of each contract, summarized in Table 1. Our
formal analysis will either confirm or circumstantiate
these insights.

3. Basic Model
3.1. Model Components

3.1.1. Inputs. Inputs are the buyer’s and the ven-
dor’s efforts, denoted by x and y, respectively. We
assume linear costs of effort, with cB and cV , respec-
tively, denoting the marginal costs of effort for the
buyer and the vendor, which are effectively the cost
of adding workforce on the project multiplied by
some effort-to-time ratio, measuring the workforce

Table 1 Benefits and Challenges of Consulting Contracts

Contracts Benefits Challenges

Fixed price Clear outcome Lack of price validation
(FF-O/FF-E) Accurate budget projects Vendors shifting

resources around
Inability to change scope
Full business benefits not
delivered

Time and expenses
(TM/FF-E)

Transparency into
vendor’s effort

Rampant change-order
temptation

Better understanding of
labor requirements

Focus on effort instead of
outcome

Ability to terminate
contract at short notice

Value based
(PB)

Greater likelihood of
project success

Greater vendor’s
responsiveness

Greater ability to get
project approved

Longer negotiations
Vendor-driven project
control

Potential conflicts with
other vendors

Skewed vendor choices

Source. Sheedy (2008).

efficiency (or productivity). The assumption of lin-
ear costs, although not essential to our model (any
power function of the type cBxm and cV yn withm�n≥ 1
would lead to similar results), is the most relevant to
business-to-business engagements, where the cost of
adding workforce on a particular project is relatively
constant over a reasonable range of values (Corbett
et al. 2005).

3.1.2. Output. The output of the collaborative
work V 	x�y
 is modeled with a continuously dif-
ferentiable, strictly concave function, nondecreasing
in the effort levels. We furthermore assume that the
output function is supermodular, consistent with the
notion of value cocreation in services (Spohrer et al.
2008, Fuchs and Leveson 1968, Bettencourt et al. 2002),
with V 	x�0
 = V 	0�y
 = 0 and limy→� �V 	x�y
/�x =
limx→� �V 	x�y
/�y = �. That is, no output is gener-
ated if one party does not contribute, and there is a
large benefit from exerting more effort when the other
party exerts a high effort. Many successful consulting
engagements indeed operate “in a spirit of teamwork”
(Shenson 1990), where

[c]lients and consultants work closely together. If the
consultants are bringing a new approach to solving
a problem, then the client brings intimate knowledge
of the context for that problem, what kind of solu-
tion is being sought, whether any attempt to resolve
it has already been made. Each side needs the other.
(Czerniawska and May 2004, p. 115)

For instance, the Cobb-Douglas function V 	x�y
 =
x�y� with  > 0, ��� > 0, and � + � < 1 satisfies
these assumptions.

3.1.3. Information and Effort Verifiability. We
assume that the project output V 	x�y
 is contractible
but that the effort levels x and y are unverifiable,
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resulting in double moral hazard. Each party is, how-
ever, given the opportunity to invest in an effort-
reporting/monitoring system that would make its
actions verifiable by a third party and to use this infor-
mation in the contract. Effort reporting/monitoring
systems are, however, not free, partly because of infor-
mation stickiness (Xue and Field 2008). For simplic-
ity, we assume affine costs and assume that it costs
the buyer �B0 + �B1x to make its actions verifiable
and costs the vendor �V 0 + �V 1y to make its actions
verifiable, where �Bi, �Vi ≥ 0 for i = 0�1. Our results
also hold for any other cost allocation. As discussed in
§§3.3.1 and 3.3.2, one can interpret these costs as the
costs of specifying one party’s roles and responsibili-
ties before the contract is signed, the costs of report-
ing progress during the contract implementation (e.g.,
face-to-face meetings, intermediate reports, or presen-
tations), and the costs of monitoring one party’s efforts
(e.g., on-site work).
All cost information is assumed to be common

knowledge. Otherwise, the moral hazard problem
would be assorted with adverse selection, but, as
argued by Bajari and Tadelis (2001), adverse selec-
tion is typically resolved through competitive bidding
or reputation rather than through the choice of con-
tract type and therefore lies beyond the scope of this
paper.

3.1.4. Description of the Contracting Game. We
model the contracting process as a one-period
Stackelberg game, in which a principal—either the
buyer or the vendor—offers a contract to the other
party and where the choice of effort gives rise to a
Nash subgame at the lower level. The timing of the
game is modeled as follows: (i) the principal offers the
contract; (ii) the agent accepts the contract if its profit
is larger than its reservation utility, denoted by U > 0,
or rejects the contract otherwise; (iii) if the agent has
accepted the contract, both parties choose their respec-
tive effort level; and (iv) payments are collected.
Given our focus on business-to-business transac-

tions, we assume that both parties are risk neutral
and have no limited-liability constraints. Under this
assumption, it is well established that there exists
no contract that induces both parties to choose the
first-best (i.e., system-optimal) effort levels as a Nash
equilibrium with double moral hazard, at least in
the absence of a budget breaker (Holmström 1982).2

We will therefore focus our analysis on second-best
contracts, under risk neutrality, but shall however dis-
cuss their effectiveness under risk aversion.

2 The risk-neutrality assumption is critical; if the parties were risk
averse, they could in principle enter into a contract on a mechanism
that would induce the first-best effort levels, by having recourse
to randomized transfer payments in case of dispute (Maskin and
Tirole 1999).

We further assume that the buyer is the principal
and that the vendor is the agent, consistent with the
recent change in the balance of power in the consult-
ing industry (Czerniawska 2007, p. 106). This assump-
tion is, however, without loss of generality under
the assumptions of risk neutrality and no limited-
liability constraint, because any second-best contract
that includes a fixed fee can transfer the agent’s sur-
plus to the principal.

3.2. First-Best Contract
As a benchmark, consider the first-best solution, as if
the effort levels were verifiable at no additional cost,
enabling the principal to choose the agent’s effort so
as to maximize the total surplus:

�FB =max
x�y≥0

V 	x�y
− cBx− cV y�

Under the assumptions stated in §3.1.2, there exists
a unique pair of positive efforts 	xFB�yFB
 that maxi-
mizes the total surplus.3 These efforts are furthermore
complementary, given that V 	x�y
 is assumed to be
supermodular. That is, the buyer is more inclined to
exert high efforts when the vendor exerts high efforts,
consistent with what is observed in practice (Toppin
and Czerniawska 2005). In contrast, if V 	x�y
 had
been submodular (e.g., separable), it would have been
optimal to set at least one effort level to zero, and no
collaboration would have occurred.
In particular, when V 	x�y
 = x�y�, the first-best

effort levels are equal to

xFB=1/	1−�−�

(
�

cB

)	1−�
/	1−�−�
( �

cV

)�/	1−�−�

and

yFB=1/	1−�−�

(
�

cB

)�/	1−�−�
( �

cV

)	1−�
/	1−�−�

�

(1)

and the optimal ratio of effort levels, xFB/yFB =
	�cV 
/	cB�
, is independent of the project scale .
A party will thus exert relatively more effort if its cost
of effort is lower and if the output is more sensitive
to its effort. Furthermore, the maximum total surplus
is equal to

�FB = 1/	1−�−�

(
�

cB

)�/	1−�−�


·
(
�

cV

)�/	1−�−�

	1−�−�
� (2)

3 By strict concavity of V 	x�y
, if there exists a maximum, this
maximum uniquely solves the first-order optimality conditions:
�V 	x�y
/�x = cB and �V 	x�y
/�y = cV . By supermodularity of
V 	x�y
, �V 	x�y
/�x continuously increases as y increases, from
zero when y = 0 (because V 	x�0
 = 0 for all x) to infinity when
y → � by assumption. Hence, for any x≥ 0, there exists a y > 0
such that �V 	x�y
/�x = cB . Similarly, for any y ≥ 0, there exists a
x > 0 such that �V 	x�y
/�y = cV . Therefore, there exists a global
maximum in the positive orthant, and this maximum is unique.
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The next proposition further characterizes the
behavior of the optimal effort levels when V 	x�y
 =
x�y�. In particular, because x� is increasing in � if
and only if x ≥ 1, the optimal effort levels are non-
monotonic with respect to the effort elasticities.

Proposition 1. When V 	x�y
=x�y�, the following
apply:
1. xFB	�
 is either increasing-decreasing or always

increasing with �. In particular, xFB	�
 is always increas-
ing when xFB	�
≥ e−1. Similar results hold for yFB	�
.
2. yFB	�
 is either decreasing-increasing or always

decreasing with �. In particular, yFB	�
 is decreasing if and
only if xFB	�
≤ e−1. Similar results hold for xFB	�
.
3. �FB	���
 is jointly convex with respect to � and �.

It is increasing with � if and only if xFB ≥ 1 and increasing
in � if and only if yFB ≥ 1.
In contrast to the choice of effort levels x and y,

which relate to the service execution, the choice of
elasticity parameters � and � is made at the ser-
vice design stage. For instance, a firm can choose to
develop a custom software application in house with
the help of external technology consultants (�
 �),
or it can decide to completely outsource it, with
the client’s role limited to specifying the software
requirements (� 
 �). Information technology may
also enable new service designs. For example, Ernst &
Young’s automated consulting tool “Ernie,” which
gives clients access to previously asked questions,
databases, and industry trends and which permits
them to ask questions of experts (Czerniawska 2002),
effectively makes the initial problem diagnosis more
sensitive to the client’s effort.
Because the first-best surplus �FB	���
 is convex

in 	���
, it attains its maximum over the closure of
�	���
� ���> 0��+�< 1� at 	0�0
, at 	1�0
, or else at
	0�1
. That is, the total surplus is maximized when the
output is completely insensitive to the effort of at least
one party. Hence, in an ideal project, at least one of
the parties should exert only an infinitesimal amount
of effort or—for more general output functions—just
enough effort to get its job done, as any additional
effort provision would not increase the service out-
put. In particular, the highest value is generated when
the service is completely insourced, i.e., when �
 �,
such as when a management innovation idea matures
(Czerniawska 2002) or when it is completely out-
sourced, i.e., when �
 �, such as for market research
or application development (Czerniawska 2007). The
sensitivity of the output function to the respective
effort levels will directly affect the choice of contracts,
as it will be easier to contractually specify the actions
and effort levels of the party that has the lowest out-
put elasticity.
Proposition 1 also shows that the buyer’s and

the vendor’s efforts xFB	�
 and yFB	�
 evolve non-
monotonically with respect to their own elasticities.

Although it is, in general, expected that a party
should increase its effort level when the output
becomes more sensitive to its effort, the opposite
effect can also happen. In particular, if � increases,
the vendor may choose to exert less effort, because
of its lower relative importance, leading the buyer to
adopt the same behavior. This result highlights the
complexity of allocating responsibilities in a collabo-
rative environment. However, when xFB and yFB are
larger than 1/e, which happens, from (1), when the
project has a high payoff /	cV cB
, any increase in
output elasticities will translate into higher effort lev-
els for both parties. That is, for high-return projects,
enhancing one party’s responsibilities will lead to a
mutual increase in efforts, yielding higher output.

3.3. Optimal Choice of Contract
We now turn our attention to the optimal choice of
contract when the actions x and y are not freely verifi-
able. Three situations must be considered: the buyer’s
efforts are verifiable at a cost �B0 + �B1x, the ven-
dor’s efforts are verifiable at a cost �V 0+�V 1y, or no
action is verifiable, resulting in double moral hazard.
The fourth possible case, where both parties invest in
an effort reporting/monitoring system, can easily be
seen to be dominated by the first two scenarios.

3.3.1. VerifiableBuyer’s Efforts. When thebuyer’s
efforts are verifiable at a cost of �B0 + �B1x, the
problem reduces to a standard principal-agent model.
The transfer payment t can only be a function of
what is contractible, namely the buyer’s effort x
and the output V . The buyer chooses the contract
that maximizes its total profit, subject to the ven-
dor’s participation (or individual rationality) con-
straint (IRV ), ensuring that the vendor obtains a profit
larger than its reservation utility U , and the incen-
tive compatibility constraints, (ICV ) and (ICB), which
define the noncooperative Nash game of effort choice.
Accordingly, the buyer’s problem can be formulated
as follows:

max
t	x�V 


V 	x�y
− 	cB +�B1
x−�B0− t	x�V 	x�y



s.t. t	x�V 	x�y

− cV y ≥U 	IRV 


y = argmax
ȳ

t	x�V 	x� ȳ

− cV ȳ 	ICV 


x= argmax
x̄

V 	x̄� y
− 	cB +�B1
x̄−�B0

− t	x̄�V 	x̄� y

� 	ICB


The next proposition shows that, when the buyer’s
efforts are verifiable, the vendor’s effort can be
inferred from the output and the buyer’s effort, elim-
inating the double moral hazard problem.
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Proposition 2. When the buyer’s efforts are verifiable,
the following fixed-fee contract with a payment contingent
on output (FF-O) is optimal:

t	x�V 
=




0 if V <V FF-O and x≥ xFF-O�

cV y
FF-O+U if V ≥ V FF-O and x≥ xFF-O�

� if x < xFF-O�

where V FF-O = V 	xFF-O�yFF-O
 and 	xFF-O�yFF-O
 =
argmaxx�y V 	x�y
− 	cB +�B1
x− cV y−�B0.

When �B1 > 0, both parties will exert less effort than
optimal, i.e., xFF-O ≤ xFB and yFF-O ≤ yFB. Moreover,
if V 	x�y
 = x�y�, the buyer exerts proportionally
less effort than the vendor, i.e., xFF-O/yFF-O = 	�cV 
/
	�	cB +�B1

≤ xFB/yFB.
The performance of FF-O contracts critically

depends on the buyer’s ability to credibly commit to
the effort level xFF-O in the contract. For instance, stan-
dard outsourcing contracts include clauses regarding
the client’s roles and responsibilities, the staffing of
the project, the transfer of employees and/or assets,
and the provision of certain services or assets (Halvey
and Melby 2007). Specifying the client’s efforts, how-
ever, goes beyond contractual agreements. In particu-
lar, Bettencourt et al. (2002) highlight the importance
of holding information sessions or kickoff meetings
so as to inform the client of the significance of its
contribution in the service delivery and to agree on
common protocols for information exchange, flexi-
bility, and solidarity. Specifying the buyer’s role is
critical, as “clients are often the most unprofessional
party � � � [they] may be dealing with a large project for
the first time and be much less clear about their role”
(Toppin and Czerniawska 2005, p. 54). In fact, with
an incomplete specification of its roles and respon-
sibilities, the buyer would fail to exert the required
efforts, given that only the vendor is accountable for
the project, ultimately reducing the output value. It
is indeed common that FF-O contracts fail to deliver
their promises because of a client’s lack of involve-
ment. In the particular case of offshore contracts
(which are typically based on FF-O contracts; see, for
instance, O’Connell and Loveman 1995), Czerniawska
(2002, p. 171) observes that “organizations were wrong
if they thought that they could simply bundle up a
piece of work, subcontract it to a company in India and
just leave them to deliver without too much ongoing
co-ordination.”
Although the performance of FF-O contracts crit-

ically depends on the specification of the buyer’s
efforts xFF-O, the accuracy of the buyer’s effort mea-
surements is less crucial. In particular, FF-O contracts

can still enforce the first-best effort levels 	xFF-O�yFF-O

when the measurement of the buyer’s efforts is sub-
ject to a random noise �, unobservable to the par-
ties. If the range of � is bounded from below, i.e.,
� ≥ �, and if the contract specifies that the buyer
must pay a large penalty (e.g., the liquidated damages
when the contract is breached) if the measured effort,
x + �, is smaller than xFF-O + �, then the buyer will
never take the chance of exerting a smaller effort than
agreed upon, for fear of having to pay the indem-
nity. Therefore, the pair of effort levels 	xFF-O�yFF-O

remains enforceable with noisy effort measurements,
as long as the noise is bounded from below and
the liquidated damages are large enough, even if
either party is risk averse (given that payments are
deterministic).
Besides the buyer’s roles and responsibilities, the

contract must also specify a performance measure
on which the fee transfer will be contingent. In
fact, the contract’s effectiveness is highly sensitive
to the alignment of this performance measure with
the project output (Baker 2002). For instance, if the
vendor must perform two complementary tasks, y1
and y2, both associated with a unit cost cV , addi-
tional inefficiencies arise when the performance mea-
sure Ṽ 	x�y1�y2
 = x�	y ̃1y

1− ̃
2 
� is a distorted metric

of the output V 	x�y1�y2
 = x�	y 1y
1− 
2 
�, with  =  ̃,

and  �  ̃ ∈ 	0�1
. In particular, when �B0 =�B1 = 0, the
ratio of the total surplus under a FF-O contract to the
first-best total surplus turns out to be proportional to
	 ̃/ 
 		1−  ̃
/	1− 

1− < 1. Hence, even if FF-O con-
tracts guarantee a clear outcome (Table 1), this out-
come may not correspond to what the buyer actually
wants.
FF-O contracts are also sensitive to measurement

errors in outputs when either party is risk averse,
because the transfer payments would then be sub-
ject to uncertainty. In particular, a risk-averse ven-
dor would inflate the fixed fee by a risk premium
to be covered against the output variability (Seshadri
2005). When both parties are risk neutral, however,
the contract parameters can be adjusted to still enforce
the effort levels 	xFF-O�yFF-O
.4 Given the difficulty
of establishing undistorted and accurate performance
measures, projects are often broken down in stages,

4 Suppose, for instance, that the performance measure is a noisy
measure of the output, i.e., V 	x�y
+ �, where � is a random vari-
able unobservable to both parties, such that the buyer pays the
vendor a fixed fee whenever the performance measure V 	x�y
+ �
is larger than a certain threshold V FF-O. One could still induce the
vendor to exert an effort level equal to yFF-O by dividing the con-
tingent fee, which is transferred when V 	x�y
+ �≥ V FF-O, by � !�≥
V FF-O − V 	xFF-O�yFF-O
", so as to satisfy its participation constraint,
and by adjusting the threshold V FF-O to ensure that yFF-O maximizes
its expected profit.
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with intermediate milestones, checkpoints, and proto-
types to track progress.
To summarize, FF-O contracts need to clearly spec-

ify the scope of the project, define the client’s roles and
responsibilities, and establish key performance indica-
tors and service levels. The specification of these con-
tract components is typically done in a preliminary
“disambiguation” stage. For instance, HCL America
requires its clients to “define clearly the capabilities
and functions of the program they wanted” so as to
reduce the ambiguity about the output, and to develop
a “work plan process with checkpoints to serve as
deadlines” to specify each party’s (and in particular
the buyer’s) responsibility in the project (O’Connell
and Loveman 1995). Additionally, FF-O contracts must
be associated with a series of workshops or kick-
off meetings that emphasize the importance of team-
work, creative problem solving, effective communi-
cation, and functional conflict resolution (Bettencourt
et al. 2002).
The disambiguation and coordination processes

may, however, consume valuable time, which we rep-
resent by the costs �B0 + �B1x. Clearly, the higher
the client’s responsibilities, the more time the con-
sultant and the client should invest in defining the
client’s roles and responsibilities. In fact, the disam-
biguation process may be so lengthy that it may not
be justified for small projects (O’Connell and Loveman
1995). The costs of making the buyer’s efforts verifi-
able can be incurred upfront—i.e., during the disam-
biguation stage—under the form of kickoff meetings
(Bettencourt et al. 2002) or extensive documentation
(Bajari and Tadelis 2001), as well as during the project
implementation, e.g., with the appointment of a liai-
son officer or the setup of onsite facilities to coordinate
offshore contracts (O’Connell and Loveman 1995). The
results of our analysis also hold when these costs
are incurred by the vendor when both parties are
risk neutral. To remain competitive, vendors should
therefore develop economical specification and coor-
dination processes, such as Ernst & Young’s online
self-diagnosis tools (Czerniawska 2002) or HCL Amer-
ica’s dual project manager system (O’Connell and
Loveman 1995).

3.3.2. Verifiable Vendor’s Efforts. When the ven-
dor’s efforts are verifiable at a cost of �V 0+�V 1y, the
problem also reduces to a standard principal-agent
model. In this case, the transfer payment t is a func-
tion of the vendor’s effort and the output, i.e., t	y�V 
,
given that both are contractible. The buyer chooses
the contract that maximizes its total profit subject to
the vendor’s participation constraint (IRV ) and the

incentive compatibility constraints, (ICV ) and (ICB)—
that is,

max
t	y�V 


V 	x�y
−cBx−t	y�V 


s.t. t	y�V 
−	cV +�V 1
y−�V 0≥U 	IRV 


y=argmax
ȳ

t	ȳ�V 	x�ȳ



−	cV +�V 1
ȳ−�V 0 	ICV 


x=argmax
x̄

V 	x̄�y
−cBx̄−t	y�V 	x̄�y

� 	ICB


Proposition 3. When the vendor’s efforts are verifi-
able, the following fixed-fee contract with a payment con-
tingent on effort (FF-E) is optimal:

t	y�V 
=


0 if y < yFF-E�

	cV +�V 1
y
FF-E+U +�V 0 if y ≥ yFF-E�

where 	xFF-E�yFF-E
 = argmaxx�y V 	x�y
 − cBx − 	cV +
�V 1
y−�V 0.

Similar to the case where the buyer’s efforts are
verifiable, one can show that, when �V 1 > 0, the par-
ties exert less effort, i.e, xFF-E ≤ xFB and yFF-E ≤ yFB.
Moreover, when V 	x�y
 = x�y�, the buyer exerts
proportionally more effort, i.e., xFF-E/yFF-E = 	�	cV +
�V 1

/	�cB
≥ xFB/yFB.
The same total surplus can alternatively be

achieved through a TM contract. Given that the ven-
dor’s effort is contractible, the vendor can transfer its
decision rights to the buyer, i.e., let the buyer decide
how much effort it should exert. For instance, HCL
America reports that some of its clients who have
opted for a TM contract use “HCL America engineers
instead of hiring a permanent programming staff of
their own” (O’Connell and Loveman 1995, p. 4). From
Proposition 3, the optimal TM contract is a linear
compensation scheme 	cV + �V 1
y consisting of the
vendor’s hourly rate cV and direct expenses of the
verification of its effort �V 1, to which is added some
overhead cost U +�V 0 (Shenson 1990).5

In contrast to FF-O contracts, FF-E and TM con-
tracts are not based on output and therefore remain
unaffected by noisy output measurements. As a
result, specifying the scope and performance mea-
sures of a project is not critical for FF-E/TM contracts.
HCL America indeed recommends TM contracts for
“projects that have to be designed as work goes along
and new decisions arise, projects that cannot be spec-
ified precisely in advance” (O’Connell and Loveman
1995, p. 4). Therefore, if the vendor is risk averse and

5 If the vendor’s verification costs were incurred by the buyer
instead, the optimal compensation would be equal to U + cV y; i.e.,
the buyer would just reimburse the vendor for its costs of effort.
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the output is uncertain at the time the contract is writ-
ten, the buyer will be more likely to select a TM con-
tract rather than a FF-O contract, so as to reduce the
vendor’s risk premium (Seshadri 2005).
Effective TM contracts should, however, be asso-

ciated with economical verification processes (e.g.,
on-site work, frequent meetings) to provide visibil-
ity on the vendor’s work at low cost. For instance,
typical outsourcing contracts require the vendor to
develop a management procedure manual as well as
a manual detailing the vendor’s day-to-day proce-
dures. The manual must also include a clause that
allows the client to audit the vendor’s operations
and fees (Halvey and Melby 2007). Alternatively, the
vendor can increase the visibility of its actions by
submitting progress or interim reports or working
on site (O’Connell and Loveman 1995). In addition,
these verification processes should be as accurate as
possible when either party is risk averse, because
the uncertainty in transfer payments would further
reduce their incentives to exert efforts.
The costs of verifying the vendor’s actions can be

reduced by an effective use of technology, such as
by holding TelePresence rather than face-to-face meet-
ings (The Economist 2009) or by building a certain
degree of trust between the clients and the vendors,
as it arises when they are engaged in a long-term
relationship: “With interaction, there is more trust
and less bureaucracy” (Toppin and Czerniawska 2005,
p. 58). Gopal et al. (2003) and Corts and Singh (2004)
indeed observed that TM contracts are more likely
to be adopted when clients have had prior experi-
ence with a vendor. The recent development of client
account teams indeed aims at ensuring continuity in
the client relationship, by developing a single point
of contact between the client and the consulting firm
(Czerniawska 2007).

3.3.3. Double Moral Hazard. Without effort mon-
itoring/reporting, no action is verifiable, resulting in
double moral hazard. In this case, the transfer pay-
ment t is a function of the output only, i.e., t	V 
. The
next proposition, which appears in Bhattacharyya and
Lafontaine (1995) and Kim and Wang (1998), shows
that, with double moral hazard, the second-best con-
tract is a PB contract, according to which the agent
receives a fixed fee s and a share b of the output, such
as a proportion of the increased revenue following the
implementation of a customer relationship manage-
ment system (Sheedy 2008). In the following, we will
refer to b as the bonus rate.

Proposition 4. When no action is verifiable, the fol-
lowing PB contract is (second-best) optimal:

t	V 
= bV + s�

where the bonus rate b and the fixed fee s are optimally
chosen.

Figure 1 Optimal Bonus Rate When V �x� y �= �x�y 	 as a Function of
the Elasticities � and 	
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Because of the double moral hazard, both parties
exert less effort, i.e., xPB ≤ xFB and yPB ≤ yFB, similar to
FF-O and FF-E/TM contracts. If V 	x�y
= x�y�, the
relative allocation of effort xPB/yPB can, however, be
smaller or larger than xFB/yFB, depending on whether
�≤ �.
When the parties are risk neutral, PB contracts are

not affected by the accuracy of the output measures,
as long as the noises are unobservable to the parties,
given that the bonus bV is linear with the output.
When the vendor is risk averse, however, the opti-
mal bonus is no longer linear (Kim and Wang 1998)
because it must account for the risk aversion as well
as the incentive provision.
In the case where V 	x�y
 = x�y�, the optimal

bonus rate is equal to

b= 	−�	1−�
+√
��	1−�
	1−�

/	�−�
� (3)

and its contours are depicted in Figure 1. The bonus
rate is independent of the project value  and costs
cV and cB, which, according to Bhattacharyya and
Lafontaine (1995), explains that the same split rates
are applied to different markets. The next proposition
characterizes the sensitivity of the bonus rate to the
effort elasticities as well as the sensitivity of the profit
function to the bonus rate.

Proposition 5. When V 	x�y
=x�y�, the following
apply:
1. �≤ b ≤ 1−�.
2. b	�
 is decreasing from 1 when �= 0 to � when �→

1−�, convexly if �≥ 1/2 or in a convex-concave manner
if � ≤ 1/2, with the inflection point lying in the interval
	��1 − �". In contrast, b	�
 is increasing from 0 when
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�= 0 to 1− � when �→ 1− �, concavely if �≥ 1/2 or
in a concave-convex manner if �≤ 1/2, with the inflection
point lying in the interval 	��1−�".
3. Let �PB	b
 = V 	xPB	b
� yPB	b

 − cBx

PB	b
 −
cV y

PB	b
 be the total surplus under a PB contract with
bonus rate b. When b = 1/2, �PB	b
 is inelastic, i.e.,
�	b/�PB	b

	d�PB	b
/db
� ≤ 1 if �≤ 1/2 and �≤ 1/2.
Proposition 5 shows that more incentives are

needed when the service output becomes less elastic
to the buyer’s effort and more elastic to the vendor’s
effort. When the service is completely outsourced
(i.e., �= 0), the vendor has high-powered incentives.
In contrast, when the service is completely done in
house (i.e., �= 0), the contract reduces to a fixed-fee
contract. Finally, when �= �, b = 1/2 and the risk is
equally shared among both parties.
The second part of Proposition 5, together with

Figure 1, shows that the optimal bonus rate, when
V 	x�y
= x�y�, is relatively insensitive to the effort
elasticities, provided that � and � are bounded away
from 0 and � + � is bounded away from 1. More-
over, the last part of Proposition 5 shows that the total
surplus is relatively flat around b = 1/2, provided
that elasticities � and � are no larger than 1/2. As a
result, the 50%–50% split contract will be near opti-
mal whenever the output sensitivity to each party’s
efforts is moderate, which explains why it is so com-
mon in joint ventures (Bhattacharyya and Lafontaine
1995, Bai et al. 2004).
In contrast to FF-O and FF-E/TM contracts, PB con-

tracts may involve a payment transfer from the ven-
dor to the buyer (i.e., s ≤ 0). If the vendor has a
limited-liability constraint, the buyer may thus need
to adjust the parameters of the PB contract to avoid
negative transfer payments, which could reduce the
buyer’s ability to capture the total surplus. The buyer
will therefore be more tempted to offer PB contracts
to vendors that have no limited-liability constraints,
and not necessarily to the most competent service
providers, as shown in Table 1.

3.3.4. Optimal Contract Selection. As a result of
our analysis, one can rank the different types of
contracts according to their profitability. In the partic-
ular case of the Cobb-Douglas joint-production func-
tion V 	x�y
 = x�y�, the optimal choice of contract
depends on the output elasticities with the respective
effort levels � and �, the costs of effort relative to the
verification costs, �B1/cB and �V 1/cV , and the buyer’s
and the vendor’s fixed costs of effort verification �B0
and �V 0, and is independent from the project value .
Figure 2 illustrates the contract ordering in the elas-

ticity space �	���
� � > 0�� > 0�� + � < 1� for spe-
cific values parameters. In the dashed region, the total
surplus is lower than the vendor’s reservation util-
ity U , making collaboration infeasible. Although the

Figure 2 Optimal Contracts as a Function of the Elasticities � and 	
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Notes. The dashed region corresponds to infeasible contracts. The parame-
ters in this example were V �x� y �= �x�y 	, 
B1 = 1, 
V 1 = 2, 
B0 = 
V 0 = 0,
�= 2, cB = cV = 1, and U = 0�075.

exact boundaries of the different regions depend on
the parameter values, the next proposition, which
proof is based on standard operations on convex sets
(Boyd and Vandenberghe 2004), demonstrates that the
shapes of the regions depicted in Figure 2 hold in gen-
eral. Let us denote by �FF-O, �FF-E/TM, and �PB	b
 the
total surpluses under FF-O, FF-E/TM, and PB con-
tracts, respectively. For tractability, we assume that the
bonus rate of PB contracts is set to 1/2 (in contrast,
the bonus rate b was optimally chosen when drawing
Figure 2), which is a minor simplification given that
PB contracts seem to dominate in the vicinity of the
line � = �, on which setting b = 1/2 is optimal, and
that �PB	b
 is relatively flat around b= 1/2 by Propo-
sition 5.

Proposition 6. Suppose V 	x�y
 = x�y� and �B0 =
�V 0 = 0. The 	���
 space can be divided into three con-
nected regions: �FF-O = �	���
� �FF-O ≥ max��FF-E/TM�
�PB	1/2
��; �FF-E/TM = �	���
� �FF-E/TM ≥ max��FF-O,
�PB	1/2
��; and �PB = �	���
� �PB	1/2
 ≥ max��FF-O�
�FF-E/TM��.
1. �FF-O ⊇ �	���
� � = 0�0 ≤ � ≤ 1�, �FF-E/TM ⊇

�	���
� �= 0�0≤ �≤ 1�, and they have a linear bound-
ary with each other.
2. �PB is convex and anchored at the origin.
3. The set of infeasible contracts �	���
� max��FF-O�

�FF-E/TM��PB� <U� is convex.

According to Proposition 6, FF-O contracts are pre-
ferred when the output is more sensitive to the
vendor’s effort, i.e., � 
 �, for projects that do not
critically depend on the efficiency of the systems
and procedures that specify the buyer’s roles and
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responsibilities (e.g., liaison officer, disambiguation
process). HCL America, for instance, recommends
FF-O contracts for projects that require little buyer
involvement, i.e., projects that are “well defined and
structured” (O’Connell and Loveman 1995). FF-E/TM
contracts, in contrast, are preferred when the output
is more sensitive to the buyer’s effort, i.e., �
 �,
for projects that do not critically depend on the effi-
ciency of the systems and procedures that make the
vendor’s efforts verifiable (e.g., on-site work, interme-
diate reports). HCL America, for instance, uses TM
contracts for projects with a high degree of buyer
involvement, i.e., “projects that had to be designed as
work went along and new decisions arose” (O’Connell
and Loveman 1995). In contrast, PB contracts dom-
inate when the output is equally sensitive to the
buyer’s and the vendor’s contribution, i.e., � ≈ �,
when the negative externality from splitting the out-
put and therefore diluting the parties’ incentives is the
smallest. Although PB contracts have recently grown
in popularity, not only in consulting (Shenson 1990)
but also in other industries, such as law firms or pri-
vate schools (The Economist 2008a, b), because they
give vendors the opportunity to link their work to the
actual value they generate, it is important to note that
their “greater likelihood for project success” (Table 1)
is only relevant when �≈ �.
It is interesting to draw the parallel between

Figure 2 and Løwendahl’s (2005) taxonomy of pro-
fessional services. Løwendahl classifies professional
firms in three categories, according to their strate-
gic focus, with implications on the resources from
which they derive their competitive advantage. Specif-
ically, she distinguishes on one hand, firms that focus
on delivering superior solutions, adaptable to a wide
variety of clients, and which therefore rely on efficient
organizational resources (e.g., Ernst & Young), and
on the other hand, firms that build their competitive
advantage on a few key long-term client relationships
and which therefore rely on developing individual
competences to be responsive to their clients’ needs
(e.g., small partnerships). In between, there are firms
that are specialized in delivering unique solutions
to complex problems and that therefore must sup-
port expert professionals with strong organizations
(e.g., engineering design firms). The client’s involve-
ment in the service delivery is arguably the weakest
in the first type of projects, which often consists of
implementing standard solutions, and the strongest
in the second type of projects, where consultants
sell their services on an ad hoc basis, according to
their client’s agenda. In the third type of projects, the
client’s input is as important as the consultant’s; in
fact, the client is often considered as a partner. Figure 2
therefore suggests that solution-driven firms should
mostly adopt FF-O contracts, firms that derive their

competitive advantage on their client relationships
should work on a TM basis (especially given that
verification costs could decrease as the relationship
becomes more established), and the third type of
firms would be more inclined to use PB contracts
(e.g., Parsons Brinckeroff’s shared saving contract;
Løwendahl 2005).
The nonconvexity of the feasible contracting region

highlights the complexity of task allocation in a col-
laborative environment. In particular, an increase in
the buyer’s elasticity (e.g., through greater responsi-
bilities in the project) may not only decrease its effort
level in the project (Proposition 1), but it could also
lower the total surplus so far below the vendor’s
reservation utility that the vendor would no longer be
willing to participate.
In addition to the input verification costs, the choice

of contract also depends, as discussed above, on
the alignment between performance measure and
output (FF-O contracts) and the vendor’s limited-
liability constraint (PB contracts). Risk aversion would
also impact the performance of all contracts if mea-
surement errors affected the output (FF-O and PB
contracts) or the vendor’s verification of efforts
(TM/FF-E contracts). We analyze additional factors in
the next section.

4. Extensions
In this section, we consider three extensions to our
basic model. We first investigate the impact of output
uncertainty on the choice of contract, then look at pro-
cess improvement opportunities, and finally investi-
gate contract performance in the presence of multiple
buyers and sellers.

4.1. Output Uncertainty
The output value is often uncertain at the contracting
stage because the service value may be customer spe-
cific or complex to describe (Karmarkar and Pitbladdo
1995, Frei 2006). To capture output complexity, we
model the output as �0+�1V 	x�y
, where �0 and �1 are
random variables. However, we assume that the effort
levels can be adapted to different levels of output,
i.e., that the parties observe �0 and �1 before choos-
ing their effort levels.6 For instance, in an enterprise

6 Alternatively, one could assume that the noises �0 and �1 are unob-
servable to the parties, as in Bhattacharyya and Lafontaine (1995),
such as when a product with intrinsic value V 	x�y
 has uncer-
tain market success �0 + �1V 	x�y
. When both parties are risk neu-
tral, one can show that the effectiveness of the contracts presented
in Propositions 2–4 remains unaffected by the unobservable out-
put uncertainty, using a similar argument to our discussion of the
impact of output measurement errors in §3. If the vendor were risk
averse, however, output uncertainty would make the vendor com-
mand a risk premium with FF-O and PB contracts, thus making
TM contracts more attractive.
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resource planning system implementation, although
preliminary effort could specify the scope of the
implementation and the degree of customization,
many decisions must be made during the implemen-
tation phase (e.g., Austin et al. 2002).
As a benchmark, we evaluate the sensitivity of the

first-best profit function to the output uncertainty.
Because (2) is convex increasing in , the expected
total surplus when V 	x�y
 = �1x

�y� is larger when
the distribution of �1 has a larger mean residual life
(Müller and Stoyan 2002). Specifically, consider two
projects, 1 and 2, with uncertain value �1, respectively,
distributed according to probability distributions &i,
i = 1�2. If

∫ �
�1
	1 − &1	'

 d' ≥ ∫ �

�1
	1 − &2	'

 d', for

all �1 > 0, the expected total surplus is larger under
distribution 1 than under distribution 2. That is, the
project associated with the fattest right tail will gener-
ate the highest expected surplus. In particular, if the
random output �1 is normally or log-normally dis-
tributed, the expected total surplus is increasing with
its variance, keeping its mean constant (Levy 1992).
Hence, an ideal project, besides having the output
sensitive to only one party (Proposition 1), would also
have it highly uncertain, everything else being equal.
Intuitively, uncertain projects that have a slight chance
of leading to breakthrough outcomes are more valu-
able than standard projects with the same expected,
but more predictable, outcomes.
We next characterize the adaptability of the differ-

ent contracts to the output uncertainty. For simplicity,
we focus on the Cobb-Douglas production function
and consider additive and multiplicative noises. Let
us define Ɛ!�k	�0� �1
" as the expected total surplus
under contract k = FF-O, FF-E, TM, PB, or FB, when
the output is uncertain; in particular, with no output
uncertainty, the surpluses are equal to �k	0�
=�k,
for any contract type k, as in §3.

Proposition 7. Let V 	x�y
 = �0 + �1x
�y�, with

Ɛ!�0"= 0, Ɛ!�1"=≥ 1, and �	�1 > 0
= 1, and let �V 0 =
�B0 = 0. If �0 and �1 are unverifiable but observed by the
parties before they choose their effort levels, then

Ɛ!�FF-O	�0� �1
"

�FF-O
≤ Ɛ!�FF-E	�0� �1
"

�FF-E
≤ Ɛ!�TM	�0� �1
"

�TM

= Ɛ!�PB	�0� �1
"

�PB
= Ɛ!�FB	�0� �1
"

�FB
�

Therefore, fixed-fee contracts are the least adaptable
to changes in output, consistent with Table 1, because
the effort level of at least one party must be speci-
fied before the noises are observed, whereas TM and
PB contracts postpone the choice of effort. In particu-
lar, TM contracts dominate FF-E contracts in the pres-
ence of output uncertainty, even when both parties
are risk neutral. Among the fixed-fee contracts, FF-O
contracts are the least adaptable because the vendor

must bear the entire risk associated with the output
uncertainty, although its compensation is based on a
flat fee. In contrast, FF-E contracts allocate both risks
and rewards on the buyer, making the buyer’s incen-
tives better aligned. To mitigate the lack of adapt-
ability of fixed-fee contracts, projects are often broken
down in multiple stages, with intermediate milestones
and checkpoints.
Much recent business press has advocated for mea-

suring performance with outcomes (i.e., business
drivers) rather than with outputs (i.e., service levels);
see Toppin and Czerniawska (2005). For instance,
London’s strategic transport authority contracted with
the PA Consulting Group to “reduce crime and fear
of crime on buses, reduce the number of illegal pri-
vate hire vehicles, and improve bus flow demonstra-
bly” (Czerniawska and May 2004, p. 63) rather than
just focusing on systems delivered and deadlines met.
To better appreciate the value of measuring outcomes
instead of outputs, we model the outcome as the value
obtained by the buyer—i.e., �0+ �1x

�y�, which is sub-
ject to external factors—and the output as the intrin-
sic result of the collaborative process, namely x�y�.
Assuming that both outcome and output are con-
tractible, one can show that, consistent with what is
advocated in the business press, PB contracts perform
better whenever the vendor receives a share of out-
come than whenever the vendor receives a share of
output, because it better aligns the parties’ incentives.
(The proof of this result exploits the fact that the bonus
rate (3) is independent of the project value (�1 or )
when the output has a Cobb-Douglas function.) Mea-
suring outcomes is, however, not always valuable. In
fact, using Jensen’s inequality, one can show that FF-O
contracts perform better when the fixed fee is contin-
gent on output rather than on outcome, because the
vendor would otherwise bear the risk of the outcome
without being properly remunerated (i.e., share the
risk without the rewards). Hence, the recent push for
outcome-based measurements should be considered
with caution, as different contracts call for different
performance measures.

4.2. Process Improvement
We next evaluate the impact of process improve-
ment opportunities on the optimal contract choice. We
assume that the vendor can spend z hours on process
improvement, at a private, i.e., noncontractible, unit
cost cPI. We consider three types of process improve-
ment opportunities, corresponding to the three “E’s”
of consulting projects (Toppin and Czerniawska 2005,
p. 50): (1) the vendor can improve the project economy
by reducing its cost of effort cV to cV g	z
, where g′	z
 <
0; (2) the vendor can improve the project efficiency by
working only g	z
y hours to provide y units of effort,
where g′	z
 < 0; and (3) the vendor can improve the
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project effectiveness by increasing the project value
from V 	x�y
 to V 	x�y
g	z
, where g′	z
 > 0.

Proposition 8. When the vendor can spend z hours on
process improvement, at a private cost cPIz, the following
results apply:
1. If the vendor’s unit cost of effort is equal to g	z
cV ,

where g	0
 = 1, g′	z
 < 0, and g′′	z
 > 0, then zk—if
it is positive—solves −cV ykg′	zk
 = cPI for k = FB, PB,
FF-E/TM, FF-O.
2. If the vendor works g	z
y hours to provide y units

of effort, where g	0
 = 1, g′	z
 < 0, and g′′	z
 > 0, then
zk—if it is positive—solves −cV ykg′	zk
= cPI for k= FB,
PB, FF-O, whereas zFF-E/TM = 0.

3. If the service output is equal to V 	x�y
g	z
,
where g	0
 = 1, g′	z
 > 0, and g′′	z
 < 0, then
zk—if it is positive—solves cPIg	z

k
	�V 	xk� yk
/�y
 =
cV g

′	zk
V 	xk� yk
 for k = FB, PB, FF-O, whereas
zFF-E/TM = 0.

The first result states that the vendor has the same
incentives, under all contracts, to reduce its costs of
effort, in the sense that the optimal effort in process
improvement must satisfy the same optimality condi-
tions. In contrast, the second and third results state
that, under FF-E and TM contracts, the vendor has no
incentive to improve its efficiency (ratio of effort to
time), because it is paid by the hour, or to improve the
overall project value, because its compensation does
not depend on the output, in contrast to the other con-
tract types. Consistent with Proposition 8, Guajardo
et al. (2009) report that TM contracts are associated
with lower product reliability than PB contracts in the
maintenance, repair, and overhaul industry for com-
mercial aircrafts. The lack of incentives with TM con-
tracts to improve the project efficiency is, according to
Seshadri (2005, p. 3), their main drawback, as it may
lead a“rampant change-order temptation” (Table 1),
where “consultants are encouraged to allow scope
creep—the longer the project runs, the more money it
will make” (Sheedy 2008, p. 3). To overcome this chal-
lenge, TM contracts could be assorted with bonuses
and penalties if certain performance targets have been
reached or not (Seshadri 2005).

4.3. Multiple Buyers and Multiple Vendors
We finally investigate the impact of having multi-
ple buyers or multiple vendors involved in the joint-
production process. Multivendor (or multisourcing)
arrangements have become more common in the con-
sulting industry as clients want to have access to
world-class expertise and to make advisory work
independent from system implementation (Toppin
and Czerniawska 2005). Multibuyer arrangements
arise, for instance, in supply chain projects, such as
when a manufacturer and a retailer jointly hire a con-
sultant to streamline their supply chain.

For simplicity, let us consider a service involv-
ing one buyer and two symmetric vendors, with
unit cost of effort cV /2, and a process output equal
to �V 	x�y1�y2
 = V 	x�g	y1�y2

, where yi refers to
the effort level of vendor i, i = 1�2, and g	y1�y2

is a generalized mean function, i.e., g	y1�y2
 =
		y

p
1 + y

p
2
/2


1/p for any real nonzero number p ≤ 1.
We assume that the buyer offers the vendors iden-
tical contracts, and we only consider the symmet-
ric Nash equilibrium in the lower-level effort-choice
game; that is, in equilibrium y1 = y2.
Let ��k, respectively, denote the total surplus,

obtained with contract k = FF-O, FF-E, TM, PB, or
FB, with two symmetric vendors. For comparison
purposes, we also consider �k, the corresponding
total surplus obtained with one vendor with cost
cV and output function V 	x�y
. It turns out that,
by construction, if 	xFB�yFB
 maximizes the first-best
total surplus with one vendor V 	x�y
 − cBx − cV y,
the triplet 	xFB�yFB�yFB
 will maximize the first-best
total surplus with two vendors �V 	x�y1�y2
 − cBx −
	cV /2
	y1 + y2
. Hence, �FB = ��FB. The next propo-
sition shows that having multiple vendors involved
in the joint-production process may create a negative
externality with PB contracts, similar to free riding.

Proposition 9. Let �V 	x�y1�y2
 = V 	x�g	y1�y2


with g	y1�y2
= 		y

p
1 + y

p
2
/2


1/p, p = 0, p≤ 1. Let the two
vendors be symmetric with effort provision cost 	cV /2
yi
and effort verification cost �V 0/2 + 	�V 1/2
yi, i = 1�2.
If the buyer offers identical contracts to both vendors and
if the vendors choose their effort levels symmetrically,
then ��k = �k, for k = FF-O, FF-E, and TM; in contrast,
��PB <�PB.

Similarly, one can show that having multiple buy-
ers in a joint-production process could also create
a negative externality under PB contracts. The per-
formance of PB contracts is lowered when multiple
buyers and vendors are involved in the production
process because, as the profit gets split among more
parties, the effort incentives are diluted. Hence, even
though PB contracts have the benefit of tying consult-
ing firms to results (Toppin and Czerniawska 2005),
they give rise to a free-riding effect when more parties
are involved in the project, potentially creating con-
flicts among vendors (Table 1). This free-riding effect
arising in multisourcing arrangements could, how-
ever, be mitigated by a broker or orchestrator firm or
by a vendor strategic alliance without diminishing the
firms’ ability to demonstrate the value they generate
(Czerniawska 2002).

5. Conclusions
In this paper, we have developed an analytical frame-
work for contract selection in a collaborative service
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Table 2 Contract Challenges and Risk Mitigation Strategies

Optimal
Context contract Challenges Remedies

�� 	 FF-O Lack of adaptability Break down project
Specification of buyer’s
role and
responsibilities

Hold training
workshops/kickoff
meetings

Output measurability and
accuracy

Specify milestones and
checkpoints

Vendor’s risk aversion Measure performance with
predictable outputs

�
 	 FF-E Lack of adaptability Break down project
Visibility on vendor’s
effort

Improve reputation; develop
account teams

Low incentives on
efficiency and
effectiveness

Add performance incentives

TM Visibility on vendor’s
effort

Improve reputation; develop
account teams

Low incentives on
efficiency and
effectiveness

Add performance incentives

�≈ 	 PB Low incentives in joint
production

Vendor’s limited liability
Outcome measurability
Free riding with multiple
vendors and buyers

Contract with large vendors
Appoint orchestrator or
broker firm

environment. We considered three settings, depend-
ing on whether the buyer’s and the vendor’s efforts
were contractible, and demonstrated that FF-O con-
tracts are optimal when the output is more sensi-
tive to the vendor’s effort, that TM contracts are
optimal when the output is more sensitive to the
buyer’s effort, and that PB contracts dominate when
the output is equally sensitive to both parties’ efforts.
PB contracts remain, however, uncommon in practice
because the most profitable collaborative services are
designed to make the output insensitive to at least
one of the parties (Proposition 1). Hence, the contracts
associated with the most profitable projects prescribe
at least one party’s actions, either in the specification
stage (fixed-fee contracts) or as the project unfolds
(TM contracts).
We showed that each contract presents its own chal-

lenges: Whereas PB contracts do not provide enough
incentives to exert high efforts, especially in multiven-
dor and multibuyer arrangements, fixed-fee contracts
are the least adaptable to changing requirements, and
therefore the least effective when the vendor is risk
averse; TM contracts provide no incentives to invest
in efficiency and effectiveness improvement. Table 2
categorizes the contracts in terms of the buyer’s and
vendor’s elasticities � and �, summarizes the chal-
lenges we identified with our analytical model, and
suggests some risk mitigation strategies to overcome
them. Comparing Table 2 with Table 1 demonstrates

the richness of our simple model to understand com-
plex contracting issues.
We also discussed strategies to improve customer

satisfaction. In particular, reducing project variability
is not necessarily desirable because it may prevent
the development of breakthrough ideas. In terms of
service design, one should ideally allocate all respon-
sibilities to one party and require the other party to
provide enough efforts “to get the job done,” rather
than having the output highly sensitive to both par-
ties’ contributions. However, we noticed that task
allocation in a collaborative environment could be
extremely complex, because of the complementar-
ity of efforts, making the feasible set of contracts
nonconvex.
In the future, we plan to analyze the contract-

ing dynamics arising in competitive bidding envi-
ronments and their implications on service design.
In particular, we would like to understand how a
service provider such as HCL America (O’Connell
and Loveman 1995) should position its service offer-
ing (on-site work, off-site work in the United States,
off-site work in India) when it is bidding against
other vendors so it can win the contract and deliver
high value to its clients. Additionally, we would like
to decompose the contracting process into multiple
phases, such as it arises in IT system implementation,
and characterize the optimal contracting dynamics.
Our model could also be extended in a multiperiod
model to help understand the impact of repeated
interaction on contract selection.

6. Electronic Companion
An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.
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